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Abstract 
Molecular variants of human T-cell lymphotropic virus type I (HTLV-I) have been isolated recently from 

lifelong residents of remote Melanesian populations, including a Solomon Islander with tropical spastic 
paraparesis/HTLV-I-associated myelopathy (TSP/HAM) or HTLV-I myeloneuropathy. To clarify the genetic 
heterogeneity and molecular epidemiology of disease-associated strains of HTLV-I, we enzymatically ampli- 
fied, then directly sequenced representative regions of the gag, pol, env, and pX genes of HTLV-I strains from 
Melanesians with and without TSP/HAM, and aligned and compared these sequences with those of HTLV-I 
strains from patients with TSP/HAM or adult T-cell leukemia/lymphoma and from asymptomatic carriers 
from widely separated and culturally disparate populations. Overall, the HTLV-I variant from the Solomon 
Islander with TSP/HAM, like HTLV-I strains from asymptomatically infected Melanesians, diverged by approx 
7% from cosmopolitan HTLV-I strain. No disease-specific viral sequences were found. Gene phylogenies, as 
determined by the unweighted pair-group method of assortment and by the maximum parsimony method, 
indicated that the Melanesian and cosmopolitan strains of HTLV-I have evolved along separate geographically 
dependent lineages, one comprised of HTLV-I strains from Papua New Guinea and the Solomon Islands, and 
the other composed of virus strains from Japan, India, the Caribbean, Polynesia, the Americas, and Africa. 
The total absence of nonhuman primates in Papua New Guinea and the Solomon Islands precludes any possi- 
bility that the Melanesian HTLV-I strains have evolved recently from the simian homolog of HTLV-I. 

Introduction 

Disease-specific long terminal repeat (LTR) and 
env gene sequences have not been found in strains 
of human T-cell lymphotropic virus type I (HTLV-I) 
isolated from patients with tropical spastic para- 

paresis/HTLV-I-associated myelopathy (TSP/ 
HAM) or adult T-cell leukemia/lymphoma (ATLL), 
and virus strains from asymptomatically infected 
carriers are genetically indistinguishable from dis- 
ease-associated strains (1-7). Instead, previous 
studies on the genomic heterogeneity of HTLV-I 
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Table 1 
Virus Strains and DNA Source for HTLV-I Gene Amplification and Sequence Analysis 

Country of origin 

DNA source for PCR 

Age, Clinical Uncultured Cultured T-cell 
sex Birth Residence status Virus name PBMC PBMC line 

Papua New Guinea 

Solomon Islands 

21M Madang Madang AC HTLV-I MEL 1 + + 
60F Madang Madang AC HTLV-I MEL 2 + + 

31M Madang Madang AC HTLV-I MEL 7 + + 
39F New Georgia Guadalcanal AC HTLV-I MEL 3 + + 
60F Guadalcanal Guadalcanal AC HTLV-I MEL 4 + + 

58M Guadalcanal Guadalcanal AC HTLV-I MEL 5 + + + 
38M Guadalcanal Guadalcanal TSP HTLV-I MEL 6 + + 
49M New Georgia Guadalcanal AC HTLV-I MEL 8 + 
75M Rendova Guadalcanal AC HTLV-I MEL 9 + 
13F Guadalcanal Guadalcanal AC HTLV-I MEL 10 + 
42F Guadalcanal Guadalcanal AC HTLV-I MEL 11 + 
60F Guadalcanal Guadalcanal AC HTLV-I MEL 12 + + 
60F Bellona Bellona AC HTLV-I BEL 1 + + + 
50F Bellona Bellona AC HTLV-I BEL 2 + 

indicate a geographic dependence,  as well as a high 
degree of sequence conservation (4,8-11). In fact, 
the so-called cosmopoli tan strains of HTLV-I from 
Japan, India, the Caribbean basin, the Americas, 
and Africa typically exhibit >98.5% sequence simi- 
lar i ty  a m o n g  themselves .  Even the var iants  of 
HTLV-I from the equatorial region of Zaire are 96.5- 
98% identical to other cosmopolitan strains (4,5,9,). 
By contrast, the recently identified Melanesian vari- 
ants of HTLV-I (12,13) diverge by approx 7% from 
cosmopol i tan  strains of HTLV-I, including those 
from Zaire (14-18). Thus, the Melanesian HTLV-I 
strains differ from cosmopoli tan strains even more 
than do strains of simian T-cell lymphotropic virus 
type I (STLV-I) from chimpanzees and African mon- 
keys (19-23). 

The identification of a case of TSP/HAM in a life- 
long resident of the Solomon Islands (24) provided 
an oppor tuni ty  to determine if disease-specific viral 
sequences were similarly nonexistent  among the 
Melanesian HTLV-I strains. We amplified by poly- 
merase chain reaction (PCR), then directly sequenced 
selected regions of the gag, pol, env, and pX genes of 
HTLV-I s t ra ins  f rom a S o l o m o n  I s l ander  w i th  
T S P / H A M  and from asymptomat ica l ly  infected 
Melanes ians  f rom Papua  New  Guinea and the 
Solomon Islands. The virus strain from the Solomon 
Is lander  wi th  T S P / H A M  was closely related to 
other Melanesian HTLV-I strains, indicating that 
these sequence variants of HTLV-I are capable of 
caus ing  disease.  Recent ly sequence  var iants  of 
HTLV-I, w h i c h  are gene t i ca l ly  r e la ted  to the  
Melanesian strains, have been isolated from Aus- 
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t ral ian Abor ig ina ls  wi th  adu l t  T-cell l eukemia  
(25,26). These data further suppor t  the concept that 
HTLV-I genomic diversity is more a function of geo- 
graphic origin than of disease. 

Materials and Methods 
Virus Strains 

HTLV-I strains from 12 Melanesians from Papua 
New Guinea and the Solomon Islands (Table 1) and 
f rom two w o m e n  (50- and 60-yr-old) f rom the 
Polynesian Outlier Bellona, all of w h o m  had sero- 
logical evidence for HTLV-I infection, as verif ied 
by Western blot  analys is  (Cambr idge-Bio tech ,  
Worcester, MA), were s tudied (Figs. I and 2). All but  
one of these individuals were asymptomatic  carri- 
ers, the exception being a 38-yr-old lifelong resident 
of Guadalcanal  who  had typical HTLV-I myelo- 
neuropathy (24). T-cell lines harboring HTLV-I strains 
were available from three Melanesians (strains MEL 
1, MEL 3, and MEL 5) and one Polynesian (strain 
BEL 1) (12,13). Informed consent was obtained from 
all s tudy participants. 

Virus strains from Papua New Guinea were from 
members belonging to a 260-member, recently con- 
tacted hunter-horticulturalist group (Hagahai) liv- 
ing along the nor thern  banks  of the Yuat River 
Gorge, at altitudes of 200-1800 m, in the western- 
most  reaches of the Schrader Range in Madang  
province (Fig. 1 and Table 1). The Hagahai  share 
certain cultural practices with some lowland and 
highland New Guinean groups (27), but  analysis of 
their HLA-DR antigens indicates that they are dis- 
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Fig. 1. Map of Melanesia, depicting the geographic relationship between New Guinea, Solomon Islands, 

Vanuatu, and New Caledonia. Arrows indicate where study participants resided. Blood specimens were 
collected after obtaining informed consent. 

tinct from both coastal and highland groups and 
may represent descendants of an independent 
group of migrants, who arrived more than 5000 yr 
before present (28,29). 

Seven of the nine HTLV-I strains from the Solomon 
Islands were from three unrelated families residing 
in Honiara, Kolosulu, and Marau on Guadalcanal 
(18). Members of two families were born elsewhere 
in the Solomon Islands (two on Morovo Lagoon and 
one on Rendova in the New Georgia group of 
islands, approx 250 km west of Guadalcanal). None of 
these nine individuals had traveled outside the 
Solomon Islands and six had never left Guadalcanal. 

Gene Amplification 
High-molecular-weight genomic DNA from a 

Solomon Islander with TSP/HAM and from 11 
asymptomatically infected Melanesians from Papua 
New Guinea and the Solomon Islands was sub- 
jected to PCR. DNA was extracted using a non- 
organic method (Oncor, Gaithersburg, MD) from 
uncultured peripheral blood mononuclear cells 
(PBMC), from PBMC maintained in culture for 4 wk 
and, when available, from T-cell lines derived from 
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infected Melanesians (Table 1). Unamplified DNA 
and enzymatical ly amplif ied products  were 
handled by different personnel in separate rooms, 
and all specimens and reagents were dispensed into 
sterile tubes, using positive-displacement pipeting 
devices or pipeters fitted with aerosol-resistant tips. 

Oligonucleotide primers for PCR and for direct 
DNA sequencing were derived from sequences of 
the Japanese HTLV strain ATK (30) for the B-cell 
immunodominant domain on the carboxy-terminal 
p19-encoding region of the gag gene (bases 1081-1100, 
5'-ACTCATCCAAACCCAAGCCC-3' and bases 
1278-1257, 5'-GCCTGTAGGTCTTTCATTTGC-3'); 
the amino-terminal p24-encoding region of the 
gag gene (bases 1423-1444, 5'-CCATCACCAG 
CAGCTAGATAGC-3' and bases 1560-1537, 5'- 
AGTTGCTGGTATTCTCGCCTTAAT-3'); the 3'- 
end of the pol gene (bases 4757-4778, 5'-CCCT 
ACAATCCAACCAGCTCAG-3' and bases 4942- 
4919, 5'-GTGGTGAAGCTGCCATCGGGTTTT-3'); 
the gp46-encoding region of the env gene (bases 
5228-5246, 5'-TTTATTCTTCCAGTTCTGC-3' and 
bases 5596-5572, 5'-TAGGGGCTGGAGACGG 
CTCCTGTAT-3'); the gp21-encoding region of the 
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Fig. 2. Enhanced HTLV-I Western blot of sera, 
diluted 1:100, from six Melanesians (their corresponding 
virus strains were MEL 1-MEL 6) and two Polynesians 
(BEL 1 and BEL 2), showing reactivity to HTLV-I gag- 
encoded proteins p19 and p24, tax protein p40, and 
env gene products gp21 and/or gp46. Serum from a 
patient with adult T-cell leukemia/lymphoma served 
as the positive control (+). Viral protein-specific IgG 
antibodies were detected by the avidin-biotin technique. 
Viral proteins were prepared from the HTLV-I-infected 
cell line, HUT102. The purified, nonglycosylated 
recombinant transmembrane protein (2Ie) migrated at 
16 kDa. 

env gene (bases 6044-6067, 5'-TCAAGCTATA 
GTCTCCTCCCCCTG-3' and bases 6590-6613, 5'- 
GGGAGGTGTCGTAGCTGACGGAGG-3'); and 
the orf-II of the pX gene (bases 7358-7377, 5'- 
CGGATACCCAGTCTACGTGT-3' and bases 7516- 
7496, 5'-GAGCCGATAACGCGTCCATCG-3'). 

Primers were used at a final concentration of I WVI 
in a reaction mixture of 100 ~tL containing 2 ~tg of 
DNA and 2.5 U of Thermus aquaticus DNA poly- 
merase (Perkin-Elmer/Cetus, Norwalk, CT) and 
comprised of 50 mM KC1, 10 mM Tris-HC1 (pH 8.3), 
1.5 mM MgC12, and 0.2 rnM each dNTP. Using a 
DNA thermal cycler (Perkin-Elmer/Cetus), the 
mixture was initially denatured at 94~ for 5 rain, 
then cycled 45 times at 94~ for I rain, 55~ for 1.5 
min, 72~ for 3 rain, with a final extension of 7 min 

at 72~ before storing at 4~ (31). Enzymatically 
amplified DNA was electrophoresed on 1.2% agar- 
ose gels to ascertain the presence of the appropri- 
ately sized fragment. As further verification, 
size-fractionated DNA was transferred onto nylon 
membranes and hybridized under high-stringency 
conditions using a 32p-labeled full-length HTLV-I 
probe (Oncor), as described previously (31). 

Direct Sequencing of Amplified Products 
Enzymatically amplified DNA samples, purified 

using Centricon 100 microconcentrators (Amicon 
Division, Danvers, MA), were sequenced directly 
by the dideoxy chain-termination method, using 
the same primers employed for PCR. Sequencing 
was performed in both directions using the Taq dye 
deoxy-terminator cycle sequencing kit (Applied 
Biosystems, Foster City, CA) on an automated 
sequencer (model 373A, Applied Biosystems) (7,22). 
Sequence ambiguity was resolved by manual sequen- 
cing using the Sequenase version 2.0 DNA sequenc- 
ing kit (US Biochemicals, Cleveland, OH). Direct 
sequencing of the PCR products was chosen be- 
cause it obviated the need for cloning and provided 
rapid genetic information on the predominant virus 
genome within an infected individual (32). 

For manual sequencing, reactions were initiated 
by mixing 6 ~tL of heat-denatured DNA template, 2 
p.L of 5X concentrated Sequenase buffer (Sequenase 
version 2.0 DNA sequencing kit, US Biochemicals) 
and 2 ~tL (1.25-1.5 ~tCi) of ~,_[32p] ATP end-labeled 
sequencing primer in a 1.5-mL microcentrifuge 
tube, heating to 98~ for 5 min, and snap cooling 
on ice followed by brief centrifugation. To this 
annealed template-primer mixture was added 2.5 
p,L of dithiothreitol (DTT)-Mn 2+ (1 ~tL 0.1M DTT, 1 
~tL 0.1M Mn 2§ 1 ~tL deionized distilled water) fol- 
lowed by mixing with 2 ~tL of Sequenase enzyme, 
diluted 1:8. Following centrifugation, the above 
template-primer mixture (3.5 ~tL) was dispensed 
into each of four tubes to which 2.5 ~tL aliquots of 
an appropriate dNTP DNA termination mix was 
added and incubated at 37~ for 3 min. Reactions 
were stopped on ice by adding 4 ~tL of stop solu- 
tion. Samples were then heated at 80~ for 3 rain 
and electrophoresed on 8% denaturing polyacryla- 
mide gels in the presence of 1X TBE at 1400 V. Gels 
were thereafter dried and exposed to Kodak X- 
Omat film at -80~ for 1-3 d. 

For automated sequencing, reaction premixes 
were prepared by mixing 4 ~tL of 5X TACS buffer, 1 
~tL of dNTP mix, 1 ~tL each of dye deoxyterminators 
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and 0.5 ~tL (4 U) of Ampli Taq DNA polymerase in 
0.6-mL microcentrifuge tubes. In separate 0.6-mL 
tubes, 2.5 ~tL of autoclaved deionized distilled 
water, 9.5 ~tL of the above reaction premixes, 7 ~tL of 
heat-denatured DNA template, and 1 ~tL 3.2 pM 
primer were dispensed, then mixed, centrifuged, 
and overlaid with 40 ~tL of mineral oil. Samples 
were then cycled 25 times at 96~ for 30 s, 50~ for 
15 s, and 60~ for 4 min before holding at 4~ The 
sequencing products were purified using Centri- 
Sep TM columns (Princeton Separations, Adelphia, 
NJ). To the vacuum-dried eluate was added 5 ~tL of 
deionized formamide-EDTA mixture (deionized 
formamide 5 ~tL and 1 ~tL 50 mM EDTA, pH 8.0) 
heated at 90~ for 2 min, snap cooled on ice, and 2 
~tL samples were electrophoresed on 6% denaturing 
polyacrylamide gels, using an automated sequencer. 

Sequence and Phylogenetic Analyses 
Nucleotide and deduced amino acid sequences of 

the HTLV-I variants from the Solomon Islander with 
TSP/HAM and from asymptomatic Melanesian car- 
riers were aligned and compared with those of 
HTLV-I strains from patients with TSP/HAM or 
ATLL and from asymptomatically infected individu- 
als from various geographic regions, including 
strains ATK (30), MT-2 (33,34), H5 (35), and TSP-1 
(36) from Japan; strains BEL 1 and BEL 2 (18) from 
the Polynesian Outlier Bellona; strain 20 (5) from 
China; strains CMCH 1, CMCH 3, CMCH 4, CMCH 
5, CMCH 7, and CMCH 13 (7) and SG (37) from 
India; strain H990 (10) from Romania; strains HS-35 
(38), 1010/3 (38), CH (4,9), and RD-1 (39) from the 
Caribbean basin; strains I and 4 (5) from Martinique; 
strains 5 and 7 (5) from Guadeloupe; strain 11 (5) 
from Haiti; strain 8 (5) from French Guyana; strains 
pt3, pt5, and pt8 (10) from Brazil; strain ST (40) from 
Chile; strain 10 (5) from Peru; strains CR (22), SP 
(4), and AJ5740 (41) from the US; strains EL (4,9), 
Z23, and Z69 (5) from equatorial Zaire; strain CTCL- 
11B (16) from Liberia; strains 15 and 19 (5) from 
Ivory Coast; strain 1711 (5) from Guinea Bissau; 
strain 14 (5) from Mauritania; and strain 13 (5) from 
Central African Republic. 

Sequence analysis was facilitated by using pro- 
grams available on the VAX computer system, as 
part of the Genetics Computer Group (42). Nucle- 
otide sequences were aligned with the sequence 
editor PRETTY (Ann Palmenberg of UW Biophys- 
ics) and amino acid sequences were aligned with 
PUBLISH. Phylogenetic trees were constructed 
using the unweighted pair-group method of assort- 

ment (43), which assumes a constant rate of evolu- 
tionary change, and the maximum parsimony 
method (44), which accommodates variable rates of 
change. The branch-and-bound search of PAUP ver- 
sion 3.1 (44) was used to ensure finding the true 
number of parsimonious trees. 

Results 
Nucleotide Sequence Analysis 

For an overall view of the genomic heterogeneity 
of the HTLV-I strains from Melanesians with and 
without spastic myelopathy, we sequenced selected 
regions spanning nearly the entire genome, includ- 
ing the p19- and p24-encoding gag, pol, gp46-, and 
gp21-encoding env, and pX orf-II. When aligned and 
compared to representative strains of HTLV-I from 
other geographic regions, the nucleotide sequences 
of the HTLV-I strains from the Solomon Islander 
with spastic paraparesis and from the 11 asympto- 
matically infected Melanesian carriers exhibited 
multiple base substitutions in the gag, pol, and env 
genes (Fig. 3A-F). Most of these nucleotide changes 
were not found among cosmopolitan HTLV-I 
strains and were thus unique to the Melanesian 
strains. Some of the base changes differentiated 
between virus strains from Papua New Guinea and 
those from the Solomon Island (e.g., position 1156, 
1198, 1453, 1459, and 1501 in the gag gene; positions 
4786, 4804, 4834, 4844, 4858, and 4903 in the pol gene 
Fig. 3A-C), and a few of the mutations were found 
in only one virus strain (e.g., position 6342 in the 
env gene of strain MEL 5) (Fig. 3D). The tendency 
for some of the base substitutions to occur at identi- 
cal positions in the genes of cosmopolitan and 
Melanesian HTLV-I strains suggested a nonrandom 
nature to the mutation. In all three gene regions, 
nucleotide changes consisted primarily of transi- 
tions, with the majority being deoxycytosine to 
deoxythymidine substitutions or vice versa (Table 
2). No insertions, deletions, or frame shifts were 
detected in the regions sequenced. 

Identical proviral sequences were obtained from 
DNA extracted from fresh, uncultured PBMC, from 
PBMC maintained in culture for 4 wk, and from T- 
cell lines, indicating that the sequences of the 
Melanesian HTLV-I strains, presented here, repre- 
sent those of the predominant virus population in 
vivo and do not reflect selection of aberrant virus 
populations during short- or long-term mainte- 
nance of cells in culture. 

Compared to the HTLV-I strain TSP-1 (isolated 
from a Japanese patient with TSP/HAM), the nucle- 
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Table 2 
Sequence Comparison Between HTLV-I Strains from 12 Melanesians with a Japanese Strain of HTLV-I (TSP-1), 

Based on 1031 Nucleotides in Selected Regions of the gag, pol, and env Genes 

Country of origin 

Papua New Guinea 

Solomon Islands 

Percent divergence fTom TSP-1 Percent transitions 

Virus name gag pol env gag pol e n v  

HTLV-I MEL 1 5.2 10 7.6 80 79 81 
HTLV-I MEL 2 5.2 10 7.4 80 79 81 
HTLV-I MEL 7 5.2 10 7.4 80 79 81 
HTLV-I MEL 3 5.7 7.9 7.3 91 82 78 
HTLV-I MEL 4 5.7 7.9 7.2 91 82 78 
HTLV-I MEL 5 5.2 7.9 8.0 90 82 79 
HTLV-I MEL 6 5.7 7.9 7.2 91 82 78 
HTLV-I MEL 8 5.7 7.9 7.2 91 82 78 
HTLV-I MEL 9 5.7 7.9 7.2 91 82 78 
HTLV-I MEL 10 5.7 7.9 7.2 91 82 78 
HTLV-I MEL 11 5.2 7.9 7.7 90 82 79 
HTLV-I MEL 12 5.2 7.9 6.9 90 82 78 

otide sequence of the HTLV-I strain MEL 6 from a 
Melanesian with spastic paraparesis diverged by 11 
of 192 bases (5.7%) in the gag gene, 11 of 140 bases 
(7.9%) in the poI gene, 50 of 699 bases (7.2%) in the 
env gene, and 0 of 118 base in the p X  gene (Table 2). 
The overa l l  s e q u e n c e  s imi l a r i t y  b e t w e e n  the  
Melanesian HTLV-I strain MEL 6 and cosmopolitan 
HTLV-I strain TSP-1 was 93.7% (72 substitutions in 
1149 nucleotides). By contrast, when  aligned and 
compared to the Japanese prototype HTLV-I strain 
ATK, few base substitutions, primarily transitions, 
were found in each of the gene regions of HTLV-I 
strains from T S P / H A M  patients from other geo- 
graphical regions. Between HTLV-I strains from the 
S o l o m o n  I s l ands  and  those  f rom P a p u a  N e w  
Guinea, the genetic variation was 3.4-4.2% (32- to 
39-nucleotide differences), whereas it was 0.2-0.9% 
(2- to 8-nucleotide differences) among virus strains 
from the Solomon Islands. The sequence variation 
among the HTLV-I strains from the Solomon Islands 
was owing entirely to differences in the env gene. 

In the gag gene region, strain TSP-1 from Japan, 
which was identical to some HTLV-I strains from 
southern India, was more closely related to strain 
RD-1 from Jamaica (98.4%) than to strain MEL 6 
from the Solomon Islands (94.3%) (Fig. 3A,B). None 
of the nucleotide substitutions were shared between 
strains RD-1 and MEL 6. 

Mult iple  base subst i tut ion,  some result ing in 
amino acid changes, were found in the 5'-end of the 
gp46-encoding region of the env gene at positions 
5251-5263 (Fig. 3D). The base changes in this par- 
ticular region were so distinct, compared to the cor- 
responding region in cosmopolitan HTLV-I strains, 
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that they served as a "signature sequence" for the 
Melanes ian  HTLV-I strains.  Similarly, var iable  
regions were noted in the gp21 t ransmembrane pro- 
tein-encoding env gene (e.g., posit ions 6113-6128 
and 6410-6434) (Fig. 3E). 

HTLV-I s t ra ins  BEL 1 and  BEL 2 f rom the  
Polynesian Outlier within the Solomon archipelago 
were genetically much  more similar to cosmopoli- 
tan than to Melanesian strains of HTLV-I, differing 
by only 16 (1.4%) of 1149 nucleotides from the Japa- 
nese HTLV-I strain TSP-1. Consistent with  the high 
degree of sequence similarity elsewhere in the viral 
g e n o m e ,  the re  was  on ly  one  base  d i f f e r ence  
be tween  the s train TSP-1 and the s t rains  f rom 
Bellona in the 140-bp region of the pol gene (Fig. 3C). 
However, nearly all of the base substitutions in the 
gag and env genes of HTLV-I strains BEL 1 and BEL 
2 were distinct and were not shared with other cos- 
mopolitan or Melanesian HTLV-I strains (Fig. 3A-D). 

Sequence alignment and comparison of Melanesian 
HTLV-I strains with cosmopoli tan strains (from the 
Caribbean, Chile, Zaire, Bellona, India, and Japan) 
disclosed differences between the Japanese HTLV-I 
strain TSP-1 and all other HTLV-I strains regardless 
of their geographic origin, suggest ing a possible 
error in the originally reported sequence of HTLV-I 
TSP-1. For example, a discrepancy was noted in the 
gp21-encoding region of the env gene at posit ion 
6199 (Fig. 3E). 

Deduced Amino Acid Sequence 
Diversity and Conservation 
Base substitutions in the 31-amino acid region of 

the p24 capsid-encoding gag gene of the Melanesian 
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HTLV-I strains were silent. By contrast, in the 46- 
amino acid regions of the pol gene, the HTLV-I 
strains from Papua New Guinea and the Solomon 
Islands differed by four (8.7%) and two (4.4%) resi- 
dues, respectively, from the Japanese HTLV-I strain 
TSP-1. All of the Melanesian HTLV-I strains, like the 
HTLV-I variant EL from Zaire, but unlike HTLV-I 
strains from Japan, the Caribbean, and the Ameri- 
cas, had an amino acid-altering substitution at 
position 4910, resulting in an asparagine to histi- 
dine change. 

In the 108-amino acid gp46- and 124-amino acid 
gp21-encoding regions of the env gene, the Melanesian 
HTLV-I strains diverged by 5-6 (4.6-5.6%) and 5-7 
(4.0-5.6%) amino acids, respectively, from HTLV-I 
TSP-1. Despite this overall degree of amino acid 
sequence dissimilarity, the amino-terminal neutral- 
izing domain (comprised of amino acids 88-98, 
TrpIleLysLysProAsnArgAsnGlyGlyGly), encoded by 
bases 5463-5495, on the external envelope glyco- 
protein gp46 was totally conserved between 
Melanesian and cosmopolitan HTLV-I strains, except 
for HTLV-I ATK, in which the corresponding sequence 
was TrpThrLysLysProAsnArgAsnGlyGlyGly (Fig. 4). 
As further evidence for the structural conservation 
of functionally important domains, the amino acid 
sequence of the cleavage site on the gp61 envelope 
precursor protein, encoded by bases 6126-6143, and 
of the immunosuppressive region on the transmem- 
brane envelope protein, encoded by bases 6330- 
6407, were identical between Melanesian and 
cosmopolitan HTLV-I strains. 

The abovementioned region of sequence variabil- 
ity at the 5'-end of the env gene, in the region of the 
signal peptide, resulted in a predicted sequence for 
amino acids 16-21 of ProProIleLeuSerSer for HTLV- 
I strains MEL 1, MEL 2, and MEL 7 from Papua New 
Guinea and ProProIleLeuCysTyr for HTLV-I strains 
MEL 3, MEL 4, MEL 5, MEL 6, MEL 8, MEL 9, MEL 
10, MEL 11, and MEL 12 from the Solomon Islands 
(Fig. 4). For cosmopolitan HTLV-I strains, the corre- 
sponding sequences were ProLeuIlePheGlyAsp 
(for HTLV-I strains ATK, H5, BEL 1, BEL 2), 
ProLeuIleLeuGlyAsp (for HTLV-I strains MT-2, CH, 
HS-35, 1010/3, pt5, ST, SP), and ProLeuIleLeuSerAsp 
for HTLV-I strain EL). It is unclear to what extent 
these changes are functionally important. 

Phylogenetic Analysis 
As determined by the unweighted pair-group 

method of assortment and the maximum parsi- 
mony method, and based on the premise that these 
gene phylogenies permit inferences to be made 
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about virus phylogeny, evolutionary trees based on 
each gene region and tbose constructed by pooling 
sequences for the gag, pol, env, and pX gene regions 
of the Melanesian HTLV-I strains indicated that the 
virus strains from Papua New Guinea and the 
Solomon Islands formed a monophyletic group 
(Fig. 5A,B), that was phylogenetically distinct from 
a cluster formed by cosmopolitan strains of HTLV-I 
from Japan, the Polynesian Outlier Bellona, the Car- 
ibbean basin, and Africa. Moreover, these trees 
demonstrated that the Melanesian and cosmopoli- 
tan strains of HTLV-I have evolved along separate 
geographically dependent lineages. 

Six equally parsimonious trees, requiring 637 
nucleotide substitutions, were constructed from the 
699 nucleotides comprising the gp46 (325-bp) and 
gp21 (374-bp)-encoding regions of the env gene. 
Bootstrap probabilities (in percentage) for the inter- 
nal branches of the strict consensus tree, as deter- 
mined for 1,000 resamplings by PAUP, were quite 
high (91-100%), demonstrating that the HTLV-I 
strains from Japan, India, and the Caribbean formed 
a monophyletic group and that the Melanesian 
HTLV-I strains evolved independently of cosmo- 
politan strains (Fig. 5A). The branch pattern of the 
UPGMA trees based on the same env gene sequences 
and on 1149 nucleotides spanning the gag, pol, env, 
and pX genes were nearly identical to the consen- 
sus PAUP tree, using either STLV-I strain PtM3 or 
HTLV-II strain Mo as the outgroup (Fig. 5B). Con- 
gruency of the phylogenetic trees, based on differ- 
ent gene regions by two algorithms, supported the 
evolutionary relationship between the HTLV-I 
strains from Melanesia and other geographic regions. 

Discussion 
In this study, we amplified and sequenced repre- 

sentative regions of the HTLV-I gag, pol, env, and pX 
gene from a Solomon Islander with TSP/HAM and 
from virus-infected Melanesians without disease to 
ascertain the overall as well as the gene-specific 
sequence variation. Considering the presumed slow 
mutation rate of HTLV-I, a high degree of sequence 
similarity is not unexpected among HTLV-I strains 
within isolated populations. As demonstrated, the 
nucleotide sequences of the HTLV-I strain from a 
Solomon Islander with TSP/HAM and virus strains 
from a symptomatically infected Melanesian Solomon 
Islanders were nearly identical. These observations 
are in accord with previous reports demonstrating 
the absence of disease-specific long terminal repeat 
and env gene sequences in HTLV-I strains from 
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patients with HTLV-I-caused diseases (1-7). Simi- 
larly, the virus strains from the Hagahai exhibited 
little sequence diversity. Thus, the considerable 
sequence similarity among HTLV-I strains from 
Papua New Guinea and the Solomon Islands is con- 
sistent with a shared common ancestral virus, 
which may have been introduced by one of several 
founder populations and was maintained by vertical 
(as from mother-to-child via virus-infected breast 
milk) and horizontal (as from husband-to-wife via 
virus-infected genital secretions) transmission. 

Sequence analyses of HTLV-I strains indicate a 
geographic-dependent genetic similarity (4,8-11). 
Restriction analysis of enzymatically amplified LTR 
sequences of cosmopolitan HTLV-I strains from 
various geographic locales indicate the existence of 
three subtypes (11). In this regard, base substitu- 
tions and regions of variability unique to the 
Melanesian HTLV-I strains may also prove useful 
for direct genotyping of HTLV-I isolates (45; V. R. 
Nerurkar, K.-J. Song, and R. Yanagihara, unpub- 
lished observations). In addition, genotype-specific 
oligonucleotide primer-based PCR should facilitate 
studies aimed at elucidating the molecular epide- 
miology of the Melanesian strains of HTLV-I (46,47). 

Considerable sequence conservation of neutral- 
izing domains on the amino-terminal region and 
midregion of the external envelope glycoprotein 
have been found in HTLV-I strains, irrespective of 
their geographic origin (7,18,48,49). As determined 
by cross-neutralization assays using vesicular 
stomatitis virus pseudotypes bearing envelope 
antigens of HTLV-I, the neutralizing epitopes of cos- 
mopolitan and Melanesian HTLV-I strains were 
functionally indistinguishable, suggesting that 
HTLV-I exists as a single serotype worldwide (50). 
In further support, rabbits injected intravenously 
with a T-cell line harboring the Melanesian HTLV-I 
strain MEL 5 have been protected from infection by 
administering human IgG purified from asympto- 
matically infected Japanese carriers (51). Collec- 
tively~ these data infer that humoral immunity alone 
may afford adequate protection against HTLV-I 
infection and that either genetically engineered or 
synthetic peptide-based subunit vaccines would 
protect against infection with cosmopolitan and 
Melanesian HTLV-I strains. 

Changing patterns of communicable diseases 
and the acquisition of new infectious agents, such 
as hepatitis B virus, have occurred among the 
Hagahai since their sustained contact with outsid- 
ers, beginning in 1984 (27). However, it is unlikely 
that HTLV-I has been recently introduced to the 
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Hagahai because of the ages of the infected indi- 
viduals and the nonrandom distribution of infec- 
tion (52). Moreover, sera collected from other 
fringe-highland populations in the 1950s, at the 
time of first contact, indicate similarly high 
prevalences of HTLV-I infection. Thus, HTLV-I vari- 
ants from other populations in Papua New Guinea, 
and possibly West New Guinea, are likely to be 
genetically similar to the virus strains from the 
Hagahai. Unfortunately, since there are no other 
HTLV-I isolates from Papua New Guinea to date, it 
is unclear if the HTLV-I variant from the Hagahai are 
truly representative of virus strains circulating 
among other fringe-highland populations, which 
are genetically and culturally distinct from the 
Hagahai and have had contact for hundreds of 
years with many outside groups. This would be in 
accord with the demonstrated high degree of 
sequence similarity among HTLV-I strains from 
Melanesian Solomon Islanders and from Aborigi- 
nals living in widely separated regions in Australia 
(I. B. Bastian, personal communication). At the same 
time, it is uncertain if HTLV-I strains circulating 
among coastal New Guinean populations are more 
closely related to strains from the Solomon Islands, 
than to the viral isolates from the Hagahai. 

Radiocarbon dating of samples from a rock shel- 
ter on Buka Island off the northeastern coast of 
Bougainville establishes human occupation on the 
outer islands of New Guinea and the Solomon 
Islands, as far as San Cristobal, during the late Pleis- 
tocene epoch approx 30,000 yr ago (53,54). Thus, 
human settlements in some of these smaller islands 
within Melanesia are as old as those found on the 
Greater Australian continent of New Guinea and 
Australia (called Sahul) (55,56). Although it is 
uncertain when HTLV-I was introduced into these 
once remote Melanesian populations, our sequence 
and phylogenetic analyses indicate that the HTLV-I 
strains from Melanesians of Papua New Guinea and 
the Solomon Islands are more closely related to each 
other than to cosmopolitan HTLV-I strains. This in 
accord with evolution from ancestral strains of virus 
introduced by one of several founder populations, 
possibly as early as 40,000 yr ago. By contrast, the 
genetic similarity between HTLV-I strains from the 
Polynesian Outlier Bellona and other cosmopolitan 
HTLV-I strains, rather than to Melanesian viral 
strains, indicates a different and possibly more 
recent source of infection, with subsequent inde- 
pendent evolution of HTLV-I in Bellona. In any 
event, the total absence of nonhuman primates in 
Melanesia and Polynesia precludes any possibility 
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that  HTLV-I a m o n g  these genetically and cultural ly 
dist inct  popu la t ions  evo lved  recently f rom STLV-I, 
the s imian  h o m o l o g  of HTLV-I. Fur the r  molecu-  
lar gene t i c  c o m p a r i s o n s  b e t w e e n  the Aus t ra lo -  
Melanesian var iants  of HTLV-I, n o w  underway,  and  
s tudies  of fu ture  isolates of type  C retroviruses f rom 
India,  Southeas t  Asia, and  Indonesia  will more  fully 
clarify the emergence ,  evolut ion,  and  disseminat ion 
of HTLV-I in the wes te rn  Pacific region. 
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