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Abstract

Four types of human T cell lymphotropic viruses (HTLV) have been described (HTLV-1 to HTLV-4) with three of
them having closely related simian virus analogues named STLV-1, - 2, and - 3. To assess the risk of cross-
species transmissions of STLVs from nonhuman primates to humans in the Democratic Republic of Congo, a
total of 330 samples, derived from primate bushmeat, were collected at remote forest sites where people rely on
bushmeat for subsistence. STLV prevalences and genetic diversity were estimated by PCR and sequence analysis
of tax-rex and LTR fragments. Overall, 7.9% of nonhuman primate bushmeat is infected with STLVs. We
documented new STLV-1 and STLV-3 variants in six out of the seven species tested and showed for the first time
STLV infection in C. mona wolfi, C. ascanius whitesidei, L. aterrimus aterrimus, C. angolensis, and P. tholloni. Our
results provide increasing evidence that the diversity and geographic distribution of PTLVs are much greater
than previously thought.

Like the majority of infectious diseases, human T cell
lymphotropic viruses (HTLVs) have also a zoonotic ori-

gin.1 HTLVs and their simian analogues (STLVs) are collec-
tively called primate T cell lymphotropic viruses (PTLV). To
date four types of HTLV, type 1 to 4, have been described in
humans with three of them having simian counterparts.2 No
simian virus analogue has yet been identified only for the
recently discovered HTLV-4.3 While HTLV-1 has spread
worldwide and infects 15 to 20 million people, HTLV-2 is
mainly restricted to central Africa, Amerindians in South
America, and some intravenous drug user (IDU) populations
in Europe and the United States.4,5 HTLV-3 and -4 have been
discovered more recently, and today only a few cases have
been observed, all in Cameroon among individuals reporting
hunting of nonhuman primates (NHP).3,6,7

Most people infected with HTLV-1 remain asymptomatic,
but HTLV-1 can cause adult T cell leukemia, neurological
disorders such as HTLV-1-associate myelopathy (HAM), also
known as tropical spastic paraparesis (TSP), and has also been
associated with inflammatory disease.8 HTLV-2 is less path-

ogenic and only a few cases of a neurological disease similar
to HAM/TSP have been documented.9 No information is
available yet for the recently described HTLV-3 and HTLV-4,
but the viral structure of HTLV-3 suggests a pathogenic po-
tential similar to HTLV-1, and more studies are needed to
determine whether molecular features of HTLV-4 are associ-
ated with pathogenicity.10,11

Whereas STLV-1 has been documented in a wide variety of
old world monkey species and apes from sub-Saharan Africa
and Asia, STLV-3 has only been seen in African monkeys and
STLV-2 has been detected in captive bonobos, an ape species
endemic in the Democratic Republic of Congo (DRC).1,12–15

STLV-1 viruses are interspersed within the different HTLV-1
subtypes and the recently discovered HTLV-3 strains are also
closely related to STLV-3 strains from primates in the same
geographic areas.2,3,7,8 These observations suggest multiple
cross-species transmissions from NHPs to humans. Moreover,
the recent identification of new HTLV-1 and HTLV-3 variants
in Cameroonian hunters, with high nucleotide identity to
STLVs from monkeys hunted in this region, suggests even
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relatively recent cross-species transmission and ongoing
zoonotic infections of STLVs in persons exposed to NHPs.3,7

In contrast to other retroviruses, PTLV-1 and PTLV-3 strains
cluster according to geographic location rather than to the
host species, suggesting the ease with which STLVs are
transmitted among different NHP species.1,13–15

The recent discovery of STLV-3, HTLV-3, and HTLV-4
shows that our knowledge of the diversity of STLV in NHPs
and HTLV in humans is still limited and further studies are
thus needed to determine the prevalence, geographic distri-
bution, and genetic diversity of PTLVs in humans and NHPs.
Although STLV-2 has been identified in two independent
troops of captive bonobos (Pan paniscus), this virus has not yet
been documented in wild primates. In addition, the zoonotic
relationship of this divergent virus to HTLV-2 is less clear
than for PTLV-1 and - 3.12 Today humans are still hunting
and butchering a wide diversity of primate species and the
possibility of additional cross-species transfers has to be
considered.16,17 To better understand the simian reservoir of
HTLV-2 and HTLV-4, and to document the wide diversity of
STLVs to which humans are exposed through hunting and
butchering, we investigated the diversity of STLV infection in
nonhuman primate bushmeat from the DRC, home to a wide
diversity of endemic primate species.

A total of 330 samples from NHP bushmeat were collected
between May 2009 and July 2010 as dried blood spots (DBS)
around three rural cities in DRC: Kole in Kasai Oriental
province (n = 258), Malebo in Bandundu province (n = 43), and
Monkoto in Equateur province (n = 29) (Fig. 1). Whole blood
was collected from primate bushmeat sold on the market
and/or in the villages and was spotted onto a filter 903 FTA
card (Whatman plc, Kent, UK). Each paper card was then
identified with a sample ID, the site and date of sample col-
lection, as well as the corresponding primate species based on

visual identification according to the primate taxonomic
classification provided by Groves.18 After air drying at am-
bient temperature, NHP DBS were wrapped into individual
envelopes and stored at ambient temperature. Information
provided by the owners (vendors) indicated that the animals
died 6–78 h prior to the sampling. All primate samples were
obtained with government approval from Congolese Ministry
of Environment and Health and the National Ethics Com-
mittee. Bushmeat samples were obtained through a strategy
specifically designed not to increase demand, i.e., women or
men preparing and/or preserving the meat for subsequent
sale and hunters already involved in the trade were asked for
permission to sample blood from carcasses, which were then
returned.17

To ascertain the primate species identification done in the
field, we extracted DNA from all the DBS samples with the
Biomerieux DNA extraction Kit (Biomerieux, Craponne,
France) with minor changes19 to amplify and sequence a
fragment of the 12S rRNA gene using primers 12S-L1091 and
12S-H1478 to confirm the NHP species as previously de-
scribed.14,17 Sequence analysis of the 12S rRNA gene revealed
the presence of seven species: 147 yellow nosed red tailed
guenons (Cercopithecus ascanius whitesidei), 79 Tshuapa red
colobus (Piliocolobus tholloni), 33 Wolf’s monkeys (Cercopithe-
cus mona wolfi), 33 black mangabeys (Lophocebus atterrimus
atterrimus), 25 Angolan pied colobus (Colobus angolensis), 10
De Brazza monkeys (Cercopithecus neglectus), and 3 Allen
swamp monkeys (Allenopithecus negroviridis). Four of the
seven species or subspecies are endemic to DRC18.

To detect STLV infection, polymerase chain reaction (PCR)
analyses were performed on all DBS samples using previously
described diagnostic tax-rex PCR (220 bp) allowing detection
of all PTLVs.14 STLV infection was identified in 26 (7.9%) of
the 330 DBS samples (Table 1). Except for Allan swamp’s
monkeys, for which only three samples were available, all
other species were infected with STLV and prevalences ran-
ged between 1.4% and 20% per species. STLV-positive ani-
mals were identified only in Kole; all samples collected in
Malebo and Monkoto were negative by PCR screening.
Newly derived STLV nucleotide sequences were aligned with
reference sequences from the GenBank as well as STLVs
previously characterized in the laboratory by using MEGA4
and Clustal X v.2 with minor manual adjustments when
necessary.20 Nucleotide sites that could not be unambigu-
ously aligned were excluded from the analyses. Appropriate
models of evolution were selected for each data set using
Topali v2.5 software21 and maximum likelihood phylogenies
were reconstructed using PHYML.22 The analyses were per-
formed using a discrete gamma distribution to account for
variable substitution rates among sites with four rate cate-
gories and the TN93 model. Nucleotide frequencies, nucleo-
tide changes rate, and gamma distribution shape parameters
were estimated from the data. The starting tree was obtained
by using PHYML. One hundred bootstrap replications were
performed to assess confidence in the topology. Sequence and
phylogenetic analyses of the tax fragment identified 17 STLV-
1 and seven STLV-3, and one STLV sequence, derived from a
De Brazza monkey (Cercopithecus neglectus, Cne234), could
not be clearly classified in a known PTLV lineage (Fig. 2).

STLV-1 infection was identified in four species: Cerco-
pithecus ascanius (n = 2), Cercopithecus wolfi (n = 5), Piliocolobus
tholloni (n = 11), and C. neglectus (n = 1). Three species, Colobus

FIG. 1. Nonhuman primate sampling sites in the Demo-
cratic Republic of Congo.
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Table 1. The Number and Percentages of Simian T Cell Lymphotropic Virus-Positive Samples per Species

as Detected by Polymerase Chain Reaction Followed by Sequence and Phylogenetic Tree Analysis as Described

Species Common name
STLV-1

N/N tested (%)
STLV-3

N/N tested (%)
Other STLV

N/N tested (%)
Total

N/N tested (%)

Allenopithecus negroviridis Allan swamp monkey 0/3 (0.0%) 0/3 (0.0%) 0/3 (0.0%) 0/3 (0.0%)
Colobus angolensis Angola pied colobus 0/25 (0.0%) 2/25 (8.0%) 0/25 (0.0%) 2/25 (8.0%)
Cercopithecus neglectus De Brazza monkey 1/10 (10.0%) 0/10 (0.0%) 1/10 (10.0%) 2/10 (20.0%)
Cercopithecus ascanius Red tailed monkey 2/147 (1.4%) 0/147 (0.0%) 0/147 (0.0%) 2/147 (1.4%)
Cercopithecus wolfi Wolf’s monkey 4/33 (9.1%) 0/33 (0.0%) 0/33 (0.0%) 4/33 (12.1%)
Lophocebus aterrimus Black mangabey 0/33 (0.0%) 4/33 (9.1%) 0/33 (0.0%) 4/33 (12.1%)
Piliocolobus tholloni Thsuapa red colobus 11/79 (13.9%) 1/79 (1.3%) 0/79 (0.0%) 12/79 (15.1%)

Total 18/330 (5.4%) 7/330 (2.1%) 1/330 (0.3%) 26/330 (7.9%)

STLV, simian T cell lymphotropic virus.

FIG. 2. Primate T cell lymphotropic virus (PTLV) phylogeny inferred using 195-bp tax-rex sequences. Numbers correspond
to internal branch support derived from 100 bootstrap replicates (only values above 80 are shown). Scale bar represents the
number of nucleotide substitutions per site. Groves’ primate taxonomy nomenclature is used.18 Nonhuman primates are
coded using the first letter of the genus followed by the first two letters of the species name: Cwo, Cercopithecus wolfi; Cas,
Cercopithecus ascanius; Cne, Cercopithecus neglectus; Can, Colobus angolensis; Pth, Piliocolobus tholloni; and Lat, Lophocebus
aterrimus. New sequences from this study are highlighted in italic and bold.
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angolensis (n = 2), Piliocolobus tholloni (n = 1), and Lophocebus
aterrimus (n = 4), were infected with STLV-3. Finally, STLV-1
and STLV-3 cocirculate in Piliocolobus tholloni but we did not
observe coinfected animals. Although the genomic region for
the diagnostic PCR is small and phylogenetic signals are
weak, phylogenetic analysis of the new 195-bp tax-rex STLV
sequences from this study revealed a high genetic diversity in
primates around Kole. For STLV-1, two major groups were
observed; one group was composed of eight strains amplified
from Piliocolobus tholloni and one strain from Cercopithecus
ascanius (Cas185), and a second group contained strains from
Cercopithecus wolfi (Cwo252, 39, 278), Cercopithecus neglectus
(Cne8), and Cercopithecus ascanius (Cas88). Different lineages
were also seen in the STLV-3 radiation.

To further characterize the new STLVs from this study, we
amplified a fragment of LTR for at least one STLV-1 or STLV-
3-positive sample per monkey species. For STLV-1, semi-
nested PCRs were performed using 8255not and LTRU5E or

Enh280 and 5PLTR as primers for the first round and 8255not
and 420LTR or tatabox and 5PLTR as primers for the second
round, as previously described, to obtain fragments of 418,
450, or 780 bp.13,14 For STLV-3, a 678- to 900-bp fragment in
the LTR region was amplified by the combination of previ-
ously described and newly designed primers. Seminested
PCRs were performed using AV45 or AV51 and px-LTRas as
primers in the first round and AV42 or px-LTRs and px-LTRas
as primers for the second round as previously described.14

Newly designed primers were P3MPLF1 (5¢-CVACCACT
GCTACRACCCCCAAG-3¢) and P3MPLR1 (5¢- CRGATG
ATTCAGCTATTTGTCCTC-3¢) primers as first round and
P3MPLF2 (5¢- AAGAYACWCCCCCTTCCGAAAC-3¢) and
P3MPLR2 (5¢- CCGTCTCGRGGYTCATCATC -3¢) as second
round. PCR for both rounds were performed using the ex-
pand High Fidelity PCR kit (Roche Molecular Biochemicals,
Mannheim, Germany) and included a hot start (94�C for
3 min) with the following cycle conditions: 14 cycles of

FIG. 3. Inference of PTLV-1 phylogeny using 418 bp (3¢ end LTR) (a), 401bp (5¢ end LTR) (b), and 750 bp (c) LTR sequences.
Numbers correspond to internal branch support derived from 100 bootstrap replicates (only values above 75 are shown).
Scale bar represents the number of nucleotide substitution per site. Groves’ primate taxonomy nomenclature is used (Groves,
2001). Nonhuman primates are coded using the first letter of the genus followed by the first two letters of the species name:
Cwo, Cercopithecus wolfi; Cas, Cercopithecus ascanius; Cne, Cercopithecus neglectus; Can, Colobus angolensis; Pth, Piliocolobus
tholloni; and Lat, Lophocebus aterrimus. Sequences from this study are highlighted in italic and bold.
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denaturation at 95�C for 20 s, annealing at 56�C for 30 s (with
temperature decreasing 0.5�C per cycle), and extension at
72�C for 1 min followed by 30 cycles of denaturation at 95�C
for 20 s, annealing at 52�C for 30 s, and extension for 1 min.
PCR products were purified on 1% agarose gel with a GEN-
ECLEAN Turbo kit (Q.BIOgene, MP Biochemichals) and di-
rect sequencing of both strands with ABI PRISM Big Dye
Terminator Cycle sequencing Ready Reaction kit with am-
plitaq FS DNA polymerase on an automated sequencer (ABI
3130XL, applied Biosystems, Courtaboeuf, France). Sequences
were then assembled using the software package Lasergene
(DNASTAR, Inc., Madison, WI).

A total of 12 new partial STLV-1 LTR sequences were ob-
tained; a 450-bp sequence (3¢ end of LTR) was amplified and
sequenced for 10 samples, for eight samples a 418-bp (5¢ end of
LTR) fragment was obtained, and for six samples the 780 bp
was sequenced. Figure 3 shows the corresponding phylo-
genetic trees, obtained by methods described above, and
illustrates the presence of two different STLV-1 subtypes. The
majority of the STLV-1 strains obtained from P. tholloni
formed a separate cluster, probably representing a new
subtype. The remaining strains obtained from C. wolfi, C. ne-
glectus, and C. ascanius together with two strains from

P. tholloni fall within subtype B, which is widespread among
different primate species in Central Africa.

Six new STLV-3 sequences were obtained in LTR; for three
samples a 900-bp fragment could be amplified (Can28, Can47,
and Lat36) and sequenced and for three only a 680-bp frag-
ment was obtained (Lat111, Lat120, and Pth121). The six new
LTR sequences formed two separate clusters in the STLV-3
central African subtype B radiation; one cluster consisted of
the two strains derived from Colobus angolensis and the single
strain derived from Piliocolobus tholloni, whereas the other
cluster was formed by the three strains derived from Lopho-
cebus atterrimus (Fig. 4). Unfortunately, all attempts to amplify
fragments of the LTR region were unsuccessfull for the di-
vergent strain derived from C. neglectus.

In this study we analyzed the prevalence and genetic di-
versity of STLVs on 330 DBS samples derived from primate
bushmeat in DRC. No extensive studies have yet been con-
ducted on STLV infection in monkeys from DRC, which
mainly harbors endemic species because of the geographic
barriers constituted by the Congo, Ubangui, and Kasai
rivers.18 Overall, we showed that 7.9% of primate bushmeat
in our study is infected with STLV, 70% with STLV-1, and
the remaining part with STLV-3. Similarly, as observed in

FIG. 3. Continued.
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previous studies, prevalences varied per species, ranging here
from 1.4% to 20%.14,23,24 Although STLV-2 infections have
today been described only in bonobos (Pan paniscus), a species
endemic to DRC, we did not observe STLV-2 infections in
other primate species from DRC and no simian counterpart
for HTLV-4 was identified. However, we show for the first
time STLV infection in C. mona wolfi, C. ascanius whitesidei, L.
aterrimus aterrimus, C. angolensis, and P. tholloni, which are all
species or subspecies that are endemic in DRC or present only
in DRC and neighboring countries. For the first time we also
identified STLV infection in De Brazza monkeys (C. neglectus),
because samples from this species in previous studies con-
ducted in Cameroon were negative.14

Although our sample size was small and covers only a
small geographic area of DRC, we observed a high variety of
STLV variants, including most likely a new STLV-1 subtype
and new lineages in the STLV-3 subtype B from west and
central Africa. We also documented a new STLV strain in C.
neglectus, which could not be classified into a known PTLV
type; unfortunately we obtained only a small fragment in tax
and were not able to amplify a larger fragment in LTR to
better characterize this new variant. Three different STLV

variants cocirculate among P. tholloni (Tshuapa red colobus)
in which STLV-1 subtype B, a new STLV-1 subtype, and
STLV-3 have been identified. These results are consistent with
the occurrence of multiple cross-species transmissions be-
tween different NHP species as well as between primates and
humans.3,6,9,13,14

Exposure to blood, secretions, or tissues from infected
primates, through hunting and butchering of bushmeat, rep-
resents the most plausible source for human infection with
STLV. As illustrated in this and other studies, humans are still
hunting and butchering a wide diversity of primate species
today and the possibility of ongoing cross-species transfers
has to be considered.16,17 Our observation of 7.9% prevalence
of STLV infection among primate bushmeat is comparable to
the 8 –11% prevalences recently found in primate bushmeat in
Cameroon.14,23

In summary, we found broad diversity of STLV in NHPs
from DRC and identified a potential new PTLV lineage. Our
results provide increasing evidence that the diversity and
geographic distribution of PTLVs are much greater than
previously thought. Nonetheless, screening of larger numbers
of NHPs in DRC is required to understand the STLV diversity

FIG. 3. Continued.
(Figure continued /)
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and evolution in this part of Africa, which harbors a large
number of endemic primate species. This high degree of PTLV
divergence observed in Central Africa provides further evi-
dence that the ancestor of these different types of viruses must
be of African origin. Given the ongoing contacts between in-
fected NHP and African populations through hunting and
butchering, it is likely that STLV cross-species transmissions
are still occurring. Given the enormous country size, absence
of road infrastructure, and difficult communication, people in
DRC rely on bushmeat for subsistence in many areas.25

Moreover, 60% of the approximately 70 million inhabitants
live in rural areas, suggesting high levels of exposure among
people living in DRC. The increasing genetic diversity of
STLVs can also be a challenge for HTLV diagnosis, especially
for PTLV-3, because such antigens are not used in commer-
cially available screening and confirmation assays. Today, no
or few data are available for HTLV infections and their genetic
diversity in humans in DRC, but our findings of divergent
STLV-3 in hunted primate species suggest that HTLV-3 in-
fections could also be present in this country.

Accession Numbers

The sequences described in this paper were submitted to
the GenBank Nucleotide Sequence Database under accession
numbers JN210930 to JN210967.
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