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An explosive epidemic of human immunodeficiency virus type 1 (HIV-1) has been documented among the
injecting drug user population of Kathmandu, Nepal, whose seropositivity rate has risen from 0 to 40% between
1995 and 1997. By using Catrimox to preserve whole-blood RNA at ambient temperature for transportation,
HIV-1 envelope V3–V4 sequences were obtained from 36 patients in this group. Analysis of the sequences
indicated a homogenous epidemic of subtype C virus, with at least two independent introductions of the virus
into the population. Viral diversity was restricted within two transmission subclusters, with the majority of
variation occurring in V4. Calculation of the synonymous-to-nonsynonymous mutation ratio (Ks:Ka) across
this region showed that significant evolutionary pressure had been experienced during the rapid horizontal
spread of the virus in this population, most strongly directed to the region between V3 and V4.

Despite initial optimism that an incipient epidemic of hu-
man immunodeficiency virus type 1 (HIV-1) in the Himalayan
kingdom of Nepal had been averted through the establishment
of education programs (27), more recent data have shown a
sharp rise in the incidence of seropositivity in this country.
Between 1995 and 1997, HIV-1 seroprevalence among the
injecting drug users (IDU) of Kathmandu rose from 0% to 40
to 50% (N. Crofts, personal communication; R. L. Guruba-
charya, V. L. Gurubacharya, J. Shrestha, and B. Pulchowk,
Conf. Record, 12th World AIDS Conf., abstr. 23246, p. 390,
1998), associated with the shared injection in this group of
Tidigesic (buprenorphine, a semisynthetic opiate pharmaceu-
tical) or “brown sugar” (an impure form of heroin). The extent
of high-risk behavior among the IDU in Kathmandu is also
reflected in the alarming incidence of hepatitis C virus sero-
positivity, which is 94% among IDU, against a background of
0.6% in the general population (30).

An explosive spread of HIV-1 has recently been docu-
mented in geographically defined IDU cohorts in Russia (18)
and Belarus (21), demonstrating low genetic diversity in these
epidemics. The number of IDU in greater Kathmandu was
estimated at 2,000 in 1997 (12) (although the number is now
probably higher), and the seroprevalence data indicated a
rapid spread of HIV-1 within this relatively isolated popula-
tion. Since no prior investigations have documented the mo-
lecular epidemiology of the Nepalese HIV-1 epidemic, this
examination was undertaken to survey the prevailing subtype
and mode of evolution of the virus from IDU in Kathmandu.

Previous studies that have examined the molecular structure
of HIV-1 from regions distant from the laboratory have largely
used dried blood spots, collected on filter paper and trans-
ported at ambient temperature, to analyze small regions of
proviral DNA (3, 4) or viral RNA (5) by PCR amplification. In

this study, a technique was devised that enabled the safe trans-
fer and recovery of viral RNA from whole blood collected in
Kathmandu and transported and stored at ambient tempera-
ture for as long as 3 months.

MATERIALS AND METHODS

Patients and sample collection. Whole-blood samples were collected after
informed consent from randomly selected subjects in Kathmandu, Nepal. A
history of intravenous drug use was the sole selection criterion. A total of 46 IDU
were examined (42 males and 4 females; average age, 27 years), 35 of whom had
previously been found seropositive by an HIV-1 enzyme-linked immunosorbent
assay (ELISA) (United Biomedical Incorporated, Hauppauge, N.Y.), 2 of whom
had previously been found HIV-1 seronegative by the same method, and 9 of
whom had not yet been tested. In addition, negative-control samples from four
subjects at low risk for HIV-1 exposure were collected (Table 1).

Sample transport and RNA extraction. The method used for sample transport
and RNA extraction is outlined in Fig. 1. Catrimox (Catrimox-14 surfactant;
Qiagen, Hilden, Germany) was dispensed in 900-ml aliquots into 1.5-ml screw-
cap microcentrifuge tubes in Melbourne, Australia, and shipped at ambient
temperature to Kathmandu. Samples (200 ml) of whole blood were added di-
rectly to the tube, followed by vigorous shaking by hand. The samples were then
shipped by mail to Melbourne and stored at ambient temperature before anal-
ysis. The total time from specimen collection to analysis was 2 to 3 months.

Samples were mixed by vortexing for 30 s and were then spun at 20,000 3 g for
3 min in a microcentrifuge. The supernatant was discarded by inversion, 1 ml of
RNase-free water was added, and the pellet was resuspended by vortexing for
30 s. The sample was then centrifuged as previously for 1 min, the supernatant
was discarded by inversion, and the wash with water was repeated. The pellet was
resuspended in 350 ml of RNA Lysis Tissue (RLT) Buffer (RNeasy mini kit;
Qiagen) and disrupted by 6 passages through a 27-gauge needle (Terumo, Elk-
ton, Md.). The remainder of the RNeasy protocol was then followed by using the
manufacturer’s buffers and conditions. The RNA was eluted in 30 ml of RNase-
free water, with incubation of the column and eluate at 65°C for 10 min before
centrifugation.

Reverse transcription of 9.2 ml of the RNA template was performed with an
avian myeloblastosis virus reverse transcription (RT)-PCR kit (Boehringer
Mannheim, Indianapolis, Ind.) and the following oligonucleotide primers in
equimolar concentrations: RONPRT1, GTT CTG CTG TTG CAC TAT ACC
AGA CAA TAA (pNL43 nucleotide positions [nt] 7873 to 7844); RONPRT2,
TCC CTA GTC CCA CTG CTC TTT TTT CTC (pNL43 nt 7756 to 7737); and
RONPRT3, TGC GGA TAA CAA TTT CAC ACA GGC AGA TGA GTT TTC
CAG AGC AGC CC (pNL43 nt 8023 to 7994, with the 59 addition of the M13
reverse universal primer sequence). Triple-nested PCR was then performed with
Taq DNA polymerase (Boehringer GmbH, Mannheim, Germany) and the man-
ufacturer’s buffers and conditions. Thermal cycling and reaction conditions were
as follows. For the first round, 5 ml of the RT reaction product was used as the

* Corresponding author. Present address: HIV-NAT, Program on
AIDS, Thai Red Cross Society, 1871 Rama IV Rd., Pathumwan,
Bangkok, Thailand 10330. Phone: 66-2256-4579. Fax: 66-2653-2488.
E-mail: oelrichs@loxinfo.co.th.

1149



template, with 40 cycles of annealing at 50°C, extension at 72°C for 1 min, and
oligonucleotide primers RONPF1 (GCT TAG GCA TCT CCT ATG GCA GGA
AGA AA [pNL43 nt 5953 to 5981]) and RONPRT2. The second round was
carried out with 5 ml of the first-round PCR product as the template, 40 cycles
of annealing at 50°C, extension at 72°C for 1 min, and oligonucleotide primers
RONPF2 (ATT ATT GTG CCC CGG CTG [pNL43 nt 6861 to 6878]) and
RONPR2 (ATT TAT ATA ATT CAC TTC TCC AAT TGT C [pNL43 nt 7670
to 7643]). The third round was carried out with 2 ml of the second-round PCR
product as the template and comprised 3 cycles of annealing at 55°C, extension
at 72°C for 1 min, and finally 35 cycles in which denaturation was followed

directly by extension and annealing at 72°C for 1 min; the oligonucleotide
primers used were ROV3F (TGC CAC GAC GTT GTA AAA CGA CGT CAG
CAC AGT ACA ATG TAC ACA TGG [pNL43 nt 6938 to 6963, with the 59
addition of the M13 forward universal primer sequence]) and ROO11R (TGC
GGA TAA CAA TTT CAC ACA GGT GGG AGG GGC ATA CAT TGC
[pNL43 nt 7529 to 7511, with the 59 addition of the M13 reverse universal primer
sequence]). The resulting 590-bp product was purified by using a spin column
(Qiagen) and sequenced directly on both strands by using an automated DNA
sequencer (LICOR, Lincoln, Nebr.). In the case of 99NP610 (an HIV-1 ELISA-
positive IDU), proviral DNA sequence was obtained from a dried blood spot as
described previously (4) under the PCR conditions described above. Samples
from four individuals at low risk for HIV-1 exposure were collected, transported,
and processed in tandem with positive specimens. None of these yielded detect-
able PCR products. Standard laboratory techniques were used to ensure that
cross-contamination of samples did not occur, including the use of negative
controls in all extractions and reactions and the physical separation of PCR products
from templates in different laboratories. These data are summarized in Table 1.

Sequence manipulation and phylogenetic analysis. Primary sequence data
were assembled and edited with Geneworks (Intelligenetics, Mountain View,
Calif.) on a Power PC (MacIntosh) platform. All subsequent analyses were
performed by using the web interface of the Australian National Genomic
Information Service (ANGIS). Sequences were aligned by using PILEUP, cor-
rected, and codon aligned by hand. Square genetic distance matrices were gen-
erated by using EDNADIST; the Jukes-Cantor model of molecular evolution
was used, correcting for multiple substitutions. The mean genetic distance within
clusters, with range and standard deviation, was calculated from the matrix.
Phylogenetic trees were constructed with a maximum-likelihood (ML) algorithm,
EDNAML (a modified version of DNAML in PHYLIP, version 3.572c), by using
empirical base frequencies, a transition/transversion ratio of 2.0, and a random-
ized input order of sequences. Trees were viewed and manipulated by using
XTREE on a PC platform. The stability of tree topology was tested by the
production of trees from the same alignment by using a maximum-parsimony
algorithm (EDNAPARS) or a neighbor-joining (NJ) algorithm (ENEIGHBOR)
and by using bootstrapping (ESEQBOOT with 50% resampling and 100 itera-
tions) of the NJ trees. Synonymous (Ks) and nonsynonymous (Ka) substitutions
per synonymous site were calculated by using DIVERGE (based on the algo-
rithm of Li et al. [17], which ignores stop codons and codons that contain gap
characters), and the mean Ks:Ka ratio was obtained from the matrices. Statistical
significances of the difference of means were calculated by using an independent-
sample t test in the Statistical Package for the Social Sciences (SPSS), version 7.0,
with a two-tailed distribution and equal variances not assumed.

HIV-1 sequences from published cohorts. Published HIV-1 envelope DNA
sequences from the following transmission cohorts were downloaded from Gen-
Bank for analysis: (i) the Florida dental cohort (index case and 5 recipients [6,
26]), (ii) the Kaliningrad IDU cohort (closely related sequences from 26 IDU
[18]), and (iii) the Belarus IDU cohort (closely related sequences from 20 IDU
[21]). Sequences from the Glenochil prison outbreak (an IDU transmission
cluster of 13 [35]) were kindly provided by David Yirrell. Sequences from the
Sydney Blood Bank cohort (donor and three recipients) have been published
previously (25). Where more than one viral sequence was available from an
individual, one was selected at random.

Nucleotide sequence accession numbers. The 35 viral cDNA sequences ob-
tained in this study have been deposited in GenBank under accession no.
AF128961 through AF128995. The proviral sequence obtained from 99NP610
has been assigned accession no. AF128996.

FIG. 1. Flow diagram outlining the method used to preserve, transport, and
amplify HIV-1 RNA. Three oligonucleotide primers were included in the RT-
PCR step to allow for the sequence variation in all HIV-1 subtypes. The final
PCR step (with M13-tailed primers) generates products of sufficient quantity for
direct automated DNA sequencing.

TABLE 1. RT-PCR results for samples from each group of subjectsa

Group RT-PCR-negative samples RT-PCR-positive samples No. RT-PCR
positive/total no. (%)

HIV-1 ELISA-
positive IDU

99NP24, -29, -38, -39, -43 through -48 99NP13, -14, -15, -17, -18, -19, -21, -22, -23, -25, -27, -28, -31
through -37, -41, -50, -51, -57, -58, -59

25/35 (71)

HIV-1 ELISA-
negative IDU

99NP30, -40 2/2 (100)

IDU of
unknown
serostatus

99NP49 99NP20, -26, -42, -52 through -56 8/9 (89)

Negative control
(low risk)

99NP60 through -63 0/4 (0)

a Blood samples from Nepalese IDU and low-risk negative controls were transported and stored in Catrimox, viral RNA was recovered, and RT-PCR and direct
sequencing of the products were performed. The percentage of samples that yielded products is shown for IDU whose HIV-1 serostatus was positive, negative, or
unknown. Two patients who had tested negative by HIV-1 ELISA were found to be positive by RT-PCR. These patients were most probably sampled in the period
after HIV-1 infection and before the development of anti-HIV-1 antibodies. Samples from four negative controls yielded no products by RT-PCR.
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RESULTS
Amplification from viral RNA. Of samples taken from 35

HIV-1-seropositive IDU, 25 (71%) yielded detectable prod-
ucts by RT-PCR (Table 1). Of the samples from nine IDU

whose HIV-1 serostatus was unknown, eight (89%) gave de-
tectable products; 99NP49 alone was negative. Additionally,
the two IDU who had previously been found HIV-1 seroneg-
ative yielded detectable HIV-1 PCR products. These were

FIG. 2. Alignment of the predicted amino acid sequence of the HIV-1 envelope V3–V4 region from 36 Nepalese IDU. The two variable regions are boxed at the
terminal cysteine residues. The consensus sequence is shown, and residues agreeing with the consensus are indicated by periods. Conservation of the GPGQ motif in
the tetrameric V3 loop (indicated by a brace) is almost total. The most substantial variation occurs in V4, with numerous deletions (indicated by dashes), insertions,
and mutations. Sample 99NP15 contains a 186-bp deletion encompassing almost the entire V4 region and was excluded from some of the following analyses.
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most probably sampled during the “window period” after
HIV-1 infection but before the development of anti-HIV-1
antibodies. It has not yet been possible to repeat an HIV-1
ELISA on these patients. Assuming that the specificity of the
ELISA is close to 100% and that subject 99NP49 was unin-
fected, the sensitivity of transport in Catrimox and amplifica-
tion by this method is .76%. There was no evidence for
cross-contamination of samples during transport or processing,
and all derived nucleotide sequences were unique (http://www
.burnet.edu.au/oelrichs/align2.htm).

Analysis of V3–V4 envelope sequences. Figure 2 shows an
alignment of the predicted HIV-1 amino acid sequence derived
from 35 samples by RT-PCR of viral RNA and from 1 addi-
tional sample (99NP610) by PCR of proviral DNA. The align-
ment has been truncated to show the V3–V4 region. All but 2
of the 36 viral sequences show the sequence GPGQ at the

tetrameric V3 loop tip, the conservation of which has been
noted previously in HIV-1 subtype C (10). V3 is highly con-
served in general, and much of the variation between se-
quences occurs in the V4 region. The sequence from 99NP15
contains a large deletion (186 bp) encompassing almost the
entire V4 region. A total of three independent RT-PCRs
yielded the same-sized fragment from this individual.

Subtype of Nepalese sequences. An NJ phylogenetic analysis
generated from an alignment of the 36 Nepalese sequences
and reference HIV-1 subtype sequences (15) over the region
C3–V4 (pNL43 nt 7023 to 7477) showed the Nepalese se-
quences clustering with subtype C isolates with a high degree
of certainty (bootstrap value from 100 iterations, 98% [data
not shown]).

Two distinct Nepalese clusters. Figure 3 shows an ML tree
estimating the phylogenetic relationship between the Nepalese

FIG. 3. Phylogenetic analysis of sequences from the HIV-1 envelope C3–V4 region (pNL43 nt 7023 to 7477) from 35 Nepalese IDU and 23 reference HIV-1 subtype
C isolates from India and Africa. The country of isolate origin is indicated by I (Indian) or A (African). The phylogenetic tree was constructed by using an ML algorithm.
The stability of the tree topology was verified by construction of a NJ tree by using the same alignment. This NJ tree was tested by using bootstrapping, and the
percentage of bootstrap trees (from 100 data sets) for which the sequences at one end of the branch are a monophyletic group is indicated. The Nepalese sequences
form two clusters that are distinct from other reported subtype C sequences (clusters 1 and 2). Cluster 1 is closest to a group of Indian isolates, whereas the nearest
neighbor to cluster 2 is the African isolate ZAM18. The nucleotide alignment used to generate this analysis may be found at the R. B. Oelrichs website (http://www
.burnet.edu.au/oelrichs/align1.htm). For sequences of Indian isolates, see reference 19 for 11246, 21068, 301904, 301905, and 301999; reference 9 for D747X; and
reference 33 for IND3, IND7, and IND8. The sequences of African isolates BW01B03, BW0402, BW0504, BW1106, BW1210, BW15C05, BW16B01, and BW17B03
were obtained from GenBank (V. Novitsky unpublished data), and those of other African isolates may be found in the references cited, as follows: BU9102 (28); DJ259,
UG268, ZAM18, and ZAM20 (20); and MW960 (11).
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sequences and HIV-1 subtype C viruses from India and Africa
over the region C3–V4. For this and subsequent estimates, the
sequence from 99NP15 was removed, because the large dele-
tion would have confused the analysis. Two monophyletic
groups are evident within the Nepalese sequences, both sup-
ported by highly significant bootstrap values in NJ analysis and
by maximum-parsimony analysis (data not shown). The larger
of these (cluster 1), containing 33 of the sequences, is most
closely related to a group of Indian isolates. The second,
smaller cluster of three individuals (cluster 2) has a longer
branch length between the ancestral node and other subtype C
sequences—the nearest neighbor being ZAM18, from Africa.
Although the three sequences in cluster 2 share a distinctive
motif in V4 [QGPN(E/G)T (Fig. 2)], the distinction into two
groups does not appear to be the result of a single “signature
sequence” or discrete genomic region, as this separation is

maintained when NJ analysis is performed on smaller regions
of the alignment encompassing V3, V4, or the intervening
constant region (data not shown).

Figure 4 shows this phylogeny in more detail, presenting an
ML tree estimating the relationships among the Nepalese se-
quences alone. The long branch length that separates the two
major monophyletic clusters indicates the significant degree of
divergence between the two. Within the major cluster of se-
quences, two subgroups are defined by significant NJ bootstrap
values and supported by maximum-parsimony analysis (data
not shown)—group 1A (99NP51 and 99NP53) and group 1B
(99NP40, 99NP41, and 99NP42). It was not possible to assign
a reason for the close association of the viral strains in these
clusters from patient history or origin.

Calculation of mean genetic distance. Viral sequence diver-
sity was calculated by mean pairwise genetic distance for the
Nepalese IDU cohort (in total and separated into clusters 1
and 2) and a number of published HIV-1 parenteral transmis-
sion clusters and IDU epidemic cohorts (Table 2). The data
were truncated to the largest region shared by all available
sequences (V3 loop; pNL43 nt 7100 to 7207). The results are
presented in order of diminishing mean genetic distance. The
diversity of the Nepalese cohort is lower than that of the three
nosocomial clusters but significantly higher than that for other
published IDU outbreaks. The major Nepalese transmission
group (cluster 1) alone did not differ in diversity from the
entire IDU cohort analyzed together, although cluster 2 was of
substantially lower diversity.

Genetic distances and Ks:Ka ratios within the Nepalese
cluster. The distribution of genetic distance values in the Ne-
palese IDU C3–V4 region was examined in more detail. The
entire alignment of the 35 viral cDNA sequences (pNL43 nt
7025 to 7477) was divided into four codon-aligned alignments:
the 59 flanking region (pNL43 nt 7025 to 7099), the V3 region
(pNL43 nt 7100 to 7207), the 39 flanking region (pNL43 nt
7208 to 7366), and the V4 region (pNL43 nt 7367 to 7468). The
latter three regions are indicated in the translated amino acid
sequences shown in Fig. 2. The mean genetic distance was
calculated for each of these four alignments. Figure 5 shows
the results of these calculations, with the range of pairwise
genetic distances in each set presented to show the distribution
of variation. As is evident from the predicted amino acid se-
quence alignment in Fig. 2, the majority of sequence variation
is due to the V4 region, which has the highest mean genetic
distance (12.9% 6 10.3%) as well as the broadest range of
distances. By contrast, the distance values of V3 cluster more
tightly around a lower mean of 4.6% 6 2.3%, and the distances
of the 59 flanking region are confined below 6.0%. A significant
amount of sequence variation is found within the 39 flanking
region (5.5% 6 3.8%), and this region is more variable than
V3, as has been described previously for HIV-1 subtype C
isolates (10). To examine whether this sequence variability was
due to increased neutral (random) mutation or was the prod-
uct of evolutionary selection pressure, the Ks:Ka ratio was
calculated for these alignments (Fig. 5). Ks:Ka values below 1.0
indicate a predominance of mutations driven by selective pres-
sure as opposed to those occurring by random genetic drift (16,
24, 31, 36). Analysis of the entire alignment yielded a mean
pairwise Ks:Ka ratio of 0.86 (P , 0.001), indicating significant
evolutionary pressure on the C3–V4 region as a whole. Inter-
estingly, examination of the smaller regions alone revealed that
the majority of this pressure is operating upon the 39 flanking
region (Ks:Ka 5 0.74; P , 0.001), between V3 and V4. The
Ks:Ka ratio within the V3 (0.93; P 5 0.133) and V4 (0.84; P ,
0.001) regions is also ,1.0, although, in concordance with the
viral diversity, most evolution is occurring in the V4 rather

FIG. 4. Phylogenetic analysis of sequences from the HIV-1 envelope C3–V4
region (pNL43 nt 7023 to 7477) from the 35 Nepalese IDU HIV-1 subtype C
isolates alone. An ML tree is shown with significant NJ bootstrap values (from
100 data sets) by the relevant nodes. The major and minor clusters (clusters 1 and
2, respectively) observed in Fig. 3 are preserved. Within cluster 1, two additional
monophyletic groups (clusters 1A and 1B) are supported by highly significant
bootstrap values. The nucleotide alignment used to generate this analysis may
be found at the R. B. Oelrichs website (http://www.burnet.edu.au/oelrichs/
align2.htm).
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than the V3 region, and the Ks:Ka ratio in V3 does not achieve
statistical significance. The 59 flanking region shows no evi-
dence of selected mutations, with a Ks:Ka ratio of 2.3 (P ,
0.001).

DISCUSSION

As the global pandemic of HIV-1 continues to expand, pre-
viously naive populations experience patterns of infection that
are a product of the source of the virus and the predominant
mode of transmission. The object of this study was to investi-
gate the explosive spread of HIV-1 in the relatively confined
population of IDU in Kathmandu, and the results have shed
light on the possible source of the epidemic in that group and
the particular mode of evolution of HIV-1 subtype C during
rapid horizontal transmission.

Initially a less commonly reported subtype of HIV-1, sub-
type C has come to dominate the global pandemic and is
responsible for rapidly spreading epidemics in South Africa
and neighboring countries (2, 34) and in the Indian subconti-
nent (10, 19). It is not clear whether this predominance is a
reflection of chance transmission of HIV-1 subtype C into
fertile naive populations or whether it may reflect the relatively
higher fitness of a virus that has adapted further to human
transmission. Unlike other subtypes of HIV-1, strains of sub-
type C may contain an additional one or two copies of the
binding site for the transcription factor NF-kB within the long
terminal repeat promoter region (14), perhaps resulting in
enhanced viral transcription and fitness.

HIV-1 subtype C was the only subtype detected in a total of
36 randomly selected IDU in Kathmandu, indicating that the
epidemic is homogenous and possibly of Indian origin, rather
than spreading from Southeast Asia, where the predominant
subtypes are B9 and A/E (10). Other neighboring countries
have also reported subtype C infections, however, and the
differences between reported strains are not sufficiently great
to allow assignment of an isolate to a particular country of
origin on the basis of sequence data alone.

The Kathmandu HIV-1 sequence information will be of
relevance to any forthcoming vaccine strategies in Nepal. It
will also be of interest to examine the HIV-1 epidemics in
separate at-risk populations, for example, commercial sex
workers or women receiving prenatal care. The detection of
different subtypes of the virus in distinct at-risk groups, as was
the case in the early HIV-1 epidemic in Thailand (22), would
indicate a separate epidemiological origin of these epidemics.

A more detailed analysis of the 35 subtype C envelope se-
quences revealed clear segregation into minor and major clus-
ters (Fig. 3 and 4). This segregation was not due to the pres-
ence of a discrete signature sequence but was demonstrable
along the length of the aligned sequences. The larger of the
two clusters has a star-shaped phylogeny, suggestive of hori-
zontal transfer of the virus in a short time (10), in concordance
with the available epidemiological information. It has not been
possible to separate the three members of the minor cluster
from the majority on the basis of geographical origin, ethnicity,
or preferred mode of drug injection. It is probable, however,
that these three are simply members of a more recent trans-
mission cluster, sampled by chance, as the mean genetic dis-
tance in this group (1.9% 6 1.4%) is substantially lower than
that in the larger cluster (4.6% 6 2.3%), consistent with a
shorter time since transmission. These data indicate that the
Nepalese IDU epidemic has been the product of a limited
number (possibly as few as two) of introductions of HIV-1
subtype C into the population and a subsequent explosive
transmission within it.

Comparison of these data with previously published se-
quences of parenteral transmission cohorts shows that the di-
versity of the Nepalese IDU sequences (as measured by mean
pairwise genetic distance) is approximately centrally located
within a broad range (Table 2). The highest diversity calculated
is for the Sydney Blood Bank cohort (7), a function of the
increased viral diversity that has been noted in such cohorts of
long-term non-progressors to HIV disease (8, 23). By contrast,
extremely low diversity is calculated for three large IDU trans-
mission cohorts (from Kaliningrad, Belarus, and Glenochil)
where sampling was performed early in the epidemic. A com-
parable diversity was calculated for the Nepalese IDU cohort
and two other cohorts with epidemics of similar duration.
These data indicate that, despite the explosive nature of the
spread of HIV-1 in Kathmandu, it has already achieved sub-
stantial diversity, comparable to that in previously reported
instances.

Examination of an alignment of the predicted amino acid
sequences from the Nepalese IDU HIV-1 clearly shows that
most variation has occurred in the V4 region (Fig. 2). Higher
rates of evolution in the V3-flanking regions, compared to V3
itself, have been noted previously in HIV-1 subtype C (10,
B. T. Foley, personal communication). In order to analyze the
differential rates of evolution of these envelope regions, the
data were divided into four separate alignments covering V3,
V4, and the 59 and 39 sequences flanking V3. Viral diversity

TABLE 2. Comparison of mean genetic distance in the V3 region among the Nepalese IDU cohort and six other, previously described
parenteral-transmission cohortsa

Cohort Length of
epidemic (yr) Subtype Mean genetic

distance (%) SD (%) Range (%)

Sydney Blood Bank (n 5 4) 10–16 B 13.9 4.6 7.2–22.7
Nosocomial pediatric (n 5 22) 2–4 G 6.1 3.6 0.0–22.0
Florida dental (n 5 6) 2–3 B 5.0 1.8 2.5–8.8

Kathmandu IDU (n 5 35) ,3–4 C 4.6 2.3 0.0–11.3
Cluster 1 (n 5 32) ,3–4 C 4.6 2.3 0.0–11.3
Cluster 2 (n 5 3) ,3–4 C 1.9 1.4 0.0–2.9

Belarussian IDU (n 5 20) 1–2 A 0.6 0.9 0.0–3.9
Kaliningrad IDU (n 5 26) ,0.5 A/B 0.6 0.7 0.0–2.9
Glenochil IDU (n 5 13) ,0.5 B 0.4 0.5 0.0–1.9

a Cohorts are arranged in order of declining mean genetic distance. The Nepalese IDU cohort shows a value consistent with previously published data from diverse
HIV-1 subtypes. Mean genetic distance increases substantially in proportion to the time between the commencement of the epidemic (or transmission cluster) and
sampling.
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and Ks:Ka ratios were calculated from these (Fig. 5). All re-
gions apart from the 59 flanking region show substantial diver-
sity, with most variation occurring in V4 and the 39 flanking
region rather than in V3. A Ks:Ka ratio of 0.86 (P , 0.001) for
the entire alignment indicates that the virus has experienced
significant selective mutation during its rapid spread through

the Nepalese IDU. Interestingly, the highest evolutionary pres-
sure has been directed towards the 39 flanking region (Ks:Ka 5
0.73; P , 0.001) rather than to the variable regions. These data
confirm previous observations that the highest genetic diversity
in the C3–V4 region of HIV-1 subtype C is found outside V3
and indicate that the flanking region immediately 39 to V3 is

FIG. 5. Plots of the distribution of pairwise genetic distances in the entire alignment of 35 Nepalese IDU HIV-1 cDNA sequences (pNL43 nt 7025 to 7477) and
in four subalignments covering the 59 flanking region (pNL43 nt 7025 to 7099), the V3 region (pNL43 nt 7100 to 7207), the 39 flanking region (pNL43 nt 7208 to 7366),
and the V4 region (pNL43 nt 7367 to 7468). The number of distance values within a given percentage range (y axis) is plotted against an increasing percentage range,
from 0 to 1% to 44 to 45% (x axis). The mean genetic distance, standard deviation, and range are given. The entire alignment shows moderate genetic diversity (average,
5.8%) and evidence of positive selection pressure (Ks:Ka 5 0.86; P , 0.001). The V4 region contributes most highly to genetic diversity, with the largest mean genetic
distance and the broadest range of values. The 39 flanking region also contributes substantially to diversity and experiences the strongest evolutionary pressure (Ks:Ka 5
0.74; P , 0.001).
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the target of an unknown positive or purifying selective pres-
sure during transmission.

The use of the cationic surfactant Catrimox-14 in the isola-
tion of viral RNA has been described for the analysis of hep-
atitis C virus (1, 29, 32) and bovine viral diarrhea virus (13).
Addition of Catrimox leads to the disruption of cellular and
viral particles and to the preservation of RNA from both these
sources. This is the first report of its use in the transport and
extended storage at ambient temperature of HIV-1 RNA in
whole blood. This technique has a number of advantages over
the use of dried-blood spots for the transport of HIV-1-posi-
tive specimens over extended distances. The collection proce-
dure is simple, and the addition of the Catrimox reagent to the
blood destroys infectious blood-borne viral particles, rendering
the sample safer to transport through conventional mail. The
extraction procedure is also simple and allows the analysis of
viral RNA directly rather than by amplifying integrated provi-
ral DNA copies of the virus that might be defective or archival.
The technique is also efficient, achieving recovery of HIV-1
from .76% of ELISA-positive samples in this study.

This study reports the first genetic information from the
explosive HIV-1 epidemic in Nepal, finding the subtype
spreading amongst IDU to be exclusively subtype C and pos-
sibly of Indian origin. It reports a new application of the re-
agent Catrimox in the preservation and transport of HIV-1
RNA for analysis in laboratories distant from the site of col-
lection, which offers advantages over currently used tech-
niques. The study also presents the largest HIV-1 parenteral-
transmission cohort examined to date and confirms previous
observations concerning the unusual evolution of the V3 flank-
ing regions of HIV-1 subtype C. These data have relevance for
both existing and proposed public health interventions and
vaccine strategies, designed to curb this potentially devastating
epidemic.
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