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Abstract
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) PREDICT program funded development of regional, national, and local One Health
capacities for early disease detection, rapid response, disease control, and risk reduction. 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. Using qualitative and quantitative approaches, PREDICT behavioral
research aimed to identify and assess a range of socio-cultural behaviors that could be influential in
zoonotic disease emergence, amplification, and transmission. This broad approach to behavioral risk
characterization enabled us to identify and characterize human activities that could be linked to the
transmission dynamics of new and emerging viruses. This paper provides a discussion of
implementation of a social science approach within a zoonotic surveillance framework. We conducted indepth ethnographic interviews and focus groups to better understand the individual- and community-level
knowledge, attitudes, and practices that potentially put participants at risk for zoonotic disease
transmission from the animals they live and work with, across 6 interface domains. When we asked
highly-exposed individuals (ie. bushmeat hunters, wildlife or guano farmers) about the risk they perceived
in their occupational activities, most did not perceive it to be risky, whether because it was normalized by
years (or generations) of doing such an activity, or due to lack of information about potential risks.
Integrating the social sciences allows 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.
Understanding these dynamics is critical to achieving health security--the protection from threats to
health-- which requires investments in both collective and individual health security. Involving behavioral
sciences into zoonotic disease surveillance allowed us to push toward fuller community integration and
engagement and toward dialogue and implementation of recommendations for disease prevention and
improved health security.

Background
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). 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
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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 H9N2, Hantaviruses, and human sleeping sickness
(Morse et al. 2012; Taylor, Latham & Woolhouse, 2001). One Health, an approach that recognizes human,
animal, and environmental health as linked, has proven valuable in recent emerging infectious disease
research and surveillance efforts and is representative of trends in the transmission of pathogens across
species (Bidaisee & MacPherson, 2014).
One Health Theory
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. In the 2000s, the concept of One Health was adopted to
further broaden the concept 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). One Health is
defined as “a collaborative, multisectoral, and transdisciplinary approach ,,, with the goal of achieving
optimal health outcomes recognizing the interconnection between people, animals, plants, and their
shared environment (Centers for Disease Control and Prevention, 2018).

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 resulting One Health work has prioritized the study of “natural” ecological systems
over “social” systems (Rock et al. 2009; Zinsstag et al. 2011; Woldehanna & Zimicki 2015), as
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). This dynamic, interdependent vision
is similar to the biocultural conservation principle that suggests that interventions must be tailored to the
social-ecological context and that different worldviews and knowledge systems must be incorporated
into conservation planning (IUCN, 2015). Without a nuanced understanding of specific human activities,
“how, where and when people interact with animals,” 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 the environment, One Health teams should strive to include professionals from
disciplines like anthropology, economics, political science, psychology, and sociology (Rock et al. 2009).
Understanding Human Behavior through the Ebola Lens
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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 the existence 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 and Uganda, the
behavioral sciences – medical anthropology in particular – have made 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 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 culturallyspecific context and meaning of behaviors driving disease transmission, response efforts can react faster
and design more culturally appropriate interventions that are acceptable to the populations being
affected. In addition, contributions from social scientists can help to identify rumors, fears, and
misinformation that may be amplifying risks for transmission. 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, as opposed to “coercive
approaches” that are largely indifferent to the needs and opinions of communities. A major global health
security lesson learned from the West Africa Ebola epidemic was that to strengthen a population’s ability
to protect themselves we must better understand how certain behaviors put people at risk, and what
changes we can make to mitigate that risk. Being able to communicate how human/animal interactions
facilitate the emergence of wildlife pathogens in human populations to public health decision-makers
and advocating for behavioral change communication, education, and prevention efforts can improve
compliance with and the effectiveness of medical interventions and public health efforts.

Approach
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 can 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). 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
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associated with disease transmission is fundamental to more holistically understanding the conditions
and circumstances in which zoonotic diseases emerge and spread.
The Emerging Pandemic Threats program
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. The purpose was 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, attitudes, and practices 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. 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, 2014).
PREDICT 2
Building on this foundation, USAID’s EPT program funded another 5-year investment to strengthen health
system capabilities for improved zoonotic disease prevention, detection, and response. In 2014, this
second phase of the PREDICT project was launched in Africa, South and Southeast Asia, and East Asia
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. PREDICT’s behavioral risk strategy was implemented in 27 countries
from 2014-2019 (Figure 1), and was adapted to host country contexts and specific human-animalenvironment interfaces, yet data collection was standardized globally to enable cross-country, regional,
and ultimately global comparisons.
Figure 1 PREDICT behavioral risk investigations

27 out of PREDICT’s 28 participating countries implemented questionnaires for quantitative analysis; the
exception was Mongolia, which focused exclusively on Influenza A surveillance in wild birds.13 countries
conducted qualitative behavioral risk investigations.
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In each country, a structured quantitative questionnaire was administered whenever a human sample was
collected. This 57-item questionnaire covered demographics, travel, hygiene, self-reported illness 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 administered based on a participant’s reported occupation or primary
livelihood in the past year. 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 20,000 individuals were enrolled and completed questionnaires
in these 27 countries (Table 1 and Figure 2).
In-depth Behavioral Risk Investigations
As capacity, time, and funding allowed, each country team could elect to incorporate PREDICT’s
qualitative research strategy into behavioral risk investigations. Qualitative tools were designed to
complement 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.
The countries that opted to include qualitative research in their behavioral risk investigations did so due
to locally relevant high-risk interfaces that warranted deeper investigation into their contexts and sociocultural dynamics. Country teams decided on where to target qualitative efforts and how to engage
community gatekeepers and key informants who could facilitate access. 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 Vietnam, the focus was on wildlife farming practices and biosecurity
measures. In the 13 countries implementing this qualitative behavioral risk scope, more than 2,000
individuals were enrolled in ethnographic interviews and focus group discussions, and interviews were
transcribed and translated (as necessary) for coding and analysis (Table 1).
Table 1 Global summary of behavioral data collection

+ 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.
Figure 2. Implementation of questionnaires*, ethnographic interviews, and focus group discussions
(FGDs)
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*The summary above does not include questionnaire respondents from PREDICT’s Ebola Host Project,
which was conducted in Guinea, Liberia, and Sierra Leone.
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 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 socio-behavioral risks (using a standardized
questionnaire with the option of conducting additional in-depth behavioral risk investigations through
ethnographic interviews and focus group discussions). Standard operating procedures and training
materials were developed to assure standardization of the strategy through the life of the project
(PREDICT Consortium, 2019). Once approved by US and host country Institutional Review Boards and
ethics committees, the strategy and tools were put into action with partners across all project countries.
At the country level, personnel were identified by local 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 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 (Figure 3). Teams worked together 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, with community engagement, behavioral risk investigations, animal
sampling, and human sampling often occurring simultaneously in targeted communities.
Figure 3. Supporting the Creation of a Global Behavioral Risk Cadre

Bringing together a transdisciplinary team of scientists and practitioners was central to the human
behavioral risk surveillance arm of PREDICT. Representing myriad disciplines, local behavioral risk teams
were provided with trainings specifically centered on the foundations needed to successfully conduct
behavioral risk investigations.
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Results
As many PREDICT global virus discoveries originated from bat hosts, analyses across all sites where
qualitative data was collected focused on bat interfaces, in addition to large wild animal markets which
focused on all taxa in the animal value chain.
Qualitative interviews and focus groups were collected across 13 countries, and were analyzed according
to the following 6 risk interface domains, where humans come in regular contact with bats and other
taxa:
Figure 4. Bat-specific interfaces investigated by One Health surveillance teams.

Several bat-specific interfaces were investigated by PREDICT’s One Health surveillance teams and
explored in-depth through our human behavioral risk investigations. Large market value chains were a
principal area of interest in relation to all wildlife taxa.
1. Guano Farming and Harvesting
In Vietnam, the guano collection process was identified as an important risk interface in agricultural
communities, exposing harvesters, vendors and farmers purchasing guano at risk for transmission of bat
viruses. Roles of individuals within the value chain were characterized, confirming guano collection and
adjacent domestic animal holdings as a priority for human, bat, and domestic animal surveillance
activities.
2. Hunted Bats in the Value Chain
Based on food practices in Indonesia, certain occupations are characterized as high-risk: hunters, wild
meat processors/slaughters, vendors, and consumers. Study participants, targeted for their involvement
in the wildlife trade, described contact with multiple taxa, with rats, bats, and wild boar being most
hunted, transported and sold by the respondents. Most individuals interviewed lacked knowledge of
potential zoonotic disease threats, with only a few respondents under the perception that a wild animal
can cause sickness. In North Sulawesi, over half (54%) of participants reported having treated a bite or
scratch received while slaughtering, and 83% (n=145, CI 0.77-0.88) of those individuals had contact with
bats. These preliminary findings indicate that people in high-risk occupations need to be better informed
about zoonotic disease transmission.
In Côte d’Ivoire, bat hunters described hunting with a slingshot, a catapult, or a gun, then killing the bat
with a final blow of a machete once it fell to the ground. Several participants mentioned specifically
handing off the dead bats to children for preparation. When handling the dead bat, respondents described
bare-handed contact with the body and with the bat blood. Some respondents revealed that according to
tradition, bat consumption is discouraged among pregnant women. Eating bats was described by some
as a custom of the past, others expressing distaste for bats, and a few said bats were appetizing. While
some respondents reported bats as rare or difficult to find, others described their regular presence around
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their homes and fields. Possibly due to previous public health messaging regarding Ebola transmission
risk from bats, respondents seemed uneasy discussing bats with the interviewers.
3. Shared Food Resources between bats and humans
In Bangladesh, wild macaques interact with the community, frequently entering kitchens and other
domestic areas, opening food and water containers, riffling through clothing, and stealing food. Regular
physical contact with the macaques was reported, including bites and scratches. Some attributed these
conflicts to a change in macaque home ranges driven by deforestation, where they now must invade
houses to find food.
In Tanzania, participants shared insights about wildlife raiding their crops. Destruction of crops by
baboons and other non-human primates, rodents, and wild and domestic ungulates is such a severe
problem that some farmers spend from several weeks to seven months living in temporary shelters in
their fields to scare animals away. Participants talked about the increasing scarcity of wild meat and
attributed this to increased human population density, and described a range of conditions under which
people eat the meat of animals known to have died of disease. Another pervasive theme was the claim
that refugee populations drive hunting and bushmeat consumption, particularly of non-human primates.
4. Bat Community Interfaces
In Sierra Leone, participants in focus group discussions and interviews revealed direct and indirect
contact with bats, and were not aware of the potential health risks posed from human-bat contact. They
shared that insectivorous bats were seen as pests, were commonly found roosting in roofs of homes, and
their excreta (urine and feces) were contaminating food and water supplies. While individuals were aware
that bats were implicated in the Ebola epidemic, they did not have an adequate understanding of how
zoonotic diseases are transmitted or of the health risks that bats pose. Community members recalled
hearing public health messages concerning bats and wildlife during the Ebola epidemic, but they were
unsure of the messages’ veracity or relevance. The knowledge-focused health interventions implemented
during the Ebola outbreak seem to have fallen short of motivating long-term behavior change, as virtually
all of the hunters had resumed bat hunting by the resolution of the outbreak.
In Nepal, community-based surveillance in urban Kathmandu and in rural areas engaged participants
about contact with wild and domestic animals, which was prevalent in all communities. Bat hunting was
most common in male and adult (20-60 years) participants. People who hunted bats were also more
likely to report influenza-like symptoms in the past year, compared to individuals who did not hunt bats.
The majority of people in rural and some from urban communities reported that they had eaten raw, sick
animals, or animals found dead. Hunting of wild animals and selling of dead animals were observed only
in the rural study site, where communities engaged in hunting were targeted for surveillance and where
residents reported hunting, cooking, or handling bats. Other animals were also hunted in this community
to mitigate crop and food raiding. Respondents from rural communities provided important context for
their contact with animals, including bats, where findings highlight concerns over sanitation and hygiene,
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lack of knowledge on disease risks, and the prevalence of high-risk activities for virus spillover related to
human-animal interactions. These behaviors and documented knowledge gaps show vulnerabilities to
infectious diseases.
5. Ecotourism
In Cameroon, tourists visit a mountaintop near the village of Ndem-Mvo’h where they go to pray to what is
known to the locals as the “Hidden God” or “God of the Cave.” This sacred cave contains a large colony
of thousands of Rousettus aegyptiacus bats and is used in rituals in which people come to purify
themselves and ask for good fortune and blessings. Though bat hunting is forbidden by the local Chief,
hunting bats for sustenance is done in secret, as reported by a local. The ecotourism interface is an
important one in this area, as the Cameroonian population has high levels of sustained contact with bats,
with most people exercising little if any form of personal protection. Locals stress that it is difficult to
restrict activities at the cave due to economic barriers and years of cultural practice.
In the Kongo Central region of the Democratic Republic of Congo, there are multiple tourist attractions
bringing people to DRC from all over the world: the Luki Biosphere Reserve (a protected UNESCO site),
Zongo Falls Park & Lodge, the Mangroves Marine Park in Moanda, and the Grand Inga Dam, one of the
largest hydroelectric power plants in the world. During a focus group in Inga, hunters talked about hunting
fruit bats seasonally, from October to December, in huge numbers. Hunters sell to private clients or to the
village women, who sell to their wide network of local buyers and tourists in the surrounding cities,
including Kinshasa. “We organize ourselves to go hunting on Saturday, and we have [clients’] phone
numbers and when we slaughter, we will call them to tell them that now we have such an animal, so you
come meet us in such a place and we sell it.” The ecotourism interfaces around the region create the
possibility of disease transmission and spread over long distances, with tourists potentially being
exposed to zoonotic diseases and returning home with them.
6. Large Market Value Chains
In the Republic of Congo (RoC), bats were a visible staple in the markets in Brazzaville. Bats were
described as being available for purchase either freshly killed and ready to be butchered at home, or alive
and available to be slaughtered on demand in the market. In interviews with wild animal value chain
actors -- hunters, suppliers/middlemen, vendors, consumers, and employees of adjacent shops and
businesses -- among those who reported slaughtering bats (putting them into direct contact with the
viscera), bats were seen as having little that could not be consumed. Bat hunting, particularly during
mango season, could yield substantial income for a family, and selling bats was perceived as the only
way to make ends meet for some households. When asked about Ebola and the risks associated with bat
consumption, an adult female shop owner shared her perception, “Since we saw nobody die of it, we keep
eating them.” Other participants said that though they neither sell nor eat bats, they sometimes handle
bats in the course of preparing meals for other household members. Smoked bushmeat was also a
recurring preference.
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In Cameroon market sites, the team recorded sales of nearly 40 different species of wild animals, many
of which are protected species that are illegal to hunt or to sell, and several of which are endangered due
to their low remaining population sizes in the wild and frequent involvement in illegal trafficking. Prices
ranged widely for different species, and the demand for the wild meat was high. Market workers and
hunters interviewed said that bushmeat doesn’t transmit illness to people, and that transmission of
disease cannot occur between animals and humans. Some market workers and butchers say that
working with wild animals is not risky. Many believe that the only risk is of cutting oneself, not due to
blood-blood contact between animals and humans, but because the wound may get infected if not
treated properly. Most market workers and hunters do not consider PPE important. Several mention that
gloves are not a feasible protective measure, as “hospital-style gloves are too thin to protect against
anything, and larger gloves used for heavier tasks are too cumbersome for the work we do.” According to
a restaurant worker, people in Sangmelima do not hunt or consume bats, as their physical appearance is
off-putting to many, with a few individuals explaining that “they are too ugly to eat.”
In DRC, bushmeat vendors expressed a lack of knowledge of disease transmission, particularly about the
role of animals in the transmission of illness. Most vendors reported that wild animals cannot carry
disease and therefore could not transmit diseases to humans. Bushmeat is perceived to be “natural”
since it is not raised by humans. Some said they had heard Ebola was spread by animals but others
attribute Ebola to witchcraft. Multiple bushmeat vendors stated, “This story of Ebola is false. There was a
trapper whose animal was stolen, and to get revenge he made a fetish and he killed all those who had
eaten his meat....[Clients] continue to eat bushmeat because they know that it wasn’t Ebola but rather a
history of bushmeat and witchcraft.” Nearly all bushmeat butchers avoid cleaning their butchering
utensils or the work surfaces, as they say the taste of the bushmeat would be ruined by the soap. Many
butchers wear clothes for market work that are kept separate from home clothes. PPE such as gloves,
masks, or boots, were rarely used by bushmeat vendors or butchers.
Insights gained through in-depth behavioral investigation provided valuable information for the
development of culturally appropriate interventions and behavior change communication. Meetings with
government partners were held to raise awareness of zoonotic diseases and to identify potential
strategies for risk reduction and disease prevention.

Figure 5. While human-bat interactions were unique by country and context, key themes ranging from bat
hunting to bat-community interfaces were commonly shared among the countries conducting qualitative
research. This figure presents cross-country examples of how interviewee’s describe local interaction with
wildlife, particularly bats.
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
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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
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.
Throughout 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, chiefs and elders in the target communities, to help
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 relationships and teams necessary for gaining community buy-in,
trust, and support for our unconventional surveillance strategy.
Figure 6. Illustrative DR Congo highlights: investigating risk in the bushmeat value chain

In 8 bushmeat markets in Kinshasa and in lnongo 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, 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
bush meat vendors to test this hypothesis (Lucas et al., 2020).

Include Photo here.
Photo caption: A woman sells wild meat at the Mbandaka market, one of the sources for wild meat
entering the terminal urban markets in Kinshasa and a location for previous Ebola outbreaks. (Credit:
PREDICT Consortium)

Discussion
Insights and impact from incorporating social sciences into One Health surveillance
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 collaborative and multidisciplinary surveillance workforce
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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 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 into 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.
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.
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 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 to
participating communities to share project findings is unfortunately extremely rare. We received reports
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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 team strongly
recommends 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.
Figure 7. Sierra Leone case study: assessing risks to inform public health communications
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 new Ebolavirus species - Bombali ebolavirus. The early integration of behavioral
research with wildlife surveillance enabled the 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, with special emphasis on 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 prepare them for future public health
investigations.

Photo inserted here
Photo caption: The Sierra Leone team delivers the behavior change communication and risk reduction
resource Living Safely with Bats to community members during an outreach and risk communication
campaign following the discovery of a new Ebolavirus in bats. (Credit: PREDICT Consortium)
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
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experts, which often informed the selection of sites where sampling would take place. For example,
through 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.
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 high risk areas characterized by
increased interactions 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
government and community stakeholders, following the release of the new Bombali virus finding
(Goldstein et al. 2018). 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 were 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, Côte d’Ivoire, DR
Congo, Ghana, Guinea, Indonesia, Lao PDR, Malaysia, Nepal, ROC, Senegal, Sierra Leone, Tanzania,
Thailand, and Vietnam).
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
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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).
Figure 8. Implementation of the Living Safely with Bats resource in West Africa

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 with them when contact is unavoidable, and managing bats
in and around the outside of the home.
After the Bombali virus was discovered in bats (Goldstein et al. 2018), our teams focused more
specifically on bat-human interfaces for virus spillover and transmission. Country teams identified
specific bat-human interfaces that might serve as potential zoonotic spillover sites for more targeted
sampling, and in countries engaged with in-depth qualitative investigations, ethnographic interviews and
focus group discussions were conducted with individuals connected to a range of hypothesized at-risk
bat-human interfaces, described above. This approach led to the design of several deep-dive analyses
seeking to directly link behavioral data with ecological and biological data to generate exploratory risk
models, estimate the potential impact of risk reduction strategies, and ultimately identify candidate
intervention recommendations that could be pilot tested and if successful, taken to scale.
Sharing our findings for sustained One Health engagement
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 returned 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 (ie bushmeat hunting), their interest and willingness to engage
demonstrates the power of community buy-in that is needed for prevention and sustained disease control
efforts.

Page 17/39

A major lesson learned towards the end of the project was managing expectations as project activities
concluded. Due to the One Health surveillance design, our 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.
Sharing findings with stakeholders involved in the project was an obligation that the team took very
seriously, but sharing such findings raises questions about what communities can do to protect
themselves from emerging disease threats. To this end, our teams spent time with these at-risk
communities, conducting focus groups to discuss what might be attainable, and exploring protective
interventions that communities might adopt to prevent zoonotic disease exposure. By working with this
data and the knowledge and insight gained by our local teams, we developed intervention
recommendations that were then presented back to communities at the conclusion of the project.
Although the primary objectives of PREDICT did not involve developing or testing behavioral risk
interventions, we conducted in-depth behavioral risk investigations to better understand the individualand community-level knowledge, attitudes, and practices that potentially put key actors at risk for
zoonotic disease transmission from the animals they live and work with. When we asked highly-exposed
individuals (ie. bushmeat hunters, wildlife or guano farmers) about the risk they perceived in their
occupational activities, most did not perceive it to be risky, whether because it was normalized by years
(or generations) of doing such an activity, or due to lack of information about the potential risks. Many
individuals spoke about the occupational-exposure to animal disease risks not being as important as
earning a living, so as with Maslow’s hierarchy of needs, physiological needs such as food, water and
shelter, usually come before ‘safety needs’. Satisfying those ‘physiological needs’ requires a cash income.
Participants almost uniformly referred to the socio-economic drivers of the work they do handling
animals, and some spoke about not having other choices.

Conclusions And Recommendations
To be successful, emerging infectious disease surveillance projects cannot focus on surveillance and
detection of pathogens alone. Integrating social science into these projects facilitates more
comprehensive investigation into 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. Understanding these
dynamics is critical to achieving health security -- the protection from threats to health -- which requires
investments in both collective vulnerability and individual health security (Heymann, 2015). Collective
approaches are often at the policy level and focus on health security at scale and may include
strengthening surveillance and detection systems, quarantine efforts, vaccination campaigns, border
controls, and real-time reporting of any public health emergency of international concern. Through
initiatives such as the Global Health Security Agenda, there are commitments to health system
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strengthening and policy adherence to International Health Regulations at the national level. Despite
these promising developments, individual or community health security is a crucial if nebulous domain of
focus, as is the important role that social sciences can play in its realization. In an outbreak situation,
individual health security is framed as critical “personal access to safe and effective health services,
products, and technologies” (Ibid). The work of our social science teams however, demonstrates that
investments in disease prevention upstream through efforts targeting behavior change helps individuals
better understand disease transmission dynamics, can change risky behaviors, and can further enhance
both individual and community health security.
Effective behavioral change strategies must be evidence-based and begin with education and meaningful
messaging that is focused on the target audience’s concerns. These include socio-economic factors as
well as factors impacting individual and community health security. Identifying health risks and
suggesting potential mitigation strategies can be achieved in a relatively short time, as we have
demonstrated through our work at the bat-human interface. However, encouraging uptake and achieving
lasting behavioral change praxis in diverse cultures and communities requires committed, prolonged
engagement, as well as evaluations to test and explore the impact of interventions. For example, further
research is needed to better understand which behaviors individuals will change, if at all, and what effect
these changes will have on health outcomes.
Perhaps the most positive outcome from PREDICT has been the integration of social science approaches
with One Health surveillance to work towards community-level 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 the 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. Ultimately, however, it was the involvement of behavioral sciences that
allowed us to push toward fuller community integration and engagement and toward dialogue and
implementation of recommendations for disease prevention and improved health security. However, the
adoption of these recommendations and ultimately the sustained engagement required to evaluate their
success remains a high priority for further investment.
We encourage future programs to work with communities on educational and capacity-building initiatives
that improve community awareness of disease threats and that work collaboratively towards risk
mitigation strategies. Additionally, we encourage further integration of social sciences in disease
surveillance programs to better identify and illuminate specific and previously unidentified drivers of
disease emergence and spread for individual pathogens, especially between natural and social systems.
While our strategy was designed for identifying and comparing risks for human and animal contact and
potential exposure to a diversity of zoonoses across countries, the broader socio-cultural and economic
dimensions of risk that emerged from our ethnographic in-depth behavioral investigations warrant further
exploration, especially with regard to specific wildlife-human interfaces, the associated behaviors and
practices that might influence virus spillover and spread, and the potential suite of targeted interventions
that could be explored for effective risk reduction and disease control.
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As we enter a new decade, the One Health approach continues to break down barriers between silos in the
scientific, health, and security communities and importantly bridge divides between natural and social
systems. For the latter, PREDICT provides a new model and framework for transforming theory into
practice, for “socializing” One Health and beginning to take it to scale.
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Figure 1
PREDICT behavioral risk investigations 27 out of PREDICT’s 28 participating countries implemented
questionnaires for quantitative analysis; the exception was Mongolia, which focused exclusively on
Influenza A surveillance in wild birds.13 countries conducted qualitative behavioral risk investigations.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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Figure 2
Implementation of questionnaires*, ethnographic interviews, and focus group discussions (FGDs) *The
summary above does not include questionnaire respondents from PREDICT’s Ebola Host Project, which
was conducted in Guinea, Liberia, and Sierra Leone.
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Figure 3
Supporting the Creation of a Global Behavioral Risk Cadre Bringing together a transdisciplinary team of
scientists and practitioners was central to the human behavioral risk surveillance arm of PREDICT.
Representing myriad disciplines, local behavioral risk teams were provided with trainings specifically
centered on the foundations needed to successfully conduct behavioral risk investigations.
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Figure 4
Bat-specific interfaces investigated by One Health surveillance teams. Several bat-specific interfaces were
investigated by PREDICT’s One Health surveillance teams and explored in-depth through our human
behavioral risk investigations. Large market value chains were a principal area of interest in relation to all
wildlife taxa.
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Figure 5
While human-bat interactions were unique by country and context, key themes ranging from bat hunting
to bat-community interfaces were commonly shared among the countries conducting qualitative
research. This figure presents cross-country examples of how interviewee’s describe local interaction with
wildlife, particularly bats.
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Figure 6
Illustrative DR Congo highlights: investigating risk in the bushmeat value chain In 8 bushmeat markets in
Kinshasa and in lnongo 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, asking about animal exposure and behavioral risk factors and socioeconomic drivers of subsistence hunting.
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interviews with the population, asking about animal exposure and behavioral risk factors and socioeconomic drivers of subsistence hunting.

Figure 7
Sierra Leone case study: assessing risks to inform public health communications 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
new Ebolavirus species - Bombali ebolavirus. The early integration of behavioral research with wildlife
surveillance enabled the 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, with
special emphasis on household bat infestations and bat hunting.
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Figure 8
Implementation of the Living Safely with Bats resource in West Africa 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 with them when contact is unavoidable, and managing bats in and around the outside of the
home.
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