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Human T-cell lymphotropic virus type 1 is vertically transmitted
in neonatal life and is causatively associated with adult T-cell
leukemia (ATL) and HTLV-1-associated myelopathy/tropical spas-
tic paraparesis (HAM/TSP) in adults. Persistence of HTLV-1 in
host T cells, clonal expansion of the HTLV-1 carrying T cells, and
emergence of malignantly transformed T cells are in accord with
the multistep model of human cancer and roles for continuous
interaction between host genes and environmental factors. This
article reviews two lines of HTLV-1 investigation, one regarding
worldwide surveillance of HTLV-1 infection foci by serological
testing and molecular analysis of HTLV-1 isolates, and the other
focusing on genetics of the human leukocyte antigen (HLA) that
determines the ethnic background of HTLV-1 permissiveness and
susceptibility to ATL or HAM/TSP. The serological surveillance
revealed transcontinental dispersal of HTLV-1 in the prehistoric
era that started out of Africa, spread to Austro-Melanesia and
the Asian continent, then moved to North America and through
to the southern edge of South America. This was highlighted
by an Andean mummy study that proved ancient migration of
paleo-mongoloid HTLV-1 from Asia to South America. Phyloge-
netic analysis of HLA alleles provided a basis for ethnic suscepti-
bility to HTLV-1 infection and associated diseases, both ATL and
HAM/TSP. Ethnicity-based sampling of peripheral blood lympho-
cytes has great potential for genome-wide association studies
to illuminate ethnically defined host factors for viral oncogene-
sis with reference to HTLV-1 and other pathogenic elements
causatively associated with chronic disease and malignancies.
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Ethnoepidemiology of HTLV-1 is a new paradigm in
cancer research

C ancer is caused by chronic stimuli by chemical, physical,
and biological agents(1–4) which interact with the internal

tissue milieu of the human body. Human T-cell lymphotropic
virus type 1(5) is an oncornavirus that causes the T cell malig-
nancy known as adult T cell leukemia (ATL) in a subgroup of
HTLV-1 infected people.(6–9) It also gives rise to neurological,
ophthalmological, and dermatological disorders called HTLV-1-
associated myelopathy ⁄ tropical spastic paraparesis (HAM ⁄ TSP),
HTLV-1 uveitis, and infective dermatitis in other groups of
HTLV-1 infection.(10–12) Here is an intriguing paradox in that
one pathogen (HTLV-1) causes two diseases (ATL and
HAM ⁄ TSP), contradicting the classical theory of medical micro-
biology (Koch’s postulate of one pathogen, one disease). We
thus hypothesized the presence of host factor(s) relevant to
doi: 10.1111/j.1349-7006.2010.01820.x
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HTLV-1 permissiveness and disease susceptibility that are
determined by the genetic background of HTLV-1 infected peo-
ple of different ethnic groups.(13,14)

Molecular studies have revealed that 5¢-LTR genes of HTLV-
1 regulate encoding of Tax ⁄ Rex proteins that are responsible for
HTLV-1 transactivation,(15) whereas 3¢-LTR genes encode
HTLV-1 basic leucine zipper (HBZ) proteins essential for main-
tenance of malignant features of HTLV-1 infected T cells.(16–18)

However, it is yet unknown why most patients with ATL or
HAM ⁄ TSP are late-onset at adult age and only account for a
very small minority of HTLV-1 infected people, with an annual
incidence <0.1%.(19) It is likely that HTLV-1 must remain a long
time in the body of an infected person awaiting a rare event for
malignant transformation of HTLV-1 infected T-cells to ATL,
whereas other events in the central nervous system are responsi-
ble for the neuropathology of HAM ⁄ TSP.(20) Persistence of
HTLV-1 in the host’s T cells, clonal expansion of HTLV-1 posi-
tive T cells, and emergence of the malignantly transformed T
cells are in accord with the multistep model of human cancer
resulting from continuous interaction between environmental
factors and host-responsive elements, the former including vari-
ous pathogens, and the latter varying with the genetic make-
up.(21) Contemporary human beings form more than 60 000 eth-
nic groups that have developed over the last 200 000 years by
surviving various physical, chemical, and biological impacts.(22)

This article reviews the global prevalence of HTLV-1 and
related diseases in the context of ethnicity-based ‘‘ethnoepidem-
iology’’, a new paradigm for cancer research to study host factor
interaction with exogenous carcinogens.(23)

Ethnic clustering of HTLV-1 infection and diseases

Human T-cell lymphotropic virus type 1 is known to be verti-
cally transmitted from mothers to infants and the virus is main-
tained within the infant’s family ⁄ ethnic group where maternal
anti-HTLV-1 antibodies are known to inhibit milk-borne infec-
tion of HTLV-1 in early life.(24–27) Serological surveillance of
HTLV-1 antibodies has enabled us to pinpoint HTLV-1 infec-
tion foci in Japan and other countries in the world.(23) Geograph-
ical clusters of HTLV-1 include tribes of contemporary South
Amerindians and the ancient Andeans (Fig. 1). Phylogenetic
analysis revealed that South Amerindian and Andean mummy
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HTLV-1 forms belong to a transcontinental subgroup that is
related to Asian mongoloid HTLV-1 (Fig. 2).(28,29)

We obtained informed consent from all study participants to
draw peripheral blood and to preserve lymphocytes and sera for
laboratory analysis.(30) We carried out the serological testing
for HTLV-1 manually in the field setting, often without any
electricity, which was highly appreciated by the local people
Fig. 1. Worldwide distribution of HTLV-1 carriers (modified from
reference 14).

Fig. 2. Phylogenetic relationship of HTLV-1 isolates in the world (modifie
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and the public health workers(31). In fact, the sera were separated
by hand-driven centrifuge for HTLV-1 agglutination testing, so
that the villagers could be quickly informed of the HTLV-1
positive or negative status within 60–90 min of blood collection.
The screening test was followed by standard ELISA and Western
blot analysis (World Health Organization criteria, 1990) for
HTLV-1 antibodies and further molecular detection of HTLV-1
DNA.(32,33)

Ethnic factors impacting on susceptibility to ATL and
HAM/TSP

It is known that HTLV-1 foci contain certain numbers of
patients with ATL or HAM ⁄ TSP segregated among families of
Japanese HTLV-1 carriers.(34,35) Similar segregation of ATL
and HAM ⁄ TSP was observed among Afro-Caribbean and Afro-
Colombian patients whose clinical and hematological features
were exactly the same as their Japanese counterparts.(36,37) In
Trinidad and Tobago, HAM ⁄ TSP was found to predominate in
one group of Black people and ATL in another.(38) In Zaire,
HAM ⁄ TSP primarily affects a minor group of the Mundunga
tribe.(39) Thus, some ethnically defined factors are likely to be
d from references 28 and 29).
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associated with HTLV-1 persistence and development of ATL
or HAM ⁄ TSP among HTLV-1 endemic populations.

To approach ethnic factors involved in HTLV-1 clustering
and disease segregation of ATL and HAM ⁄ TSP, we investigated
the genetic background of affected patients by analyzing poly-
morphic determinants of human leukocyte antigens (HLA)
alleles and their immune responsiveness to HTLV-1.(14,40) We
also identified HLA alleles elevating risk in Japanese
patients,(41,42) and confirmed their importance in Afro-Carib-
bean(43–45) and Iranian patients(46) (Table 1). Phylogenic analy-
sis revealed ATL-associated HLA alleles (HLA-A*26 and
HLA-A*36) to be segregated into two lineages within contem-
porary human populations whose ancestral genes come from
the primate MHC, including gorilla, chimpanzee, and apes
(Fig. 3).(47) It is thus likely that HLA-A*26 and HLA-A*36
Table 1. Distribution of susceptible level to adult T-cell leukemia

(ATL) or HTLV-1-asociated myelopathy/tropical spastic paraparesis

(HAM/TSP) by human leukocyte antigen alleles

ATL (ethnicity) HAM ⁄ TSP (ethnicity)

A*24 + +++ (Japanese)

A*26 +++ (Japanese) +

A*36 +++ (Afro-Caribbean) +

B*07 + +++ (Japanese)

B*4002 ⁄ 6 +++ (Japanese) +

B*4801 +++ (Japanese) +

DRB1*0101 + +++ (Japanese, Iranian)

(Brazilian,

Afro-Caribbean)

DRB1*0901 +++ (Japanese)

+, low; +++, high. Modified from references 42, 44, and 45.
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alleles might have evolved more than 50 million years before
the present and that HLA holders became natural hosts of
HTLV-1 infection by virtue of a low immune responsiveness
to the virus. This is a unique virus–host relationship clearly
contrasting with conventional viruses, such as the Epstein–Barr
virus, that usually survive host immune attacks by changing
their genetic code (through mutation) and establishing
a new virus–host relationship.(48) It is likely that genetic poly-
morphisms of HLA alleles determine outcome regarding HTLV-
1 related disease in human hosts, one extreme being permissive
to HTLV-1 without any positive immune response due to low
immune responder HLA alleles, and the other being non-permis-
sive to HTLV-1 because of high immune responder HLA alleles
that exacerbate inflammatory reactions in the host. The former
predisposes to leukemogenesis and the latter to HAM ⁄ TSP
immunopathology as described earlier.(40,42)

Transcontinental dispersal of HTLV-1 with human
migration

Human T-cell lymphotropic virus type 1 is transmissible from
mother to infants through breast milk, from male to female
through semen, and to blood recipients through HTLV-1 car-
rier’s lymphocytes. All the transmission routes efficiently local-
ize HTLV-1 infection foci within particular family ⁄ ethnic
groups.(49–51) Efficacy of vertical transmission of HTLV-1 was
confirmed by recent studies of HLA concordance between
mothers and infants, likely mediated by either immunological
or virological synapse of HTLV-1-infected T cells.(52–54) Thus,
serological and virological surveillance allowed location of
HTLV-1 positive ethnic groups across the world, as depicted in
Figure 1. By virtue of the genomic stability of HTLV-1, we
could trace the transcontinental dispersal by phylogenetic rela-
tionships of viral isolates from various ethnic groups.(28) The
early transmission of HTLV-1 to South America was high-
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lighted by the discovery of ancient HTLV-1 DNA preserved
within an Andean mummy.(29) The mummy was buried
1500 years ago in the desert of Atacama, North Chile, and the
body was kept intact in the dry climate with salty and alkaline
soil. When bone marrow samples of mummy femur were pro-
cessed to extract DNA by a glass meal method, followed by
PCR amplification of HTLV-1 DNA, nucleotide sequences of
the mummy’s HTLV-1 Tax and LTR DNA were very similar
to HTLV-1 isolated from the contemporary Atacama tribe and
the nearest neighbor Chilean indigenous people. Of particular
interest, they were closely related to HTLV-1 of Ainu, southern
Japanese, and some Asian mongoloid subgroups. This phylo-
genic relationship suggested that the Andean mummy’s HTLV-
1 might have come from an Asian paleo-mongoloid, as men-
tioned above (Fig. 2).

The transcontinental migration of HTLV-1 was supported by
studies showing two lineages of HLA-A alleles in association
with HTLV-1 endemic populations in the world, one being
HLA-A*26 and the other HLA-A*36 and both originally evolv-
ing in African blacks and becoming dispersed to Melanesians,
Israeli Jews, Asian Indians, southwestern Japanese, Sakharin
natives, and North ⁄ South Amerindians, and carried by Carib ⁄ -
South American Black peoples (Fig. 4). It is likely that ancient
HTLV-1 passing peoples in Africa moved to the Asian
continent, then passing the Bering Strait to North America and
further to the southern edge of South America, as depicted in
Figure 5. This transcontinental dispersal of HTLV-1 partially
overlapped with the migration pattern of South-East Asian mon-
goloids.(55) We speculate that Japanese HTLV-1 carrying people
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are descended from the paleo-mongoloids who reached the
Japan archipelago before South-East Asian mongoloids.

Ethnic segregation of HTLV-1 and other human T-cell
lymphotropic viruses

Human T-cell lymphotropic virus type 1 was first discovered
as a human retrovirus cause of ATL.(7,8) Human T-ell lym-
photropic virus type 2 was subsequently discovered among
Amerindians of North, Central, and South America(56,57) and
Pygmies in central Africa.(58) Recently, two further prototypic
human retroviruses (HTLV-3 and HTLV-4) were found to be
prevailing among bushmen living in the deep forest of Central
Africa.(59,60) We also identified a new focus of HTLV-2 among
South American natives of Orinoco, Colombia.(61) In addition,
HTLV-1 positive Andes highlanders could be distinguished
from HTLV-1 positive Amazon lowlanders by segregating
their HLA class II haplotypes.(62)

Human T-cell lymphotropic virus type 2 associated disease
remains to be confirmed, although a chronic neurodegenerative
syndrome has been documented in association with HTLV-2
infection.(63) Virulence of HTLV-2 appears be highly attenuated
by natural adaptation to the human host, as with HTLV-3 and
HTLV-4. It is thus hypothesized that the chronological order of
virus emergence and length of coexistence with human hosts
may correlate with morbidity due to human T cell lymphotropic
viruses. Ethnoepidemiology of HTLV-1, -2, -3, and -4 warrants
further investigation to generate a better understanding of
HTLV-1-associated T cell leukemia (ATL) and neurological
s Carib/SAm
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Fig. 4. Distribution of human leukocyte antigen A
(HLA-A) alleles associated with worldwide HTLV-1
carrier populations (modified from reference 40).
Carib, Caribbean; SAm, South American.
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Fig. 5. Transcontinental dispersal of HTLV-1 out of
Africa to South America. A–E, African Blacks; F,
Melanesians; G, H, Israeli Jews; I, Asian Indians; J–L,
Japanese; M, Sakhalin; N–P, Amerindians; Q–S,
Caribbean ⁄ South American Blacks.
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disorder (HAM ⁄ TSP) with reference to interaction with ethnic
factors in contemporary human hosts.

Beyond HTLV-1 ethnoepidemiology

Ethnic clustering of HTLV-1 infection foci was first noted in
relation to the origin of Japanese HTLV-1,(64) which was fol-
lowed by our worldwide study on the ethnic background of
HTLV-1 related diseases.(14,29) Long-lasting interaction between
HTLV-1 and the host’s responsive elements provides a typical
model of human cancer. In the case of HTLV-1-associated
T-cell malignancy, monoclonal expansion of HTLV-1-infected
T cells is causatively associated with ATL,(65,66) whereas a poly-
clonal status permits an asymptomatic state and reduces risk for
ATL, as typically shown in HAM ⁄ TSP patients.(67,68)

Neonatal infection with HTLV-1 is preventable through
short-term breastfeeding for <3–6 months after birth and ⁄ or bot-
tle feeding,(26,27) as confirmed in an Afro-Caribbean study.(50)

Recent surveys in Kyushu, Japan, have revealed a decreasing
trend of HTLV-1 positive blood donors, suggesting that con-
trolled breastfeeding of infants born to HTLV-1 carrier mothers
and exclusion of HTLV-1 contaminated blood has successfully
inhibited HTLV-1 transmission.(20)

Studies on chemoprevention of ATL have shown that interfer-
ence with monoclonal outgrowth of ATL cells is possible using
biological products such as dehydroxymethylepoxyquinomicin
(DHMEQ)(69) and fucoidin.(70) We have studied green tea
polyphenols that induce apoptosis in both ATL and HTLV-1
infected T cells, eventually diminishing HTLV-1 viral load in
HTLV-1 carriers’ peripheral blood lymphocytes.(71) Thus, daily
drinking of green tea and its products is a feasible approach for
suppressing outgrowth of HTLV-1 infected T cells and reducing
risk of ATL and HAM ⁄ TSP.

Experimental therapeutics for ATL patients are now under
investigation using hematopoietic stem cell transplantation(72)

and molecular targeting by CCR4 antibodies.(73) Another thera-
peutic approach is to mark the HTLV-1 Tax protein(74) and the
HBZ protein,(75) both of which confer a strong CTL response.
However, constitutive expression of Tax and HBZ antigenic
epitopes on ATL cells is fairly limited to generating a positive
Sonoda et al.
CTL response,(76) probably due to altered HLA phenotypes of
ATL cells.(77)

Finally, we would like to stress accumulating evidence
regarding functional diversity of NKG2D natural killer
cells(78) and pattern recognition receptors (PRRs) in the innate
immune system.(79) Both NKG2D and PRRs are thought to
enforce the first line of host defense against microbes, so they
must play an important role in HTLV-1 infection and related
diseases. However, it is unclear whether genes for NKG2D
and PRRs are polymorphic in this regard. In order to address
this important issue, ethnicity-based collection of peripheral
blood lymphocytes (the Sonoda–Tajima Collection of the
Rikken Bio-Resource Center) should provide a useful resource
for genome-wide association scans to illuminate ethnic varia-
tion of human genes and susceptibility to exogenous patho-
gens with reference to HTLV-1 and other pathogenic
elements causatively associated with chronic disease and
malignancies.
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