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Abstract

Background: Rift Valley Fever Phlebovirus (RVFV) and Crimean-Congo Hemorrhagic Fever Orthonairovirus (CCHFV)
specific antibodies had been documented among humans in urban settings of the southwestern and northern
Cameroon in the late 1980s. Recently, evidence for enzootic circulation of RVFV was reported among livestock in
both rural and urban settings in Cameroon. However, current estimates of human exposure to RVFV and CCHFV are
still to be documented in Cameroon, especially in rural areas. The aim of this study was to assess the
seroprevalence of RVFV and CCHFV in rural settings in the Southeastern rain forest of Cameroon.

Results: Using Enzyme-linked Immunosorbent Assays, the presence of RVFV and CCHFV Immunoglobulin G
antibodies was investigated in plasma samples originating from 137 Pygmies from four villages of the East region
of Cameroon. The studied population was found to be 12.4% (17/137) and 4.4% (6/137) seropositive for RVFV and
CCHFV, respectively. The rates of RVFV IgG were comparable between the age groups and sex. Conversely, the rate
of CCHFV IgG was significantly higher among the 41–60 years old participants (p = 0.02).

Conclusions: This study provides a substantial evidence of the circulation of RVFV and CCHFV among rural
inhabitants of the East region of Cameroon.

Keywords: Rift valley fever phlebovirus, Crimean-Congo hemorrhagic fever orthonairovirus, Seroprevalence,
Pygmies, Cameroon

Background
Rift Valley Fever phlebovirus (RVFV), a member of the
genus Phlebovirus in the family Phenuiviridae, is a
mosquito-borne zoonotic virus that infects livestock and
humans in Africa and the Arabian Peninsula. Clinically
apparent infections are mainly observed in sheep, goats,
cattle and camels in which they manifest high neonatal
deaths and high rate of abortion. RVFV circulation has
been repeatedly reported in domestic and wild animals

in Cameroon from 1967 to 2017 based on serological
[1–4] and molecular [4] evidences. With respect to
humans, RVFV-specific antibodies were detected in
urban populations from southwestern and northern
Cameroon [5, 6].
Crimean-Congo Hemorrhagic Fever Orthonairovirus

(CCHFV), a member of the genus Orthonairovirus in
the family Nairoviridae, is characterized by tick-borne
maintenance and transmission in an enzootic cycle in-
volving ticks and mammals in endemic foci that are
worldwide distributed. These foci include a wide geo-
graphic range in Western and Central Asia, the Middle
East, South-Eastern Europe, and Africa. There is no
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apparent disease manifestation occurring in animals.
However both wild and domestic animals act as reser-
voirs for continued tick re-infection; thus ensuring major
links in the disease transmission cycle.
Reports documenting serological evidence of RVFV

and CCHFV among humans in Cameroon focused only
on urban settings in the southwestern and northern
parts of Cameroon and were published several decades
ago [5, 6]. Although RVFV have been suggested as a po-
tential threat to human health in both rural [1] and
urban [1, 5, 6] settings in Cameroon for decades, current
estimates of human population exposure to RVFV are
still to be determined in Cameroon, especially in rural
settings. In the same manner, CCHFV specific antibodies
had been “historically” reported exclusively in urban set-
tings in Cameroon [5, 6].

Materials and methods
A cross-sectional study was carried out to assess the rate
of anti-RVFV and anti-CCHFV immunoglobulin G (IgG)
antibodies among the Pygmy group living in four dis-
tinct villages in the East region of Cameroon including
Abong Mbang, Lomié, Messok and Mindourou (Fig. 1).
The East region of Cameroon is characterized by its rain
forest with dense vegetation, extensive hydrographic net-
work, warm and humid climate and abundant precipita-
tion. Farming and animal breeding is very limited in this
region but people living in these areas may experience
various degrees of exposure to Non Human Primates
(NHP) and other wild animals during their lifetime,
through hunting, butchering, or the keeping of animals
as pets.
Plasma samples were randomly collected from 2005 to

2012 during a survey of viral emergence in Pygmies, a
population that has lived in a forest environment in
Cameroon for more than 20,000 years, mostly as hunter-
gatherers [7–9]. The study population was made up of
137 individuals having the mean age of 44.4 ± 16.4 years
and a male:female sex ratio of 1.4 (Table 1).
Whole blood was collected in a 5-mL EDTA Vacu-

tainer tube and centrifuged within 24 h of collection.
Informed consent was obtained from adults (or from
parents/legal guardians in the case of children under
21) before blood sampling. Furthermore, the partici-
pants of the study underwent a non-specific medical
examination and, if necessary, were treated on site ac-
cording to local procedures or were sent to local
medical facilities. Enzyme-linked Immunosorbent As-
says (ELISA) were used to detect RVFV and CCHFV
IgG antibodies respectively in plasma samples as pre-
viously described [10, 11]. For each plate, high posi-
tive control [mean Optical Density (OD) at about 1.6]
was tested in quadruplicates while the low positive
control (mean OD at about 0.3) and negative control

were tested in duplicates. Each serum was tested in
two wells where the antigen-free cell culture super-
natant (from the cell control of antigen production)
was added and in other two wells where the specific
antigen was added. The specific reactivity of each
serum (net OD) was determined by subtracting the
OD of the sample in the wells where the antigen-free
supernatant was added from the OD of the same
sample obtained in the wells where the specific anti-
gen was added. The mean net OD was calculated for
the quadruplicates of the high positive control serum
[(OD1 + OD2 + OD3 + OD4)/4] and the reactivity of
each serum specimen was calculated as percentage
positivity (PP) of the high positive control serum (PP
serum = 100*net OD serum/mean net OD of the high
positive control). Sera with PP values > 28.98 were
considered positive for RVFV-specific IgG serology
assay [10, 12]. Sera with PP values > 8.5 (cut-off value
equal to mean plus 2 standard deviations derived
from PP values in negative sera tested in duplicates
in four separate experiments) were considered positive
for CCHFV-specific IgG serology assay [11].
Statistical analyzes were performed using the R soft-

ware version 3.4.1. Categorical variables were described
as numbers and percentages. Association between RVFV
and CCHFV prevalence and other variables was assessed
through Chi-2 or Fischer tests as appropriate. The
threshold of significance of the p-values was set at 0.05.

Results
Of the 137 plasma samples tested in this study, 17/137
(12.4%) and 6/137 (4.4%) were reactive to RVFV and
CCHFV, respectively. There was no significant difference
between the rates of RVFV IgG in the four studied dis-
tricts (p > 0.05). In contrast, the rate of CCHF IgG was
relatively higher in Abong Mbang compared to other
studied districts (p = 0.004) (Table 1). Exposure to both
viruses was found for only two individuals: a 47 and a
55 years old men originating from the districts of Lomié
and Mindourou, respectively (Table 1). There was no
significant difference between the rates of RVFV IgG ob-
tained in the four studied age groups or between the
male and female participants (p > 0.05). Conversely, the
rate of CCHFV IgG was significantly higher among the
41–60 years old participants (p = 0.02). Interestingly, all
six CCHFV IgG positive participants were males be-
tween 40 to 60 years old while the seventeen RVFV IgG
positive participants were 28 to 75 years old.

Discussion
This study provides substantial evidence of population ex-
posure to RVFV and CCHFV in the eastern rain forest of
Cameroon. RVFV and CCHFV exposure rates found
among Pygmies in this study were higher than those
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originally reported at 0.25 to 1.06% among other human
communities in urban settings in Cameroon and other
central African countries [5, 6]. A more recent study also
revealed a RVFV exposure rate of 3.3% (145/4323) among
rural human populations in the neighboring Gabon [13].
A higher rate of 16.7 (56/335) was found among some
people at risk, such as stock breeders, workers in slaugh-
terhouses and livestock markets in the neighboring Cen-
tral African Republic [14]. The CCHFV exposure rate of
4.4% in this study was unexpectedly higher than those ori-
ginally reported as being of 0.0% to 0.5% [5, 6]. An anti-
CCHFV IgG rate of 2.7% was recently reported in an
urban setting in Maputo, Mozambique [15]. The relatively
higher rates of the population exposure to RVFV and

CCHFV, compared to those reported by “historical” stud-
ies in Cameroon [5, 6], could be associated to several fac-
tors differentiating the past and present studies. This
study targeted Pygmies living in villages whereas previous
studies enrolled bantu populations in urban areas [5, 6].
Distinct agro-ecological profiles of the study areas and/or
lifestyles of the population enrolled in the present and pre-
vious studies might have also been associated to the differ-
ential rates observed. Indeed, it has been suggested
elsewhere that the risk of RVFV could vary greatly with re-
spect to the communities and the professions considered
[14, 16, 17]. In contrast to RVFV whose exposure rates
were comparable among groups, the rate of CCHF IgG
was relatively higher among individuals from Abong

Fig. 1 Geographic localization of the studied districts in the East region of Cameroon. Studied districts are specified by an arrow (Abong Mbang),
triangle (Mindourou), square (Lomié) and circle (Messock). Urban districts (including Mora, Maroua and Nkongsamba) where previous studies were
conducted among humans in Cameroon [5, 6] are indicated by stars
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Mbang compared to those from other studied districts.
Since all studied participants belonged to the same com-
munity of hunter-gatherers in the rain forest of
Cameroon, there is no differential behavior or lifestyle that
could explain the higher CCHF exposure rate in Abong
Mbang. Uniform sampling among human communities
and potential vectors in both rural and urban settings is
required to draw a final conclusion about the current risk
and population exposure to RVFV and CCHFV infection
in Cameroon.
A recent study provided molecular and serologic evi-

dence of acute RVFV infections in livestock in Cameroon
[4]. Thus it is likely that RVFV also currently affect human
populations in Cameroon where testing facilities for RVFV
and CCHFV are still very limited. Given that healthcare
providers have limited awareness of these viruses and as-
sociated diseases, the actual impact of RVFV and CCHFV
on human health is still to be documented in Cameroon.
Broad species sampling among humans, livestock and
wildlife as well as virological analyses of mosquitoes and
ticks would be of great interest in identifying the transmis-
sion hotspot of RVFV and CCHFV in Cameroon. Such in-
vestigations would provide baseline data to set up and
optimize a national RVFV and CCHFV surveillance and
control in Cameroon.

Conclusion
The seroepidemiological assessment carried out in this
study provides a substantial evidence of the circulation of
RVFV and CCHFV among Pygmies in some villages in the
East region of Cameroon. There was no sex or age

dependent association of anti-RVFV antibodies in the
studied population. Anti-CCHFV IgG antibodies were ob-
served to be detected almost exclusively among men of 40
to 60 years of age.

Abbreviations
CCHFV: Crimean-Congo hemorrhagic fever orthonairovirus; ELISA: Enzyme-
linked immunosorbent assay; IgG: Immunoglobulin G; RVFV: Rift valley fever
phlebovirus; WHO: World Health Organization
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Table 1 Antibody prevalence to rift valley fever phlebovirus or Crimean-Congo hemorrhagic fever orthonairovirus among pygmies
in the East region of Cameroon

Age range (years) Sex ratio (M/F) Average age ± SD Number of positive samples for the specified population/no.
tested (%)a

Total

Abong Mbang Lomié Messok Mindourou

Rift Valley Fever Phlebovirus (RVFV)

≤20 0.3 17.3 ± 3.7 0 0/1 0/3 0/8 0/12

21–40 2.0 32.9 ± 5.4 0/2 0/13 0/4 7/32 (21.9) 7/51 (13.7)

41–60 1.5 50.5 ± 5.5 0/4 2/12 (16.7) 0/2 5/31 (16.1) 7/49 (14.3)

61–80 1.5 69.2 ± 5.4 0/2 0/4 1/2 (50.0) 2/17 (11.8) 3/25 (12.0)

Total 1.4 44.4 ± 16.4 0/8 2/30 (6.7) 1/11 (9.1) 14/88 (15.9) 17/137 (12.4)

Crimean-Congo Hemorrhagic Fever Orthonairovirus (CCHFV)

≤20 0.3 17.3 ± 3.7 0 0/1 0/3 0/8 0/12

21–40 2.0 32.9 ± 5.4 1/2 (50.0) 0/13 0/4 0/32 b 1/51 (2.0)

41–60 1.5 50.5 ± 5.5 1/4 (25.0) 1/12 (8.3) 0/2 3/31 (9.7) 5/49 (10.2)

61–80 1.5 69.2 ± 5.4 0/2 0/4 0/2 0/17b 0/25

Total 1.4 44.4 ± 16.4 2/8 (25.0) 1/30 (3.3) 0/11 3/88 (3.4) 6/137 (4.4)

RVFV rift valley fever phlebovirus, CCHFV Crimean-Congo hemorrhagic fever orthonairovirus
aThere was no significant difference between the rates of RVFV Ig G in the four studied districts (P > 0.05) while the rate of CCHFV Ig G was relatively higher in
Abong Mbang compared to other studied districts (P = 0.004)
bCCHFV assay showed indeterminate result for a 35 years old woman and a 65 years old man originating from the district of Mindourou

Sadeuh-Mba et al. Virology Journal  (2018) 15:63 Page 4 of 5



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Virology Service, Centre Pasteur du Cameroun, 451 Rue 2005, Yaounde 2,
P.O. Box 1274, Yaounde, Cameroon. 2Unité d’Epidémiologie et
Physiopathologie des Virus Oncogènes, Département de Virologie, Institut
Pasteur, 28 Rue du Dr. Roux, F-75015 Paris, France.

Received: 25 January 2018 Accepted: 2 April 2018

References
1. LeBreton M, Umlauf S, Djoko CF, Daszak P, Burke DS, Kwenkam PY, Wolfe

ND. Rift Valley fever in goats, Cameroon. Emerg Infect Dis. 2006;12(4):702–3.
2. Maurice Y. First serologic verification of the incidence of Wesselsbronn's

disease and Rift Valley fever in sheep and wild ruminants in Chad and
Cameroon. Rev Elev Med Vet Pays Trop. 1967;20:395–405.

3. Zeller HG, Bessin R, Thiongane Y, Bapetel I, Teou K, Ala MG, Atse AN, Sylla R,
Digoutte JP, Akakpo JA. Rift Valley fever antibody prevalence in domestic
ungulates in Cameroon and several west African countries (1989-1992)
following the 1987 Mauritanian outbreak. Res Virol. 1995;146:81–5.

4. Rissmann M, Eiden M, Wade A, Poueme R, Abdoulkadiri S, Unger H, Ziegler
U, Homeier T, Groschup MH. Evidence for enzootic circulation of Rift Valley
fever virus among livestock in Cameroon. Acta Trop. 2017;172:7–13.

5. Gonzalez JP, Josse R, Johnson ED, Merlin M, Georges AJ, Abandja J, Danyod
M, Delaporte E, Dupont A, Ghogomu A, et al. Antibody prevalence against
haemorrhagic fever viruses in randomized representative central African
populations. Res Virol. 1989;140:319–31.

6. Paix MA, Poveda JD, Malvy D, Bailly C, Merlin M, Fleury HJ. Serological study
of the virus responsible for hemorrhagic fever in an urban population of
Cameroon. Bull Soc Pathol Exot Filiales. 1988;81:679–82.

7. Foupouapouognigni Y, Mba SA, Betsem a Betsem E, Rousset D, Froment A,
Gessain A, Njouom R. Hepatitis B and C virus infections in the three pygmy
groups in Cameroon. J Clin Microbiol. 2011;49:737–40.

8. Calattini S, Betsem E, Bassot S, Chevalier SA, Mahieux R, Froment A, Gessain A.
New strain of human T lymphotropic virus (HTLV) type 3 in a pygmy from
Cameroon with peculiar HTLV serologic results. J Infect Dis. 2009;199:561–4.

9. Calattini S, Betsem EB, Froment A, Mauclere P, Tortevoye P, Schmitt C,
Njouom R, Saib A, Gessain A. Simian foamy virus transmission from apes to
humans, rural Cameroon. Emerg Infect Dis. 2007;13:1314–20.

10. Gudo ES, Pinto G, Weyer J, le Roux C, Mandlaze A, Jose AF, Muianga A,
Paweska JT. Serological evidence of rift valley fever virus among acute
febrile patients in southern Mozambique during and after the 2013 heavy
rainfall and flooding: implication for the management of febrile illness. Virol
J. 2016;13:016–0542.

11. Samudzi RR, Leman PA, Paweska JT, Swanepoel R, Burt FJ. Bacterial
expression of Crimean-Congo hemorrhagic fever virus nucleoprotein and its
evaluation as a diagnostic reagent in an indirect ELISA. J Virol Methods.
2012;179:70–6.

12. Paweska JT, Jansen van Vuren P, Swanepoel R. Validation of an indirect ELISA
based on a recombinant nucleocapsid protein of Rift Valley fever virus for the
detection of IgG antibody in humans. J Virol Methods. 2007;146:119–24.

13. Pourrut X, Nkoghe D, Souris M, Paupy C, Paweska J, Padilla C, Moussavou G,
Leroy EM. Rift Valley fever virus seroprevalence in human rural populations
of Gabon. PLoS Negl Trop Dis. 2010;4:0000763.

14. Nakoune E, Kamgang B, Berthet N, Manirakiza A, Kazanji M. Rift Valley fever
virus circulating among ruminants, mosquitoes and humans in the Central
African Republic. PLoS Negl Trop Dis. 2016;10:e0005082.

15. Muianga AF, Watson R, Varghese A, Chongo IS, Ali S, Monteiro V, Inalda F,
Chelene I, Antonio V, Hewson R, Gudo ES. First serological evidence of
Crimean-Congo haemorrhagic fever in febrile patients in Mozambique. Int J
Infect Dis. 2017;62:119–23.

16. Affognon H, Mburu P, Hassan OA, Kingori S, Ahlm C, Sang R, Evander M.
Ethnic groups' knowledge, attitude and practices and Rift Valley fever
exposure in Isiolo County of Kenya. PLoS Negl Trop Dis. 2017;11:e0005405.

17. Mutua EN, Bukachi SA, Bett BK, Estambale BA, Nyamongo IK. "we do not
bury dead livestock like human beings": community behaviors and risk of
Rift Valley fever virus infection in Baringo County, Kenya. PLoS Negl Trop
Dis. 2017;11:e0005582.

Sadeuh-Mba et al. Virology Journal  (2018) 15:63 Page 5 of 5


	Abstract
	Background
	Results
	Conclusions

	Background
	Materials and methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

