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Introduction 

Epidemiologic understanding of the HIV pandemic 
has been greatly faci.litated by the development of 
the polymerase chain reaction (PCR) technique to 
amplify HIV nucleic acid from infected patients [1], 
and by the ability to classify, compare, and distin
guish the infecting viral strains on the basis of the 
nucleotide sequences found (2). Use of these tech
niques to investigate a cluster of HIV-l infections 
in a Florida dental practice confirmed that the den
tist's HIV-l infection had been transmitted to several 
of his patients [3,4). Transmission of HIV-l between 
brothers with hemophilia [5,6], children living to
gether [7], and nosocomial spread among pediatric 
inpatients [8] was confirmed by the genetic simi
larity between the infecting isolates. Contaminated 
clotting factor was confirmed, and blood transfusion 
ruled out, as a cause of iatrogenic transmission of 
HIV to a surgical patient [9]. 

In addition to confirming or ruling out likely chains 
of HIV transmission between individual patients, 
molecular epidemiology provides a broad overview 
of the geographic distribution of HIV strains and 
offers clues to how the virus has spread between 
regions and continents [2,10-13]. Data on the global 
patterns of genetic variation of HIV are important in 
designing and selecting candidate HIV vaccines and 
in planning efficacy trials to test them. To acceler
ate the collection of genetic data needed for vac
cine development, the World Health Organization 
(WHO) is coordinating an international network for 
HIV isolation and characterization [14,15), The US 
National Institutes of Health (NIH) is conducting a 
co~plementary system of virus collection from eight 
affihated research sites, including two sites in India 
and Thailand, where HIV incidence studies are un-

der way among cohorts of people at high risk for 
HIV [16,17]. 

Nomenclature 
HIV is a primate retrovirus in the family Retroviridae, 
subfamily Lentivirinae, and has been classified into 
types 1 (HIV-l) and 2 (HIV-2) [18]. Despite early 
efforts to standardize the nomenclature of HIV [18], 
it remains inconsistent, and there are no widely ac
cepted definitions for such microbiologic terms as 
strain, subtype or variant as used for HIV, or stan
d.ardized names for the taxonomic strata for classify
ing within HIV-l and HIV-2. Clades (from the Greek 
klados, meaning branch), borrowed from the phylo
genetic literature, was initially used to describe the 
major worldwide clusters or groupings into which 
HIV-l sequences are classified on the basis of ge
netic relatedness (19). Recently, however, the term 
subtype has been used synonymously with clade for 
this stratum of the taxonomy of HIV (20). 

Ou et al. [21] used the term genotype to describe a 
distinct cluster of genetically related variants within 
a subtype (i.e., a 'sub-subtype', the next stratum of 
HIV taxonomy), although they had used the term 
subtype for this purpose in a preliminary report (22). 
Louwagie et al. [23], however, used the term geno
type as a third synonym - along with clade and 
subtype- to describe the major worldwide genetic 
groupings of HIV-l, although they switched to suh
type in a later report (12). Scientific discourse on the 
molecular epidemiology of HIV would benefit from 
coinage,· standardization and consistency in terms 
for the taxonomic levels for HIV below the level of 
HIV type 1 and type 2. . 

For consistency in this review, we will use sub
type to describe the major genetic groupings (clades) 
of HIV-l. To refer to closely related genetic vari-
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ants that have been identified within a subtype, 
genotype will be used when determination is made 
by genetic sequencing or probe hybridization, 
while serotype will apply when identification is by 
serologic method. Although isolate usually implies 
growth in culture, in the absence of a more suit
able term this review will use isolate to refer to se
quence data identified from an individual patient, 
either from cultured virus or from proviral DNA 
amplified from peripheral blood mononuclear cells 
(PMBC). 

Genetic diversity and worldwide subtypes 
Several methods can be used to quantify the degree 
of genetic difference - often referred to as genetic 
diversity, divergence or variation-within or be
tween subtypes, genotypes and isolates [24,25], The 
most common is by first matching up all possible 
pairs among a sample of nucleic-acid sequences and 
determining the percentage of nucleotides at corre
sponding positions within each pair for which mu
tations such as substitutions or deletions have oc
curred. Then a mean is determined among all these 
percentages from all possible pairs to summarize 
the overall diversity among the isolates compared. 
Sometimes this percentage of genetic divergence is 
subtracted from 100%-representing exact 'homol
ogy' between isolates - to express the degree of nu
cleotide similarity. The degree of genetic difference 
between isolates is often illustrated in graphic trees 
produced by various phylogenetic analysis software 
programs [26]. 

Rapid heteroduplex mobility assays have recently 
been developed to estimate genetic diversity with
out expensive and labor-intensive DNA sequencing 
[27]. Consensus sequences, representing the most 
common nucleotides at each specific position in 
the genome among a group of isolates, are often 
generated for comparison. For simplicity, these se
quences are usually displayed using only the single-

letter code for the amino-acid product rather than 
the triplet nucleotide codons, although this prac
tice masks synonymous nucleotide substitutions that 
produce the same amino acid. 

Eight subtypes, designated A through F, Hand 0, 
have been described for HIV-1 [2,28-31] (A. Bobkov 
and R. Cheingsong-Popov, personal communica
tion, 1994). They are based on genetic similarities 
and differences in the env gene, which codes for 
the viral envelope and is the most common gene 
region for HIV phylogenetic analysis (Fig. 1). Sub
types A and D have been found primarily in central 
and western Africa. Subtype B is the predominant 
subtype in Europe, the Western hemisphere, Japan, 
and other areas once classified as epidemiologic pat
tern I [32,33], such as Australia. Subtype C has been 
found mostly in southern Africa, the Central African 
Republic and India. Subtype E was first identified in 
Thailand and recently in the Central African Repub
lic. Subtype F has been found in Romania [30] and is 
a rare variant in Brazil [28]. Isolates from Gabon and 
the Russian Federation were designated subtype H 
[2] (A. Bobkov and R. Cheingsong-Popov, personal 
communication, 1994). An 'outlier' subtype ° con
taining two human and two chimpanzee isolates has 
been identified in Cameroon and Gabon [2,34]. 

Sequencing of the relatively conserved gag gene of 
geographically diverse HIV-1 isolates yielded a clas
sification with seven subtypes, originally designated 
'genotypes' A through G [12,23], but renamed sub
types A-D and F-H [2], to avoid sharing letter des
ignations with unrelated env subtypes. Brazilian env 
subtype F variants used to be classified in gag sub
type E, but this has been renamed to gag subtype 
F. The gag subtypes now generally correspond with 
the env subtype of the same letter designation, but 
not always. For example, the HIV-1 Thai genotype 
A predominant in Thailand [35] is classified by env 
sequence in subtype E and by gag sequence in sub
type A [23]. The average nucleotide divergence be-
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Fig. 1. Comparison of global and Asian HIV-l consensus sequences. The figure illustrates the amino acids of the C2-V3 region 
of the HIV-l envelope (env) gene product of a global HIV-l consensus of subtypes ('clades') A through E, plus consensus 
sequences of subtypes A-E and F (adapted from Myers et al. [2]), plus Thailand HIV-l genotypes A (subtype EA) and B (subtype 
BB) [21]. Subtype F consensus sequence provided courtesy of Dr M. Kalish, Centers for Disease Control and Prevention. Shaded 
boxes represent the potential amino-linked glycosylation sites. The symbol'?' indicates no consensus for the amino acid in that 
position. For convenience, genomes are represented by the single-letter amino-acid code for their protein product rather than 
by the nucleotide bases that make up the codons. 



tween the five env subtypes A through E in their env 
and gag gene regions is estimated to be about 35% 
{361, while the six env subtypes A through F each had 
average genetic differences on phylogenetic analysis 
of 10-13% from a common ancestral node, perhaps 
representing the original agent of the pandemic [2]. 

The amount of HIV genetic sequence data from 
virus collected around the world and reported to 
the centralized database at the Los Alamos National 
Laboratory in the United States is steadily increas
ing [20]. Sequence data from Asia, although limited, 
have revealed unusual diversity. To date, five of the 
eight env subtypes reported worldwide (A, B, C, E 
and H) have been identified in Asia, and some of 
thes~ isolates are represented in the phylogenetic 
tree shown in Fig. 2. Although Asia was described 
as late as 1988 as having epidemiologic pattern III 
[32,33] - signifying few, if any, imported cases, with 
little or no autochthonous HIV transmission - this 
classification no longer applies to many parts of 
Asia where a distinct epidemic pattern has emerged 
[37-39]. Here we review the limited but remarkable 
findings on the molecular epidemiology of HIV in 
Asia, where the HIV pandemic is spreading rapidly 
and threatens the great population centers of South 
and East Asia. We start with Thailand, where infor
mation on HIV viral subtypes is the most detailed. 

Thailand 

The HIV pandemic did not clearly manifest its ar
rival in continental Asia until early 1988 in Thai
land, where explosive spread among injecting drug 
users ODU) was followed by rapid and sequential in
creases in HIV infection rates among sentinel hetero
sexual groups. Elsewhere in this supplement, Brown 
et al. [40] update previous reviews [37,41] of the Thai 
epidemic, whose molecular chronology is schema
tized in Fig. 3. 

Genome characterization 
Two distinct env genotypes of HIV -1, designated 'A' 
and 'B', were first identified in Thailand from pro
viral DNA extracted from PBMC collected between 
April and July 1991 from 63 infected high-risk pa
tients in seven sites scattered throughout the country 
[21,22]. Thai genotype A differed from all previously 
identified subtypes and was thus classified into a 
new subtype E, represented by isolate HIV-117794 
and others shown in Fig. 2 [45]. More recently, other 
env subtype E isolates with broader genetic diversity 
have been found in the Central African Republic, 
which therefore may be the area of origin of subtype 
E/Thai genotype A [46-48]. No dual infections with 
both Thai genotypes have yet been reported, nor has 
HIV-2 been identified in searches among Thai sera 
through 1992 [49]. 
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Fi~. 2. Phylogenetic tree of HIV-l variants from selected 
ASian sites ana reference strains of subtypes ('clades') from 
other world regions, produced by the neighbor-joining 
method of PHYLIP version 3.51c software [42]. The com
bined lengths of horizontal branches connecting any two iso
lates reflects the degree of genetic divergence, as determined 
by DNADIST (PHYLlP) from the pairwise frequency of nucleic
acid substitutions among the approximately 200 base pairs 
in the C2-V3 region analyzed. Height of vertical connect
ing bars does not reflect genetic divergence. SIVcpz was 
used as an outgroup sequence to root the tree. Previously 
published Asian sequences are from India (0757, 0760 
[31]), Japan (JH3 [43]) and Thailand (T7787-T8673 [21,22]; 
BK132, CM243 [44]). Other reference strains [2,45] are from 
the United States (SF2, MN, SC), South Africa (NOF), Uganda 
(U455), Zaire (ELI, Z2Z6, Z321) and Romania (R3 [30]). let
ters in parentheses after the strain designations indicate the 
nationality of the patient from whom it was isolated: I, In
dian; J, Japanese; T, Thai; M, Myanmarese (Burmese). 

Although Thai genotype B falls within subtype B, it 
is different from the subtype B variants that are pre
dominant in the Americas and Europe, such as ref
erence strains HIV-hAI' HIV-1MN and HIV-1sF2 [2]. 
For example, Thai genotype B has a noncontiguous 
amino-acid signature indicated by the boldfaced 
capital letters in the sequence of ihLgpgQaWyttgQ 
at the middle of the V3 loop, which distinguishes 
it from the consensus subtype B sequence (Fig. 
1). Subtype B sequences usually have a GPGR te
trapeptide sequence at the tip of the V3 loop on 
the virus envelope, which is the principal deter
minant responsible for eliciting neutralizing anti-
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bodies to HIV-1. However, Ou et al. [21] found 
a GPGQ motif in 14 out of 16 (88%) directly
sequenced Thai genotype B isolates, as represented 
by isolates HIV-1T8174, 18645, l8653 and l8655 [4S]. 
The GPGQ motif was also found in all of six Thai 
genotype B sequences from another set of speci
mens collected in Bangkok by Okuda et al. [SO]. The 
GPGQ tetrapeptide motif is commonly found in sub
types A, C and D identified principally from Africa, 
as well as in the new subtype E from Thailand and 
the Central African Republic. 

The arginine (R) amino acid of the GPGR in typical 
subtype B sequences from the Americas and Europe 
is usually encoded by the triplet nucleotide codon 
A GA. Ou et al. found this minority G PG R motif in 
two (12%) of the 16 Thai genotype B strains, but, in
terestingly, the arginines were coded by CGA instead 
(reference isolate HIV-117787 [4S]). Only one more 
nonsynonymous nucleotide change, to a codon of 
CAA, is needed to produce the glutamine (Q) of the 
African-like GPGQ motif of the V3 tip. It is thus plau
sible that the Thai genotype B viruses, characterized 
by a predominant GPGQ motif, derive from a subset 
of subtype B virus(es) in which the GPGR motif was 
coded by an atypical CGA codon. 

A separate research team also reported on 12 Thai 
isolates collected in December 1990 from male con
scripts in Chiang Mai, and on four from Bangkok 
[44] collected in January 1990 from one recipient of 
an unscreened blood transfusion, one homosexual 
man, and two IDUs (P. Phanupak, personal com
munication, 1994). They found the same subtype 
E/Thai genotype A, which they referred to as the 
'Chiang Mai' or 'Northern Thailand' variant (refer
ence strain HIV-1cM243' also known as HIV-1TN243)' 
They also described a 'Bangkok' variant, which fell 
within env subtype B (reference strain HIV-1BK132 
[4S]). 

One notable difference between the findings of the 
research teams was that McCutchan et al. [44] re
ported a GPGR motif for all five of their 'Bangkok' 
variants (four from patients in Bangkok and one 
from Chiang Mai). Only two of these, HIV-1BK129 
and -BK131 (also known as HIV-1TB129 and 113131, 
respectively) appear to correspond nearly exactly 
with the two Thai genotype B variants found to 
have GPGR by Ou et al., including having the 
V3-tip terminal arginine also coded by CGA and 
otherwise having the same signature amino-acid se
quence of Thai genotype B. However, the other 
three 'Bangkok' subtype B variants of McCutchan 
et al. (strains HIV-1BK130' -BK132 and -CM237) differ 
from Thai genotype B by seven to nine amino acids 
in the V3 loop alone [44] and have their arginines 
of GPGR coded by AGA, not CGA. Another speci
men of this latter grouping was found in mid-1991 
in Northern Thailand by Ichimura et al. [S1]. 

The reasons remain unclear for these discrepancies 
between the subtype B variants found by McCutchan 
et al. and those collected about 1 to 1.S years later by 
Ou et al., which showed that Thai genotype B with 
its consensus GPGQ motif was the predominant sub
type B virus throughout Thailand. The GPGR vari
ants with the arginine (R) coded by AGA found by 
McCutchan et al. may be from chains of transmis
sion that were aborted and may not have spread 
widely in Thailand (Fig. 3). Or, since the McCutchan 
et al. sequences were derived from cultured virus, 
an atypical GPGR motif may have been favored 
during in vitro cultivation. For example, a single 
amino-acid V3100p tip change from GPGR to GSGR 
was shown to be responsible for increased in vitro 
tropism and adaptation for growth in fibroblast-like 
brain cells [S2]. If, however, the change from the 
GPGR to the GPGQ motif and other differences be
tween the 'Bangkok' variants and Thai genotype B 
are not an artifact of sampling or adaptation to cul
ture, it raises the intriguing possibility that, during 
the interval between the two collections of subtype 
B virus in Thailand, selective evolutionary pressure 
may have favored the transmission and thus the pre
dominance of Thai genotype B with its GPGQ motif. 
A similar apparent shift through time has been noted 
in China (see China below). 
Wide env gene diversity was found between the 
two Thai genotypes: Ou et al. [21] reported an av
erage 22% nucleotide difference, McCutchan et al. 
[44l an env protein divergence of 29%, and Del
wart et al. [27] an estimated DNA distance of 20% 
on heteroduplex mobility assay. In contrast, remark
able env sequence similarity was found within each 
Thai genotype (A and B). Among the six env sub
type E/Thai genotype A isolates collected in Decem
ber 1990 by McCutchan et al., there was a mean 
genetic divergence in the gp120 envelope of 2.3% 
(range, 1.2-3.5%) [44]. They reported wider inter
patient divergence for their 'Bangkok' variants (With
out stating a percentage), possibly because there 
were both 'classical' subtype Bs and Thai genotype 
Bs among their subtype B isolates. For 24 subtype 
E/Thai genotype A specimens collected 4-7 months 
later, Ou et al. found a mean divergence of 3.4% in 
the 300-nucleotide C2-V3 domain, and 3.5% diver
gence for 16 subtype B/Thai genotype B sequences. 
For 10 subtype E/Thai genotype A isolates also col
lected in mid-1991 in Chiang Mai, Northern Thai
land, Ichimura et at. [Sl] found a mean diversity of 
only 2.7% (range, 0.9-4.7%) in the 360-nucleotide 
C2-VS region. Similarly, Delwart et al. [27] found a 
degree of sequence similarity of env subtype B/Thai 
genotype B isolates comparable to that found within 
the 'quasispecies' sibling variants from an individual 
patient. 
Given a rule of thumb of roughly 0.5-1% divergence 
per year [21,4S] (Fig. 4), these findings are consis
tent with observations from epidemiologic surveil-
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Fig. 3. Schema of the HIV-l epidemic in Thailand. The probable origins of HIV introductions into Thailand are hypotheses based 
on the evidence of genetic relatedness with sequences identified elsewhere, and comparison of their genetic divergence (Fig. 
4) and chronology of isolation. In most cases it cannot be known specifically when and how virus may have been introduced. 
Such hypotheses are not meant to imply any responsibility or blame for spread of the pandemic on the part of any individuals, 
risk groups, ethnic groups, races, nations or world regions. 

lance of HIV seroprevalence and AIDS cases that 
widespread HIV -1 transmission in Thailand did not 
occur until 1988 [37]. With no intermediate variants 
found between the two Thai genotypes, the data 
also indicate two separate, independent introduc
tions of virus into Thailand, and rule out evolution 
from a common progenitor virus within the country 
[21]. In contrast, at the recently discovered location 
in the Central African Republic of other env subtype 
E isolates, which make up 35% of HIV -1 samples 
there, the intra-subtype genomic diversity in the V3 
region averaged 10.9% [46,47]' suggesting that this 
subtype has been present in central Africa for longer 
than in Thailand. 

Comparisons with foreign isolates 
The rate of genetic change in the C2-V3 region of se
quences of Thai subtype E, as reflected in the ratio of 
nonsynonymous to synonymous substitutions, was 
about double compared with related subtype E se
quences from the Central African Republic and with 
other established subtypes, suggesting the Thai sub
type E envelope is changing extremely rapidly (G. 
Myers, personal communication, 1994). 

In vitro reactivity studies of seropositive serum spec
imens against reference viruses from Thailand and 
from other continents have shown diminished cross
reactivity, consistent with the large phylogenetic dis
tances found with HIV-1 strains elsewhere (Fig. 2). 
Reactivity of Thai sera from patients infected with 
subtype E/Thai genotype A against gp120 protein 
was strong with homologous Thai virus, interme
diate with a Rwandan strain of subtype A, and 
weak with the US strain HIV -lSF2 of subtype B [51]. 
Ichimura et al. also found that about three-quarters 
of the Thai sera neutralized (~67% reduction in re
verse transcriptase activity) homologous Thai virus 
(HIV-1Th4) and heterologous Rwandan HIV-1sF170' 
but only about half the Thai serum specimens neu
tralized North American HIV-1sF2 [51]. 

Mascola et al. [53,54] found that plasma from pa
tients infected with subtype E/Thai genotype A virus 
neutralized well against homologous primary virus 
isolate (and against heterologous cultured laboratory 
strains) but poorly against both US and Thai sub
type B primary virus isolates. Similarly, plasma from 
US patients infected with subtype B neutralized well 
against homologous subtype B virus from both the 
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Fig. 4. Relationship between the degree of genetic diversity 
of a genotype and the duration of tne epidemic in a region. 
Each curve represents the expected distribution of intra-sub
type nucleotide substitution frequencies, expressed as a per
centage, among all possible pairs of a typical sample of se
quences from a country or area. Examples named reflect the 
most recently reported genetic divergence. The width of each 
curve represents the approximate range of these fr~uencies, 
and the height the relative proportion of pairs with that fre
quency of substitution. Genetic divergence is believed to in
crease at a rate of approximately 0.5-1 % per year 121,45]. 

. United States and Thailand but poorly against sub
type E/Thai genotype A virus. Cheingsong-Popov et 
al. [55] found intermediate degrees of serologic reac
tivity against HIV -1 Mwderived and HIV -1 Z3-derived 
peptide antigens (55 and 40%, respectively) for 100 
Thai serum specimens from both sexual and IDU 
risk-group patients, although the data were not an
alyzed separately for the two Thai HIV -1 genotypes 
that probably caused these infections. 

Segregation by mode of transmission 
One of the most remarkable findings of the molecu
lar epidemiology of HIV -1 in Thailand is the marked 
segregation of the two Thai genotypes by mode of 
transmission. Nationwide, approximately nine out 
of 10 people presumed infected by sexual trans
mission - sentinel female and male prostitutes and 
male sexually transmitted disease (STD) clinic pa
tients - are infected with genotype A, while about 
three out of four IDUs are infected with genotype B 
(Fig. 5). 

This segregation was first observed among a geo
graphically diverse sample of about 60 specimens 
of known genotype determined by direct sequenc
ing, cloning or hybridization [211. A peptide en
zyme immunoassay (EIA), developed to distinguish 
serotype A (corresponding to Thai genotype A) and 
serotype B (for genotype B) infections using serum 
specimens from infected Thai patients [35,56] con
firmed the segregation among a larger number of 
specimens from the original 1991 sample [211, and 

documented even more complete segregation on 
other later samples from patients with symptomatic 
advanced HIV infection and AIDS in Bangkok in 
1991-1992 [571, asymptomatic prostitutes in Chiang 
Rai in 1991-1993 [58] and sex-partner couple cohorts 
in Bangkok in 1993 (c. Kunanusont, personal com
munication, 1993) (Fig. 5). 

The reasons for the observed partial segregation of 
Thai HIV -1 variants by transmission mode remain 
unclear, and the causes may be multiple (Fig. 3). A 
'founder effect' involving the kinetics of population 
genetics may be involved: chance introductions of 
different strains into different risk groups will lead 
to the continued predominance within each group 
of the first strain introduced, and the equilibration 
of the proportions of strains within each popula
tion may therefore never occur. A sociologic factor 
contributing to the segregation may be that sexual 
contact is infrequent between female prostitutes and 
IDUs, who are mostly men. Only about 1% of female 
prostitutes [59], 1-2% of male conscripts [60,61], and 
7% of HIV -positive and 3% of HIV -negative male 
STD patients [62] are IDUs. Thus the core transmit
ter group of female prostitutes are only occasionally 
exposed to infected IDUs as customers. An HIV-l 
genetic marker among IDUs in Europe illustrates a 
similar founder effect [631. 

Although serologic data from different risk groups 
from all regions of the country rule out confound
ing by the geographic origin of the specimens as 
a cause of the observed segregation [351, it is still 
possible that geography may playa role in the phe
nomenon. Women from the upper tier of provinces 
in the northern region of Thailand, where the het
erosexual epidemic is most advanced, are a dispro
portionately large percentage of all female prosti
tutes working in brothels throughout the country, 
and this group is highly migratory [371. Thus, if the 
subtype E/Thai genotype A virus entered Thailand 
among northern Thailand heterosexuals, infected fe
male prostitutes migrating from this region could 
have quickly and efficiently transferred genotype A 
to heterosexual clients throughout the country. 

Despite this hypothetical scenario, the terms 'North
ern Thailand strain' and 'Bangkok strain', used for 
Thai genotypes A (subtype E) and B (subtype B), 
respectively, are to some extent misnomers. Both 
genotypes occur throughout the country, although A 
is predominant, with an estimated ratio of total A in
fections to B infections of about 10: 1 [351. This ratio 
was estimated because the number of people in
fected sexually greatly exceeds the number infected 
by injecting drug use, based on prevalence rates in 
sentinel groups, estimates of the number of IDUs [64] 
and AIDS case report data. 

A final, and most intriguing, factor that may con
tribute to the segregation of Thai genotypes between 
sexual risk groups and IDUs may be due to possible 
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Fig. 5. Segregation by mode of transmission of HIV-1 geno
types/serotypes A and B in Thailand. Each pie represents 
the relative frequencies of HIV-1 infection by Thai geno
type/serotype A (subtype E) and Thai genotype/serotype B 
(subtype B) among patients classified by risk behavior to be 
infected by either sexual transmission or injecting drug use. 
Patients untypable by the peptide assays 135,56] due to non
reactive or cross-reactive serologic responses (averaging 
15-20% of specimens) are excluded from the serotype pies. 
The sexual contact group includes sentinel populations such 
as female and male prostitutes and sexually transmitted dis
ease (STD) clinic patients, plus patients reporting heterosex
ual contact as the sole risi< factor for HIV infection. Studies 
I (P<O.OO1) 121] and II (P<O.OO1) 135] involved samples of 
risk groups in seven sites throughout Thailand in 1991. Pa
tients in study III (P<O.OOl) 157J were those admitted to hos
pital in Bangkok with symptomatic HIV disease and AIDS in 
1991 and 1992. Participants in study IV 151] were brothel
based female prostitutes and male STD clinic patients in Chi
ang Mai, Northern Thailand, in 1991. Participants in study V 
158] were female prostitutes tested between 1991 and 1993 
in Chiang Rai, northern Thailand. 

biological differences in the in vivo manifestations of 
these two HIV-l genotypes, as has been postulated 
between types HIV-l and HIV-2 [65,66]. For exam
ple, there may be differences in virus concentration 
in vaginal or seminal fluids that could produce dif
ferent rates of sexual transmissibility. Such differing 
titers in bodily fluids might be the result of differ-
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ences in pathogenicity between the two genotypes 
that would influence levels of viremia, the incuba
tion period to AIDS, and the rapidity of the disease 
course. Preliminary evidence supporting this possi
bility has been seen among symptomatic patients 
with advanced HIV infection or AIDS at the Thai 
national infectious disease hospital, where those in
fected by serotype A had significantly lower CD4+ 
T-cell absolute counts and percentages than patients 
with serotype B (PS 0.01); age, sex and mode of 
transmission were controlled by multivariate anal
yses to avoid confounding [57]. Although duration 
of infection was unknown in these patients, peo
ple infected with serotype B (mostly IDUs) in the 
general population overall probably have a greater 
mean duration of infection than serotype-A-infected 
people, since the IDU epidemic began earlier than 
the heterosexual epidemic. 

Biologic properties 
The evidence that different HIV-l variants may ex
hibit varying degrees of virulence has been reviewed 
recently [67]. Although in vitro syncytium-inducing 
(SI) strains elsewhere have been shown to be asso
ciated with a greater decline in CD4+ cells and more 
rapid clinical deterioration [681, the first report of 
virus cultivation in various cellular hosts of subtype 
E collected in 1991 from northern Thailand found 
most isolates to be non-cytopathic, with little dif
ference in biological properties from North Ameri
can subtype B viruses [51]. In accordance with this, 
most subtype E isolates collected in 1993 from re
cent seroconverters in Thailand by the WHO global 
HIV characterization project [15] have been non
SI and classified as slow/low patterns 1 and 2 [69] 
(S. Osmanov, H. Rubsamen-Waigmann, E.M. Fenyo, 
personal communication, 1994). The three-dimen
sional conformation of the V3 loop of subtype E 
from Thailand has been described and compared 
with HIVUIB [70]. 

India 

Elsewhere in this supplement, Jain et al. [71] de
scribe the epidemic of HIV in India, which has expe
rienced an epidemiologic pattern of disease similar 
to that in Thailand and Myanmar (Burma) [38,39,72]. 
Rapid spread of HIV occurred among needle-sharing 
IDUs in late 1989 in the northeastern Indian states 
of Manipur, Nagaland and Mizoram [73,74], a re
mote area astride the heroin smuggling routes into 
India from the Golden Triangle opium cultivation 
region in Myanmar, Thailand and Laos [75]. The prin
cipal epidemic, however, has been the heterosexual 
one, with the highest HIV infection rates among sen
tinel groups in the coastal metropolitan areas around 
Bombay in western India and Madras (including Vel
lore) in southern India [71]. 
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Regional diversity of subtypes 
HIV sequencing of specimens from India suggests 
some diversity of subtypes between regions, as 
well as the substantial spread of HIV-2 [76,77], al
though widespread sampling has not been per
formed. Within subtypes, there is a degree of homo
geneity indicative of relatively recent introduction 
[76] (Fig. 4). Isolates of HIV-1 from Bombay and 
Goa in western India, collected primarily from SID 
clinic patients in 1990 and 1991, were analyzed 
by a German-Indian collaboration [31,78--81]. All 
of these - typified by reference strains HIV -10757 
and -0760 (Fig. 2) - were most closely related to 
a South African isolate, HIV-1NOF, placing them in 
env subtype C, which is characterized by an ex
tra potential site for glycosylation close to the CD4 
binding domain [31,78,81] and a consistent absence 
of the highly-conserved amino-linked glycosylation 
site proximal to the first cysteine (C) in the V3 loop 
[31] (Fig. 1). The nucleotide divergence in V1-V5 
(1.8 kb) between four of these isolates was 6-10% 
[31]. A later analysis by the same group of five other 
env su btype C HIV -1 isolates from patients with dual 
HIV-1/HIV-2 infections found an HIV-1 genetic di
vergence of 3.1-6.8% (mean, 5.7%) [77]. 

A Japanese-Indian collaboration sampling patients 
in March 1992 from the same Bombay SID clinic 
identified seven subtype C HIV-1 isolates, finding 
a mean divergence between them of 4.0% (range, 
2.4-5.4%) in the C2-V3 domain (204 base pairs) [82]. 
Similar DNA distances of about 4-11% between In
dian specimens from the same part of India were 
found in a heteroduplex mobility assay [27]. Another 
group of specimens collected in Bombay in August 
1992 from 16 sexual risk-group patients and one IDU 
were also classified as HIV-1 env subtype C by se
quencing of a few, followed by heteroduplex mobil
ity assays of the others (R.D. Singal and J.1. Mullins, 
personal communication, 1994; unpublished data, 
J.J. Hospital, Bombay, and Stanford University, Cal
ifornia). 

Overall, these intra-subtype C divergence rates from 
the Bombay area are about twice the degree of intra
subtype diversity seen in HIV-1 strains in Thailand 
in 1991 [21] (Fig. 4), suggesting that HIV-1 has cir
culated longer in India than in Thailand, assuming 
these Indian isolates are the progeny of a single im
ported virus strain [77]. This is consistent with the 
conclusion reached by Jain et al. [71] that HIV had 
been present for some time and had spread widely 
by the time of its first detection in India in 1986 
among female prostitutes in the southern port city 
of Madras [83,84]. 

Although subtype C appears to predominate in sam
ples from Bombay and Goa in western India, other 
subtypes have also been detected in India. Tsuchie 
et al. collected isolate HIV-1GT6 in 1992 in Bombay 
from an SID patient who had lived in Uganda, and 

found the sequence to be subtype A [82]. Another 
group, working in Hyderabad, in south central India, 
reported strong neutraliZing activity against North 
American reference strains HIV -1 MN, HIV -1 IIIB (-LAI) 
and HN-1RF [85], and identified only env subtype 
B sequences among their isolates [86] (R. Bollinger, 
personal communication, 1994). From Vellore, in 
southern India, sequences of subtypes A, B, C and E 
were detected from PCR of dried blood collected on 
filter papers in 1992 (P.G. Babu, personal commu
nication, 1993; unpublished data, Christian Medical 
College Hospital, Vellore, and CDC, Atlanta). These 
specimens are being re-tested by a different lab
oratory (S. Cassol and M. O'Shaughnessy, personal 
communication, 1994) to confirm this unusual find
ing by the CDC laboratory of four subtypes from one 
site. 

Genomic characterization has not yet been reported 
for the HIV strain responsible for infection among 
IDUs in the far northeast region of India surrounded 
by Bangladesh, China and Myanmar, but it is proba
bly not epidemiologically related to HIV Circulating 
in other regions of India. Indeed, it is likely to be 
the same envsubtype B/Thai genotype B discovered 
among IDUs in Thailand [21,22] and subsequently 
detected in neighboring states (see China, Malaysia 
and Myanmar below; Fig. 6). 

Substantial HIV-2 focus 
Serologic evidence for HIV-2 infection in India was 
found in 1990 in Bombay in a female SID clinic 
patient [89], and in serum specimens collected in 
the port cities of Madras and Vishakhapatnam in 
southern India from a female prostitute and a pro
fessional blood donor [90]. Additional serologic and 
genetic data have further documented the presence 
of HIV-2 [77-79,91-93], and suggest extensive trans
mission of HIV-2 in parallel to the HIV-1 epidemic 
for the first time outside Africa [76,77]. Indian HIV-2 
isolates from the states of Maharashtra and Goa di
verge genetically between themselves by 5.6-10.5%, 
and were classified within HIV-2 subtype A [77], 
diverging 15-17% from the African reference strain 
HIV-2ROO [81,94]. 

The ratios of serologic reactions to HIV-1 and HIV-2, 
excluding dual-reacting specimens, have ranged 
from about 7 : 1 to 56: 1 [78,80,89,93], which is lower 
than the 100: 1 ratio found in Brazil in late 1988, 
when HIV-2 was first detected in South America [95], 
suggesting a greater proportion of all HIV in India 
is due to HIV-2, compared with Brazil. Moreover, in 
contrast to the increasing ratio of the prevalence of 
HIV -1 to HIV -2 seen in West Africa between 1988 
and 1992 as HIV-1 spread more rapidly [65], serial 
collections in Bombay from 1990 through 1993 by 
the German-Indian collaboration mentioned above 
have found stable ratios for serologic reactions to 
HIV-1 versus HN-2 (H. Riibsamen-Waigmann, per
sonal communication, 1994). 
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Fig. 6. Countries where HIV-1 subtypes and HIV-2 have been documented, and probable origins of introductions. Genetic 
information on HIV variants is available from countries shown in shading. Arrows represent hypotheses about the origins of 
HIV introductions into Asian and Pacific states, according to the available evidence from genetic relatedness between areas, 
genetic divergence within areas (see Fig. 4), and the chronology of the pandemic determined by epidemiologic surveillance 
and serologic data. In most cases it cannot be known specifically when and how virus may have been introduced. Importations 
by unscreened commercial blood products were documented in Japan before screening and heat treatment of such products 
[87,881. For in vivo importations, no conclusions can be drawn about the likely carriers, who may have been reSidents of 
the area of virus origin, the area of virus introduction, and/or of other areas. Hypotheses about the routes of spread of viral 
strains are not meant to imply any responsibility or blame for spread of the pandemic on the part of any individuals, risk 
groups, ethnic groups, races, nations or world regions. 2, HIV-2; A, HIV-1 of env subtype A; B, HIV-1 of env subtype B closely 
related to North American/European variants; BB, HIV-1 of env subtype B/Thai genotype B; B a , HIV-1 of gag subtype B [231 
(probably envsubtype B); C, HIV-1 of envsubtype C; 0, HIV-1 of envsubtype D (A. Bobkov ana~. Cheingsong-Popov, personal 
communication, 1994); EA, env subtype E/Thai genotype A; H, env subtype H (A. Bobkov and R. Cheingsong-Popov, personal 
communication, 1994); ?, the as yet unsequenced genome for the HIV-1 variant causing the HIV epidemic among mjecting 
drug users (lDU) in northeast India (it is probably subtype BB' like the variants infecting IDUs in Thailand, China, Myanmar 
ana Malaysia). 

The diverse types and subtypes of HIV found in 
India point to multiple geographic origins, includ
ing eastern, southern and western Africa, Europe 
or North America, and perhaps other parts of Asia 
(Fig. 6). Sehgal et al. document importations into 
India from Africa, the United States, Europe and 
elsewhere in Asia [961, and report travel histories to 
Africa and the Gulf states by infected Indian nation
als [97]. Riibsamen-Waigmann et al. point out the 
various connections between the former Portuguese 
colony of Goa in western India and African countries 
with a similar colonial history, as well as the large 
diaspora of Indian residents in eastern and southern 
Africa [76]. Bollinger et al. (personal communication, 
1994) mention the frequent travel of Indian workers 
and visitors who may have contracted virus in North 

America, Europe, the Middle East, or other parts of 
Asia. Dada et al. suggest that one source from which 
virus may have arrived in India is female prostitutes 
in Lagos, Nigeria, who had sexual contact with trav
eling businessmen and drug traffickers commuting 
between West Africa and India [98]. 

Japan 

As described elsewhere in this supplement [99], the 
majority of reported HIV infections and AIDS cases 
in Japan were caused by transfusions of blood prod
ucts imported in the early 1980s from North America 
and Europe [87,88]. Thus, the HIV-1 variants infect-
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ing Japanese people with hemophilia are predom
inantly env subtype B of United States origin. Ref
erence strain HIV -1 ]H3' isolated in 1986 from a 10-
year-old with hemophilia, was most closely related 
to the HIV-1sc isolate from Northern California [43]. 
Some of the later isolates from patients with coag
ulation disorders had sequences similar to those of 
HIV-1ARVZ, HIV-1MN' HIV-1RF and HIV-1uIB [88,100]. 

Hattori et at. [88] also found similar subtype B 
sequences among Japanese homosexual men. Al
though only 28% of HIV -infected Japanese people 
without hemophilia are heterosexual, the number 
of infections in this risk group is increasing rapidly 
[87]. This group consists largely of foreign female 
prostitutes from southeast Asian nations, primarily 
Thailand, who are estimated to number 20000 [1011, 
and who accounted for 86% of all HN infections 
reported among women in Japan by 1992 [102]. 

This linkage with prostitution in Thailand has been 
confirmed by the identification by either sequencing 
or serologic method of env subtype E/Thai genotype 
A virus in two-thirds (six out of nine) of Thai female 
prostitutes tested in Japan (strains HIV-1]NIH2T and 
-]NIH4T; Fig. 2), as well as in 85% (85 out of 99) of 
their male Japanese clientele (strain HIV-1]NIH3]) in
fected by sexual contact in either Japan or Thailand 
[13,103-105], Both husband-to-wife sexual transmis
sion and mother-to-infant perinatal transmission of 
subtype E have been documented in one Japanese 
family [106]. 

The other major strain of HIV -1 in Thailand, the sub
type B/Thai genotype B predominant in IDUs, has 
also spread to Japan, probably via Myanmar (Fig. 
6). It was isolated from two Myanmarese residents 
in Japan who had a history of injecting drug use in 
Myanmar (strain HIV-1]NIHIM; Fig. 2) [13,103-1051. 

Elsewhere in Asia and the Pacific 

In Australia, HIV -1 env sequences were found to 
be closely related to those of typical North Ameri
can isolates HIV-1sF2 and HIV-1]RCSF' and thus have 
been classified as subtype B [107] (K. M. Coates Fryer 
and D.A. McPhee, personal communication, 1993). 
HIV-2 was first detected in Australia in 1992 in a res
ident from West Africa [108]. The first reported case 
of autochthonous HN-2 transmission was an Aus
tralian man whose HIV-2-infected Australian sexual 
partner may have been infected by a transfusion in 
the 1960s in a former Portuguese colony in Asia, or 
by sexual contact in 1975 with a partner who may 
have had sexual exposures in West Africa [1091. 

In Cambodia, 8% of SID clinic patients [110] and 
14% of female prostitutes have been found to be 
HIV -infected [111], and 2000 HIV -1 infections and 
223 AIDS cases had been reported by the end 

of 1993 [112]. HIV strains in Cambodia and other 
Indochinese countries are likely to be similar to 
those in Thailand, because of the high frequency 
of travel between Thailand and its southeast Asian 
neighbors. Various reports indicate that United Na
tions Transitional Authority in Cambodia (UNTAC) 
troops assigned to the country have returned with 
HIV infection to Australia, Bulgaria, India, Japan, 
New Zealand and Uruguay, among other nations 
[111,113,114]. However, virus isolated from these 
soldiers cannot be assumed to have originated in 
Cambodia, because most of these troops also spent 
significant amounts of assembly and leave time in 
Thailand. 
In China, 899 (81%) of the 1106 HIV infections 
detected through 24 June 1993 have been in Yun
nan Province [115], where most of the infected 
people are IDUs and their spouses living in Ruili 
and other remote counties bordering Myanmar 
[116-119], through which heroin from the Golden 
Triangle passes enroute to Kunming, Hong Kong 
and the West [75]. Several isolates from this area 
were found on sequencing to be envsubtype B/Thai 
genotype B, with a GPGQ V3-100p tetrapeptide mo
tif, and were homologous on heteroduplex mobility 
assay with other Chinese isolates not yet sequenced 
(D.D. Ho, personal communication, 1993). 
Another group of researchers who analyzed uncul
tured proviral DNA specimens collected from IDUs 
and their spouses in Ruili County in 1990 and 1993 
identified subtype B/Thai genotype B virus as seen 
in Thailand and adjacent Myanmar, as well as other 
subtype B variants (Shao Y. and H. Wolf, personal 
communication, 1994; unpublished data, Institute 
of Virology, Beijing, and Institut fur Medizinische 
Mikrobiologie und Hygiene, Universitat Regensburg, 
Germany). They did not find any subtype E/Thai 
genotype A virus. In culture, these Chinese isolates 
infected only PBMC, grew slowly, and caused cell 
killing without syncytium formation [120,121]. In
terestingly, as noted in Thailand, the proportion of 
Thai genotype B variants increased among all sub
type B viruses between the early and later samplings 
[122,123]. In 1990, only two (20%) of the 10 iso
lates had Thai genotype B sequences, while eight 
were subtype B isolates genetically closer to North 
American strains. In contrast, among the 1993 spec
imens, 13 of the 21 (62%) isolates were Thai geno
type B, and eight were other subtype B sequences 
(p= 0.05). All 16 of the other subtype B isolates had a 
V3-tip tetrapeptide of GPGR, with the terminal argi
nine coded by AGA in 14 of them, while the con
sensus V3 motif in the 15 Chinese isolates of Thai 
genotype B was GPGQ (although four minority iso
lates had GPGR with the terminal arginine coded 
by eGA and four minority GPGKs had the terminal 
lysine coded by AAA). 
In Taiwan, 530 HIV-infected people had been re
ported through late 1993 [1241, of whom the largest 



risk group have been homosexualslbisexuals [125]. 
Nearly all of the more than 100 HIV-l viruses se
quenced in Taiwan were found to be envsubtype B; 
of these, most were similar to North American iso
lates, but a cluster of a potentially new genotype of 
subtype B was found (K.S.S. Chang, personal com
munication, 1994; unpublished data, Chang Gung 
Medical College, Taipei). Guo et al. [126,127] also 
found a gag subtype G sequence (published as gag 
F, but renamed [2]) from a woman in Taiwan in
fected by a German man thought to be bisexual, 
with subsequent perinatal transmission to her infant. 
However, there is no evidence of further spread of 
this variant in Taiwan. Previous isolates of this gag 
subtype G (formerly F) have been found in Burundi, 
Zaire and Gabon [231. An HIV-l isolate from the 
Philippines, classified as gag subtype B [23], is also 
probably env subtype B. 

Widespread transmission of HIV in Malaysia has oc
curred primarily among IDUs [128,129]' who consti
tute 5759 (78%) of the 7400 cases of HIV infection 
reported through early 1994 [1301. Three-quarters of 
IDUs surveyed in the northeastern state of Kelan
tan reported having visited Thailand, just across the 
state border, in the past 5 years [128]. Most HIV-l 
sequences from Malaysian IDUs were found to be 
the same env subtype B/Thai genotype B as that 
found in Thailand [131] (M. Sinniah et aI., personal 

- communication, 1994; unpublished data, Malaysian 
Institute for Medical Research, Kuala Lumpur, and 
CDC, Atlanta). Two SUbtype C sequences were also 
identified. 

In the HIV epidemic in Myanmar (Burma), de
scribed elsewhere in this issue [132], the order 
in which sentinel risk groups have become HIV
infected and the rapidity of increases in seropreva
lence have been similar to that in Thailand, with 
infection detected in Myanmarese IDUs starting in 
1989, in female prostitutes in 1990, and in young 
men in SID clinics and the military in 1990-1991 
[38,39,1331. That HIV first spread widely in Myan
mar among IDUs is also supported by the finding 
that this risk group accounted for 64% (14 of 22) 
of the first symptomatic HIV-infected patients admit
ted to hospital in Yangon from July 1991 through 
January 1992 [1341. HIV prevalence in these sen
tinel groups in Myanmar [132,133] has lagged only 
about 1-2 years after similar rates were reported 
in Thailand [37,40,411. HIV-l subtype B/Thai geno
type B sequences (HIV -1 MRN02 and -MRNPOS; Fig. 
2) were found in specimens collected in Myanmar 
in 1992 (M. Thet Htoon, personal communication, 
1993; unpublished data, Myanmar Department of 
Health, Yangon, and CDC, Atlanta). The same geno
type (HIV-IJNIHIM) was also detected in two Myan
marese residents in Japan (see Japan, above). 

Among states created out of the former Soviet 
Union, the Russian Federation has reported 697 
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HIV infections [135], the Ukraine 327 [136], Belarus 
180 [137] (but estimated to have 900-1200 [138]), 
Uzbekistan 31 [138], Kazakhstan 19 [139], Lithuania 
19 [138], Georgia 16 [138] and Latvia 15 [140]. In 
Belarus, formerly Byelorussia in the Soviet Union, 
four different env subtypes (A, B, C and D) have 
been identified (A. Bobkov and R. Cheingsong
Popov, personal communication, 1994) [8,1411. In 
Elista, Rostov-on-Don, and environs in the south of 
the Russian Federation, an unusual nosocomial 
HIV -1 outbreak caused by the reuse of syringes and 
needles was described among pediatric inpatients 
[142], and transmission to breast-feeding mothers 
from their infected infants was documented [143]. 
Molecular epidemiology indicated that the outbreak 
was caused by an HIV -1 strain from a single source 
[8,141,144-1461. Sequencing of the strain's entire env 
gene identified a new env subtype H, which has 
also been found in Gabon (R. Cheingsong-Popov, 
personal communication, 1994). 

Conclusion 

Asia offers unique opportunities for high-priority 
prevention research on HIV vaccines because of the 
relatively recent introduction of HIV into the conti
nent and the variety of subtypes found. Because of 
the recent arrival, HIV variants remain quite homo
geneous, and the efficacy of vaccine against rel
atively homologous viral challenge can be deter
mined. However, this 'window of opportunity' is 
rapidly closing [27]. The current homogeneity within 
subtypes also facilitates the baseline epidemiologic 
studies necessary for vaccine trials by allowing sim
ple serologic peptide tests to identify the prob
able infecting strain in both prevalence and inci
dence studies [35,56]. Continued sequencing of the 
genome of recently transmitted HIV variants will be 
essential because serologic tests will lose specificity 
as the envelope of HIV constantly mutates, perhaps 
to escape from the patient's immune system, while 
evolutionary pressures select for mutants successful 
in remaining transmissible. 

Additional genetic sequencing may help to clarify 
the intriguing changes in the envelope genome that 
seem to have occurred in env subtype B viruses in 
Thailand and China, as represented by the apparent 
shift from GPGR to GPGQ in the principal neutraliz
ing determinant on the V3 loop tip, as well as related 
parts of the subtype BB signature. Determining why 
these shifts may have occurred in Asia but not in the 
Americas and Europe may provide clues to under
standing the selective evolutionary changes in the 
virus that remain a fundamental challenge to vaccine 
development. 

The variety of distinct subtypes found in Asia facil
itates the investigation of another important ques-
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tion: whether vaccines can protect against heterol
ogous viral challenge. HIV vaccine antigens based 
on one genetic sequence may not provide cross
protection against HIV with dissimilar sequences cir
culating in a population, given the high variability 
in those portions of the HIV-1 envelope protein in
volved with antibody binding [147,148] and cyto
toxic T-cell recognition [149]. Recent in vitro neutral
ization studies suggest cross-protection will be lack
ing [54,150). In any case, the proof will come only 
from in vivo efficacy trials in places like Asia, where 
vaccine and placebo recipients have some chance of 
being exposed to two or more distinct HIV -1 variants 
circulating in the population [17). 

Dual infections with HIV-1 and HIV-2 are well docu
mented [65,151], but have never been reported with 
different subtypes of HIV -1, or with clearly divergent 
strains of the same subtype. Only recently has an 
apparent recombinant strain of subtypes Band F 
been found in Brazil, suggesting dual HIV-1 infec
tions may occur [152] Q.I. Mullins, personal com
munication, 1994). In this case it could not be de
termined whether the second subtype was acquired 
after the full immune response developed to the first 
infection, i.e., a true superinfection. 

Searches for superinfection with different HIV-1 sub
types in parts of Asia where distinct strains circu
late side-by-side might shed light on the immune re
sponse to natural HIV-1 infection, and either support 
or refute the hypothesis that an established HIV-1 
infection past its early 'window' phase might confer 
immunity against subsequent infection by another 
HIV -1. The standard PCR and sequencing methods 
used in studying the HIV -1 genome in Thailand 
[21,22,44] were unlikely to have detected dual in
fections in which the two strains had markedly un
equal viral loads within the patient. Future searches 
to detect true superinfection may require longitudi
nal studies, perhaps with less expensive screening 
with variant-specific DNA probes or by heterodu
plex mobility and tracking assays [27], in singly
infected and highly-exposed patients (for example, 
among female prostitutes in countries where mul
tiple HIV-1 subtypes are found among their HIV-1-
infected customers, such as in Thailand and perhaps 
some cities in India). Negative results from such in
tensive searches might strengthen the case that su
perinfection with HIV-1 does not occur, and thus 
bode well for the eventual success of live attenu
ated vaccines [153] or killed whole-virus vaccines 
if the immune response to natural infection can be 
mimicked. 

HIV was introduced readily into Asia and has spread 
quickly between Asian states through both par
enteral [154] and sexual modes of transmission [13). 
Only 1 year after Thailand's epidemic wave among 
IDUs in 1988 [37], the virus spread to adjacent Myan
mar [132,133] and Malaysia [128,129], and another 

year later IDUs were infected in parts of India [73,74] 
and China [116,120] bordering Myanmar (Fig. 6). 
This phenomenon illustrates the futility of immi
gration and travel restrictions related to HIV status. 
Resources and efforts to prevent HIV transmission 
should instead be concentrated on currently avail
able effective methods, such as condom promotion 
and other behavioral change efforts. In addition, po
tential prevention methods, such as vaginal anti-HIV 
microbicides [155] and prophylactic vaccines [156] 
should be given paramount research priority. 
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Note added in press 

The H subtype of HIV-l found in the Russian Feder
ation has been renamed subtype G. 
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