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DURING THE PAST 20 YEARS it has been demonstrated that the
three simian T lymphotropic viruses (STLVs) naturally in-

fect a number of nonhuman primate species.1–3 STLV-1, a retro-
virus closely related to human T cell lymphoma/leukemia
viruses type 1 (HTLV-1), has been described in primate species
from Africa and Asia.4,5 In Africa, infection has been detected
in both species of great apes (Pan and Gorilla) as well as in
the Old World Monkey family Cercopithecidae.6–10 The man-
drill (Mandrillus sphinx), which has a limited geographic dis-
tribution in the tropical forests of Cameroon, south of the
Sanaga River, through Equatorial Guinea and Gabon to south-
ern Congo, west of the Congo River,11–13 has been shown to
be infected with an STLV-1 closely related to HTLV-1.8 In ad-
dition, a similar STLV-1 virus was found in Cercopithecus nic-
titans14 sympatric with Mandrillus sphinx in the same restricted
geographic region in the tropical forests of western Central
Africa. Contact between these monkeys is not rare and may ac-
count for repeated episodes of interspecies transmission.

The first cases of natural STLV infection in mandrills
(STLVmnd) were described after a retrospective serological
survey of mandrills at the CIRMF Primate Center in Gabon.
Two males, Mnd 7 and Mnd 9, showed STLV-1 seropositivity

on their arrival at CIRMF, which strongly supports the exis-
tence of natural STLV infection in the wild. Since the creation
of the breeding colony in 1983, the natural transmission of the
virus has been followed.6 The first STLVmnd genetic studies
indicated the presence of two genetically distinct strains (Mnd
7 STLV-1 and Mnd 9 STLV-1) with the intracolony transmis-
sion of the Mnd 7 STLV-1 strain occurring predominantly
through male-to-male aggressive contacts.8 However, two man-
drill females (Mnd 12M and Mnd 17D) have become infected
with the Mnd 7 strain for which the mode of transmission is
currently under study. Further phylogenetic studies of the Mnd
7 STLV-1 strain showed that it clustered in the same mono-
phyletic clade with sequences of HTLV-1 subtype D,15,16 while
the Mnd 9 STLV-1 strain grouped with a different molecular
subtype F, recently described in Gabon.3,9,16,17 The hypothesis
of cross-species transmission of STLV-1 to humans is supported
in this study by the fact that the STLVmnd viruses character-
ized are genetically similar to HTLV-1 subtype D and F
viruses.16 Moreover, African HTLV-1 and STLV-1 cannot be
separated into distinct phylogenetic lineages according to their
species of origin, but rather, seem to be related according to the
geographic origin of their host.18 The previous study of the ge-
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ographic distribution of two known mandrill simian immuno-
deficiency viruses (SIVmnd type 1 and 2)19 and the very recent
insights based on the phylogenetic analysis of the mitochon-
drial cytochrome b gene in mandrills throughout Gabon confirm
the existence of two phylogeographic groups of mandrills.20

The current phylogeographic studies of STLV strains circu-
lating in wild mandrills and other primates in Gabon aim to ver-
ify that the phylogenetic history of these strains is strongly re-
lated to the geographic origin of their hosts.

Between 1998 and 2000, blood samples collected from 23
wild mandrills in the Lopé Reserve, Central Gabon (0012S,
1136E)13,21 anesthetized for placing radio-collars were tested
for the presence of anti-HTLV-1 antibodies (Platelia HTLV-1
New, BioRad, Marnes la Coquette, France; WB HTLV 2.4,
Genelabs Diagnostic). In addition, 51 blood samples collected
from wild-born pet mandrills throughout Gabon were also tested
(Table 1).

Eighteen of 23 (78.3%) wild-living mandrills and 2 of 51
(3.9%) wild-born pet mandrills tested positive in initial screen-
ings and exhibited positive HTLV-1 western blot serological
patterns. The majority of positive mandrill samples (14 of 18)
exhibited a complete HTLV-1 Western blot serologic pattern
with antibody reactivity against the two gag antigens (p19 and
p24), against the recombinant GD21 protein, and against the
HTLV-1 specific recombinant rgp46 or MTA-1 peptide. Two
mandrill samples exhibited a nearly complete Western blot pat-
tern, with the absence or very faint presence of the p24 band

(samples MS21 and 22), and the two remaining positive sam-
ples lacked or exhibited a very faint MTA-1 band (samples
MS19 and 25) (data not shown).

All STLV-positive mandrills from the Lopé population were
sexually mature individuals of both sexes. No samples were
available from younger individuals. Conversely, the pet man-
drills captured before the onset of sexual maturity showed a
very low STLV-1 prevalence. These two observations would
indicate that low levels of vertical transmission of STLV-1 virus
occur in the wild, and suggest that transmission is predomi-
nantly between sexually mature individuals. Results from the
CIRMF colony confirm these findings, with low infection rates
in juvenile individuals and low levels of sexual transmission,
but with high transmission through male–male aggression.8

To identify the STLV-1 subtype present in the seropositive
primates and to examine the evolutionary relationship between
these strains in Gabon and the other available HTLV/STLV
strains, we analyzed a 422-bp (gp21) and a 459-bp (gp46) frag-
ment of the env gene and a 162-bp fragment of the tax gene. The
different fragments were amplified using previously described
primers and polymerase chain reaction (PCR) conditions7,15,22

and sequenced directly (Sequentia, Genopole, Evry, France).
DNA of mandrills housed at the CIRMF Primate Center were
used as STLV-1-positive controls and STLV-1-negative controls.
Alignments were carried out for two partial env gene regions
(gp21 and gp46) and for a partial tax gene region using
CLUSTAL W (1.7), Se-al V2.0 (http://evolv.zoo.ox.ac.uk).20

TABLE 1. MANDRILLS INCLUDED IN THE STUDY, THEIR STLV SEROLOGIC STATUS AND GEOGRAPHIC ORIGINa

Origin: Number STLV
Mandrills region in Gabon tested positive Sex Age Sex (age)

South of Ogooué River
Wild living Lopé Reserve 23 18 17M, 6F Adult 15M, 3F (adult)
Wild-born pets Bakoumba 10 0 7M, 3F 7 m–3 yrs

Lambaréné 10 0 6M, 4F m 2–3 yrs
Koulamoutou 5 0 3M, 2F m 1–3 yrs
Mimongo 4 0 1M, 3F 2 yrs

North of Ogooué River
Wild-born pets Makokou 9 2 4M, 5F 6 m–3 yrs 2M (2–3 yrs)

Woleu-Ntem 13 0 5M, 4F 8 m–3 yrs
0 2M, 2F Adult

Total tested/overall prevalence 74 20 27.0%

aM, male; F, female; m, months; yrs, years.

FIG. 1. Unrooted neighbor-joining tree of a 162-bp tax fragment including sequences from reference strains of HTLV/STLV
type and subtype, with the bootstrap (1000 bootstrap samples) values (in percent) indicated beside the branches. The GenBank
accession numbers for the new strains are STLV-1 subtype D, M. sphinx—MSP15G (AJ564759), Mnd 12M (AJ564757); C. nic-
titans—CN01-G (AJ564758); STLV-1 subtype F, M. sphinx—MS8, 4, 11, 7, 25, 24, 23, 22, 19, 20 (AJ564747–AJ564756).

FIG. 2. Sequence alignment of 50 amino acids corresponding to a fragment of the p27 rex protein obtained for seven man-
drills STLV-1 subtype D strains (Mnd 7–clone 11, Mnd 13–clone 7, Mnd 14–clone 11, Mnd 15–clone 1, Mnd 18, MSP15G, and
Mnd 12M, for 11 mandrills STLV-1 subtype F strains (MS4, 7, 8, 11, 19, 20, 22, 23, 24, 25, and Mnd 9–clone 1) and HTLV-1
ATK reference strain.
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Phylogenetic analyses of these sequences with the available
HTLV/STLV sequences from GenBank were performed and
the initial trees (Figs. 1 and 3) were obtained using CLUSTAL
W (1.7), which performs neighbor-joining (NJ) trees under a

Kimura two-parameter model (transition/transversion ratio �
2). The appropriate nucleotide substitution model and gamma
shape parameter were estimated using the program ModelTest23

with the AIC criterion: the Hasegawa, Kishino, and Yano (HKY

MAKUWA ET AL.1140

FIG. 3. Phylogenetic analysis of a 424-bp env (gp21) fragment of different HTLV/STLV isolates using the neighbor-joining
method with Mel5 (HTLV-1 subtype C) as the outgroup. The new STLV-1 sequences (highlighted in bold) were analyzed with
71 HTLV-1/STLV-1 sequences available from the GenBank database. The GenBank accession numbers of new STLV-1 strains
are as follows: M. sphinx—MSP62G (AJ564761), MSP15G (AJ564760), Mnd 12M (AJ555445); Mnd 2F (AJ555446), MS24,
25, 23, 22 (AJ564762–AJ564765); C. nictitans—CN01G (AJ555444).
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85) model24 was selected as the optimal model of evolution
method. Phylogenetic analyses were carried using PAUP
4.0b825 (Fig. 4).

Comparative sequence analysis of a 162-bp fragment of the
highly conserved tax region demonstrated that STLV-1mnd
strains from Gabon formed two separated clusters paralleling
the north–south geographic origin of their hosts (Fig. 1). The
new STLV-1mnd subtype D strains originated from two wild-

born pet mandrills (MSP15G and MSP62G) from the Makokou
cluster with previously characterized STLV-1 subtype D strains
from CIRMF.16 The second cluster comprises the STLV-1mnd
subtype F strain from Mnd 9 (CIRMF) and strains originating
from wild mandrills (MS7, 8, 11, 14, 19, 20, 22, 23, 24, and
25) from the Lopé Reserve. The sequence alignment of 50
amino acids corresponding to a fragment of the p27/rex protein
obtained for STLV-1mnd strains and the STLV-1CN01G strain,

FIG. 4. Phylogenetic analysis of a 459–bp env (gp46) fragment of different HTLV/STLV isolates using the neighbor-joining
method with TE4 (M. tonkeana) as the outgroup. Sequences used were as follows: for STLV-1: C. nictitans CN01G (AJ517395),
M. sphinx (AJ517385–AJ517394) [wild-born mandrills (18 and 15) and captive born (16B, 17C, 17D, 10D, 2E, 12M) were all
infected in captivity with STLV-1mnd 7 strain], Mnd 9 (AJ536080), P. anubis BTLV (U56855), C. a. tantalus Tan90 (AF074966),
C. atys Sm (U94516), M. tonkeana TE4 (Z46900); for HTLV-1: ATK-1 (J02029), MT-2 (L03561), ATL-YS (U19949), EL
(S74562), mel1 (L02533), Gab2303 (L26585), Gab2313 (L26586), Gab2315 (L33265), Gab2316 (L33266); BOI (L36905), RK13
(AF042071).
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including ATK as a reference strain, confirms these findings.8,16

The five amino acid substitutions (Q/P, T/I, S/F, R/Q, and R/K)
are specific for the group of STLV-1 subtype D-positive man-
drills and C. nictitans. Interestingly, the amino acid substitu-
tion (M/T) is specific only to the Mnd 9 strain (clone 1) and is
not seen in the other mandrill strains belonging to the same
STLV-1 subtype F group (Fig. 2).

Phylogenetic analysis of the two fragments (gp21, 422 bp
and gp46, 459 bp) of the env gene confirms the existence of
two separate STLV-1mnd clusters. Employing a neighbor-join-
ing method led to equivalent tree configurations with five dis-
tinct and phylogenetically supported HTLV-1/STLV-1 ge-
nomic subtypes (A, B, C, D, and F) (Figs. 3 and 4). Both of
these analyses allow us to compare our sequences with the
GenBank available gp21 and gp46 sequences. The STLV-
1mnd strains representative of the two STLV-1 subtypes, D
and F, are well supported with bootstrap values of 59% (gp21)
and 98% (gp46) for subtype D and 69% (gp21) and 99% (gp46)
for subtype F.

As previously published,4,6,16 these STLV-1mnd subtype
D strains from Gabon, together with two recently analyzed
sequences from mandrills from Cameroon,9 fall into the same
monophyletic clade with the sequences of the previously de-
scribed human HTLV-1 subtype D divergent strains from
Gabon (Gab2303, Gab2318)22 and Cameroon (CMR229,
H2–3)15 (Fig. 3). The HTLV-1/STLV-1 subtype F group in-
cludes new strains originating from wild mandrills from the
Lopé Reserve, and the human Gabonese strain (Lib2) sup-
ported by bootstrap values of 69%. Until this study, Mnd 9,
one of the original STLV-1-positive members of the semi-
free ranging colony of mandrills of the CIRMF, was the sole
representative of an STLV-1mnd subtype F-infected man-
drill.8,16 In addition, mandrills share the same habitat with
humans, and the independent clustering of the different
STLVmnds with different HTLVs strongly suggests inter-
species transmission of the virus.

In conclusion, our results show that two distinct STLV-1 sub-
types infect wild mandrills. They are different with respect to
their phylogenetic relationship and parallel the mandrills’
north–south distribution.

Moreover, as described for primate lentiviruses (PLVs) and
their hosts26 and more specifically mandrills and SIVmnd
strains,19 these two STLV-1 subtypes naturally infect mandrills
in the wild, each having a distinct geographic distribution. Both
STLV-1 subtype D-infected mandrills originated from northern
Gabon, north of the Ogooué river. Conversely, the STLV-1 sub-
type F-infected mandrills were found south of the Ogooué
River. In addition, the distribution of the cytochrome b haplo-
types suggests that the Ogooué River, which bisects the man-
drills range, separates populations in Cameroon and northern
Gabon from those in southern Gabon, suggesting that these two
mandrill phylogroups have followed different evolutionary tra-
jectories since separation.20 The clustering of these new STLV-
1mnd sequences with HTLV-1 subtype D and F suggests first,
independent past simian-to-human transmissions in Central
Africa16,27 and second, that species barriers to transmission of
STLV-1 may sometimes be easier to cross than the geographic
barriers.

The GenBank accession numbers of the reported sequences
are Tax region: STLV-1 subtype D: M. sphinx—MSP15G

(AJ564759), Mnd 12M (AJ564757); C. nictitans—CN01-G
(AJ564758); STLV-1 subtype F, M. sphinx—MS8, 4, 11, 7, 25,
24, 23, 22, 19, 20 (AJ564747–AJ564756). env (gp46) region:
STLV-1 subtype D: MSP15G (AJ517386), MSP62G (AJ56-
6405); STLV-1 subtype F: M. sphinx—MS23, 25, 20, 21, 19,
22 (AJ536074–AJ536079). env (gp21) region: STLV-1 subtype
D: M. sphinx—MSP62G (AJ564761), MSP15G (AJ564760);
STLV-1 subtype F: M. sphinx—MS24, 25, 23, 22 (AJ564762–
AJ564765).
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