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Abstract

Background: Human T-Lymphotropic Virus Type 1 (HTLV-1) infection causes lethal adult T-cell leukemia (ATL) and severely
debilitating HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP) in up to 5% of infected adults. HTLV-1 is
endemic in parts of Africa and the highest prevalence in West Africa (5%) has been reported in Caio, a rural area in the
North-West of Guinea-Bissau. It is not known which HTLV-1 variants are present in this community. Sequence data can
provide insights in the molecular epidemiology and help to understand the origin and spread of HTLV-1.

Objective: To gain insight into the molecular diversity of HTLV-1 in West Africa.

Methods: HTLV-1 infected individuals were identified in community surveys between 1990-2007. The complete Long
Terminal Repeat (LTR) and p24 coding region of HTLV-1 was sequenced from infected subjects. Socio-demographic data
were obtained from community census and from interviews performed by fieldworkers. Phylogenetic analyses were
performed to characterize the relationship between the Caio HTLV-1 and HTLV-1 from other parts of the world.

Results: LTR and p24 sequences were obtained from 72 individuals (36 LTR, 24 p24 only and 12 both). Consistent with the
low evolutionary change of HTLV-1, many of the sequences from unrelated individuals showed 100% nucleotide identity.
Most (45 of 46) of the LTR sequences clustered with the Cosmopolitan HTLV-1 subtype 1a, subgroup D (1aD). LTR and p24
sequences from two subjects were divergent and formed a significant cluster with HTLV-1 subtype 1g, and with the most
divergent African Simian T-cell Lymphotropic Virus, Tan90.

Conclusions: The Cosmopolitan HTLV-1 1aD predominates in this rural West African community. However, HTLV-1 subtype
1g is also present. This subtype has not been described before in West Africa and may be more widespread than previously
thought. These data are in line with the hypothesis that multiple monkey-to-man zoonotic events are contributing to HTLV-
1 diversity.
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Introduction

The retrovirus Human T-Lymphotropic Virus type 1 (HTLV-1)
was first discovered in 1979 [1]. Approximately 5% of HTLV-1
carriers develop Adult T-cell Leukemia (ATL) or HTLV-
associated myelopathy/tropical spastic paraparesis (HAM/TSP).
ATL (and other HTLV-1 associated diseases have been described
in West African individuals [2,3,4]. It is not known how many
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people are infected worldwide [5], but the prevalence is high in
Japan, Africa, the Caribbean and South America (reviewed in [6]).
Transmission of HTLV-1 is vertical (mainly through prolonged
breastfeeding), sexual and via contaminated blood products
(reviewed in [6]). HT'LV-1 infection is believed to have originated
in multiple zoonotic events from monkeys. Cross-species trans-
mission of HT'LV-1 from monkey to men is probably ongoing and
still actively contributing to the endemic [7,8].
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Author Summary

Human T-Lymphotropic Virus type 1 (HTLV-1) affects
millions of people worldwide. It is very similar to Simian
T-Lymphotropic Virus, a virus that circulates in monkeys.
HTLV-1 causes a lethal form of leukemia (Adult T-cell
Leukemia) and a debilitating neurological syndrome
(HTLV-associated myelopathy/tropical spastic paraparesis)
in approximately 5% of infected people. Based on
sequence variation, HTLV-1 can be divided into 7 subtypes
(1a-1g) with the Cosmopolitan subtype 1a further subdi-
vided into subgroups (A-E). We examined HTLV-1 diversity
in a rural area in Guinea-Bissau, a country in West Africa
with a high HTLV-1 prevalence (5%). We found that most
viruses belong to the Cosmopolitan subtype 1a, subgroup
D, but 2 viruses belonged to subtype 1g. This subtype had
thus far only been found in monkey hunters in Cameroon,
who were probably recently infected by monkeys. Our
findings indicate that this subtype has spread beyond
Central Africa. An important, unresolved question is
whether persons with this subtype were infected by
monkeys or through human-to-human transmission.

HTLV-1 is an ancient retrovirus with a very low evolutionary
rate (especially compared to HIV) [9]. The Simian T-cell
Lymphotropic Virus and HTLV are together referred to as
Primate T-cell Lymphotropic Virus (PTLV). Currently, 7 different
HTLV-1 subtypes, based primarily on the nucleotide sequence of
the LTR region, have been described; the Cosmopolitan subtype
(la) that has spread worldwide and is further divided into
subgroups (A-E), 4 African subtypes (lb, 1d, le, If) and a
Melanesian/Australian subtype (lc). In 2005 a new African
subtype g was described by Wolfe et al. based on sequence data
from two infected subjects [7]. The origins of HTLV-1 are
believed to be either in Asia or Africa and current data do not
provide clear support for one or the other continent. The most
divergent STLV-1 strain thus far identified is Asian (MarB43)
suggesting that MarB43 separated earlier from an ancestral virus
than the PTLV-1Is found in Africa [10] and supporting a
hypothesis that the origin of PTLV-1 lies in Asia [10]. On the
other hand, only HI'LV-1 subtype a has been found in Asia, while
all known HTLV-1 subtypes are present in Africa, providing
support for an African origin of HTLV-1 [11]. Additional samples
and phylogenetic data are needed to answer this question [12].

After an initial dispersion in Asia and Africa, the Cosmopolitan
subtype la spread worldwide and is thought to have been
introduced into the Americas during the post-Columbian slave
trade [13]. In people of African descent in South America, mainly
Cosmopolitan subtype la subgroup A is found [13]. In Africa,
subgroup A has been found primarily in Southern Africa while in
West Africa (the origin of a large proportion of the slaves that were
taken to South America) only subgroups C and D have been
identified so far [14]. This presents a puzzle - subgroup A is
common in South Americans of African decent yet uncommon (at
least based on the currently available sequence data) in the African
regions from which a large proportion of slaves were brought to
South America. Additional HTLV-1 sequence data from West
Africa are needed to resolve this enigma.

The study area of the current analysis is a rural community in
Guinea-Bissau and has the highest reported HTLV-1 prevalence
in West Africa (5% in 2007) [15], but no sequence data exist from
this area and the subtypes of HTLV-1 circulating in the area are
not yet identified. Also, the contribution of the various HTLV
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transmission routes in this community is not well documented . To
examine the molecular epidemiology and to define the routes of
transmission of HTLV-1 in the Caio community in Guinea Bissau,
we characterized the HTLV-1 LTR and p24 region from a
collection of DNA samples isolated from children and adults from
this cohort. We describe highly conserved examples of HTLV-1
subtype d, most closely related to isolates reported from Bissau and
two examples of subtype g, which is the first time this subtype has
been reported in West Africa.

Methods

Ethics statement

Informed consent was obtained from all the study participants.
From 2003 onwards, written informed consent was obtained as
required by the Gambian Ethics Committee. In studies prior to the
2003 study, written informed consent was not required by the
Gambia Government/MRC MRC Laboratories Joint Ethics
Committee nor by the Ministry of Health of Guinea-Bissau and
thus verbal consent was obtained. The documentation of the
informed consent was done in a two-step process. After
information on the study was given by the field worker, and after
having responded to any questions that the prospective participant
might have, the field worker asked whether the participant was
willing to participate in the study. The field worker noted down
the answer by ticking one of two boxes (Accepting to participate in
study or not); a separate question was asked about providing a
blood sample and the answer to this question was noted
separately.. All studies, (both prior to and after 2003), were
approved by the Gambia Government/MRC MRC Laboratories
Joint Ethics Committee and by the Ministry of Health of Guinea-
Bissau.

Study population and samples

The study area, Caio, is a settlement of 10 small villages with
10,000 inhabitants in North-Western Guinea-Bissau and has been
described in detail [16]. A rolling census has been performed in
the area since 1988 as part of a research project on HIV-2 [17]. In
1990, 1997 and 2007, population surveys were conducted to study
the prevalence, incidence and risk factors of HIV-1, HIV-2, and
HTLV-1 infection and these surveys included approximately 75%
of the adult population [18]. A cohort was established to study the
natural history of HIV-2; included were all HIV-2 infected adults
and a similar number of controls, matched for age, sex, and
village. This cohort was established in 1991, and subjects were
examined in 1996, 2003, and 2006. In addition, in 2004 a cross-
sectional study was performed to examine mother-to-child
transmission of HTLV-1 [19]. HTLV-1 prevalence has been
stable at around 5% in Caio throughout this period [15].

In the studies conducted in 2003, 2006 and 2007, DNA was
extracted from blood samples (whole blood and peripheral blood
mononuclear cells), and stored for molecular analyses. Because
these samples have been used in different studies, not each HTLV-
1 infected individual had a stored sample; some samples had been
depleted during other studies or could not be traced or storage had
failed (e.g. freezer breakdowns). The available samples were used
for HTLV-1 sequencing for the current study.

Samples for LTR sequencing were selected in 2010 from stored
DNA samples. All complete LTR sequences obtained from
mother-child pairs from the vertical transmission study in 2004
were also used in the current analysis (accession numbers
JN655856 to JN655872). [19]. Samples for p24 sequencing were
randomly selected in 2009 from stored DNA samples for an as yet
unpublished immunological study.
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HTLV-1 diagnosis

In the 1997, 2003 and 2004 studies, plasma samples were tested
for the presence of antibodies to HTLV-1 and HTLV-2 using a
Murex HTLV-14+2 ELISA (Abbott Murex Diagnostics, Dartford,
UK). Reactive samples were retested by the same assay. HTLV-1
infection status was further determined by PCR using primers
targeted to the tax/rex gene [20]. Each PCR reaction also
included 10 copies of phage lambda DNA. This was co-amplified
with specific primers in the same reaction to control for non-
specific inhibition. Because the tax/rex primers amplified both
HTLV-1 and HTLV-2 sequences, the amplicons were digested
with the restriction enzyme Sau 3A (which cuts only HTLV-1) to
distinguish products from the two viruses. In this study all PCR-
positive samples were confirmed to be HTLV-1 by Sau 3A
digestion. The HTLV-1 testing in the 2007 study (2 ELISAs and
PCR confirmation) and the HIV testing of previous studies have
been described in detail [15].

HTLV-1 LTR and p24 PCR and sequencing

Amplification of the HTLV-1 proviral DNA was performed
with nested PCR. PCR primers were optimized for a melting
temperature (Tm) between 57 and 60°C and are listed in Table 1.
The complete LTR region was obtained by amplifying two
overlapping fragments similar to the strategy used by Salemi et al.
[21]. For each patient sample, a 438 bp 5’ LTR-gag (primers
MO195-198) and a 475 bp tax-3'LTR fragment (primers
MO199-202) were obtained. The p24 coding region was amplified
on an 840 bp fragment using the nested primers MO076-079.

PCR products were purified using Qiaquick Gel Extraction
(Qiagen) and sequenced using the inner PCR primers from both
directions by Macrogen (www.macrogen.com). Complete LTR
and p24 sequences were assembled and ambiguities were resolved
using the sequence alignment editor BioEdit. [22] All new
sequences generated here have been deposited in Genbank with
the following accession numbers (JQ583778 to JQ583845) (Table
S1).

Table 1. Primers used for HTLV-1 LTR and p24 PCR and
sequencing.

Primer Function Sequence (5’ to 3') Comment

MO195 5’LTR-gag OF AACTAGCAGGAGTCTATAAAAGCG based on AV117
MO196 5’LTR-gag OR  AAAGATTTGGCCCATTGCCTAG based on AV118
MO197 5'LTR-gag IF  ACAGTTCAGGAGGGGGCTC based on AV119
MO198 5’LTR-gag IR TAGGGAATAAAGGGGCGCTC based on AV120
MO199 Tax-3' LTR OF ACTCACACGGCCTCATACAG based on AV121
MO200 Tax-3' LTR OR ACGCAGTTCAGGAGGCAC based on AV122
MO201 Tax-3' LTRIF  CTGTTTGAAGAATACACCAACATCC based on AV123

MO202 Tax-3' LTRIR  CTCAACCGGCGTGGATGG based on AV124
MO076 p24 OF TCCCTCCTAGCCAGCCTAC

MO079 p24 OR TCTCGCTTCCAGTGAGTTGG

MO077 p24 IF CATCCAAACCCAAGCCCAGA

MO078 p24 IR CTCCAGTGGCCTGCTTTCC

OF, outer forward; OR, outer reverse; IF, inner forward; IR, inner reverse.
Primers MO195-M0202 based on, but not identical to primers described in
Salemi et al. [21].

doi:10.1371/journal.pntd.0001690.t001
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Phylogenetic analysis

Multiple sequence alignments of the LTR and the related
sequences in the GenBank/EMBL database were performed with
the Clustal [23] and Dambe softwares [24]. A minimal editing of
the alignment was performed manually with GeneDoc [25].
Neighbor-joining (NJ) and maximume-likelihood (ML) phylogenetic
analyses were performed with PAUP*, version 4.0b10 [26]. The
Tamura-Nei evolutionary model (taking into account a different
substitution rate for transversions, purine and pyrimidine transi-
tions and allowing an intersite substitution rate heterogeneity
modelled with a gamma distribution) was chosen as best model
(alpha parameter of 0.6) using Modeltest 3.06 [27]. The NJ tree
was constructed with an optimized nucleotide substitution rate
matrix and gamma shape parameter using empirical base
frequencies. The reliability of the NJ trees was evaluated by
analyzing 1,000 bootstrap replicates and bootstrap values of
>60% were considered significant. For the ML tree reconstruction
a heuristic search with the subtree-pruning-regrafting branch
swapping algorithm was performed using the NJ tree as starting
tree including its optimised parameters. A likelihood ratio test was
used to calculate the statistical support for the branches (expressed
in p-values). Trees were drawn with TreeView 1.4 [28].

Results

Study subjects and sequences

HTLV-1 LTR and/or p24 sequences were obtained from 72
individuals (Table 2). In order to obtain LTR sequences from
persons who had been infected relatively recently (between 1997
and 2007) or earlier (prior to 1990 or 1997), samples were selected
from individuals diagnosed with HTLV-1 in 2007. Other samples
were randomly selected from the 2003 study. Of the 72 individuals
yielding sequence, 14 (19%) were diagnosed with HTLV-1 in
1990, 17 (24%) in 1997, 5 (7%) in 2003 and 28 (40%) in 2007
(Table S1). Twenty-five (35%) individuals were co-infected with
HIV; 1 was HIV-1, 19 were HIV-2 and 5 were HIV-1/HIV-2
dual co-infected. Eight (11%) sequences came from children, who
were all diagnosed with HTLV-1 in 2004 and who were all HIV
negative.

Information on relationships between individuals from whom
sequences were available was obtained from census data and
interviews; there was one married couple (Cai05846 & Cai05884),
2 siblings (Caio4757 & Caio4758) and 6 mother-child pairs
(Caio4634 & Caio4635; Caio4647 & Caio4650; Caio4658 &

Table 2. Characteristics of subjects of whom HTLV-1 LTR and/
or p24 sequences were obtained from Caid, Guinea-Bissau,
2003-2007.

Characteristic

Total number of subjects of whom sequences were available 72
Number of women (%) 54 (75)
Number of children (aged <15 years) (%) 8 (11)
Median age at diagnosis in years (IQR) 41 (24-64)
Number of subjects co-infected with HIV (%) 25 (35)
Subjects of whom LTR sequence was available(%) 48 (67)
Subjects of whom p24 sequence was available (%) 36 (50)

Subjects of whom both LTR and p24 sequence were available (%) 12 (17)

IQR, interquartile range.
doi:10.1371/journal.pntd.0001690.t002

June 2012 | Volume 6 | Issue 6 | €1690



Molecular Epidemiology of HTLV-1 in Guinea-Bissau

—— Nar French Guyana
TBH-2 south Africa
CR1 North America
BOI France subgroupA HTLV-1a

a AC042 Bzl
0 Qu1 peu
{BI2 Fen
i HTLV04 South Africa
FNN100 Bzt

T3RM North America
|| CMC Tawan
F— KUW-1 Kuwait
L CAM French Guyana
oy AMA  Japan
in{T AINU  Japan j
B Pen subgroupE
RKI14 Peru
TBH5 South Afiica —_
ATK1 Japan
U e subgroupB
BCI2 North America
MT4 Japan
ATM Japan —

4
=)

— 5BMarieto senegal

. PH908 senegal

JL PHO79 senegal
Caio6590

|- RKI5 Guinea Bissau

: EQUnt7 s

- Guinea Bissau

GB10533 Guines Bissau subgroupD
“— GB12313 GuineaBissau
Caiod417

Caiod799

Caio4328

Caio4118

Caio5187

Caio5620

Caio5697

Caio7580

Caio4676

Caiod647

&

~~ Caio4106
Caio5006
Caiod634
[1 Caiod 383
Caio4758
b Caio4258
Caio6701
[——— Caio6622
- Caio6855
Caio4671
'— Pr144 Morocco
QD Mauritania
i BQ nigena
85 PR52 Moroce =
o NM1626 French Guyana
FrGu1 French Guyana
- HS35 carrbean subgroupC
sa) PHI06 senegal
PH907 senegal
GH78 Ghana J

Lo H23 coruran -
Central African Republic 1
75 StDen o 7 - JHTLV-1d

L GB233 caten _

12503 central African Republic

ae H24 cameroon
sa~ PH236 Gabon
8 T49 cameroon
GB3474 Guinea Bissau HTLV-1b
GAB7 Gaton
ELzaire ore
MOMJ obre
ITIS ore
MWMG obre =
——Lib2 caben HTLV-1f

T: entral African Republic
| T Caoaoes ] HTLV-1g/STLV-1
2656ND cameroon

Efe1 ore
MELS5 sotemon Istands

//; / MarB43 scutheastasia  STLV-1

0.04

Figure 1. ML tree of 630-bp LTR sequences from 48 Caio infected subjects (Caio sequences in red). Also included are 66 STLV/HTLV-1
reference sequences (in black); Mel5 was used as an outgroup. The names of the countries of origin are denoted in brackets (CAR, Central African
Republic). The phylogenetic tree was inferred under a Tamura-Nei evolutionary model with a gamma model of among-site substitution rate
heterogeneity. Bootstrap values using 1000 replicates of =60 are indicated on the branches. The asterisks indicate significant branch length on ML
testing (* p-value=<0.001; ** p-value<0.05). The scale bar represents the number of nucleotide substitutions per site. The scale of the MarB43 is not
on scale because it did not fit in the figure. Sequences identical to Caio4676 are Caio4126, Caio4142, Caio4315, Caio4768, Caio5324, Caio5801,
Caio6460, Caio6936 and Caio7120. Sequence identical to Caio4647 is Caio4650. Sequence identical to Caio4799 is Caio4801. Sequences identical to
Caio5620 are Caio4743, Caio4745 and Caio5883. Sequences identical to Caio5187 are Caio5846, Caio5884 and Caio5931. Sequences identical to
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Caio4634 are Caio4635 and Caio5448. Sequences identical to Caio4758 are: Caio4658, Caio4659 and Caio4757. Sequence identical to Caio4671 is
Caio4702. Sequences identical to 7580 are 7421 and 7661. Only one example of each set of identical sequences was included in the analysis.

doi:10.1371/journal.pntd.0001690.g001

Caio4659; Caio4743 & Caio4745; C(aio4671& Caio4702;
Caio4799 & Caio4801). Within each of these 8 family pairs, the
viruses showed 100% identical sequences.

Molecular typing

First, LTR sequences were analyzed to identify the HTLV-1
subtypes present in the village (Table S1). Identical HTLV-1 LTR
sequences were found in known relatives but were also obtained
from 10 unrelated individuals with no known epidemiological links
(not related or known sexual partners) (Figure 1). Stringent control
measures were in place to prevent cross-contamination during
sample handling and PCR, and there was a consistent absence of
product in all negative controls (run with each set of PCR
reactions). In addition there was no clustering of identical
sequences by day of sample preparation. The nonidentical
sequences exhibited 1 to 3% divergence for the LTR.

A phylogenetic tree was constructed with all nonidentical LTR
sequences (Figure 1 - the identical sequences are listed in the figure
legend). With a single exception the Caio sequences (marked in
red) clustered with HTLV-1 subgroup D reference strains isolated
from pregnant women from Bissau (capital of Guinea-Bissau) and
other West and North African individuals.

One virus LTR sequence, Caio4064, was very divergent (6%)
from the major group of Caio subtype la isolates. Caio4064
clustered significantly with an STLV-1 sequence obtained from a
wild African green monkey in the Central African Republic [29]
(Tan90) and with HTLV-1 subtype lg isolated from a Camer-
oonian monkey hunter (2656ND) [7]. The Caio4064 sample was
obtained from a 65-year old woman diagnosed with HTLV-1
(proviral load: 22 copies per 10° cells) and HIV-2 (viral load:
undetectable) infection in 1990. She had not travelled outside of
Guinea-Bissau and had not been bitten by a monkey or hunted
monkeys (information obtained in the 1997 survey). Her husband
was HTLV-1 negative in the most recent survey (2007).

Further evidence for the presence of subtype 1g was obtained by
examining a set of p24 sequences obtained from 36 individuals
(Table S1, Figure 2 - the identical sequences are listed in the figure
legend). Although both LTR and p24 sequences were not
available for all subjects, there was sufficient overlap between
the two sets of sequences to make some important conclusions.
Sixteen individuals with no epidemiological links to each other (not
related and not sexual partners) had identical p24 sequences. A
ML-tree was constructed from the non-identical sequences; 32 of
the Caio p24 sequences formed a single cluster. Consistent with
the LTR phylogeny, Caio4064 p24 clustered significantly with the
Tan90 p24 and an additional Caio sample, Caio65552.
(Cai065552 was obtained from a 62 year old man who reported
having hunted monkeys in the Caio area, but had no recollection
of being bitten by a monkey. The subject was diagnosed with
HTLV-1 (proviral load: 2199 per 10° cells) and HIV-2 (viral load:
undetectable) in 1997. He was not married and had no
epidemiological link with the patient providing Caio4064. No
samples were available from the mothers of subjects providing
Caio4064 or Caio65552 to examine vertical transmission.

Discussion

This is the first characterization of the sequence diversity of
HTLV-1 within a single, endemic community in West Africa with
sequences obtained from 72 adults and children. An important
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feature of this study is that individuals were screened for HTLV-1
in population surveys and were not selected from a clinical setting,
thus avoiding selection bias towards diseased individuals. Most of
the sequences identified belonged to HTLV-1 Cosmopolitan
subtype la subgroup D. However, two subjects were found to be
infected with a divergent strain of HTLV-1 which clustered
significantly with subtype lg. This is the first time that this novel
subtype has been isolated from individuals in West Africa and
suggests this subtype has spread into the human population outside
of Cameroon, either by human-to-human or interspecies trans-
mission.

Remarkable genetic stability in laD sequences was observed
and in particular, 10 identical LTR sequences and 16 identical
p24 sequences were found in people with no identified epidemi-
ological links. These infections differed in time of diagnosis, route
of infection (vertically and horizontally) and the length of the
infection (a few years vs. >14 years). This observation is consistent
with the very low evolutionary rate of HTLV-1 (estimated at
7.06x1077—1.38x107° substitutions per site per year) [9], which
is probably explained by clonal expansion of the virus (rather than
viral replication) [30]. Whether this genetic stability is also
influenced by host factors and whether specific viral variants are
associated with proviral load and/or disease progression are
important questions that remain to be elucidated. With such a
limited degree of viral variation observed across a community
cohort, combined with the low rate of progression to any HTLV-1
associated disease it is difficult to identify such an association. In
Caio, 7.1% of HTLV-1 infected individuals were diagnosed with
HTLV-associated  myelopathy/tropical  spastic ~ paraparesis
(HAM/TSP) [31], but no data regarding Adult T-cell Leukemia
are available. HTLV-1 infection in a large cohort study from Caio
was found to be associated with increased mortality, especially
among younger people and an increased proviral load was
associated with increased mortality [32].

HTLV-1aD was the predominant variant in our study
population, consistent with other studies from Bissau and Senegal
[33,34]. Recently, this variant was also described in Europe in
patients from West Africa who had emigrated to Portugal [35].
HTLV-1 phylogeny has been examined in a historical context to
trace the origin of the virus and movement of people. While slaves
who were brought to South America came from West Africa
including Guinea-Bissau, surprisingly subgroup D has not been
found among African descendants in South America. Subgroup A
and C are prevalent among African descendants, for example in
Brazil and French Guyana. Subgroup A could have been
introduced into Brazil through slaves that came from Southern
Africa [14,36]. Subgroup C has been found in the Noir Marron, a
distinct population of African origin, who settled in French
Guyana and the majority of whom originated from the Bight of
Benin (present-day Togo, Benin and a part of Nigeria) and Gold
Coast (a part of Ivory Coast and Ghana) [37]. The fact that
subgroup D has not been described in these populations may be
due to subgroup C being older and/or a later introduction of
subgroup D into West Africa (so that the prevalence was low or
absent during the slave trade). It could also be that the number of
slaves, originally from the countries where subgroup D was
prevalent, was (relatively) low. To answer this question, additional
analysis of both host and viral genetic markers is required. More
sampling in West Africa and in groups of African descent in South
America could shed light on this issue.
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Figure 2. ML tree of 647-bp p24 sequences from 36 Caio infected subjects (Caio sequences in red). Also included are 15 STLV/HTLV-1
reference sequences (in black); Mel5 was used as an outgroup. The countries of origin are denoted in brackets (CAR, Central African Republic; NA, not
available). The phylogenetic tree was inferred under a Tamura-Nei evolutionary model with a gamma model of among-site substitution rate
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testing (* p-value<0.001; ** p-value<0.05). The scale bar represents the number of nucleotide substitutions per site. Sequences identical to Caio4009
are Caio4072, Caio4106, Caio4112, Caio4211, Caio4315, Caio4328, Caio4358, Caio4383, Caio4417, Caio4418, Caio5801, Caio6473, Caio6590, Caio65396
and Caio65407. Sequence identical to Caio65363 is Caio65571. Sequence identical to Caio4258 is Caio65325. Only one example of each set of

identical sequences was included in the analysis.
doi:10.1371/journal.pntd.0001690.g002

The finding of two instances of HT'LV-1 subtype lg, Caio4064
and Caio65552, from the Caio community is of great interest for
several reasons. It indicates that this subtype is present beyond
Cameroon and can also be found in a ‘normal’ community
member, i.e. not only in people with close contact to monkeys such
as hunters.

That subtype lg isolates cluster significantly with Tan90, the
most divergent African STLV-1 strain, gives support to an African
origin of HTLV-1 with the oldest known STLV-1 as the most
recent common ancestor of Caio4064/Cai065552. Although the
Asian MarB43 is the most divergent STLV-1, it does not cluster
with any known HTLV-1 strains and thus may be only distantly
related to STLV subgroups that moved into humans. While most
African STLV and HTLV strains cluster together, mainly by
geographic location, Asian STLV and HTLV strains only cluster
by species, suggesting cross-species transmission has frequently
occurred in Africa and not in Asia [11]. No simian strain has been
described yet which clusters with HTLV-1a, the most widespread
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subtype. Whether this is due to relatively infrequent sampling of
non-human primates or due to other factors, remains to be
resolved [38].

The presence of HI'LV-1 subtype lg infection could be the
result of human to human contact (Caio residents do travel
extensively [39]). Alternatively, a zoonotic transmission may also
explain the presence of this subtype. Hunting of monkeys and
butchering for human consumption is commonly practiced [40].
In Caio, captured monkeys are often kept tethered in household
compounds for future consumption and HTLV-1 infection has
been found to be associated with monkey bites among older
persons in the capital Bissau [41]. These social factors, combined
with the low evolutionary rate of HTLV-1 [9] are consistent with
subtype g virus appearing in Caio due to a transmission from a
local monkey. Indeed, the 62 year old Caio man yielding
(Caio65552 reported hunting monkeys in the area; however, the
woman from whom the Caio4064 isolate was obtained, reported
that she did not hunt monkeys and was not bitten by one
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suggesting that her infection came about by another route.
Tatrogenic spread should also be considered, as both individuals
are older and co-infected with HIV-2 [42,43].

HTLV-1 infection is considered to be largely an infection of
older women [44]. However, 6 young men (16 years of age) were
found to have become infected with HTLV-1 between 1997-2007
in the Caio community [15], which led us to consider transmission
during traditional local, non-sterile, male circumcision ceremonies.
These take place every ten years in a sacred part of the Caio forest.
This initiation ritual is exclusively for men and lasts three months.
Three men included in the current analysis were known to have
participated in the same circumcision ceremony. However, the
LTR sequences from the viruses found in these 3 men (yielding
Caio5187 & Caio5801 & Caio7580) were not identical and no
more closely related to each other than to sequences from the
wider Caio population. (i.e. they did not cluster separately from
the larger subgroup D cluster (Figure 1)). Both of these features
would have been expected if the virus in these three subjects had
been transmitted by infected blood in such a ceremony [45,46].
Thus, although a traditional circumcision ceremony has the
potential to spread blood borne viruses, the phylogenetic data
clearly do not support the idea that this ceremony was the source
of HT'LV-1 infection of these young men.

Epidemiological surveillance and further sequencing are
recommended to identify (novel) HTLV-1 subtypes [47,48] and
to investigate the spread of subtype 1lg. It would be of particular
interest to investigate to what extent new introductions of HTLV
subtypes (and potentially other retroviruses) [7,49,50] occur and
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whether non-sexual, non-vertical transmission takes place in this
community. Further testing of indeterminate HTLV-1/2 ELISA
samples found in this community [15] could indicate for example
whether HTLV-2 is also present in Caio [51]. This may lead to a
better understanding of the spread of other zoonotic events, of
which the HIV pandemic is a major example [40], and can have
important public health implications.

Supporting Information

Table S1 Characteristics of 72 individuals from whom
HTLV-1 LTR and/or p24 sequences were obtained,
Cai6, Guinea-Bissau.

DOC)

Acknowledgments

We would like to thank the Caio population for their participation in the
various studies. We would like to thank Roel Coutinho for his support and
for critically reading the manuscript.

Author Contributions

Conceived and designed the experiments: MC CvT TIdS MSvdL HW PA.
Performed the experiments: CvT TIdS LCJA NG COO §J. Analyzed the
data: GvT MC TIdS LCJA S] TV. Wrote the paper: CvT' MC MSvdL
TV. Supervision of data collection and data entry, drafting of the article
and critically discussing hypotheses raised by the current study: TV.

14. Alcantara LC, de Oliveira T, Gordon M, Pybus O, Mascarenhas RE, et al.
(2006) Tracing the origin of Brazilian HTLV-1 as determined by analysis of host
and viral genes. Aids 20: 780-782.

15. van Tienen C, Schim van der Loeff MF, Peterson I, Cotten M, Holmgren B,
et al. (2010) HTLV-1 in rural Guinea-Bissau: prevalence, incidence
and a continued association with HIV between 1990 and 2007. Retrovirology
7: 50.

16. Schim van der Loefl MF, Aaby P, Aryioshi K, Vincent T, Awasana AA, et al.
(2001) HIV-2 does not protect against HIV-1 infection in a rural community in
Guinea-Bissau. AIDS 15: 2303-2310.

17. Wilkins A, Ricard D, Todd J, Whittle H, Dias F, et al. (1993) The epidemiology
of HIV infection in a rural area of Guinea-Bissau. AIDS 7: 1119-1122.

18. van Tienen C, Schim van der Loeff M, Zaman SM, Vincent T, Sarge-Njie R, et
al. (2010) Two Distinct Epidemics: The Rise of HIV-1 and Decline of HIV-2
Infection Between 1990 and 2007 in Rural Guinea-Bissau. J Acquir Immune
Defic Syndr 53: 640-647.

19. van Tienen C, McConkey SJ, de Silva T, Cotten M, Kaye S, et al. (2011)
Maternal proviral load and vertical transmission of Human T cell Lymphotropic
Virus type 1 in Guinea-Bissau. AIDS Res Hum Retroviruses.

20. Krook A, Albert J, Andersson S, Biberfeld G, Blomberg J, et al. (1997)
Prevalence and risk factors for HTLV-II infection in 913 injecting drug users in
Stockholm, 1994. J Acquir Immune Defic Syndr Hum Retrovirol 15: 381-386.

21. Salemi M, Van Dooren S, Audenaert E, Delaporte E, Goubau P, et al. (1998)
Two new human T-lymphotropic virus type I phylogenetic subtypes in
seroindeterminates, a Mbuti pygmy and a Gabonese, have closest relatives
among African STLV-I strains. Virology 246: 277-287.

22. Hall TA (1999) BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucl Acids Symp Ser 41: 95-98.

23. Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, et al. (2007)
Clustal W and Clustal X version 2.0. Bioinformatics 23: 2947-2948.

24. Xia X, Xie Z (2001) DAMBE: software package for data analysis in molecular
biology and evolution. J Hered 92: 371-373.

25. Nicholas KB, Nicholas HBJ, Deerfield DW (1997) GeneDoc: Analysis and
visualization of genetic variation Embnet News 4.

26. Swofford DL (2002) PAUP*. Phylogenctic Analysis Using Parsimony (*and
Other Methods). Sinauer Associates, Sunderland, Massachusetts.

27. Posada D, Crandall KA (1998) MODELTEST: testing the model of DNA
substitution. Bioinformatics 14: 817-818.

28. Page RD (1996) TreeView: an application to display phylogenetic trees on
personal computers. Comput Appl Biosci 12: 357-358.

29. Saksena NK, Herve V, Sherman MP, Durand JP, Mathiot C, et al. (1993)
Sequence and phylogenetic analyses of a new STLV-I from a naturally infected
tantalus monkey from Central Africa. Virology 192: 312-320.

June 2012 | Volume 6 | Issue 6 | €1690



30.

31.

32.

34.

36.

37.

38.

39.

Wattel E, Vartanian JP, Pannetier C, Wain-Hobson S (1995) Clonal expansion
of human T-cell leukemia virus type I-infected cells in asymptomatic and
symptomatic carriers without malignancy. J Virol 69: 2863-2868.

Cooper S, Schim van der Loeff M, McConkey S, Cooper M, Sarge-Njie R, et al.
(2009) Neurological morbidity among human T-lymphotropic-virus-type-1-
infected individuals in a rural West African population. J Neurol Neurosurg
Psychiatry 80: 66-68.

Ariyoshi K, Berry N, Cham F, Jaffar S, Schim van der Loeff M, et al. (2003)
Quantification of Human T-lymphotropic virus type I (HTLV-I) provirus load
in a rural West African population: no enhancement of human immunodefi-
ciency virus type 2 pathogenesis, but HTLV-I provirus load relates to mortality.
J Infect Dis 188: 1648-1651.

. Diop S, Calattini S, Abah-Dakou J, Thiam D, Diakhate L, et al. (2006)

Seroprevalence and molecular epidemiology of human T-Cell leukemia virus
type 1 (HTLV-1) and HTLV-2 in blood donors from Dakar, Senegal. J Clin
Microbiol 44: 1550-1554.

Zchender G, Ebranati E, De Maddalena C, Gianelli E, Riva A, et al. (2008)
Description of a “trans-Saharan” strain of human T-lymphotropic virus type 1

in West Africa. J Acquir Immune Defic Syndr 47: 269-273.

. Padua E, Rodes B, Perez-Pinar T, Silva AF, Jimenez V, et al. (2011) Molecular

characterization of human T cell leukemia virus type 1 subtypes in a group of
infected individuals diagnosed in Portugal and Spain. AIDS Res Hum
Retroviruses 27: 317-322.

Alcantara Jr LC, Van Dooren S, Goncalves MS, Kashima S, Costa MC, et al.
(2003) Globin haplotypes of human T-cell lymphotropic virus type I-infected
individuals in Salvador, Bahia, Brazil, suggest a post-Columbian African origin
of this virus. ] Acquir Immune Defic Syndr 33: 536-542.

Brucato N, Cassar O, Tonasso L, Tortevoye P, Migot-Nabias F, et al. (2010)
The imprint of the Slave Trade in an African American population:
mitochondrial DNA, Y chromosome and HTLV-1 analysis in the Noir Marron
of French Guiana. BMC Evol Biol 10: 314.

Van Dooren S, Salemi M, Vandamme AM (2001) Dating the origin of the
African human T-cell lymphotropic virus type-i (HTLV-I) subtypes. Mol Biol
Evol 18: 661-671.

Buckner M (2004) Manjako. In: Ember C, Ember M, editors. Encyclopedia of
Sex and Gender: Men and Women in the World’s Cultures. New York: Kluwer
Academic/Plenum. pp. 617-624.

@ www.plosntds.org

40.

41.

42,

43.

44.

46.

47.

48.

49.

50.

51.

Molecular Epidemiology of HTLV-1 in Guinea-Bissau

Hahn BH, Shaw GM, De Cock KM, Sharp PM (2000) AIDS as a zoonosis:
scientific and public health implications. Science 287: 607-614.

Melbye M, Poulsen AG, Gallo D, Pedersen JB, Biggar RJ, et al. (1998) HTLV-1
infection in a population-based cohort of older persons in Guinea-Bissau, West
Africa: risk factors and impact on survival. Int J Cancer 76: 293-298.

Pepin J, Labbe AC, Mamadou-Yaya F, Mbelesso P, Mbadingai S, et al. (2010)
Iatrogenic transmission of human T cell lymphotropic virus type 1 and hepatitis
C virus through parenteral treatment and chemoprophylaxis of sleeping sickness
in colonial Equatorial Africa. Clin Infect Dis 51: 777-784.

Pepin J, Plamondon M, Alves AC, Beaudet M, Labbe AC (2006) Parenteral
transmission during excision and treatment of tuberculosis and trypanosomiasis
may be responsible for the HIV-2 epidemic in Guinea-Bissau. AIDS 20: 1303
1311.

Holmgren B, Aaby P, Jensen H, Larsen O, da Silva Z, et al. (1999) Increased
prevalence of retrovirus infections among older women in Africa. Scand J Infect
Dis 31: 459-466.

. Iga M, Okayama A, Stuver S, Matsuoka M, Mueller N, et al. (2002) Genetic

evidence of transmission of human T cell lymphotropic virus type 1 between
spouses. J Infect Dis 185: 691-695.

Kakuda K, Ikematsu H, Chong WL, Hayashi J, Kashiwagi S (2002) Molecular
epidemiology of human T lymphotropic virus type 1 transmission in Okinawa,
Japan. Am J Trop Med Hyg 66: 404-408.

Vicente AC, Gudo ES, Iniguez AM, Otsuki K, Bhatt N, et al. (2011) Genetic
Characterization of Human T-Cell Lymphotropic Virus Type 1 in Mozam-
bique: Transcontinental Lineages Drive the HTLV-1 Endemic. PLoS Negl Trop
Dis 5: ¢1038.

Slattery JP, Franchini G, Gessain A (1999) Genomic evolution, patterns of global
dissemination, and interspecies transmission of human and simian T-cell
leukemia/lymphotropic viruses. Genome Res 9: 525-540.

Calattini S, Betsem E, Bassot S, Chevalier SA, Tortevoye P, et al. (2011)
Multiple retroviral infection by HTLV type 1, 2, 3 and simian foamy virus in a
family of Pygmies from Cameroon. Virology 410: 48-55.

Wolfe ND, Switzer WM, Carr JK, Bhullar VB, Shanmugam V, et al. (2004)
Naturally acquired simian retrovirus infections in central African hunters.
Lancet 363: 932-937.

Mauclere P, Afonso PV, Meertens L, Plancoulaine S, Calattini S, et al. (2011)
HTLV-2B strains, similar to those found in several Amerindian tribes, are
endemic in central African Bakola Pygmies. J Infect Dis 203: 1316-1323.

June 2012 | Volume 6 | Issue 6 | €1690



