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In order to characterize simian foamy retroviruses (SFVs) in wild-born nonhuman primates (NHPs) in Gabon and to investigate
cross-species transmission to humans, we obtained 497 NHP samples, composed of 286 blood and 211 tissue (bush meat) sam-
ples. Anti-SFV antibodies were found in 31 of 286 plasma samples (10.5%). The integrase gene sequence was found in 38/497
samples, including both blood and tissue samples, with novel SFVs in several Cercopithecus species. Of the 78 humans, mostly
hunters, who had been bitten or scratched by NHPs, 19 were SFV seropositive, with 15 cases confirmed by PCR. All but one were
infected with ape SFV. We thus found novel SFV strains in NHPs in Gabon and high cross-species transmission of SFVs from
gorilla bites.

Foamy viruses belong to the Spumaretrovirus subfamily of the
Retroviridae family. They are highly prevalent in several animal

species, particularly in nonhuman primates (NHPs), in which
they establish persistent infections (19), with the documented
level of infection being 75 to 100% of captive adult NHPs. Most of
the captive animals examined have been macaques and baboons
(3, 7). Recently, it was shown that colonies of NHPs living in the
wild, including various species of monkeys and apes in Africa
(mandrills, gorillas, chimpanzees) and Asia (subspecies of ma-
caques), are also infected with simian foamy virus (SFV) (6, 13,
17). The oral mucosa has been shown to be the main site of SFV
replication in vivo, and saliva appears to be the principal reservoir
of SFV (20). In NHPs, SFV is presumed to be transmitted mainly
through severe bites, thus involving contact between infected sa-
liva and blood (3, 7, 19). Other factors could play an important
role in SFV transmission: for example, Leendertz et al. demon-
strated that SFV can be transmitted to chimpanzees after the con-
sumption of smaller NHPs, such as colobus monkeys (16).

Zoonotic transmission of SFV from various NHPs to occupa-
tionally exposed people, such as zookeepers, veterinarians, and
personnel of animal care facilities, is well documented (9, 14), and
bites from adult NHPs are presumed to be the major risk factor for
viral acquisition. Acquired SFV infection has also been reported in
hunters in the rainforest area of southern Cameroon and in people
living in close contact with macaques in various Asian countries
(5, 12, 27). In Cameroon, 24% of people who were bitten while
hunting apes were infected with SFV (5). Neither signs of
infection-associated disease in humans nor human-to-human
transmission of SFV has, however, been documented (2, 5, 9, 14).

Few data are available on SFV infection in Gabon (18). In this
central African country, a wide diversity of NHPs live deep in the
rainforest, and hunting monkeys and apes is still frequent, with
wide circulation of “bush meat.” The aims of the study reported
here were to detect and characterize SFVs in wild-born NHPs in
Gabon, to investigate interspecies transmission of SFVs from
NHPs to humans, and to identify risk factors for such zoonotic
infection.

Blood and tissue (bush meat) were collected from 497 mon-
keys and apes, representing 13 species of NHPs (Table 1) from
various regions in rural Gabon (see the supplemental material).
We obtained 273 blood samples from animals kept as pets after
their parents were killed by hunters in the forest and 13 other
blood samples from mandrills from Lopé National Park after they
received anesthetics through arrows. Killed animals are sold in
stalls in villages; we sampled 211 NHPs sold as bush meat (Table
1). All samples were stored at �20°C before they were transferred
to the Centre International de Recherches Médicales de
Franceville (CIRMF) in Gabon for analysis. Samples were col-
lected in accordance with the rules of the animal care committee in
Gabon (22).

Blood was also collected from 78 people (10 women, 59 men,
and 9 children) who had received severe bites or scratches from
NHPs while hunting or playing with pets (see Table S1 in the
supplemental material). All received detailed information and
gave consent during personal interviews. Ethical approval was re-
ceived from the Ministry of Health and from the Ethical Commit-
tee of the CIRMF.

Plasma from NHPs and humans was screened by Western blot-
ting (WB) for the presence of SFV antibodies as described previ-
ously (7, 10, 18, 26). We used the same antigens of SFV (chimpan-
zee foamy virus antigens) that were used in the study reported by
Calattini et al. (5). Cell lysates without SFV were used as negative
antigen controls. WB seropositivity was defined as the presence of
reactivity to the Gag doublet of 70 kDa and 74 kDa, as previously
described (5, 18). Samples with no reactivity to either Gag protein

Received 15 August 2011 Accepted 28 October 2011

Published ahead of print 9 November 2011

Address correspondence to Mirdad Kazanji, mirdad.kazanji@pasteur.fr.

Supplemental material for this article may be found at http://jvi.asm.org/.

Copyright © 2012, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JVI.06016-11

0022-538X/12/$12.00 Journal of Virology p. 1255–1260 jvi.asm.org 1255

http://dx.doi.org/10.1128/JVI.06016-11
http://jvi.asm.org


were considered seronegative, and those with reactivity to a single
band in the 70- to 74-kDa molecular mass range were considered
indeterminate. The WB positive control was serum from an SFV-
positive chimpanzee, obtained from Calattini et al. (5); the nega-
tive control was obtained from a human who had never been in
contact with NHPs.

DNA was extracted from buffy coats or tissue (bush meat con-
served in RNAlater) with the Qiagen kit (QIAamp blood minikit;
Courtaboeuf, France). The quality of the extracted DNA was ver-
ified by amplifying an albumin gene fragment, as described previ-
ously (18). The set of primers used in the round of PCR has been
described previously (7, 24). These primers can amplify the inte-
grase gene fragment of SFV from humans and apes, as well as from
several Cercopithecus monkeys, and also some divergent SFV se-
quences from Asian monkeys. Positive PCR products were di-
rectly sequenced with an automatic sequencing system (Macro-
gen, Republic of Korea).

The SFV integrase gene sequences obtained were aligned with
the ClustalW (1.81) program and then analyzed with Bioedit
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Phylogenetic
trees were constructed by the Bayesian method, as implemented in
MrBayes version 3.1 software (23), and maximum likelihood was
estimated by running the general time-reversible model of evolu-
tion (GTR model) with a gamma distribution of rates across sites
for 1,000,000 generations with a burn-in of 25%. Parameters were
examined with the Tracer program (http://tree.bio.ed.ac.uk
/software/tracer/), and all estimated sample sizes were greater than
545, as previously described (18). The trees were visualized using
the FigTree program (http://tree.bio.ed.ac.uk/software/figtree/).

SFV infection in wild-born nonhuman primates. Antibodies
to SFV were found in 31 (10.8%) of the 286 NHP plasma samples
obtained from wild-born NHPs. The samples showed clear Gag
doublet reactivity and were thus considered SFV seropositive (Ta-
ble 1). Eleven samples were indeterminate, and the other 244 were
seronegative.

PCR was performed on all 497 NHP DNA samples obtained

from 286 buffy coats and 211 tissues (bush meat), including
lymph nodes, muscles, lung, and heart. The SFV integrase gene
fragment was detected and sequenced in a total of 38 samples (22
from pets, 6 from mandrills in the national park, and 10 from bush
meat), including 16 Mandrillus sphinx samples, 8 Pan troglodytes
troglodytes samples, 6 Cercopithecus solatus samples, 3 Cercopithe-
cus nictitans samples, 2 Cercopithecus cephus samples, 1 Cercopith-
ecus neglectus sample, 1 Cercocebus torquatus sample, and 1 Lopho-
cebus albigena sample (Table 1). Phylogenetic analyses (Fig. 1)
showed that the new sequences obtained from these mandrills and
chimpanzees clearly clustered within their respective clades (con-
taining prototypic sequences). Three new clades, supported by
high bootstrap values, were identified: the first corresponded to
five new sequences of C. solatus, the second to the new sequences
of C. cephus, and the third to three new C. nictitans sequences. The
three sequences from L. albigena (LalKltWd; see the legend to Fig.
1 for sequence designations), C. neglectus (Cne01Wd), and Cerco-
cebus torquatus (CtoMinkoWd) also clustered with their respec-
tive species clades.

Cross-species transmission of SFV to humans. Antibodies
against SFV were detected in 19 of 78 plasma samples (24%) from
people who recalled having been bitten, injured, or scratched by
monkeys or apes (see Table S1 in the supplemental material). The
SFV integrase gene fragment was detected by PCR in 15 DNA samples
from the 19 seropositive persons and then sequenced (see Table S1 in
the supplemental material). Twelve of the DNA samples were from
people who had been severely bitten by gorillas, two were from people
bitten by chimpanzees, and one was from a person who had been
bitten by an unspecified Cercopithecus monkey. In all cases, there was
a perfect match between the history of the contact with a given species
and the simian viral sequence found in the infected person. The se-
quences from people bitten by gorillas belonged to the large clade of
gorilla foamy viruses (Fig. 2), while the two people (sequences
H3Gab56 and H4Gab59) who had been bitten by the same chimpan-
zee were infected with the same chimpanzee (P. troglodytes troglo-
dytes) foamy virus. The sequence obtained from the person who had

TABLE 1 Species of monkeys and apes caught in the wild in Gabon, central Africa, and results of SFV serology and PCR

Species Common name

No. of animals positive/no. tested (%) by:

Serological tests of blood samplesa

PCR

Buffy coatsb Bush meat (tissues)c

Cercopithecus solatus Sun-tailed monkey 8/16 (50) 6/16 (37.5)
Cercopithecus pogonias Crowned guenon 0/6 0/6
Cercopithecus nictitans Greater white-nosed monkey 0/30 0/30 3/29 (10.3)
Cercopithecus neglectus De Brazza guenon 0/3 0/3 1/3 (33.3)
Cercopithecus cephus Red-eared guenon 0/67 0/67 2/46 (4.3)
Cercocebus torquatus Red-capped mangabey 1/13 (7.7) 1/13 (7.7) 0/13
Mandrillus sphinx Mandrill 12/77 (15.6) 12/77 (15.6) 4/78 (5.1)
Pan troglodytes troglodytes Central African chimpanzee 9/49 (18.4) 8/49 (18.6) 0/34
Gorilla gorilla Gorilla 0/3 0/3 0/8
Miopithecus ogouensis Gabon talapoin 0/2 0/2
Miopithecus talapoin Talapoin monkey 0/8 0/8
Colobus guereza Mantled guereza 0/2 0/2
Lophocebus albigena Gray-cheeked mangabey 1/10 (10) 1/10 (10)

Total 31/286 (10.8) 28/286 (9.8) 10/211 (4.7)
a Serological tests were performed by Western blotting using sera obtained from the monkeys.
b PCR was performed using buffy coats obtained from monkeys and apes tested serologically with WB.
c PCR was performed using only tissue samples obtained from bush meat (lymph nodes, muscles, lung, and heart) collected from dead monkeys.
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been bitten by an unknown Cercopithecus species clustered with the
CneDeb36 SFV strain, obtained from a De Brazza monkey. A clinical
examination conducted in the field by a physician showed that all the
SFV-infected humans were apparently healthy, even several decades
after the bites.

FIG 1 Phylogenetic relationships of integrase gene sequences (425 bp) obtained
from 38 wild-born monkeys and apes in Gabon. Phylogenetic tree of new se-
quences isolated from 16 Mandrillus sphinx samples (red), one Lophocebus albig-
ena sample (Lal; brown), one C. neglectus sample (Cne; turquoise), one Cercocebus
torquatus sample (Cto; red), six C. solatus samples (blue), three C. nictitans samples
(Cni; green), and two C. cephus samples (Cce; purple) and eight new sequences
isolated from Pan troglodytes troglodytes (Cpz for chimpanzee; green). NHPs are
indicated by the name of the species (e.g., Mnd for mandrill) and the number of
the sample (e.g., 122), followed by Wd (wild) for the origin.

FIG 2 Phylogenetic relationships of integrase gene sequences (425 bp) ob-
tained from 15 persons bitten by an NHP. Asterisks indicate SFV sequences
obtained from humans. The sequence isolated from a man bitten by a Cerco-
pithecus species is shown in blue, the 12 sequences from people bitten by
gorillas are in red, and the 2 sequences from the people bitten by the same P. t.
troglodytes monkey are in green. Sequence Asp8SFVsp (from a spider monkey)
was included as an outgroup. Values above the branches are bootstrap values.
Human sequences are indicated by H, an order number, Gab (for Gabon), and
a number of the person.
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In univariate analysis (Table 2), the presence of foamy viral
infection was clearly associated with the sex of the infected person
(24% male versus 0% female, P � 0.035), the circumstances of
contact (26% hunting versus 0% pets, P � 0.011), and the type of
NHP (33% apes versus 3% monkeys, P � 0.001). Most of the
contacts that resulted in an SFV infection were due to a bite by a
gorilla, accounting for 42% (16/38) of infections, while only two
of the six people bitten by a chimpanzee (33%) were infected.

In the present study, we found that SFVs naturally infect three
species of monkeys (C. solatus, C. nictitans, and C. cephus), and we
found a high rate of SFV infection in humans who had been bitten,
mainly by apes, indicating a high level of interspecies transmission
from infected NHPs in Gabon.

A low prevalence of SFV was found in blood obtained from
wild monkeys and in various tissues collected as bush meat. It has
been reported previously that 50 to 100% of monkeys are infected
with SFV; however, the majority of these studies were done with
monkeys born in the wild but living in semifree conditions, such
as zoos, national parks, and breeding colonies. Last year, we re-
ported a large study on free-living mandrills and showed a preva-
lence of SFV of 50 to 100%, with a significant increase in SFV
infection prevalence with increased age; the lowest prevalence was
found in juvenile monkeys (18). A seroprevalence of 89.5% was
found in a small macaque population (mostly adults) living in a
temple in Bali, Indonesia, with a higher prevalence in adults than
in juveniles (11). Thus, young monkeys are less frequently in-

fected than older ones. In the present study, the majority of blood
samples were obtained from pets, which were monkeys generally
captured as juveniles after their mothers had been killed by hunt-
ers. This may explain, in part, the low prevalence in our blood
samples. The mandrills are typical of this situation. The mandrills
consisted of two groups: those collected as pets in various villages
and those collected from adult groups living in Lopé National
Park (n � 13 mandrills). A prevalence of 47% was found in the
latter group, compared with 9% in pets in various villages.

In our study, a lower prevalence of SFV was also found in
various tissues collected as bush meat. To our knowledge, the SFV
prevalence in bush meat has not been reported previously. The
tissues were collected for simian immunodeficiency virus (SIV)
studies and kept for several years in RNAlater reagent. We used the
same collection for our present studies. We cannot exclude the
possibility that conservation of tissue samples in RNAlater af-
fected the presence of SFV; however, the quality of the extracted
DNA was verified in all samples by amplifying an albumin gene
fragment. It has been reported that oral tissues are the major res-
ervoir of SFV replication in monkeys (8, 20, 21). Unfortunately,
none of the bush meat tissues contained oral tissue, such as sali-
vary glands. The conservation of these tissues for many years and
the origin of the samples might explain the low prevalence of SFV
in our tissue collection. Our PCR methods were able to detect
three new species of monkey (C. solatus, C. nictitans, and C. ce-
phus) infected with species-specific SFVs which had not been
shown previously to be infected with SFV.

C. solatus monkeys, which are found specifically in Gabon, are
a species of guenon. The six new sequences obtained from this
species were closely related and clustered, forming a clade sup-
ported by a 100% bootstrap value. The three new sequences ob-
tained from C. nictitans were closely related and formed a strongly
supported clade with two other sequences (CAM2467 and AG16)
from two people living in southern Cameroon (5, 27). AG16 was
from a hunter who had been bitten by an unspecified small mon-
key (5); our data strongly suggest that the monkey was a C. nicti-
tans monkey. This species, which is widely distributed in central
Africa, including Gabon and southern Cameroon, is one of the
most frequently hunted in these areas. We also showed that wild-
born C. cephus monkeys are naturally infected with SFV. The two
new sequences clustered and were found to be related to but dif-
ferent from two other sequences obtained from De Brazza gue-
nons (Cne01Wd and CnePollux).

The newly described sequences from 8 chimpanzees and 16
mandrills clustered in the two large groups of known strains, P. t.
troglodytes for the chimpanzees and M. sphinx for the mandrills.
By adding new sequences of known geographical origin, we have
confirmed that two groups of strains naturally infect M. sphinx, as
shown recently by our group (18). Further studies are necessary to
better understand the apparent presence of subclades of P. t. trog-
lodytes and have already been initiated by others (17, 25).

In this study, we found 19 SFV-seropositive people among the
78 who had been bitten or scratched by an NHP, and an integrase
gene fragment was detected by PCR in peripheral blood DNA
from 15 of them. The majority of individuals were infected with
gorilla SFV. Although the number of samples obtained from go-
rillas was low (only three blood samples and eight tissue samples),
none of these samples was positive for SFV by serology or PCR.
This could be due to the fact that these samples were obtained
from pets, a group in which a low prevalence of SFV was found.

TABLE 2 Risk factors for infection with SFVa

Characteristic

No. of humans
positive for
SFV

Total no. of
humans
tested

No.
positive/no.
tested (%) P value

Age at contact (yr) 0.533
�45 10 57 17.5
�45 5 21 23.8

Sex 0.035
Male 15 63 23.8
Female 0 15 0

Circumstance of
contact

0.011

Pet 0 20 0
Hunting 15 58 25.9

Type of nonhuman
primate

0.001

Monkey 1 36 2.8
Ape 14 42 33.3

Type of wound 0.316
Scratch 0 4 0
Bite 15 74 20.3

Location of wound 0.860
Upper body 8 40 20.0
Lower body 7 38 18.4

Presence of scars 0.018
No 0 18 0
Yes 15 60 25.0

a Univariate analyses were performed by STATA software with �2 tests and Fisher’s
exact tests, with a critical P value of 0.05.
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Our results for SFV in humans are similar to those observed by
Calattini et al. (5) in rural Cameroon. They showed a prevalence of
SFV of 24.1% of people who had had contact with apes (gorillas or
chimpanzees). This is not surprising, as the two cohorts are similar
and from similar geographical areas of central Africa. It was also
shown previously by Calattini et al. (5) that transmission of SFV
from NHPs to humans is much more likely after a deep bite, spe-
cifically a bite by an ape. In our study, 36 of the 78 individuals had
been bitten by monkeys other than apes, and only one was positive
for SFV. Furthermore, we collected 154 blood samples from peo-
ple living in Gabon who reported hunting NHPs but had never
been bitten. None of these samples was found to be SFV positive
by serology or by PCR (A. Mouinga and M. Kazanji, unpublished
data).

We found that the major risk factor for humans for acquiring
SFV infection after being bitten by an NHP is the species and
history of the NHP. Free-living apes confer a greater risk than pets
and small monkeys. This confirms the findings of a recent study of
a comparable series in southern Cameroon (5, 9, 27). It may be
that most pets, including wild-caught gorillas, are not infected, as
they are very young when captured. Furthermore, most wounds
due to pet bites are not serious, with mainly superficial tissue
damage. This contrasts with the situation for free-living apes,
where most of the animals, mainly gorillas, are adults and give
bites that lead to major tissue damage, resulting in contact be-
tween the ape’s saliva and human muscles, bones, and blood, thus
favoring cross-species viral infection.

Some authors showed rare cases of transmission of SFV with-
out a bite after contact with NHPs (25, 27). In previous studies,
few women were found to be SFV positive. In Africa, women do
not hunt, but they generally cut up the bush meat and are also
exposed to the blood of animals after injury and are thus exposed
to SFV. Calattini et al. (4) found a woman who was infected with
SFV after handling bush meat in Cameroon. We cannot exclude
the possibility that other factors, such as the proviral load of SFV
in the animals and the type of contact with humans, play an indi-
rect role in SFV transmission. Furthermore, transmission of SFV
between monkeys could occur by routes other than bites. In our
previous study on a mandrill colony, 50% of the animals were SFV
positive at the age of 1 year, perhaps due to the exchange of saliva
with their mothers during feeding. It was reported recently that
mandrills have a prominent muzzle-muzzle behavior, usually be-
tween young, naive monkeys and older individuals (15). Further
studies are needed to understand the factors influencing the trans-
mission of SFV.

No virus could be detected by PCR in the blood samples of four
individuals who were seropositive for SFV. The lack of SFV se-
quences in WB-seropositive people was previously reported in
hunters in southern Cameroon (5, 9, 27). Although the presence
of divergent SFVs, exposure of the NHPs and humans, or abortive
infections might explain this discrepancy, a low viral load in the
blood is more likely. Our PCR can amplify a large variety of SFVs,
including several divergent Asian variants (7).

In the present study, we showed a strong similarity (93 to 97%)
between SFV sequences obtained from gorillas and those obtained
from humans. We showed previously that SFV shows extremely
low genetic drift in both monkeys and humans (18). In our pre-
vious study, the genetic variability of SFV was evaluated in a man-
drill identified to be SFV positive and after transmission to a per-
son severely bitten by the same mandrill at the Primatology Center

in Gabon. Comparative sequence analysis also showed strong nu-
cleotide sequence similarity (99.7%) between SFV sequences ob-
tained from the human and those obtained from the mandrill.

In Africa, SFV zoonosis was previously reported in Zaire and
most likely occurred in Kenya when human foamy virus
(HFV),which is now documented to be of chimpanzee origin, was
described (1); also, in southern Cameroon, 16 cases have been
demonstrated serologically and molecularly (9, 5). Our series of 15
well-documented cases expands such findings to Gabon and dou-
bles the number of known SFV-infected people in this area of the
world. Our findings suggest that cross-species transmission of
SFV is widespread in central Africa, especially in villages and set-
tlements in lowland forest regions of Equatorial Guinea, Congo,
and the Democratic Republic of the Congo. Hunting has in-
creased in these countries due to a combination of urban demand
for bush meat and easier access to NHP habitats via logging roads,
and this has increased the frequency of human exposure to NHP
retroviruses.

Further examination of humans infected by SFV is ongoing in
both central Africa and Southeast Asia to investigate interhuman
transmission in familial studies and the morbidity and mortality
that might be associated with this zoonotic infection, especially in
people infected with human immunodeficiency virus (HIV).

Nucleotide sequence accession numbers. SFV sequences
from NHPs obtained in this study have been submitted to
GenBank under accession numbers HQ450599 to HQ450623 and
HQ450625 to HQ450637. SFV sequences from humans obtained
in this study have been submitted to GenBank under accession
numbers HQ450584 to HQ450598.
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