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Section C - Descriptions and Specifications  
 
CLAUSES INCORPORATED BY FULL TEXT 
 
 
252.601-9002      GRANT REFERENCE INFORMATION (MAY 2009) 
 

a. This grant is awarded as a result of Broad Agency Announcement (BAA) HDTRA1-09-14-
FRCWMD-BAA, Research and Development Enterprise, Basic and Applied Sciences Directorate, 
Basic Research for Combating Weapons of Mass Destruction (C-WMD). 

 
b. CFDA #:  12.351 

 
c. Authority:  10 U.S.C. 2358 as amended 

 
 
STATEMENT OF WORK 
 

Evaluating Zoonotic Viral Sharing Among Bats, Primates, and People in a High 
Risk Transmission Interface in Southern Tanzania - Phase II Technical 
Proposal 

 
I. ABSTRACT. 

Viruses traced to bats and primates have caused some of the most significant 
human pandemics. As human populations rapidly expand into undeveloped areas, humans 
are living in closer contact with diverse wildlife, increasing the risk of disease 
transmission. In resource- limited areas, bushmeat hunting and consumption of forest plants 
shared with animals provide vital nutrients but may also put pathogens on the plate. 
Although extensive research has been directed at understanding transmission of viral 
diseases like Ebola, the ecology of these pathogens is not well understood. In the biodiverse 
Udzungwa Mountains, one of Tanzania’s last areas of undeveloped mountain forest, bats and 
non-human primates live in close proximity to each other and human communities, 
creating a high-risk interface for zoonotic disease transmission and spillover of potentially 
pandemic pathogens. In this region, Ifakara Health Institute maintains human specimen 
banks that may be accessed to evaluate historical and ongoing pathogen sharing. 
Through our established viral detection project in the region, our collaborative TZ-US 
team is active on the ground and prepared to intensify wildlife and human surveillance to 
evaluate 1) transmission of potentially shared pathogens, like filoviruses; 2) the impact of 
bat and primate community composition on viral diversity; and 3) human exposure to 
zoonotic viruses in high-risk populations living at the forest interface. By investigating 
cross- species viral sharing at this high-risk interface using best known practices, our team 
will also strengthen Tanzanian surveillance and diagnostic capacity for dangerous pathogens 
and identify the critical control points to prevent local and pandemic outbreaks. 

 
II. SCOPE. 

 
A. OBJECTIVE. 
We will analyze the risk of infection with filoviruses and other viruses, especially NIAID Biodefense Category 
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A and other potential CDC Select Agents, in Tanzania. We will evaluate the risk of zoonotic viral disease 
transmission among bats, non-human primates (NHP), and people sharing a forest interface with high human-
wildlife contact in Southern Tanzania in order to identify critical control points for disease transmission and 
strengthen local surveillance capacity to prevent regional or pandemic outbreaks of disease. 
 
Hypotheses: 1) Bats in Tanzania are a reservoir for emerging viral diseases, which have 
the potential to spread to humans through direct contact or intermediately via NHPs 
sharing habitats and resources with both bats and people. 2) Diversity of 
potentially zoonotic viruses in wildlife is associated with the number of bat and NHP 
species living in a given habitat. Protected areas bordered by human communities in the 
Udzungwa Mountains provide the ideal environment in which to investigate the potential 
for emerging viral disease transmission from bats and NHPs to humans. Viral investigation 
will target biodefense priority, Select Agent pathogens with recognized potential to initiate 
pandemics or to be weaponized as well as emerging viral disease threats from families 
including filoviruses, henipaviruses, coronaviruses, bunyaviruses, flaviviruses, and 
rhabdoviruses, among others.
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Specific Project Objectives: 
1) Engage local partners to characterize forest field sites. Partners will assess: bat-NHP 

interaction; bat and NHP species present; ecological variation; and degree of human contact. 
Identify specimens in human sample archives (frozen whole blood or serum) collected from 
acutely ill individuals living at high-risk interfaces for contact with bats and primates. (Yr 1) 

2) Collect specimens (blood, saliva, urine, and/or feces) from bat and NHP populations living in 
characterized Udzungwa sites during wet and dry seasons (Yrs 1-3). 

3) Collaborate with local health clinics and collect specimens (blood, oral swabs, and feces) 
from high-risk human groups bordering forest areas during wet and dry seasons (Yrs 1-3). 

4) Test wildlife  specimens, archived  undiagnosed human  febrile illness  samples,  and 
prospective human surveillance specimens for shedding of potentially zoonotic viral 
pathogens by molecular assays. Sample handling, RNA extraction, viral family level PCR 
analyses, and sample storage will occur in a locked BSL-3 laboratory as appropriate (Yr 1-3). 

5) Characterize viral RNA amplified from animal and human samples and perform phylogenetic 
analyses. Assess viral diversity among bats, NHP, and humans to evaluate pathogen sharing 
in the Udzungwa ecosystem. (Yrs 2-3). 

6) Conduct spatial analyses and epidemiologic modeling to identify risk factors for human 
exposure to bat and NHP viral pathogens, to assess options for mitigating viral spillover, and 
to target behavior change interventions. (Yrs 2-3). 

7) Collaboratively train junior scientists (postdocs and graduate students) and local stakeholders 
to build capacity in: pathogen surveillance, wildlife and human sampling, molecular 
diagnostics, biosecurity, and One Health approaches and concepts in Tanzania (Yrs 1-3). 

 
B. BACKGROUND. 

We live  in an  ever-changing environment  of pathogen  distribution, prevalence,  and 
transmission. Within the past 6 months alone, two deadly viruses (H7N9 influenza and Middle 
East respiratory syndrome Coronavirus (MERS-CoV)) have emerged as novel highly pathogenic 
infections. The majority of known human pathogens have an animal reservoir [1], emphasizing 
direct connections between human, wildlife, and domestic animal health. Recent East  and 
Central African hemorrhagic fever outbreaks caused by the related filoviruses, Ebola and 
Marburg, have redirected global attention to the high potential for zoonotic spread from wildlife 
to human populations [2-4]. Bats are considered the most likely reservoir of pathogens like Ebola 
and Marburg viruses [5], but the transmission pathways to humans are not clearly understood. 
While humans may contact infected bats directly or indirectly (through exposure to saliva, urine, 
or feces), contact with other wildlife such as NHPs that share habitat and resources with bats 
may also provide a source of exposure as an intermediate vector. The flow of people into forests 
and wildlife out (of forests) provides diverse opportunities for filovirus and other zoonotic viral 
pathogen transfer, but the risks associated with different activities and habitats are not well 
understood. Bat-NHP interactions, as well as bat and NHP community assemblages, may shape 
viral diversity in a given environment and alter zoonotic disease transmission potential. 
Understanding the influence of bats, NHP, and people on viral transmission will help to direct 
surveillance and control strategies to limit the pandemic potential of filoviruses, as well as other 
existing and yet unknown emerging viral pathogens. Our proposed research targets diverse viral 
families that have zoonotic transmission potential at human-wildlife interfaces. 
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Bat and non-human primate zoonotic disease risks 
Recent zoonotic disease research suggests that bats are critical reservoirs for filoviruses, 

as well as other diverse existing and emerging zoonotic pathogens, including henipaviruses, 
coronaviruses, paramyxoviruses, and flaviviruses [6-9]. Central and East African human 
outbreaks of Ebola and Marburg hemorrhagic fever, for example, have been linked to 
consumption of or environmental exposure to bats [2,3]. An urban straw-colored fruit bat 
(Eidolon helvum) seropositive for Ebola virus survived for at least 13 months post-capture, 
demonstrating that bat hosts of viruses that cause severe disease in humans and other mammals 
could potentially transmit these pathogens over long periods of time [10]. Interestingly, much 
higher prevalences of exposure to Ebola virus were detected in non-urban bat species in West 
Africa. Based on the distribution of Ebola virus seroprevalences in diverse bat species, Hayman 
et al. [11] suggest that human contact with bats in rural and forest settings may pose a greater 
zoonotic transmission risk than contact with urban fruit bat colonies. 

Non-human primates also serve as a source of diverse viral zoonotic disease exposure for 
humans [12-14]. The zoonotic origin of HIV offers a dramatic example of NHP to human 
transmission [15], but human outbreaks of hemorrhagic fever have also been traced to contact 
with live or dead African NHPs [13]. For example, while NHPs are reservoirs for some zoonotic 
viruses, they may also act as a link between bats and people sharing forest landscapes. Gorillas 
and chimpanzees have experienced epidemics of Ebola [16], which suggests that NHPs are not a 
filovirus reservoir, but that they contact reservoir species (now known to include bats) in forest 
habitat. It has been proposed that NHPs can acquire filoviruses through hunting other NHPs or 
by direct or indirect contact with reservoir hosts [16]. In this case, Ebola virus exposure in 
terrestrial and predominantly arboreal NHP species suggests that contact may occur in multiple 
forest strata. Habitat and food resource sharing among bats, NHPs, and people therefore 
represent critical interfaces for zoonotic virus transmission, but interactions among these 
communities in tropical forests are not well understood. Bat sleeping and feeding roosts offer 
potential focal points of contact where bats and NHPs might share resources. Discarded fruits 
and seeds at feeding roosts [17] may present an opportunity for primates and people to directly 
contact viruses in bat saliva and/or feces. However, viral contamination of discarded food items 
at bat feeding roosts has not been thoroughly investigated. 

 
Zoonotic virus transmission to people 

Human outbreaks of Ebola and other agents have frequently started with infection of a 
single or few individuals expected to have been exposed to infected bats or NHP in forest 
habitats [3,13]. While exposure frequently occurs through hunting and butchering of animal 
carcasses, other extractive forest uses may also expose people to disease agents. Ebola infection 
in a forest-based charcoal worker and Marburg infection in mine workers and tourists visiting 
caves with bat colonies provide additional examples of modes of transmission [2,18]. In filovirus 
outbreaks, after the initially infected individuals contacted other members of their villages or 
sought care in clinics and hospital settings with limited sanitary practices, the number of cases 
and their geographic range often expanded rapidly through person-to-person transmission. 
Although periodic large outbreaks attract international media and research attention, 
undiagnosed filovirus and other zoonotic viral transfer may happen much more frequently. Even 
within outbreaks, viral diversity in different patients has suggested multiple independent 
zoonotic transmission events [18,19]. Understanding the risk of these initial zoonotic disease 
transmission events at the forest–human interface is essential to protect against the large-scale 
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outbreaks that threaten national and international public health. While frequent dead-end 
zoonotic transmission events likely occurred in isolated areas in the past, rapid human population 
growth and landscape conversion near protected areas may enhance outbreak potential. 

Non-specific clinical symptoms including fever, headache, and muscle pain occur in the 
initial stages of many zoonotic viral illnesses [20]. Due to scarce clinical resources in many areas 
of Africa, patients with zoonotic virus-based fevers may be misdiagnosed with more common 
febrile illnesses, such as malaria. Misdiagnosis of filovirus infections, for example, as dysentery 
or yellow fever delayed critical medical intervention in past outbreak situations [21,22]. In two 
clinics adjacent to Udzungwa Mountains National Park, over 60% of patients presenting with 
febrile illness were incorrectly diagnosed with malaria when microscopy was used as the only 
diagnostic test [23]. While underlying causes of disease were not identified in misdiagnosed 
patients, it suggests that non-malarial causes of febrile illness are very common in this area. In 
the Eastern Arc Mountains of northern Tanzania, malaria was also commonly misdiagnosed in 
patients with severe febrile illness, especially those living at higher altitudes [24]. 
 
Study area 

Part of the Eastern Afromontane biodiversity hotspot [25], the protected areas of the 
Udzungwa Mountains are islands of predominantly intact forest surrounded by human 
development. In Udzungwa Mountains National Park (UMNP) and a mosaic of nearby forest 
reserves, diverse assemblages of NHPs and bats share the largest remaining forest blocks in the 
Eastern Arc mountain chain [26], Figure 1. In the heterogeneous Udzungwa landscape, which is 
a mixture of lowland to montane closed canopy forest, woodlands, grasslands, and developed 
areas, protected forest blocks range in size from <1 km2  to 526 km2  [27]. The eastern sides of 
lower elevation forest blocks receive 2000-3000mm of rainfall per year, while higher elevation 
drier forests receive approximately 500mm per year. There are typically two periods of 
concentrated rainfall: December-January and March-May [28]. 

 
Figure 1. Habitat map of Park and 
neighboring forest reserves 
(modified from [27]). 

 
The Udzungwas host 13 

NHP species, including baboons, 
monkeys, and galagos [28]. Initial 
surveys of UMNP and forest 
reserves identified diverse 
megachiropteran (fruit bats) and 
microchiropteran bats [29,30], 
including species that have been 
shown to shed zoonotic viruses in 
other  areas  of  East  Africa  [2]. 

Although the reserves are protected, widespread human use currently threatens NHPs and may 
expose people to pathogens. In addition to individuals gathering medicinal plants and traveling 
forest paths [31], bushmeat hunters kill NHP ranging from baboons to rarer, endemic monkeys 
and galagos [32,33]. Bushmeat is consumed locally in hunters’ homes or villages, but a thriving 
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clandestine trade may also export some wildlife tissues to larger Tanzanian cities. This network 
offers an efficient potential pathway for wildlife products and pathogens to reach high-traffic 
areas with dense human populations. People living on park and reserve borders also visit sacred 
cave sites in the forests, increasing their potential exposure to NHPs and roosting bats. Farmers 
living near protected areas, UMNP staff members housed in the park, researchers, and tourists 
are also in contact with the diverse NHP populations. Ecological research is increasing in the 
Udzungwa Mountains, focusing on population dynamics, habitat use, response to environmental 
change, and animal behavior [27,34-37]. Building upon existing local and academic ecological 
knowledge, an investigation of emerging viruses in bats, primates, and people will provide 
critical insight on transmission of select agent and novel pathogens with pandemic potential. 

 
C. PROGRAMMATICS. 
Management team (MT) approach: Continuing their nearly 5 year partnership as 
implementing partners, Metabiota and the University of California, Davis (UCD) will co-manage 
this project with local partners in Tanzania. Metabiota will provide administrative and financial 
oversight while UCD will provide the scientific management and implementation of this research 
in Tanzania. Metabiota Principal Investigator, Dr. Falgunee Parekh, will work hand-in-hand 
with UC Davis Principal Investigator, Dr. Jonna Mazet to ensure project deliverables are met 
according to contract timelines or as nearly as possible. 

Since 2006, investigators from UCD and Sokoine University of Agriculture (SUA) in 
Tanzania have been responding to the critical need for research on the impact of zoonotic disease 
on the health and livelihoods of people in southern Tanzania through our HALI (Health for 
Animals and Livelihood Improvement) project. In 2009, HALI became the Tanzanian 
institutional home of the USAID Emerging Pandemic Threats’ PREDICT project, a surveillance 
and capacity building program to detect emerging pathogens in wildlife that threaten humans. 
Ifakara Health Institute (IHI) has an extensive history of human infectious disease research in 
Tanzania and has collaborated with SUA on diverse health projects for over 20 years. Metabiota, 
a partner on the PREDICT project, has extensive experience investigating emerging viruses with 
zoonotic potential in West and Central Africa. Project study design, wildlife and human 
sampling, specimen diagnostics, as well as spatial analyses and epidemiologic modeling will be 
jointly coordinated through UCD, SUA, and IHI. Archived human samples from areas of human- 
wildlife contact will be identified by UCD and IHI. All human samples, both archived and 
prospective will be tested at IHI BSL-3 laboratory facilities. Our US-Tanzania MT will have 
monthly conference calls to coordinate research design, activities, and progress. The proposed 
One Health collaboration will facilitate cutting edge research on existing and emerging viral 
pathogens at critical wildlife-human interfaces in Tanzania, and build local, regional, and 
national capacity to detect and mitigate zoonotic transmission of select agents. 

 
Falgunee Parekh, PhD, MPH, Metabiota – liaison to DTRA for coordination of project 
administration and reporting; will provide input on public health-related project objectives. 
Jonna Mazet, DVM, MPVM, PhD, One Health Institute, School of Veterinary Medicine, UCD 
– program director responsible for project oversight. Mazet will facilitate collaborative 
relationships, study design, and interpretation of findings. 
Elizabeth VanWormer, DVM, PhD, One Health Institute, UCD – project manager responsible 
for coordination of teams and project objectives across US institutions and in Tanzania. 
VanWormer will facilitate project implementation and epidemiologic analyses. 
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Rudovick Kazwala, BVM, PhD, Faculty of Veterinary Medicine, SUA, Morogoro, Tanzania – 
Professor responsible for SUA-related laboratory and field activities as part of the HALI Project 
in Tanzania. Kazwala will facilitate capacity building of Tanzanian laboratories and scientists. 
Joseph Paschal Mugasa, MS, PhD, Laboratory director at IHI Bagamoyo Research site – 
responsible for input and oversight of laboratory activities related to biosafety and security. 
Mugasa will also faciliate capacity building of Tanzanian laboratories and scientists. 
Progress evaluation: The MT will monitor project activities to achieve the following 
benchmarks: 1) obtain US and Tanzanian protocol approval, characterize field sites, and identify 
junior scientists in Year 1; 2) perform field sampling and laboratory diagnostic activities in Years 
1-3 and initiate data analysis in year 2; and 3) prepare recommendations to reduce zoonotic viral 
transmission potential to local and global communities and prepare at least 2 scientific 
publications in Year 3. 

 
D. RELEVANCE. 

 
The proposed work will improve fundamental understanding of filoviruses and other 

emerging virus epidemiology and add tangible data on these agents to the DTRA knowledge 
base. It will provide a platform for engaging and networking with professionals working in 
emerging infectious diseases (EIDs) in both the human and animal sectors and will increase the 
capacity for rapid and accurate local detection and mitigation of threats to humans and animals 
with positive economic, health, and other security implications. 

Ebola and Marburg viruses, as well as certain other viruses known to circulate in bats are 
NIAID Category A Biodefense Priority Pathogens and US DHHS Select Agents. While these 
viruses are considered research priorities, little is understood about their natural history and 
transmission cycle, as well as their replication in their reservoir host species, which are believed 
to be African bat species. Bats, as well as their natural interaction with NHPs, humans, and other 
intermediary species are also poorly understood. Thus, it is paramount to better understand the 
circulating viruses in bat populations in Tanzania and elsewhere, as well as to understand the 
interaction that humans and other species have with bats in that region. Through the proposed 
research, we will engage emerging scientific leaders in Tanzania and will closely collaborate on 
the proposed research, the results of which may directly increase global public health security by 
allowing us to better understand the distribution, prevalence, and high risk behaviors associated 
with filoviruses and other emerging viruses of pandemic potential. The proposed research targets 
Thrust Area 6 and advances C-WMD science by building local and global understanding of 
pathogens that pose the greatest threat as biological weapons. Weapons and terrorism in 
Tanzania are a concern due to past and recent political events in the East African sub-region. 

Investigating zoonotic viruses in bats, NHPs, and people in Udzungwa Mountain forests 
strengthens local capacity to conduct surveillance for pathogens that severely threaten public 
health and global security. Understanding the natural ecology of emerging zoonotic viruses will 
facilitate control strategies to reduce human exposure and disease spread, a globally valuable 
outcome. In addition to enhancing in-country pathogen detection capability, the proposed 
research will build understanding of risk factors for transmission among bats, NHPs, and 
humans. Targeting surveillance and control strategies to high-risk human-wildlife interfaces for 
disease emergence protects people in the US homeland and abroad by limiting the risk posed by 
pathogen spillover. Understanding viral transmission events at human-wildlife interfaces will 
help public health officials and researchers to distinguish between a naturally occurring spillover 
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event such as MERS-CoV verses an intentional release. Increasing knowledge of naturally- 
occurring viruses that could be inappropriately handled or developed into weapons of mass 
destruction will also help to safeguard Tanzanian and global public health. 

The proposed work will also extend the reach of the Cooperative Biologic Engagement 
Program (CBEP) and will advance partnerships that University of California, Davis and 
Metabiota have with institutions in Tanzania that are hubs for research excellence in East Africa. 
The institutional partnerships will have particular benefits given the active USAID and NIH- 
funded research programs that UCD can leverage in the region and will enhance the potential for 
collaborative One Health research that is a proven model within this internationally experienced 
and respected research team. These features have the potential to radically improve sustainability 
and absorbability of these investments for long-term impact. 

 
III. CREDENTIALS. 

 
Our consortium is comprised of a group of highly qualified experts from across 

academia, industry, and government backgrounds, all of whom have successfully implemented 
large-scale USG and internationally funded programs abroad. First funded by CBEP in mid- 
2010, Metabiota has demonstrated high-quality research collaborations in some of the world’s 
most austere  settings.  This  work  has resulted  in 6  CBEP-funded high-impact publications, 
including the description of a novel virus associated with viral hemorrhagic fever syndrome in 
the Democratic Republic of the Congo (DRC). Metabiota supported the response to 6 outbreaks 
(suspected viral hemorrhagic fever, polio, and yellow fever) and has facilitated shipment of 
samples back to US DoD laboratories for the further development and testing of diagnostics and 
countermeasures. Metabiota, as a member of the WHO GOARN, was considered an invaluable 
resource during these events, setting the stage for future engagements globally, and, in this 
regard, is a long-time collaborator with US military labs overseas. Our successes in working with 
CBEP have been sustained by involving multiple international and regional networks, such as the 
African Field Epidemiology Network (AFENET), the WHO Especially Dangerous Pathogens 
Laboratory Network (WHO-EDPLN), and existing research and public health laboratory 
networks. We also have experience facilitating the establishment of regional networks as 
demonstrated through our assistance in the creation of the Central African Military Health 
Alliance (CAMHA), which Metabiota continues to serve as integrating contractor. Metabiota 
actively engages local, regional, and international partners in project implementation. 

The UCD team is comprised of a highly qualified and integrated set of infectious disease 
faculty and researchers who specialize in the epidemiology and surveillance of zoonotic diseases 
that may be transmitted between animals and humans. Based within the One Health Institute at 
UCD, the multidisciplinary team has extensive experience in core CBEP topics, including 
infectious disease research, grant writing, mentoring, and training. For example, the UCD team 
manages an implementing consortium for and scientifically leads the USAID’s Emerging 
Pandemic Threats Program PREDICT project, a $75 million multi-institutional, trans- 
disciplinary project in 20 developing countries that aims to enable global surveillance for 
zoonotic diseases emerging from wildlife using geospatial modeling, genomics, molecular 
virology, epidemiology, and targeted field studies at hot zoonotic disease transmission interfaces. 
In just over three years since it’s implementation, PREDICT has discovered over 200 novel 
viruses, trained over 1500 collaborators from developing nations, and published over 28 
manuscripts in the peer-reviewed literature. 
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Sokoine University of Agriculture (SUA) is the premier veterinary school for Tanzania, 
and Ifakara Health Institute is a leader in public health research in the country. Since 2006, SUA 
has been responding to the critical need for research on the impact of zoonotic disease on the 
health and livelihoods of people in southern Tanzania as a partnership with UCD through our 
HALI project. In 2009, HALI became the Tanzanian institutional home of the PREDICT project, 
a surveillance and capacity building program to detect emerging pathogens in wildlife that 
threaten humans. Ifakara Health Institute (IHI) has an extensive history of human infectious 
disease research in Tanzania and has collaborated with SUA on diverse health projects. 

 
Personnel 
 
Falgunee K. Parekh, PhD, MPH, will serve as PI for this effort as the Lead Metabiota Staff 
Scientist. Dr. Parekh serves as the scientific technical lead on epidemiologic studies of various 
infectious diseases, including Lassa Fever and Ebola, to characterize the morbidity, mortality and 
risk factors associated with disease and clinical outcomes. 
Jonna A.K. Mazet, DVM, MPVM, PhD will serve as PI and lead for UCD. Professor Mazet 
currently leads a global network to build capacity within more than 20 countries to develop 
surveillance and complete the necessary research to halt pandemics. As a professor in the School 
of Veterinary Medicine, Mazet provides service to government agencies faced with emerging 
infectious disease challenges, including USAID and U.S. Department of Agriculture. 
Woutrina Miller, DVM, MPVM, PhD will serve as a SME for infectious zoonotic diseases. Dr. 
Miller is a veterinarian and Associate Professor in the School of Veterinary Medicine at UCD. 
She is an infectious disease molecular biologist with extensive experience working on zoonotic 
diseases that can be transmitted from animals to humans and currently has active research in 
Tanzania that involves both the animal and human health sectors. 
Elizabeth VanWormer, DVM, PhD, One Health Institute, UCD will serve as a project scientist 
and implementation manager. Dr. VanWormer is an epidemiologist currently living in Tanzania 
and facilitating the HALI Project that would house the proposed research. She has in-depth 
experience conducting wildlife and zoonotic disease research and managing multi-disciplinary 
international teams in Tanzania, implementing federal grants/contracts, and integrating technical 
activities with stakeholders from government ministries to communities. 
Rudovick Kazwala, BVM, PhD will serve as a Co-PI and lead for the Tanzania team. He is a 
Professor of Public Health and Epidemiology at SUA as well as Chairman of the Tanzania 
Veterinary Medical Association. Professor Kazwala is on the IHR Roster of Experts for 
veterinary issues involving zoonoses and currently leads viral disease research for the PREDICT 
project in Tanzania. As a founding PI of the HALI Project with UCD, Professor Kazwala is well 
established with all the partner organizations involved in this DTRA research proposal. 
Honorati Masanja, MS, PhD will serve as the Ifakara Health Institute lead in his role as Chief 
of Research Operations at IHI. Dr. Masanja is an epidemiologist skilled in data management and 
biostatistics who leads numerous collaborative studies in Tanzania and is funded by international 
organizations such as the WHO and CDC. 
Joseph Paschal Mugasa, MS, PhD will serve as a SME for viral zoonoses and lead for the IHI 
laboratory team. Dr. Mugasa is currently the laboratory director at the IHI Bagamoyo research 
site and the head of biomedical research at IHI. Dr. Mugasa has extensive experience working 
with international teams on molecular investigations of human and animal pathogens. 
Tanzania Wildlife Research Institute (TAWIRI) specialist,either Robert Fyumagwa, DVM, 
PhD or his designee. The TAWIRI representative (TBN in conjunction with Dr. Fyumagwa and 
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TAWIRI Director of Research, Dr. Julius Keyyu) will serve as SME for wildlife disease 
surveillance and lead for the TAWIRI Team. Dr. Fyumagwa is currently the Center Director for 
TAWIRI’s Serengeti Wildlife Research Centre and is a collaborator with our collaborative TZ- 
US led PREDICT project in Tanzania. Dr. Fyumagwa has extensive experience working with 
international teams on wildlife and zoonotic disease research, including NHPs. 

 
IV. WORK TO BE PERFORMED. 

 
A. GENERAL 
 

We will investigate the epidemiology of filoviruses and other zoonotic viruses in bat, 
NHP, and human populations sharing a mosaic of protected forests and bordering lands in 
southern Tanzania. By examining viruses circulating in wildlife and human hosts in this 
biodiverse environment, we will increase the understanding of pathogen emergence risk and 
zoonotic disease transmission while building local capacity to diagnose, conduct surveillance for, 
and control pathogens of pandemic and biosecurity concerns. To characterize potentially 
zoonotic viruses in bat and primate hosts, samples will be collected from these animals from 
identified sites with differing bat and primate community composition and likelihood of human 
contact (based on distance to nearest villages and reported human forest use). Primates and bats 
captured at field sites will be sampled twice yearly to reflect seasonal differences (wet vs. dry 
season) in viral shedding. Saliva samples from discarded seeds and fruits at bat feeding roosts 
[17] will also be collected, as these sites offer an environmental focus of potential virus exposure 
for primates and other animals. Remote-triggered digital field cameras will be used to monitor 
other taxa visiting bat feeding roosts to assess the potential for inter-taxa viral transmission. All 
samples will be transported securely under project supervision in locked containers from field 
sites to the labs at SUA and IHI for secured storage and testing. 

To investigate human exposure to filoviruses and other zoonotic viruses, we will 
collaborate with health clinics near Udzungwa forests to sample individuals presenting with non- 
malarial febrile illness. By collecting blood, oropharyngeal swabs, and fecal samples along with 
survey data on forest use and wildlife contact, we will be able to examine risk factors for wildlife 
origin virus exposure. Humans will be sampled seasonally in parallel with wildlife to capture 
differences in wet and dry periods. In addition to the prospectively collected human samples, we 
will evaluate archived human samples from sick individuals living near forests or likely to have 
had high contact with wildlife. Testing wildlife and human specimens with the efficient viral 
family PCR screening approach developed by PREDICT to detect emerging viral threats, we will 
capture critical information about viruses circulating in sympatric bat, NHP, and human 
populations while developing essential local laboratory capacity to detect priority pathogens. 
Sequencing and phylogenetic mapping will be used to determine the genetic similarity of viruses. 
Statistical models will be used to evaluate demographic, seasonal, and ecological risk factors for 
viral family or individual virus exposure. Spatial analyses will be performed to identify hotspots 
of pathogen transmission for targeting control of spillover from wildlife to human populations. 

 
B. SUMMARY.  
 
Year #1 
Task 1: Management team meetings (monthly) 
Task 2: Administrative startup and maintenance (Quarters 1-3) 

tuttler
Sticky Note
Recommended for redaction:

Exemption 3 (10USC130c)
Non-PI institution foreign partner names
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Task 3: Data management (Quarters 1-4) 
Task 4: Staff training, trainee identification, and mentorship (Quarters 1-4)



HDTRA1-14-1-0052 
 

Page 15 of 33 
 

Task 5: Field site assessment and preparation (Quarters 1-2) 
Task 6: Human sample archive assessment (Quarters 1-4) Task 
7: Active human surveillance (Quarters 3-4) 

Task 8: Active wildlife surveillance (Quarters 2-4) 
Task 9: Environmental characterization and sampling (Quarters 2-4) 
Task 10: Establishment of sample repository/metadata records, accession numbers (Quarters 1-4) 
Task 11: Viral diagnostics (Quarters 3-4) 
Year #2 
Task 1: Management team meetings (monthly) 
Task 2: Administrative maintenance (Quarters 1-4) 
Task 3: Data management (Quarters 1-4) 
Task 4: Staff training and trainee mentorship (Quarters 1-4) 
Tasks 5 & 6: Not applicable for Year 2 
Task 7: Active human surveillance (Quarters 1-4) 
Task 8: Active wildlife surveillance (Quarters 1-4) 
Task 9: Environmental characterization (Quarters 1-4) 
Task 10: Sample repository maintenance (Quarters 1-4) 
Task 11: Viral diagnostics (Quarters1-4) 
Task 12: Molecular characterization of viruses (Quarters 3-4) 
Task 13: Data analysis/modeling (Quarters 1-4) 
Year #3 
Task 1: Management team meetings (monthly) 
Task 2: Administrative maintenance (Quarters 1-4) 
Task 3: Data management (Quarters 1-4) 
Task 4: Staff training and student mentorship (Quarters 1-2) 
Tasks 5 & 6: Not applicable for Year 3 
Task 7: Active human surveillance (Quarters 1-2) 
Task 8: Active wildlife surveillance (Quarters 1-2) 
Task 9: Environmental characterization (Quarters 1-2) 
Task 10: Sample repository maintenance (Quarters 1-4) 
Task 11: Viral diagnostics (Quarters 1-3) 
Task 12: Molecular characterization of viruses (Quarters 1-4) 
Task 13: Data analysis/modeling (Quarters 1-4) 
Task 14: Data interpretation, development of stakeholder communications, local distribution 

of findings, and manuscript preparation (Quarters 1-4) 
 

C. DETAILED TASKS. 
 

i. Task 1: Monthly Management Team (MT) Meetings (Years 1-3) 
The project MT will meet once per month using Skype or a similar internet-based international 
communication tool. Project logistics and progress will be assessed, and action items for the 
coming month will be identified. A written record of meetings will be maintained for reference. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, Mugasa. Metrics of Success: At least 
12 MT meetings logged per project year. Deliverables: MT meeting minutes will be archived 
and progress on identified action items highlighted in the annual report. 

tuttler
Sticky Note
Recommended for redaction pages 15-23:

Exemption 3 (10USC130c)
Highlighted non-PI institution foreign partner names
(Kazwala, Masanja, Mugasa)


tuttler
Sticky Note
Consider for redaction pages 15-23:

Highlighted non-PI institution partner names (Mazet, Miller, VanWormer). Note - separate highlights from foreign partner names.
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ii. Task 2: Administrative startup and maintenance (Years 1-3) 
Subtask 2-a: Obtain appropriate US and Tanzania research approval (Years 1-3) 
The MT will obtain ethical clearance for human surveys, human prospective specimen 
collection, and human specimen archive use through the University of California, Davis IRB and 
the Tanzania National Institute of Medical Research (NIMR). Research permission for wildlife 
sampling in Udzungwa Mountain forests will be obtained from the UCD Animal Care and Use 
Committee and the Tanzania Wildlife Research Institute (TAWIRI). TAWIRI approval includes 
permission to conduct research on lands within and surrounding national parks and forest 
reserves. Following TAWIRI and NIMR approval, general research and residence permits will 
be obtained from the Tanzania Committee on Science and Technology (COSTECH) and 
Tanzanian Ministry of Home Affairs (Immigration). The MT has extensive experience with 
UCD and Tanzania permitting system requirements and timelines, which will allow permits to be 
acquired smoothly. Permits will be renewed annually. 
Subtask 2-b: Develop study protocols, survey instruments, and data collection forms (Year 1) 
Working with the MT, junior scientists will generate study field and lab protocols and surveys 
for human risk factors, as well as specimen management forms, diagnostic results logs, and 
forms for collecting information on animal demographics and environmental characteristics of 
field  sites.  General  and  Tanzania-specific  protocols  on  wildlife  handling  and  capture,  safe 
specimen collection, specimen storage and transport, personal safety and biosecurity, and cold 
chain  maintenance  have  already  been  established  through  the  PREDICT  viral  surveillance 
program and will be adapted for use here. 
Subtask 2-c: Procure supplies for field surveillance and laboratory diagnostics (Years 1-3) 
Working with the MT, staff will order field and laboratory supplies and equipment necessary for 
human and animal sampling and testing. As part of the PREDICT program, relationships with 
scientific supply vendors (VWR, Fisher, African Biosystems, etc.) have already been established 
for efficiently purchasing and acquiring supplies. To maintain a steady supply, materials will be 
assessed and reordered as needed on a quarterly basis. 
Subtask 2-d: Strengthen local stakeholder collaborations - Regional and District Veterinary 
Officers, Wildlife Officers, Forest Officers, Executive Officers; Udzungwa Mountains Park Staff 
and Researchers; Village Government Leaders and Health Clinic Officers – (Years 1-3) 
Through HALI project wildlife sampling activities and previous zoonotic disease investigations, 
strong relationships have already been established with relevant veterinary, wildlife, and forest 
officers, as well as district executive directors. In a PREDICT-funded Udzungwa pilot 
surveillance program, we built relationships with Udzungwa Mountains National Park Staff, 
Kilombero Nature reserve directors, district-level forest officials, and village government 
leaders. The MT members and junior scientists will work to strengthen the existing relationships 
and to create collaborations with village health clinic officers by providing quarterly updates on 
research progress, as well as annual trainings on wildlife and human sampling for relevant 
partners. 
Subtask 2-e: Complete quarterly financial reports; manage logistics of staff and lab/field office 
operation (Years 1-3) 
The project logistics manager will complete quarterly financial reports in collaboration with the 
Tanzanian research institutions (SUA and IHI). Junior scientists and MT members will jointly 
manage staff logistics and office operation. 
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Subtask 2-f: Complete quarterly reports on project activities for funders and project partners in 
Tanzania and the United States (Years 1-3) 
The MT and junior scientists will provide quarterly email updates to project partners to share 
preliminary research results and progress on project timelines. In accordance with Tanzanian 
policy, all viral diagnostic results will initially be shared with the Tanzania Ministry of Health, 
Ministry of Livestock and Fisheries Development, and Ministry of Wildlife and Tourism, with 
whom we have existing relationships. Following approval for release by Tanzanian ministries, 
results will be provided to other project partners. This reporting system is desirable for in- 
country and foreign partners. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Kazwala, Mugasa. Metrics of Success: 
Research permits approved each year, protocols and data collection forms developed, supply 
inventories updated quarterly, financial and project activity reports generated quarterly. 
Deliverables: Documentation of research permit and ethical clearance approval, stakeholder 
collaboration section in annual report, list of approved protocols and data collection forms 
included as appendix in annual report, quarterly reports included as appendix in annual report. 

 
iii. Task 3: Data management 

Subtask 3-a: Database creation 
Following development of field and lab data forms, the junior scientists and MT will create 
separate secure electronic databases to store wildlife, environmental, and human data. 
Subtask 3-b: Data entry and cleaning 
Within 2 weeks of field data collection, junior scientists will enter and check wildlife, 
environmental, and human data in the project databases. A MT member will review entered data 
for accuracy. Human data forms with information identifying individual study subjects will be 
stored in a locked cabinet at the project office and destroyed 12 months after study completion. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, Mugasa. Metrics of Success: 
Databases developed in Year 1, project data entered and assessed within 2 weeks of field 
collection. Deliverables: Database section included in annual report. 

iv. Task 4: Staff and stakeholder training and junior scientist mentorship 
Subtask 4-a: Identify and hire junior scientists (postdoc, PhD, and master students; Year 1) 
In order to build sustainable capacity and long-term research networks, one US-based 
postdoctoral scholar and one post-DVM PhD student and at least one Tanzanian masters student 
(SUA) and one postdoctoral fellow (IHI) will be recruited for the research project. 
Subtask 4-b: Conduct annual and quarterly trainings (Years 1-3) 
PREDICT staff members with extensive field experience in wildlife capture and sampling, viral 
specimen collection, cold chain management, and personal and laboratory biosafety will train the 
junior  scientists,  field  staff,  and  local  stakeholders  including  veterinary  and  human  health 
partners and district wildlife officers on these topics. Veterinarians and ecologists from UMNP, 
Tanzania National Parks Association (TANAPA), and TAWIRI will be invited to participate in 
animal-based trainings to build national wildlife surveillance capacity and biosecurity awareness. 
MT members from IHI will train health clinic staff and junior scientists on human data and 
specimen collection and storage. Laboratory experts from UCD, SUA, and IHI will provide 
training on PCR-based viral family diagnostics, cloning, sequencing, and phylogenetic analyses. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Kazwala, Masanja, Mugasa, TAWIRI 
Collaborator (TBN). Metrics of Success: Quarterly training events conducted each year, at least 
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two postdoctoral scientists and graduate students mentored each year. Deliverables: Training 
documents compiled for annual report, trainee progress reports and trainer evaluations included 
as an appendix to annual report. 

 
v. Task 5: Field site assessment and preparation 

Subtask 5-a: Human health clinic assessment 
We will identify health clinics that treat patients, including those with febrile illnesses, from 
areas near or adjacent to the wildlife sampling sites. MT members will assess clinic willingness 
to participate in a research study on zoonotic viral diseases involving collecting human blood, 
oropharyngeal swab samples, and fecal specimens. After identifying four clinics from different 
geographic locations representative of the study area, we will recruit one health officer or nurse 
as a research partner from each clinic to participate in human sample collection. We have 
experience in these recruitments through our ongoing NIH-supported research in the region. 
Subtask 5-b: Wildlife sampling site assessment 
Prior to the first season of animal specimen collection, the forest reserve network will be 
assessed to identify 4 field sites for seasonal bat and NHP sampling for the duration of the 
project. Two sites will be identified in forests with low NHP diversity (2-3 species present). The 
remaining sites will be in forests with higher NHP diversity (4-6 species present). All sites will 
be chosen in forests used by neighboring human communities for bushmeat hunting, sacred site 
visitation, and/or resource extraction, such as medicinal plant gathering. Field site vegetation and 
forest cover will be characterized visually and using available remote sensing/GIS data. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, Masanja, Mugasa, TAWIRI 
Collaborator (TBN). Metrics of Success: Number of patients enrolled annually; number of staff 
trained; laboratory capacity; elevation, latitude/longitude, and proximity to forest characterized 
for each human health clinic. Vegetation and forest cover, climate, elevation, latitude/longitude, 
known wildlife species composition, human use, and proximity to human communities will be 
characterized for each wildlife sampling site. Deliverables: Clinic and field site characterization 
in annual report. 

 
vi. Task 6: Human sample archive assessment 

Archived frozen human whole blood samples stored at IHI research facilities due to previously 
completed in-depth investigations of zoonotic and human diseases in Tanzania will be selected 
for study inclusion based upon where subjects lived and any known risk factors for wildlife 
contact (bushmeat hunting, medicinal plant gathering, other forest resource extraction, or 
agricultural conflict with primates). If risk factor information for previously collected human 
samples is too sparse or sample quality is questionable, human sampling emphasis will be placed 
more heavily on prospective specimen collection. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, Masanja, Mugasa. Metrics of 
Success: List of potential archive samples generated, risk factor information assessed for human 
sample archives. Deliverables: Human sample archive assessment and use section in annual 
report. 

 
vii. Task 7: Active human surveillance 

Subtask 7-a: Patient recruitment 
Adult and child patients presenting to participating health clinics with a fever will be offered a 
rapid diagnostic test for malaria. Patients testing negative by rapid test will be asked to join the
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study and formally consented following standardized, approved Tanzanian consent procedures. 
Participating patients will be interviewed about their contact with forests and wildlife before 
specimen collection. Sample size: 30 patients will be recruited each season at each health clinic. 
Subtask 7-b: Forest risk factor survey 
Consenting patients with a non-malarial febrile illness will be interviewed by a trained nurse at 
the health clinic regarding their use of forest products or habitats and contact with wildlife 
species, especially bats and NHP, in or near forests. Data will be disaggregated from individually 
identifying information prior to data analysis to protect patient confidentiality. However, patient 
recruitment and contact information will be maintained in locked facilities to contact individuals 
regarding the results of diagnostic testing. 
Subtask 7-c: Sample collection 
Whole blood, oropharyngeal swabs (2), and approximately 400mg of feces will be collected 
from patients by a trained nurse. Oropharyngeal swabs and feces will be divided and stored in 
lysis buffer and VTM. All samples will be stored in liquid nitrogen at the health clinic (in 
provided dewars). Clinics will also be provided standard government issue malaria rapid 
diagnostic tests to rule out malaria as a cause of febrile illness, and human sampling supplies to 
collect oral swabs and feces. Following each season (wet and dry) of sampling, specimens will 
be transferred to IHI BSL-3 laboratory for storage in -80C freezers and diagnostic testing. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Masanja, Mugasa. Metrics of Success: 
Risk factor surveys and samples collected for at least 240 human patients annually. Deliverables: 
Active human surveillance section in annual report, at least 1 publication prepared. 

 
viii. Task 8: Active wildlife surveillance 

To detect potential differences in seasonal viral shedding, bats and NHP will be sampled twice 
yearly, during December-March (wet season) and June-September (dry season), which also 
correspond to different phases in bat reproduction cycles that might affect viral shedding. 
Subtask 8-a: Bat capture and sampling 
Capture: Megachiropterans (fruit bats) and microchiropterans (small, predominantly 
insectivorous bats) at targeted sites will be captured in synthetic mist nets placed near caves, tree 
roosts, or forest flyways. Following surveillance to determine habitual bat foraging departure and 
return times, nets will be set after bats leave roosts in the evening. Nets will be monitored 
continuously when bats begin to return in the early morning. Captured bats will be removed from 
nets by trained field staff within 30 minutes of capture to minimize stress, and placed in a closed 
cotton bag until processing. Sample size: 30 bats per site per season 
Sampling: Under manual restraint, blood will be collected from the brachial (fruit bats) or radial 
(small bats) vein. For bats weighing <60g, blood may be diluted with phosphate buffered saline 
to increase sample volume as previously described [38]. Oropharyngeal swabs (2) and rectal 
swabs (2) will be stored in lysis buffer and viral transport media (one of each type of swab in 
each medium). Demographic data (species, age class, sex, and pregnancy/lactation status), digital 
photos, and morphometric measurements will be collected during processing. Bats will 
additionally be marked with individually identified lipped rings on wings (microchiropterans) or 
thumb rings (megachiropterans) prior to release at the site of capture. Bat markings will be used 
to identify recaptured bats in subsequent seasons as well as capture of previously sampled bats at 
novel sites. Satellite telemetry collars will be placed on 1-2 adult fruit bats per sampled site (4-8 
collars in total) to remotely follow movement and migration patterns over the study period. Sera 
will be stored in empty cryovials and blood clots in lysis buffer following centrifugation of 
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whole blood samples. Specimens will be stored in a locked liquid nitrogen dry shipper in the 
field to preserve viral RNA prior to transport to the SUA lab and longer-term storage at -80C. 
During animal handling, staff will wear appropriate PPE to prevent zoonotic viral transmission 
including N95 respirators, goggles, gloves, and tyvek suits (Figure 2). 
Bat identification: Visual appearance and morphometric measurements will be used to determine 
the genus and species of easily differentiated megachiropterans such as straw-colored fruit bats 
(Eidolon helvum). Project MT members with experience trapping and identifying mega and 
microchiropterans in Tanzania will train junior scientists and staff. However, due to the difficulty 
of differentiating some species of fruit bats and many microchiropterans, wing tissue punch 
biopsy samples for genetic testing will be aseptically collected from each sampled bat. Biopsies 
will be stored in 95% ethanol at room temperature. Host DNA will be extracted, amplified, and 
sequenced to confirm the precise genus and species of any bat testing positive for target viruses. 
 

Figure 2. Tanzania field team members prepare to safely 
collect samples from a captured fruit bat (held in the cotton 
bag) in an urban setting [Dar es Salaam, Tanzania, April, 
2013]. Established PREDICT protocols for biosafety, animal 
capture and sampling, cold chain specimen storage and 
transport, and viral disinfection will be adapted to the proposed 
wildlife sampling activities in the Udzungwa Mountain forests. 

 
Subtask 8-b: Non-human primate (NHP) sampling 
Non-invasive sampling: Known NHP troops at designated field 
sites will be tracked to collect fresh fecal specimens. Iringa red 
colobus monkeys (Procolobus gordonorum) will be sampled at 
each site and Sykes’ monkeys (Cercopithecus mitis) will be 

sampled when present at a site. These species will be targeted to create comparable data among 
the sites, as these monkeys are found in almost all forests in the study area. Red colobus are 
predominantly arboreal, while Sykes’ monkeys use all strata of the forest [28]. Additionally, 
people living near the forest reserves hunt both species [32,34]. Local guides familiar with the 
animals’ habitat use and behavior will be employed to assist in locating and collecting samples 
from target troops. Following observation of defecation by identified individuals of known 
primate species, field team members will collect approximately 200mg of feces for storage in 
lysis buffer and 200mg for storage in VTM. When observable, sex and age class of the primate 
will be recorded. Discarded foods from primates actively foraging will be swabbed with sterile, 
polyester swabs to collect a non-invasive saliva sample. Swabbing primate bite marks in 
discarded food items has been shown to be an effective route of obtaining saliva samples [39]. 
One swab will be stored in lysis buffer, and the other in VTM. Following sample collection, all 
specimens will be immediately placed in a portable liquid nitrogen dry shipper in the field to 
preserve viral RNA. If necessary, dental ropes for saliva collection may also be used, as they 
have been shown to be effective in our field sites in Asia. Sample size: 30 red colobus per site 
per season, 30 Sykes monkeys per site per season when present 
NHP identification: The seven diurnal primate species found in Udzungwa Mountains National 
Park and/or neighboring forest reserves are easily distinguished based on their size, body shape, 
coloration, and predominant forest use (arboreal vs. terrestrial) [28]. Field team members will be 
trained to accurately identify each of the resident diurnal primate species. 
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Personnel involved: Parekh, Mazet, VanWormer, Kazwala, TAWIRI Collaborator (TBN). 
Metrics of Success: Samples collected from at least 240 bats and at least 240 NHPs annually, 
satellite transmitters on at least 1 bat from each study site. Deliverables: Wildlife surveillance 
section in annual report, at least 1 publication. 

 
ix. Task 9: Environmental characterization and sampling 

Subtask 9-a: Indirect sampling at bat feeding roosts 
Working with local guides, bat feeding roosts will be identified in or near at least two of the 
wildlife sampling sites. Discarded seeds and fruits will be assessed at dawn and swabbed with 
sterile, synthetic swabs to collect bat saliva. Thirty specimens will be collected seasonally per 
site and stored in lysis buffer in a locked field dry shipper. Specimens will then be stored at -80C 
prior to diagnostic testing. 
Subtask 9-b: Camera trapping at bat feeding roosts 
Two remote-triggered, waterproof, infrared field cameras will be set and left in the field for one 
to two weeks seasonally at each bat feeding roost to assess the potential for other wildlife taxa to 
contact food items discarded by bats. Images of visiting wildlife will be used to target additional 
wildlife sampling at field sites. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, TAWIRI Collaborator (TBN). 
Metrics of Success: At least 120 swab samples will be collected annually from discarded foods, 
at least 8 weeks of total annual camera trapping. Deliverables: Environmental sampling section 
in annual report, select camera trap images in annual report index. 

x. Task  10:  Establishment  of  sample  repository/metadata  information  data  sheets  and 
accession numbers 

A human and wildlife sample repository will be created at the IHI BSL-3 laboratory in 
Bagamoyo. Standardized metadata will be recorded for each sample, and accession numbers 
assigned for future access. Samples will be stored in secure freezers and/or liquid nitrogen 
Dewar’s in secure facilities with limited access to project personnel and other authorized 
personnel. Sample repository and security will be established according to the BMBL approved 
safety guidelines as well as international security guidelines. 
Personnel involved: Parekh, Mazet, VanWormer, Kazwala, Masanja, Mugasa. Metrics of 
Success: Sample repository and data sheets established in Year 1 and assessed quarterly for 
accurate entry of all new specimens. Deliverables: Sample repository section in annual report. 

xi. Task 11: Viral diagnostics 
Following lab storage in locked -80C freezers, RNA extraction and viral family level diagnostic 
testing will be performed on deactivated specimens to identify potentially zoonotic viruses. 
Priority viral families: filoviruses, flaviviruses, and coronaviruses will be assessed in all 
specimens tested. Viral family level testing emphasis will then shift to henipaviruses, 
bunyaviruses, and rhabdoviruses as resources permit. RNA extraction will be performed with 
Qiagen RNA extraction kits using our established PREDICT protocols for blood, oropharyngeal 
swabs, and feces in a class II biosafety cabinet or BSL-3 facility. Beta actin PCR analyses of 
cDNA products will be used to confirm successful RNA extraction. Viral family level primers 
will be used in established conventional PCR reactions to amplify viral RNA and synthetic 
positive controls will be employed. Suspect positive samples will be confirmed through cloning 
and sequencing. 
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Subtask 11-a: Human specimen viral testing 
Trained personnel at the IHI BSL-3 laboratory in Bagamoyo, Tanzania, will conduct RNA 
extraction, cDNA production, Beta actin PCR, and viral family level PCR diagnostics for 
archived and prospectively collected human samples as above. 
Subtask 11-b: Wildlife specimen viral family testing 
RNA extraction from deactivated wildlife samples and cDNA production will be conducted at 
the Sokoine University of Agriculture (SUA) Emerging Infectious Disease Molecular Diagnostic 
Laboratory in Morogoro, Tanzania, as above. As capacity is built at the SUA diagnostic 
laboratory for viral family level PCR protocols, testing will be completed for all possible viral 
families on-site. In addition, an aliquot of the cDNA products will be reserved for shipment to 
IHI for viral family screening if timelines for testing cannot be met at SUA. An additional 
aliquot will be reserved in case shipment to the University of California, Davis (UCD) One 
Health Institute molecular diagnostic laboratory is necessary for assessment of capacity building; 
quality control screening as SUA and IHI gain experience with the viral family level protocols; 
and to augment capacity if both SUA and IHI become overloaded by sample submission 
numbers. Comparative screening at UCD will be used to help refine laboratory protocols at SUA 
and IHI to ensure high-level in-country viral diagnostic capacity. Lab technicians at SUA have 
experience extracting viral RNA from diverse wildlife specimens. Duplicate wildlife specimens 
will be stored in VTM in a secured BSL-3 laboratory at IHI for transfer to more biosecure 
facilities if further diagnostic work is indicated. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Kazwala, Mugasa, TAWIRI 
Collaborator (TBN). Metrics of Success: At least 500 specimens screened yearly (screening 
capacity and activity is expected to increase substantially following year 1 trainings). 
Deliverables: Viral diagnostics section in annual report. 

 
xii. Task 12: Molecular characterization of viruses 

For any suspect positive sample (wildlife or human), confirmatory cloning of PCR products will 
initially be performed at the in-country laboratories with the UCD One Health Institute 
molecular diagnostic lab providing back-up support for sequencing and for additional testing in 
case DTRA-specific timelines for research completion are not being met or if our team is not 
able to efficiently obtain results that will be used to refine field sampling approaches. Cloning 
procedures will also be introduced to IHI to increase in-country diagnostic capacity, should 
equipment and maintenance be available. SUA and IHI currently lack the physical infrastructure 
for viral sequencing. Initial samples will be sequenced at UCD and through the locally 
sustainable option of sending samples to Korea for economically efficient ($7) outsourced 
sequencing (ILRI also an option if economically feasible), as is practiced in much of the world. 
Following viral sample sequencing, Bayesian and maximum likelihood phylogenetic analyses 
will be used to determine the genetic similarity of viruses from bats, primates, and humans. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Kazwala, Mugasa. Metrics of Success: 
All suspect positive specimens will be characterized within 3 months of initial diagnostic testing 
results. Deliverables: Molecular characterization section in annual report, at least 1 publication. 

 
xiii. Task 13: Data analysis/modeling 

All statistical modeling and spatial analyses will be jointly conducted by Tanzania and US-based 
researchers. Tanzanian masters students, the IHI post-doctoral scientist, and additional research 
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partners from SUA, IHI, and TAWIRI will be trained in open source analysis software, as access 
to these programs is more sustainable than access to proprietary statistical software in developing 
countries. Collaborative model building by US and Tanzanian researchers will enhance local 
relevance and the capacity for epidemiologic data analysis in Tanzania. Jointly  developed 
models and software code will serve as a resource for future wildlife and human surveillance 
data analysis by SUA, IHI, and TAWIRI. Data sharing between partner institutions will also 
ensure that the most current and accurate risk factor, geospatial, and animal and human 
population data are integrated into the analyses. 
Subtask 13-a: Statistical risk factor modeling 
Prevalence of exposure for each viral family will be estimated in bats, NHP, and people at 
characterized field sites, and mixed effects logistic regression models will be used to evaluate 
demographic, seasonal, and ecological risk factors for exposure in humans and wildlife. Mixed 
effects models will use site of capture (wildlife) or health clinic as the cluster variable for animal 
and human models, respectively, to account for unmeasured correlation among individuals. 
Environmental risk factors will be characterized during field site assessments and using GIS data 
in QGIS. All statistical analyses will be performed in R or other open source statistical software. 
Subtask 13-b: Spatial analyses 
Spatial analyses for clusters of viral exposure will be performed to identify hotspots of pathogen 
transmission as targets for controlling spillover from wildlife to human populations. GPS 
locations collected during fieldwork will be used for bats and NHP. Human locations will be 
geocoded based on village of primary residence. Geographical clustering of viral exposure (each 
identified viral family and all viral families combined) will be evaluated among bats, NHPs, and 
humans using a Bernoulli model elliptical scanning window in SatScan v. 9.0 [40,41]. Tanzanian 
masters students will be trained in open source analysis software, as access to these programs is 
more sustainable than access to proprietary statistical software in developing countries. 
Personnel involved: Parekh, Mazet, Miller,VanWormer, Kazwala, Masanja, Mugasa, TAWIRI 
Collaborator (TBN). Metrics of Success: Statistical risk factor models and spatial models 
developed to characterize risk factors for and potential geographic hotspots of zoonotic viral 
transmission. Deliverables: Data analysis and modeling section in annual report and likely 
publication depending on results. 

 
xiv. Task 14: Data interpretation, development of stakeholder communications, and local 

distribution of findings 
Data analyzed above will be used to develop reports for DTRA and the Tanzanian government. 
In addition, informational materials will be developed in consultation with these agencies and 
participating stakeholders to provide community education on disease transmission risks and to 
influence behavior change. These materials may include household-targeted materials, posters, 
and animated educational videos distributable to mobile devices. At least two peer-reviewed 
manuscripts are expected in total from the proposed research project. 
Personnel involved: Parekh, Mazet, Miller, VanWormer, Kazwala, Masanja, Mugasa. Metrics of 
Success: Final report of data analysis and results delivered to all international and local 
stakeholders, locally appropriate outreach materials developed and distributed for community 
outreach. Deliverables: Data analysis and results section in annual report, at least 2 publications 
in total following data interpretation. Outreach materials included as appendix in annual report. 
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V. PERFORMANCE SCHEDULE. 
Project Timeline Year 1 Oct2014-Sep2015 Year 2 Oct2015-Sep2016 Year 3 Oct2016-Sep2017 

Task: Description Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

1: Monthly MT meetings             
2: Administrative startup and 
maintenance 

            

3: Data management             
4: Training & mentorship             
5: Field site assessment & prep             
6: Human sample archive 
assessment 

            

7: Active human surveillance             
8: Active wildlife surveillance             

9: Environmental 
characterization 

            

10: Sample repository 
management 

            

11: Viral diagnostics             
12: Molecular viral 
characterization 

            

13: Data analysis/ modeling             

14: Data interpretation, 
distribution of findings 
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