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Abstract

HTLV–1/HIV-1 co-infection is associated with severe clinical manifestations, marked immunodeficiency, and
opportunistic pathogenic infections, as well as risk behavior. Salvador, the capital of the State of Bahia, Brazil,
has the highest HTLV-1 prevalence (1.74%) found in Brazil. Few studies exist which describe this co-infection
found in Salvador and its surrounding areas, much less investigate how these viruses circulate or assess the
relationship between them. To describe the epidemiological and molecular features of HTLV in HIV co-
infected women. To investigate the prevalence of HTLV/HIV co-infection in surrounding areas, as well as the
molecular epidemiology of HTLV, a cross sectional study was carried out involving 107 women infected with
HIV-1 from the STD/HIV/AIDS Reference Center located in the neighboring City of Feira de Santana. Patient
samples were submitted to ELISA, and HTLV infection was confirmed using Western Blot and Polymerase
Chain Reaction (PCR). Phylogenetic analysis using Neighbor-Joining (NJ) and Maximum Likelihood (ML) was
performed on HTLV LTR sequences in order to gain further insights about molecular epidemiology and the
origins of this virus in Bahia. Four out of five reactive samples were confirmed to be infected with HTLV-1,
and one with HTLV-2. The seroprevalence of HTLV among HIV-1 co-infected women was 4.7%. Phylogenetic
analysis of the LTR region from four HTLV-1 sequences showed that all isolates were clustered into the main
Latin American group within the Transcontinental subgroup of the Cosmopolitan subtype. The HTLV-2
sequence was classified as the HTLV-2c subtype. It was also observed that four HTLV/HIV-1 co-infected
women exhibited risk behavior with two having parenteral exposure, while another two were sex workers.
This article describes the characteristics of co-infected patients. This co-infection is known to be severe and
further studies should be conducted to confirm the suggestion that HTLV-1 is spreading from Salvador to
surrounding areas.

Human T-cell lymphotropic virus type-1 (HTLV-1)
is known to be the etiological agent of adult T-cell

leukemia/lymphoma (ATL), tropical spatic paraparesis/
HTLV-1 associated myelopathy (TSP/HAM), and other in-
flammatory diseases. However, the etiology of HTLV-2 re-
mains unclear. While both diseases are endemic worldwide,
the rate of seroprevalence differs among regions.1

HTLV-1 is endemic in Japan,2 regions of Central Africa,3 the
Caribbean,4 and in some areas of Latin America.5 Phylogenetic
analysis of the most variable DNA region, called a Long
Terminal Repeat (LTR) sequence, has classified HTLV-1 into

seven subtypes: (a) or cosmopolitan,6 (b) or Central African,7 (c)
or Melanesian,8 (d) from Cameroon,9 (e) from the Democratic
Republic of Congo,10 (f ) originating from an individual from
Gabon,10 and (g) a recently described new subtype from
Cameroon.11 The cosmopolitan subtype can be further divided
into five subgroups: (A) Transcontinental; (B) Japanese; (C)
West African; (D) North African, and (E) Black Peruvian.5,12,13,14

HTLV-2 infection is endemic in native populations from
North and South America, but is also frequently found in
high-risk groups in the United States15 and Europe.16–18

Phylogenetic analyses have demonstrated that HTLV-2
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may be classifiable into four subtypes: (a) the predominant
variant in the United States and northern Europe, (b) found
exclusively in southern Europe, (c) a Brazilian variant of
HTLV-2a, and (d) in pygmies from the Democratic Republic
of Congo.19

HTLV is transmitted via sexual contact, breastfeeding,
blood transfusion, and among intravenous drug users, in a
similar fashion to the pandemic retrovirus HIV. To under-
stand the consequences of a severe HTLV/HIV co-infection, it
is important to evaluate public health policies and treatment
options, since both retroviruses are simultaneously present in
many regions. In the State of Bahia, the prevalence of HTLV
co-infection can reach 20% in HIV-infected individuals.20

Previous studies have suggested that HTLV-1 was brought
to the Bahian capital, Salvador, during the slave trade.14,21,22

Salvador has the highest HTLV prevalence in the country,
1.35% among blood donors and 1.8% in the general popula-
tion.23,24 Previous epidemiological studies have shown that
the HTLV-1 strain that is circulating in Bahia appears to be
spreading from Salvador to other regions of the state.25,26 In
an effort to gain further insight into the history of HTLV-1 in
Bahia, a molecular epidemiological study was carried out
among HIV-1/HTLV co-infected women in the neighboring
City of Feira de Santana. This city is located along the route of
some of the busiest highways in the State of Bahia (116 km
from Salvador), at the intersection of three main interstate
highways, the BR101, BR116, and BR324. Future studies
should be considered in order to ascertain whether new
HTLV-1 strains are being brought to Bahia along interstate
trucking routes.

This study was approved by the Human Research Ethics
Committee of the Bahia School of Medicine and Public Health.
Express written consent was obtained from all study partici-
pants.

To investigate the seroprevalence and molecular epidemi-
ology of HTLV in Salvador’s surrounding regions, a cross-
sectional study of 107 HIV-1 infected women from the STD/
HIV/AIDS Reference Center located in the City of Feira de
Santana was carried out.

All blood samples obtained from patients were submitted
to ELISA (ORTHO� HTLV-1/ HTLV-1I Ab-Capture ELISA
Test Systems, Ortho-Clinical Diagnostics, Raritan, NJ) to se-
lect infected individuals, and reactive samples were then
submitted to Western blot analysis(HTLV BLOT 2.4; Genelabs
Diagnostics�, Singapore) for confirmation. After serological
testing, patient medical records were analyzed in order to
assess age, viral load, CD4 and CD8 T-cell counts, and clinical
manifestations in accordance with CDC guidelines, as well as
probable transmission route.

Patient DNA was extracted from positive blood samples
using a QIAamp� DNA Blood Kit (Qiagen, Alameda, CA).

The DNA was then submitted to HTLV1/2 pol gene nested
Polymerase Chain Reaction (PCR) to confirm and distinguish
the type of HTLV infection.27 A nested-PCR with specific
primers for the long terminal repeat (LTR) region of HTLV
was performed in order to investigate molecular epidemi-
ology. Two HTLV-1 overlapping fragments were amplified: a
LTR-gag segment consisting of 473 base pairs and a tax-LTR
segment with 479 base pairs,21 and one additional fragment
was also amplified to detect the HTLV-2 LTR proviral se-
quence.28 All PCR products were purified using the Qiagen
PCR Purification Kit. Sequencing was performed using the
Taq FS Dye terminator cycle sequencing kit (Applied Bio-
systems, Foster City, CA) on an automated 3100 genetic
analyzer (Applied Biosystems Inc.) using identical inner
primers.

The new LTR sequences, as well as selected reference
strains downloaded from the GenBank/EMBL database,
were aligned using ClustalX software29 and manually edited
using GeneDoc software30. Phylogenetic analysis was carried
out using Neighbor-Joining (NJ) and Maximum-Likelihood
(ML) methods in PAUP*, version 4.0b.10.31 Tamura-Neiþg
(which takes into account unequal base frequencies, variable
transition frequencies, equal transversion frequencies and
unequal nucleotide substitution rates among sites) and
HKYþg (which distinguishes between transitions and trans-
version rates, unequal base frequencies, and unequal nucle-
otide substitution rates among sites) evolutionary models
were selected for HTLV-1 and HTLV-2 phylogenetic analysis,
respectively, using Modeltest 3.7 software.32 NJ tree reliability
was assessed by analyzing 1,000 bootstrap replicates. For ML
trees, a heuristic search was performed with a subtree-
pruning-regrafting branch swapping algorithm using the NJ
tree as the starting material, including its optimized parame-
ters. Trees were drawn using TreeView software, version 1.4.33

The rate of HTLV seroprevalence among HIV-1 infected
women was found to be 4.7% (n¼ 5). Considering the few
studies performed with similar objectives, our seroprevalence
result is in agreement with the result from another study
carried out in the Amazon region that evaluated the co-
infection at the same population studied in this report.34 Other
study carried out in the city of Salvador, have showed a HIV/
HTLV seroprevalence of 16.3% when analyzing the general
population. This seroprevalence can not be compared to our
result since this rate was estimated in the general population,
which increased the prevalence of both infection, separately,
and also, this result highlighted the higher prevalence of HIV
and HTLV infection in the city of Salvador comparing to Feira
de Santana. Out of five reactive samples, four were confirmed
to be HTLV-1 and one was confirmed as HTLV-2.

HIV-1 transmission routes were identified as parenteral
(n¼ 2) and sexual (n¼ 3). In three of the HTLV-1/HIV-1 co-

Table 1. Age and Probable HIV/HTLV Transmission Route Between HIV-1 Infected and HIV/HTLV
Co-infected Women from Feira de Santana, Bahia, Brazil

Risk exposure

Age (mean� sd) Sexual (%) Parenteral (%) NI (%)

HIV-1þ HTLV� (n¼ 102) 38 (10,9) 83 (81,4%) 5 (4,9%) 14 (13,7%)
HIV-1þ HTLVþ (n¼ 5) 39 (6,6) 3 (60%) 2 (40%) –
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FIG. 1. Rooted neighbor-joining tree of 75 HTLV-1 strains based on a 714-bp fragment of the LTR region. The bootstrap
values (>60% using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences
located at the right end of the branch form a monophyletic group. Mel5 was used as an out-group. Geographic origin is shown
in parentheses. Newly sequenced LTRs included in this analysis are shown in bold. Double asterisks (**) and single asterisk (*)
signify that the ML method was shown to be highly statistically significant ( p< 0.001) or statistically significant ( p< 0.005),
respectively.

HIV-1/HTLV CO-INFECTION IN BAHIA 1335

http://online.liebertpub.com/action/showImage?doi=10.1089/aid.2009.0298&iName=master.img-000.jpg&w=408&h=577


FIG. 2. Rooted neighbor-joining tree of 87 HTLV-2 strains based on a 433-bp fragment of the LTR region. The bootstrap
values (>60% using 1000 bootstrap samples) on the branches represent the percentage of trees for which the sequences
located at the right end of the branch form a monophyletic group. PP1664 was used as out-group. Geographic origin and
risk factor are shown in parentheses. Newly sequenced LTRs included in this analysis are shown in bold. Double asterisks
(**) signify that the ML method was shown to be highly statistically significant ( p< 0.001).
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infected women, risk behavior was noted: one received a
blood transfusion, while two were sex workers. The woman
infected with HTLV-2 was an IVDU for a period of 5 years
while living in São Paulo. Co-infection was shown to be a
condition that is associated with high-risk groups (Table 1).
STD prevention campaigns play an important role in disease
prevention since the most prevalent transmission route
among HIV-1 co-infected women in Feira de Santana has been
observed to be sexual transmission. With regard to CD4 and
CD8 T-cell counts, viral load, and clinical manifestations ac-
cording to CDC guidelines, it was observed that the HTLV/
HIV co-infected group closely resembled the HIV infected
patients who were not reactive to HTLV serological screening.
All HIV-1 infected individuals included in this study were
on antiretroviral treatment, however it is not possible yet to
estimate the possible impact of the HAART therapy in the
outcome of HIV/HTLV co-infection, since the few studies
conducted with this objective are still controversial.35,36

Phylogenetic analysis of sequences from the entire LTR
region classified all HTLV-1 isolates as belonging to the
Transcontinental subgroup of the Cosmopolitan subtype,
supported by a bootstrap value of 63% ( p< 0.001 for ML
analyses) (Fig. 1). All of these sequences were grouped in the
Latin American cluster A with ML statistical support
( p< 0.001). Three of the sequences were clustered together
with other sequences from Salvador downloaded from the
GenBank/EMBL database with bootstrap support of 77%.
The FS67 isolate was grouped with other Brazilian sequences,
and a 10 bp deletion was observed between the first and
second 21 base-pair repeat at 3U-LTR at position 130 and 139
of ATK genome (Accession number: J02029).

Phylogenetic analysis of the HTLV-2 LTR region confirmed
that the HTLV-2 isolate belongs to subtype IIa (Fig. 2),
supported by a bootstrap value of 75%. This isolate formed a
unique cluster inside subtype IIa along with other Brazilian
sequences (Brazilian variant HTLV-2c), which was well sup-
ported by the ML algorithm. According to another study,37

these data suggest the unique introduction of HTLV-2 into
this population, as previously associated with high-risk
groups,20 since HTLV-2 is predominantly transmitted par-
enterally among IVDUs. However, it is necessary to analyze
more patients in order to obtain additional information re-
garding the transmission of HTLV-2.

This study is in agreement with findings from previous
studies,21,22,25,26,38 reaching the conclusion that the HTLV-1a
Transcontinental subgroup is the most prevalent strain found
in Brazil. The presence of HTLV-1 LTR sequences from Bahia
in several clusters along the phylogenetic tree suggests mul-
tiple post-Columbian introductions of HTLV-1 into the Bra-
zilian population. These data, in addition to other studies
from regions throughout Bahia,25,26 serve to confirm the post-
Columbian introduction hypothesis of HTLV-1 into Bahia.

HTLV-1 transcription is regulated by elements in the LTR
region, characterized as proviral promoter.39 HTLV-1 tran-
scription is activated by the interaction of the viral Tax protein
with other transcription factors, forming a CREB-Tax-CBP
complex that binds to the third 21-base pair repeated se-
quence located within the U3-LTR region named TxRE.40

Moreover, previous studies have revealed that just two direct
repeats of the 21-bp sequence are sufficient for efficient acti-
vation by Tax39, and that deletions in the TxRE2S sequence
significantly decrease HTLV-1 Tax-mediated transcriptional

activity.41 This study identified a new 10 bp deletion between
the first and second 21 base-pair repeat at 3U-LTR. However,
in order to make any inferences about this deletion effect,
further functional studies need to be performed.

Recent publications21,22,25,26 have suggested that the in-
troduction of the Transcontinental subgroup is probably the
result of the Bantu population’s migration over the last 3000
years from Central Africa to Southern Africa, giving rise to
the Zulu population, or perhaps due to an even more recent
migration (fewer than 300 years ago) to the gold mines in
South Africa, then eventually to the State of Bahia. This
theory appears to be consistent with what has been ob-
served in one sequence from a region in Central Africa and
another from Chile, which shares a common ancestor that is
segregated within the Latin American cluster B, also con-
taining a sequence from South Africa in its tree topology.
Africans from Bantu-speaking areas were the first slaves
that were transported in great numbers to Bahia, bringing
with them a strong cultural heritage largely preserved in
Bahian folklore, religion, language, cuisine, and customs.
Although most enslaved Africans were brought from West
Africa, there is evidence that many were also brought from
other regions of southern Africa. Therefore, South Africans
who had been infected could have introduced the HTLV-1
Cosmopolitan subtype of the Transcontinental subgroup
into Salvador and possibly into other areas on the Latin
American continent.

Sequence Data

The GenBank accession numbers of the new HTLV-1
fragments included in phylogenetic study were as follows:
FJ853491, FS84; FJ853490, FS105; GU225731, FS67; GU225733,
FS138; GU225732, and FS157.
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