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Introduction

Globalization has radically catalyzed the everyday movements of people, animals, technology, goods,
capital, and services worldwide. While this transformation has been broadly regarded as an economic
boon, it has also increased the opportunities for diseases to spread geographically and potentially
between species (Saker et al. 2004; Wolfe et al. 2005). Anthropogenic land use change, such as the
building of roads or cities where once there were forests, creates a chain reaction of ecological, socio-
economic, human behavioral, and regional fauna impacts that are believed to be linked to how infectious
diseases emerge. Globally, urbanization has led to drastic growth in the density of human populations
living in cities, increasing the potential for large infectious disease outbreaks (Neiderud 2015, Hassell et
al. 2017). Per capita meat consumption has rapidly expanded over the last half century, driving the
development of high-density livestock operations that provide opportunities for large-scale animal disease
outbreaks (Ritchie & Roser 2017). Constant demand for cropland and grazing land, as well as aggressive
resource extraction, has resulted in drastic environmental transformations, including habitat destruction,
forest encroachment, and interspecies mixing (Ancrenaz, Dabek, and O'Neil, 2007). Zoonotic diseases —
those with an animal host or reservoir — are responsible for some of the most impactful and devastating
outbreaks in recent years. Seventy-five percent of emerging infectious diseases (EIDs) are zoonotic in
origin, including Ebola, Influenza A strains H5N1 and HON2, Hantaviruses, and human sleeping sickness
(Morse et al. 2012; Taylor, Latham & Woolhouse, 2001). Trends in the transmission of pathogens across
species, coupled with the knowledge that human, animal, and environmental health are inextricably
linked, have been a driving force for the use of a One Health approach in recent emerging infectious
disease research and surveillance efforts, which has proven valuable (Bidaisee & MacPherson, 2014).

The concept of One Health is a revitalization and expansion of the concept of One Medicine, developed in
the 1970s by Calvin Schwabe to recognize the inextricable interconnection of humans and animals in the
domains of nutrition, livelihood, and health (Zinsstag et al. 2011). In the 2000s, the concept of One Health
was adopted to further broaden the concept of One Medicine to include ecosystem health — including the
influence of climate, plants, and wildlife on global health (Zinsstag et al. 2011). International
organizations, including FAO, OIE, WHO, and The World Bank, soon codified a One Health strategy to
guide research and capacity-development efforts towards the prevention, detection, and response of
infectious diseases (FAO et al. 2008). The One Health approach, encompassing “the integrative effort of
multiple disciplines working locally, nationally, and globally to attain optimal health for people, animals,
and the environment,” (AVMA 2019) is increasingly recognized as a critical paradigm in addressing key
global health challenges.
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While the inclusion of the environment in One Health thinking has greatly increased our ability to tackle
today’s complex health problems (driven by climate, mobility, and land-use changes), a growing number
of scholars argue that much of the resulting One Health work has perpetuated a false dichotomy between
“natural” and “social” systems and prioritized the study of “natural” ecological systems over “social”
systems (Rock et al. 2009; Zinsstag et al. 2011; Woldehanna & Zimicki 2015). These scholars point out
that domesticated animals, plants, and wildlife, are as much a “part of the environment of humans” as
they are a “part of the social systems of humans” (Zinsstag et al. 2011). It is not enough to track ever-
shifting geographic territories of plant and animal species, they argue, we need to understand how these
species’ geographic territories, behaviors, and biologies are co-constituted by human social systems.
Without a nuanced understanding of specific human activities, “how, where and when people interact with
animals,” they argue, it is impossible to understand the actual risk for zoonotic spillover events
(Woldehanna & Zimicki 2015). To adequately understand human activity as an integrated part of both the
physical and social environment, One Health teams should strive to include professionals from disciplines
such as anthropology, economics, political science, psychology, and sociology (Rock et al. 2009).

The imperative to understand human activity in the context of zoonotic disease outbreaks was perhaps
best exemplified during the 2014 West Africa Ebola epidemic, where dysfunctional health systems, denial
of Ebola, and burial practices involving contact with the deceased exacerbated containment of the
outbreak (Lo et al. 2017). Following recent EVD outbreaks in DRC, West Africa, and Uganda, the
behavioral sciences — medical anthropology in particular — have been highlighted as having a critical
contribution to understanding the social dynamics of zoonotic disease emergence and spread, as well as
developing effective response interventions for disease control (Hewlett and Hewlett 2007; de Vries et al.
2016). In particular, the WHO'’s Ebola Strategy guidelines clearly articulate several critical contributions
medical anthropology (and the behavioral sciences by extension) can have towards outbreak
management (WHO 2014). First, such research contributes towards “better knowledge of disease
transmission chains,” identifying behavioral mechanisms that may be perpetuating spread, such as forms
of wildlife contact, exposure to infected medical items, or burial practices. Second, the behavioral
sciences can identify “psychologically, socially, and culturally diverse behaviors of local populations” and
propose appropriate interventions. By understanding the culturally specific context and meaning of
behaviors driving disease transmission, response efforts can react faster and design more culturally
appropriate interventions that are acceptable to populations. In addition, contributions from social
scientists can help to identify rumors, fears, and misinformation that may be amplifying risks for
transmission. Finally, these contributions can help guide the development of “empathetic approaches” to
outbreak response and disease control, striving to engage the participation of affected communities to
develop sustainable interventions that benefit the largest number of people, as opposed to “coercive
approaches” that are largely indifferent to the needs and opinions of specific individuals and communities.

A major global health security lesson learned from the West Africa Ebola epidemic was that “more work is
needed at national and global levels to ensure that populations are empowered to protect themselves
from diseases, and to ensure that the mass media have the knowledge and understanding to contribute
to health protection and understanding of risks and their management.” (Koser, 2015) One way to
strengthen a population’s ability to protect themselves is to better understand how certain behaviors put
people at risk, and what changes we can make to mitigate that risk. For example, during the 2009
influenza H1N1 pandemic, work pattemn adjustment, self-isolation of symptomatic individuals and advice
to their caregivers, and cancellation of mass gatherings helped to mitigate the pandemic; these were all
self-protective behavioral adjustments that were made based on shared public health information on risk
behavior and disease spread (WHO, 2010). By improving our collective understanding of the dynamics of
infectious disease transmission and how certain behaviors put individuals and populations at risk, we can
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elucidate evidence-based ways to control disease transmission that can empower individuals to adopt
preventive and protective behaviors. Additionally, being able to communicate to public health decision-
makers how human interactions facilitate the emergence of wildlife pathogens in human populations, and
advocating for behavioral change communication, education and prevention efforts, can improve
compliance with and the effectiveness of medical interventions and public health efforts (Berger et al.
2019).

Since the 2014 West Africa Ebola epidemic, rigorous behavioral science and qualitative methods have
been built into outbreak response: multiple social science implementers are actively engaged in the
current Ebola outbreak in eastern Democratic Republic of the Congo (DRC), including Anthrologica, an
applied anthropology research group which conducts formative and operational research in emergency
settings; the GOARN-R Social Science Group; Réseau Anthropologie des Epidémies Emergentes/Projet
SoNAR-GLOBAL; and Social Science in Humanitarian Action, which produces rapid briefs on key socio-
cultural considerations (Bedford 2019). The use of these social scientific tools and participatory
approaches helps ensure that intelligence and analytics guiding response efforts remains grounded, while
providing valuable insights at the community, institutional, and policy-levels, enabling timely and strategic
recommendations. The difficulty containing the ongoing Ebola outbreak in DRC, now the second largest
Ebola outbreak in history, is in part due to the vulnerability of the affected area, a long history of armed
regional conflict, and subsequent community resistance, skepticism, and lack of trust in government and
international actors, including the outbreak response teams and Ebola treatment centers (Vinck et al.
2019). Within this context, applied social science research adds critical value to response teams,
improving their understanding of the social dimensions of risk and helping identify solutions for more
effectively engaging communities in outbreak response and control efforts (Abramowitz et al. 2015).

USAID’s Emerging Pandemic Threats Program: Using Social Sciences to Understand Spillover
Risk Before Emergence

While especially critical in outbreak scenarios, the contributions of the behavioral sciences are equally
important prior to disease emergence, as they can improve our understanding of the risks associated with
pathogen spillover and spread and inform strategies and interventions for risk reduction and mitigation.
Quantitative modeling approaches have been used to extrapolate data to help understand pathogen-host
dynamics and estimate outbreak frequency and severity, as seen in recent disease hotspot mapping
(Allen et al. 2017) and current research exploring high-risk human-animal interfaces (Kreuder-Johnson et
al. 2015). Qualitative human behavioral research can add further depth to our understanding of
behavioral drivers of zoonotic disease spillover, amplification, and spread (Woldehanna & Zimicki 2015).
Human behaviors are complex, dynamic, and highly contextual and are influenced by a myriad of socio-
cultural factors that elude traditional disease modeling methods (Leach et al. 2013; Arthur et al. 2017). A
multidisciplinary approach to exploring the social dimensions and human behaviors associated with
disease transmission is fundamental to more holistically understanding the conditions and circumstances
of humans, animals, and environments through which zoonotic diseases emerge and spread.

In an effort to strengthen global capacity to prevent, detect, and control infectious diseases in animals and
people, the United States Agency for International Development’'s (USAID) Emerging Pandemic Threats
(EPT) program funded several projects to develop regional, national, and local One Health capacities for
early disease detection, rapid response and disease control, and risk reduction (Morse et al. 2012). From
the outset, the EPT approach was inclusive of social science research methods designed to understand
the contexts and behaviors of communities living and working at human-animal-environment interfaces
considered high-risk for virus emergence, in order to shed light on the social dimensions of zoonotic
disease transmission and identify potential intervention strategies for prevention and risk reduction. From
2009-2014, EPT's PREVENT project focused on formative research intended to identify risky behaviors,
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attitudes, and practices, and to increase the prevalence of protective habits and preferences. Led by the
Academy for Educational Development (later FHI360), PREVENT conducted behavioral research in the
Congo Basin and Southeast Asia and worked to identify and characterize vulnerable populations, and the
high-risk behaviors and practices for disease transmission from animals to humans. In addition,
PREVENT worked to develop a strategic framework for risk reduction and suggestions for policy and
structural changes for risk mitigation and disease prevention. At the same time, the USAID EPT
PREDICT project developed a global consortium to strengthen capacity for surveillance and early
detection of virus threats from wildlife and to identify high-risk areas and human-animal interfaces for virus
spillover, amplification, and spread for targeted surveillance, monitoring, prevention and control efforts.
Working with partners in over 20 countries, PREDICT teams collected samples for virus testing from more
than 56,000 animals and detected thousands of unique viruses in what is considered the largest virus
detection and discovery effort to date (PREDICT Consortium, 2015).

Building on this foundation, USAID’s EPT program funded another 5-year investment to strengthen health
system capabilities in low and middle income countries for improved zoonotic disease prevention,
detection, and response. In 2014, a second phase of the PREDICT project was launched in Sub-saharan
Africa, South and Southeast Asia, and East Asia as a multi-disciplinary effort with a revised One Health
surveillance strategy reliant on the concurrent samping of animals and people in identified at-risk
interfaces for virus emergence. This new scope included an expanded emphasis on understanding
behavioral risks along with data collection, synthesis, and aggregation on biological and ecological risks
at these interfaces. From the inception, PREDICT incorporated social science methads into the design of
One Health surveillance plans and the data collection and capture tools used in the field by the project’s
multi-disciplinary teams. Using a mixed qualitative and quantitative methods approach, PREDICT teams
conducted investigations and collected data that more comprehensively addressed the multiple
dimensions of virus spillover risk and better enabled the development of informed risk reduction and
intervention strategies. PREDICT's behavioral risk strategy was implemented in 27 countries from 2014-
2019. Our strategy was adapted to the host country contexts and specific human-animal- environment
interfaces, yet was standardized globally to enable cross-country, regional, and ultimately global
comparisons.

Here we present a synthesis of our unique and innovative behavioral risk strategy. In addition, we share
some preliminary insights and lessons learned for incorporating the social sciences into complex disease
surveillance programs grounded in the One Health approach.

Building Behavioral Sciences into One Health Surveillance

By design, the PREDICT Consortium integrated global expertise from the conservation, veterinary
medicine, public health, and social science communities to develop truly collaborative and
multidisciplinary approaches for the early detection of virus threats and the development of disease
control and prevention recommendations. In 2014, our team worked collaboratively to incorporate
behavioral risk investigations using a mixed methods quantitative and qualitative data collection strategy
into field activities targeting the sampling of wildlife, domestic animals, and people in areas identified as
high-risk for virus spillover and spread. Data collection tools were collaboratively designed to address
ecological risks for emergence (using a standardized observational tool) and behavioral risks (using a
standardized questionnaire with option for additional in-depth ethnographic interviews and focus group
discussions). Standard operating procedures and training materials were developed and shared to assure
standardization of the strategy through the life of the project. Consortium leads provided guidance and
plans for continued mentorship in all methods and techniques to support successful implementation. The
strategy and tools, once approved by US and host country Institutional Review Boards and ethics
committees, were put into action with partners across all project countries.
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At the country level, personnel were identified by partners to lead the behavioral risk scope and teamed
up with Consortium partners for training and mentorship. Because of differences in personnel
background, the training and mentorship plan was structured to introduce the basics of social science
methodology for rapid onboarding while also diving deep into the PREDICT strategy and behavioral risk
tool kit using a combination of lecture, discussion, and hands-on experiential learning. Training covered
techniques for successful community engagement and outreach, how to conduct interviews using the
questionnaire, and ethnographic methods and techniques for leading effective qualitative interviews and
focus group discussions. Trainings also covered data management, coding, and analysis, along with
strategies for sharing project findings and communicating risk reduction strategies.

During implementation, trained behavioral risk personnel joined teams comprised of local professionals
from diverse disciplines, and worked together in the field to engage at-risk communities and conduct
behavioral investigations while animal and public health professionals led One Health surveillance and
sampling efforts. Though team composition varied, members often included field veterinarians and
ecologists/wildlife biologists for animal sampling; medical doctors, nurses, phlebotomists, or other public
health paraprofessionals for human sample collection; and anthropologists, sociologists, community
health workers, or other public health professionals for behavioral interviews. Field work and data
collection were tightly coordinated across space and time, with community engagement, behavioral risk
investigations, animal sampling, and human sampling often occurring simultaneously in targeted
communities.

Figure 1. Global behavioral risk team composite

Bangladesh Anthropology
Cameroon Anthropology, Sociology
of Development, Public Health China
Molecular Biology Cote d'lvoire Social
Science, Social Science Democratic

Republic of the Congo Medicine,
Sociology Indonesia Microbiology Lao
People’s Democratic Republic
Epidemiologist/Health Care
Administration, Technical Nursing

Republic of the Congo Social Science,
Social Science Senegal Nursing, Clinical
Sierra Leone Environmental Science,
Pharmacology Tanzania Community
Development, Community Development,
Ecology, Veterinary Medicine,Veterinary
Medicine, Public Health, Laboratory
Technician, Nursing, Clinical Vietnam
Veterinary Medicine, Public Health
Microbiologist, Veterinary Medicine

Bringing together a
transdisciplinary team of scientists and practitioners was central to the human behavioral risk surveillance arm of PREDICT.
Featured on the right are examples of disciplines represented by local team members who took part in the behavioral risk
investigations, with female team members in italics.
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Assessing Behavioral Risk and Operationalizing One Health Surveillance

From an epidemiological perspective, behavioral risk assessments often seek to quantify the influence of
known risk factors on disease emergence and transmission dynamics. PREDICT’s focus was broader, as
we aimed to identify and assess a range of known and unknown socio-cultural behaviors that could be
influential in zoonotic disease emergence, amplification, and transmission. This broad approach to
behavioral characterization enabled us to identify and characterize a milieu of human activities that could
be later studied to investigate the transmission dynamics of new and emerging viruses. For diseases
whose etiology is known and characterized, such as zoonotic Influenza infection, this approach allowed
us to determine behaviors that might be risk factors for certain groups (e.g., agricultural workers) and to
understand the socio-cultural contexts necessary to develop effective risk mitigation strategies. For
example, potential Influenza risks among agricultural workers include smoking in or around swine or
poultry facilities and a lack of available personal protective equipment; mitigation strategies included
heightened biosafety and biosecurity procedures, assuring use of personal protective equipment, frequent
hand washing, and occupational health programs integrating monitoring and surveillance of high-risk
groups with countermeasures such as influenza vaccines (Ramirez et al. 2006).

In implementation, our teams built partnerships and relationships at the national, subnational, and
community levels. Before the roll-out of activities, our staff worked with a range of municipal and
traditional stakeholders, including officials, leaders, and elders in the target communities, to help our One
Health teams effectively engage with communities and to facilitate permissions and access for animal and
human sampling efforts. Our teams also conducted site scoping visits, and in some cases formative
behavioral risk research in collaboration with ministry partners, which helped determine One Health
surveillance priorities and at-risk site selection. Through this multi-level stakeholder engagement process,
our staff were able to build the relationships and teams necessary for gaining community buy-in, trust,
and support for our unconventional surveillance strategy.

In each country, standard with serosurveillance studies (Miller and Hagan, 2017), a structured
quantitative questionnaire was administered whenever a human sample was collected. This 57-question
questionnaire contained questions on demographics, travel, hygiene, self-reported iliness history, indirect
and direct contact with domestic and wild animals, and knowledge, attitudes, and behaviors related to
animals and animal meats and bi-products. In addition to the core questionnaire, 10 focused occupational
modules were also available and were were administered based on a participant’s reported occupation or
livelihood strategy in the past year. The questionnaire was administered in the 24 project countries
implementing PREDICT’s human surveillance scope. A separate questionnaire, developed to address the
unique context of the countries affected by the 2014 West Africa Ebola epidemic under PREDICT’s Ebola
Host Project (a targeted effort to identify host species for ebolaviruses) was administered in Guinea,
Liberia, and Sierra Leone. Over the course of the project, over 19,000 individuals were enrolled and
completed questionnaires in these 27 countries (Table 1).

TABLE 1. Global summary of behavioral data collection
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Country

Bangladesh
Cambodia
Cameroon

China
Céte d'lvoire
DR Congo
Egypt
Ethiopia
Ghana
Guinea
India
Indonesia
Jordan
Kenya
Lao PDR
Liberia
\VEIEWSES
Mongolia
Myanmar

Nepal

Rep. of Congo

Rwanda
Senegal
Sierra Leone
Tanzania
Thailand
Uganda
Vietnam

Total # of individuals enrolled

+ Surveys administered using PREDICT’s standard questionnaire as part of the project’s human surveillance and sampling scope.
* Surveys administered using a separate targeted questionnaire designed for countries affected by the 2014 West Africa Ebola

epidemic.

# Surveys
Administered+

1,106
1,803
651
718
434
906
1,097
313
641
294*
65
896
1,085
327
234

678
428
1,230
19,187

# Interviews
Conducted

102
Interviews not conducted
292
172
199
264
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
125
Interviews not conducted
Interviews not conducted
22
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
109
108
Interviews not conducted
Interviews not conducted
179

Interviews not conducted
66
T4

Figure 2. Where PREDICT investigated behavioral risk around the world
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All countries implemented questionnaires for quantitative analysis, and many also conducted qualitative risk investigations.

Figure 3. Implementation of questionnaires, ethnographic interviews, and focus groups

ALL
PARTICIPANTS

were required

to complete a principal
questionnaire. If they
indicated their primary
livelihood as any of the
pre-selected occupations of
interest (due to close
interactions with wildlife and
domestic animals), they
were asked to complete an

13 COUNTRIES

participated in
building a mixed-methods

additional questionnaire MALE MALE approach by including
specific to those work in-depth interviews and
activities. Among the 9,337 1.286 focus group discussions as
respondents, 9,843 were %, components of their
‘female,’ 9,337 were ‘male;’ Questionnaire ) Interview behavioral risk
?nd 7 were marked as Respondents ‘9/,'.. Respondents investigations. Across the
other.’ The most Q\p global dataset, local teams
represented livelihood interviewed 831 female
ca:;goctqes mcludez_i cr:)p respondents and 1,286 male
production, non-animal respondents. While sample
business, being a student, FEMALE porﬁ:lations of interest §
homemaking,and =~ Questionnaire varied by country context,
rar)chmg/!arrmqgjbelng_ in the Respondents some commonly
animal production business. represented livelihoods
included working in the
9’843 wild/exotic animal

trade/market, hunting,
trapping, and farming.

The summary above does not include questionnaire respondents from PREDICT’s Ebola Host Project, conducted in Guinea,

Liberia, and Sierra Leone.
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As capacity, time, and funding allowed, each country team could also elect to incorporate PREDICT’s
qualitative research strategy into behavioral risk investigations. These qualitative methods were designed
to compliment the standardized questionnaire, and 13 countries worked collaboratively to implement this
mixed methods approach. Qualitative methods were implemented multiple times over the life of the
project. First, to collect formative baseline data intended to inform the development and rollout of the
standardized questionnaire; later to either continue exploratory work or follow up on preliminary baseline
findings; and finally after evaluating preliminary data and insights, to refocus on the identification of
intervention and risk reduction strategies. Each team targeted these efforts at locally relevant high-risk
interfaces and contexts. In DR Congo and Cameroon, for example, investigations focused on wild animal
‘bushmeat’ markets and teams conducted ethnographic interviews to better understand the market
dynamics and behavioral and exposure risks related to key taxa in the bushmeat value chain. In the 13
countries implementing this scope, more than 2,000 individuals were enrolled in ethnographic interviews
and focus group discussions and all interviews were transcribed and translated (where necessary) for
coding and analysis (Table 1).

Figure 4. DR Congo highlights: investigating risk in the bushmeat value chain

Insights from Implementing PREDICT’s
Behavioral Risk Strategy

At this time, our collaborative teams are
analyzing the vast quantity of data collected
through this innovative One Health

In 8 bushmeat markets in Kinshasa and in
Inongo DRC, the PREDICT team conducted
concurrent animal/human behavioral
surveillance: while samples were taken from
hunted wild animals, the behavioral team
conducted interviews with the population
living in contact with these animals, asking
about animal exposure and behavioral risk
factors, and socio-economic drivers of

subsistence hunting.

Based upon qualitative insights about the
geographic origin of bushmeat coming into
Kinshasa markets, we traced the animal
value chain back to Mbandaka, the
reported source of much non-human
primate meat. Mbandaka is an Ebola
outbreak site, so we used our interview data
to generate hypotheses about Ebola
exposure through bushmeat butchering,
and did further sampling and serology of
primates and bushmeat vendors to test this
hypothesis.

surveillance strategy, including the mixed
methods behavioral risk data. Our scientists
are working diligently to assess and
characterize plausible exposure mechanisms
and to identify potential strategies and
recommendations for risk mitigation. As
these analytics progress, we are excited to
share some preliminary insights and lessons
learned on our strategy and approach along
with some highlights from a flagship
intervention developed with input from
across our One Health consortium and taken
to scale in nearly all of PREDICT’s partner
countries.

In most countries, the teams charged with
implementing the behavioral risk strategy
were composed of both new and seasoned
scientists from diverse professional
backgrounds (Figure 1). Through
standardized trainings aimed at
strengthening skills and techniques needed

in both the behavioral and biological scopes of PREDICT, we helped encourage a truly collaborative and
multidisciplinary surveillance workforce that leveraged the experiences and skills of the broader team.
Cross-fraining staff also enabled and facilitated the close integration and coordination of our behavioral
risk strategy with One Health surveillance and sampling efforts and project scientists were able to
investigate the attitudes, beliefs, behaviors, and broader social contexts of targeted at-risk populations.
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This tight integration allowed our teams to conduct rapid assessments of community risks during early
formative research, and eventually to develop truly multidisciplinary behavior change communication and
risk reduction plans relevant to communities and stakeholders they engaged. Further, the inclusion of
social scientists with animal surveillance teams strengthened zoonotic disease surveillance, as
community knowledge and practices acquired through social science research helped inform the timing of
wildlife sampling and identify additional locations for sampling and surveillance efforts. Our trained social
science teams helped raise awareness about taboos or socio-cultural sensitivities that needed to be
considered when developing and refining surveillance plans.

PREDICT's surveillance approach was designed to balance human health and conservation objectives
with wildlife sampling targets. Animal species were live captured and released after sample collection. In
communities where rodents are known to cause human illness, such as Lassa fever in the West Africa
region, our teams needed to work closely with community members to explain the methods and context of
this program, gain buy-in for sampling activities, and help identify effective strategies to minimize rodent
contact and exposure. PREDICT sampling teams frequently refrained from engaging in animal sampling
until sufficient time was spent with the community to gain their trust, often through dialogue on possible
interventions and by providing and presenting specially tailored risk reduction recommendations.
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SIERRA LEONE

In Sierra Leone, the PREDICT country team
was able to rapidly deploy behavioral
researchers to study populations exposed
to high-risk bat interfaces in and around
sites where the wildlife surveillance team
had recently detected a novel Ebolavirus
species — Bombali ebolavirus. The close
integration of behavioral research with
wildlife surveillance in the PREDICT
program enabled the country team to
quickly assess potential exposure pathways
in order to inform the development of
public health communications tailored to
the affected populations. Communications
included specific messaging for the
behaviors, contexts, and interfaces
identified in the region, including
household bat infestations and bat hunting.

Many of the Sierra Leone behavioral team
members were former contact tracers from
the West Africa Ebola outbreak. After
having conducted over 100 interviews with
the PREDICT behavioral research tools,
both field interviewers reported that the
training they received had greatly improved
their interviewing skills, allowing them to
obtain more nuanced information and
better preparing them for future public
health investigations.

Figure 5. Sierra Leone case study: assessing risks to inform public health communications

Lessons leamed and recommendations for future
One Health projects

Integrating the social sciences into PREDICT’s
One Health surveillance approach provided a
range of secondary benefits beyond our primary
goals. These included: building support, trust, and
buy-in of populations hasting or involved in One
Health initiatives; contributing sociological and
anthropological insights on human activities to
guide geographic targeting of surveillance
initiatives; crafting “empathetic approaches” to
behavioral interventions — either to mitigate
outbreak risk or respond to outbreaks; and
designing and implementing One Health
interventions among at-risk populations.

Building trust and buy-in

In the spirit of community-based participatory
research which integrates mutual education
(between researchers and community experts)
and social action in improving health, our
PREDICT teams engaged national and
subnational leadership and facilitated meetings
with provincialllocal authorities, allowing us to
directly engage communities in project activities
and the research process. In many cases, our
country teams returned to communities every 3-6
months to sample and conduct interviews.
Through these frequent interactions, teams
gained trust with community members, an
essential element which helped improve the

richness and depth of interview data over time. In addition, towards the end of the project, between May
and September 2019, our teams returned to these communities equipped with summaries and reports of
available project findings along with risk reduction materials specially tailored to the unique human-
animal-environment interfaces investigated by the surveillance teams. Returning the communities to
share project findings is unfortunately extremely rare. We received reports from nearly all countries that
community members were extremely grateful to hear about project findings along with our team’s
recommendations for improving health and conservation. Our teams strongly recommend that planning
and budgeting for community engagement to share findings and recommendations at the end of a project
is critical, ethical, and should be part of all project designs.

Social science insights on targeted surveillance

During formative research and the selection of surveillance sites, local subject matter experts or ‘guides’
provided entrée into what were often closed, tight-knit communities. Ethnographic interviews allowed for
open-ended dialogue about target interfaces and the underlying dynamics and drivers of human activities
that, from a public health/disease transmission perspective, could be considered ‘risky’, such as eating
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bats, rodents, or non-human primates, or drinking raw blood. Some risk behaviors are considered taboo
from one community to another, based on tribal, ethnic, or social beliefs, and these differences had to be
explored, acknowledged, and respectfully addressed. One important approach was to enroll local
interviewers, when possible, or local translators who spoke local dialects, who could clearly explain the
purpose of the study and reasons for blood collection (a highly suspect procedure in many cultures), as
well as the need to sample their animals (also a barrier for many, as animals, whether domestic or wild,
are prized commodities and sampling was sometimes seen as damaging/tainting the meat or reducing its
value). Early focus group discussions helped describe practices and beliefs about disease that warranted
further exploration, and also catalyzed information exchange between our teams and local experts, which
often informed sites for sampling. For example, discussions with bat hunters we learned about the
location of bat roosts or caves for sampling, and in conversations with bushmeat vendors, we were
directed to villages where they bought hunted meat and where we could move further upstream in the
bushmeat value chain.

Figure 6. Profiles of PREDICT behavioral risk team members.

TINA KUSUMANINGRUM, PREDICT/Indonesia, Field Coordinator. “There is no doubt that joining PREDICT is one
of the best decisions in my researcher career. Leaming how to design and implement a surveillance project, maintain
networking and professional relationships with partners, and communicate the results back to the communities and

decision makers—these were all exceptional experiences that will be very useful for my future career.”
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MWOKOZI MWANZALILA, PREDICT/Tanzania, Behavioral Scientist & Community Engagement Liaison,
Sokoine University of Agriculture. “PREDICT Project has helped me to create more confidence when talking in front

of people. In addition, | have gained new knowledge on zoonotic diseases.”

HILARION MOUKALA NDOLO, PREDICT/Republic of Congo, Behavioral Risk Survey Investigator. “/ was hired
by PREDICT to perform ethnographic interviews, focus groups and questionnaires in the communities and bushmeat

markets in Brazzaville. In these studies, we discovered there are those who don’t understand the concept of
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protected animal species, nor that handling animal species presents multiple risks of contamination with zoonotic

diseases agents. | want to find ways to better educate communities and raise awareness about wildlife conservation.”

‘-'.'l

VICTORINE MAPTUE TO |

EUM, PREDICT/Cameroon, Human Clinical & Behavioral Research Coordinator.

“The position | held in the PREDICT project has truly boosted my professional career. Indeed, the research carried
out within the framework of this project enjoys great visibility and will be cited most often. This has helped increase
my notoriety within the national and interational scientific community. The Cameroonian government can tum the

results of this research into concrete measures that build capacity in the health field.”

Designing and implementing One Health interventions with at-risk populations

As PREDICT'’s laboratories detected and confirmed virus findings, including new discoveries of potentially
dangerous pathogens, it became imperative to engage our host country government partners and
community stakeholders to share these findings along with recommendations for continued surveillance
and risk reduction. In Sierra Leone for example, PREDICT scientists discovered a new ebolavirus in bats,
Bombali virus, which was the first time an ebolavirus had been detected in wildlife before causing human
infection (Goldstein et al. 2018). The sampling sites for these bats were close to villages and human
dwellings, as by design our surveillance sites were selected to explore risks between animal and human
populations. A potentially deadly virus detected in an animal necessarily requires an empathetic and
strategic human (public) health response. By using some of the contextual data about human exposure,
collected through behavioral risk investigations, our team worked collaboratively with PREDICT
Consortium ecology, bat biology, and virology experts to design and develop a rapid intervention strategy.

To identify the most culturally appropriate, feasible, and effective intervention resource format, our team
developed a framework for assessing potential materials, channels of communications, respective
audiences, and core messaging. A moderated picture book format, delivered by a trusted community
leader, was selected as the best tool to put into the hands of our local team and in-country stakeholders.
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A communications plan was developed to ensure a well-coordinated effort and timely discussions with
government and community stakeholders, following the release of the new Bombali virus finding. The
resource, entitled Living Safely with Bats (PREDICT Consortium 2018), leveraged the collective subject
matter expertise of the consortium and featured illustrations from a team member trained in animal
biology and visual arts ensuring accurate, consistent, and compelling visual representations. To refine
and test the book format and key messages, focus groups held with project subject matter experts and
feedback was solicited from project country teams. The book’s content benefited from cultural vetting by
17 country teams (Bangladesh, Cambodia, Cameroon, Cote d’lvoire, DR Congo, Ghana, Guinea,
Indonesia, Lao PDR, Malaysia, Nepal, ROC, Senegal, Sierra Leone, Tanzania, Thailand, and Vietnam).
Following vetting, the Living Safely with Bats resource was piloted in Sierra Leone and in Tanzania with
feedback salicited to improve both the content and the process of delivery. A comprehensive review of
the book was also conducted with the PREDICT team in Guinea.

Consortium experts, including our behavioral risk team embedded with our staff scientists in West Africa,
helped train and support the implementation of the Living Safely with Bats resource during community
outreach events in Sierra Leone, Guinea, and Liberia beginning in July and August 2018. Country teams
utilized the resource in a variety of formats: official briefings with ministry partners, in-person
presentations and community meetings, classroom sessions in local primary and secondary schools, and
local radio broadcasts. In Guinea, radio broadcasts reached thousands of individuals across the entire
Forest Region — the area where the 2014 West Africa Ebola epidemic originated, likely via a spillover
event from a bat (Saez et al. 2015). This resource has been translated into 12 languages, including
Ambharic, Bahasa, Burmese, Dusun, English, French, Khmer, Kiswahili, Lao, Malay, Thai, and
Vietnamese. The book was also adapted to share with the communities that PREDICT teams throughout
Asia had engaged and worked with over time. Changes to content in this version included artistic
modifications to incorporate locally salient fruits, foliage, and protective clothing items, in addition to
content addressing Asia specific human-bat interfaces identified as particularly high-risk for virus spillover
(date palm sap collection, bat guano farming and harvesting practices, and cave-related tourism).

Figure 7. Bat-related educational interventions

In Sierra Leone, the purpose A discussion on living safely
with bats in Sierra Leone

of the bat book is explained
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In Guinea, a conversation about
practices presenting the book

In Liberia, the PREDICT team )

All versions of the Living Safely with Bats resource provide talking points for moderators. These talking points cover themes such as
bats as essential agents in the local ecosystem, basic ways to live safely with bats, disposal of dead bats, what to do when with
them contact is unavoidable, and managing bats in and around the outside of the home.
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Figure 8. Bat-human interfaces investigated by PREDICT One Health surveillance teams.
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Bat-related interfaces investigated by PREDICT’s One Health surveillance team and explored in-depth through our human
behavioral risk investigations included: guano farming and harvesting, hunted bats in the value chain, shared food resources with
bats, bat-community interfaces, and ecotourism for bats. Large market value chains were a principal area of interest in relation to all
wildlife taxa.

Sharing our findings for sustained One Health engagement

A major lesson learned towards the end of the project was managing expectations as project activities
concluded. Due to our One Health surveillance design, PREDICT teams collected a vast quantity of data,
an enormous and valuable archive of information that required a tremendous amount of data review for
quality assurance prior to use. Taking inventory of this archive of hundreds of thousands of data points —
generated from human and animal biological specimen data (including geolocation coordinates, other
metadata, and virus level results) and data from behavioral questionnaires and qualitative interview
transcripts — was a massive undertaking for consortium staff at both the global and country levels. Before
it can be made available to the global community, this data needs to be prepared for analysis by our
teams, a process requiring time, creativity, and technical skills in order to characterize the multiple
dimensions of risk explored throughout the project.

PREDICT scientists around the world are currently cleaning and analyzing this data for development of
manuscripts and summary reports, which is critical for sharing the fruit of this labor with the global health,
conservation, and social science communities to advocate for continued investments in One Health
programs that incorporate behavioral sciences. However, writing and publishing scientific manuscripts,
which are valued especially by our rising scientists as part of our commitment to capacity strengthening,
is a lengthy process due to the time needed for data curation, analytics, literature reviews, collaborative
writing, consensus among authors, submission, and approval by journals. While continued engagement
on publications was generally understood to extend beyond the end date of the project, this is not always
practically feasible, especially for young scientists and the project’s critical support staff: those individuals
that often implemented the challenging field work, collected the samples and conducted the interviews,
and worked on the bench to detect the actual viruses. Additionally, to help the careers of these rising
national-level scientists, projects need to plan to sufficiently budget for publication costs and for
participation in conferences and high profile international fora. Promotion and visibility through continued
networking with the global and professional community, a secondary benefit that collaboration in a
globally focused large-scale project such as PREDICT provided, helps gain important professional
currency for rising scientists.

Conclusions

PREDICT was a watershed One Health endeavor for its systematic inclusion of human behavioral
investigations in such a large, global zoonotic disease surveillance program. The project incorporated
behavioral data into a transdisciplinary analytical framework, which integrated the behavioral data with
viral, human biological, animal and environmental data. Through these ongoing analyses and subsequent
publications, findings from our behavioral risk investigations will contribute to the evolving One Health
evidence base and will provide a model of best practices and lessons learned for those looking to further
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explore and understand the human drivers of zoonotic disease emergence and transmission. PREDICT
successfully integrated behavioral risk investigations into country-level One Health surveillance efforts,
enabling the collection of empirical and context-specific data on human activities related to disease
emergence, amplification, and transmission, while also catalyzing an expanded scope of value-added
activities: community outreach and trust building, sharing findings and results in an iterative feedback
loop to help inform risk communications, and developing risk reduction and behavioral change
communication strategies tailored to the unique contexts of affected communities.

To be successful, emerging infectious disease surveillance projects cannot focus on surveillance and
detection of pathogens alone. Integrated mixed methods projects must include investigations of the
specific human activities that are hypothesized to drive disease emergence, amplification, and
transmission, in order to better substantiate behavioral disease drivers along with the social dimensions
of infection and transmission dynamics. We encourage future programs to work with exposed
communities in endemic areas on educational and capacity-building initiatives to improve community
awareness of, and risk mitigation strategies for, those emerging and endemic pathogens. Involving at-risk
communities in disease hotspot areas is critical, both for developing awareness of disease risk and
encouraging community agency to define realistic strategies for disease mitigation for their particular
community. PREDICT is a model for how to accomplish this, using mixed methods social science
integration with animal and human surveillance while also focusing on effective community outcomes.
During the last year of the project, as our country teams retumed to participating villages and
communities to share results, community members wanted and encouraged the team to share findings
beyond just their local area, as they realized the value of the project's broader impact,and wanted to
share this knowledge with other neighboring at-risk communities. They voiced appreciation of the value of
One Health data and evidence, from the wildlife we captured and sampled and the viruses we detected,
to the unique animal-human contexts identified as risks for infection Even though risk reduction or
intervention strategies we identified might imply changes in behaviors that have been ongoing for
generations, their interest and willingness to engage demonstrates the power of community buy-in for
developing the foundation needed for adoption of prevention and sustained disease control efforts.

Perhaps the most positive outcome of PREDICT has been the integration of social science approaches,
particularly training in participatory methods for engaging and developing long-term relationships with
communities to work towards resiliency. Our global Consortium worked for over 10 years to strengthen
the capacity for local scientists to safely, ethically, and humanely put One Health in action from
identification of at-risk communities and sites for wildlife and human sampling activities, to collection and
testing of those samples, and finally for sharing findings with our global, national, and local stakeholders.
But bringing in the behavioral sciences allowed us to push toward fuller community integration and
engagement. The One Health approach aims to break down barriers between silos in the scientific and
health communities and importantly bridge divides between natural and social systems. PREDICT
provides a model and framework for transforming theory into practice, for “socializing” One Health and
taking it to scale.
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Appendix/Supplemental Materials

FOCUS GROUP GUIDE Version 2, May 1, 2015

The focus group discussion is initiated by naming all of the animals that can be found in the community.
The goal of this exercise is to explore animal diversity.

The community mapping activity locates where the different kinds of animals can be found relative to the
site of the focus group. It should be emphasized that this will not be an ‘accurate’ map. This exercise is
designed to assess the distribution and overlap of animals. Prompts such as ‘anywhere else?’ should be
used. The animal list will contain insects, reptiles and fish. Map only mammalian and avian species.

These two activities together should be limited to 10-15 minutes. The themes to be explored in the
discussion are 1) contact and context, 2) illness in animals and humans, and 3) rules and restrictions.
Events such as animal die-offs should be added to the map, if they are discussed.

1) Contact and context

Which of these animals do you see the most often? The least? (Probe: where, why)

What animals do you come into physical contact with? (Probe: where, why, how often)

Which of these animals do you eat?

o Where do you get them? How are they prepared? Which are for special occasions only?

e What are animals good for other than food? (probe: labor, medicinal, magic, pets, by-product

uses)

Which animals come into buildings or places where people are? Is water shared with animals?

How are unwanted animals kept out? (probe: which animals, all methods used)

Who takes care of the animals? (Probe: who, specific jobs, animal movements)
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2) lliness in animals and humans
Animals

What happens when animals get really sick? How are the animals cared for?

Has this happened recently? Do people try to hide animal sickness?

Is animal sickness reported to anyone? (probe for differences between wild and domestic
animals)

Have any animals been destroyed or killed by authorities? Describe.

What happens to animals when they die? (probe: eaten, buried, left to rot, depends if wild or not)

Humans

What is the most unusual or memorable sickness anyone has had? What happened?
What are the causes of illness or sickness?

Do you know anyone who has gotten sick from an animal? What happened?

What do you know about animals that can give you infections or diseases?

3) Rules and restrictions

Are there places in the community where you aren'’t allowed to go? Why not?

Are there any rules about hunting or trapping animals? (Probe: cultural, legal)

Are there any animals that you don’t eat or that are avoided? Why?

Are there official rules or laws about garbage disposal? Human waste? Animal waste?
Is garbage a problem in this community? What's the problem?

Final question for all: If you could change one thing in your life, what would it be and how would you do it?

ETHNOGRAPHIC INTERVIEW GUIDE
Core Themes
1. Human movement
2. Socioeconomics
3. Biosecurity in human environments
4. lliness, medical care/treatment and death of humans
5. Human-animal contact

HUMAN MOVEMENT

GOAL: To understand living environment and ‘home range’ (e.g., how far people travel and why).
Home

Where do you live/what kind of dwelling? How many people are in the household? How many rooms?
How many are children? Is everyone related? Sleeping arrangements?

How often do you move? Any seasonality of movements?—eg, for work, for food, for safety (e.g., against
flood, drought, conflict)?

What are the things you do to protect your home (against predators, animals, outsiders, bad weather)?
Work
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What kind of work or activities do you do? What do other household members do? Where do these
activities happen?

How do you protect your activities and business interests? (e.g., grazing or crop land, business
competition, hunting territory, animal stock)

Travel

How far do household members travel from home and why? (Follow up on animal related issues:
shopping, selling/buying/trading, hunting, transport, etc)

How travel (by foot, bike, cart, truck, plane)? Is it ever for overnight? Where stay?

Why traveling? (work/migrant, family, religion, holidays, to sell/trade/buy animals)

Other family members in other areas of the country? Visit often?

Observed environment

Have there been any changes in the environment: new roads, more boats or ports, fields, buildings,
population movement (in or out), land clearing or abandonment, new houses, other new buildings
Who is responsible for the changes? Are the changes good or bad?

SOCIOECONOMICS

GOAL: To understand a typical day and how money and social standing impact opportunity and
risk.

Daily routine

Tell me about your daily routine (get description of work on a usual day, include purchasing and preparing

food, timing of types of meals, responsibilities/duties related to animals, any changes by season)

How do people in the household contribute to earning money and getting food (and water)?

Where do the children play? Who takes care of the children when you are at work?

Animal responsibilities

Describe the animal related jobs and responsibilities for people at every age (i.e., young children, older
children, young adults, adults, elderly).

What are the skills’lknowledge needed before moving to the next stage of duties/responsibilities?

Are there differences in responsibilities between boys and girls, men and women, by ethnicity or class?
Education

How many children are currently in school? Until what age do your children go to school? (boys and
girls?)

What is your level of education? Why did you stop?

Economics

Do you make more money than other people who do the same things as you? Why do you think that is?
Are there times of year when you make less money? What happens then?

Are there times when food is more expensive than others? Tell me about that (eg, different food
availability, seasonal, festival related).

Do you think you and your household are better off than most people? Could you do things to make it
better?

BIOSECURITY IN HUMAN ENVIRONMENTS

GOAL: To determine if any sanitation or hygiene factors could play a role in disease spillover
Water and food

Is there a central source of water? What is the source? (eg, pond, uncovered well, rainwater, taps,
covered well)

Is there a water source you like better?

How far away is the water source? Do animals drink from the same source?

Do you do anything to your drinking water to clean it before you drink it?

How do you store your food? (e.g., open containers, covered, hanging, refrigerate)
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Do you eat or drink things where you suspect animal contact? (e.g., teeth/scratch marks, feces or urine
seen)

Do you regularly clean your food prep station/kitchen and tools? How?

Sanitation

Are there toilets, latrines or other designated areas for human waste? Are these cleaned and used
regularly?

Are butchering and slaughtering areas separate? How often are they cleaned and how? Who does the
cleaning?

Are there any official rules or laws about human waste and garbage disposal?

Are there any animal pest control laws? What do you do to control animal pests?

Hygiene

When are the best times to wash your hands? Do you use soap? How much does soap cost and where
getit?

Do you wash your hands at home? at work?

How often and where do you and your household members bathe?

ILLNESS, MEDICAL CARE/TREATMENT, DEATH

GOAL: To identify any unusual disease experiences—signs, symptoms and sources
Household illness

Is anyone sick right now?

What do you do when someone in the household gets sick? Who takes care of that person?

The last time someone was seriously sick what happened (explore when, with what, how did they get
sick, who told/consulted, anyone else get sick after, final outcome)?

Has anyone ever had an sickness that people don't usually get? What happened? Where did it come
from?

lliness from animals

Do you know anyone who has gotten sick from an animal? What animal? What did they get? What
happened?

Do you know any other diseases/illnesses people can get from animals? How does the animal give the
illness to the person? How often does it happen?

Medical care/treatment

How sick would you have to feel to stay home and not do normal routine?

Where do you go when you are sick?

Do you prefer to use traditional medicine, western medicine or a combination?

How sick would you have to feel to go to doctor/clinic/hospital? What does that cost? (in time, lost
wages/business, transport costs, etc) How far away?

Death

What is the tradition when someone dies? (Explore if reported to authorities, differ by age or gender, what

happens to the body, does the community come together or is it private.)

HUMAN ANIMAL CONTACT

GOAL: To gain knowledge about interactions with animals, animal health and animal perceptions
and knowledge.

Encourage but don’t lead discussion about which animals. Allow respondent to name the animals. If no
birds or bats are mentioned, follow up by asking specific questions about birds and bats.

Indirect contact

What kind of meat do people in your household eat? How do you get itwhere does it come from? What is

furthest away an animal comes from?
Is meat dead or alive when you get it? If dead(/prepared), how to tell if good/fresh?
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If alive, how long are live animals kept before being sold or eaten? How do you get live animals home?
How is meat prepared (raw/undercooked)? Is meat prepared in the same place as other activities? (e.g.,
preparing vegetables, cleaning babies/changing diapers, where other food or drinking water is stored)
Do animals come in or near the dwelling? How do you know animals are there? Which animals?

Direct contact

Do you or someone in your household handle live animals? In what context? (e.g. ranching/animal
husbandry, hunting, wet markets, work, around dwelling/other building, pets)

What are the animals that you keep/raise or sell? How many different kinds of animals? How many of
each?

For how long do you have the animals?

Where do live animals come from? Where is the furthest away an animal comes from?

Who buys/trades for your live animals? Where do the animals go?

Have you been bitten, scratched or had bleeding after handling an animal? By a wild animal?

Where are live animals slaughtered? butchered? Do people buy or sell parts?

Do you travel with animals? Explore details of the process, specific routes and encounters (eg, with other
animals, with animal transport supporting industries, such as holding areas, restaurants, hotels) along the
way.

Explore for differences over time in animal handling, eg, seasonality, legal, religious, animal reproduction
Animal products/rituals

Other uses of animals—e.g., as pets, medicine, magic, fertilizer, for trading

Rules for children around wild animals as pets, playing with wild animals or dead animals

Animal health

How do you care for your animals: how are they fed, what do they eat, where do they eat/graze and
sleep? Are they segregated or all together? Differences by season? day/night? Does anyone live or stay
with the animals?

Is there a central area for animal waste? How often are animal cages, stalls, or penned areas cleaned?
Who cleans them?

Do the animals get veterinary care? Vaccinations?

How do you know when an animal is sick? What's the first thing you do about a sick animal?

Have you seen an animal outbreak or die-off? What happened?

Perceptions and knowledge

What are the most unusual animals anyone can buy?—seasonal? Expensive? Who buys?

Are there any animals you avoid eating? Why? Ever heard of anyone eating/selling dead or infected
animals?

Do people ever eat non-domesticated animals/wildlife? Where do they get them?

Who usually buys wildlife products? Have there been changes over time?

What do you do when you find a dead animal?

What laws about animals do you know? (eg, limiting/outlawing hunting, reporting and culling of sick
animals)
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Sent: Thu, 26 Dec 2019 10:54:53 -0800

Subject: Re: Predict Behavioral Draft for your review

From: Jonna Mazet <jkmazet@ucdavis.edu>

To: David J Wolking <djwolking@ucdavis.edu>

Cc: Christine Kreuder Johnson <ckjohnson@ucdavis.edu>, Peter Daszak <daszak@ecohealthalliance.org>, "Olson, Sarah"

BR=EXS =N Karen Saylorsj] pd mdll D JAN WS B =l B Eily Hagan <hagan@ecohealthalliance.org>
P2BR Process_Methods & Lessons Learned JM.docx

Hi,

My suggested edits are attached. Not sure who is vacationing & who is working. If working, Karen, I want to let you know
that I think your (& David's) prose is eloquent and works very nicely. I had almost no comments on the first half of the paper.
The second half, where we start adding in figures, is still very well-written but starts to get a little more sales-

pitchy, reminiscent of content for a report or brochure, rather than written for a journal audience. So I have made more
comments on that section for your consideration and a bit more substantive revision.

Text me if you want to clarify any of it.

Great work & I really appreciate the effort to get this great product out in the literature. I think USAID will love it, too.
Please make sure to get the acknowledgement stuff in there.

Under separate copy, I'll send the response to reviewers & galleys from Diego's paper in this journal for ease of reference.
Happy Holidays everyone,

Jonna

On Tue, Dec 24, 2019 at 8:00 AM David J Wolking <djwolking@ucdavis.edu> wrote:

Thanks Karen!

For those new to the conversation (mainly Chris and Peter), this is the article (an approach/perspectives piece) invited by
the One Health Outlooks journal that Jonna anare editing. The Dec. 30th deadline gets this into the review
without journal fees, so we did our best to push this forward over the last 3 weeks and make the deadline. Huge thanks to
Karen, Jason, Stephanie, and Emily for getting it there. We realize it's terrible timing for co-author review given the
holidays...

That said, it makes great Xmas reading ;-)

David

On Tue, Dec 24, 2019 at 7:35 AM Karen Saylors ||| g =il BJAN@H J = B v rotc:

Hi everyone.
Please find attached our team's manuscript for your review. As we are aiming for the Monday deadline of the One Health
Outlook, we'd appreciate your comments and edits by Friday.

Thanks so much and happy holidays!

Best,
Karen, David and Emily
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Introduction

Globalization has radically catalyzed the everyday movements of people, animals, technology, goods,
capital, and services worldwide. While this transformation has been broadly regarded as an economic
boon, it has also increased the opportunities for diseases to spread geographically and potentially
between species (Saker et al. 2004; Wolfe et al. 2005). Anthropogenic land use change, such as the
building of roads or cities where once there were forests, creates a chain reaction of ecological, socio-
economic, human behavioral, and regional fauna impacts that are believed to be linked to how infectious
diseases emerge. Globally, urbanization has led to drastic growth in the density of human populations
living in cities, increasing the potential for large infectious disease outbreaks (Neiderud 2015, Hassell et
al. 2017). Per capita meat consumption has rapidly expanded over the last half century, driving the
development of high-density livestock operations that provide opportunities for large-scale animal disease
outbreaks (Ritchie & Roser 2017). Constant demand for cropland and grazing land, as well as aggressive
resource extraction, has resulted in drastic environmental transformations, including habitat destruction,
forest encroachment, and interspecies mixing (Ancrenaz, Dabek, and O'Neil, 2007). Zoonotic diseases —
those with an animal host or reservoir — are responsible for some of the most impactful and devastating
outbreaks in recent years. Seventy-five percent of emerging infectious diseases (EIDs) are zoonotic in
origin, including Ebola, Influenza A strains H5N1 and HON2, Hantaviruses, and human sleeping sickness
(Morse et al. 2012; Taylor, Latham & Woolhouse, 2001). Trends in the transmission of pathogens across
species, coupled with the knowledge that human, animal, and environmental health are inextricably
linked, have been a driving force for the use of a One Health approach in recent emerging infectious
disease research and surveillance efforts, which has proven valuable (Bidaisee & MacPherson, 2014).

The concept of One Health is a revitalization and expansion of the concept of One Medicine, developed in
the 1970s by Calvin Schwabe to recognize the inextricable interconnection of humans and animals in the
domains of nutrition, livelihood, and health (Zinsstag et al. 2011). In the 2000s, the concept of One Health
was adopted to further broaden the concept of One Medicine to include ecosystem health — including the
influence of climate, plants, and wildlife on global health (Zinsstag et al. 2011). International
organizations, including FAO, OIE, WHO, and The World Bank, soon codified a One Health strategy to
guide research and capacity development efforts towards the prevention, detection, and response of
infectious diseases (FAO et al. 2008). The One Health approach, encompassing “the integrative effort of
multiple disciplines working locally, nationally, and globally to attain optimal health for people, animals,
and the environment,” (AVMA 2019) is increasingly recognized as a critical paradigm in addressing key
global health challenges.
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While the inclusion of the environment in One Health thinking has greatly increased our ability to tackle
today’s complex health problems (driven by climate, mobility, and land-use changes), a growing number
of scholars argue that much of the resulting One Health work has perpetuated a false dichotomy between
“natural” and “social” systems and prioritized the study of “natural” ecological systems over “social”
systems (Rock et al. 2009; Zinsstag et al. 2011; Woldehanna & Zimicki 2015). These scholars point out
that domesticated animals, plants, and wildlife, are as much a “part of the environment of humans” as
they are a “part of the social systems of humans” (Zinsstag et al. 2011). It is not enough to track ever-
shifting geographic territories of plant and animal species, they argue, we need to understand how these
species’ geographic territories, behaviors, and biologies are co-constituted by human social systems.
Without a nuanced understanding of specific human activities, “how, where and when people interact with
animals,” they argue, it is impossible to understand the actual risk for zoonotic spillover events
(Woldehanna & Zimicki 2015). To adequately understand human activity as an integrated part of both the
physical and social environment, One Health teams should strive to include professionals from disciplines
such as anthropology, economics, political science, psychology, and sociology (Rock et al. 2009).

The imperative to understand human activity in the context of zoonotic disease outbreaks was perhaps
best exemplified during the 2014 West Africa Ebola epidemic, where dysfunctional health systems, denial
of Ebola, and burial practices involving contact with the deceased exacerbated containment of the
outbreak (Lo et al. 2017). Following recent EVD outbreaks in DRC, West Africa, and Uganda, the
behavioral sciences — medical anthropology in particular — have been highlighted as having a critical
contribution to understanding the social dynamics of zoonotic disease emergence and spread, as well as
developing effective response interventions for disease control (Hewlett and Hewlett 2007; de Vries et al.
2016). In particular, the WHO'’s Ebola Strategy guidelines clearly articulate several critical contributions
medical anthropology (and the behavioral sciences by extension) can have towards outbreak
management (WHO 2014). First, such research contributes towards “better knowledge of disease
transmission chains,” identifying behavioral mechanisms that may be perpetuating spread, such as forms
of wildlife contact, exposure to infected medical items, or burial practices. Second, the behavioral
sciences can identify “psychologically, socially, and culturally diverse behaviors of local populations” and
propose appropriate interventions. By understanding the culturally-specific context and meaning of
behaviors driving disease transmission, response efforts can react faster and design more culturally
appropriate interventions that are acceptable to populations. In addition, contributions from social
scientists can help to identify rumors, fears, and misinformation that may be amplifying risks for
transmission. Finally, these contributions can help guide the development of “empathetic approaches” to
outbreak response and disease control, striving to engage the participation of affected communities to
develop sustainable interventions that benefit the largest number of people, as opposed to “coercive
approaches” that are largely indifferent to the needs and opinions of specific individuals and communities.

A major global health security lesson learned from the West Africa Ebola epidemic was that “more work is
needed at national and global levels to ensure that populations are empowered to protect themselves
from diseases, and to ensure that the mass media have the knowledge and understanding to contribute
to health protection and understanding of risks and their management” (Koser, 2015). One way to
strengthen a population’s ability to protect themselves is to better understand how certain behaviors put
people at risk, and what changes we can make to mitigate that risk. For example, during the 2009
influenza H1N1 pandemic, work pattemn adjustment, self-isolation of symptomatic individuals and advice
to their caregivers, and cancellation of mass gatherings helped to mitigate the pandemic; these were all
self-protective behavioral adjustments that were made based on shared public health information on risk
behavior and disease spread (WHO, 2010). By improving our collective understanding of the dynamics of
infectious disease transmission and how certain behaviors put individuals and populations at risk, we can
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elucidate evidence-based ways to control disease transmission that can empower individuals to adopt
preventive and protective behaviors. Additionally, being able to communicate to public health decision-
makers how human interactions facilitate the emergence of wildlife pathogens in human populations and
advocating for behavioral change communication, education, and prevention efforts can improve
compliance with and the effectiveness of medical interventions and public health efforts (Berger et al.
2019).

Since the 2014 West Africa Ebola epidemic, rigorous behavioral science and qualitative methods have
been built into outbreak response: multiple social science implementers have been actively engaged in
the 2018-2020 Ebola outbreak in eastern Democratic Republic of the Congo (DRC), including
Anthrologica, an applied anthropology research group which conducts formative and operational research
in emergency settings; the GOARN-R Social Science Group; Réseau Anthropologie des Epidémies
Emergentes/Projet SONAR-GLOBAL; and Social Science in Humanitarian Action, which produces rapid
briefs on key socio-cultural considerations (Bedford 2019). The use of these social scientific tools and
participatory approaches helps ensure that intelligence and analytics guiding response efforts remains
grounded, while providing valuable insights at the community, institutional, and policy-levels, enabling
timely and strategic recommendations. The difficulty containing the ongoing 2018-2020 Ebola outbreak in
DRC, now the second largest Ebola outbreak in history, is in part due to the vulnerability of the affected
area, a long history of armed regional conflict, and subsequent community resistance, skepticism, and
lack of trust in government and international actors, including the outbreak response teams and Ebola
treatment centers (Vinck et al. 2019). Within this context, applied social science research adds critical
value to response teams, improving their understanding of the social dimensions of risk and helping
identify solutions for more effectively engaging communities in outbreak response and control efforts
(Abramowitz et al. 2015).

Using Social Sciences to Understand Spillover Risk Before Emergence

While especially critical in outbreak scenarios, the contributions of the behavioral sciences are equally
important prior to disease emergence, as they can improve our understanding of the risks associated with
pathogen spillover and spread and inform strategies and interventions for risk reduction and mitigation.
Quantitative modeling approaches have been used to extrapolate data to help understand pathogen-host
dynamics and estimate outbreak frequency and severity, as seen in recent disease hotspot mapping
(Allen et al. 2017) and current research exploring high-risk human-animal interfaces (Kreuder-Johnson et
al. 2015). Qualitative human behavioral research can add further depth to our understanding of
behavioral drivers of zoonotic disease spillover, amplification, and spread (Woldehanna & Zimicki 2015).
Human behaviors are complex, dynamic, and highly contextual and are influenced by a myriad of socio-
cultural factors that elude traditional disease modeling methods (Leach et al. 2013; Arthur et al. 2017). A
multidisciplinary approach to exploring the social dimensions and human behaviors associated with
disease transmission is fundamental to more holistically understanding the conditions and circumstances
of humans, animals, and environments through which zoonotic diseases emerge and spread.

In an effort to strengthen global capacity to prevent, detect, and control infectious diseases in animals and
people, the United States Agency for International Development’'s (USAID) Emerging Pandemic Threats
(EPT) program funded several projects to develop regional, national, and local One Health capacities for
early disease detection, rapid response, disease control, and risk reduction (Morse et al. 2012). From the
outset, the EPT approach was inclusive of social science research methods designed to understand the
contexts and behaviors of communities living and working at human-animal-environment interfaces
considered high-risk for virus emergence, in order to shed light on the social dimensions of zoonotic
disease transmission and identify potential intervention strategies for prevention and risk reduction. From
2009-2014, EPT's PREVENT project focused on formative research intended to identify risky behaviors,
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attitudes, and practices, and to increase the prevalence of protective habits and preferences. Led by the
Academy for Educational Development (later FHI360), PREVENT conducted behavioral research in the
Congo Basin and Southeast Asia and worked to identify and characterize vulnerable populations, and the
high-risk behaviors and practices for disease transmission from animals to humans. In addition,
PREVENT worked to develop a strategic framework for risk reduction and suggestions for policy and
structural changes for risk mitigation and disease prevention. At the same time, the USAID EPT
PREDICT project developed a global consortium to strengthen capacity for surveillance and early
detection of virus threats from wildlife and to identify high-risk areas and human-animal interfaces for virus
spillover, amplification, and spread for targeted surveillance, monitoring, prevention, and control efforts.
Working with partners in over 20 countries, PREDICT teams collected samples for virus testing from more
than 56,000 animals and detected thousands of unique viruses in what is considered the largest virus
detection and discovery effort to date (PREDICT Consortium, 2015).

Building on this foundation, USAID’s EPT program funded another 5-year investment to strengthen health
system capabilities in low and middle income countries for improved zoonotic disease prevention,
detection, and response. In 2014, a second phase of the PREDICT project was launched in Africa, South
and Southeast Asia, and East Asia as a multi-disciplinary effort with a revised One Health surveillance
strategy reliant on the concurrent sampling of animals and people in identified at-risk interfaces for virus
emergence. This new scope included an expanded emphasis on understanding behavioral risks along
with data collection, synthesis, and aggregation on biological and ecological risks at these interfaces.
From the inception, PREDICT incorporated social science methods into the design of One Health
surveillance plans and the data collection and capture tools used in the field by the project’s multi-
disciplinary teams. Using a mixed qualitative and quantitative methods approach, PREDICT teams
conducted investigations and collected data that more comprehensively addressed the multiple
dimensions of virus spillover risk and better enabled the development of informed risk reduction and
intervention strategies. PREDICT's behavioral risk strategy was implemented in 27 countries from 2014-
2019. Our strategy was adapted to the host country contexts and specific human-animal- environment
interfaces, yet was standardized globally to enable cross-country, regional, and ultimately global
comparisons.

Building Behavioral Sciences into One Health Surveillance

By design, the PREDICT Consortium integrated global expertise from the conservation, veterinary
medicine, public health, and social science communities to develop truly collaborative and
multidisciplinary approaches for the early detection of virus threats and the development of disease
control and prevention recommendations. Data collection tools were collaboratively designed to address
ecological risks for emergence (using a standardized observational tool) and behavioral risks (using a
standardized questionnaire with option for additional in-depth ethnographic interviews and focus group
discussions). Standard operating procedures and training materials were developed and shared to assure
standardization of the strategy through the life of the project. The strategy and tools, once approved by
US and host country Institutional Review Boards and ethics committees, were put into action with
partners across all project countries.

At the country level, personnel were identified by partners to lead the behavioral risk scope and teamed
up with Consortium partners for training and mentorship. Because of differences in personnel
background, the training and mentorship plan was structured to introduce the basics of social science
methodology for rapid onboarding while also diving deep into the PREDICT strategy and behavioral risk
tool kit using a combination of lecture, discussion, and hands-on experiential learning. Training covered
techniques for successful community engagement and outreach; how to conduct interviews using the
questionnaire; ethnographic methods and techniques for leading effective qualitative interviews and focus
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group discussions; data management, coding, and analysis; and strategies for sharing project findings
and communicating risk reduction strategies.

During implementation, trained behavioral risk personnel joined teams comprised of local professionals
from diverse disciplines and worked together in the field to engage at-risk communities and conduct
behavioral investigations, while animal and public health professionals led One Health surveillance and
sampling efforts. Though team composition varied, members often included field veterinarians and
ecologists/wildlife biologists for animal sampling; medical doctors, nurses, phlebotomists, or other public
health paraprofessionals for human sample collection; and anthropologists, sociologists, community
health workers, or other public health professionals for behavioral interviews. Field work and data
collection were tightly coordinated across space and time, with community engagement, behavioral risk
investigations, animal sampling, and human sampling often occurring simultaneously in targeted
communities.

Figure 1. Global behavioral risk team composite

Bangladesh Anthropology
Cameroon Anthropology, Sociology
of Development, Public Health China
Molecular Biology Cote d'lvoire Social
Science, Social Science Democratic

Republic of the Congo Medicine,
Sociology Indonesia Microbiology Lao
People’s Democratic Republic
Epidemiologist/Health Care
Administration, Technical Nursing

Republic of the Congo Social Science,
Social Science Senegal Nursing, Clinical
Sierra Leone Environmental Science,
Pharmacology Tanzania Community
Development, Community Development,
Ecology, Veterinary Medicine Veterinary
Medicine, Public Health, Laboratory
Technician, Nursing, Clinical Vietnam
Veterinary Medicine, Public Health
Microbiologist, Veterinary Medicine

Bringing together a
transdisciplinary team of scientists and practitioners was central to the human behavioral risk surveillance arm of PREDICT.
Featured on the right are examples of disciplines represented by local team members who took part in the behavioral risk
investigations, with female team members in italics.

Assessing Behavioral Risk and Operationalizing One Health Surveillance

From an epidemiological perspective, behavioral risk assessments often seek to quantify the influence of
known risk factors on disease emergence and transmission dynamics. PREDICT’s focus also aimed to
identify and assess a range of known and unknown socio-cultural behaviors that could be influential in
zoonotic disease emergence, amplification, and transmission. This broad approach to behavioral
characterization enabled us to identify and characterize a milieu of human activities that could be later
studied to investigate the transmission dynamics of new and emerging viruses. For diseases for which
etiologies are known and characterized, such as zoonotic Influenza infection, this approach allowed us to
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determine behaviors that might be risk factors for certain groups (e.g., agricultural workers) and to better
understand the socio-cultural contexts necessary to develop effective risk mitigation strategies. For
example, previously identified potential Influenza risks among agricultural workers include smoking in or
around swine or poultry facilities and a lack of available personal protective equipment; mitigation
strategies included heightened biosafety and biosecurity procedures, assuring use of personal protective
equipment, frequent hand washing, and occupational health programs integrating monitoring and
surveillance of high-risk groups with countermeasures such as influenza vaccines (Ramirez et al. 2006).

In implementation, our teams built partnerships and relationships at the national, subnational, and
community levels. Before the roll-out of activities, our staff worked with a range of municipal and
traditional stakeholders, including officials, leaders, and elders in the target communities, to help our One
Health teams effectively engage with communities and to facilitate permissions and access for animal and
human sampling efforts. Our teams also conducted site scoping visits, and in some cases formative
behavioral risk research in collaboration with ministry partners, which helped determine One Health
surveillance priorities and at-risk site selection. Through this multi-level stakeholder engagement process,
our staff were able to build the relationships and teams necessary for gaining community buy-in, trust,
and support for our unconventional surveillance strategy.

In each country, standard with serosurveillance studies (Miller and Hagan, 2017), a structured
quantitative questionnaire was administered whenever a human sample was collected. This 57-question
questionnaire contained questions on demographics, travel, hygiene, self-reported iliness history, indirect
and direct contact with domestic and wild animals, and knowledge, attitudes, and behaviors related to
animals and animal meats and bi-products. In addition to the core questionnaire, 10 focused occupational
modules were also available and were administered based on a participant's reported occupation or
livelihood strategy in the past year. The questionnaire was administered in the 24 project countries
implementing PREDICT’s human surveillance scope. A separate questionnaire, developed to address the
unique context of the countries affected by the 2014 West Africa Ebola epidemic under PREDICT’s Ebola
Host Project (a targeted effort to identify host species for ebolaviruses) was administered in Guinea,
Liberia, and Sierra Leone. Over the course of the project, over 19,000 individuals were enrolled and
completed questionnaires in these 27 countries (Table 1).
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TABLE 1. Global summary of behavioral data collection

Country

Bangladesh
Cambodia
Cameroon

China
Céote d'Ivoire
DR Congo
Egypt
Ethiopia
Ghana
Guinea
India
Indonesia
Jordan
Kenya
Lao PDR
Liberia
\YEIEVSE!
Mongolia
Myanmar

Nepal

Rep. of Congo

Rwanda
Senegal
Sierra Leone
Tanzania
Thailand
Uganda

Vietnam

Total # of individuals enrolled

+ Surveys administered using PREDICT'’s standard questionnaire as part of the project’s human surveillance and sampling scope.
* Surveys administered using a separate targeted questionnaire designed for countries affected by the 2014 West Africa Ebola

epidemic.

# Surveys
Administered+

1,106

1,803
651
718
434
206

1,097
313
641

65

Figure 1. PREDICT behavioral risk investigations

# Interviews
Conducted

102
Interviews not conducted
292
172
199
264
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
125
Interviews not conducted
Interviews not conducted
22
Interviews not conducted
Interviews not conducted
Interviews not conducted
Interviews not conducted
109
108
Interviews not conducted
Interviews not conducted
179,
402
Interviews not conducted
66
AT
2,117
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All countries implemented questionnaires for quantitative analysis, and many also conducted qualitative risk investigations.

Figure 2. Implementation of questionnaires, ethnographic interviews, and focus groups

ALL
PARTICIPANTS
were required

to complete a principal
questionnaire. If they
indicated their primary
livelihood as any of the
pre-selected occupations of
interest (due to close
interactions with wildlife and
domestic animals), they
were asked to complete an
additional questionnaire
specific to those work
activities. Among the
respondents, 9,843 were
‘female,’ 9,337 were ‘male,’
and 7 were marked as
‘other.’ The most
represented livelihood
categories included crop
production, non-animal
business, being a student,
homemaking, and
ranching/farming/being in the
animal production business.

MALE
9,337

Questionnaire
Respondents

FEMALE

Questionnaire
Respondents

9,843

13 COUNTRIES

participated in
building a mixed-methods
approach by including
in-depth interviews and
focus group discussions as
components of their
behavioral risk
investigations. Across the
global dataset, local teams
interviewed 831 female
respondents and 1,286 male
respondents. While sample
populations of interest
varied by country context,
some commonly
represented livelihoods
included working in the
wild/exotic animal
trade/market, hunting,
trapping, and farming.

The summary above does not include questionnaire respondents from PREDICT’s Ebola Host Project, conducted in Guinea,

Liberia, and Sierra Leone.
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As capacity, time, and funding allowed, each country team could also elect to incorporate PREDICT’s
qualitative research strategy into behavioral risk investigations. Qualitative methods were designed to
compliment the standardized questionnaire, and 13 countries worked collaboratively to implement this
mixed methods approach. These methods were first used to collect formative baseline data intended to
inform the development and rollout of the standardized questionnaire; later they were employed to either
continue exploratory work or follow up on preliminary baseline findings and finally, after evaluating
preliminary data and insights, to refocus on the identification of intervention and risk reduction strategies.
Each team targeted these efforts at locally relevant high-risk interfaces and contexts. In DR Congo and
Cameroon, for example, investigations focused on wild animal ‘bushmeat’ markets and teams conducted
ethnographic interviews to better understand the market dynamics and behavioral and exposure risks
related to key taxa in the bushmeat value chain. In the 13 countries implementing this scope, more than
2,000 individuals were enrolled in ethnographic interviews and focus group discussions and all interviews
were transcribed and translated (where necessary) for coding and analysis (Table 1).

Figure 4. lllustrative DR Congo highlights: investigating risk in the bushmeat value chain

Insights from Implementing PREDICT’s
Behavioral Risk Strategy

At this time, our collaborative teams are
analyzing the vast quantity of data collected
through this innovative One Health
surveillance strategy, including the mixed
methods behavioral risk data. Our scientists
are working diligently to assess and
characterize plausible exposure mechanisms
and to identify potential strategies and
recommendations for risk mitigation. As

In 8 bushmeat markets in Kinshasa and in
Inongo DRC, the PREDICT team conducted
concurrent animal/human behavioral
surveillance: while samples were taken from
hunted wild animals, the behavioral team
conducted interviews with the population
living in contact with these animals, asking
about animal exposure and behavioral risk

factors, and socio-economic drivers of

subsistence hunting.

Based upon qualitative insights about the
geographic origin of bushmeat coming into
Kinshasa markets, we traced the animal
value chain back to Mbandaka, the
reported source of much non-human
primate meat. Mbandaka is an Ebola
outbreak site, so we used our interview data
to generate hypotheses about Ebola
exposure through bushmeat butchering,
and did further sampling and serology of
primates and bushmeat vendors to test this
hypothesis.

these analytics progress, we are excited to
share some preliminary insights and lessons
learned on our strategy and approach along
with some highlights from a flagship
intervention developed with input from
across our One Health consortium and taken
to scale in nearly all of PREDICT's partner
countries.

In most countries, the teams charged with
implementing the behavioral risk strategy
were composed of both new and seasoned
scientists from diverse professional
backgrounds. Through standardized
trainings aimed at strengthening skills and
techniques needed in both the behavioral

and biological scopes of PREDICT, we helped encourage a truly collaborative and multidisciplinary
surveillance workforce that leveraged the experiences and skills of the broader team. Cross-training staff
also enabled and facilitated the close integration and coordination of our behavioral risk strategy with One
Health surveillance and sampling efforts and project scientists were able to investigate the attitudes,
beliefs, behaviors, and broader social contexts of targeted at-risk populations. This tight integration
allowed our teams to conduct rapid assessments of community risks during early formative research, and
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eventually to develop truly multidisciplinary behavior change communication and risk reduction plans
relevant to communities and stakeholders they engaged. Further, the inclusion of social scientists with
animal surveillance teams strengthened zoonotic disease surveillance, as community knowledge and
practices acquired through social science research helped inform the timing of wildlife sampling and
identify additional locations for sampling and surveillance efforts. Our trained social science teams helped
raise awareness about taboos or socio-cultural sensitivities that needed to be considered when
developing and refining surveillance plans.

PREDICT's surveillance approach was designed to balance human health and conservation objectives
with wildlife sampling targets. Animal species were live captured and released after sample collection. In
communities where rodents are known to cause human iliness, such as Lassa fever in the West Africa
region, our teams needed to work closely with community members to explain the methods and context of
this program, gain buy-in for sampling activities, and help identify effective strategies to minimize rodent
contact and exposure. PREDICT sampling teams frequently refrained from engaging in animal sampling
until sufficient time was spent with the community to gain their trust, often through dialogue on possible
interventions and by providing and presenting specially tailored risk reduction recommendations.

Lessons learned and recommendations for future One Health projects

Integrating the social sciences into PREDICT’s One Health surveillance approach provided a range of
secondary benefits beyond our primary goals. These included: building support, trust, and buy-in of
populations hosting or involved in One Health initiatives; contributing sociological and anthropological
insights on human activities to guide geographic targeting of surveillance initiatives; crafting “empathetic
approaches” to behavioral interventions — either to mitigate outbreak risk or respond to outbreaks; and
designing and implementing One Health interventions among at-risk populations.

Building trust and buy-in

In the spirit of community-based participatory research which integrates mutual education (between
researchers and community experts) and social action in improving health, our PREDICT teams engaged
national and subnational leadership and facilitated meetings with provincial/local authorities, allowing us
to directly engage communities in project activities and the research process. In many cases, our country
teams retumed to communities every 3-6 months to sample and conduct interviews. Through these
frequent interactions, teams gained trust with community members, an essential element which helped
improve the richness and depth of interview data over time. In addition, towards the end of the project,
between May and September 2019, our teams returned to these communities equipped with summaries
and reports of available project findings along with risk reduction materials specially tailored to the unique
human-animal-environment interfaces investigated by the surveillance teams. Returning the communities
to share project findings is unfortunately extremely rare. We received reports from nearly all countries that
community members were extremely grateful to hear about project findings along with our team’s
recommendations for improving health and conservation. Our teams strongly recommend that planning
and budgeting for community engagement to share findings and recommendations at the end of a project
is critical, ethical, and should be part of all project designs.
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SIERRA LEONE

In Sierra Leone, the PREDICT country team
was able to rapidly deploy behavioral
researchers to study populations exposed
to high-risk bat interfaces in and around
sites where the wildlife surveillance team
had recently detected a novel Ebolavirus
species — Bombali ebolavirus. The close
integration of behavioral research with
wildlife surveillance in the PREDICT
program enabled the country team to
quickly assess potential exposure pathways
in order to inform the development of
public health communications tailored to
the affected populations. Communications
included specific messaging for the
behaviors, contexts, and interfaces
identified in the region, including
household bat infestations and bat hunting.

Many of the Sierra Leone behavioral team
members were former contact tracers from
the West Africa Ebola outbreak. After
having conducted over 100 interviews with
the PREDICT behavioral research tools,
both field interviewers reported that the
training they received had greatly improved
their interviewing skills, allowing them to
obtain more nuanced information and
better preparing them for future public
health investigations.

Figure 5. Sierra Leone case study: assessing risks to inform public health communications

Social science insights on targeted surveillance
During formative research and the selection of
surveillance sites, local subject matter experts or
‘guides’ provided entrée into what were often
closed, tight-knit communities. Ethnographic
interviews allowed for open-ended dialogue about
target interfaces and the underlying dynamics
and drivers of human activities that, from a public
health/disease transmission perspective, could be
considered ‘risky’, such as eating bats, rodents,
or non-human primates, or drinking raw blood.
Some risk behaviors are considered taboo from
one community to another, based on tribal,
ethnic, or social beliefs, and these differences
had to be explored, acknowledged, and
respectfully addressed. One important approach
was to enroll local interviewers, when possible, or
local translators who spoke local dialects, who
could clearly explain the purpose of the study and
reasons for blood collection (a highly suspect
procedure in many cultures), as well as the need
to sample their animals (also a barrier for many,
as animals, whether domestic or wild, are prized
commodities and sampling was sometimes seen
as damaging/tainting the meat or reducing its
value). Early focus group discussions helped
describe practices and beliefs about disease that
warranted further exploration, and also catalyzed
information exchange between our teams and
local experts, which often informed sites for
sampling. For example, discussions with bat

hunters we leamed about the location of bat roosts or caves for sampling, and in conversations with
bushmeat vendors, we were directed to villages where they bought hunted meat and where we could
move further upstream in the bushmeat value chain.

Figure 6. Profiles of PREDICT behavioral risk team members.
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TINA KUSUMANINGRUM, PREDICT/Indonesia, Field Coordinator. “There is no doubt that joining PREDICT is one
of the best decisions in my researcher career. Leaming how to design and implement a surveillance project, maintain
networking and professional relationships with partners, and communicate the results back to the communities and

decision makers—these were all exceptional experiences that will be very useful for my future career.”

MWOKOZI MWANZALILA, PREDICT/Tanzania, Behavioral Scientist & Community Engagement Liaison,
Sokoine University of Agriculture. “PREDICT Project has helped me to create more confidence when talking in front

of people. In addition, | have gained new knowledge on zoonotic diseases.”
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HILARION MOUKALA NDOLO, PREDICT/Republic of Congo, Behavioral Risk Survey Investigator. “/ was hired
by PREDICT to perform ethnographic interviews, focus groups and questionnaires in the communities and bushmeat
markets in Brazzaville. In these studies, we discovered there are those who don'’t understand the concept of
protected animal species, nor that handling animal species presents multiple risks of contamination with zoonotic

diseases agents. | want to find ways to better educate communities and raise awareness about wildlife conservation.”
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VICTORINE MAPTUE TOGEUM, PREDICT/Cameroon, Human Clinical & Behavioral Research Coordinator.

“The position | held in the PREDICT project has truly boosted my professional career. Indeed, the research carried
out within the framework of this project enjoys great visibility and will be cited most often. This has helped increase
my notoriety within the national and international scientific community. The Cameroonian government can tumn the

results of this research into concrete measures that build capacity in the health field.”

Designing and implementing One Health interventions with at-risk populations

As PREDICT's laboratories detected and confirmed virus findings, including new discoveries of potentially
dangerous pathogens, it became imperative to engage our host country government partners and
community stakeholders to share these findings along with recommendations for continued surveillance
and risk reduction. In Sierra Leone for example, PREDICT scientists discovered a new ebolavirus in bats,
Bombali virus, which was the first time an ebolavirus had been detected in wildlife before causing human
infection (Goldstein et al. 2018). The sampling sites for these bats were close to villages and human
dwellings, as by design our surveillance sites were selected to explore risks between animal and human
populations. A potentially deadly virus detected in an animal necessarily requires an empathetic and
strategic human (public) health response. By using some of the contextual data about human exposure,
collected through behavioral risk investigations, our team worked collaboratively with PREDICT
Consortium ecology, bat biology, and virology experts to design and develop a rapid intervention strategy.

To identify the most culturally appropriate, feasible, and effective intervention resource format, our team
developed a framework for assessing potential materials, channels of communications, respective
audiences, and core messaging. A moderated picture book format, delivered by a trusted community
leader, was selected as the best tool to put into the hands of our local team and in-country stakeholders.
A communications plan was developed to ensure a well-coordinated effort and timely discussions with
govemment and community stakeholders, following the release of the new Bombali virus finding. The
resource, entitled Living Safely with Bats (PREDICT Consortium 2018), leveraged the collective subject
matter expertise of the consortium and featured illustrations from a team member trained in animal
biology and visual arts ensuring accurate, consistent, and compelling visual representations. To refine
and test the book format and key messages, focus groups held with project subject matter experts and
feedback was solicited from project country teams. The book’s content benefited from cultural vetting by
17 country teams (Bangladesh, Cambodia, Cameroon, Cote d’lvoire, DR Congo, Ghana, Guinea,
Indonesia, Lao PDR, Malaysia, Nepal, ROC, Senegal, Sierra Leone, Tanzania, Thailand, and Vietnam).
Following vetting, the Living Safely with Bats resource was piloted in Sierra Leone and in Tanzania with
feedback solicited to improve both the content and the process of delivery. A comprehensive review of
the book was also conducted with the PREDICT team in Guinea.

Consortium experts, including our behavioral risk team embedded with our staff scientists in West Africa,
helped train and support the implementation of the Living Safely with Bats resource during community
outreach events in Sierra Leone, Guinea, and Liberia beginning in July and August 2018. Country teams
utilized the resource in a variety of formats: official briefings with ministry partners, in-person
presentations and community meetings, classroom sessions in local primary and secondary schools, and
local radio broadcasts. In Guinea, radio broadcasts reached thousands of individuals across the entire
Forest Region — the area where the 2014 West Africa Ebola epidemic originated, likely via a spillover
event from a bat (Saez et al. 2015). This resource has been translated into 12 languages, including
Amharic, Bahasa, Burmese, Dusun, English, French, Khmer, Kiswahili, Lao, Malay, Thai, and
Vietnamese. The book was also adapted to share with the communities that PREDICT teams throughout
Asia had engaged and worked with over time. Changes to content in this version included artistic
modifications to incorporate locally salient fruits, foliage, and protective clothing items, in addition to
content addressing Asia specific human-bat interfaces identified as particularly high-risk for virus spillover
(date palm sap collection, bat guano farming and harvesting practices, and cave-related tourism).
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Figure 7. Bat-related educational interventions
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All versions of the Living Safely with Bats resource provide talking points for moderators. These talking points cover themes such as
bats as essential agents in the local ecosystem, basic ways to live safely with bats, disposal of dead bats, what to do when with
them contact is unavoidable, and managing bats in and around the outside of the home.

Figure 8. Bat-human interfaces investigated by PREDICT One Health surveillance teams.
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Bat-related interfaces investigated by PREDICT’s One Health surveillance team and explored in-depth through our human
behavioral risk investigations included: guano farming and harvesting, hunted bats in the value chain, shared food resources with
bats, bat-community interfaces, and ecotourism for bats. Large market value chains were a principal area of interest in relation to all
wildlife taxa.

Sharing our findings for sustained One Health engagement

A major lesson learned towards the end of the project was managing expectations as project activities
concluded. Due to our One Health surveillance design, PREDICT teams collected a vast quantity of data,
an enormous and valuable archive of information that required a tremendous amount of data review for
quality assurance prior to use. Taking inventory of this archive of hundreds of thousands of data points —
generated from human and animal biological specimen data (including geolocation coordinates, other
metadata, and virus level results) and data from behavioral questionnaires and qualitative interview
transcripts — was a massive undertaking for consortium staff at both the global and country levels. Before
it can be made available to the global community, this data needs to be prepared for analysis by our
teams, a process requiring time, creativity, and technical skills in order to characterize the multiple
dimensions of risk explored throughout the project.
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Conclusions

PREDICT was a watershed One Health endeavor for its systematic inclusion of human behavioral
investigations in such a large, global zoonotic disease surveillance program. The project incorporated
behavioral data into a transdisciplinary analytical framework, which integrated the behavioral data with
viral, human biological, animal and environmental data. Through these ongoing analyses and subsequent
publications, findings from our behavioral risk investigations will contribute to the evolving One Health
evidence base and will provide a model of best practices and lessons learned for those looking to further
explore and understand the human drivers of zoonotic disease emergence and transmission. PREDICT
successfully integrated behavioral risk investigations into country-level One Health surveillance efforts,
enabling the collection of empirical and context-specific data on human activities related to disease
emergence, amplification, and transmission, while also catalyzing an expanded scope of value-added
activities: community outreach and trust building, sharing findings and results in an iterative feedback
loop to help inform risk communications, and developing risk reduction and behavioral change
communication strategies tailored to the unique contexts of affected communities.

To be successful, emerging infectious disease surveillance projects cannot focus on surveillance and
detection of pathogens alone. Integrated mixed methods projects allow investigations of the specific
human activities that are hypothesized to drive disease emergence, amplification, and transmission, in
order to better substantiate behavioral disease drivers along with the social dimensions of infection and
transmission dynamics. We encourage future programs to work with exposed communities in endemic
areas on educational and capacity-building initiatives to improve community awareness of, and risk
mitigation strategies for, those emerging and endemic pathogens. Involving at-risk communities in
disease hotspot areas is critical, both for developing awareness of disease risk and encouraging
community agency to define realistic strategies for disease mitigation for their particular community.
During the last year of the project, as our country teams retumed to participating villages and
communities to share results, community members wanted and encouraged the team to share findings
beyond just their local area, as they realized the value of the project’s broader impact,and wanted to
share this knowledge with other neighboring at-risk communities. They voiced appreciation of the value of
One Health data and evidence, from the wildlife we captured and sampled and the viruses we detected,
to the unique animal-human contexts identified as risks for infection Even though risk reduction or
intervention strategies we identified might imply changes in behaviors that have been ongoing for
generations, their interest and willingness to engage demonstrates the power of community buy-in for
developing the foundation needed for adoption of prevention and sustained disease control efforts.

Perhaps the most positive outcome of PREDICT has been the integration of social science approaches,
particularly training in participatory methods for engaging and developing long-term relationships with
communities to work towards resiliency. Our global Consortium worked for over 10 years to strengthen
the capacity for local scientists to safely, ethically, and humanely put One Health in action from
identification of at-risk communities and sites for wildlife and human sampling activities, to collection and
testing of those samples, and finally for sharing findings with our global, national, and local stakeholders.
But bringing in the behavioral sciences allowed us to push toward fuller community integration and
engagement. The One Health approach aims to break down barriers between silos in the scientific and
health communities and importantly bridge divides between natural and social systems. PREDICT
provides a model and framework for transforming theory into practice, for “socializing” One Health and
taking it to scale.
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Appendix/Supplemental Materials

FOCUS GROUP GUIDE Version 2, May 1, 2015

The focus group discussion is initiated by naming all of the animals that can be found in the community.
The goal of this exercise is to explore animal diversity.

The community mapping activity locates where the different kinds of animals can be found relative to the
site of the focus group. It should be emphasized that this will not be an ‘accurate’ map. This exercise is
designed to assess the distribution and overlap of animals. Prompts such as ‘anywhere else?’ should be
used. The animal list will contain insects, reptiles and fish. Map only mammalian and avian species.

These two activities together should be limited to 10-15 minutes. The themes to be explored in the
discussion are 1) contact and context, 2) illness in animals and humans, and 3) rules and restrictions.
Events such as animal die-offs should be added to the map, if they are discussed.

1) Contact and context

e Which of these animals do you see the most often? The least? (Probe: where, why)
e What animals do you come into physical contact with? (Probe: where, why, how often)
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Which of these animals do you eat?

o Where do you get them? How are they prepared? Which are for special occasions only?
What are animals good for other than food? (probe: labor, medicinal, magic, pets, by-product
uses)

Which animals come into buildings or places where people are? Is water shared with animals?
How are unwanted animals kept out? (probe: which animals, all methods used)
Who takes care of the animals? (Probe: who, specific jobs, animal movements)

2) lliness in animals and humans

Animals

What happens when animals get really sick? How are the animals cared for?

Has this happened recently? Do people try to hide animal sickness?

Is animal sickness reported to anyone? (probe for differences between wild and domestic
animals)

Have any animals been destroyed or killed by authorities? Describe.

What happens to animals when they die? (probe: eaten, buried, left to rot, depends if wild or not)

Humans
e Whatis the most unusual or memorable sickness anyone has had? What happened?
e What are the causes of illness or sickness?
e Do you know anyone who has gotten sick from an animal? What happened?
e What do you know about animals that can give you infections or diseases?

3) Rules and restrictions

Are there places in the community where you aren’t allowed to go? Why not?

Are there any rules about hunting or trapping animals? (Probe: cultural, legal)

Are there any animals that you don’t eat or that are avoided? Why?

Are there official rules or laws about garbage disposal? Human waste? Animal waste?
Is garbage a problem in this community? What's the problem?

Final question for all: If you could change one thing in your life, what would it be and how would you do it?

ETHNOGRAPHIC INTERVIEW GUIDE

Core Themes

1. Human movement

2. Socioeconomics

3. Biosecurity in human environments

4. lliness, medical care/treatment and death of humans
5. Human-animal contact

HUMAN MOVEMENT
GOAL: To understand living environment and ‘home range’ (e.g., how far people travel and why).
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Home

Where do you live/what kind of dwelling? How many people are in the household? How many rooms?
How many are children? Is everyone related? Sleeping arrangements?

How often do you move? Any seasonality of movements?—eg, for work, for food, for safety (e.g., against
flood, drought, conflict)?

What are the things you do to protect your home (against predators, animals, outsiders, bad weather)?
Work

What kind of work or activities do you do? What do other household members do? Where do these
activities happen?

How do you protect your activities and business interests? (e.g., grazing or crop land, business
competition, hunting territory, animal stock)

Travel

How far do household members travel from home and why? (Follow up on animal related issues:
shopping, selling/buying/trading, hunting, transport, etc)

How travel (by foot, bike, cart, truck, plane)? Is it ever for overnight? Where stay?

Why traveling? (work/migrant, family, religion, holidays, to sell/trade/buy animals)

Other family members in other areas of the country? Visit often?

Observed environment

Have there been any changes in the environment: new roads, more boats or ports, fields, buildings,
population movement (in or out), land clearing or abandonment, new houses, other new buildings
Who is responsible for the changes? Are the changes good or bad?

SOCIOECONOMICS

GOAL: To understand a typical day and how money and social standing impact opportunity and
risk.

Daily routine

Tell me about your daily routine (get description of work on a usual day, include purchasing and preparing
food, timing of types of meals, responsibilities/duties related to animals, any changes by season)

How do people in the household contribute to earning money and getting food (and water)?

Where do the children play? Who takes care of the children when you are at work?

Animal responsibilities

Describe the animal related jobs and responsibilities for people at every age (i.e., young children, older
children, young adults, adults, elderly).

What are the skills’lknowledge needed before moving to the next stage of duties/responsibilities?

Are there differences in responsibilities between boys and girls, men and women, by ethnicity or class?
Education

How many children are currently in school? Until what age do your children go to school? (boys and
girls?)

What is your level of education? Why did you stop?

Economics

Do you make more money than other people who do the same things as you? Why do you think that is?
Are there times of year when you make less money? What happens then?

Are there times when food is more expensive than others? Tell me about that (eg, different food
availability, seasonal, festival related).

Do you think you and your household are better off than most people? Could you do things to make it
better?

BIOSECURITY IN HUMAN ENVIRONMENTS
GOAL: To determine if any sanitation or hygiene factors could play a role in disease spillover
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Water and food

Is there a central source of water? What is the source? (eg, pond, uncovered well, rainwater, taps,
covered well)

Is there a water source you like better?

How far away is the water source? Do animals drink from the same source?

Do you do anything to your drinking water to clean it before you drink it?

How do you store your food? (e.g., open containers, covered, hanging, refrigerate)

Do you eat or drink things where you suspect animal contact? (e.g., teeth/scratch marks, feces or urine
seen)

Do you regularly clean your food prep station/kitchen and tools? How?

Sanitation

Are there toilets, latrines or other designated areas for human waste? Are these cleaned and used
regularly?

Are butchering and slaughtering areas separate? How often are they cleaned and how? Who does the
cleaning?

Are there any official rules or laws about human waste and garbage disposal?

Are there any animal pest control laws? What do you do to control animal pests?

Hyagiene

When are the best times to wash your hands? Do you use soap? How much does soap cost and where
getit?

Do you wash your hands at home? at work?

How often and where do you and your household members bathe?

ILLNESS, MEDICAL CARE/TREATMENT, DEATH

GOAL: To identify any unusual disease experiences—signs, symptoms and sources
Household iliness

Is anyone sick right now?

What do you do when someone in the household gets sick? Who takes care of that person?

The last time someone was seriously sick what happened (explore when, with what, how did they get
sick, who told/consulted, anyone else get sick after, final outcome)?

Has anyone ever had an sickness that people don’t usually get? What happened? Where did it come
from?

lliness from animals

Do you know anyone who has gotten sick from an animal? What animal? What did they get? What
happened?

Do you know any other diseases/illnesses people can get from animals? How does the animal give the
illness to the person? How often does it happen?

Medical care/treatment

How sick would you have to feel to stay home and not do normal routine?

Where do you go when you are sick?

Do you prefer to use traditional medicine, western medicine or a combination?

How sick would you have to feel to go to doctor/clinic/hospital? What does that cost? (in time, lost
wages/business, transport costs, etc) How far away?

Death

What is the tradition when someone dies? (Explore if reported to authorities, differ by age or gender, what
happens to the body, does the community come together or is it private.)

HUMAN ANIMAL CONTACT
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GOAL: To gain knowledge about interactions with animals, animal health and animal perceptions
and knowledge.

Encourage but don’t lead discussion about which animals. Allow respondent to name the animals. If no
birds or bats are mentioned, follow up by asking specific questions about birds and bats.

Indirect contact

What kind of meat do people in your household eat? How do you get it‘where does it come from? What is
furthest away an animal comes from?

Is meat dead or alive when you get it? If dead(/prepared), how to tell if good/fresh?

If alive, how long are live animals kept before being sold or eaten? How do you get live animals home?
How is meat prepared (raw/undercooked)? Is meat prepared in the same place as other activities? (e.g.,
preparing vegetables, cleaning babies/changing diapers, where other food or drinking water is stored)
Do animals come in or near the dwelling? How do you know animals are there? Which animals?

Direct contact

Do you or someone in your household handle live animals? In what context? (e.g. ranching/animal
husbandry, hunting, wet markets, work, around dwelling/other building, pets)

What are the animals that you keep/raise or sell? How many different kinds of animals? How many of
each?

For how long do you have the animals?

Where do live animals come from? Where is the furthest away an animal comes from?

Who buys/trades for your live animals? Where do the animals go?

Have you been bitten, scratched or had bleeding after handling an animal? By a wild animal?

Where are live animals slaughtered? butchered? Do people buy or sell parts?

Do you travel with animals? Explore details of the process, specific routes and encounters (eg, with other
animals, with animal transport supporting industries, such as holding areas, restaurants, hotels) along the
way.

Explore for differences over time in animal handling, eg, seasonality, legal, religious, animal reproduction
Animal products/rituals

Other uses of animals—e.g., as pets, medicine, magic, fertilizer, for trading

Rules for children around wild animals as pets, playing with wild animals or dead animals

Animal health

How do you care for your animals: how are they fed, what do they eat, where do they eat/graze and
sleep? Are they segregated or all together? Differences by season? day/night? Does anyone live or stay
with the animals?

Is there a central area for animal waste? How often are animal cages, stalls, or penned areas cleaned?
Who cleans them?

Do the animals get veterinary care? Vaccinations?

How do you know when an animal is sick? What's the first thing you do about a sick animal?

Have you seen an animal outbreak or die-off? What happened?

Perceptions and knowledge

What are the most unusual animals anyone can buy?—seasonal? Expensive? Who buys?

Are there any animals you avoid eating? Why? Ever heard of anyone eating/selling dead or infected
animals?

Do people ever eat non-domesticated animals/wildlife? Where do they get them?

Who usually buys wildlife products? Have there been changes over time?

What do you do when you find a dead animal?

What laws about animals do you know? (eg, limiting/outlawing hunting, reporting and culling of sick
animals)
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From:  Karen Saylors Ha{=lBJNUH =1 PN

Sent: Thu, 26 Dec 2019 11:26:40 -0800

Subject: Re: Predict Behavioral Draft for your review

To: Jonna Mazet <jkmazet@ucdavis.edu>

Cc: David J Wolking <djwolking@ucdavis.edu>, Christine Kreuder Johnson <ckjohnson@ucdavis.edu>, Peter Daszak

<daszak@ecohealthalliance.org>, "Olson, Sarah" [Iz{=DJNXOAN=BN Emily Hagan <hagan@ecohealthalliance.org>

Hi Jonna.

Thanks very much for the comments and suggestions.

I'm back working today and will incorporate your and Sarah's edits, as well as anyone else's who isn't out on holiday over the
coming days. We will do some final wordsmithing and get you a final draft early on Monday, with acknowledgements and
final figures.

Happy holidays y'all! :)
best,
Karen

On Thu, Dec 26, 2019 at 10:55 AM Jonna Mazet <jkmazet@ucdavis.edu> wrote:

Hi,

My suggested edits are attached. Not sure who is vacationing & who is working. If working, Karen, I want to let you
know that I think your (& David's) prose is eloquent and works very nicely. I had almost no comments on the first half of
the paper. The second half, where we start adding in figures, is still very well-written but starts to get a little more sales-
pitchy, reminiscent of content for a report or brochure, rather than written for a journal audicnce. So I have made more
comments on that section for your consideration and a bit more substantive revision.

Text me if you want to clarify any of it.

Great work & I really appreciate the effort to get this great product out in the literature. I think USAID will love it, too.
Please make sure to get the acknowledgement stuff in there.

Under separate copy, I'll send the response to reviewers & galleys from Diego's paper in this journal for ease of reference.
Happy Holidays everyone,

Jonna

On Tue, Dec 24, 2019 at 8:00 AM David J Wolking <djwolking@ucdavis.edu> wrote:

Thanks Karen!

For those new to the conversation (mainly Chris and Peter), this is the article (an approach/perspectives piece) invited by
the One Health Outlooks journal that Jonna and [[JENRGEEY are editing. The Dec. 30th deadline gets this into the review
without journal fees, so we did our best to push this forward over the last 3 weeks and make the deadline. Huge thanks
to Karen, Jason, Stephanie, and Emily for getting it there. We realize it's terrible timing for co-author review given the
holidays...

That said, it makes great Xmas reading ;-)

David

On Tue, Dec 24, 2019 at 7:35 AM Karen Saylors lml!_'l wrote:

Hi everyone.
Please find attached our team's manuscript for your review. As we are aiming for the Monday deadline of the One
Health Outlook, we'd appreciate your comments and edits by Friday.

Thanks so much and happy holidays!

Best,
Karen, David and Emily
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From: Ben Oppenheim <boppenheim@metabiota.com>
Sent: Wed, 15 Jan 2020 14:02:39 -0800
Subject: Re: Question re. BCA

To: Peter Daszak <daszak@ecohealthalliance.org>
Cc: ' A . Nita Madhav <nmadhav@metabiota.com>, Dean Jamison <djamison@uw.edu>,

Dennis Carroll i a4 =l DJA\WH I = D] 'onna Mazet <jkmazet@ucdavis.edu>, Nicole Stephenson
<nstephenson@metabiota.com>, Cara Chrisman <cchrisman@usaid.gov>, "nwolfe@metabiota.com" <nwolfe@metabiota.com>,
Samtha Maher <maher@ecohealthalliance.org>, "erubin@metabiota.com" <erubin@metabiota.com>, Kierste Miller
<kmiller@metabiota.com>

Absolutely, yes. I believe that USAID will be hosting, but would ask our USAID colleagues to confirm if that's correct
all the best,
Ben

On Wed, Jan 15, 2020 at 1:59 PM Peter Daszak <daszak(@ecohealthalliance.org™> wrote:

Just wanted to check in with everyone — are we still having an in-person BCA meeting on the 12 Feb in DC?

Cheers,

Peter

Peter Daszak

President

EcoHealth Alliance
460 West 34" Street — 17" Floor

New York, NY 10001

Tel. +1 212-380-4474

Website: www.ecohealthalliance.org

Twitter: @PeterDaszak
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EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife health and delicate
ecosystems. With this science we develop solutions that prevent pandemics and promote conservation.

From: Ben Oppenheim [mailto:boppenheim@metabiota.com]

Sent: Wednesday, January 8, 2020 12:16 AM

To: Nita Madhav; Dean Jamison; Dennis Carroll; Jonna Mazet; Nicole Stephenson; Cara Chrisman;
nwolfe@metabiota.com; Samtha Maher; Peter Daszak; erubin@metabiota.com; Kierste Miller

Subject: Re: BCA updates and two requests

Dear GVP colleagues

Happy new year -- | hope that you all had a wonderful holiday and start to 2020.

We would of course be happy to prepare a short brief about the BCA activities, as well as a few slides, around the end
of January. Please let us know if you have an exact deadline, or any specs we should bear in mind (e.g., how much
background would be needed on methodologies employed, such as catastrophe modeling).

Since the last meeting we have made progress on several fronts, including:

Exceedance probability estimates

¢ Built on existing data sets and compiled additional data on losses from historical epidemics (cases, deaths),
to provide an actuarial view of risk

¢ Developed preliminary baseline ("no GVP") estimates for Infrequent spillover / moderate R, pathogens
(e.g., filoviruses) and respiratory non-influenza viruses (e.g., coronaviruses), with continuing development work
on other catalogs

o Developed methodology for modeling GVP impacts on exceedance probability curves (e.g., via reduced
spark risk, improved time to intervention)

Characterization of GVP impact

e Research into PREDICT-driven capacity building improvements, with preliminary indications of
improvement to response time.

e Synthesized research (e.g. new key informant interviews) on potential GVP benefits for new product
development

Economic losses

¢ Finalized methodology for estimating statistical value of lives lost (saved)

e« Compiled revised dataset on shocks to national income from historical epidemics
Looking forward to our call next week,

Ben (and colleagues)
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On Wed, Dec 18,2019 at 2:58 PM [ pd il D JANGH B =l B} v :ot<:

Hi Dean, Ben, and Nita,

I am reaching out with updates and two requests related to BCA. Recently, a 501(c)3 non-profit organization was
formed for the Global Virome Project, and GVP will be holding its first Board meeting in mid-February 2020. During the
meeting, we would like to brief board members about the BCA group’s great activities to date.

Would you be able to develop a short brief about the BCA group’s activities (1-2 page max), and a couple of slides?
Our timclinc would likcly be around the end of January, prior to thc BOD mccting. My collcagucs copicd here can follow

up with an exact deadline.

In addition to the request above, would you be able to share quick updates (some bullet points in an email to the group
cc’ed here) about the progress of the analysis since our last meeting?

Please send your response to my colleagues copied here, as I will be handing my GVP work over. Thank you very much
for your hard work.

Best wishes,

REDACTED

Ben Oppenheim, PhD

Director, Product Development // Senior Scientist

510.501.1097

Ben Oppenheim, PhD
Director, Product Development // Senior Scientist

510.501.1097
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From: Ben Oppenheim <boppenheim@metabiota.com>

Sent: Wed, 15 Jan 2020 23:27:31 -0800

Subject: presentation for 16 January advisory call

To: Dean Jamison <djamison@uw.edu>, Stefano M Bertozzi <sbertozzi@berkeley.edu>, Paola Gadsden
<paola.gadsden@cisidat.org.mx>, Nita Madhav <nmadhav@me§:1biota.com> Nicole Stephenson <nstephenson@metabiota.com>,
Jaclyn Guerrero <jguerrero@metabiota.com>, Dennis Carroll WIEz Cara Chrisman <cchrisman@usaid.gov>,
Jonna Mazet <jkmazet@ucdavis.edu>, Peter Daszak <daszak@ecohealthalliance.org>, "Stephen S. Morse"
<ssm20@cumc.columbia.edu>, Gavin Yamey <gavin.yamey@duke.edu>, "Boyle, Colin" <Colin.Boyle@ucsf.edu>, "Rubin, Eddy"
<erubin@metabiota.com>

Advisory meeting 01162020.pdf

Dear advisors,
Attached, please find a copy of the presentation materials for tomorrow's call.
We're very much looking forward to our discussion, and to your feedback.

all the best,
Ben
Ben Oppenheim, PhD

Director, Product Development // Senior Scientist

510.501.1097
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GVP Benefit-Cost Analysis
Advisory Panel Meeting

January 16, 2020

OOOOOOOOOOOOO



Agenda

Progress since last meeting
Classification and focus criteria
Estimates of capacity building impacts
Preliminary EP and impact analysis
Next steps for 12 Feb meeting
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Progress to date

Finalized conceptual framework for GVP benefit stream

Completed key informant research on new product development

Refined and expanded historical dataset of epidemic losses

Refined VSL estimation and sensitivity-testing approach

Finalized dataset of historical GNI losses

Model development and parameterization

Continuing progress on exceedance probability estimates (preliminary results)

U o
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Proposed Mechanism for GVP benefits

Decrease frequency

Improve response time

Source

More information about the geographic and host range of
known pathogens

Potential

Potential

Advisor discussions

Greater diversity of viral reagents for countermeasure
development

No (based on Stef & Paola’s
research)

No (based on Stef & Paola’s
research)

Carroll et al. 2018
Supplement

Capacity building Potential Potential Carroll et al. 2018
(e.g. training surveillance and lab staff, etc.) Supplement
Enhancing rapid diagnosis during outbreaks No Potential Carroll et al. 2018

Supplement

Designing risk mitigation policies

Fully dependent on external
parties and factors

Fully dependent on external
parties and factors

Carroll et al. 2018
Supplement

Strategies to triage potentially pandemic viruses for
enhanced characterization and risk mitigation policies

Fully dependent on external
parties and factors

Fully dependent on external
parties and factors

Carroll et al. 2018
Supplement

Early warning of future threats

Fully dependent on external
parties and factors

Fully dependent on external
parties and factors

Jonas and Seifman
2019

Data to improve prevention and reduction of these threats

Fully dependent on external
parties and factors

Fully dependent on external
parties and factors

Jonas and Seifman
2019

Inputs for advance preparation of response for
unexpected outbreaks of unknown diseases

Fully dependent on external
parties and factors

Fully dependent on external
parties and factors

Jonas and Seifman
2019
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Modeled mechanisms for GVP impact

Decreased frequency of events (prevention of spillover)

o
e Decreased intervention time leading to decreased event severity
o Improved detection time
o Improved time to identification of the virus
o Improved time between identification and response
c
g < -2
E fu C
o "g' > Tz GE)
o 2 s 2
2 O - c © I=
o 2 o e o ko
< S S <> T £ b
O x = e 5 = 8
T S 5 5 85 2
s c ° o) o > D
L=y =) i) X o o
Total time between exposure and intervention
= -

UCDUSR0007857



Approach to GVP impact analysis

e Many of GVP’s hypothesized impacts are difficult to quantify and there is a large degree
of irreducible uncertainty

e A break-even analysis will provide the project team’s best estimate of the likely impact,
along with a range of other outcomes under different assumptions

e The project team believes that this approach will provide the most impartial and
balanced view of our research and outputs

Break-even analysis process:

1. Determine the required “Break Event Point” based on the economic analysis

2. Calculate the impact of GVP (in deaths averted and GDP loss mitigated) required to reach the “Break
Event Point” for the program

3. Model the impact of GVP over a range of impacted parameters (frequency of spillover and intervention
time)

4. Present the evidence collected for the impact of GVP on frequency of spillover and intervention time
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Classification of Viruses

Classification

A. Pandemic
influenza

B. Infrequent
spillover -
Moderate RO

C. Non-Flu
Respiratory

D. Frequent
spillover - low
RO

E. Vector-borne

F. Other

Examples

Ebola,
Marburg,
Machupo

SARS, MERS

Lassa,
Hantaviruses

Dengue, Zika,
Yellow fever

Monkeypox,
Sosuga virus

Model type

Mechanistic

Mechanistic

Mechanistic

Phenomenological

Phenomenological

Phenomenological

Freq.

Low

Low to
Moderate

Low

High

Moderate

Low

Severity

High

Low to
High

High

Moderate

Moderate -

High

Low to
high

Spark map

4 countries

Bat diversity and
human pop

Bat and Rodent
diversity
Rodent diversity

Vectors

Hotspots

CFR

Low

High

Moderate

Low -
Moderate

Low -
Moderate

Correlated with
event size
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