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Abstract: Due to the high level of biological diversity in the Congo Basin and human population dependence on
bushmeat, the DRC represents an ideal location for expanding knowledge on wild animal exposures and thus the
potential for transmission of zoonotic pathogens. However, limited information exists on patterns and extent of
contact with wildlife in such communities. Using a cross-sectional study, 14 villages in the Sankuru Province of the
DRC were surveyed between August and September 2007. Villagers > 1 year of age and at home of the time of the
survey were eligible and enrolled to describe and assess factors associated with animal exposures (both activity and
type of animal). Among respondents, 91% reported exposure to rodents, 89% to duikers, 78% to non-human
primates (NHPs), and 32% reported contact with bats in the month prior to the survey. The most frequently
reported activities included eating (95%), cooking (70%), and butchering or skinning of animals (55%). The
activities and animals to which subjects had contact varied by sex and age. Moreover, we observed a high
correlation of the same activities across animal types. In this and other populations that rely on bushmeat, thereisa
high frequency of exposure to multiple animal species through various modalities. In the event of future zoonotic
disease outbreaks, effective public health interventions and campaigns that mitigate the risk of animal contact
during outbreaks need to be broad to include various modes of contact and should be directed to both men and
women across all age groups. As available information is limited, further studies are necessary to better understand

the complex relationships and exposures individuals have with animals.
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Emerging infectious diseases represent one of the most
important threats to global public health. While 61% of the
1415 known human pathogens are considered zoonotic,
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75% of “emerging” pathogens are thought to have origi-
nated in animals (Taylor et al. 2001). The process of zoo-
notic disease emergence is complex and multifactorial, with
potential factors including environmental drivers or human
behaviors, such as increased travel, migration, or trade
(Morens et al. 2004). These and other factors can impact
the frequency, duration, and type of contact between hu-
mans, wildlife, and domestic animals, providing an
opportunity for pathogens to move, or “spillover,” into
new host populations (Taylor et al. 2001; Daszak et al.
2001). Thus, as humans encroach upon and alter habitats,
environmental barriers between humans, animals, and the
pathogens they carry decrease. However, despite the
growing threat of zoonotic emerging infectious diseases,
our understanding of the process remains poor.

While predicting the emergence of new zoonoses may
be an unattainable goal (Murphy 1998), understanding and
characterizing trends in human behaviors as they relate to
wildlife hosts and reservoirs of potentially zoonotic pa-
thogens are an imperative first step. To date, a limited
number of studies have characterized animal exposure
among populations living within or bordering areas of high
biological diversity in Africa. For example, in a small study
of Nigerian males living within remote hunting commu-
nities, animal exposure was ubiquitous and the most
prevalent animal contacts included primates, ungulates,
and rodents, with hunters having significantly higher re-
ports of butchering and receiving an injury from a wild
animal than non-hunters (Friant et al. 2015). However, two
studies on exposure to non-human primates resulted in
different findings: in a large study of rural Cameroonian
villages, animal exposure was significantly higher in fores-
ted regions compared to other habitats, and while hunting
was a predominantly male activity, little to no difference
across sex was observed for butchering of animals (Wolfe
et al. 2004). On the other hand, a recent study in the Tai
Region of Cote d’Ivoire observed that the type of contact
with non-human primates (specifically monkeys and
chimpanzees) differed according to demographic charac-
teristics such as age and sex; older males had the highest
reports of hunting and butchering, while older females were
most likely to report cooking the animals (Mossoun et al.
2015). While significant, these studies provided a limited
scope of population exposure to wild animals and high-
lighted the differences in exposures according to study
location, which may reflect differences in cultural practices
or gender roles.
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The rainforest of the Congo Basin is the second largest
in the world after the Amazon, and approximately 50% lies
within the boundaries of the Democratic Republic of the
Congo (DRC) in Central Africa (Observatory for the Forests
of Central Africa 2010; FAO 2011). The DRC possesses the
highest level of biological diversity on the African continent,
home to more than 400 known mammal species, including a
wide variety of non-human primates (NHP), rodents, and
bats (Observatory for the Forests of Central Africa 2010).
While dependent upon subsistence farming for nutritional
and economic sustenance (United Nations 2014), 65% of
the estimated 80 million inhabitants of the DRC live in
rural, densely forested areas and rely upon hunting locally
available wild animals as a source of protein (Golden et al.
2011). To rural communities across the tropical forests of
West and Central Africa, bushmeat serves as a significant
nutritional, economic, and cultural component of their
livelihoods (Milner-Gulland and Bennett 2003) and such
dependence may also result in enhanced opportunities for
zoonotic disease transmission (Wolfe et al. 2005). There-
fore, the DRC is an ideal location for expanding knowledge
on animal exposures that may contribute to and result in
the transmission of zoonotic agents (Golden et al. 2011; De
Merode et al. 2004; Poulsen et al. 2009).

To add to the body of literature quantifying the fre-
quency and type of animal contact, we conducted a pop-
ulation-based survey of all inhabitants (>1 year of age)
living in remote, rural villages of the Sankuru Province
(formerly Sankuru district) of the DRC to assess the extent
of exposure to wild animals. The objective of this study is
to identify and describe human—animal contact in the re-
gion and to assess sociodemographic risk factors associated
with different types of animal contact, particularly to spe-
cies that are suspected or known reservoirs or hosts of
important zoonotic pathogens.

METHODS

Study Design and Population

From August to September 2007, we conducted a popula-
tion-based survey to assess human exposure to wild ani-
mals (a proxy measure for risk of zoonotic infection) in
healthy, rural village populations in the Sankuru Province
of the DRC (Fig. 1). At the time of the study, the popu-
lation of this province (which was a district with the same
geographical boundaries at the time of data collection) was
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Figure 1. Map of study sites, Sankuru Province, Democratic Republic of the Congo

estimated at 676,839 with a population density of 14.28
people/km” (Ministry of Health DRoC 2009). The study
design and population have been described elsewhere
(Switzer et al. 2012). Briefly, using a village list from the
DRC Ministry of Health, 14 locations were randomly se-
lected in two monkeypox endemic health zones: Kole and
Lomela. Most villages in this region are located in small
clearings of tropical forest, surrounded by agricultural
fields.

All healthy individuals >1 year of age residing in the
selected villages were eligible for enrollment. Verbal in-
formed consent was obtained by trained interviewers from
all participating adults as well as assent from children 7-
18 years with parental or guardian consent. Par-
ents/guardians of participants <7 years of age answered
on behalf of their children. A standard questionnaire was
administered to all participants by trained health care
workers in either Tetela (the local language) or French. All
questionnaire data were double-entered into a Microsoft

Access database for quality control purposes.

Among the 7545 individuals living within the partici-
pating villages (obtained from a door-to-door census
conducted one week prior to participant enrollment), only
individuals >1 year that resided in participating villages
were eligible (n = 5687) (Fig. 2). While approximately 20%
declined participation among those eligible for enrollment,
4574 were enrolled in the study. Missing information on
animal exposure questionnaire resulted in the final study
population of 3140 subjects. Those with incomplete survey
information (n = 1434) were younger and more likely to be
male and from Kole health zone (data not shown).

Animal Exposure Assessment

We collected information on exposure to wild animals
using locally appropriate taxonomic categories derived
from focus group interviews and lists of animals found in
that region. Participants were shown a representative
photograph or drawing of 28 animals and asked about the
frequency and type of exposure, if any, to the animal in the



past month. Participants were also able to specify addi-
tional animals not included on the preformed list using an
“other” category. Animal categories were defined as fol-
lows: rodent included exposure to squirrel, porcupine,
African dormouse, Gambian rat, rat, and mouse; eutheria
included exposure to pangolin and Elephant shrew; lor-
isidae included exposure to potto and galago; and non-
human primate included exposure to Cercopithecus asca-
nius, Cercocebus chrysogaster, Colobus angolensis, Cercop-
ithecus neglectus, Cercopithecus wolfi, Cercopithecus nicitans,
Procolobus tholloni, and monkey not identified. Exposure
was defined as binary (any or no exposure) for both the
animal species/categories (included in Table 2) and for the
following activities: hunting, butchering/skinning, cooking,
eating, playing with/getting bitten/scratched and picking up
dead animal carcasses to eat.

Total population screened
for study
n=6,029
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Covariate Assessment

Basic sociodemographic information collected from par-
ticipants and included in analyses was as follows: age
(years), sex, health zone, ethnic group, and frequency of
forest visits. Among children, school attendance was as-
sessed, while educational attainment, socioeconomic status,
martial status, and occupation (based upon primary and
secondary designation) were assessed among those 15 years
of age or older. A wealth index, adapted from Malleson
et al. (2008), was created to assess association of socioe-
conomic status with animal exposure using the following
reported assets: domestic animals, fields, radio, bicycle,
sewing machine, and motorcycle. Each reported asset was
given a value of 1 (maximum value of 6) and each extra
point indicated an asset-rich household. Categories for
socioeconomic status were created as follows: low (0 re-

Exclusions
Ineligible for study: less than 1

Eligible for study
participation
n=5,687

year of age or did not reside in
participating village
n=342

Refusals

Enrolled in study
n=4,574

n=1,113

Did not provide animal
exposure information
n=1,434

Completed animal

exposure survey
n=3,140

Exclusion from analyses
Missing age
n=2

Population included in
animal exposure analyses

n=3,138

Figure 2. Flowchart of eligibility criteria and study enrollment, Sankuru Province, Democratic Republic of the Congo
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ported assets), middle (1-2 reported assets), high (>3 re-
ported assets).

Statistical Analyses

We initially ran frequency distributions for population
characteristics and wild animal exposures (both activity
and taxa) to describe the population. We then assessed the
relationship between sex and age with the animal exposures
of interest, which included activities (eating, cooking,
butchering/skinning, and hunting) and animals (rodents,
duikers, non-human primates, and bats), in crude, uni-
variate logistic regression. Models in which the Wald Chi-
square p value for both age and sex was <0.05 were then
assessed in multivariate logistic regression. To further de-
scribe differences across sex and age and assess for possible
effect measure modification, we performed multivariate
logistic models including age, sex, and age—sex interaction
term for animal exposures, separately.

As approximately 30% of subjects (n = 1434) did not
provide responses to the animal contact survey and thus
were excluded from the final study population, in sensi-
tivity analyses we assessed the impact of this missingness on
findings using inverse probability censoring weights (Cole
and Hernan 2008). All analyses were carried out using SAS
software, version 9.4 (SAS Institute, Cary, NC).

Ethical Approval

Ethical approval for this study was obtained from UCLA
Fielding School of Public Health and Kinshasa School of
Public Health.

RESULTS

Fifty-nine percent of the study participants were female,
and the median reported age was 23 (21 and 25 years, for
men and women, respectively) (Table 1). The majority of
children 7-15 years reported currently attending school,
and only 44% of women compared to 80% of men reported
completing primary education. Among the 447 adult
respondents who reported hunting as a primary or sec-
ondary source of income, 68% were male and nearly three-
fourths reported visiting the forest > 4 days per week in
the previous month.

Regardless of the animal, the vast majority of contact
occurred by eating wildlife, ubiquitous in this study pop-
ulation as 95% reported this behavior, followed by cooking

(70%) and butchering/skinning (55%); hunting was re-
ported by only 19% of participants (Table 2). In response
to the animals to which participants came into contact, the
most commonly reported animal species were rodents
(91%), mainly squirrels and porcupines, and duikers
(89%). Among the key animal groups of interest including
rodents, duikers, NHPs, and bats, we found extensive
overlap in reporting of animal contact. Overall, 28%
(n = 894) of the study population >5 years of age reported
any exposure to all four and 42% (n = 1308) reported any
combination of the contact to rodents, duikers, and NHPs;
only 3% of the population reported no contact to these
selected animals (Fig. 3). Moreover, we also found subjects
tend to perform similar behaviors across animal types. The
pair-wise Pearson’s correlation between hunting for the
most common reported animals (including rodents, duik-
ers and NHPs) ranged from 0.58 to 0.74, and from 0.68 to
0.79 for butchering/skinning, and 0.62 to 0.78 for cooking
(Supplemental Table 1).

In univariate logistic regression, we assessed the asso-
ciations between age, sex, and animal exposures, indepen-
dently. Overall, women were more likely to cook (OR 6.1,
95% CI (5.2, 7.3)), while men were significantly more likely
to report butchering or skinning (OR 1.6), hunting (OR
20.0), picking up dead animals for later consumption (OR
2.0), and being scratched, bitten, or playing with animals
(OR 3.3) (Table 3). Additionally, compared to 5-9 year
olds, the older the subject, the more likely they are to report
cooking, butchering or skinning, hunting, and picking up
dead animals. As age may modify the relationship between
sex and overall exposure activities regardless of animal (and
vice versa), we then assessed the relationship between age,
sex, and their interaction in multivariate logistic regression
using the youngest male age group (5-9 year olds) as the
referent category (Table 4). Due to limited sample size, the
activities assessed included eating, cooking, butchering or
skinning, and hunting. Within age strata, there was no
difference in overall consumption of wildlife according to
sex. Across all ages, women were more likely to cook than
men (with the magnitude of the relationship increasing
with increasing age) and men were more likely to butcher,
skin, and hunt than women.

We then assessed multivariate logistic regression
analyses between age, sex, and their interaction with animal
activities within animal types individually for rodents,
duikers, NHPs, and bats (Table 5). As a limited number of
respondents reported picking up animal carcasses found
dead in the forest or being scratched, bitten, or playing with
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Table 1. Frequency Distribution of Selected Population Characteristics of Study Participants, Sankuru Province, Democratic Republic
of Congo (n = 3138)

Female (n = 1859) Male (n = 1279)
n (%) n (%) n (%)
Population* characteristics
Age
14 years 23 (<1) 10 (1) 13 (1)
5-9 years 357 (11) 181 (10) 176 (14)
1014 years 542 (17) 271 (15) 271 (21)
15-49 years 1791 (57) 1147 (62) 644 (50)
50+ years 425 (14) 250 (13) 175 (14)
Sex
Female 1859 (59) 1859 (100) -
Male 1279 (41) — 1279 (100)
Health zone
Kole 1951 (63) 1160 (63) 791 (63)
Lomela 1154 (37) 681 (37) 473 (37)
Ethnicity
Batetela 940 (30) 552 (30) 388 (31)
Bankutshu 78 (3) 57 (3) 21 (2)
Ohindo 1726 (5) 1027 (56) 699 (55)
Other 370 (12) 212 (11) 158 (12)
Frequency of forest visits for regular activities'
Never 361 (12) 177 (10) 184 (15)
1-4 times per month 903 (29) 422 (23) 481 (38)
>4 times per month 1821 (59) 1229 (67) 592 (47)
Children* characteristics
Attends school
Yes 771 (89) 375 (87) 396 (92)
No 92 (11) 56 (13) 36 (8)
Adult® characteristics
Education
None 285 (13) 268 (20) 17 (2)
Some primary education 638 (30) 495 (37) 143 (18)
Completed primary education 906 (42) 495 (37) 411 (51)
Completed secondary education or beyond'H 330 (15) 94 (7) 236 (29)
Socioeconomic status”
Low 477 (22) 311 (23) 166 (20)
Middle 1,313 (60) 905 (66) 408 (50)
High 398 (18) 161 (12) 237 (29)
Marital status
Single 642 (29) 365 (26) 277 (34)
Married 1379 (63) 861 (62) 518 (64)

Divorced/separated/widow(er) 172 (8) 157 (11) 15 (2)
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Table 1. continued
Female (n = 1859) Male (n = 1279)
n (%) n (%) n (%)
Occupation**
Hunter 447 (21) 142 (11) 305 (39)
Other 1633 (79) 1160 (89) 473 (61)

*Population included all respondents of all ages.

TRegulalr activities include, but are not limited to: hunting, cultivating, searching for water or wood, foraging, and fishing.

IChildren included all respondents under the age of 15 (n = 922).
SAdults included all respondents 15 years of age or older (1 = 2216).

'Category includes completion of secondary education, apprenticeship, higher education, or university.

#SES categorization is based on calculated wealth index derived from the following reported assets: domestic animals, fields, radio, bicycle, sewing machine,

and motorcycle. Each reported asset was given a value of 1 (maximum value of 6), and categories for SES are as follows: low (0 reported assets), middle (1-2

reported assets), high (>3 reported assets).

**Qccupation of hunter was assigned if participant indicated hunting or fishing as either a primary or secondary source of income.

animals, and as the vast majority of hunters were male, we
were unable to assess these relationships within animal
subtypes. For cooking, we found a similar pattern of
association for rodents, duikers, and NHPs: females across
all age groups were more likely to cook than their male
counterparts and the relationship is strongest for tho-
se > 15 years of age. The association between sex and
cooking for bats was consistent regardless of age group as
women were approximately three times as likely to report
this behavior compared to their male counterparts (OR
range: 2.3-4.1).

DiscussioN

While human exposure to wild animals was pervasive, the
mode of contact varied by age group and sex. The most
frequently reported animal contacts included rodents,
specifically squirrels and porcupines, and duikers. The vast
majority of the population reported eating animals, with
cooking and butchering or skinning as the other frequent
animal activities; however, only a small proportion of the
population reported hunting. The activities and animals to
which subjects had contact varied by sex and age: in gen-
eral, males were more likely to hunt and females were more
likely to cook wild animals, while there were no significant
differences by sex among participants > 15 years of age in
butchering or skinning of NHPs and bats. Moreover, we
observed a high correlation of activities across animal
types—individuals who hunt, butcher and skin or cook one
animal type perform the same activities with a number of

other animal types and species. Therefore, we demonstrate
that animal contact is not isolated to a small subgroup of
the population, rather is ubiquitous across age and sex in
this surveyed population from forest villages in Kole and
Lomela health zones in the Sankuru Province of the DRC.

The basis for a majority of the reported animal contact
in our study is bushmeat, which provides an important
gateway for disease emergence. Hunting (which may in-
clude tracking, capturing, handling, and transportation)
and butchering (which may include opening, cutting, and
other preparations) of wild animals provide ample
opportunity for transmission of infectious zoonotic agents
via intimate contact with tissue, blood, viscera, feces, or
other bodily fluids (De Merode et al. 2004; Wolfe et al.
2004; Gessain et al. 2013; Aghokeng et al. 2010; Calvignac-
Spencer et al. 2012; Peeters et al. 2002; Locatelli and Peeters
2012; Kalish et al. 2005). As many people worldwide par-
ticipate in hunting and butchering activities, a large num-
ber of people are constantly being challenged by zoonotic
agents (Wolfe et al. 2004; Kalish et al. 2005; Wolfe et al.
2005; Calattini et al. 2005). For example, serosurveys of
wild animals in DRC suggest that monkeypox has a num-
ber of sylvatic hosts, including rope and sun squirrels and
giant pouched rats (Hutson et al. 2011; Jezek et al. 1987).
Similarly, NHPs and antelopes (Lahm et al. 2007) as well as
bats (Dobson 2005; Luis et al. 2013; Leroy et al. 2009) can
be infected with Ebola virus and transmit the infection to
humans through hunting, butchering, or preparing infected
carcasses. Additionally, human immunodeficiency virus
evolved from related viruses of non-human primates and
likely eventually entered into human populations through



Table 2.
in Any Wild Animal Exposure and Taxa Among Study Partici-

Frequency Distribution (n (%)) of Activities Resulting

pants, Sankuru Province, Democratic Republic of Congo
(n = 3138)
Yes No
Activity-specific exposures
Eat 2992 (95) 146 (5)
Cook 2203 (70) 935 (30)
Butcher/skin 1714 (55) 1424 (45)
Hunt 594 (19) 2544 (81)
Pick up dead 268 (9) 2870 (91)
Scratch/bite/play 146 (5) 2992 (95)
Animal-specific exposures
Rodent 2855 (91) 283 (9)
Squirrel 2447 (78) 691 (22)
Porcupine 2281 (73) 857 (27)
Gambian Rat 1862 (59) 1276 (41)
Rat 1161 (37) 1977 (63)
African Doormouse 583 (19) 2555 (81)
Mouse 526 (17) 2612 (83)
Duiker 2804 (89) 334 (11)
Non-human primate 2455 (78) 683 (22)
Lophocebus aterrimus 1369 (44) 1769 (56)
Cercopithecus ascanius 1236 (39) 1902 (61)
Procolobus tholloni 1001 (32) 2137 (68)
Colobus angolensis 947 (30) 2191 (70)
Cercopithecus neglectus 946 (30) 2192 (70)
Cercopithecus wolfi 719 (23) 2419 (77)
Cercopithecus nicitans 544 (17) 2594 (83)
Cercocebus chrysogaster 532 (17) 2606 (83)
Pan paniscus 509 (16) 2629 (84)
Monkey not identified 1889 (60) 1249 (40)
Eutheria 2441 (78) 697 (22)
Pangolin 2263 (72) 875 (28)
Elephant Shrew 1631 (52) 1507 (48)
Wild Boar 1848 (59) 1290 (41)
Wild Bird 1832 (58) 1306 (42)
Bat 989 (32) 2149 (68)
Lorisidae 930 (30) 2208 (70)
Galago 808 (26) 2330 (74)
Potto 737 (23) 2401 (77)
Wwild Cat 976 (31) 2162 (69)
Reptile 774 (25) 2364 (75)
Elephant 615 (20) 2523 (80)

bushmeat hunting and butchering (Locatelli and Peeters
2012). However, exposure in this manner is part of a
broader spectrum of activities in sub-Saharan Africa that
bring people and animals into direct and potentially risky
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Rodent
68

Figure 3. Overlapping exposure* to rodent, duiker, non-human
primate, and bat among participants > 5 years of age, Sankuru
Province, Democratic Republic of the Congo. *Exposure refers to

any contact to the animal types indicated

contact. Therefore, once bushmeat is caught, a cascade of
high-risk exposures ensue. For example, in a study of the
same population in the DRC, simply entering the forest
may increase the risk of SFV infection among participants
without known primate contact (Switzer et al. 2012).
Moreover, previous research on exposure to NHPs indi-
cates that simple handling of such animals promotes
transmission events (Leroy et al. 2009; Wolfe et al. 2007;
Davies and Pedersen 2008).

The findings from our study further expand upon and
support some of the observations made in a recent western
Ugandan household survey (Paige et al. 2014). While only
20% of the population reported contact with either wild or
domestic animals, the animal contact survey was adminis-
tered only to subjects either reporting an injury from an
animal or NHP contact. Despite this limitation, the
Ugandan study observed overlapping exposures to animals
and the modes through which contact occurs as docu-
mented in our study. Such high correlation of animal
contact within the same time period through different
modes (both within and across species) and the fact that
many species are able to harbor multiple pathogens (as
reservoirs and intermediate or incidental hosts) make it
difficult to separate the potential effect of any single
behavior or species on risk of exposure to zoonotic pa-
thogens. Furthermore, this study also observed that the
type of animals for which participants reported contact
varied by geographical land cover of surveyed communi-
ties, which could not be assessed in our study as all study
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Table 3.

Activities Among Study Participants, Sankuru Province, Democratic Republic of Congo (n = 3138)

Odds Ratios (OR) and 95% Confidence Intervals (95% CI) From Univariate Logistic Regression for Wild Animal-Specific

Eat Cook Butcher/Skin Hunt Pick up dead Scratch/bite/play
Sex
Male Ref Ref Ref Ref Ref Ref
Female 1.23 (0.88, 1.72)  6.12 (5.16, 7.25) 0.63 (0.54, 0.73)  0.05 (0.04, 0.06)  0.49 (0.38, 0.63) 0.30 (0.21, 0.43)

Age category

2.38 (1.76, 3.22)
6.49 (4.97, 8.48)

5-9 years Ref Ref Ref
10-14 years  1.56 (0.87, 2.79)  1.65 (2.00, 3.50)

15-49 years  1.75 (1.08, 2.81)  8.90 (6.93, 11.44)

50+ years 111 (0.62, 1.96)  5.87 (4.31, 8.01)

4.67 (3.41, 6.39)

Ref

1.87 (1.18, 2.98)
3.50 (2.33, 5.26)
3.56 (2.27, 5.61)

Ref
427 (147, 12.37)

10.84 (4.00, 29.38)

9.93 (3.53, 27.96)

Ref

1.59 (0.84, 3.01)
1.30 (0.73, 2.30)
0.47 (0.20, 1.13)

Table 4. Odds Ratios (OR) and 95% Confidence Intervals (95% CI) From Multivariate Logistic Regression* for Wild Animal-Specific

Activities Among Study Participants, Sankuru Province, Democratic Republic of Congo (# = 3138)

Age category Eat Cook Butcher/Skin Hunt
Males 5-9 years Ref Ref Ref Ref
1014 years 1.87 (0.66, 5.26) 2.18 (1.34, 3.57) 2.69 (1.57, 4.59) 2.16 (0.40, 11.65)
15-49 years 1.90 (0.81, 4.47) 3.58 (2.21, 5.79) 9.79 (6.10, 15.73) 7.63 (2.20, 26.53)
50+ years 1.17 (0.42, 3.24) 2.30 (1.15, 4.58) 6.05 (3.48, 10.51) 6.55 (1.55, 27.76)
Females 5-9 years 1.48 (0.96, 2.27) 1.68 (1.34, 2.11) 0.74 (0.58, 0.96) 0.11 (0.06, 0.20)
10-14 years 1.87 (1.84, 1.89) 5.74 (5.58, 5.89) 1.57 (1.52, 1.61) 0.07 (0.06, 0.09)
15-49 years 2.22 (2.07, 2.37) 50.98 (49.79, 52.20) 4.29 (4.04, 4.55) 0.27 (0.26, 0.28)
50+ years 1.46 (1.45, 1.46) 41.78 (38.60, 45.21) 3.10 (3.01, 3.19) 0.18 (0.17, 0.20)

*Multivariate logistic regression included the following predictors: age, sex, and age—sex interaction term.

villages were in close proximity to one another and thus
had similar environments. Moreover, study sites were se-
lected to represent different primate habitats, whereas vil-
lages in our study were randomly selected to estimate
overall population animal contact in forested regions of
northern Sankuru Province.

Little is known about the complexity of the emergence
or re-emergence process, but with approximately 75% of
human emerging infectious diseases classified as zoonoses
(Taylor et al. 2001), simply understanding the extent and
type of animal contact experienced by individuals is critical.
As limited information exists on patterns of contact with
wildlife in communities that rely heavily on bushmeat, this
study fills a knowledge gap by exploring various animals
and the mode of contact experienced by rural villagers from
the Congo Basin. A strength of this study is that data col-
lection did not take place in the context of an outbreak;
thus, findings are not influenced by the urgency of an

investigation nor are biased due to the need to find
information on specific implicated species (Wolfe et al.
2004; Paige et al. 2014). While this large study provided
population estimates of wild animal contact in remote
forest villages of the northern Sankuru Province, our study
was limited in both the number of villages surveyed (only
within Kole and Lomela health zones) and in geographical
and ecological variation as all villages were located in
forested areas. Reports of animal exposures varied from one
location to another (Friant et al. 2015; Wolfe et al. 2004;
Mossoun et al. 2015; Paige et al. 2014); thus, caution should
be taken in extrapolating such findings to other locations.

Moreover, while a comprehensive list of locally avail-
able wild animals was attempted, limitations in time and
resources resulted in the inclusion of only the most com-
mon in this region. While local names and photographs
were used to minimize exposure misclassification, it is
possible that participants may have mistaken one animal
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Table 5.

Activities Among Study Participants, Sankuru Province, Democratic Republic of Congo (n = 3138)

Odds Ratios (OR) and 95% Confidence Intervals (95% CI) From Multivariate Logistic Regression* For Wild Animal-Specific

Rodent" Duiker
Age Eat Cook Butcher/skin Eat Cook Butcher/skin
Male 5-9 years  Ref Ref Ref Ref Ref Ref
10-14 years 1.12 (0.56, 2.24) 1.75 (1.07, 2.87)  2.51 (1.42, 4.43) 1.11 (0.57, 2.14) 2.12 (1.26, 3.58)  1.77 (0.98, 3.17)
15-49 years 1.61 (0.87, 2.99) 3.09 (1.98, 4.84)  8.52 (5.18, 14.02) 1.47 (0.84, 2.58) 4.56 (2.85, 7.30)  8.59 (5.15, 14.31)
50+ years  1.04 (0.49, 2.20) 2.16 (1.22, 3.84) 5.15 (2.90, 9.13) 1.13 (0.57, 2.26) 2.78 (1.54, 5.01) 7.25 (4.04, 13.01)
Female 5-9 years 133 (0.97, 1.84) 1.57 (1.24, 1.99)  0.70 (0.53, 0.91) 1.13 (0.97, 1.51) 2.16 (1.66, 2.80)  1.01 (0.78, 1.34)
10-14 years 0.93 (0.90, 0.96) 4.46 (430, 4.62)  1.34 (1.31, 1.38) 1.38 (1.36, 1.39) 7.53 (7.12,7.97)  2.12 (2.03, 2.22)
15-49 years 1.51 (1.42, 1.61) 23.38 (22.16, 24.67) 4.00 (3.77, 4.26) 1.72 (1.62, 1.83) 34.48 (31.98, 37.17) 5.20 (4.82, 5.62)
50+ years  1.31 (1.30, 1.33) 18.39 (18.32, 18.45) 2.76 (2.67, 2.85) 1.39 (1.38, 1.40) 27.42 (26.83, 28.03) 3.98 (3.80, 4.18)
Non-human primate* Bat
Male 5-9 years  Ref Ref Ref Ref Ref Ref
10-14 years 1.08 (0.62, 1.86) 1.78 (1.05, 3.03)  2.03 (1.09, 3.80) 0.89 (0.53, 1.47) 1.11 (0.51,2.41)  1.90 (0.62, 5.82)
15-49 years 1.71 (1.07, 2.73) 3.59 (2.25, 5.72) 8.56 (4.95, 14.81) 1.25 (0.82, 1.90) 2.63 (1.37, 5.06) 7.30 (2.75, 19.40)
50+ years  1.23 (0.70, 2.17) 2.31 (1.31, 4.06) 5.85 (3.14, 10.89) 1.19 (0.71, 1.99) 1.79 (0.84, 3.81) 6.10 (2.13, 17.49)
Female 5-9 years  1.91 (1.50, 2.44) 2.45 (1.88, 3.20) 1.37 (1.00, 1.88) 1.38 (1.10, 1.74) 2.30 (1.54, 3.42) 1.14 (0.65, 2.01)
10-14 years 1.62 (1.61, 1.64) 6.25 (5.86, 6.67) 2.88 (2.69, 3.07) 1.03 (1.01, 1.05) 3.48 (3.09, 3.92) 2.02 (1.80, 2.25)
15-49 years 1.87 (1.78, 1.96) 20.38 (18.62, 22.30) 6.27 (5.68, 6.92) 1.18 (1.11, 1.25) 7.14 (6.08, 8.39) 4.30 (3.62, 5.10)
50+ years  1.59 (1.58, 1.60) 17.49 (16.65, 18.36) 4.39 (4.09, 4.70) 1.27 (1.24, 1.29) 7.25 (6.36, 8.27) 4.61 (4.01, 5.31)

*Multivariate logistic regression included the following predictors: age, sex, and age*sex interaction term.

"Includes the following animals: squirrel, porcupine, gambian rat, rat, African dormouse, and mouse.

HIncludes the following species: Lophocebus aterrimus, Cercopithecus ascanius, Procolobus tholloni, Colobus angolensis, Cercopithecus neglectus, Cercopithecus

wolfi, Cercopithecus nicitans, Cercocebus chrysogaster, Pan paniscus, and monkey not identified.

for another. Furthermore, while exposure information was
collected on a wide variety of wild animals, in-depth
analyses were limited to species most likely to carry pa-
thogenic zoonotic agents. NHPs, bats, and rodents (in-
cluding rats, mice, squirrels, and porcupines) are known or
suspected reservoirs of zoonotic pathogens and have caused
important outbreaks of human disease (Wolfe et al. 2004;
Jezek et al. 1986; Hutson et al. 2011; Lahm et al. 2007;
Dobson 2005; Luis et al. 2013; Leroy et al. 2009; Kho-
dakevich et al. 1987; Hayman et al. 2013; Organization
1996). Duikers were included in species-specific analyses
because they are ubiquitous in Congolese diets and have
been identified as potential intermediate hosts for Ebola
and other emerging infectious diseases (Locatelli and Pe-
eters 2012; Dobson 2005; Luis et al. 2013; Khodakevich
et al. 1987; Hayman et al. 2013; Meerburg et al. 2009;
Khodakevich et al. 1987; Parker et al. 2007). Lastly, limi-
tations in memory recall may have also affected the accu-
racy of reported exposures to wild animals. Given the large
range of biodiversity and high frequency of exposure to
animals, remembering the specifics of contacts within the

previous month may have been difficult for participants.
However, as limitations in recall likely impacted all sub-
jects, the bias would be non-differential and therefore result
in an underestimate of true associations. As this was a
cross-sectional study and exposure was assessed only for
the previous month, we were unable to capture how sea-
sonality may impact exposure in this population.
Estimates from the Congo Basin suggest that over 282
grams of bushmeat is consumed per person per day, with
nearly 5 million tons of bushmeat extracted annually (Fa
et al. 2002). The intensity and extent of the bushmeat trade
in Central Africa have increased over the past two decades
(Karesh and Noble 2009); therefore, as populations grow
and the demand for bushmeat increase, this will lead to
increases in the exposure of humans to potentially zoonotic
agents. Due to the observed widespread animal contact in
our study population, these data are useful in the creation
of targeted public health interventions directed at the hu-
man-animal interface. We have characterized patterns of
exposure (both animal type and mode of contact) across
age and sex, which provides a basis for prevention efforts to
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mitigate risk or contact with animals suspected to be in-
volved in disease outbreaks. For example, in the Republic of
the Congo, targeted Monkeypox outreach through film-
based educational activities was provided to members of
both sexes > 13 years of age of communities at risk of
Monkeypox with significant gains reported in disease
recognition, transmission, and mitigation of risk (Roess
et al. 2011). Therefore, such data should be taken into
consideration when developing educational campaigns and
other strategies to reduce risk of zoonotic transmission
during outbreak settings in rural villages with such high
biodiversity. While little is known about the complexity of
the emergence or re-emergence process, further studies are
needed to further characterize and describe wild and
domestic animal contact in areas of extensive bushmeat
consumption and high biological diversity.
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