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The phylogeny of human T cell lymphotropic virus type II (HTLV-II)
was investigated by using strains isolated from Amerindian and
Pygmy tribes, in which the virus is maintained primarily through
mother-to-child transmission via breast-feeding, and strains from
intravenous drug users (IDUs), in which spread is mainly blood-borne
via needle sharing. Molecular clock analysis showed that HTLV-II has
two different evolutionary rates with the molecular clock for the virus
in IDUs ticking 150–350 times faster than the one in endemically
infected tribes: 2.7 3 1024 compared with 1.71y7.31 3 1027 nucleotide
substitutions per site per year in the long terminal repeat region. This
dramatic acceleration of the evolutionary rate seems to be related
with the mode of transmission. Mathematical models showed the
correlation of these two molecular clocks with an endemic spread of
HTLV-II in infected tribes compared with the epidemic spread in IDUs.
We also noted a sharp increase in the population size of the virus
among IDUs during the last decades probably caused by the world-
wide increase in intravenous drug use.

Human T lymphotropic virus type I (HTLV-I) and type II
(HTLV-II) are the first two human retroviruses discovered (1,

2). In contrast to HIV, HTLV-I and HTLV-II are characterized by
their low pathogenicity and high genomic stability (3). HTLV-I has
been associated with adult T cell leukemia (4) and tropical spastic
paraparesisyHTLV-associated myelopathy (5, 6). The role of
HTLV-II in human disease remains to be clearly established, even
though there is increasing evidence that the infection may be
associated with certain neurological diseases (7–9).

HTLV-II has been isolated in blood donors and polytransfused
patients, but it is mainly present among intravenous drug users
(IDUs), usually co-infected by HIV, in urban areas throughout the
world (10–12). Infection has also been shown to be endemic in a
number of Amerindian and Pygmy tribes (13–19). Among endem-
ically HTLV-II-infected tribes, the virus is transmitted via sexual
contact from husband to wife (rarely the reverse) (20) and from
mother to child, via breast-feeding (21). Because the mainly uni-
directional sexual transmission cannot perpetuate infection,
HTLV-II is maintained in endemically infected populations mainly
by vertical transmission (22). In contrast, blood-to-blood contact via
needle sharing is the primary way of HTLV-II transmission in
IDUs (11).

There are three main subtypes of HTLV-II. HTLV-IIa and
HTLV-IIb (23) are both present in IDUs in Europe (24–26), the
United States (17, 27), Vietnam (28), and several native Amerin-
dian tribes (13, 14, 19). HTLV-IId was recently isolated in a Mbuti
Efe Pygmy (29). An HTLV-IIb strain has been isolated from Bakola
pygmies living in Cameroon (15). It has been suggested that
HTLV-II was brought into the Americas some 15,000–35,000 years
ago during one or more migrations of HTLV-II-infected Asian
populations over the Bering land bridge (13, 18, 33, 34) and that
HTLV-II among IDUs originated from Amerindians with at least
two separate introductions during this century: one for the IIb
subtype and another one for the IIa subtype (35). HTLV-II among
IDUs seems to evolve at a constant rate. The rate was roughly
estimated to be 1024y1025 nucleotide substitutions per site per year

in the long terminal repeat (LTR) (35). However, a general
molecular clock for all the HTLV-II strains does not exist, implying
that non-IDU strains evolve at a different rate (35).

In the present paper, using molecular phylogenies and analyzing
the branching structure of phylogenetic trees, we have investigated
the population dynamics of HTLV-II in IDUs and endemically
infected tribes, and we have specifically addressed the evolutionary
rate of HTLV-II in these populations.

Materials and Methods
Compilation of Sequence Data. All of the HTLV-II LTR sequences
available at the start of this study (the beginning of 1998) in the
European Molecular Biology Laboratory and GenBank databases
were retrieved. The LTR is the most variable region in the HTLV-II
genome and the largest dataset available for the fragment corre-
sponding to nucleotides 315–706 of the HTLV-IIa Mo isolate (36).
Two alignments were obtained by using this fragment: the first one,
called IIend, included 26 IIa and IIb strains isolated from different
Amerindian tribes, the Efe2 IId strain isolated from a Mbuti Efe
pygmy (29), and the HTLV-IIb strain PYGCAM-1 isolated from
Bakola pygmies (15); the second one, called IIidu, included 42 IIa
and IIb IDU strains. All of the strains in the two alignments were
isolated and sequenced in the last 4 years. An additional alignment,
called IIiduT, was obtained with 13 IIa IDU strains plus 1 IIb IDU
strain isolated between 1995 and 1997 and the HTLV-IIa Mo strain,
which was isolated and sequenced in 1983 (37) and which in all
previous phylogenetic analyses has been shown clustering with IIa
IDU strains (25, 35). The full list of the sequences and the
alignments are available at http:yykuleuven.ac.beyaidslaby
align.htm.

Analysis of the Phylogenetic Signal. One way to visualize the phy-
logenetic content of a particular dataset of aligned sequences is to
perform a likelihood-mapping analysis investigating a number of
random quartets of sequences (38). For each quartet, there are
three unrooted tree topologies, and their likelihoods can be simul-
taneously represented inside an equilateral triangle as a dot. In such
an analysis, the corners of the triangle represent the three possible
fully resolved tree topologies for the quartet, whereas the center of
the triangle represents a completely unresolved tree topology, or
star-like evolution, and the sides reflect network-like evolution. For
n sequences (n!y4!) quartets are possible. When n is large, a random
sample of 10,000 quartets is sufficient to obtain a comprehensive
picture of the kind of phylogenetic signal present in a particular
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alignment. The likelihood mapping analysis, with 10,000 random
quartets, was performed on the IIend and IIidu alignments, using
Tamura–Nei with g-distributed rates across sites (TNg) imple-
mented in the program PUZZLE (38) as the best nucleotide substi-
tution model (39).

Phylogenetic Analysis and Molecular Clocks. Nucleotide distance
matrices for the IIend and the IIidu alignment were estimated under
the TNg model with PUZZLE (38, 39). For each dataset, transitiony
transversion bias, pyrimidine transitionypurine transition bias, and
the a shape parameter for the g-distribution of the rates across sites
were also empirically estimated with the maximum likelihood
method. The molecular clock hypothesis was tested on the two
datasets and on a general alignment including both IIidu and IIend
strains with the likelihood ratio test implemented in PUZZLE.
Because the clock hypothesis was accepted for the IIend and the
IIidu alignment (see Results), we calculated for each of the two
datasets new phylogenetic trees with the unweighted pair group
method with arithmetic mean (UPGMA) and the Kitch method
implemented in PHYLIP (40), using the same model of nucleotide
substitutions as above for the subsequent analysis of the branching
pattern (see below). Bootstrap support for the internal branches of
each tree was obtained by using 1,000 replicates.

Analysis of Branching Patterns. Using the END-EPI program (41), we
analyzed branching patterns of the phylogenetic trees. We calcu-
lated the ‘‘relative cladogenesis statistic’’ Pk, which is the probability
that a particular lineage, existing at time t, will have k tips or
daughter lineages (compared with the total number of tips) by time
0 (the present) (42), for the IIend and the IIidu trees with clock-like
branch lengths. Lineages-through-time plots (LTTP) were ob-
tained by plotting the semi-logarithmic number of lineages in the
tree against the time at which they appear, or in this case the genetic
distance from the root, which represents the relative time when the
molecular clock assumption holds. Depending on the shape of the
LTTP, it is possible to say whether the population is more likely to
have grown exponentially (negative curvature) or to have main-
tained more or less a constant size (positive curvature). For an
exponentially growing population, a further y-axis transformation,
called epidemic transform, can be applied to determine whether the
rate of the exponential growth is increasing (positive curvature),
decreasing (negative curvature), or constant (linear graph). For a
non-exponentially growing population, a y-axis transformation,
called endemic transform, can be applied to speculate if the
population is growing linearly (negative curvature), declining (pos-
itive curvature), or maintaining a constant size (linear graph) (42).

Evolutionary Rate Estimations for HTLV-II. Phylogenetic trees were
obtained for the IIiduT alignment by using the TNg model with the
neighbor–joining (NJ) and Fitch methods. One thousand bootstrap
replicates were performed to support the internal branches of the
trees. The evolutionary rate was estimated on the trees dividing the
difference in branch lengths from different viral strains to their
common ancestor, by the difference in their isolation times. Slightly
different rates were obtained by comparing each IIa IDU strain of
recent isolation with Mo strain (the earliest taxon), and the average
was calculated.

A possible range for the evolutionary rate of the virus infecting
endemic tribes was calculated by using the Kitch and the UPGMA
trees with clock-like branches obtained from the IIend alignment
(TNg model) and by assuming that the introduction of HTLV-II
into the Americas occurred 15,000–35,000 years ago (13, 18, 33, 34).

Split Decomposition Method. The split decomposition method is a
transformation-based approach. Evolutionary data is transformed
or, more precisely, ‘‘canonically decomposed’’ into a sum of ‘‘weakly
compatible splits’’ and then represented by a so-called splits graph.
For ideal data, this is a tree; whereas less ideal data will give rise to

a tree-like network that can be interpreted as possible evidence for
different and conflicting phylogenies. The program SPLITSTREE2.3f
(Daniel H. Huson, Bielefeld, Germany) was used to generate splits
graphs for the IIend and the IIidu dataset, respectively, using the
LogDet method (43) for computing distances.

Results
Analysis of Phylogenetic Information. The evaluation of 10,000
random quartets with the likelihood-mapping method gave differ-
ent answers regarding the phylogenetic signal present in the LTR
of HTLV-II endemically infected populations (IIend alignment)
compared with HTLV-II-infected IDUs (IIidu alignment). As
shown in Fig. 1A, most of the random quartets for the IIend
alignment are equally distributed in the three corners of the
triangle, representing well-resolved phylogeny, whereas just 14.1%
of the quartets are in the center of the triangle, representing
star-like phylogeny. The estimated shape parameter a 5 1.49 6 1.27
of the g-distribution resulted in a bell-shape distribution of the rates
along the sites (Fig. 1A), meaning that most sites in the LTR of
HTLV-II present in endemically infected populations have inter-
mediate substitution rates and that just a few of them have much
lower or much higher rates. In contrast, 45.8% of quartets fall in the
center of the triangle when the IIidu alignment is considered, and
the estimated shape parameter a 5 0.22 6 0.08 of the g-distribution
resulted in an L-shape distribution of the rates along the sites (Fig.
1B), meaning that most sites in the LTR of HTLV-II isolated in
IDUs have very low rates; they are virtually invariable, whereas a
few sites exist with very high rates (substitutional ‘‘hot spots’’). In
the latter case, the standard error in estimating a was quite low,
strengthening our confidence in the results.

Different Molecular Clocks in Different Populations. Table 1 shows
that although the clock hypothesis, evaluated using the likelihood
ratio test (see Materials and Methods), has to be rejected when
considering the IDU strains (IIidu alignment) and the Pygmyy
Amerindian strains (IIend alignment) together; it cannot be re-
jected when they are analyzed separately. Thus, HTLV-II evolves at
a constant rate within IDUs or within endemically infected tribes,
irrespective of the subtypes, but at different rate when comparing
the two populations.

Patterns of HTLV-II Cladogenesis. Fig. 2A shows the UPGMA phy-
logenetic trees for the 26 HTLV-II LTR strains isolated from
Pygmy and Amerindian tribes (IIend alignment). Relative statistic
cladogenesis (see Materials and Methods) showed that none of the
26 IIend strains produced significantly more daughters than ex-
pected under a null model of a uniform rate of cladogenesis. The
distribution of lineage-splitting events through time for the IIend
strains is shown in the LTTP in Fig. 3A (see Materials and Methods).
The entire LTTP curve has positive curvature (Fig. 3A), indicating
that the virus did not expand exponentially (41, 42). As a conse-
quence, the so-called endemic transform was applied to the num-
ber-of-lineages axis to determine whether the population had
stayed constant or had been increasing or declining through time
(42). The endemic transform (Fig. 3B) shows a line with negative
curvature, indicating a steady growth of the number of virus strains
over time (42). The hypothesis of a constant population size was
rejected by using the uniform conditional test on the curve of the
endemic transform (44). The UPGMA tree of the 42 HTLV-II IDU
strains in the LTR is shown in Fig. 2B. Of the 13 and 29 lineages
of the IIa and IIb subtypes, respectively, 12 within the IIa and 20
within the IIb produced significantly more daughters than expected
(see the clades indicated with the bold line in Fig. 2B) under a null
model of uniform rate of cladogenesis (P , 0.05 for the IIa and P ,
0.01 for the IIb). Because the analysis of the branching structure
with the LTTP is applicable only if there are no major differences
in the rate of cladogenesis between branches (42), we analyzed only
the LTTP of these 12 IIa and of the 20 IIb strains, respectively, of
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the phylogenetic tree in Fig. 2B, all of which share a uniform high
rate of cladogenesis. The LTTP for the 20 HTLV-IIb strains is
reported in Fig. 3C (IIa strains gave similar results, data not shown).
The curve clearly has a negative curvature, indicating a population
that may have been growing exponentially (41, 42). The so-called
epidemic transform was applied to the number-of-lineages axis to
determine whether the exponent had stayed constant or had been
increasing or decreasing through time (42). In Fig. 3D, the epidemic
transform is given. Significant departure of the curve from linearity
was tested by using the Wilcoxon-signed rank test (44). A one-tailed
test has Z 5 1.62 and P . 0.05; thus the line does not depart
significantly from linearity, indicating a more or less constant
exponential growth of the virus strains among IDUs.

HTLV-II cladogenesis and branching pattern structure for the
IIend and IIidu alignments, respectively, were also analyzed on trees
obtained with the Kitch method with similar results (data not
shown).

HTLV-II Evolutionary Rates. Neighbor–joining (NJ) and Fitch trees
were obtained by using the alignment IIiduT, joining the LTR Mo
sequence isolated in 1983 and other HTLV-IIa IDU strains recently
isolated. In both trees evaluated with 1,000 bootstrap replicates, Mo
was on the most external branch with 64.7% and 63.7% support in
NJ and Fitch, respectively (data not shown). Differences in branch
lengths between Mo and the most recent taxa were then used for
the calculation of the evolutionary rate for HTLV-IIa in IDUs,

Fig. 1. (A) Likelihoodmappingand g-distributionof ratesamongsites for the26HTLV-II strains, aligned in theLTRregion, isolatedfromAmerindianandPygmytribes.
Dots in the corners represent fully resolved phylogeny, whereas dots in the center represent phylogenetic noise possibly caused by star-like evolution. To approximate
a g-distribution of nucleotide substitution rates across sites, we used a discrete g-model with eight rate categories: the horizontal axis represents the rate category, and
the vertical axis represents relative rates. The shape of the curve is determined by the parameter a, estimated (together with the relative rates) for each group of aligned
sequences with the maximum likelihood method: the curve is L-shaped with a , 1, bell-shaped with a . 1. (B) Likelihood mapping and discrete g-distribution of rates
among sites for the 42 HTLV-II strains, aligned in the LTR region, isolated from IDUs.

Table 1. Maximum likelihood ratio test for molecular clock hypothesis

Strains used

No. of
strains,

n

Transitiony
transversion

bias

Pyrimidine
transitionypurine

transition bias

ln
likelihood
without
the clock

(ML)

ln
likelihood
with the

clock
(MLK) 2 (lnML 2 lnMLK)

Significance,
P value

Rejection of
the

molecular
clock

IIend1IIidu 68 2.38 1.39 21540.86 21595.98 110.22 0.0005 Yes
IIend 26 3.85 1.50 21059.00 21076.13 34.26 0.08 No
IIidu 42 1.38 2.07 21158.12 21180.09 43.93 0.31 No

IIend includes the HTLV-IIa, HTLV-IIb, and HTLV-IId strains, isolated from Amerindian and Pygmy tribes as described in the text. IIidu includes the HTLV-IIa and
HTLV-IIb strains, isolated from United States, European, and Vietnamese IDUs. The P value is calculated according to a x2 test with n 2 2 degrees of freedom.
The clock is not rejected when the difference between the likelihoods with and without the clock is not significant (P . 0.05).
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resulting in 2.7 3 1024 nucleotide substitutions per site per year
(ntysiteyyr). The rate calculated on the Fitch tree was slightly
higher. Because IIa and IIb IDU strains evolve following the same
molecular clock, the rate can be considered an estimate for the LTR

evolutionary rate of both HTLV-IIa and -IIb among IDUs. By using
this rate on the tree in Fig. 2B, it was possible to estimate the
beginning of the HTLV-IIa epidemic among IDUs to be '1955 and
the beginning of the HTLV-IIb epidemic to be '1975. The 20 more
recent HTLV-IIb strains, used in the LTTP of Fig. 3C, originated
around 1979.

The evolutionary rate of HTLV-II in the LTR among Amerin-
dian and Pygmy infected tribes can be estimated, considering the
tree in Fig. 2A. HTLV-II in Amerindians is present in both
paleo-Indian and Na-dene populations, but so far it has not been
found in Aleut, suggesting that the virus must have been carried
along with the earliest human migrations over the Bering strait
15,000–35,000 years ago (13, 18, 33, 34, 45). The divergence in the
Amerindian population therefore has been accumulated during
15,000–35,000 years or even more because the divergence of
HTLV-IIa and HTLV-IIb might have occurred in Asia when the
two populations responsible for the two earliest Amerindian mi-
gration waves separated from each other. We used this time interval
to calibrate the molecular clock in Amerindians, resulting in an
evolutionary rate of 1.71 3 1026 to 7.31 3 1027 ntysiteyyr.
Calculating back toward the separation of HTLV-IId from IIa and
IIb, the origin of the HTLV-II tree was putatively placed between
20,000 and 47,000 years ago (Fig. 3A). Since the origin of the virus,
the infected population grew slowly as can be deduced from the
shape of the curvature given in Fig. 3A. By using the estimated
evolutionary rates, the separation between the Bakola pygmy strain
PYGCAM-1 and that of the Seminole Amerindian SEM1050 must
have occurred only '400 years ago, and the separation with the
Wayu strain WY100, which has a sequence identical to that of
PYGCAM-1, occurred even more recently.

SplitsTrees of HTLV-II Among IDUs and PygmyyAmerindian Tribes. The
split decomposition trees, using the IIend alignment and the IIidu
alignment are given in Fig. 4. Because of the computational limits
of the method, only 22 IIidu and 18 IIend strains were used,
representing all of the major clades of the trees in Fig. 2. The IIend
alignment shows a classical tree-like behavior (Fig. 4A). For HTLV-
IIa, the earliest internal node is occupied by Na-dene populations

Fig. 2. (A) UPGMA phylogenetic tree of the 26 HTLV-II strains, in the LTR, isolated from Amerindian and Pygmy tribes. The bootstrap statistical analysis was applied
byusing1,000bootstrapsamples.PercentagebootstrapsfortheUPGMAtreearereported(inbracketsbootstrapvaluesfortheKitchtree).Thedatesonthetree indicate
the time suggested for the origin of the Amerindian strains (given in bold) and the estimated divergence time between the African Efe2 strain and the other HTLV-II
strains. (B) UPGMA phylogenetic tree of the 42 HTLV-II strains, in the LTR, isolated from IDUs. The dates on the tree represent the estimated origin of the HTLV-IIa and
HTLV-IIb epidemic in IDUs. Clades indicated with the bold line are those showing a uniform higher rate of cladogenesis with respect to the other strains in the tree (see
Results).

Fig. 3. (A) LTTP of the 26 HTLV-II strains, in the LTR, isolated from Amerindian
and Pygmy tribes. The time at which each lineage division occurs on a constant-
rate (UPGMA)phylogenetic tree isplottedwiththetimeaxis scaledasthenumber
of nucleotide substitutions from the root of the tree to the tips. (B) Endemic
transform of the same data. This transformation of the vertical axis determines
whether the population has been constant (straight line) or linearly growing
(downward curvature, as here) or declining (upward curvature) through time. (C)
LTTP of the 20 HTLV-IIb strains, in the LTR, isolated from IDUs with higher than
expected rate of cladogenesis (branches indicated in bold in Fig. 2). (D) Epidemic
transform of the same data. This transformation of the vertical axis determines
whether the rate of population growth has been constant (straight line), increas-
ing (upward curvature), or decreasing (downward curvature) through time.

13256 u www.pnas.org Salemi et al.



(NAV.DS and DSA), suggesting transmission of HTLV-IIa from
Na-dene (Navajo) to Paleo-Indian (Kayapo). For HTLV-IIb, two
Paleo-Indian strains (Pueblo, strain JD and Guaymi, strain G12)
occupy the earliest internal node, suggesting that the origin of
HTLV-IIb is among Paleo-Indians. These data support the intro-
duction of HTLV-II in two separate waves, one with Paleo-Indian
migrations resulting in HTLV-IIb and the second with Na-dene
migrations resulting in HTLV-IIa. In contrast, the IIidu SplitsTree
shows a complex network reflecting different conflicting phylog-
enies (Fig. 4B), and it could be attributed to the fact that each virus
strain among IDUs could be transmitted several times to a number
of different individuals by needle sharing.

Discussion
Different Evolutionary Rates of HTLV-II in Different Populations. The
main goal of the present study is to demonstrate that HTLV-II
has two rather different population dynamics in two different
infected groups, leading to dramatic differences in its evolution-
ary rate. In a previous paper, we estimated the evolutionary rate
in the LTR of HTLV-II among IDUs to be '1024y1025 nty
siteyyr, assuming a time interval of between 25 and 100 years for
the introduction of intravenous drug usage in the United States
(35). The results of the present study show that two different
molecular clocks exist for HTLV-II: the one for the virus
infecting IDUs ticking 150–350 times faster than the one ticking

for the virus present in endemically infected Amerindian and
African pygmy tribes. RNA virus evolutionary rates generally
range from '1022 to 1024 ntysiteyyr (46). The LTR of HTLV-II
among IDUs evolves at a rate, 2.7 3 1024, still compatible with
the rates reported for retroviruses. Among endemically infected
tribes the estimated rate, 1.71 3 1026y7.31 3 1027, is much
lower, justifying the classification of HTLV-II as a slowly evolv-
ing retrovirus. This and previous phylogenetic analyses per-
formed on different gene regions including the LTR, env, and pX
gene regions show that this difference cannot be due to different
genomic features of the virus infecting the two populations
because both contain closely related IIa and IIb strains (13,
24–29, 35). Different HTLV-II subtypes evolve at the same rate
or at a different rate depending only on the populations (IDUs
or AmerindianyAfrican pygmy tribes) from which they are
isolated. In contrast, in endemically infected tribes, all the sites
of the HTLV-II LTR seem to evolve more or less at the same
rate, suggesting neutral evolution. This latter statement has to be
considered cautiously because the error in estimating the a
parameter of the g-distribution of rates across sites for the IIend
dataset is quite high. Both the likelihood-mapping method and
the split decomposition method reveal different evolution dy-
namics in the two populations. Among endemically infected
tribes, HTLV-II evolves after a tree-like process, whereas among
IDUs, there is much more phylogenetic noise, implying a star-
like evolution. Indeed, branching pattern analysis of the phylo-
genetic trees is in agreement with the idea of a virus linearly
increasing its population through time among endemically in-
fected tribes (Fig. 3A) vs. a virus exponentially growing among
IDUs (Fig. 3C). Although LTTP seem quite powerful in de-
scribing population dynamics of viruses (47), the analysis is
limited by the fact that only a tiny proportion of the contempo-
rary lineages can be sampled.

On the basis of these observations, the evolutionary rate of
HTLV-II appears to depend on the way the virus is spread and
thus on the mode of transmission. Mother-to-child transmission
via breast-feeding in endemically infected tribes or transmission
via needle sharing among IDUs might contribute to differences
in evolutionary rate of related HTLV-II strains. HTLV-II-
infected cells in vivo are subjected to clonal expansion (48).
Hence, the reverse transcription step is less necessary for the
virus to maintain its population in the host during its lifetime,
whereas it might be considered necessary for the infection of a
new host. Consequently, the higher the transmission rate, the
higher the probability of mutations and thus the evolutionary
rate of the virus. Other mechanisms might be also involved.
Many HTLV-II seropositive IDUs are co-infected with HIV.
Therefore, the presence of HIV and of a weaker immune system
could also affect the HTLV-II evolutionary rate. However, no
effects of HIV on the expression and replication cycle of
HTLV-II have been reported so far (48–50). In conclusion, the
dramatic increase in the evolutionary rate within IDUs does not
seem to be related to co-infection with HIV but rather to the
increased rate of transmission of HTLV-II.

Considering the implications of the evolutionary rate of
retroviruses for virulence, pathogenesis, and the ability to de-
velop effective antiviral drugs and vaccine, the possibility of a
dramatic increase in the rate as a result of different modes of
transmission should be considered with attention as a potential
source of development of new and more aggressive viral variants.

Early History of HTLV-II in Endemically Infected Tribes. HTLV-II was
introduced into the Americas some 15,000–35,000 years ago,
which is 500–2,000 human generations ago. In such a long
period, we can assume that any Amerindian strain, a descendent
of an ancient virus inherited via breast-feeding, is a result of at
least 500–2,000 transmissions or even more considering also the
reported sexual transmission of this virus in Amerindian tribes

Fig. 4. (A) SplitsTree obtained with the split-decomposition method, of 18
HTLV-II strains, in the LTR, isolated from Amerindian and Pygmy tribes. (B)
SplitsTree of 20 HTLV-II strains, in the LTR, isolated from IDUs.
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(22). Following this reasoning, it is clear that the HTLV-IIb
PYGCAM-1 strain isolated from a Bakola Pygmy in Cameroon
and identical to the Colombian Wayu WY100 strain is unlikely
to be the descendent of an ancient virus separated from the other
Amerindian HTLV-IIb strains before the Bering straits migra-
tions because we would assume that this strain has been vertically
transmitted for at least 500–2,000 human generations without
any single mutation in the LTR. We estimated that PYCAM-1
diverged no more than 400 years ago. Thus, the infection by this
strain more than likely resulted from the increased human
mobility and decreased isolation of Bakola pygmies during the
last centuries (45). In contrast, by using the Bering strait
migration time to date the origin of Amerindian strains, the
highly divergent HTLV-IId Efe2 strain, isolated from a Mbuti
pygmy, diverged from the other HTLV-II strains at least 20–
47,000 years ago, which is in agreement with the view that there
has been a long separation between African Mbuti pygmies and
non-African human population following the exodus out of
Africa of modern humans (45).

Recent History of HTLV-II in IDUs. In the last few decades, HTLV-II
among IDUs has spread exponentially because of needle sharing.
In just 1 year, a single IDU could potentially transmit his or her
strain to many other IDUs. According to our calculations,
HTLV-IIb was introduced in IDUs during the 1950s and HTLV-
IIa during the 1970s. In particular, HTLV-IIb seems to have
sharply increased its population at the end of the 1970s. The
increase in morphine usage after the Second World War, as a
painkiller, and the increase of intravenous drug usage, especially
among young people during the last 20 years, could be respon-
sible for these epidemic waves of HTLV-II in humans.
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G. (1985) Lancet ii, 407–410.
6. Osame, M., Matsumoto, M., Usuku, K., Izumo, S., Ijichi, N., Amitani, H., Tara, M.

& Igata, A. (1987) Ann. Neurol. 21, 117–122.
7. Hall, W. W., Takayuki, K., Ijichi, S., Takahashi, H. & Zhu, S. W. (1994) Semin.

Virol. 5, 165–178.
8. Hall, W. W., Ishak, R., Zhu, S. W., Novoa, P., Eiraku, N., Takahashi, H., Ferreira,

C., Azevedo, V., Ishak, M. O., Ferreira, C., et al. (1996) J. Acquired Immune Defic.
Syndr. 13, S204–S214.

9. Murphy, E. L., Friday, J., Smith, J. W., Engstrom, J., Sacher, R. A., Miller, K.,
Gibble, J., Stevens, J., Thomson, R., Hansma, D., et al. (1997) Neurology 48,
315–320.

10. Ehrlich, G. D., Glaser, S. B., La Vigne, K., Quan, D., Mildvan, D., Sninsky, J. J.,
Kwo, S., Papsidero, L. & Poiesz, B. J. (1989) Blood 74, 1658–1664.

11. Lee, H., Swanson, P., Shorty, V. S., Zack, J. A., Rosenblatt, J. D. & Chen, I. S. Y.
(1989) Science 244, 471–475.

12. Zella, D., Mori, L., Sala, M., Ferrante, P., Casoli, C., Magnani, G., Achilli, G.,
Cattaneo, E., Lori, F. & Bertazzoni, U. (1990) Lancet 335, 575–576.

13. Biggar, R., Taylor, M. E., Neel, J. V., Hjelle, B., Levine, P. H., Black, F., Shaw,
G. M., Sharp, P. M. & Hahn, B. (1996) Virology 216, 165–173.

14. Duenas-Barajas, E., Bernal, J. E., Vaught, D. R., Briceno, I., Duran, C.,
Yanagihara, R. I. & Gajdusek, D. C. (1993) AIDS Res. Hum. Retroviruses 8,
1851–1855.

15. Gessain, A., Mauclère, P., Froment, A., Biglione, M., Hesran, J. Y. L., Tekaia, F.,
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