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Abstract

Human T-cell lymphotropic viruses type 1 and 2 are retroviruses that share the same routes of trans-
mission as HIV-1. Since these agents are prevalent simultaneously in different parts of the world,
coinfection is a frequently reported event. However, prevalence rates of coinfection differ for distinct
populations and regions of the world or for each virus, with human T-cell lymphotropic virus type 1
being more prevalent among HIV-1-infected individuals in the Southern hemisphere, while type 2 is
more frequently found in the Northern hemisphere. In common, they share the tropism for T-lymphocytes,
although human T-cell lymphotropic virus type 1 and HIV-1 are predominantly CD4* T-cell tropic and
human T-cell lymphotropic virus type 2 preferentially infects CD8* cells.
The biological properties of HIV-1 are distinct of those found in human T-cell lymphotropic virus 1/2. This
fact makes possible an in vivo interaction between these agents, when coinfecting the same patients,
with potentially relevant clinical implications.
The available evidence suggests a protective role for coinfection by human T-cell lymphotropic virus
type 2 on AIDS progression. This hypothesis is supported by several laboratory evidences, as well as by
a number of clinical studies that found no significant interaction between human T-cell lymphotropic
virus type 2 and HIV-1, or even detected a protective effect on HIV-1 disease.
On the other hand, human T-cell lymphotropic virus type 1 seems to be a significant cofactor, with a
potentially important role in HIV-1 infection. Although the clinical evidence is still controversial with
regard to the real impact that coinfection exerts on clinical evolution, the majority of studies suggest
it is associated with a modification of the natural history of HIV-1 infection, with a faster clinical pro-
gression and a shorter survival time. The main limitation of the available data is due to methodological
problems in the majority of studies, which weaken the validity of their conclusions. A common finding
in coinfection by both human T-cell lymphotropic virus type 1 and 2 is the increase in CD4* cell count,
but without any additional immune benefit for patients.
Due to the limited available data, we need more, larger studies, designed to respond to the pending
questions on the real significance of coinfection by these retroviruses. (AIDS Rev. 2009;11:8-16)
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|ntroduction

Human T-cell lymphotropic virus type 1 (HTLV-1) is
a human retrovirus that is conclusively associated with
adult T-cell leukemia and with a slowly progressive
neurologic disorder, HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP)'7. In addition,
uveitis and a chronic, eczematous skin disease called
infective dermatitis are also associated with HTLV-1
infection®'2. Although several clinical manifestations are
attributed to this infection, only a minority of HTLV-1-in-
fected individuals develops symptoms of disease. Most
infected individuals remain healthys.

In 1979, HTLV-1 was isolated for the first time from
a patient with a T-cell malignancy’. This discovery was
the first formal proof that human retroviruses exist and
suggested their etiological role in human cancer, a
hypothesis that had been proposed decades before'.
The second human retrovirus described was HTLV-2,
which was isolated by Kalyanaraman, et al. in 1980
from a 37-year-old Caucasian man'®.

It is estimated that 10-20 million people worldwide
are infected with HTLV-1 or HTLV-2'3. The role of
HTLV-2 as a causative agent of disease remains un-
defined, although some reports linked the infection with
a higher risk of HAM/TSP, higher mortality, and other
inflammatory or bacterial diseases'®-°,

Since the initial report on Pneumocystis pneumonia
in young male homosexuals in 1981, the AIDS pan-
demic has spread around the world and has infected
over 50 million persons worldwide, including 20 million
who have already died®®2'. When the causal agent
of AIDS was isolated by the same group that discov-
ered HTLV-1 and HTLV-2, they thought it was a third
member of the HTLV family'*2!. Further studies showed
that HIV-1 was a distinct retrovirus from the genus
lentivirinag?®23.

The main focus of this review is the interaction of HIV-1
and HTLV-1/2 and its clinical consequences on the

natutal history of HIV-1 infagtiom) We with Eriphesize | |

the coinfection by HIV-1/HTLV-1, due to the greater

round-shaped, enveloped virus of approximately 100 nm
in diameter. The virion envelop displays a proteolipid
envelope bilayer of host cell membrane origin, which
has viral transmembrane and surface proteins. The
icosahedral capsid enables protection of the viral
RNA and the viral enzymes (functional protease, re-
verse transcriptase, and integrase), while the inner
envelope contains the matrix layer®. The genome of
HTLV-1 is a positive, single-stranded RNA. Glucose
transporter 1 (GLUT-1) is the likely host-cell receptor
for the virus, although the virus is able to infect cells
without expression of GLUT-1, which suggests that
other mechanisms are involved in the cell entry pro-
cess®>?8, After entering a cell, this single-stranded
RNA is converted to double-stranded DNA and in-
serted into the DNA of a human host cell, originating
the provirus, a process mediated by the viral enzyme
integrase. The HTLV-1 is tropic for CD4* T-cells, al-
though other lymphocytes can also be infected by the
virus, while HTLV-2 is predominantly tropic for CD8*
T-cells®>%,

One of the main differences between HTLV-1/2 and
HIV-1 is that HTLV exists as cell-associated provirus,
with minimal active replication, once the infection is
established. In contrast, HIV is characterized by ex-
tremely active replication, which results in high levels
of detectable viremia for HIV-1-infected individuals,
while it is usually not detected in HTLV infection3334,
Although, during the early phase of infection, HTLV
can spread through cell-to-cell contact, resulting in
a polyclonal infection of CD4 and CD8* cells, after
the initial phase the main mechanism of viral multipli-
cation is dependent on cell division during the host
cells’ mitosis process®:6. This mechanism contrib-
utes to HTLV genomic stability, once the cellular DNA
polymerase is less error prone than the viral reverse
transcriptase®. Six proteins are encoded by the pX
region of the genome, including the Tax protein,
which is critical to viral replication and induction of
Eaelllular activation and Ensformation%ﬁg. It increases

|€>a)té&|anma)5r Gction of cytokines and re-

ceptors involved in T-cell growth and transformation,

evidence that suggest it is clinicF@(peﬁﬂawU@H 18”, @h@i@iﬁwmigbw and IL-2%940. The activity

of Tax protein i§ an important mechanism to maintain

Biological characteristi V-1 ' i tiphieation| this process®®. These
human T-cell Iymphmﬁg\hﬁ:ﬁhﬁgﬁlor m{ggig?ﬂism@még\%g life cycle explain why HTLV

Human T-cell lymphotropic virus tﬂjethe Pl

The viru V-1
genus of

lr@jﬁjn is_not cytopathic, in sharp contrast to infec-

Infection by HTLV-1 elicits a cell-mediated immune
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Table 1. Characteristics of infection by HIV-1 and human T-cell lymphotropic virus type 1/2

Human T-cell lymphotropic virus

HIV

Stimulates lymphocyte proliferation
No cytopathic effect

T lymphocyte tropism

Clonal replication

Clinical disease in only a minority of infected patients

peptides in their surface as a result of viral transcrip-
tion*1-43. On the other hand, this immune response
may be responsible for the onset of HAM/TSP, the
neurologic disease associated with HTLV-1 infec-
tion**. The cytotoxic attack against infected cells in
the central nervous system may cause severe dam-
age, destroying neuronal cells and leading to an
inflammatory disease, which ultimately results in
myelopathy*®46, Molecular mimicry is also considered
a mechanism of autoimmunity involved in neurologic
disease*’“8.

In addition, the modulation of immune response
caused by HTLV-1 infection may cause other immune
disturbances, which may contribute to an increased
risk for parasitic diseases, tuberculosis, and other clin-
ical manifestations#-5",

Infection by HTLV-2 is not associated with any spe-
cific disease. Although there are some anecdotal re-
ports on neurologic disease associated with infection
by HTLV-2, as well as on increased risk for bacterial
infections, no conclusive evidence of its causal role in
a specific disease is available'6-°,

HIV-1

HIV-1 is a lentivirus, family Retroviridae, with many

structural similarities to }—rTILV 1/2. 1t |s herical
viral particle, composed of u@a Etd ﬁqrirﬁanpu

brane and a nucleocapsid with an internal core. The

viral envelope is composed kﬁ@t}@e{@dl@iﬁ@@h@l’

and a transmembrane portion, gp41. In addition, the

viral envelope displays Wwﬁ@[ﬂt{e Thékmgé V\fgtﬁ%ﬁh

microglobulin, and human leukocyte antigens

and HLA class 152, One of the most impr @r-
acteristic of HIV is its extreme genetic var@ill H me sch%

viral reverse transcriptase has one of the h|ghest

ekl ok s G Y

Severe lymphocyte depletion
Intense cytopathic activity

T lymphocyte tropism

Active replication

Clinical disease in most of infected patients

interaction with chemokine coreceptors CCR5 or
CXCR454% _|n the next step, the viral envelope fuses
to the cell membrane and the viral genetic material
is inserted into the cytoplasm. This initiates the re-
verse transcription of viral RNA into a double-strand-
ed molecule of DNA, which is transported to the cell
nucleus where it is inserted into the cell DNA. This
last step is mediated by the integrase, another viral
enzyme. The viral cycle includes, in addition, the
production of viral proteins and viral RNA by the cell
machinery, which are assembled and exported to
the outer membrane where the viral particles are
released®.

Another major consequence of infection by HIV-1 is
dependent on the virus’ ability to cause direct infection
of the cells of the immune system. It leads to a pro-
gressive loss of CD4+ cells, as well as an impairment
of the function of remaining cells, which may be already
present at early stages of infection®”%8. In contrast to
HTLV-1 infection, HIV-infected individuals have been
shown to have impaired cytotoxic T-lymphocyte (CTL)
responses®”%8. A misbalanced production of cytokines
and other factors, as well as host genetic factors, are
believed to contribute to this incapacity to elicit a proper
immune response®%%,

In summary, infection by HIV-1 is characterized by
bﬁ ersistent viremia, infection of the nervous sys-

CA&P Wrbﬁme response, leading to a
progresswe depletion in CD4 count, which initiates

r @{@{@P%ﬂ of @e infection. Almost all individuals
infected by HIV-1 develop AIDS after a variable period

W’mfg@r@ﬁmsnc infections and ma-
acterlzes te stage of disease. The
atients that can achieve control of HIV-1
elite controllers”) seem to have a specific
enetic background, which is involved in a strong im-
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Epidemiology of HIV/human T-cell
lymphotropic virus coinfection

More than 33 million people worldwide are infected
with HIV-120_ |t is estimated that 10-20 million people
are infected by HTLV-1/2, which are endemic to southern
Japan, Africa, the Caribbean, and eastern parts of South
America'®83, Furthermore, HTLV shares with HIV the
same routes of transmission; it can be acquired through
unprotected sexual relations, or by exposure to con-
taminated blood/blood products, or breast milk®-70, As
a consequence of these epidemiologic similarities, co-
infection by HIV and HTLV-1/2 is a quite frequent event.

Coinfection by HIV/HTLV-2 predominates in the USA
and Europe, whereas HIV/HTLV-1 coinfection is more
frequently reported in South America, the Caribbean,
and Africa'®6489, This pattern follows the distinct distri-
bution of prevalence rates for HTLV-1/2 infections in
different regions”"72.

In Brazil, there is a wide geographic diversity in the
prevalence of HTLV infection”374,

Bahia, a northeastern state of Brazil, is considered
the epicenter of HTLV-1 infection in the country, prob-
ably because it was the main destination of the slave
traffic during the colonial era. A recent study showed
that HTLV-1 was likely introduced into Brazil in the
late 191 century through the slave traffic from South
Africa to Bahia’®.

Regarding HTLV-2, it is much more prevalent among
Amerindians in the northern region than in other popu-
lations and areas of the country’.

The rates of HIV/HTLV coinfection also vary with the
geographic location, and follow a similar distribution
to HTLV-1, reaching 16% of HIV-1-infected patients in
Bahia’.

A distinct feature of coinfection in Brazil is as regards
to the main risk for acquisition of HTLV-1 among co-
infected patients; most of the studies in Brazil showed
an association between HTLV-1 coinfection and intra-
venous drug users, in contrast to studies in t orthern
hemisphere that have det l@dpﬁﬁtaﬁ)ﬁt
mainly for HTLV-229.78-80_ This difference is a likely con-

s U

could lead to a potential risk increase for female intra-
venous drug users®85,

Laboratory evidence of significant
interaction between HIV-1 and human
T-cell lymphotropic virus type 1/2

Since HTLV-1 is tropic for CD4* lymphocytes, and
HTLV-2 infects preferentially CD8* T-cells, their interac-
tions resulting from coinfection by HIV-1 are likely to
be different. Although there is a body of evidence sug-
gesting that HTLV-2 infection is a protective factor
against AIDS progression (Table 2) in coinfected pa-
tients, the situation is quite different for HTLV-1 coinfection.
Some reports support the hypothesis that HTLV-1 co-
infection accelerates the progression of AIDS, but
there are other results suggesting that it causes no
deleterious effect on HIV-1 disease. Several in vitro
studies have focused on the potential consequences
of the interaction of these agents.

In 1998 Moriuchi, et al. demonstrated that primary
CD4+ cells treated with a cell-free supernatant from
HTLV-1-infected cell culture became resistant to M-trop-
ic strains of HIV-1, but highly susceptible to T-tropic
HIV-1 strains. This finding indicated that coinfection
could favor the transition from M- to T-tropic virus,
which is associated with an increased risk of disease
progression®. The authors also identified the CC chemo-
kines RANTES, and the macrophage inflammatory pro-
tein (MIP)-1 alpha, and MIP-1 beta in the cell culture
supernatants as the major suppressive factors for
M-tropic HIV-1, as well as the enhancers of T-tropic
HIV-1 infection, while soluble Tax protein increased
susceptibility to both M- and T-tropic HIV-1. They con-
cluded that the net effect of coinfection, as suggested
by these in vitro data, would be a potential acceleration
of HIV-1 disease.

The same author showed in a further study that co-
infection with HTLV-1 induced viral replication in the
[5 nt viral reservoirs, hut co-culture of resting CD4*

fk(ﬂalil@amt%baq& + T-cells markedly inhibited
the HTLV-1-induced virus replication, suggesting that

sequence of the distinct prevalp@@ p@}dfucedfe@r lg[bf@'[@@@p:yy] mg an important role in controlling

tion in the general population of these regions.

the spread of virus upon microbial stimulation (in vitro

Another frequent findinmﬁe'\ﬁnqﬁtfﬁgofﬁjj?gg Mﬁlﬁvzggo?@:?xmr@g? iﬂw in resting CD4* T-cells

on coinfection is the higher proportion o
women compared to monoinfected subjects77’7]%81. There
is no consistent explanation for this feature,@ut I{b
be a consequence of a greater exposure due to cumu-

Suld?

uals with undetectable plasma vire-

nEiﬁ ugﬁz stimulation with HTLV-1)87.
u rl egotential mechanism of viral interaction was

demonstrated by Leung, et al. They reported that ac-
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Table 2. Summary of studies on the clinical/laboratory outcomes of HIV-1/human T-cell lymphotropic virus type 2 coinfection

Author Year Type of study Sample size Effect on HIV/AIDS
of publication of coinfected

Turci M8 2006 Longitudinal 96 Protection

Bassani S 2007 Laboratory - Protection
(immune function)

Beilke M# 2004 Longitudinal 141 Protection

Bovolenta C* 2002 Laboratory (STAT1) - Reduction in STAT

activation

Willy R™7 1999 Case report 1 Protection

Guenthner P% 2001 Laboratory (HIV-1 17 No effect
coreceptor usage)

Montefiori D' 1987 Laboratory - No effect

Visconti A1 1993 Longitudinal 22 No effect

Beilke M% 1994 Clinical/laboratory 8 No effect

Hershow R 1996 Longitudinal 61 No effect

Giacomo M'* 1995 Cross-sectional 9 No effect

Bessinger R 1997 Cross-sectional 25 No effect

Goedert J% 2001 Case-control 120 No effect

Tax protein) and the long terminal repeat fragment of
HIV genome, which would result in stimulation of viral
replication®. In an experimental model, Lawson, et al.
showed that HTLV-1-transformed cells, after coinfection
by HIV-1, produced HIV-1 copies presenting with enve-
lopes containing HTLV-1 proteins, which could poten-
tially explain why these viral strains have an expanded
tropism and can infect cells with distinct phenotypes,
even including B-cells®.

In contrast with coinfection by HTLV-1, the available
laboratory data suggest no effect or a protective effect
of HTLV-2 on AIDS evolution. Several studies focusing
on immune function, coreceptor usage, viral load, and
production found no significant |mpact of L%Z co-
infection on HIV disease®" Nao par 0]

Recently, an extensive review on the molecular interac-

tions of HIV and HTLV comfechonﬁ@@r@lqﬂm@e@n@r

summarizes the current knowledge on that issue®.

IS DU

published in the last two decades provided contradic-
tory results. One of the first reports on the potential
impact of coinfection on AIDS progression was pub-
lished in 1989, and suggested that it could be linked
to an adverse clinical outcome®. However, the small
sample size and the cross-sectional design did not
allow any conclusive association. In 1994, Schechter,
et al. evaluated 27 coinfected patients, in a nested
case-control study, and detected that coinfection was
associated with higher CD4* lymphocyte counts, more
advanced clinical disease, and higher beta 2-micro-
globulin levels than HIV infection alone. An 82% ex-
cess in CD4* cell count was estimated for coinfected
E} Uents without any dj@ectable immunological bene-

éOl@pEﬁﬂaﬁé @etected the same profile,

with coinfected patients presenting higher CD4* cell

p‘h@i@ﬁ@ yﬂqged to HIV-1 monoinfected pa-

tients®-1%, In contrast, Bessinger, et al. did not find an

Clinical impact of hmlghcpget"the prior v\@f[fgf YT d@umf@qg@wﬁw coinfection and high

lymphotropic virus coinfection on
disease progression

1V-1 case reports or small case series have
IF Yhe puob &%ﬁéﬂ accelerated progression to AIDS, or the

development of AIDS, for coinfected patients present-
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were more likely to have an AIDS diagnosis when com-
pared with those HIV-1 monoinfected”’.

On the other hand, a recent large, longitudinal study
showed that there were no significant differences
regarding the presence of opportunistic infections,
progression to AIDS, or death between HIV/HTLV-1-
coinfected and HIV-monoinfected patients®!. However,
some methodological issues may have influenced the
results obtained by the study%.

Another important (and controversial) point to con-
sider is the impact of coinfection on mortality. A study
published by Solbesky, et al. in 2002 showed an in-
creased risk of death (RR: 2.2; 95% Cl: 1.1-4.5) for
coinfected patients in Martinica'®. Again, the small
sample size (18 coinfected patients) limited the pow-
er of their conclusion. In Bahia, we conducted a ret-
rospective study involving 63 coinfected individuals,
which detected a significantly shorter survival time for
coinfected patients (median: 2,349 days vs. 3,000 days
for coinfected and monoinfected patients, respec-
tively; p = 0.001). In the same study, intravenous
drug use and female gender were the main risk fac-
tors for coinfection'®®. However, Beilke, et al. did not
find any association between coinfection and sur-
vival in a similar cohort in New Orleans, although they
detected again a significantly higher proportion of
women, a higher CD4* cell count, and more neuro-
logic symptoms among coinfected patients®'. An-
other Brazilian study confirmed our results, indicat-
ing that coinfected patients in Brazil seem to have a
shorter survival time compared with HIV-1-monoinfect-
ed ones'®.

Although the net effect of coinfection on AIDS pro-
gression is still controversial, we can find some other
evidence suggesting that HTLV-1 may modify the
clinical course of HIV infection. In a previous report,
our group has detected a higher risk of Strongyloides
stercoralis parasitism for coinfected patients, which
seemsto exceedthatexpected for single infection0.11,
In addition, we observed a strong assogciatjon be-
tween severe forms of S(liﬁa
HIV-1 and HTLV-1'"2, These findings were already re-

Sl leihtebtid by U

on the moment of infection by each agent. Another
frequent problem is the absence of discrimination
between HTLV-1 and HTLV-2, which can mislead the
conclusions. There is an urgent need for prospective
studies, involving larger cohorts of coinfected patients,
in order to define the role of coinfection on AIDS pro-
gression.

In contrast, when we look at the coinfection by HTLV-2,
the results are quite consistent in showing no effect on
disease progression, as summarized in table 2. Sev-
eral clinical studies (four longitudinal, two cross-sec-
tional, one case-control, and one case report) detected
no effect, or a protective one, on AIDS progression3-119,
Although these studies largely differ in terms of the meth-
odology used to evaluate the impact of coinfection,
taken together they provided an impressive sample
of 375 coinfected patients.

The distinct biological properties of this agent favor
the hypothesis that it has no important pathogenic role
for humans, even for those infected by HIV-1. How-
ever, some reports on a potential effect of coinfection
by HTLV-2 as a risk for neurologic disease highlight
the need for a better evaluation of this specific point
in order to discard HTLV-2 as the cause of these
disturbances. A careful evaluation of these patients
must be conducted before concluding for a causal
role of HTLV-2, since many other factors are poten-
tially capable of inducing neuropathy in HIV-1-infected
patients'?.

Conclusions

Coinfection by HIV-1 and HTLV-1/2 is a frequent
finding in different parts of the world. Due to the
distinct biological characteristics of these agents,
and the fact that they are tropic for the same cells,
a potentially significant interaction is expected, es-
pecially when HTLV-1 is the coinfection virus. Most
of the consequences of HIV-1 infection are linked
0,its tropism for CD4* cells, which has an essential
blé@&ﬂtr‘r@ﬂnm%na@ and immune regulation.

Since HTLV-1 infects preferentially the same cells,

ported for HTLV-1 -monoinfectecr@@'g@sd byt the) risk[ p@ ﬁy’g@@@@yq’ bislogical behavior, the interaction

for development of such conditions seems to be in-

of these agents hasthe potential to cause changes

creased for coinfected indivi | it t istory cof beth infections. The avail-
Taken together, thesm!%ﬁs@w tba@lo@ﬂs@t@ V\éUIe gﬁrﬁéf‘ﬁ%ﬂdgsqd)ﬁ

0 no
define the real impact of coinfection by HfLV-1 on
HIV-associated disease. In common, most@ thUg

able studies have methodologic weakness: they usu-

faill)

ry evidence corroborates this conten-

Lﬂ@m }-ﬁwever, the published clinical studies are
b

@gry on the impact of HTLV-1 on AIDS evo-
lution. The main problems with these studies are the
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studies in order to shed light on these controversial
questions.

Regarding coinfection by HTLV-2, the available data
suggest there is no detectable impact on AIDS pro-
gression, and it is likely to have a protective effect on
disease evolution. In addition, the laboratory evidence
reinforces this role for HTLV-2, in contrast to the find-
ings observed in HTLV-1 coinfection.

Finally, a well-recognized effect of coinfection (in-
creased CD4* cell counts) may be of clinical relevance,
once it is the main surrogate marker used by clinicians
to define the optimal moment to start antiretroviral
therapy, or to introduce prophylaxis against some op-
portunistic infections. We detected a significant delay
in the introduction of specific therapy for AIDS patients
coinfected by HTLV-1 when compared with monoin-
fected ones®. It is possible that the use of HAART on a
large scale may modify the effects of coinfection on the
natural history of HIV-1 infection, but there is no avail-
able study at this time.

We need larger studies to establish the right moment
to initiate therapy for this specific population, or, alter-
natively, to look for new surrogate markers capable of
helping clinicians in this task.

Acknowledgements

Dr. Carlos Brites has research support from the Bra-
zilian Ministry of Health and CNPQ (Conselho Nacio-
nal de Pesquisa, Brasil).

References

1. Poiesz B, Ruscetti F, Gazdar A, et al. Detection and isolation of type C
retrovirus particles from fresh and cultured lymphocytes of a patient
with cutaneous T cell lymphoma. Proc Natl Acad Sci USA. 1980;
77:7415-9.

2. Yoshida M, Miyoshi I, Hinuma Y. Isolation and characterization of retro-
virus from cell lines of human adult T-cell leukemia and its implication
in the disease. Proc Natl Acad Sci USA. 1982;79:2031-5.

3. Hinuma'Y, Nagata K, Misaka M, et al. Adult T cell leukemia: antigen-in
an ATL cell line and detection of antibodies to the antigen in human sera.
Proc Natl Acad Sci USA. 1981;78:6476-80.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

Maloney E, Wiktor S, Palmer P, et al. A cohort study of health effects
of human T-cell lymphotropic virus type | infection in Jamaican children.
Pediatrics. 2003;112:¢136-42.

Oliveira M, Brites C, Ferraz N, Magalhaes P, Almeida F, Bittencourt A.
Infective dermatitis associated with the human T cell lymphotropic
virus type | in Salvador, Bahia, Brazil. Clin Infect Dis. 2005;40:
€90-6.

de The G, Bomford R. An HTLV-I vaccine: why, how, for whom? AIDS
Res Hum Retroviruses. 1993;9:381-6.

Gallo R. The discovery of the first human retrovirus: HTLV-1 and HTLV-
2. Retrovirology. 2005;2:17.

Kalyanaraman V, Sarngadharan M, Robert-Guroff M, et al. A new sub-
type of human T-cell leukemia virus (HTLV-Il) associated with a T-cell
variant of hairy cell leukemia. Science. 1982;218:571.

Page J, Lai S, Chitwood D, et al. HTLV I/II seropositivity and death from
AIDS among HIV-1 seropositive intravenous drug users. Lancet. 1990;
335:1439-41.

Safaeian M, Wilson L, Taylor E, et al. HTLV-II and bacterial infections
among injection drug users. J Acquir Immune Defic Syndr. 2000;
24:483-7.

Orland J, Wang B, Wright D, et al. Increased mortality associated with
HTLV-II infection in blood donors: a prospective cohort study. Retrovi-
rology. 2004;1:4.

Roucoux D, Murphy EL. The epidemiology and disease outcomes of
human T-lymphotropic virus type Il. AIDS Rev. 2004;6:144-54.
UNAIDS. Report on the Global AIDS epidemic, 2008. (unaids.org Ac-
cessed 09/15/08).

Gallo R, Salahuddin S, Popovic M, et al. Human T-lymphotropic retrovi-
rus, HTLV-IIl, isolated from AIDS patients and donors at risk of AIDS.
Science. 1984;224:500-3.

Ratner L, Haseltine W, Patrarca R, et al. Complete nucleotide sequence
of the AIDS virus. Nature. 1985;313:277-84.

Wain-Robson S, Sonigo P, Danos O, et al. Nucleotide sequence of the
AIDS virus. Cell. 1985;40:9-17.

Wong-Staal F, Gallo R. Human T-Lymphotropic retroviruses. Nature.
1985;317:395-403.

Coskun, A, Sutton, R. Expression of glucose transporter 1 confers sus-
ceptibility to human T cell leukemia virus envelope-medicated fusion.
J Virol. 2005;79:4150.

Manel N, Kim F, Kinet S, Taylor N, Sitbon M, Battini J. The ubiquitous
glucose transporter GLUT-1 is a receptor for HTLV. Cell. 2003;115:
449-59.

Takenouchi N, Jones K, Lisinski |, et al. GLUT1 is not the primary bind-
ing receptor but is associated with cell-cell transmission of HTLV-1.
J Virol. 2007;81:1506-10.

Ghez, D, Lepelletier, Y, Lambert, S, et al. Neuropilin-1 is involved in
human T-cell lymphotropic virus type 1 entry. J Virol. 2006;80:6844.
Richardson J, Edwards A, Cruickshank J, Rudge P, Dalgleish A. In vivo
cellular tropism of HTLV-1. J Virol. 1990;64:5682-7.

Nagai M, Brennan M, Sakai J, Mora C, Jacobson S. CD8(+) T-cells are
an in vivo reservoir for HTLV-1. Blood. 2001;98:1858-61.

ljichi S, Ramundo M, Takahashi H, Hall W. In vivo cellular tropism of
HTLV-2. J Exp Med. 1992;176:293-6.

Lal R, Owen S, Rudolph D, Dawson C, Prince H. In vivo cellular
tropism of HTLV-2 is not re stricted to CD8+ cells. Virology. 1995;210:
441-7.

Ho D, Neumann A, Perelson A, Chen W, Leonard J, Markowitz M. Rapid
turnover of plasma virions and CD4 lymphocytes in HIV-1 infection.
Nature. 1995;373:123-6.

Wei X, Ghosh S, Taylor M, et al. Viral dynamics in human immunodefi-
ciency virus type 1 infection. Nature. 1995;373:117-22.

Etoh K, Yamaguchi K, Tokudome S, et al. Rapid quantification of HTLV-1
provirus load: detection of monoclonal proliferation of HTLV-1 infected
cells among blood donors. Int J Cancer. 1999;81:859.

Igakura T, Stinchcombe J, Goon PK, et al. Spread of HTLV-I between
lymphocytes by virus-induced polarization of the cytoskeleton. Science.
2003;299:1713-6.

4. Yoshida M, Seiki M, Yamaguch\NT atstiki or@ﬁn m ati b$1 Mmem ; Cmg W, et al. Molecular epidemiology of
human T-cell leukemia provirus i d( mmm oft ﬁg ch |éﬁ hotr a/ us 1 transmission in Okinawa, Japan. Am
6

leukemia suggests causative role of human T-cell leukemia virus in
disease. Proc Natl Acad Sci USA. 1984;81:2534-7.

3
5. Gessain A, Barin F, Vernant JC, et al. Antipogf -Erdo
pic virus type-1 in patients with tropicnagrcmg : nc@r Q

1985;2:407-10.

6. Osame M, Usuku K, Izumo S, et al. HTLV-I associated myelopathy, a
new clinical entity. Lancet. 1986; LTP;LQ L/LI 'th

7. Kaplan J, Osame M, Kubota H, he‘risk’of-de!
associated myelopathy/tropical spastic paraparesis among persons in-
fected with HTLV-I. J Acquir Immune Defic Syndr. 199

0;3 096-101.
8. Mochizuki M, Watanabe T, Yamaguchi K, et al. HTLV-I @qusf%gignop u bl

42.

clinical entity caused by HTLV-I. Jpn J Cancer Res. 1992;83:
9. Yamaguchi K, Mochizuki M, Watanabe T, et al. Human T-lymphotropic
virus type | uveitis. Leukemia. 1994;8(Suppl! 1):S88-90.

10. LaGrenad Janc ﬁ
Jamaica BN: A
1345-7.

14

J Trop Med Hyg. 2002;66:404.

. Franchini G, Fukumoto R, Fullen J. T-cell control by human T-cell leuke-

i irus . Int J Hematol. 2003;78:280-96.
. Qﬁt@@p%ﬂ:@rd R, Tagaya Y, Siebenlist U, Waldmann T.

Human T cell lymphotropic virus type | Tax protein transactivates inter-

. leukin 15 gene transcrjption through an NF«xB site. Proc Natl Acad Sci

Fletcher V, et al._Infective dermati f 3.

| gwerpor}LQ\JI— W[Jmmﬁﬁlﬁm Ilé/;lrQnNano Y, Franza B, Greene W. HTLV-|

tax induces cellular proteins that activate the kappa B element in the

IL-2yreceptor alpha gene. Science. 1988;241:1652-5.

mﬁ . Human T-lymphotropic virus type 1 (HTLV-1): persistence
di ne control. Int J Hematol. 2003;78:297-303.

Mosley A, Asquith B, Bangham C. Cell-mediated immune response to
uman T-lymphotropic virus type I. Viral Immunol. 2005;18:293-305.
Sdarz D, Hafl

m

S Usuku K, et al. Cyfotoxi€ Y-cell a ance and virus
nfim odeficledicy virus ndfhu T-cell leukemia
irbisityp 0@ Biol/SEi. L00Y;2684215-21.



Carlos Brites, et al.: HIV/human T-cell Lymphotropic Virus Coinfection Revisited: Impact on AIDS Progression

44.

45.

46.

47.

48.
49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

Jacobson S, Reuben J, Streilein R, et al. Induction of CD4+ human T
lymphotropic virus type-1 specific cytotoxic T lymphocytes from patients
with HAM/TSP. Recognition of an immunogenic region of the gp46 en-
velope glycoprotein of human T lymphotropic virus type-1. J Immunol.
1991;146:1155.

Vine A, Witkover A, Lloyd A, et al. Polygenic control of human T lympho-
tropic virus type | (HTLV-I) provirus load and the risk of HTLV-I-associ-
ated myelopathy/tropical spastic paraparesis. J Infect Dis. 2002;186:
932-9.

Cavrois M, Gessain A, Gout O, et al. Common human T cell leukemia
virus type 1 (HTLV-1) integration sites in cerebrospinal fluid and blood
lymphocytes of patients with HTLV-1-associated myelopathy/tropical
spastic paraparesis indicate that HTLV-1 crosses the blood-brain bar-
rier via clonal. J Infect Dis. 2000;182:1044-50.

Lee S, Morcos Y, Jang H, Stuart J, Levin M. HTLV-1 induced molecular
mimicry in neurological disease. Curr Top Microbiol Immunol. 2005;296:
125-36.

Levin M, Lee S, Kalume F, et al. Autoimmunity due to molecular mim-
icry as a cause of neurological disease. Nat Med. 2002;8:455-7.

Porto A, Santos S, Muniz A, et al. Helminthic infection downregulates
type 1 immune responses in human T cell lymphotropic virus type 1
(HTLV-1) carriers and is more prevalent in HTLV-1 carriers than in pa-
tients with HTLV-1-associated myelopathy/tropical spastic paraparesis.
J Infect Dis. 2005;191:612-8.

Marinho J, Galvéo-Castro B, Rodrigues L, Barreto M. Increased risk of
tuberculosis with human T-lymphotropic virus-1 infection: a case-control
study. J Acquir Immune Defic Syndr. 2005;40:625-8.

Suzuki M, Dezzutti C, Okayama A, et al. Modulation of T-cell responses
to a recall antigen in human T-cell leukemia virus type 1-infected indi-
viduals. Clin Diagn Lab Immunol. 1999;6:713-7.

Ozel M, Pauli G, Gelderblom H. The organization o the envelope projec-
tions on the surface of HIV. Arch Virol. 1988;100:255-66.

Preston B, Poiesz B, Loeb L. Fidelity of HIV-1 reverse transcriptase.
Science. 1988;242:1168-71.

Dragic, T, Litwin, V, Allaway, G, et al. HIV-1 entry into CD4+ cells is
mediated by the chemokine receptor CC-CKR-5. Nature 1996; 381
(6584):667-73.

Moore J, Trkola A, Dragic T. Co-receptors for HIV-1 entry. Curr Opin
Immunol. 1997;9(4):551-62.

Cullen B, Greene W. Regulatory pathways governing HIV-1 replication.
Cell. 1989;56:423-6.

Pantaleo G, Demarest J, Schacker T, et al. The qualitative nature of the
primary immune response to HIV infection is a prognosticator of disease
progression independent of the initial level of plasma viremia. Proc Natl
Acad Sci USA. 1997;94:254.

Musey L, Hughes J, Schacker T, et al. Cytotoxic-T-cell responses, viral
load, and disease progression in early human immunodeficiency virus
type 1 infection. N Engl J Med. 1997;337:1267.

Giorgi J, Lyles R, Matud J, et al. Predictive value of immunologic and
virologic markers after long or short duration of HIV-1 infection. J Acquir
Immune Defic Syndr. 2002;29:346.

Moir S, Malaspina A, Ogwaro K, et al. HIV-1 induces phenotypic and
functional perturbations of B cells in chronically infected individuals. Proc
Natl Acad Sci USA. 2001;98:10362.

Stein D, Korvick J, Vermund S. CD4+ lymphocyte cell enumeration for
prediction of clinical course of HIV disease: A review. J Infect Dis. 1992;
165:352.

Centlivre M, Sala M, Wain-Hobson S, Berkhout B. In HIV-1 pathogenesis
the die is cast during primary infection. AIDS. 2007;21:1.

Hogan C, Hammer S. Host determinants in HIV infection and disease.
Part 2: genetic factors and implications for antiretroviral therapeutics.
Ann Intern Med. 2001;134:978.

Pereyra F, Addo M, Kaufmann D, et al. Genetic and immunologic het-
erogeneity among persons who control HIV infection in the absence of
therapy. J Infect Dis. 2008;197:563.

Paxton W, Martin S, Tse D, et al. Relative resistance to HIV-1 infection
of CD4 lymphocytes from persons who remain uninfected despite mul-

tiple high-risk | . d,A996;2:44 1 i
o onere - inme LS GBHED dolc SRk U
)-J -

cell lymphotropic virus type-I (HTLV-I).
19

Emerg Med. 2000;18:1

Li H Bi R, Miley W, et al. Provi i il i f i i
1 Bogar ey 1ot o PRl R phtDruye)

fect Dis. 2004;190:1275-8.
lga M, Okayama A, Stuver S, et al, Genetic evidence of transmisgion of

72. Gotuzzo E, Arango C, de Queiroz-Campos A, Isturiz R. Human T-cell
lymphotropic virus-I in Latin America. Infect Dis Clin North Am. 2000;
14:211-39.

73. Galvao-Castro B, Loures L, Rodrigues L, et al. Geographic distribution
of human-T lymphotropic virus type-l among blood donors: A Brazilian
nationwide study. Transfusion. 1997;37:242.

74. Catalan-Soares B, Proietti F, Carneiro-Proietti A. Heterogeneous distri-
bution of HTLV-1/II prevalence rates in blood donors from urban areas
in Brazil. Vox Sang. 2004;87:105.

75. Rego F, Alcantara L, Moura Neto J, et al. HTLV type 1 molecular study
in Brazilian villages with African characteristics giving support to the
post-Columbian introduction hypothesis. AIDS Res Hum Retroviruses.
2008;24:673-7.

76. Shindo N, Alcantara L, Van Dooren S, et al. Human retroviruses (HIV
and HTLV) in Brazilian Indians: seroepidemiological study and molecu-
lar epidemiology of HTLV type 2 isolates. AIDS Res Hum Retroviruses.
2002;18:71-7.

77. Brites C, Harrington W, Pedroso C, Netto E, Badaré R. Epidemiological
characteristics of HTLV-I and Il co-infection in Brazilian subjects in-
fected by HIV-1. Braz J Infect Dis. 1997;1:43-8.

78. Moreira E, Ribeiro T, Swanson P, et al. W. Soroepidemiology of human
T-cell lymphotropic virus type /Il in Northeastern Brazil. J Acquir Immune
Defc Syndr Hum Retrovirol. 1993;6:959-63.

79. Dourado |, Andrade T, Carpenter C, Galvdo-Castro B. Risk factors for
human T-cell lymphotropic virus type | among injecting drug users in
northeast Brazil: possibly greater efficiency of male to female transmis-
sion. Mem Inst Oswaldo Cruz. 1999;94:13-8.

80. Andrade T, Dourado |, Galvao-Castro B. Associations among HTLV-I,
HTLV-II, and HIV in injecting drug users in Salvador, Brazil. J Acquir
Immune Defic Syndr Hum Retrovirol. 1998;18:186-7.

81. Beilke M, Theall K, O'Brien M, et al. Clinical outcomes and disease pro-
gression among patients coinfected with HIV and human T lymphotropic
virus types 1 and 2. Clin Infect Dis. 2004;39:256-63.

82. Stuver S, Tachibana N, Okayama A, et al. Heterosexual transmission of
human T cell leukemia/lymphoma virus type 1 among married couples
in southwestern Japan: an initial report from the Miyazaki Cohort Study.
J Infect Dis. 1993;167:57.

83. Kaplan J, Khabbaz R, Murphy E, et al. Male to female transmission of
human T cell lymphotropic virus types | and Il: association with viral load.
J Acquir Immune Defic Syndr Hum Retrovirol. 1996;12:193.

84. Wignall F, Hyams K, Phillips 1, et al. Sexual transmission of human T lym-
photropic virus type 1 in Peruvian prostitutes. J Med Virol. 1992;38:44.

85. Murphy E, Figueroa J, Gibbs W, et al. Sexual transmission of human T
lymphotropic virus type 1 (HTLV-1). Ann Intern Med. 1989;111:555.

86. Moriuchi H, Moriuchi M, Fauci A. Factors secreted by human T lympho-
tropic virus type | (HTLV-I)-infected cells can enhance or inhibit replica-
tion of HIV-1 in HTLV-I-uninfected cells: implications for in vivo coinfec-
tion with HTLV-I and HIV-1. J Exp Med. 1998;187:1689-97.

87. Moriuchi H, Moriuchi M. In vitro induction of HIV-1 replication in resting
CD4(+) T cells derived from individuals with undetectable plasma vire-
mia upon stimulation with human T-cell leukemia virus type I. Virology.
2000;278:514-9.

88. Leung K, Nabel G. HTLV-1 transactivator induces interleukin-2 receptor
expression through an NFkB-like factor. Nature. 1988;333:776-8.

89. Lawson V, Lee J, Doultree J, Marshall J, McPhee D. Visualisation of
phenotypycally mixed HIV and HTLV-I virus particles by electron micros-
copy. J Biomed Sci. 2000;7:71-4.

90. Beilke M, Greenspan D, Impey A, Thompson J, Didier P. Labora-
tory study of HIV-1 and HTLV-I/II coinfection. J Med Virol. 1994;44:
132-43.

91. Montefiori DC, Mitchell W. Persistent coinfection of T lymphocytes with
HTLV-Il and HIV and the role of syncytium formation in HIV-induced
cytopathic effect. Virology. 1987;160:372-8.

92. Guenthner P, Hershow R, Lal R, Dezzutti C. Effects of human T-lympho-
tropic virus type Il on human immunodeficiency virus type 1 phenotypic
evolution. Arch Virol. 2001;146:1617-22.

93. Bovolenta C, Pilotti E, Mauri M, et al. Retroviral interference on STAT

b | lcﬁéﬁj@mmﬂﬁﬁé&gﬁ%ﬁ%h&man T cell leukemia virus type 2
o

94. Bassani S, Lépez M, Tol
pic virus type 2 coinfection on virologic and immunological parameters

ients. Clin Infect Dis. 2007;44:105-10.

oni U. Molecular and cellular interactions of

HIV-1/HTLV coinfection and impact on AIDS progression. AIDS Rev.

C, et al. Influence of human T cell lymphotro-

., 2007;9:140-9.

e escar.a e AMPEIMTEIT B RO VT T S OB ot e o a7 oo,

Hisada M, Maloney E, Sawada T, et al. Virus markers associated with
vertical transmission of human T lymphotropic virus type 1 in damaica. Clin
Infect Dis. 2002;34:1551-7. 'F

Manns A, Wilks R, Murphy E, et al. A prospective studyof tra
by transfusion of HTLV-I and risk factors associated with seroconversion.
Int J Cancer. 1992;51:886-91.

Miller G, Lgf
type | sergplositive
tal factor IR tear

igiolp u

Col , et al. Clustering of human T lymphotropi S 9.
in i stindie’s: faf envirol
issign o irus. J | ig 1994 170724-50.

97. Schechter M, Harrison L, Halsey N, et al. Co-infection with human T-cell

lymphotropic virus type | and HIV in Brazil: impact on markers of HIV
Ql g&{% ogression. JAMA. 1994;271:353-7.

hter M, Moulton L, Harrison L. HIV viral load and CD4+ lymphocyte

counts in subjects coinfected with HTLV-I and HIV-1. J Acquir Immune
efic Syndr Hum Retrovirol. 1997;15:308-11.

dirison L, Sahethter M. Coinfectioff Wit LV ag
-rélated o t ot accelerated HIV dis
IDS Pai ari 1998%2:619-2

IV:increase in
se progression?

15



16

AIDS Reviews. 2009;11

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Brites C, Goyanna F, Franca L, et al. Co-infection by HTLV-I/Il increases the
risk of strongyloidiasis and may lead to a delayed introduction of antiretrovi-
ral therapy for HIV infected patients. 11th CROI. San Francisco, 2004.
Bessinger R, Beilke M, Kissinger P, Jarrott C, Tabak O. Retroviral coin-
fections at a New Orleans HIV outpatient clinic. J Acquir Immune Defic
Syndr Hum Retrovirol. 1997;14:67-71.

Okubo S, Yasunaga K. Significance of viral coinfections by HIV, HTLV-I,
Epstein-Barr virus, and cytomegalovirus for immunological abnormalities
in hemophiliacs. Cancer Detect Prev. 1990;14:343-6.

Chavance M, Neisson-Vernant C, Quist D, Monplaisir N, Armengaud B,
Chout R. HIV/HTLV-I coinfection and clinical grade at diagnosis. J Acquir
Immune Defic Syndr Hum Retrovirol. 1995;8:91-5.

Gotuzzo E, Escamilla J, Phillips |, et al. The impact of HTLV type I/l
infection on the prognosis of sexually acquired cases of AIDS. Arch
Intern Med. 1992;152:1372-3.

Casseb J, Hong M, Salomao S, et al. Co-infection with HIV and HTLV-I:
Reciprocal activation with clinical and immunologic consequences. Clin
Infect Dis. 1997;25:1259-60.

Brites C, Oliveira A, Netto E. Coinfection with HIV and Human T lympho-
tropic virus type 1: what is the real impact on HIV disease? Clin Infect
Dis. 2005;40:329-31.

Sobesky M, Couppie P, Pradinaud R, et al. Co-infection with HIV and
HTLV-I and survival in AIDS stage. French Guiana Study. Presse Med.
2000;29:413-6.

Brites C, Alencar R, Gusmao R, et al. Co-infection with HTLV-1 is as-
sociated with a shorter survival time for HIV-1 infected patients in Bahia,
Brazil. AIDS. 2001;15:2053-5.

Etzel A, Shibata G, Caseiro M, Segurado A. HTLV-I and HTLV-II co-in-
fections are predictors of shorter survival in a Brazilian HIV sero-preva-
lent cohort. XV International AIDS Conference; Bangkok Thailand 2004
[abstract MoPeC3382].

Brites C, Goyanna F, Franca L, et al. Co-infection by HTLV-I/Il increases
the risk of strongyloidiasis and may lead to a delayed introduction of

111,

112,

113.

114,

115,

116.

117.

118.

119.

120.

antiretroviral therapy for HIV infected patients. 11th CROI San Fran-
cisco 2004 [abstract O-38].

Feitosa G, Bandeira A, Sampaio D, Badaro R, Brites C. High prevalence
of giardiasis and strongyloidiasis among HIV-infected patients in Bahia,
Brazil. Braz J Infect Dis. 2001;:339-44.

Brites C, Weyll M, Pedroso C, Badaré R. Severe and Norwegian scabies
are strongly associated with retroviral (HIV-1/HTLV-I) infection in Bahia,
Brazil. AIDS. 2002;16:1292-3.

Visconti A, Visconti L, Bellocco R, et al. HTLV-II/HIV-1 coinfection and
risk for progression to AIDS among intravenous drug users. J Acquir
Immune Defic Syndr. 1993;6:1228-37.

Giacomo M, Franco EG, Claudio C, et al. Human T-cell leukemia virus
type Il infection among high risk groups and its influence on HIV-1
disease progression. Eur J Epidemiol. 1995;11:527-33.

Hershow R, Galai N, Fukuda K, et al. An international collaborative study
of the effects of coinfection with human T-lymphotropic virus type Il on
human immunodeficiency virus type 1 disease progression in injection
drug users. J Infect Dis. 1996;174:309-17.

Bessinger R, Beilke M, Kissinger P, Jarrott C, Tabak O. Retroviral coin-
fections at a New Orleans HIV outpatient clinic. J Acquir Immune Defic
Syndr Hum Retrovirol. 1997;14:67-71.

Willy R, Salas C, Macalino G, Rich J. Long-term non-progression of HIV-
1in a patient coinfected with HTLV-II. Diagn Microbiol Infect Dis. 1999;
35:269-70.

Turci M, Pilotti E, Ronzi P, et al. Coinfection with HIV-1 and human T-Cell
lymphotropic virus type Il in intravenous drug users is associated with de-
layed progression to AIDS. J Acquir Immune Defic Syndr. 2006;41:100-6.
Goedert J, Fung M, Felton S, Battjes R, Engels E. Cause-specific mortal-
ity associated with HIV and HTLV-II infections among injecting drug
users in the USA. AIDS. 2001;15:1295-302.

Zehender G, Colasante C, Santambrogio S, et al. Increased risk of de-
veloping peripheral neuropathy in patients coinfected with HIV-1 and
HTLV-2. J Acquir Immune Defic Syndr. 2002;31:440-7.

No part of this publication may be

reproduced or photocopying

without the prior written permission

of the publisher
ermanyer Publications





