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Abstract. In 2017, a monkeypox outbreak occurred in Likouala Department, Republic of the Congo. Many of the affected
individualswereofAkaethnicity,hunter-gatherers indigenous toCentralAfricawhohaveworsehealthoutcomes incomparison
with other forest-dwelling peoples. To test the hypothesis that Aka people have different risk factors for monkeypox, we
analyzed questionnaire data for 39 suspected cases, comparing Aka and Bantu groups. Aka people weremore likely to touch
animal urine/feces, find dead animals in/around the home, eat an animal that was found dead, or to have been scratched or
bitten by an animal (P< 0.05, all variables). Theywere alsomore likely to visit the forest ³ once/week, sleep outside, or sleep on
the ground (P < 0.001, all variables), providing opportunities for contact with monkeypox reservoirs during the night. The Aka
and possibly other vulnerable groups may warrant special attention during educational and health promotion programs.

Monkeypox predominantly affects populations residing in
heavily forested regions ofCentral andWest Africa, and recent
epidemiological events suggest that its geographic range is
expanding and its incidence is increasing.1,2 This emerging
zoonosis is often found in isolated and inaccessible areas,
where health-care delivery is hampered and public health
surveillance is muted. People living in these isolated areas are
therefore most vulnerable to monkeypox infection. The Aka
people belong to the larger Bayaka ethnicity, a group of in-
digenous hunter-gatherers who perhaps best exemplify a
vulnerable population within the Central African region. Evi-
dence of Bayaka cultures dates back more than 20,000
years,3 and today, these people are threatened by warfare,
logging, and the encroachment of agriculture in addition to
social stigma and discrimination.4 Unlike the ethnic majority,
the Bantu people, their nomadic lifestyle hinders access to
education and health care. But even when Bayaka people
abandon nomadism, they still experience worse health out-
comes relative to their forest-dwelling, non-Bayaka counter-
parts.5 This raises questions as to whether Bayaka people
have increased susceptibility to sylvatic zoonoses such as
monkeypox as a consequence of more contact with wild an-
imals and poor access to health services.
Clinically comparable with smallpox, monkeypox produces a

febrile rash illness, including lesions on the palms of the hands
and soles of the feet, with the addition of lymphadenopathy.
Infection with monkeypox virus can be severe: in endemic re-
gions, it is estimated that up to 11% of cases without prior
smallpox vaccination are fatal.6 Monkeypox virus transmission
is thought to be associated with contact with infected wild ani-
mals, yet the primary reservoir host(s) is unknown—monkeypox
virushasonlybeen isolated twice fromwild animals: once froma
ropesquirrel (Funisciurusanerythrus) in theDemocraticRepublic
of Congo (1985) and once from a sootymangabey (Cercocebus
atys) in Côte d’Ivoire (2012).7,8

In January 2017, in Likouala Department, Republic of the
Congo (ROC), a large monkeypox outbreak occurred in four
districts, including Impfondo, Betou, Enyelle, and Dongo.9

Here, we report the results of an exposure questionnaire
conducted among suspected cases to test the hypothesis
that the Aka people (a Bayaka group) are at greater risk of
sylvatic animal exposures and therefore elevated risk of
monkeypox and other zoonoses. Investigative methods used
during this outbreak are described in detail elsewhere.9 Sus-
pected cases were defined as persons with unexplained rash
and fever (subjective or measured temperature of ³ 99.3�F
[³ 37.4�C]) during the period January 1–April 2, 2017. Two
lesion specimens and dried blood strips were collected from
suspected cases; polymerase chain reaction testing was
conducted at the Institut National de Recherche Biomédicale,
and dried blood strips were tested at CDC for anti-
Orthopoxvirus IgG and IgM antibodies by ELISA.10 Suspected
cases were interviewed about symptoms, demographic in-
formation, and exposures to animals and other suspected
monkeypox cases. Questionnaire data were captured on tab-
letsandwere imported intoSAS9.3 (SAS Institute,Cary,NC) for
cleaning and analysis. The survey investigation was reviewed
and given a non-research determination by CDC’s National
Center for Zoonotic and Infectious Diseases. Verbal informed
consent was acquired before interviews and blood sample
collection, and risksandbenefitswereexplained inbothagroup
setting and on an individual basis.
We analyzed complete questionnaire data for 39 suspected

cases. Thesepersonswere ultimately classifiedas suspected,
possible, probable, or confirmed cases9; however, transcrip-
tion errors ultimately prevented us from linking complete ex-
posure data with test results. Seven individuals ultimately met
the criteria for confirmed monkeypox.9 For this reason, data
presented here were analyzed irrespective of final case des-
ignation. We compared exposures among Aka and other
ethnicities using chi-squared/Fisher’s exact tests for cate-
gorical exposures and t-tests or Wilcoxon rank-sum tests for
quantitative variables. We assessed differences in de-
mographics, sleeping habits that could lead to exposures (i.e.,
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sleepingon thegroundor sharingabed), exposures to animals
or other suspected cases, and finally, history and knowledge
of monkeypox.
Approximately, 46% (17/39) of suspected monkeypox

cases were of Aka ethnicity, and 94% (16/17) of suspected
Aka cases were from Manfouété (Table 1). Only a single Aka
person was identified in a different location (Betou). People
from all districts were equally likely to test IgG positive, but
suspected cases from Manfouété (comprising all Aka) were
more likely to be IgMpositive, indicating a recent exposure to
an orthopoxvirus (81.3% compared with 40% in other dis-
tricts, P = 0.013). Fishermen were more likely to be Aka and
merchants were more likely to be Bantu (P < 0.0001). All
refugees were of Bantu ethnicity (P < 0.05). Mean household
size (8.0) and the number of children per household (4.4) were
approximately equal for Aka and Bantu alike. Approximately
94% (16/17) of Aka people reported sleeping outside once
during the period of interest (1 month before the in-
vestigation) (P < 0.0001). A similar proportion (100%, 17) of
Aka suspected cases reported sleeping on the ground (P <
0.0001) or sleeping without a bed at least once (93.8%, 15).
Aka suspected cases were also more likely to share a bed
(W = 415.5, P < 0.001) and share a room (W = 421.5, P < 0.01)
with more people.
Analysis of exposures (Table 2) showed that Aka people

weremore likely to venture into the forest ³ once per week (P<
0.0005). Aka suspected cases were also more likely to touch
urine or feces of animals (P < 0.0001), be bitten (P < 0.05) or

scratched by animals (P < 0.005). The Aka people were more
likely to have found (P < 0.05) and eaten an animal that was
found dead (P < 0.005). Contact with another personwith rash
illness during the period of interest was reported by more Aka
than Bantu people (100% versus 63.5%, respectively, P <
0.01). Aka people were less likely to report a prior history of
monkeypox (P < 0.001) and more likely to report the occur-
rence of a similar rash illness in the community (P < 0.05)
(Table 3).
Our results show that Aka people with suspected mon-

keypox aremore likely to exhibit several important risk factors,
including frequently venturing into the forest, virtually all types
of contact with animals, and sleeping outside and on the
ground, which in turn may increase the probability of animal
contact during the night. This leads us to propose that Aka
people are more likely to be exposed to sylvatic animals, and
are therefore at greater risk of acquiring zoonotic infection.
Relatedly, Bantu and Aka groups could exhibit different “ex-
posure profiles,” or combinations of behavioral and situational
risk factors related to monkeypox and other zoonoses.
Previous research is supportive of the notion that Aka

ethnicity is associated with elevated risk of monkeypox: a
serosurvey carried out in LikoualaDepartment found a higher
occurrence of anti-Orthopoxvirus IgM antibody among
Aka compared with Bantu populations (7.3% versus 1.5%,
respectively, P = 0.005).11 Further investigation is re-
quired to understand the exposure profiles of different pop-
ulations and subgroups of people (e.g., ethnic groups and

TABLE 1
Characteristics of the study population

Select variable

Total (N = 39) Aka (N = 17) Other ethnicity (N = 22)

χ2 P-valuen (%) n (%) n (%)

Gender
Male 11 (28.2) 6 (35.3) 5 (22.7) 0.75 0.39
Female 28 (71.8) 11 (64.7) 17 (77.3)

Refugee
Yes 7 (18.0) 0 (0) 7 (31.8) NA 0.012
No 32 (82.1) 17 (100) 15 (68.2)

Location
Betou 11 (28.2) 1 (5.9) 10 (45.5) NA < 0.0001†
Enyelle 4 (10.3) 0 (0) 4 (18.2)
Manfouété 18 (46.2) 16 (94.1) 2 (9.1)
Impfondo 6 (15.4) 0 (0) 6 (27.3)

Occupation
Teacher/student 6 (15.4) 0 (0) 6 (27.3) NA < 0.0001†
Merchant 5 (12.8) 0 (0) 5 (22.7)
Child 9 (23.1) 7 (41.2) 2 (9.1)
Farmer 6 (15.4) 4 (23.5) 2 (9.1)
Fisherman 5 (12.8) 3 (17.7) 2 (9.1)
Hunter 1 (2.6) 1 (5.9) 0 (0)
Housekeeper 3 (7.7) 0 (0) 3 (13.6)
Other 4 (10.3) 2 (11.8) 2 (9.1)

Frequency of sleeping outside*
Never 18 (46.2) 1 (5.9) 17 (77.3) NA < 0.0001†
³ Once 21 (53.9) 16 (94.1) 5 (22.7)

Frequency of sleeping on the ground*
Never 20 (51.3) 0 (0) 20 (90.9) NA < 0.0001†
³ Once 19 (48.7) 17 (100) 2 (9.1)

Frequency of sleeping without a bed
Never 21 (56.8) 1 (6.3) 20 (95.2) NA < 0.0001†
³ Once 16 (43.2) 15 (93.8) 1 (4.8)
No response 2 – –

Bold denotes statistical significance. Column percentages are reported.
* During the time period of interest (1 month before the investigation).
† Fisher’s exact test P-value.
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age-groups). Past research in the Congo Basin has revealed
differing hunting patterns between Bayaka and other ethnic
groups,3 but further research is required to determine
whether these differences might be related to exposure to
possible monkeypox reservoirs.
Our findings are relevant for the control and prevention of

zoonotic diseases. Ebola, for instance, may serve as a parallel
system tomonkeypox, as its transmission is similarly drivenby
contact withwild animals. Previousworks have demonstrated
a significantly higher seroprevalence of Ebola virus in Bayaka
versus non-Bayaka in the Central African Republic,12 and an
overall high rate of Ebola seropositivity in the Democratic
Republic of the Congo.13

Our results should be interpreted with some discretion, as
the data from 2017 Likouala outbreak were not collected for
the explicit purpose of comparing different exposure types
by ethnic groups. The sample population in this analysis is
not random, and therefore the behaviors and demographics
of those impacted by the outbreak are not representative of

the broader population. The investigation team focused on
case identification, but other cases, particularly those with
more mild forms of the disease could have been missed.
Furthermore, in the absence of baseline census data, it is
unclear whether Aka people in Manfouété were dispropor-
tionately affected by rash illness or, alternatively, whether
this group is simply more prevalent in Manfouété (sampling
bias). Last, with just 39 suspected cases, the sample size in
this investigation is small, limiting our ability to conductmore
robust statistical modeling.
We postulate that Bayaka populations are at greater risk of

sylvatic zoonoses than the general population as they fre-
quently report risk factors for monkeypox, such as hunting and
butchering bush meat and frequent contact with wildlife. It is
estimated that the Bayaka represent upward of 900,000 people
in the Central African rainforests,14 yet little attention has been
paid to this neglected group and their risk of zoonoses. Addi-
tional research is warranted and targeted educational and
prevention efforts could be beneficial to this population.

TABLE 2
Comparison of exposures

Select variable

Total (N = 39) Aka (N = 17) Other ethnicity (N = 22)

P-value†n (%) n (%) n (%)

Forest visitation frequency
Never 19 (54.3) 2 (14.3) 17 (81.0) 0.0001
³ Once 16 (45.7) 12 (85.7) 4 (19.0)
No response 4 – –

Dead animal found inside/near home* 4 (10.8) 3 (20) 1 (4.6) 0.014
No 33 (89.2) 12 (80) 21 (95.5)
No response 2 – –

Touched animal urine/feces* 11 (33.3) 11 (78.6) 0 (0) < 0.0001
No 22 (66.7) 3 (21.4) 19 (100)
No response 6 – –

Scratched by an animal* 6 (16.7) 6 (40) 0 (0) 0.0026
No 30 (83.3) 9 (60) 21 (100)
No response 3 – –

Bitten by an animal* 7 (19.4) 6 (40) 1 (4.8) 0.013
No 29 (80.6) 9 (60) 20 (95.2)
No response 3 – –

Ate an animal that was found dead* 6 (15.8) 6 (35.3) 0 (0) 0.0045
No 32 (84.2) 11 (64.7) 21 (100)
No response 1 – –

Contact with another person with rash* 31 (79.5) 17 (100) 14 (63.6) 0.0056
No 8 (20.5) 0 (0) 8 (36.4)
Bold denotes statistical significance. Column percentages are reported.
* During the time period of interest (1 month before the investigation).
† Fisher’s exact test P-value.

TABLE 3
Comparisons of history and knowledge of monkeypox

Select variable

Total (N = 39) Aka (N = 17) Other ethnicity (N = 22)

P-value†n (%) n (%) n (%)

History of monkeypox 11 (28.2) 0 (0) 11 (50) 0.0007
No 28 (71.8) 17 (100) 11 (50)

Prior knowledge of monkeypox 28 (73.7) 14 (87.5) 14 (63.6) 0.14
No 10 (26.3) 2 (12.5) 8 (36.4)
No response 1 – –

Occurrenceof similar rash illness in village 27 (69.2) 15 (88.2) 12 (54.6) 0.037
No 12 (30.8) 2 (11.8) 10 (45.5)

Occurrence of similar rash illness in home 27 (69.2) 14 (82.4) 13 (59.1) 0.17
12 (30.8) 3 (17.7) 9 (40.9)

Bold denotes statistical significance. Column percentages are reported.
* During the time period of interest (1 month before the investigation).
† Fisher’s exact test P-value.

204 GUAGLIARDO AND OTHERS



Received June 16, 2019. Accepted for publication August 30, 2019.

Published online November 25, 2019.

Disclaimer: The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of the
U.S. Department of Health and Human Services, the Centers for
Disease Control and Prevention, or the authors’ affiliated institutions.

Authors’ addresses: Sarah Anne J. Guagliardo, Epidemic Intelligence
Service, Centers for DiseaseControl and Prevention, Atlanta, GA, and
Poxvirus and Rabies Branch, Division of High-Consequence Patho-
gens and Pathology, National Center for Emerging and Zoonotic In-
fectious Diseases, Centers for Disease Control and Prevention,
Atlanta, GA, E-mail: ywc2@cdc.gov. Reena H. Doshi, Epidemic In-
telligence Service, Centers for Disease Control and Prevention,
Atlanta, GA, and Division of Global HIV and Tuberculosis, Center for
Global Health, Centers for Disease Control and Prevention, Atlanta,
GA, E-mail: hqo3@cdc.gov. Mary G. Reynolds, Andrea M. McCollum,
and Brett W. Petersen, Poxvirus and Rabies Branch, Division of High-
Consequence Pathogens and Pathology, National Center for
Emerging and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention, Atlanta, GA, E-mails: nzr6@cdc.gov, azv4@
cdc.gov, and ige3@cdc.gov. Angelie Dzabatou-Babeaux, Ministry of
Health, Brazzaville, Republic of Congo, E-mail: dzabatoubab@
gmail.com. Nestor Ndakala, Field Epidemiology Training Program,
Centers for Disease Control and Prevention, Kinshasa, Democratic
Republic of the Congo, E-mail: drnestndakala@gmail.com. Cynthia
Moses, International Communication and Education Fund, Kinshasa,
Democratic Republic of the Congo, E-mail: cyn@incef.org.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Durski KN, McCollum AM, Nakazawa Y, Petersen BW,
Reynolds MG, Briand S, Djingarey MH, Olson V, Damon IK,
Khalakdina A, 2018. Emergence of monkeypox–west and
central Africa, 1970–2017.MMWRMorbMortalWkly Rep 67:
306–310.

2. Rimoin AW et al., 2010. Major increase in human monkeypox in-
cidence 30 years after smallpox vaccination campaigns cease
in the Democratic Republic of Congo. Proc Natl Acad Sci USA
107: 16262–16267.

3. Fa JE et al., 2016. Differences between pygmy and non-pygmy
hunting in Congo Basin forests. PLoS One 11: e0161703.

4. Kenrick J, Lewis J, 2001. Discrimination against the forest people
(“Pygmies”) of central Africa. Chakma S, Jensen M, eds. Rac-
ism against Indigenous Peoples. Copenhagen, Denmark:In-
ternational Working Group for Indigenous Affairs.

5. Wodon Q, Backiny-Yetna P, Ben-Achour A, 2012. Indigenous
peoples in central Africa: the case of the pygmies. Hall G,
Patrinos H, eds. Indigenous Peoples, Poverty, and Develop-
ment. Cambridge, United Kingdom: Cambridge University
Press.

6. Damon IK, 2011. Status of human monkeypox: clinical disease,
epidemiology and research. Vaccine 29: D54–D59.

7. Khodakevich L, Jezek Z, Kinzanzka K, 1986. Isolation of mon-
keypox virus from wild squirrel infected in nature. Lancet 1:
98–99.
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