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Abstract

Human T lymphotropic virus type 1 is associated with some neurologic diseases, mainly human T
lymphotropic virus type 1-associated myelopathy/tropical spastic paraparesis. Human T lympho-
tropic virus type 2 has also been associated with similar cases of human T lymphotropic virus type
1-associated myelopathy/tropical spastic paraparesis, but evidences for a definitive relationship
are less clear. On the other hand, neurologic manifestations of HIV infection are quite common,
affecting more than one third of patients in HIV clinics. Seroepidemiologic studies show that HIV-
infected individuals are at an increased risk for human T lymphotropic virus infection and vice
versa in comparison with the general population. Furthermore, HIV/human T lymphotropic virus
coinfection has been associated with distinctive immunophenotypes and an increased risk for
development of neurodegenerative conditions. Thus, studies on HIV/human T lymphotropic virus
coinfection have a practice clinical importance. In this review, we aim to discuss clinical and

laboratorial data focusing on neurologic diseases in HIV/human T lymphotropic virus coinfection.
(AIDS Rev. 2009;11:71-8)
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paraparesis (HAM/TSP)® is a disabling condition,
mostly diagnosed during the most economically pro-
ductive years of life and is the main neurologic dis-
ease caused by this retrovirus. Additionally, other
neurologic conditions have also been associated with
HTLV-1 infection, which strengthens the concept of
the high potential of HTLV-1 to affect the nervous
system?. Interestingly, in patients with HTLV-1-associ-
ated neurologic conditions, the HTLV-1 proviral load
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Undoubtedly, the efforts to isolate both human T
lymphotropic virus type 1 (HTLV-1)" and type 2 (HTLV-
2)2 enabled the identification of HIV. This fact eventu-
ally overshadowed the significance of the discovery
of HTLV. Infection with HTLV-1 has a considerable
social-and economic impact: the infection is-endemic

in limited-resource areas such as Africa, the Carib- higher. than in asvmptomatic carrierss. This s re-
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virus type 1-associated myelopathy/iropical spastic with an increased risk for diseases in HTLV-1-infected
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system is affected in 26-94% of HIV-in-
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increase the risk for neurologic diseases, and (iii) the
effects of HAART on HIV/HTLV coinfection are not yet
completely understood, reviews about HIV/HTLV coin-
fection are of utmost importance. Therefore, in the
present review we aim to discuss clinical and labora-
torial data, focusing on neurologic diseases in HIV/
HTLV coinfection.

Cellular and molecular biology

of coinfection: In vitro and in vivo
HIV/human T lymphotropic virus
interactions

Both HIV and HTLV share similar genomic organiza-
tion and encode structural and enzymatic proteins
typical to all retroviruses®. In addition, their genomes
encode accessory proteins that seem to play an im-
portant role in viral pathogenesis, such as Tax and Rex
in HTLV infection® and Tat and Rev in HIV infection'".
However, the replication strategies used by HIV and
HTLV are quite different, which results in distinct out-
comes. High levels of virus particles in plasma are
observed in HIV infection due to active replication. On
the other hand, HTLV-1 is characterized by a poor
ability to infect permissive cells as cell-free virions, the
chronic infection being maintained mainly by provirus-
carrying cell proliferation'.

The frequency of HTLV-1/2 infection is unquestion-
ably higher among HIV-infected individuals than in the
general population. Furthermore, HIV/HTLV coinfec-
tion seems to interfere with the course of the diseases
associated with both viruses. In vitro'®'* and in vivo'
evidences indicate that HIV-1 infection is associated
with upregulation of HTLV-1/2 expression and a
higher risk for diseases. Superinfection of HTLV-1-
transformed cell lines with HIV-1 results in an increased
HTLV-1 protein expression'®. Indeed, this enhance-
ment was observed only after infection with active
HIV-1 virus, but not following exposure to jnactivated
viral particles or transfectiﬁ@itlplaﬂﬂ@ szﬂ
However, the HIV-1 Rev protein was found to enhance
HTLV-1 gene expression, aotinmp]p
portion of the HTLV-1 genome'™. In addition, periph-
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compared to what is observed with free virus infec-
tion™. This finding indicates that cell-to-cell transfer is
the predominant mode of HIV spread. The HIV cell-to-
cell transfer relies on a rapid recruitment of the cel-
lular interface of CD4, CXCR4, talin, and lymphocyte
function-associated antigen 1 on the target cell and of
Env and Gag proteins on the HIV-infected effector
cell®2 This explains the highly efficient HIV replica-
tion in lymphoid organs?', where high amounts of
CD4* T-cell and slow cell movement would facilitate
cellular cross talk and viral transmission. As for HIV-1,
lymphoid organs are believed to be a major in vivo
reservoir for HTLV-1, followed by circulating PBMC?223,
Indeed, HTLV-1 has also been shown to spread
through an intracellular reorganization of the viral com-
ponents near the cell-cell junction. This has been
termed “virologic synapse”?+%5,

Sun, et al. demonstrated that HIV-1-infected cells
can fuse with both HTLV-1-expressing cells and latently
HTLV-1-infected cells, and the resulting syncytia could
function as a “tunnel” by which the Tax protein would
diffuse, leading to a more potent induction of HTLV-1
proteins and virions in cells harboring latent HTLV-1 pro-
virus?®. This HIV-1-dependent transfer of HTLV-1 Tax
protein might explain, at least partially, why coinfection
with HIV-1 allows HTLV-1 to overcome the strong and
chronically activated T-cell response, which could result
in the onset of HAM/TSP in a higher proportion of coin-
fected individuals.

On the other hand, HTLV-2 downregulates HIV-1
replication in interleukin 2 (IL-2)-stimulated primary
PBMC of coinfected individuals through the expression
of macrophage inflammatory protein (MIP) 10?”. The
MIP-1oc and other CC-chemokines, such as RANTES
and MIP-1B, bind to CCR5, a cell surface coreceptor
for macrophage-tropic (M-tropic) HIV-1 strains, which
is dominant during early AIDS and clinically latent HIV
infection®. In addition, CXCR4 is the coreceptor of the
more cytopathic T-cell-tropic (T-tropic) HIV strains®
hat emerge in later stages of disease®. The acquisi-

%&eoeptor corresponds to the
switch from M-tropic to T-tropic phenotype, to the loss
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kines, and to a significant decrease in CD4*+ T-cell
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HTLV-1-coinfected individuals proliferate in
higher rate than HIV-monoinfected cells. Thr'llieﬂjsimi-
lar to the spontaneous proliferation obs@

HTLV-1-infected PBMC?.
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cyfes derived from patients with HAM/TSP are

Uﬁi?ﬁﬁrtam source of MIP-1oe and MIP-18%, suggest-

IETrI_V—1 and -2 may influence HIV replication
via chemokine release. Notably, MIP-1a alone seems
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this same interference using supernatants from
HTLV-1-infected cell cultures. In this experiment, rep-
lication of M-tropic HIV-1 was inhibited, but replication
of T-tropic was enhanced®. Altogether, these findings
suggest that HTLV-1 or -2 coinfection in HIV-infected
individuals may facilitate transition from an M-tropic to
a T-tropic HIV phenotype, which is indicative of pro-
gression to an advanced stage of HIV disease. Further-
more, coinfection with T-tropic HIV-1 and HTLV-1 sig-
nificantly enhanced HIV-1 replication, whereas
coinfection with M-tropic HIV-1 enhances HTLV-1 ex-
pression'6:3435,

In vivo data show that HIV/HTLV-2-coinfected pa-
tients present lower levels of T-cell activation, which
reflects the lower rate of HIV replication and correlates
with the lower HIV RNA load in plasma compared to
HIV-monoinfected patients®. This is in agreement with
the slower rates in the decrease of CD4* T-cell counts
in HIV/HTLV-1/2-coinfected patients, resulting, on aver-
age, in higher CD4* T-cell counts®” 8, Although in vitro
and in vivo findings are conflicting at first sight, one
should consider the stage of HIV disease. Therefore,
whereas HTLV-1/2 may accelerate the progression of
HIV disease? 3 the immunomodulatory effect of
HTLV-1/2 Tax protein would be a positive stimulus for
expansion of T-cells at late stages by increasing the
synthesis of IL-2 and interferon gamma (IFN-y) by
HTLV-infected cells®. Although higher CD4* T-cell
counts in coinfected subjects could potentially delay
the progression to AIDS, an increased frequency of
clinical complications, such as thrombocytopenia and
respiratory and urinary tract infections, is observed.
Therefore, it is possible that CD4* T-cell function
presents qualitative defects in coinfected subjects,
which may render this parameter less useful in the
clinical setting.

As discussed below, HIV/HTLV coinfection is as-
sociated with a higher risk for neurologic diseases.
HAM/TSP is a slowly progressive neurodegenerative

disease characterized by  perivascular quiﬂg of
mononuclear cells acco &i@aﬂ Qfetw ymal U

lymphocytic infiltration. In vitro assays showed that

endothelial cells can be proqI@:p(eqydmﬂ{C@?@i oy F)-h

HTLV-1 and expression of the tight-junction proteins

in these cells is altered, whielfagcilitates, | )
traffic and blood-brain bﬂgw)?bﬁggmgﬁ

situ hybridization also revealed the presenceﬁaf TLV-
1 RNA in spinal cord and cerebellar seQi
phenotypic analysis demonstrated that at least some

least partially, by syncytium formation between the
HTLV-1-infected T-cells and astrocytes*2. These cells
usually respond to trauma, stroke, or neurodegenera-
tion by undergoing cellular hypertrophy. However, it
has been demonstrated that, as a consequence of
T-cell attack, infected astrocytes undergo polariza-
tion, extending a major protrusion towards the immu-
nological synapse formed with effector T-cells, and
withdrawing most of their multipolar finer processes*.
On the other hand, microglia cells are the main res-
ervoir for HIV-1 in the central nervous system, and
multinucleated giant cells, which result from the fusion
of HIV-1-infected microglia and brain macrophages,
are the hallmark of HIV dementia***5. Therefore, cells
of the monocyte-macrophage lineage are of particular
importance in this process due to their ability to cross
the BBB and spread HIV-1 infection into the central
nervous system (CNS)*. Altogether, these events
could contribute to BBB breakdown. Levin, et al. pre-
sented the case of a patient with both HAM/TSP and
HIV-associated dementia*’. Both viruses were detect-
ed inthe CNS, but HTLV-1 was localized in astrocytes
and HIV in the macrophage/microglia, with no coin-
fection of a single cell phenotype. This suggests that
mechanisms other than coinfection of the same CNS
cell may play a role in the development of neurologic
disease in HIV/HTLV-coinfected patients. Therefore,
BBB breakdown related to HIV and/or HTLV infection
could accelerate the emergence of neurodegenera-
tive conditions associated with either virus during
coinfection.

HIV/human T lymphotropic virus
coinfection and human T lymphotropic
virus 1/2 proviral load

Although in vitro data suggest that HIV and HTLV
could reciprocally enhance their expression, ‘it has
en shawn that HIV-1 infection does not alter HTLV-
E)* I&&-’[ﬂ@@@&&)}lab&ds in dually infected indi-
viduals in comparison to HTLV-1 or -2 monoinfected

i@i@@@pﬁ}qﬂgﬁo not rule out the in vitro-based

hypothesis that HIV-T coinfection would increase the

A roviral i PBMC. However, deple-
V\{’—itlrljt\i;éh@ g%?*ﬁmﬁiﬁgjge , the main target of HTLV-

Lﬂpfouﬁ be counterbalanced by an upregulation of

Ll:5 gﬁﬁication“s. Data from HIV/HTLV-2-coinfected
subjects under HAART confirmed this event. A tran-
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would reflect the rapid blocking of HIV-1 replication
in response to therapy, causing an increase in the
number of circulating T lymphocytes carrying the
HTLV-2 proviral DNA®ST,

Anincreased HTLV-2 proviral load following HAART
may predispose HIV-coinfected patients to HTLV-2-
related diseases. This may include conditions such
as myelopathy®?, cutaneous lymphoma®3, or periph-
eral neuropathy®-%. Since HTLV-associated diseases
usually have a long incubation period, it is probable
that the prolonged lifespan of HIV-infected individu-
als after HAART will allow the observation of more
cases of HAM/TSP in the course of HIV/HTLV-1 coin-
fection.

Clinical outcomes

Since HIV and HTLV affect both the peripheral and
the central nervous system, there is a reasonable
concern about an increased risk for neurologic dis-
eases in coinfected individuals, mainly as a result of
upregulated HTLV-1 expression during HIV/HTLV
coinfection (see above). Double infection with HIV
increases HTLV-1 antigen production, suggesting an
upregulation of HTLV-1 replication by HIV16:3435 This
in vitro observation could explain the increased risk
of HAM/TSP during HIV/HTLV-1 coinfection. Levels of
HTLV tax and rex mRNA in PBMC in HIV/HTLV-coin-
fected patients are higher than in HTLV-monoinfected
individuals™®.

Myelopathy

The most common neurologic manifestation of
HTLV-14 is HAM/TSP. This disorder manifests clinically
by a slow, progressive spastic paraparesis, neuro-
genic bladder disturbances, and less evident sensory
signs. Development of neurologic disability typically
occurs during the first or s&@wcﬂ@aﬂoﬂ&e
indicating a possible initial inflammatory phase followed
by a more protracted degeneraﬁ@pq’a@@
tant factor that seems to determine the risk for HAM/TSP

and its progression is U\?\/% 1 load,
tients with high proviral oa! S arygogwkfﬁ%aﬁtlééj;

for both HAM/TSP development and fasterfprfﬁres-
sion of the disability than those with low prQ/ira
possibly indicating an increased proliferation or migra-
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TSP patients have higher proviral load than asymptom-
atic carriers; HTLV-1-infected patients with other as-
sociated neurologic disturbances can also exhibit a
high proviral load. This strengthens the role of a high
HTLV-1 proviral load in the pathogenesis of neurologic
diseases®.

Approximately 2% of HTLV-1-infected individuals will
develop HAM/TSP during the course of infection. Also,
HTLV-2 has been associated with similar cases of
HAM/TSP, although evidences for a definitive relation-
ship are less clear®®. On the other hand, HIV infection
is classically associated with vacuolar myelopathy, a
disease clinically similar but histopathologically distinct
to HAM/TSP. Around 10% of AIDS patients used to be
affected by vacuolar myelopathy in the pre-HAART
era®, but nowadays this is rarely diagnosed. However,
HIV-infected patients are not free from developing
myelopathy, considering that HIV-infected patients are
at an increased risk for HTLV-infection and that both
viruses seem to interact synergistically in terms of the
development of neurologic diseases. Thus, it is not
surprising that HIV/HTLV-coinfected patients have a
higher probability to develop myelopathy, even in the
HAART era.

Berger, et al. were the first to assume that HIV-in-
fection might increase the susceptibility for the devel-
opment of myelopathy in HIV/HTLV-coinfected pa-
tients. In a serological survey for HTLV infection in a
cohort of 242 HIV-infected patients, they identified
two subjects coinfected by HTLV-1 and two coin-
fected by HTLV-2. All coinfected patients except one
(HIV/HTLV-2) had a myelopathy clinically similar to
HAM/TSP. Similar results were described in a Brazil-
ian cohort of HIV/HTLV-1-coinfected patients®'. Har-
rison, et al. reported that the frequency of myelopathy
was higher in coinfected than in HIV-monoinfected
patients (11/15 HIV/HTLV-coinfected versus 10/62
HIV-monoinfected individuals; OR: 14; p < 0.00004).
More recently, Beilke, et al. described four cases of

glopathy among 41 HIV/HTLV-1-coinfected pa-
Eﬁr{@@ﬁ@rﬂ)rmayc HTLV infection in their co-
hort of HIV-infected individuals was 7.4%. The major-
nts in the Beilke series were
6.5%), and no cases of myel-

V\ggijgﬁ(gme;%éwi@giaﬁerem from other reports,

ara, et al. described some cases of

rBEopEith among HIV/HTLV-2-coinfected patients®s.
U l% gjective cohort, they identified four out of

37 HIV/HTLV-2-coinfected patients with myelopathy,
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Peripheral neuropathy

Although there have been some controversies re-
garding the importance of peripheral nerve involve-
ment in HTLV-infected individuals, peripheral neuropa-
thy has been definitely described in association with
this virus. Peripheral neuropathy associated with
HTLV-1 is characterized by paresthesia, burning sen-
sations, and abnormal superficial sensation distally in
a stock and glove distribution and generally coupled
with abolished ankle jerks. The greatest difficult in
these cases is to recognize some milder abnormalities
in patients with HAM/TSP. A comprehensive history
together with a meticulous neurologic examination
looking for peripheral nerve dysfunction should lead to
a precise diagnosis.

The reported frequency of peripheral neuropathy in
HAM/TSP patients varies from negligible to 32%°%4%6, A
few reports have described the occurrence of periph-
eral neuropathy in HTLV-1-infected individuals without
HAM/TSP. In a recent clinical, electrophysiological,
and anatomopathological study, peripheral neuropathy
was identified in HTLV-1-infected individuals without
HAM/TSP: 21 out of 335 patients (6.3%) had clinical
and/or electrophysiological abnormalities suggestive of
a polyneuropathy®’.

The pathogenesis of HTLV-1-related peripheral nerve
diseases is presently unknown. Although less restric-
tive than the BBB, the blood-peripheral nerve barrier is
also a limiting factor to the entrance of many sub-
stances and biological agents into the peripheral nerve
microenvironment. The barrier appears to be located
at the endoneurial capillaries. It is well known that the
blood-peripheral barrier is absent at the dorsal root
ganglia and in the terminal branches of sensory and
motor nerves. The lack of a barrier at these sites may
allow the entrance and retrograde transport of neuro-
toxins or inflammatory substances. This could explain
the occurrence of isolated peripheral neuropathy even
in the absence of HAM/TSP®7,

. P
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one of the most disabling and frequent complications

prevalence of 53%’'. Noteworthy, histologic evi-
dence of peripheral neuropathy in autopsy series is
close to 100%°°.

A higher prevalence of peripheral neuropathy in HIV/
HTLV-2 coinfection when compared with HIV mono-
infection was reported by some groups, suggesting
that HTLV-2 could be a predisposing cofactor to de-
velopment of peripheral neuropathy in HIV-infected
patients. Zehender, et al. studied 30 HIV/HTLV-2-
coinfected patients for 28 months and reported a
higher frequency of peripheral neuropathy in this
group compared with HIV-monoinfected patients (OR:
3.3; p < 0.009)72. During the period of the study, one
patient developed a myelopathy. More recently, in a
large cohort followed for many years, Beilke, et al.
verified that both HIV/HTLV-1 and HIV/HTLV-2-coin-
fected patients were more likely to present neuro-
logic complications, including peripheral neuropathy,
than HIV-monoinfected individuals™. Harrison, et al.
also described that HIV/HTLV-1-coinfected patients
had a higher chance of developing peripheral neu-
ropathy than HIV-monoinfected patients. However,
this difference was weakened after adjustment for
intravenous drug use history®'.

Miscellaneous

An interesting speculation can be made regarding
cognitive dysfunction in HIV/HTLV-coinfected patients.
Infection with HIV can result in mild to severe cognitive
deficits — the so called HIV dementia. Undoubtedly,
HAART reduced dramatically the incidence of HIV
dementia, but a considerable number of patients still
exhibit cognitive decline nowadays. This can be ex-
plained by the effects of aging, since patients are
surviving longer, and by neurodegeneration due to
chronic presence of activated microglia. The patho-
genesis of HIV dementia is out of the scope of this

er, but readers arg referred to a recent review

Cognitive dysfunction in HTLV-1 infection has been

occurring during this infection. me@g@@bm@g@be@r [@{;}s@t@i@@ prqup rest for cognitive disturbances

ropathy may be secondary to the HIV itself or may be

due to the toxicity of somw?fﬁﬁ%migmmﬁl

features of both conditions are iden and

in HTLV-1 infection started after an increasing number
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ic  resonance imaging of HAM/TSP patients’7®.

paresthesia being the main symptoms®. Beforf HffRT U?Qr;fe bhite matter lesions of HAM/TSP are in some
distal sensory polyneuropathy was cIinicaII;Qﬁag @ecp Jzé %iFnilar to those observed in patients with

in about 89%% of patients. Nowadays, the majority

multiple sclerosis and in HIV-infected people, cogni-
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in HAM/TSP describe psychomotor slowing, attention
deficits, as well as visual and working memory defi-
cits. However, a number of methodologic problems
arise from many of these series. For example, exten-
sive batteries for assessing cognitive dysfunction
have been used in only three out of the nine published
papers’%78 and in only one study a control group was
used’®. The remaining papers are either case re-
ports’®81studies on cognitive event-related poten-
tials®?, or epidemiologic surveys about the seropreva-
lence of HTLV-1 in demented patients®84. Our group
demonstrated, through extensive neuropsychological
assessment and with a negative control group, that
HTLV-1 infection was associated with mild cognitive
deficits, characterized by impairments in psychomo-
tor speed, verbal fluency, verbal and visual memory,
selective and alternate attention (mental flexibility),
and visuoconstructive abilities®®. Both HAM/TSP pa-
tients and asymptomatic carriers had a worse perfor-
mance in several tests when compared with the con-
trol group. The HIV/HTLV coinfection could be
associated with a higher risk of neuropsychological
dysfunction, but this hypothesis has not been for-
mally assessed so far.

Although antiretroviral therapy has unquestionably
changed the natural course of HIV disease, its role in
HTLV infection is practically none. Two antiretroviral
drugs have been tried in HAM/TSP. Zidovudine inhib-
ited HTLV-1 reverse transcriptase both in vitro and in
a rabbit infection model®, but clinical trials in patients
with HAM/TSP have shown conflicting results®”:8,
Lamivudine was reported to reduce HTLV-1 proviral
load in five patients, with clinical improvement in one
patient with acute HAM/TSP®. Recently, 16 patients
were randomized to receive a combination of zidovu-
dine and lamivudine or placebo®. No significant
changes were seen between the two arms regarding
pain, bladder function, disability score, gait, proviral
load, or markers of T-cell activation or proliferation.
Failure to detect clinical i
irreversible damage to th
virologic effect may indicate inactivity of these nucleo-

side analogs against the HTLV-T@@r@d@@@'da@r pzh

in vivo. Finally, the effects of HAART in coinfected

provement may, reflect
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