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The Origin and Evolution of Human T-Cell Lymphotropic Virus Types I and II
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Abstract. Studies on human T-cell lymphotropic virus types I (HTLV-I) and II (HTLV-II) are briefly reviewed
from the viewpoint of molecular evolution, with special reference to the evolutionary rate and evolutionary
relationships among these viruses. In particular, it appears that, in contrast to the low level of variability of HTLV-I
among different isolates, individual isolates form quasispecies structures. Elucidating the mechanisms connecting
these two phenomena will be one of the future problems in the study of the molecular evolution of HTLV-I and
HTLV-II.
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Introduction

Human T-cell lymphotropic virus type I (HTLV-I)
was first identified in T-cell lymphoblastoid cell lines
and fresh peripheral blood lymphocytes obtained from
a patient with cutaneous T-cell lymphoma (mycosis
fungoides) (1,3). This virus was associated with adult
T-cell leukemia (ATL) (2) because it was observed
that the cell line established from peripheral blood
lymphocytes of a patient with ATL, produced antigens
that reacted against sera from ATL patients (3). It was
also associated with tropical spastic paraparesis/
HTLV-I-associated myelopathy (TSP/HAM) due to
the prevalence of the antibody against this virus in the
serum from TSP patients (4) and in the serum and
cerebrospinal fluid from HAM patients (5).
Neoplasmic complications of HTLV-I infection
develop only after many decades of infection, whereas
TSP/HAM may occur after a few years or even a few
months of infection (6,7). In addition, only a small
proportion of HTLV-I-infected patients develop either
of the clinical disorders. The remaining majority stay
asymptomatic in their entire lives (8—11).

On the other hand, human T-cell lymphotropic
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virus type II (HTLV-II) was first identified in a cell
line established from the spleen of a patient with
hairy-cell leukemia (12,13). This virus has not yet
been associated with any specific disease, although
some HTLV-II-infected patients have been reported to
be affected by atypical T-cell hairy-cell leukemia or
large granular lymphocyte leukemia (12,14-17), and
tropical ataxic neuropathy (18).

It is known that HTLV-I and HTLV-II belong to the
family Retroviridae (19). It follows that these viruses
replicate through reverse transcription, and embed-
ding their own genomes into human chromosomal
DNA. In general, retroviruses show a rate of
nucleotide substitutions, a million times higher than
that of humans (265). However, the rates for HTLV-I
and HTLV-II have not yet been estimated accurately,
and are speculated to be much slower than that of
other retroviruses. This is because the nucleotide
diversity of HTLV-I and HTLV-II clones isolated so
far, has been estimated to be somewhat lower than that
of other RNA viruses (20).

The evolutionary origin of HTLV-I and HTLV-II
has been a source of controversy. Although simian T-
cell lymphotropic virus types I and II (STLV-I and
STLV-II), which are counterparts of HTLV-I and
HTLV-II in simians, have been reported to exist in
various monkeys (21-47) including chimpanzees,
gorillas, grivet monkeys, baboons, cynomolgus
macaques, crab-eating macaques, pig-tailed maca-
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ques, stump tailed macaques, rhesus macaques,
bonnet macaques, lion-tailed macaques, toque mon-
keys, Celebes macaques, and spider monkeys, HTLV-
I was originally found in limited geographical areas of
the world such as the southwestern part of Japan (48),
the Caribbean basin (49), Central and South America
(50), and Africa (22,51). Thus, it was maintained by
some researchers, that HTLV-I and HTLV-II emerged
from a common ancestor of humans and monkeys
during the millions of years of primate evolution (29).
Others, on the other hand, contended that HTLV-I and
HTLV-II were recently brought into human popula-
tions through recurrent events of interspecies
transmissions (20).

The geographical survey of HTLV-I and HTLV-II
carriers in the world has led to the idea that these
viruses can be good markers for tracing the history of
human migration during the diversification process of
various ethnic groups. This is because these viruses
exhibit vertical transmission, mainly through breast
milk from mothers to their children, and these viruses
are found in limited geographical areas of the world.

With the aim of summarizing the general aspects of
the evolutionary features of HTLV-I and HTLV-II, we
have made an attempt to conduct a brief review from
the viewpoint of molecular evolution, with special
reference to the evolutionary rate and evolutionary
relationships among theses viruses.

Transmission of HTLV-I and HTLV-II

There are four modes of transmission reported for
HTLV-I. First, mothers infected with HTLV-I can
transmit the virus to their babies or fetuses (52) either
through lymphocytes in their breast milk (53-58) or
lymphocytes in the uterus or vagina (59,60). Second,
infected cells in semen can transmit the virus from
male to female during sexual intercourse (52,54). It is
interesting to note that the risk of sexual transmission
appears to be 60.8% for male-to-female, whereas it is
0.4% for female-to-male transmission (61). Third,
blood products containing infected cells can transmit
HTLV-I through blood transfusions (62—65). This
mode of transmission is the most efficient, with a
seroconversion rate of 35-60% (66). Finally, the virus
can be transmitted among intravenous drug users
(IDUs), possibly through the passage of infected
lymphocytes in shared needles. Cell-free HTLV-I is
also infectious but much less so than cell-associated

HTLV-I (67-69). HTLV-II can also be transmitted in
similar ways (70,71). While HTLV is found in CD4 *
lymphocytes of infected individuals (72), CD8 " cells
represent the predominant target of HTLV-II (73).

Molecular Biology of HTLV-I and HTLV-II

The genomes of HTLV-I (74-78) and HTLV-II (79—
82) are composed of single stranded, plus sense RNA
with about 9000 nucleotide. Both genomes can be
divided into five regions; 5'-LTR, gag, pol, env, pX,
and 3'-LTR (Fig. 1) (83,84). The proteins produced are
Gag, Pro, Pol, Env, and others (85) from the five open
reading frames in the pX region, including Tax and
Rex (74,79).

LTR includes the cis-acting sequences of Tax (86—
92) and Rex response elements (93-97), which are
important in the regulation of viral gene expression.
Gag produces the virion core proteins which form the
matrix, capsid, and nucleocapsid (98,99). Pro is a viral
protease that cleaves the Gag precursor to generate the
mature viral core proteins (100). Pol exhibits the
enzymatic activities of reverse transcriptase, inte-
grase, and RNase H. Env produces a surface
glycoprotein and a transmembrane protein. Tax is a
nuclear protein (101-105), which trans-activates
transcription initiation from the promoter in 5'-LTR
(102,104,106—111). Rex acts at the posttranscriptional
level by selectively augmenting the cytoplasmic
expression of both genome-length mRNA and singly
spliced env mRNA (93-96,112-116).

Evolutionary Origin of HTLV-I and HTLV-II
HTLV-I and HTLV-II are members of the genus

HTLV-BLV in the family Retroviridae (Table 1) (19).
Although some recombination events were inferred,

I LTR " gag | I pol pPX | LTR |

Fig. 1. A schematic diagram for the genomic structure of HTLV-I
and HTLV-II. The genome can be divided into five regions,
5'-LTR, gag, pol, env, and 3'-LTR.
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phylogenetic trees were successfully reconstructed for
the viruses belonging to the family Retroviridae (117-
128). The phylogenetic tree reconstructed by
Gojobori et al. (126) is shown in Fig. 2, with some
modifications. The tree shows that there are three
major clusters. HTLV-I and HTLV-II conform a
distinct cluster with bovine leukemia virus (BLV).
The other two clusters are a cluster of human spuma
retrovirus (HSRV) and mouse mammary tumor virus
(MMTYV), and a cluster of primate lentiviruses,
including human immunodeficiency virus (HIV) and
simian immunodeficiency virus (SIV). Although the
phylogenetic tree in Fig. 2 does not contain STLVs,
the studies of evolutionary relationships between
HTLV and STLV suggest that HTLV may have
come from animal viruses through interspecies
transmissions between simians and humans, as will
be discussed in the following section.

Interspecies Transmission

As a result of restriction mapping, it was previously
believed that interspecies transmission of HTLV-I/
STLV-I between humans and non-human primates
was unlikely, and that they had evolved in concert
with the host species (29). However, recent phyloge-
netic analyses of the evolutionary relationships
between HTLV-I and STLV-I and among different
STLV-Is demonstrated that the evolutionary history of
HTLV-I and STLV-I did not follow that of their host

Table I. The taxonomy of retroviruses.

species (Fig. 3) (20,47,129-135). This observation
suggested that interspecies transmissions of HTLV-I
and STLV-I had occurred between humans and non-
human primates and among different non-human
primates. In particular, the Melanesian, Zairian, and
Cosmopolitan of HTLV-I appeared to have experi-
enced at least one independent human-simian
interspecies transmission during evolution (132). It
was also indicated that more frequent, perhaps free,
exchanges of viruses have occurred between simian
species below the genus level. (132).

Evolutionary Rates of HTLV-I and HTLV-II

RNA viruses, generally, evolve at the rate of 10~ 310
103 per nucleotide site per year (Table 2) (136,137).
However, genetic diversity was somewhat lower for
HTLV-I and HTLV-II, compared with that of other
RNA viruses (138,139). In particular, it seems that
HTLV-I and HTLV-II can be embedded in the human
genome for a long time before manifesting an active
phase. Thus, it has been difficult to estimate the rate of
nucleotide substitutions for these viruses by the
conventional method using the phylogenetic tree;
that is, by dividing the differences in branch lengths
from different viral strains to their common ancestor,
by the differences in their isolation times (140). This
is because the differences in isolation times examined

Family Genus Subgenus

Examples of Species (Abbreviations)

Retroviridae

MLV-related viruses

Mammalian type C viruses
Reptilian type C viruses
Reticuloendotheliosis viruses

Murine leukemia virus (MLV)
Corn snake retrovirus (CSRV)
Spleen necrosis virus (SNV)

Mammalian type B viruses
Type D viruses
ALV-related

HTLV-BLV

Lentivirus

Feline lentiviruses
Bovine lentiviruses

Spumavirus

Ovine/caprine lentiviruses
Equine lentiviruses
Primate lentiviruses

Mouse mammary tumor virus (MMTYV)

Squirrel monkey retrovirus (SMRV)

Rous sarcoma virus (RSV)

Human T-cell lymphotropic virus type I (HTLV-I)
Human T-cell lymphotropic virus type II (HTLV-II)
Bovine leukemia virus (BLV)

Visna virus (VISNA)

Equine infectious anemia virus (EIAV)

Human immunodeficiency virus (HIV)

Simian immunodeficiency virus (SIV)

Feline immunodeficiency virus (FIV)

Bovine immunodeficiency virus (BIV)

Human spuma retrovirus (HSRV)
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Fig. 2. A phylogenetic tree for viruses belonging to the family Retroviridae. Modified from Fig. 2 in Ref. 126. Abbreviations are as

described in Table 1.

so far were too short to obtain an accurate estimate of
the evolutionary rate.

The first attempt to obtain a rough idea of the
evolutionary rate for these viruses was made by
investigating the nucleotide diversity for viral isolates
of HTLV-I. The diversity for the fax gene of HTLV-I
was estimated to be about 10 times higher than that for
the host genome, which may be attributed to the high
mutation rate of reverse transcriptase (141-144), but it
was about 20 times lower than that for influenza A
virus (145), which may reflect the relatively low
replication frequency of the HTLV-I genome com-
pared with that of influenza A virus. This may be
mainly because HTLV-I can be embedded in the host
genome as a provirus for a long time, as mentioned
before (20). A direct attempt to estimate the rate using
the gag, pol, env, and pX gene regions suggested that

the rate for HTLV-I is on the order of 10 ~ 7 per site per
year, under the assumption that Japanese and rhesus
macaques diverged 0.3 to 1.8 million years ago and
that human occupation of Australia and Melanesia
occurred 50,000 years ago (Table 2) (134,135).

As for the pattern of nucleotide substitutions for
HTLV-I, it has been shown that guanine (G) to
adenine (A) or A to G and cytosine (C) to thymine (T)
or T to C substitutions occur at similar frequencies
(146). In this study, however, only the numbers of
particular nucleotide differences were counted
between different isolates. Thus, the direction and
frequency of nucleotide substitutions (147) have not
been estimated.

It should be noted that the genomes of HTLV-I and
HTLV-II are particularly rich in C and poor in A and
G (148-150). This bias might have been attained
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Fig. 3. A phylogenetic tree for viruses belonging to the genus
BLV-HTLV in the family Retroviridae. Modified from Fig. 3 in
Ref. 20. Abbreviations are as described in Table 1.

through the selective force to direct integration of the
viral genome into specific segments of human
chromosomes (148), or through directional mutations
introduced by reverse transcriptase (150). This biased
pattern of nucleotide substitutions has also been
correlated with the pattern of codon usage and of
amino acid compositions and substitutions for
proteins encoded by these viruses (150).

Geographical Distributions of HTLV-I

HTLV-I has been identified in restricted areas of some
geographical regions in the world; those are, Japan
(48,151,152), the Caribbean basin (49,153), south-
eastern United States (154), Central America, South
America (50,153,155,156), Central Africa (51), West
Africa (51,157,158), South Africa (51), North Africa
(159), the Seychelles Islands (160), Reunion Island

(161,162), the Middle East (163,164), India (165-
169), and Australo—Melanesia (170-177).

When the nucleotide sequences of an HTLV-I
strain obtained over a five-year period were com-
pared, no changes were observed (138). In addition,
the mode of transmission of HTLV-I has been thought
to be mainly cell-associated (67-69). These observa-
tions suggested that the investigation of viral
sequences in selected populations would be useful in
anthropological studies, especially in studies on past
patterns of migrations of some human populations
(138).

Phylogenetic analysis based on the LTR region has
indicated that HTLV-I isolates can be classified into
five clusters; the Melanesian type, Zairian type, and
subtypes A, B, and C (Fig. 4) (133). Subtypes A, B,
and C were previously classified as the Cosmopolitan
type (76,129,130,138,146). The Melanesian type
includes isolates from Papua New Guinea and the
Solomon Islands. The Zairian subtype includes
isolates from Gabon and Zaire. Subtype A consists
of Indian, Caribbean, native South American
(Colombian and Chilean), and some Japanese isolates.
Subtype B consists of other Japanese isolates and the
other Indian isolate. Subtype C consists of isolates
from the Ivory Coast, Ghana, and the Caribbean basin.
Another research group also divided HTLV-I isolates
into five subtypes, Cosmopolitan, West African,
Central African, Japanese, and Melanesian subtypes,
using sequence alignments and phylogenetic trees
(162). The Cosmopolitan, Japanese, West African, and
Central African subtypes seem to correspond to
subtypes A, B, and C, and the Zairian subtype,
respectively. Recently, the existence of North African
subgroup was indicated to be included in the
Cosmopolitan type (159).

It has been hypothesized that HTLV-I originated in
Africa, because of the high prevalence and high
genetic diversity of this virus in Africa. Phylo-
genetic trees for HTLV-I isolates also supported the
hypothesis (37,40,178—180). After the discovery of
the Australo-Melanesian strains of HTLV-I
(174,177,181), however, sequence analyses pointed
out the possibility that HTLV-I originated in the Indo-
Malay region rather than in Africa (129,130). In this
hypothesis, dissemination from the Indo-Malay
region to the African continent was thought to take
place through migrations in the Indian Ocean area, via
ancient Asian—African contacts in Madagascar (129).
However, the observation that the strain from the
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Table 2. Comparisons of the rates of nucleotide substitutions for HTLV-I with those for various viruses and cellular genes.

Organisms Gene Rate (/site/year) References
HTLV-1 gag, pol, env, and pX (0.4-6.8) x 10~7 134,135
HIV® gag (0.2-26.0) x 1073 136,137,262,263

pol 03-1.1) x 1073 263

env (0.8-35.5) x 1073 137,262,263
SIV® gp120 85 x 1073 264
MLV® gag 0.6 x 1073 265

v-abl 04 x 1073 266
Msv¢ v-fos 0.7-1.1) x 1073 266

v-mos (0.8-2.8) x 1073 136,265,266
MAV® v-myb (0.1-0.3) x 1073 266
LLVf v-myc 03 x 1073 266
REVE v-rel 09 x 1073 266
RSV" v-sre 0.6 x 1073 266
EIAV! env 0.1-1.0) x 107! 267
Influenza A virus PB1 09 x 1073 268

PB2 1.8 x 1073 269

PA 13 x 1073 270

HA (H1) (0.4-17.0) x 1073 271-273

HA (H3) (2.8-13.1) x 1073 136,274-276

HA (H1, H2, and H11) 25 x 1073 277

NP (0.8-24.0) x 1073 272,278-280

NA (N2) (27-9.7) x 1073 281,282

Ml 0.8-1.4) x 1073 283

M2 (0.9-1.4) x 1073 283

NS (1.9-3.4) x 1073 284,285
Influenza C virus HE 05 x 1073 286
FMDV! VPI (1.4-74.0) x 1073 287-289
EEEVX 268 structural gene 0.1 x 1073 290
HBV! P (1.5-4.6) x 1073 291

pre-S (2.6-7.6) x 107° 291

S 58 x 1073 291

C (1.8-5.5) x 1073 291

X (5.5-7.9) x 1073 291
HCV™ Genome 14 x 1073 292

5'noncoding, C, 19 x 1073 293

E1, NS1, NS2,
NS3, and NS5

c 0.6-1.4) x 1073 294

E (0.3-6.3) x 1073 294

NS1 (0.8-33) x 1073 294

NS3 (0.3-4.8) x 1073 294

NS5 0.2-75) x 1073 294
HDV" Noncoding region 1.6 x 1073 295
GBV-C/HGV® NS (0.8-1.9) x 1073 296
Cellular genes c-abl 05 x 107° 266

c-fos 0.8 x 107° 266

c-mos 17 x 107° 265,266

c-myb 0.6 x 107° 266

c-myc 0.8 x 107° 266

c-src 0.6 x 107° 266

Globin (2.3-5.0) x 10~° 297

Pseudogenes 46 x 10°° 298

*Human immunodeficiency virus; "Simian immunodeficiency virus; “Murine leukemia virus; “Murine sarcoma virus; “Myeloblastosis-
associated virus; Nondefective lymphoid leukemia virus; ®Reticuloendotheliosis virus; "Rous sarcoma virus; iEquine infectious anemia virus;
IFoot-and-mouth disease virus; *Eastern equine encephalomyelitis virus; lHepatitis B virus; "Hepatitis C virus; "Hepatitis D virus; °GB virus C/
Hepatitis G virus.
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Reunion Island was the Cosmopolitan subtype may
not be consistent with this hypothesis (162). It has, on
the other hand, been indicated that the Melanesian
lineage was brought to the Indo—Malay region a very
long time ago, perhaps in the period of Homo erectus
(hundreds of thousands of years before), from Africa,
which is considered to be the birthplace of humans
(133). Another research group suggested that HTLV-I
evolved independently in the Southeast Asia landmass
of Sunda and in Africa (135). At any rate, it is
important to estimate the evolutionary rate and
divergence time among HTLV-I isolates to solve
this controversy.

The existence of two subtypes, A and C, was
reported among isolates from the Caribbean basin. It
was thought that subtype C had originated from West
Africa probably during the slave trade era
(135,138,162,182,183), and the other subtype may
have migrated into the American continent via
Beringia in the Paleolithic era (133). Another research
group (135) indicated that the sequence similarity
between HTLV-I strains from the Middle East, India,
and the Caribbean islands (184) may be attributed
to the early migrations of human populations from the
Middle East to India more than 50,000 years ago
(185), recent migrations approximately 1000 to 1300
years ago (186,187), and the migration of more than
500,000 Indians to the Caribbean basin between 1838
to 1917 to toil as indentured laborers (135,184,188).

At first, HTLV-I in Japan was hypothesized to have
been imported from Portuguese adventurers and
seamen in the sixteenth century (178,189). However,
other researchers argued against this hypothesis
because highly prevalent serum antibodies against
HTLV-I were detected in two Japanese ethnic groups,
the Ainu and Ryukyuans, both of which are
considered to be descendants of the Old Mongoloid
populations (152). Later, the presence of two subtypes
of HTLV-I were reported in Japan (133,162,190-192).
They were the Cosmopolitan and Japanese subtypes,
of which the Japanese subtype was nearly exclusively
restricted to Japan, and represented a major subtype
(162). This observation was consistent with the idea
that introduction of HTLV-I into Japan occurred
during two or more periods in the past, and it was
proposed that at least two Paleo-Mongoloid HTLV-I
lineages moved to Japan in the Paleolithic period
(133). Another research group suggested that visits
from India to southwestern Japan, occurring during
the sixteenth century (193), may account for the

introduction of the Cosmopolitan subtype (184). In
this context, it is noteworthy that the presence of two
subtypes (Cosmopolitan and Japanese subtypes) have
also been reported in India (133,184).

Since there are no nonhuman primates in
Melanesia and Australia, the HTLV-I in these regions
is considered to have been brought there. Thus, it has
been proposed that HTLV-I existed among the
Australoid people who first settled the then single
continent of Australia and New Guinea (Sahul) more
than 30,000 years ago and among the later
Austronesian migrants who colonized the islands in
Melanesia  approximately 5000 years ago
(76,135,162,181).

Geographical Distribution of HTLV-II

HTLV-II has also been identified in Central Africa
(139,194-197), West Africa (195,198,199), and
among intravenous drug users in the United States
(70,200-202) and in Europe (203-210). This virus
was also discovered among native Amerindians
(211-222).

Restriction endonuclease mapping and nucleotide
sequence analysis for the env region of HTLV-II
indicated that there are two subtypes in HTLV-II,
HTLV-IIa and HTLV-IIb, among IDUs in New York
(223). Moreover, HTLV-II was further classified using
the LTR region, which is the most divergent in the
genome (79-82,224-226), into three phylogroups for
HTLV-IIa and four for HTLV-IIb, by using restriction
fragment length polymorphism and phylogenetic
analysis (227,228). Another method of classification
for HTLV-II was proposed, in which HTLV-IIa was
divided into four groups and HTLV-IIb into six (229).

At first, the HTLV-II isolates from native
Amerindians were found to be subtype IIb, while
the isolates from North American IDUs belonged to
subtypes Ila and IIb (224). Subsequent studies have
demonstrated the coexistence of both subtypes in
both populations (216,224,228,230-232). Taking into
account the endemicity of HTLV-II among native
Amerindians, the isolation of STLV-II from Central
American spider monkeys (46), and the lack of
evidence for STLV-II infection in Old World monkeys
(233), we feel that the following hypothesis is
reasonable. HTLV-II among IDUs originated from
native Amerindians. The New World virus was
considered to be originally brought from Asia into
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Fig. 4. A phylogenetic tree for HTLV-I and STLV-1. Modified from Fig. 1 in Ref. 133.
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the Americas some 10,000—40,000 years ago during
the migration of HTLV-II infected Asian populations
over the Bering land bridge (81,212,215-
222,224.234). However, the discovery of HTLV-II
in Central and West Africa has cast doubts on a New
World origin for HTLV-II (139,195,196,198,235).

The phylogenetic relationship between the two
subtypes of HTLV-II, investigated at the pol region
with the maximum parsimony (MP) method (236) and
at the env, pol and pX regions with the MP neighbor-
joining (NJ) (237), and maximum likelihood (ML)
methods (238), indicated that both groups have
evolved simultaneously (82,224). On the other hand,
the analysis for the LTR region with the ML method
indicated that HTLV-IIa had evolved from HTLV-IIb,
although the conclusion was the same as that of the
former analyses when the MP method was adopted for
the same data (228). The difference in results may
indicate that one of these ideas may be incorrect, or if
not, that genomic recombination has occurred in the
evolution of HTLV-II. At any rate, it is noteworthy
that creating the alignment unambiguously for the
LTR regions of HTLV-I and HTLV-II has been shown
to be difficult (82,239).

The existence of both subtypes, HTLV-Ila and
HTLV-IIb, has been reported for isolates from South
European IDUs (207,225,226,240). In phylogenetic
analyses, HTLV-Ila and HTLV-IIb isolates from
South Europe were found to be closely related to
isolates from New York (82,226). Thus, it was
speculated that a limited number of infections from
South European—United States IDU connections may
be responsible for the HTLV-II epidemic in South
Europe (82).

Pathogenicity

HTLV-I can manifest at least three forms of clinical
appearances; those are, asymptomatic carrier, ATL,
and TSP/HAM. Thus, it is important to investigate
whether some changes in the viral genome are
responsible for the clinical outcome of the host. So
far, attempts have been made to detect such genomic
changes by comparing the nucleotide and amino acid
sequences from patients with different symptoms. In
the phylogenetic analysis, however, no apparent
associations have been observed between the clinical
symptoms and the pattern of phylogenetic clusterings

(133,162). Attempts to detect any sequence variations
specific to disease outcome have also failed
(138,146,191,241-243). At one time, a mutation in
the nucleotide sequence of the tax gene (7959 T) was
suggested as being associated with TSP/HAM (244).
However, it seems that the mutation was associated
only with the Cosmopolitan subtype of HTLV-I but
not with TSP/HAM (245). The pattern of phyloge-
netic clusterings and specific variations in genomic
sequences seems to imply the geographical origins of
HTLV-I isolates (129,133,146,162,180,191,242). In
addition, an attempt to find specific variations
between viral samples taken from different organs in
a single host has also failed (243). These results are
consistent with the hypothesis that subsequent disease
status may be determined by host’s immunological or
genetic determinants, or by environmental infectious
or noninfectious factors rather than virologic factors
(246-252). One of these hypotheses, for example,
indicated that an extremely high frequency of
precursor cytotoxic T lymphocytes against HTLV-I
tax-encoded peptides was related to the pathogenesis
of TSP/HAM, in which two epitopes 11-19 and 90-55
were restricted by HLA-A2 and HLA-B14, respec-
tively (251,252). Another research group suggested
the existence of HAM and ATL-associated haplo-
types, which were also related to the high and low
immune responses to HTLV-I (250).

Recently, another approach indicated that the ratio
of numbers of nonsynonymous to synonymous
substitutions for the proviral fax gene seemed greater
among healthy seropositives than among TSP
patients, and also greater among TSP patients than
among ATL patients (253,254). This was attributed to
a balancing selection operating on the Tax protein
rather than the random genetic drift in healthy
seropositives (254). In this regard, it is important to
test the difference in numbers of synonymous and
nonsynonymous substitutions statistically, to clarify
the selective force operating on the Tax protein.

B-cell epitopes identified in Gag, Pol, and Env, and
T-cell epitopes described in Env and Tax (255-257)
were well conserved among different HTLV-I strains.
This suggests that it should be possible to develop
vaccines which elicit humoral and cell mediated
immune responses with little type-specific variation in
responses (146).
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In contrast to the low level of variability of HTLV-I
among different isolates (138), a quasispecies
structure for HTLV-I has been suggested because of
the high variability of HTLV-I sequences within a
single viral strain (130,138,241,253,254,258,259).
This implies that HTLV-I is in the condition referred
to as population equilibrium (260,261), or that only
viruses with specific genomic sequences can be
transmitted among humans. For further understanding
of the molecular evolution and pathogenicity of
HTLV-I and HTLV-II, it is important to investigate
this seemingly inconsistent phenomenon in future.
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