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Abstract: Zoonotic transmissions are a major global health risk, and human–animal contact is frequently
raised as an important driver of transmission. A literature examining zooanthroponosis largely agrees that
more human–animal contact leads to more risk. Yet the basis of this proposition, the term contact, has not
been rigorously analyzed. To understand how contact is used to explain cross-species spillovers, we conducted
a multi-disciplinary review of studies addressing human–nonhuman primate (NHP) engagements and pathogenic transmissions and employing the term contact. We find that although contact is frequently invoked, it
is employed inconsistently and imprecisely across these studies, overlooking the range of pathogens and their
transmission routes and directions. We also examine a related but more expansive approach focusing on
human and NHP habitats and their spatial overlap, which can potentially facilitate pathogenic transmission.
Contact and spatial overlap investigations cannot, however, explain the processes that bring together people,
animals and pathogens. We therefore examine another approach that enhances our understanding of zoonotic
spillovers: anthropological studies identifying such historical, social, environmental processes. Comparable to a
One Health approach, our ongoing research in Cameroon draws contact, spatial overlap and anthropological–
historical approaches into dialog to suggest where, when and how pathogenic transmissions between people
and NHPs may occur. In conclusion, we call for zoonotic disease researchers to specify more precisely the
human–animal contacts they investigate and to attend to how broader ecologies, societies and histories shape
pathogen–human–animal interactions.
Keywords: Nonhuman primates, Disease emergence, Zoonosis, Human–animal contact, Spillover, One Health

INTRODUCTION
Electronic supplementary material: The online version of this article (https://doi.
org/10.1007/s10393-017-1283-4) contains supplementary material, which is available
to authorized users.
Published online: November 17, 2017
Correspondence to: Tamara Giles-Vernick, e-mail: tamara.giles-vernick@pasteur.fr

Zoonotic transmissions are frequently deemed to be a
major global health risk, representing some 60% of
emerging infectious diseases, of which 70% purportedly
originate in wild animals (Lloyd-Smith et al. 2009; Jones
et al. 2008). How these transmissions occur is of critical

Rethinking Human–Nonhuman Primate Contact and Pathogenic Disease Spillover

importance. Analysts have identified multiple drivers of
zoonotic transmission, including genetic proximity between hosts, a pathogen’s adaptive ability and human–animal contact catalyzed by human demographic expansion,
anthropogenically induced habitat fragmentation, hunting
and butchering of animals (Davies and Pedersen 2008; see
also Loy et al. 2017; van Vliet et al. 2017; Kurpiers et al.
2016; Mwangi et al. 2016).
Nearly two decades ago, Wolfe et al. (1998) observed
that ‘‘(i)ncreasing human contact with forested systems
almost certainly leads to a corresponding increase in the
emergence of infections in the human population.’’ This
observation, which increased contact leads to greater risk of
zoonotic disease transmission, has since been echoed in
multiple studies (Mossoun et al. 2017; Kelly et al. 2017;
Ahuka-Mundeke et al. 2017; Mossoun et al. 2015; Morse
et al. 2012).
We concur that frequency of human–animal contact,
among other factors, can increase zoonotic transmission
risks. Yet the very basis of this proposition—the term
contact—has not been rigorously analyzed, although some
researchers investigating zoonotic transmission recognize
that the term is often loosely defined. What contact is and
how it drives the emergence of infectious diseases of zoonotic origin is an important question, with critical implications for the surveillance, identification and control of
zoonotic disease, as well as the development and application of human health and wildlife conservation policies.
For these reasons, we conducted a multi-disciplinary review
of human–nonhuman primate (NHP) contact and pathogenic transmissions. We focused on human interactions
with NHPs because of their genetic proximity, their many
shared pathogens, and their prominence in this literature
(Calvignac-Spencer et al. 2012; Davies and Pedersen 2008;
Wolfe et al. 2007). Our aim was to evaluate the uses of
contact to encourage further rigor and greater precision in
evaluating how and why cross-species transmissions take
place.
Developing a fuller understanding of zoonotic spillover
necessitates using multiple investigative tools and concepts.
To that end, we examine one approach focused on contact
and a second, related but broader one, evaluating spatial
overlap in human and NHP habitats which facilitates pathogenic transmission. In addition to these approaches, we
discuss the use of anthropological–historical investigation
to explore the long-term historical, social and environmental processes that bring together people, animals and
pathogens. As a way of illustrating how contact, spatial and
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anthropological investigative approaches can illuminate
how, when, where and why pathogenic exposures occur
between people and NHPs, we describe our ongoing research in Cameroon.

METHODS
In compiling this review, we initiated searches in the
PubMed database with three different search strings: a
general search concerning human–NHP contact and pathogenic transmission; a second that included specific,
potentially zoonotic pathogens; and a third evoking human–NHP spatial overlaps and pathogenic transmission
(Fig. 1). We conducted the latter two searches because the
initial one did not consistently yield results for specific
pathogens or spatial overlap, even though these search
terms were pertinent to our research. We read all articles in
English or French with online accessibility and included all
those employing the term contact to assess human–NHP
engagements and disease spillover; duplicates were deleted.
To supplement this review, we conducted a manual search
to identify relevant articles in the bibliographies of our
PubMed search results. Supplementary file 1 lists all articles
included in the systematic and manual searches.
Beyond this literature review, we included additional
sources that did not address contact. Some illustrated
alternative routes of pathogenic transmission beyond
physical engagement with bodily fluids; other key works
introduced theoretical anthropological reflections that
could shed light on human–animal engagements and zoonotic emergence.

RESULTS
Our search yielded 184 articles. Of these screened articles,
36.4% (n = 67) used contact to refer primarily to physical
contact with NHPs or their bodily fluids, even if they did not
consistently define the term; 25.5% (n = 47) addressed human–NHP spatial proximities/overlaps; 26.6% (n = 49)
evoked both contact and spatial proximity; and 11.4%
(n = 21) used contact but left the term altogether undefined.

Contact and Exposure
Overall, we found that contact is deployed in multiple and
inconsistent ways. Contact can be qualified as ‘‘direct,’’ that
is, a physical exposure to bodily fluids of an infected animal
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Fig. 1. Search methodology for literature review

through mucosal or wound exposure; however, this same
‘‘direct contact’’ can also refer to aerosolized contact with
droplets of infected bodily fluids (Mossoun et al. 2017;
Muehlenbein 2017; Kurpiers et al. 2016; Gilardi et al. 2015;
Köndgen et al. 2008). It can be defined as ‘‘indirect’’ or
‘‘secondary,’’ ranging from exposure to fomites, feces or
vectors to inhabiting the same geographical zone (Kurpiers
et al. 2016; Gilardi et al. 2015; Ravasi et al. 2012; Davies and
Pedersen 2008; Wolfe et al. 2007). ‘‘Close contact,’’ employed in multiple publications, can refer both to bodily
proximity without physical engagement and to direct
physical touching (Kurpiers et al. 2016; Gilardi et al. 2015;
Rwego et al. 2008; Jones-Engel et al. 2006; Chapman et al.
2005; Muriuki et al. 1998). An exception is Tutin’s (2000)
overview of different types of contact between humans and
NHP species in central Gabon to shed light on factors
facilitating retroviral transmission.
At times, specific activities or social characteristics are
said to facilitate contact and, in turn, serve as proxies for
risk of exposure to a viral pathogen (Wolfe et al. 2005;
Wolfe et al. 2007; Wolfe et al. 2004). For instance, Mossoun
et al. (2015) argue that markers including gender, country
of birth and ethnicity are positively associated with NHP
contact, defined as hunting, dismembering, cooking or
eating wild NHPs, as well as touching or being injured by
NHP pets. These markers and the activities that they
facilitate thus constitute a proxy for risk of zoonotic
infection from NHPs. Although proxies are commonly

used, in this case, broad markers such as country of birth or
ethnic origin are inadequate indicators of the risk of
exposure, even if statistically significant. For instance,
decades of historical and anthropological research on ethnicity have demonstrated that ethnic origin is complex,
dynamic and variable across populations, across national
frontiers and over time (Harms 1981; Tonkin et al. 1998;
Kuba et al. 2004). Using ethnic origin as a proxy for
exposure risk assumes a highly reductive, misleading
understanding of ethnic belonging. This broad, uninformative marker may mask other, more specific ones that
could affect exposure risks. The group has since nuanced its
argument, contending that other parameters must be accounted for in NHP–human spillovers, including pathogen
prevalence in the NHP host species (Mossoun et al. 2017).
Activities facilitating direct, physical contact with NHP
bodily fluids certainly do elevate the risk of certain pathogenic transmissions. But exclusive attention to direct contact with contaminated NHP bodily fluids through hunting
and butchering is misleading: viral transmission routes can
be diverse. We focus below on three examples of zoonotic
emergence: HIV-1M, simian foamy virus and Ebola virus.
Our choice of these three examples results from their
prominence in the contact references amassed in our search
(41%). Closer analyses of these examples illustrate the
shortcomings of a preoccupation with direct, physical
contact through hunting and butchering, as well as the
importance of evaluating other pathways of exposure.
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Phylogenetic analyses have identified SIVcpz (chimpanzee) as the simian ancestor of pandemic HIV-1M and
argue for the emergence of into human beings between 1908
and 1933 (Faria et al. 2014; Peeters et al. 2014; Keele et al.
2006). To explain why this emergence occurred, some
virologists and evolutionary biologists have signaled that this
period coincides with European colonization of equatorial
Africa, which they argue precipitated an influx of arms and
concomitant increase in hunting and butchering of chimpanzees and other NHPs; increased hunting and butchering,
it is reasoned, led to increased exposure to infected chimpanzees and resulted in the ‘‘cut hunter’’—the purported
index patient cut or injured by a chimpanzee infected with
SIV (Pepin 2011; Peeters et al. 2014; Faria et al. 2014; De
Sousa et al. 2010). But SIV transmission between NHP species seems to have multiple pathways, some of which do not
result from hunting. For instance, SIV transmissions from
green monkeys (Chlorocebus sabaeus) to Patas monkeys
(Erythrocebus patas) occurred because of mutual grooming,
delousing and biting; gorillas, infected by SIVcpz, are not
known to hunt or eat meat (Bibollet-Ruche et al. 1996; Van
Heuverswyn et al. 2006). The exclusive focus on hunting and
butchering to explain SIVcpz emergence into human beings
is unduly limited, relying on an inaccurate assumption of
increased NHP hunting as a result of augmented firearm
circulation among Africans (Rupp et al. 2016).
The primary transmission risk of simian foamy virus
(SFV) from NHPs to humans comes from an animal bite
because the virus is more replicative in saliva than in other
bodily fluids (Falcone et al. 1999, Murray et al. 2006, 2008).
Betsem et al. (2011) show that people bitten by great apes,
primarily during hunting encounters, run an elevated risk
of SFV infection (see also Gessain et al. 2013; MouingaOndémé et al. 2012). But again, there may be exceptions to
this transmission pattern. Switzer et al. (2004) demonstrated that some laboratory workers who reported no bites
from captive NHP were nonetheless infected with SFV.
Switzer et al. (2012) subsequently showed in a non-captive
setting in the Democratic Republic of Congo (DRC), two
people having no contact at all with NHPs were nevertheless infected with SFV; their only identified risk factor
was having ‘‘enter[ed] the forest.’’ Switzer and colleagues
thus suggest that environmental exposure to contaminated
feces or urine may result in SFV transmission.
Finally, human–NHP engagements also appear to have
catalyzed human outbreaks of Ebola virus. Although great
apes are not considered Ebola virus reservoirs, direct contact with a chimpanzee during the butchering process has
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been linked to the 1999 and 2001–2003 human Ebola
outbreaks in Gabon (Gonzales et al. 2012; Feldmann and
Geisbert 2011; Georges-Courbot et al. 1997). And although
direct, physical contact through butchering is most risky,
laboratory experiments and field observations have identified other routes of transmission, including aerosolized
transmission (Weingartl et al. 2012; Formenty et al. 1999;
Johnson et al. 1995).
This overview and these examples show that contact
with bodily fluids through hunting and butchering offers
only partial explanations of NHP–human pathogenic
transmissions. Leaving contact altogether undefined, or
assuming that it occurs only through certain practices,
neglects other routes of transmission, including touching
contaminated feces or urine left on forest vegetation, or
eating partially consumed fruits—both of which may be
less risky but more frequent (Smiley Evans et al. 2016).
Great ape attacks on people uninvolved in hunting, at
agricultural or food gathering sites, can also occur and
facilitate pathogenic transmission (Oishi 2013; Hockings
et al. 2010; Wrangham et al. 2000).

Another Approach to Contact: Spatial Overlaps and
Proximities
Other preoccupations, including the limitations of an unduly restricted notion of contact, have given rise to more
spatial, ecological approaches to contact. The first, emerging primarily from primatology and conservation biology,
examines drivers that facilitate a bidirectional transmission
of diverse pathogens beyond viruses between NHPs and
human beings, demonstrating that pathogen sharing or
adaptation between NHPs and humans occurs when these
species co-inhabit specific ecological spaces (Kouassi et al.
2015; Drakulovski et al. 2014; Liu et al. 2014; Lane-deGraaf
et al. 2014; Salyer et al. 2012; Leendertz et al. 2008).
Goldberg et al. (2008), for instance, argue that spatial
proximities of NHPs, livestock and humans in Uganda
influenced genetic similarities of E. coli found in each
species, so that ‘‘[human] contact with primates occurs
during excursions into fragments to extract forest resources
(e.g., firewood, timber) or when primates leave fragments
to raid crops.’’ As evaluated here, contact does not result
from touching of bodily fluids and does not conclude in
viral transmission. Rather, it emerges from movement
within a shared habitat, and as Goldberg and colleagues
show, requires genetic verification of transmission, even
when people and NHPs share the same potential pathogen.
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In contrast to literature addressing contact, research
employing this spatial approach highlights another direction of pathogenic transmission, from human beings to
NHPs. This is another consequence of human–NHP
engagements. NHPs, especially great apes, are increasingly
studied by ecologists, conservation biologists and others,
generating new kinds of spatial engagements through
observational research practices and at times ecotourism
activities (Engel and Jones-Engel 2012). Habituated NHP
groups, followed daily by local trackers, guards, researchers
or tourists, are at increased risk of infection from people
through aerosol, fecal–oral or vector transmissions and
thus require protection from human exposure (Woodford
et al. 2002).
Although several studies deploy the term contact in
association with spatial overlap, they sometimes neglect to
define the content of this term (Grützmacher et al. 2017;
Muehlenbein 2016; Muhlenbein and Ancrenaz 2009;
Köndgen et al. 2008). Nevertheless, several examples of
pathogenic transmissions from humans to habituated great
apes have been documented, including intestinal parasites
(Sleeman et al. 2000; Cibot et al. 2015), protozoans (Sleeman et al. 2000), bacteria, including antibiotic-resistant
strains (Rwego et al. 2008; Nizeyi et al. 2001), and respiratory viruses (Köndgen et al. 2008; Grützmacher et al.
2017). The potential for human spillovers into NHP populations and spillback could lead to new emergences in
both populations (Morse et al. 2012).
Investigations of spatial proximities of humans and
NHPs also appear to be a reaction to shortcomings of
contact, defined as physical engagement with biological
fluids, catalyzed by risky hunting and butchering practices.
In an especially illuminating contribution, Paige et al.
(2017) draw from social–ecological systems research to
compare the overlap of human and NHP activities in five
forest fragments of Uganda (on socio-ecological systems
approach, see Ostrom 2009; Poteete et al. 2010, cited in
Paige et al. 2017). In this fine-scale analysis, they show high
variability across these five sites in human and NHP
activities. ‘‘Hotspots’’ of human and NHP activities tended
to be distant from one another, and substantial overlap
occurred in one location, driven by human collection of
firewood and herbal medicines. Overlap across forest
fragments is far from uniform, and ‘‘decisions about outbreak mitigation must be place-specific and informed by
local data’’ (Paige et al. 2017).
Spatial proximities of human and NHP activities do
not always lead to increased contact and pathogenic spil-

lover. One study in the Sebitoli area of Kibale National
Park, Uganda, found that people and NHPs shared certain
intestinal parasites (Oesophagostomum bifurcum and O.
stephanostomum), likely facilitated by chimpanzee crop
raiding of maize and their lack of avoidance of human
beings (Cibot et al. 2015; Krief et al. 2014; Bortolamiol et al.
2014). But Narat et al. (2015), investigating a forest-savanna mosaic in a DRC community-based conservation
area with high spatial overlap of human and bonobo (Pan
paniscus) activity, found no shared intestinal helminths
between these two populations. Without careful attention
to the type and timing of human–NHP interaction or the
types of pathogens shared, spatial overlap may not always
effectively predict pathogenic transmission risk. Nevertheless, this approach does expand our attention beyond
viruses to parasites and bacteria, their diverse directions
and modes of transmission, and to fine-grained differences
in ecological zones and activities.
Expanding Contact and Spatial Overlap Through Anthropological-Historical Investigation
Although works employing contact and spatial overlap
elucidate the immediate circumstances and practices
through which human beings and NHPs engage and
potentially transmit pathogens, an anthropological–historical approach is useful because it draws attention to the
changing ecological, political economic and social relations
that bring about these engagements and pathogenic transmissions. Some anthropologists have argued that human
bodies are not only in contact or spatial proximity with
non-humans and pathogens, but ‘‘entangled’’ or ‘‘enmeshed’’ in ‘‘time and space, allowing the recognition of
environmental, historical, political and sociocultural variables…[which] meld with the material body directly and
indirectly’’ (Lock 2015; see also Lock and Nguyen 2010;
Ingold 2011). These variables are not simply ‘‘contextual’’
or ‘‘background’’ evidence, but play a fundamental role in
shaping patterns of health and disease transmission in
specific locations. Brown and Kelly (2014), outlining an
anthropology of hemorrhagic viral emergence, evoke a
similar notion in their focus on the ‘‘material proximities’’
that create ‘‘hotspots’’—the temporary convergences of
people, animals and non-humans that reconfigure social,
political economic and ecological relations and together
facilitate viral emergence. Hunting, they remind us, is not
simply a practice to acquire food or a public health risk
facilitating zoonotic transmission; it configures and is
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configured by gender and generational relations, by available and changing technologies, by symbolic meanings of
killing, sharing and consuming meat, by affective relations
between hunters and animals themselves (Brown and Kelly
2014; Giles-Vernick and Rupp 2006). These broader relations and symbolic meanings affect how, when and why a
hunter decides to kill an animal, shaping his or her exposure to zoonotic disease.
Anthropological–historical investigation of the affective, symbolic and relational dimensions of human–NHP
engagements thus expands our attention from a single, finite interaction that may lead to exposure and infection to
revealing how that interaction is configured by broader
relations and processes. It is not enough to assert that risks
of pathogenic exposure are heightened with human–NHP
contact from specific practices, or with human–NHP spatial overlaps. Beyond analyses identifying practices or spatial proximities to increase transmission, anthropological
and historical research would carefully document who
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engages in practices that increase risk of zoonotic transmission, the material and affective content of such practices, and the historical, political, economic and
sociocultural processes and logics that shape when, where,
how and why people pursue these practices.
Bringing Together Contact, Spatial Overlap and Anthropological–Historical Investigation in Cameroon
Our ongoing multi-disciplinary research in southeastern
Cameroon illustrates how a more precise definition of
contact, spatial overlap analyses and anthropological–historical approach can be enmeshed, to develop a rigorous
approach to the multiple engagements between human
beings, NHPs and pathogens (Fig. 2, showing our three
approaches and methods). For over one year, we have
collected the daily activities and movements of 18 volunteers inhabiting this dense equatorial rainforest and making
their living through farming, hunting and gathering. Our

Fig. 2. Integrating contact, spatial and anthropological–historical investigation in Cameroon
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volunteers document their precise contacts with NHPs,
noting the range of engagements—from seeing the stools of
one of nine NHPs inhabiting this region, to encounters
with primates pillaging fields, to the precise techniques of
hunting or butchering NHP meat—and mapping locations
these contacts within a 1-km2 zone in the forest. This
evidence provides insight into physical contact and spatial
overlaps with NHPs. Monthly transects are also conducted
to document temporal changes in NHP presence and
estimated density and in their spatial overlap with human
activities. We also engaged in fine-grained participant–
observation and open-ended historical interviews that
provide insight into political, ecological, economic, social
and technological changes shaping human–NHP engagements. Together, these precise definitions of contact, documentation of spatial overlaps between NHPs and humans
and in-depth investigation of changing practices and the
broad forces framing them yield insight into varied exposures and risks across social groups and over time.
Our initial results from these diverse methods indicate,
for instance, that the particularities of butchering practices
matter considerably for human exposure to NHP bodily
fluids and that the last 20 years have seen important
changes in these practices and have potentially altered
exposure to NHP disease transmission risk across social
groups (unpublished data). Hunters recount significant
changes in the butchering of great apes. Most butchering
used to occur within villages; exposure to potentially contaminated blood would have been equally likely across men
and women, since male hunters would initially cut the
biggest pieces of their kill in the forest, but then transport
the fresh meat to villages, where women and men would
follow up by making smaller cuts of fresh meat. But due to
economic recession and an expansion in state and conservation organizations’ protection of great apes in recent
years, hunters butcher gorillas and chimpanzees immediately after killing them, cutting the meat into small pieces
and drying it directly over the fire before returning to villages to sell in informal markets. Gorilla pelts and bones are
now cut away from the carcasses to hide evidence of a kill,
exposing those butchering in the forest to further risk from
inadvertent cuts. Previously, when a gorilla pillaging gardens near the village was killed, the hunters would call
village children to dance around the carcass in celebration.
This celebration of the death of a marauding gorilla no
longer occurs, since it would attract unwanted attentions of
conservation authorities. As one aging but still-active
hunter explained, ‘‘now..[great ape hunting is] forbidden,

so we do everything [butchering] in the forest.’’ Exposure
to fresh blood is thus largely limited to hunters themselves,
although it remains unknown whether certain viruses can
be transmitted via smoked meat. Butchering of hunted
monkeys seems not to have changed over time: the carcasses are immediately put over the fire to singe off the fur
and to ‘‘harden’’ (coagulate) the blood, entailing less
potentially pathogenic blood exposure for hunters. Our
preliminary findings therefore indicate that these butchering techniques for different NHP species may entail different risks of biological fluid exposure.
For a researcher investigating risk of pathogenic
exposures, this brief example illustrates that ‘‘butchering’’ is
not a single, fixed practice heightening the risk of pathogenic transmission within a single, undifferentiated population. It needs considerable refinement to show how
human physical engagement with NHP carcasses leads to
heightened exposure among particular social groups.
Butchering techniques can differ for different species and
can change over time because of changing economic and
political conditions, implicating different gender and generational groups, altered affective relations with great apes
(and their carcasses) and varied potential exposures to
infection. It also demonstrates that rigorous analysis of
defined human–NHP contacts, combined with an examination of spatial overlap and the enmeshment of pathogenic exposure with human practice and social, historical,
political economic change, can provide genuine insight into
human–NHP spillover risks.

CONCLUSION
Contact is a widely employed term in studies seeking to
explain pathogenic transmissions between humans and
NHPs. At times, the term is used without definition,
whereas elsewhere, its forms have proliferated, but without
consistency. We sought to alert researchers to the inconsistent usage of contact and to encourage them to specify
what they mean when using the term, thereby offering
greater precision in evaluating how and why cross-species
transmissions take place.
Greater precision means not only defining specific
types of contact between humans and NHPs, but also
expanding our sights beyond a narrow range of transmission routes and viruses. It means recognizing that the pathogens, their directions and modes of transmission, and
ecological zones are variable, as the spatial overlap ap-
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proach has recently emphasized. It also entails acknowledging, as anthropological approaches do, that people and
their activities are not uniform; they vary across social
groups, time and locations because of ecological, social and
political economic changes. A more precise grappling with
contact demands, then, the kind of multi-disciplinary
investigation that One Health seeks to foster. Our recommendations to bring into dialog more specific definitions of
contact, spatial overlap and anthropological–historical
analyses would bring greater rigor to analyses of where,
when and how pathogenic transmissions between people
and NHPs occur. This approach would yield more careful,
nuanced attention to experiences of people living on the
frontlines of zoonotic transmissions and more insightful
research into the changing dynamics of exposure and
spillover risks.
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