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Abstract

Human T-Cell leukemia Virus-1 also called the adult T-cell lymphoma virus type 1, is
a retrovirus of the human T-lymphotropic virus (HTLV) family, responsible for various life
threatening diseases such as Adult T-cell Leukemia (ATL) chronic inflammatory CNS disease
named as Tropical Spastic Parapariesis/ HTLV-1 Associated Myelopathy (TSP/HAM). About
1-5% of infected persons are thought to develop cancer as a result of the infection with
HTLV-I over their lifetimes. It is also observed that majority of the carriers of HTLV-1
remains asymptomatic throughout their whole life. Genetically factors and immunological
status of the host determines the causation of associated diseases of HTLV-1. The objective of
this review is to provide a good update on epidemiological, genomical, pathophysiologic,
therapeutic knowledge about HTLV, and also provide knowledge about diagnostic suspicion
and criteria, treatment, transmission and prevention of the disease.
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Introduction
Around 1977, adult T-cell leukemia (ATL) has been reported as clinical entity, and in 1980 it
is identified as human T-cell leukemia virus type 1 (HTLV-I) [V, From last 2 decades the
infection and associated diseases caused by HTLV-I thus studied extensively and a lot of the
aspects then been cleared through vast researches and study programmed. However, the
process by which it causes the leukemia (leukemogenesis) is still unknown [ The
complication in ALT patients has been observed prominently reported are immunodeficiency
and resistance against chemotherapy. The prognosis of this disease is also low because of these
disease complications.
HTLV-1 human T-cell leukemia virus-1 is first discovered retrovirus that causes the two
distinct types of human diseases 2. The cases HTLV-1 associated disease are present in
minority worldwide. Two reported diseases caused by the HTLV-1 are, a malignancy named
as Adult T-cell Leukemia (ATL) chronic inflammatory CNS disease named as Tropical
Spastic Parapariesis/ HTLV-1 Associated Myelopathy (TSP/HAM) 341,
Around 20 million people have been reported to be infected with HTLV-1 related diseases
worldwide 1. Then HTLV-1 screening was proposed, developed and widely implemented in
developed countries and few developing countries which are registered at high risked areas in
1986. It is also observed that majority of the carriers of HTLV-1 remains asymptomatic
throughout their whole life [,
Genetically factors and immunological status of the host determines the causation of
associated diseases of HTLV-1. The knowledge about the clinical and diagnostic introduction
of the HTLV virus has now become very important in many different medical disciplines.
The geographical distribution of the HTLV-1 shows its prevalence rates in few countries
where this disease is endemic and constantly reporting the new cases U1,
The objective of this review is to provide a good update on epidemiological, genomical,
pathophysiologic, therapeutic knowledge about HTLV that may encourage the etiologic
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suspicion and introduction of HTLV-1 in all its diverse and
different clinical manifestation, which was not associated with
HTLV in the past. This review also provides knowledge
diagnostic suspicion and criteria, treatment, transmission and
prevention of the disease.

History

In 1977, Takatsuki observed and manifests the distinct
clinical entity in the blood of a patient and reported it. The
disease caused by this distinct entity has complicated,
aggressive clinical course that may confused with some other
diseases. It is found infiltrate into skin, lungs, gastrointestinal
tract and liver. The patient serum contained the leukemic
multilobed flower like cells, along that hypercalcemia was
also observed 1,

Fig 1: leukemic multilobed “Flower cell” observed in the serum of
an HTLV-1 infected patient [*]

In 1980, Poiesz a patient suffering from cutaneous T-cell
lymphoma contain HTLV in his T-cell lines. HTLV-1 thus
became a prime interest in new researches and studies !,

In 1981, Hinuma observed and identified the link between
ALT and HTLV-I and he reported that an antibody is present
against HTLV-I in effected patient serum [,

In 1982, adult T-cell leukemia virus (ATLV) was identified
by Yoshida independently. Soon, the study on the genomics
and proteomics of HTLV and ATLV declared them as
identical, then proposed name was HTLV type 1{! 121

In 1983, whole sequence was identified by seiki and presence
of unique region been revelaed, designated as pX. Many
accessory genes been encoded by pX region, that Controls the
viral replication and the involve in the proliferation of
infected cells [13 141,

In 1985, Gessain demonstrated that people suffering with TSP
in Martinique have the Positive serology test for HTLV-1 in
68% of cases ['31,

In 1986, Osame identified a similar neurological condition as
the associated disease of HTLV-1 in Japan and called it as
HAM: HTLV-I associated myelopathy I,

In 1988, Romén and Osame said that disease dealt by them is
the same disease. They have confirmed the proposed name
and thus the name TSP/HAM: tropical spastic
paraparesis/HTLV-1 Associated Myelopathy been used
afterward [,

In 2005, two more viruses HTLV-3 and HTLV-4 were
reported to be associated with the T-cells myelopathies but
presently only HTLV-1 has been genuinely identified and
reported to be involved in causation of human diseases ['7).

Etiology
The human T-lymphotropic virus or human T-cell
lymphotropic virus (HTLV) is a family of human retroviruses

that is involved in the causation of a myelopathy called adult
T-cell Lymphoma/leukemia and another demyelinating
disease which is called as TSP/HAM: Tropical Spastic
Paraparesis/ HTLV-I associated myelopathy. The HTLVs are
related to the larger old group of primitive T-lymphotropic
viruses (PTLVs) P,

The first discovered human retrovirus discovered that is
involved in cancer causation is HTLV-1. It belongs to the
Retroviridae family, and the genus Deltaretrovirus. It is one of
the retroviruses that are RNA viruses that use a special viral
origin enzyme reverse transcriptase to convert their RNA
strand into DNA. Then DNA subsequently incorporates into
the host’s genome 2],

Epidemiology

The exact figures of people infected by HTLV worldwide are
exactly unknown. It is estimated roughly estimation of
infected HTLV-1 individuals are around 15 to 20 million, and
distribution is heterogeneous in different areas and countries.
It is observed that the many infected individuals act as the
carriers of disease and remains asymptomatic throughout their
lives. The estimated percentage of such carriers is given as
90% 121,

From last 3 decades the studies are been conducted on the
geographical distribution of the Virus. The areas reported of
highest prevalence are Japan, Africa, Caribbean islands, and
South and Central America. The prevalence rates of HTLV-1
have been distributed into greater than 5% as high, 5% to 1%
as low, and less than 1% as lowest ['*]. The general prevalence
in the population of southwestern isle of Okinawa and
Shikoku is nearly 37% [,

High cases of HTLV-1 have been tested for few Caribbean
islands in research studies of general population’s blood
donors or blood analyzing. In Jamaica, around 5% of
prevalence is reported ['"LIn Africa, the prevalence increases
from the areas in north to the areas in south, varying from
0.6%.In Morocco the cases observed greater than 5%, in
many sub-Saharan African countries, for example, Cameroon,
Benin and Guinea-Bissau the prevalence is also high 2],

HTLV1 endemic areas L
L than 1%
110 5%

® More than 5%

Fig 2: Geographic distribution of HTLV-1 in countries where it is
endemic. Stars show the high-prevalence areas 8],

In Europe and North America, the prevalence is relatively low
and limited to some groups.

As in blood donors very low cases were found in France
around 0.0039% and in United States around 0.025% [2!-22],

In South America, the virus was present in every country, but
further studies of the general population is required to
estimate the real prevalence of HTLV-1. Middle ranged
prevalence was observed in blood donors from Chile i.e.
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0.73% and in Argentina as 0.07% [*3.Since 1986 HTLV-1
screening knowledge has been introduced and was slowly
applied worldwide %, In 1993, HTLV-1 screening of blood
donors was being performed regularly and strictly in all
developed countries and in several developing countries
where HTLV-1 is reported as endemic. Moreover, hemo
vigilance studies were performed, where individuals who
received blood from HTLV-1 sero-positive donors, transfused
before screening the blood was performed or from those
repeated donors who had shown the sero conversion to
HTLV, were tracked down and tested for the virus 21,

It is observed that the population of blood donors does not
play role in the estimation of prevalence in the general
population. In the light of statistical figures, Brazil reported to
have the largest number of seropositive individuals of HTLV-
1 in the world 2. In non-endemic areas, certain groups
should be considered as at risk, such as immigrants from
endemic areas, the stranger or effected sexual partners and
descendent of individuals known to be infected, sex
professionals and intra venous drug users 7],

Structure and Genomics of Virion

Virion of HTLV-1 is enveloped, spherical to pleomorphic in
shape, about 80-100 nm in diameter. Genome is monopatrtite,
dimeric, linear, positive-sense sSRNA genome of size 8.5 kb,
containing a 5’-cap and a 3’poly-A tail. It contains two long
terminal repeats (LTRs) of about 600 n long at both ends. The
LTRs consists the U3, R, and U5 regions. HTLV-1 has six
identified subtypes A to F [%. Various studies have been
performed on HTLV- 1 sub typing but play a small role in the
epidemiological status of the virus. The majority of infections
are caused by the cosmopolitan subtype A, and there is no
reported influence of others subtypes on the pathogenic
potential of HTLV-1 ],

The HTLV-I provirus has a same structure to that of other
retroviruses i.e. a long terminal Repeat (LTR) at both ends
with internal sequences such as the gag, pol and env genes. A
characteristic feature of HTLV-I is the presence of the pX
region, which is present between env and the 3'-LTR. This
region encodes many accessory genes, which are tax, rex,
p21, pl12, p13, p30and HBZ genes 1.

Among these genes, the role of tax gene is central in viral
gene transcription, viral replication and the proliferation of
HTLV-I-infected cells. Tax usually enhances viral gene
transcription from the 5'-LTR through its interaction with
cyclic AMP responsive element binding protein (CREB). Tax
also shows its interaction with cellular factors and helps in

activation of different transcriptional pathways 339,

Tax has also been observed in the inhibition of TGF-§
signaling. TGF-B signaling inhibition enables HTLV-I-
infected cells to escape TGF-B-mediated growth inhibition.
Transforming growth factor-p (TGF-B) is an inhibitory
cytokine that plays main roles in development, the immune
system and oncogenesis. Since TGF-f3 usually suppresses the
growth of tumor cells %331,

Another gene described recently, the HTLV-1 B ZIP factor
(HBZ), uniformly expressed and observed in ATL cells. It
also has the important functional role in cellular
transformation and leukemogenesis than tax (4. HBZ
transcription seems to be interrelated with provirus load and
also with the severity of HAM/TSP infection 3%,

Pathogenesis

HTLV-I wusually infects variety of cells, such as T-
lymphocytes, B-lymphocytes, monocytes and fibroblasts
[36] Glucose transporter 1 (GLUT-1) has been registered as a
receptor for HTLV-I and this receptor is uniformly expressed
on cell surfaces %l This is because of Tax gene that mainly
induces the increase of CD4-positive T-lymphocytes in vivo
by enhanced proliferation and suppressed apoptosis of cells
[ The analyses of HTLV-1 Infected cells have shown that
HTLV-I-infected cells form "virological synapses" with
uninfected cells. This Contact formation between an infected
cell and a target cell induces the accumulation of the viral
proteins Env and Gag, viral RNA and microtubules, and the
viral complex transfers into the target cell 7.So HTLV-I
spreads in a cell to cell via such virological synapses.

After HTLV-I infection, viral proteins such as Tax protein are
observed in promotion of the proliferation of infected cells
and also play a vital role in the inhibition of apoptosis by their
pleiotropic actions [M.As the HTLV-I provirus randomly
integrated into the host genome, the identification of
integration sites helps to identify each infected clone, and in
tracking every infected cell.

Most importantly, the clonal expansion in carriers is directly
associated with the onset of ATL infection [*®*.. Thus, these
different viral strategies in replication of HTLV-I-infected
cells work efficiently in most of the carriers without any
adverse effects but the high percentage of infected cells
usually causes an excess immune reaction, leading to the
severe inflammatory diseases, HAM/TSP, infective dermatitis
39 Moreover, such prolonged reported proliferation of
infected CD4-positive T-lymphocytes results in the onset of
ATL in some carriers after a long latent period.
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The expression of Tax shows few advantages and some

disadvantages on HTLV-I-infected cells. Although the tax

expression promotes the proliferation of infected cells, CTLs

attack the Tax-expressing cells since Tax is their major target

protein ! Loss of Tax expression is frequently and

consistently observed in leukemic cells. Three mechanisms

have been defined for inactivation of Tax expression:

1. Genetic changes of the tax gene (nonsense mutations,
deletions or insertions) (42!

2. DNA methylation of the 5'-LTR [43-44],

3. Deletion of the 5'-LTR 4],

The fresh leukemic cells isolated from ATL patients, there are
about 60% of cases which do not express the tax gene
transcript [!. Interestingly, ATL cells with lost expression of
the tax gene expressed its transcripts, observing that ATL
cells do not silence or interrupt its transcription when the tax
gene is abortive [**1. Loss of Tax expression gives ATL cells a
huge advantage for their survival because they can escape
from CTLs.

HTLV-I infection shows a long lifespan on the infected cells
due to the pleiotropic characteristic of Tax, which results in
the increased numbers of infected cells. Such types of infected
cells are necessary for the transmission of HTLV-I. These
strategies to increase the number of infected cells are thought
to increase the incidence of cancer in T-cells ['1.

Host Immune Control

The host immune system, including the cellular response,
against HTLV-I shows critical control over virus replication
and the proliferation of infected cells It is studied that
CTLs been activated against the virus, and the main target of
CTL’s found to be Tax protein [*!1,

HTLV-I is specific to CD8-positive cells and CTLs are
abundant and chronically activated there. The paradox is that
the concentration of Tax specific CTLs is much higher in
HAMY/TSP patients than in carriers [!l. As the provirus load is
usually higher in HAM/TSP patients; this suggests that the
CTLs in HAM/TSP are not able to control the number of
infected cells. The individuals with a low provirus load
control the number of HTLV-I-infected cells successfully due
to their higher CTL activities. Thus, the major determinant of
the provirus load is thought to be the CTL response to HTLV-
197,

Immunodeficiency is highly observed in ALTSs patients, and it
results in frequent opportunistic infections by several
pathogens, including Pneumocystis carinii, fungus,
cytomegalo virus and Strongyloides due to compromised
immune system 1 Although the* mechanism of
immunodeficiency is still unknown, few previous reports have
provided important clues about it. One mechanism proposed
for immunodeficiency is that HTLV-I infects CD8-positive T-
lymphocytes, which may impair the function of other immune
cells. Another mechanism proposed for immunodeficiency is
that the concentration of naive T-cells decreases in individuals
that are infected with HTLV-I through decreased
thymopoiesis ™. In addition, CD4+ and CD25+ T-
lymphocytes are known to be as immune regulatory T-cells
that control the immune system. Regulatory T-cells suppress
the immune reaction by the expression of immune regulatory
molecules on their surfaces. Such type of ATL cells are
thought to suppress the immune response through the
expression of immune regulatory molecules on their surfaces,
and production of immunosuppressive cytokines [*%],

Pathophysiology

A person who shows signs or symptoms is exposed to the
infection for long periods before it manifests. A variety of
factors are involved in the virus/host interaction and in
transition from the asymptomatic state to the emergence of a
disease associated with HTLV-1. In the aggressive forms
(lymphomatous and acute types), half of the patients show
adynamia, lymphoadenomegalia, adynamia,
hepatosplenomegalia, bone, skin and multiple visceral lesions
and hypercalcemia. In the lymphomatous form, superficial or
deep lymph node chains are observed. In the chronic form, the
unspecific symptoms are observed, there is no tumor mass
presence, and the skin alterations are predominant, plaques,
tumor, or long-time erythroderma %,

In HAM/TSP the early symptoms observed are pain in lumber
region and lower limbs weakness. The early complains
registered usually are burning, tingling, pin and needles or
sensory pains. In several patients, first symptoms appear as
urinary and sexual problems [*!:32],

The weakness in the lower limbs is related with moderate to
severe spasticity, Babinski’s sign, and hyperreflexia.
Spasticity is reported as a serious problem. It usually occurs
due to a velocity dependent increase in the muscle tone in
response to passive movement that plays a major role in the
disability 531,

Urinary tract infections are commonly observed and are
complicated by lithiasis, chronic pyelonephritis, and chronic
renal failure P* 31 Constipation is usually very common
bowel dysfunction [>],

Neuropathic pain is very common in the late stages of
myelopathy. Dysesthesia is chronic and debilitating pain. It
can be affected by the weather, anxiety, stress, or
musculoskeletal Stimulus. In several patients, the urinary
problems or the lumbar pain may be more disabling than the
leg weakness B71,

Diagnosis

Commonly used screening tests for HTLV-1 are Particle
Agglutination Assay (PA) and Enzyme Linked Immunoassay
(EIA). EIA is used for testing both HTLV type 1 and HTLV
type 2, whereas PA test usually used for only HTLV type
1.HTLV type 1 and 2 can be differentiated by confirmation
tests. The tests used commonly for typing are Radio Immune
Precipitation Assay (RIPA), Western Blotting (WB) and
Immune Fluorescence Assay (IFA) %, Sometimes the tests
come up with indeterminate results, different reasons have
been interpreted for such results that include the presence of
variant strains of virus, non-specific Ag-Ab reactions and a
long window period or latency period !, PCR also used as a
confirmatory test that usually detects the genome of HTLV-1,
is a highly rated confirmatory and specific test ['8.

The detection of HTLV-1 DNA through monoclonal insertion
into the tumor cells in case of tumor is highly applicable.
Increase in leukocyte counts and presence of CD-25 cells and
skin lesions have been observed in few patents, but not in all
patients. Biopsy should also be considered for testing the
suspicious skin lesions. The tissues involved frequently are
the skin, spleen, liver, lungs, GIT tract, bone, bone marrow,
lymph nodes and CNS [,

Diagnosis of neurological diseases that is related with HTLV
usually starts from an initial findings of HTLV infection, also
usually confirmed by serological and molecular methods in
peripheral blood, when there are one or more of the
neurological syndromes present so far and also differential
diagnosis with other causes of myelopathy, deficiencies
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(vitamin B12 and folate), toxicity (alcoholism),
vascular/metabolic causes (Diabetes mellitus,uremia and
thyroid dysfunctions), autoimmunity (connective tissue
diseases,paraneoplastic conditions and some others disorders),
infections and parasites (syphilis, HIV) [69],

Magnetic Resonance Imaging (MRI) and neuro physiological
tests development has improved the conformation of
neurological disorders and make easy to interpret the neurotic
pathology in TSP/HAM patients (¢!,

Cerebrospinal Fluid (CSF) examination shows a mild increase
in some proteins, moderate lymphocytic pleocytosis,
oligoclonal bands formation and presence of HTLV-1 specific
antibodies. In CSF cells of TSP/HAM patients the proviruses
of HTLV-1 are found. The progression in myelopathy shows
a direct relation with the increase in proviral load in the fluid
or serum of the patient [¢1,

Treatment

A lot of developments have been done in search of treatment
for HTLV-1 patients, despite prognosis is still very poor for
ALT ™M .The huge variety of therapeutic researches had been
conducted over the past decades. Those Patients who have
aggressive ATL shows very poor prognosis because
malignant cells shows the multi-drug resistance, resulting in
failure of multi organ, hyper-calcemia, and complications of
frequent and opportunistic infections that results the
pronounced immune deficiency [,

Combinations of a-interferon’s, zidovudine and arsenic
trioxide have declared a satisfactory result with low toxicity
1631 In the more acute, aggressive forms early treatment, use
of chemotherapy regimens (cyclophosphamide, doxorubicin,
vincristine and Prednisolone) is highly recommended. The
better results and prognosis has been shown by the strong
regimens such doxorubicin, vincristine, prednisolone and
cyclophosphamide that prednisolone, doxorubicin and
ranimustine, but mortality rate is still very higher [6% 5],

In case of TSP/HAM prognosis is defined by the individual
immune response and proviral load, as there is discovered or
defined treatment that can act as curative. Limited results
have been shown by few Corticosteroids, IFN-a, and IFN-$1
[64]

A lot of studies have been conducted to clarify the proviral
load that can be involved in random controlled therapeutic
trials, which is helpful in defining the disease control.

Transmission

Important routes of the transmission of HTLV-1 are via blood
transfusion, vertical transmission that were found to be from
mother to child and predominantly through breastfeeding,
sexual intercourse, and blood contact, including the
transfusion of infected cellular products or sharing of needles
and syringes [13 18],

The efficiency of the mother-to-child transmission route is
estimated to be 20% and has been correlated with individual
variables such as HTLV-1 proviral load, the concordance of
HLA class I type between mother and child, and the duration
of breastfeeding [¢°]. Mother-to-child transmission during the
intrauterine period or peripartum has been reported to occur in
fewer than 5% of cases [,

Transmission between sexual partners is more common from
the male partner to the female (10-year risk is 61%) and much
rarer in the other direction (10-year risk is 0.4%) ©”). This
transmission is because of unprotected sex, multiple sexual
partners, lifetime contact with an HTLV-1- infected partner,
the presence of genital sores or ulcers 01,

Intravenous exposure to blood is the most efficient mode of
HTLV-1 transmission. That is via blood transfusions,
contaminated blood and blood cell products. 20% and 63% of
those infected are infected in this way [l Most
epidemiological studies of HTLV-1 reported transfusion as an
important risk factor for HTLV-1 seropositive [*°l. The highest
risk is associated with the transfusion of packed red cells [6%],
Plasma products and cold storage of blood lower the risk of
transmission, presumably due to the death of HTLV-1-
infected lymphocytes (),

Vertical transmission is also possible via other routes,
probably intrauterine or perinatal, although it is less common
i.e. 4% to 14% 7,

Another well-known route of transmission is needle-sharing
between intravenous drug users ", Transmission via organ
transplantation has been described and is associated with
rapidly progressing HAM/TSP, possibly because of the
immune suppression that transplant patients undergo 27 71,
There are few cases of post transfusion ATL.

Management of Infection

There are no vaccines available for HTLV-1 yet and
prognostic knowledge is still very poor for ALT and
TSP/HAM. Management of this disease involves different
important intervention, such as educating the high risked
individuals and counseling with the population about the
control prevention and consequences of disease 7.

In 1986, Japan and other countries where the disease is
reported as endemic, implement few preventive measures; the
paramount important implementation was screening the blood
of donors for presence of HTLV-1 in their serum thus
preventing the transmission through transfusion of blood 731,
Screening of blood has proven as the most effective and best
strategy in preventing the transmission of HTLV-1. However,
the expenses high-cost kits for screening of the blood donors
in developing countries need a special look, for solving this
issue these high-cost kits were been imported to those
countries [,

The cross-feeding should also be prevented until “milk
mother” not screened for HTLV-1. Another option is been
proposed to the pregnant infected or carrier mothers is
cesarean section which is very helpful in minimizing the
vertical transmission [°],

Intravenous drug users (IDU) should also be educated on the
harms, risks and consequences of such practices; it is also
effective in the control of HTLV-1 transmission in
population. Some social and psychological problems have
been observed commonly in infected persons such as
depression, anxiety that can make difficult in establishing and
maintaining the relationships. The common fear about the sex
and pregnancy in HTLV-1 infected individuals is observed.
These all problems should be dealt properly by educating the
population and counseling with the infected people.
Importantly, good and complete knowledge about HTLV
infection should be provided. HTLV-1 is generally confused
with HIV in medical faculties; the wrong clinical
manifestation stressed the patient with guil tand self-
destruction thoughts, and it also makes the complications in
treatment of the disease [7°].
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Conclusion

Our study concluded that severe diseases may associate with
HTLV-I infection especially endemic countries are more
susceptible to such associated diseases. Prevention measures
should be taken in such endemic countries to eradicate HTLV

and

also diseases associated to this HTLV. Some of

preventive measures include screening of blood donors,
screening of pregnant women and safe sex practices should
acquire to prevent transmission through sexual transmission.

References

1.

10.

11.

12.

13.

Matsuoka M. Human T-cell leukemia virus type I
(HTLV-I) infection and the onset of adult T-cell
leukemia (ATL). Retrovirology, 2005; 2(1):27.
Recommendations for counseling persons infected with
human T-lymphotrophic virus, types I and II.Centers for
Disease Control and Prevention and U.S. Public Health
Service Working Group. MMWR Recomm Rep. 1993;
42(RR-9):1-13. PMID 8393133

Gessain A, Jouannelle A, Escarmant P, Calender A,
Schaffar-Deshayes L, de-The G. HTLV antibodies in
patients with non-Hodgkin lymphomas in Martinique.
Lancet 1984; 1:1183-1184.

Osame M, Usuku K, Izumo S, Tjichi N, Amitani H, Igata
A et al. HTLV-I associated myelopathy, a new clinical
entity. Lancet. 1986; 1:1031-1032.

De Thé G, Kazanji M. An HTLV-I/II vaccine: from
animal models to clinical trials? Journal of acquired
immune deficiency syndroms. Retrovirol. 1996; 13:191-
198.

Inoue J, Yoshida M, Seiki M. Transcriptional (p40x) and
posttranscriptional (p27x-III) regulators are required for
the expression and replication of human T-cell leukemia
virus type I genes. Proceedings of the national academy
of sciences USA. 1987; 84:3653-3657.

Gessain A, Cassar O. Epidemiological Aspects and
World Distribution of HTLV-1 Infection. Frontiers in
microbiology. 2012; 3:388.

Takatsuki K, Uchiyama T, Sagawa K, Yodoi J, Adult T.
cell leukemia in Japan. In Topic in Hematology, the 16th
International congress of Hematology Edited by: Seno S,
Takaku F and Irino S. Amsterdam. 1977, 73-77.

Poiesz BJ, Ruscetti FW, Gazdar AF, Bunn PA, Minna
JD, Gallo RC. Detection and isolation of type C
retrovirus particles from fresh and cultured lymphocytes
of a patient with cutaneous T-cell lymphoma.Proceedings
of the national Academy of sciences. U. S. A. 1980;
77:7415-7419.

Hinuma Y, Nagata K, Hanaoka M, Nakai M, Matsumoto
T, Kinoshita KI et al. Adult T-cell leukemia: antigen in
an ATL cell line and detection of antibodies to the
antigen in human sera. 1981; 78:6476-6480.

Yoshida M, Miyoshi I, Hinuma Y. Isolation and
characterization of retrovirus from cell lines of human
adult T-cell leukemia and its implication in the disease.
1982; 79:2031-2035.

Gallo RC. History of the discoveries of the first human
retroviruses. HTLV-1 and HTLV-2. Oncogene. 2005;
24:5626-5930.

Seiki M, Hattori S, Hirayama Y, Yoshida M. Human
adult T-cell leukemia virus: complete nucleotide
sequence of the provirus genome integrated in leukemia

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

~ 876~

cell DNA. Proceedings of the national academy of
sciences.1983; 80:3618-3622.

Yoshida M. Multiple viral strategies of htlv-1 for
dysregulation of cell growth control.Annual Review of
immunology. 2001; 19:475-496.

Gessain A, Barin F, Vernant JC, GoutO, MaursL,
CalenderA. Antibodies to human T lymphotropic virus
type I in patients with tropical spastic paraparesis. 1985;
2:407-410.

Romén GC, Osame M. Identity of HTLV-I-associated
tropical spastic paraparesis and HTLV-I-associated
myelopathy. Lancet. 1988; 1:651.

Mahieux R, Gessain A. The human HTLV-3 and HTLV-
4 retroviruses: new members of the HTLV family.
Pathol. Biol (Paris). 2009; 57:161.

Proietti FA, Carneiro-Proietti ABF, Catalan-Soares BC,
Murphy EL. Global epidemiology of HTLV-I infection
and associated diseases. Oncogene. 2005; 24:6058-68.
Murphy EL, Figueroa JP, Gibbs WN, Holding-Cobham
M, Cranston B, Malley K et al. Human T-lymphotropic
virus type I (HTLV-I) seroprevalence in Jamaica. I.
Demographic  determinants. American journal of
Epidemiology. 1991; 133:1114-1124.

Dumas M, Houinato D, Verdier M, Zohoun T, Josse R,
Bonis J et al. Seroepidemiology of human T-cell
lymphotropic virus type I/Il in Benin (West Africa).
AIDS Res.Hum. Retroviruses. 1991; 7:447-451.
Courouce AM, Pillonel J, Lemarie JM, Saura C. HTLV
testing in blood transfusion. Vox Sang.1998; 74:165-169.
Vasquez P, Sanchez G, Volante C, Vera L, Ramirez E,
Soto G et al. lymphotropic virus type I: new risk for
Chilean population. Blood 1991, 78:850-851.
Galva~o-Castro B, Loures L, Rodriques LG, Sereno A,
Ferreira OC Jr, Franco LG et al. Distribution of human T-
lymphotropic virus type I among blood donors: a
nationwide Brazilian study. Transfusion. 1997; 37:242-
243.

Inaba S, Sato H, Okochi K, Fukada K, Takakura F,
Tokunaga K et al. Prevention of transmission of human
Tlymphotropic  virus type 1 (HTLV-1) through
transfusion, by donor screening with antibody to the
virus. Oneyear experience. Transfusion. 1989; 29:7-11.
Namen-Lopes MS, Martins ML, Drummond PC, Lobato
RR. Interdisciplinary HTLV Research Group (GIPH),
and A. B. Carneiro- Proietti; Lookback study of HTLV-1
and 2 seropositive donors and their recipients in Belo
Horizonte, Brazil. Transfus. Med. 2009, 19:180-188.
Catalan-Soares B, Carneiro-Proietti ABF, Proietti FA.
Heterogeneous geographic distribution of human T-cell
lymphotropic viruses I and II (HTLV-I/II): serological
screening prevalence rates in blood donors from large
urban areas in Brazil. Cad Saude Publica. 2005; 21:926-
93.

Cooper SA, Loeff MS, Taylor GP. The neurology of
HTLV-linfection.Practical neurology. 2009; 9:16-26.
Mark JM, van Ooij, Charlotta Polacek, Dirk HREF,
Glaudemans, Judith Kuijpers et al. Polyadenylation of
genomic RNA and initiation of antigenomic RNA in a
positive-strand RNA virus are controlled by the same cis-
element. Nucleic Acids Res. 2006; 34(10):2953-2965.
Ehrlich GD, Andrews J, Sherman MP, Greenberg SJ,
Poiesz BJ. DNA sequence analysis of the gene encoding
the HTLV-I p2le transmembrane protein reveals inter-
and intraisolate genetic heterogeneity.Virology. 1992;
186:619-627.



Journal of Entomology and Zoology Studies

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Franchini G, Fukumoto R, Fullen JR. T-cell control by
human Tcell leukemia/lymphoma virus type 1.
International journal of hematology. 2003; 78:280-296.
Yoshida M. Multiple viral strategies of htlv-1 for
dysregulation of cell growth control. Annual Review of
Immunology. 2001; 19:475-496.

Mori N, Morishita M, Tsukazaki T, Giam CZ, Kumatori
A, Tanaka Y et al. Human T-cell leukemia virus type I
oncoprotein Tax represses Smad-dependent transforming
growth factor beta signaling through interaction with
CREB-binding protein/p300. Blood 2001, 97:2137-2144.
Lee DK, Kim BC, Brady JN, Jeang KT, Kim SJ. Human
T-cell Lymphotropic Virus Type 1 Tax Inhibits
Transforming Growth Factor-beta signaling by Blocking
the Association of Smad Proteins with Smad-binding
Element.The journal of biological chemistry. 2002;
277:33766-33775.

Matsuoka M, Green PL. The HBZ gene, a key player in
HTLV-1 pathogenesis. Retrovirology. 2009; 6:71.

Saito M, Matsuzaki T, Satou Y, Yasunaga J, Saito K,
Arimura K et al. In vivo expression of the HBZ gene of
HTLV-1 correlates with proviral load, inflammatory
markers and disease severity in HTLV 1 associated
myelopathy/tropical spastic paraparesis
(HAM/TSP).Retrovirology.2009, 6:19.

Koyanagi Y, Itoyama Y, Nakamura N, Takamatsu K,
Kira J, Iwamasa T, et al. In vivo infection of human T-
cell leukemia virus type I in non-T cells. Virology 1993;
196:25-33.

Igakura T, Stinchcombe JC, Goon PK, Taylor GP, Weber
JN, Griffiths GM et al. Spread of HTLV-I between
lymphocytes by virus-induced polarization of the
cytoskeleton. Science. 2003; 299:1713-1716.

Okayama A, Stuver S, Matsuoka M, Ishizaki J, Tanaka
G, Kubuki Y et al. Role of HTLV-1 proviral DNA load
and clonality in the development of adult T-cell
leukemia/lymphoma in asymptomatic carriers.
International journal of cancer. 2004; 110:621-625.
LaGrenade L, Hanchard B, Fletcher V, Cranston B,
Blattner W. Infective dermatitis of Jamaican children: a
marker for HTLV-I infection. Lancet 1990; 336:1345-
1347.

Murphy EL, Wilks R, Hanchard B, Cranston B, Figueroa
JP, Gibbs WN et al. A case-control study of risk factors
for seropositivity to human T-lymphotropic virus type I
(HTLV-) in Jamaica. International journal of
epidemiology.1996; 25:1083-1089.

Kannagi M, Harada S, Maruyama I, Inoko H, Igarashi H,
Kuwashima G et al. Predominant recognition of human T
cell leukemia virus type I (HTLV-I) pX gene products by
human CD8+ cytotoxic T cells directed against HTLV- I-
infected cells. International journal of Immunology.
1991; 3:761-767.

Furukawa Y, Kubota R, Tara M, Izumo S, Osame M.
Existence of escape mutant in HTLV-I tax during the
development of adult T-cell leukemia. Blood 2001;
97:987-993.

Takeda S, Maeda M, Morikawa S, Taniguchi Y,
Yasunaga J, Nosaka K et al. Genetic and epigenetic
inactivation of tax gene in adult T-cell leukemia cells.
International journal of cancer. 2004; 109:559-567.
Koiwa T, Hamano-Usami A, Ishida T, Okayama A,
Yamaguchi K, Kamihira S et al. 5'-long terminal repeat-
selective CpG methylation of latent human Tcell
leukemia virus type 1 provirus in vitro and in vivo.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

~ 877~

Journal of Virology. 2002; 76:9389-9397.

Tamiya S, Matsuoka M, Etoh K, Watanabe T, Kamihira
S, Yamaguchi K et al. Two types of defective human T-
lymphotropic virus type 1 provirus in adult T-cell
leukemia. Blood. 1996; 88:3065-3073.

Bangham CR. Human T-lymphotropic virus type 1
(HTLV-1): persistence and immune control. International
journal of hematology. 2003; 78:297-303.

Vine AM, Heaps AG, Kaftantzi L, Mosley A, Asquith B,
Witkover A et al. The role of CTLs in persistent viral
infection:  cytolytic gene expression in CD8+
lymphocytes distinguishes between individuals with a
high or low proviral load of human T cell lymphotropic
virus type 1. Journal of Immunology. 2004; 173:5121-
5129.

Matsuoka M, Jeang KT. Human T-cell leukemia virus
type I (HTLV-I). a progress report. Cancer Research in
press.

Yasunaga J, Sakai T, Nosaka K, Etoh K, Tamiya S, Koga
S, et al. Impaired production of naive T lymphocytes in
human T-cell leukemia virus type I-infected individuals:
its implications in the immunodeficient state. Blood.
2001; 97:3177-3183.

Karube K, Ohshima K, Tsuchiya T, Yamaguchi T,
Kawano R, Suzumiya J et al. Expression of FoxP3, a key
molecule in CD4CD25 regulatory T cells, in adult T-cell
leukaemia/ lymphoma cells. British journal of
Haematology. 2004; 126:81-84.

Orland JR, Engstrom J, Fridey J, Sacher RA, Smith JW,
Nass C et al. the HTLV Outcomes Study.Prevalence and
clinical features of HTLV neurologic disease in the
HTLV Outcomes Study. Neurology. 2003; 61:1588-
1594.

De Castro-Costa CM, Arau’jo AQ, Barreto MM,
Takayanagui OM, Sohler MP, da Silva EL et al. Proposal
for diagnostic criteria of tropical spastic paraparesis /
HTLV-I-associated myelopathy (TSP/HAM).AIDS Res.
Hum.Retroviruses. 2006; 22:931-935.

Khan RB, Bertorini TE, Levin MC. HTLV-1 and its
neurological complications. Neurologist. 2001; 7:271-
278.

Castro-Costa CM, Arau’jo AQ, Menna-Barreto M,
Penalvade- Oliveira AC. Guide of clinical management
of HTLV patient: neurological aspects. Arq.
Neuropsiquiatr. 2005; 63:548-551.

Castro-Costa CM, Arau’jo AQ, Menna-Barreto M,
Penalvade- Oliveira AC. Guide of clinical management
of HTLV patient: neurological aspects. Arq.
Neuropsiquiatr. 2005; 63:548-551.

Chen D, Nussbaum SB. The gastrointestinal system and
bowel management following spinal cord injury. Phys.
Med. Rehabil. Clin. N. Am. 2000; 11:45-46.

Lima MA, Leite AC, Silva MT, Arau’jo AQ. Other
important aspects of human T-lymphotropic virus 1-
associated myelopathy. Arch. Neurol. 2007; 64:1059-
1060.

Mireille verdier, frangois denis, guy leonard, affoue
sangare, Sandrine patillaud, mireille prince-david et al.
Comparison of immunofluorescence, particle
agglutination, and Enzyme immunoassays for detection
of human t-cell Leukemia virus type i antibody in African
sera. Journal of clinical microbiology. 1990; 28(9):1988-
1993.

Tsukasaki K, Hermine O, Bazarbachi A, Ratner L,
Ramos JC, Harrington W et al. Definition, prognostic



Journal of Entomology and Zoology Studies

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

factors,treatment, and response criteria of adult T-cell
leukemia-lymphoma: a proposal from an international
consensus meeting. Journal of clinical oncology. 2009;
27:453-459.

Lezin A, Olindo S, Oliere S, Varrin-Doyer M, Marlin R,
Cabre P et al. lymphotropic virus type I (HTLV-I)
proviral load in cerebrospinal fluid: a new criterion for
the diagnosis of HTLV-I-associated myelopathy/tropical
spastic paraparesis? Infect Dis. 2005; 191:1830-4.
Andrade DO. Somatosensitive and motor
potentials in HTLV-I associated myelopathy.
Neuropsiquiatr. 2005; 63:652-655.

Taylor GP, Matsuoka M. Natural history of adult T-cell
leukemia/lymphoma and approaches to therapy.
Oncogene. 2005; 24:6047-6057.

Kchour G, Tarhini M, Kooshyar MM, Hajj HE, Wattel E,
Mahmoudi M et al. Phase 2 study of the efficacy and
safety of the combination of arsenic trioxide, interferon
alpha, and zidovudine in newly diagnosed chronic adult
T-cell leukemia/lymphoma (ATL). Blood. 2009;
113:6528-6532.

Nakagawa MK, Nakahara Y, Maruyama M, Kawabata I,
Higuchi I, Kubota H et al. Therapeutic trials in 200
patients with HTLV-I-associated myelopathy/tropical
spastic paraparesis. Journal of neurovirology. 1996;
2:345-355.

Biggar RJ, Ng J, Kim N, Hisada M, Li HC, Cranston B et
al. Maloney EM. Human leukocyte antigen concordance
and the transmission risk via breast-feeding of human T
cell lymphotropic virus type I. J Infect. Dis. 2006;
193:277-282.

Fujito T, Nagata Y. HTLV-I transmission from mother to
child.Journal of Reproductive Immunology. 2000;
47:197-206.

Gotuzzo E, Moody J, Verdonck K, Cabada MM,
Gonzalez E, Dooren SV. Frequent HTLV-1 infection in
the offspring of Peruvian women with HTLV-1
associated myelopathy/tropical spastic paraparesis or
strongyloidiasis. Rev Panam Salud Publica. 2007;
22:223-30.

Sullivan MT, Williams AE, Fang CT, Grandinetti T,
Poiesz BJ, Ehrlich GD. Transmission of human T-
lymphotropic virus types I and II by blood transfusion: a
retrospective study of recipients of blood components
(1983 through 1988).The American Red Cross HTLV-I/II
Collaborative Study Group. Arch. Intern. Med. 1991;
151:2043-2048.

Donegan E, Busch MP, Galleshaw JA, Shaw GM, Mosle
JW. Transfusion of blood components from a donor with
human T lymphotropic virus type II (HTLV-II) infection.
The Transfusion Safety Study Group. Annals of Internal
Medicine. 1999; 113:555-556.

Vrielink H, Reesink HW. HTLV-I/Il prevalence in
different geographic locations. Transfus Med Rev. 2004;
18:46-57.

Mateos AV, Echevarria AA, Bazaco JM, Arin IA,
Egurrola JAZ, Pefia CP. Infeccion por HTLV Post-
trasplante Renal. Archivos Espanoles De Urologia. 2005;
58:1064-8.

Carneiro-Proietti AB, Catalan-Soares BC, Castro-Costa
CM, Murphy EL, Sabino EC, Hisada M, et al. HTLV in
the Americas: challenges and perspectives. Revista
Panamericana de Saluda publica. 2006; 19:44-53.

Osame M, Janssen R, Kubota H, Nishitani H, Igata A,
Nagataki S, et al. Nationwide survey of HTLV-I-

evoked
Arq.

74.

75.

76.

~ 878~

associated myelopathy in Japan: association with blood
transfusion. Annals of neurology. 1990; 28:50-56.

Manns A, Blattner WA. The epidemiology of the human
T-cell lymphotrophic virus type I and type II: etiologic
role in human disease. Transfusion. 1991; 31:67-75.
Carneiro-Proietti ABF, Catalan-Soares BC, Proietti FA.
Human T-cell lymphotropic viruses (HTLV-I/IT) in South
America: should it be a public health concern? Journal of
Biomedical sciences.2002; 9:587-595.

Guiltinan AM, Murphy EL, Horton JA, Nass CC,
McEntire RL, Watanabe K. Psychological distress in
blood donors notified of HTLV-I/II infection. Retrovirus
Epidemiology Donor Study. Transfusion. 1998; 38:1056-
1062.



