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ABSTRACT
We have investigated the genetic diversity and potential mosaic genomes of HIV-1 during the early part of
the HIV-1 epidemic among commercial sex workers (CSWs) in Kinshasa, Democratic Republic of Congo (formerly Zaire). Serologic analysis revealed that 27 (28.7%) of the 94 specimens were seropositive by both peptide and whole-virus lysate EIAs and that 24 were positive by molecular screening assays, using generic primers
that can detect all known groups of HIV-1. Phylogenetic analyses of the gagp24, C2V3, and gp41 regions of
these 24 specimens showed that all were group M; none of them had any evidence of group O, N, or SIVcpzlike sequences. On the basis of env sequence analysis, the 24 group M specimens were classified as subtypes
G (37.5%), A (21%), F1 (12.5%), CRF01_AE (8%), D (4%), and H (4%); 3 (12.5%) were unclassifiable (U).
Similar analysis of the gagp24 region revealed that the majority of infections were subtype A; however, onethird of the specimens were subtype G. Parallel analysis of gagp24 and env regions revealed discordant subtypes in many specimens that may reflect possible dual and/or recombinant viruses. These data suggest a predominance of subtype G (both pure G and recombinant CRF02_AG) during the early part of the epidemic
in Kinshasa. Infections with group N or SIVcpz-like viruses were not present among these CSWs in Kinshasa.

H

1 (HIV-1), the etiologic agent for acquired immune deficiency syndrome
(AIDS), is characterized by an unusually high degree of genetic
variability in vivo. Analysis of HIV-1 genome sequences of
virus strains from different geographic locales has revealed that
HIV-1 can be divided into three groups: M (main), O (outlier),
and N (non-M-non-O).1,2 Group M includes the viruses that
dominate the global epidemic, which is further divided into subtypes, subsubtypes, and circulating recombinant forms (CRFs),
whereas group O contains a pool of highly divergent but genetically related viruses, with its epicenter restricted to West
Central Africa.3 Group N, the least spreading of the viruses, is
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represented by only a handful of viruses identified in
Cameroon.4 Thus, genotypic analysis has provided a better understanding of the molecular epidemiology of HIV-1, enabling
the detection of emerging HIV-1 variants and improving the
tracking of the epidemic worldwide.
The global diversity of the group M viruses is reflected not
only by their discrete genetic subtypes and subsubtypes, but by
the fact that a large proportion of the virus strains also has
CRFs.1,2 Parallel phylogenetic analysis of different regions of
HIV-1 genomes among known group M subtypes, subsubtypes,
and unclassified specimens (U) revealed that subtypes, A, B,
C, D, G, H, J, and K, and subsubtypes F1 and F2, had nonre-
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combinant genomes in some strains, while at least four CRFs
have been identified so far: CRF01_AE, CRF02_AG,
CRF03_AB, and CRF04_cpx.1,5–8 It is believed that multiple
subtypes cocirculating in the same population will likely yield
a higher number of CRF viruses.5 It is intriguing to note that
most of the CRF genomes are highly complex intersubtype recombinants, with some being extremely stable and others having a patchy appearance due to multiple cross-over events. For
instance, CRF01_AE is clearly E in env, U/A/E in the regulatory regions, and A in gag and pol, while the CRF04_cpx has
an extremely complex mosaic genome structure including subtypes A, G, H, K, and U.1 While the emergence of these CRF
viruses has important implications for both monitoring HIV-1
genetic diversity and developing effective vaccines, little is
known about the prevalence of these CRFs in the early part of
the HIV-1 epidemic.
In the present study, we studied the possibility that highly
divergent CRF viruses existed during the early part of the HIV
epidemic in the Democratic Republic of Congo (DRC, formerly
Zaire). We used highly sensitive and broadly cross-reactive
serologic and molecular detection tools9–11 to detect and distinguish genetically divergent variants of HIV-1 and SIVcpz
alike in commercial sex workers (CSWs) from Kinshasa. We
provide evidence indicating the predominance of subtype G
(pure G and recombinant CRF02_AG), and potential CRF
viruses, during the early part of the HIV epidemic in Kinshasa,
DRC.
The 94 blood specimens used in this study were part of the
collection amassed by Project SIDA, a multinational AIDS research project conducted in Kinshasa, DRC during the mid1980s.12 The Kinshasa Health Department contacted known or
suspected female prostitutes working in bars, night clubs, and
hotels during September–October 1985. The women were invited to visit a medical clinic established for HIV screening in
central Kinshasa. Women were classified as CSWs by the clinic
staff on the basis of the criteria of charging money for sexual
services, regardless of the number of partners and the length of
time in practice. These women were enrolled in the study with
informed consent. HIV-1 infection was detected by commercially available enzyme-linked immunosorbent assay (ELISA)
and confirmed by Western blot analysis. The detailed demographic and clinical information on these participants has been
described elsewhere.12
Plasma samples were tested with consensus synthetic peptides derived from the gp41 region of HIV-1 groups M, O, and
N, and SIVcpzGAB, as well as with whole-virus lysate-based
enzyme immunoassays (EIAs). The 44-mer consensus peptides
included WGIKQLQARVLAVERYLKDQQLLGIWGCSGKLICTTAVPWNASW (nucleotides 580–623) for group M,
W GIRQ LRA RLL ALE TLIQ NQQ LLN LW GC KGK LV CYTSVKWNRTW for group O, WGIKQLQAKVLAIERYLRDQQILGSLGCSGKTICYTTVPWNETW for group N, and
WGVKQLQARLLA VER YLQDQQILGLWGCSG KAVCYTTVPWNNSW for SIVcpzGAB. The procedures for EIAs
using the consensus gp41 peptides and whole-virus lysate were
essentially the same as described previously.11
Viral RNA was extracted from 200 ml of each plasma sample, using a QIAamp viral RNA kit (Qiagen, Valencia, CA).
Reverse transcription-polymerase chain reactions (RT-PCRs)
were then performed with generic primers gpM-Z and intM-Z,
which can amplify all known HIV-1 and SIVcpz viruses,9,10 as
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well as with group M-specific primers in the gagp24 , protease,
and C2V3 regions.13–15 The primer sequences and protocols
have been described in detail elsewhere.9–11,13–15
The purified nested PCR products from the gagp24, C2V3,
and gp41 regions were used for automated sequencing with a
BigDye terminator cycle-sequencing ready reaction kit (PE Applied Biosystems, Foster City, CA) according to the manufacturer’s protocol. The sequencing reactions were then run in a
377 DNA sequencer (PE Applied Biosystems). Sequencing was
done in both directions. These sequences, along with reference
sequences from the HIV sequence database,1,2 were aligned by
the CLUSTAL W (version 1.74) multiple sequence alignment
program.16 The genetic distances between isolates were computed by DNADIST. 17 Phylogenetic trees were constructed after all gaps had been trimmed, using the neighbor-joining
method included in the PHYLIP 3.5c package.17
To detect possible highly divergent viruses of HIV-1 groups
M, O, and N and SIVcpz during the early part of the HIV epidemic, we tested the 94 CSW samples, using a whole-virus
lysate and a cocktail of consensus gp41 peptides of groups M,
N, and O and SIVcpz as antigens. The results revealed that 27
(28.7%) of the specimens were positive by both EIAs, while 67
(71.3%) were negative (Table 1).
Molecular analysis of the 26 HIV-1-seropositive specimens
(RT-PCR amplification was not done on 1 seropositive specimen, 85CD249, because of the limited material available) revealed that 24 (92%) of them were amplified in the gagp24,
C2V3, and gp41 regions, with the exception that specimen
85CD319 was not amplified in the C2V3 region (Table 1). The
two specimens that could not be amplified in the above-cited
three regions also had no amplification by the group M-specific
protease or by broadly cross-reactive integrase intM-Z primers.
To gain further insight into possible variants among the
seronegative specimens, we tested all 67 HIV-seronegative
specimens with highly sensitive group M-specific primers in
the protease and gagp24 regions, as well as with the broadly
cross-reactive primers intM-Z and gpM-Z, which can detect all
known HIV-1 groups (M, N, and O) and SIVcpz.9,10 All 67
specimens were negative in all amplification assays (data not
shown).
Phylogenetic analysis of the sequences in the gagp24 and env
(C2V3 and gp41) regions derived from the 24 specimens was
performed (Table 1, Fig. 1). Analysis of the envgp41 region revealed that 9 (37.5%) were subtype G, 5 (20.8%) were subtype
A, 3 (12.5%) were subsubtype F1, 2 (8.3%) were CRF01_AE,
and 1 (4%) each were subtypes D and H; 3 (12.5%) specimens
remain unclassifiable (Table 1 and Fig. 1A). Likewise, analysis of the C2V3 region also indicated a predominance of subtype G, followed by subtype A. Two specimens (85CD220 and
85CD354) were discordant in subtypes between the C2V3 and
gp41 regions and another specimen (85CD319) failed to amplify in the C2V3 region (Table 1, Fig. 1B). The three unclassifiable specimens could not be classified in either region despite the inclusion of newly described subtypes (F2, J, and K)
as well as additional unclassifiable sequences from the HIV
database (data not shown).1,2
We next examined the gagp24 region to identify potential mosaic genomes in these specimens. Phylogenetic analysis of this
region revealed 11 (45.8%) to be subtype A, 8 (33%) as subtype G, 2 (8%) as subtype F1, and 1 (4%) each as subtypes D,
J, and unclassifiable (Table 1, Fig. 1C). Although there was
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TABLE 1. SEROLOGY AND SUBTYPE ANALYSIS OF SPECIMENS
COMMERCIAL SEX WORKERS, KINSHASA , DRC

FROM

Phylogenetic classification

Patient ID

HIV-1 serologya

gag
(p24)

85CD246
85CD267
85CD273
85CD300
85CD306
85CD349
85CD085
85CD116
85CD355
85CD227
85CD321
85CD241
85CD260
85CD096

1
1
1
1
1
1
1
1
1
1
1
1
1
1

G
G
G
G
G
G
A
A
A
A
A
F
F
D

env
C2V3

gp41

G
G
G
G
G
G
A
A
A
A
A
F
F
D

G
G
G
G
G
G
A
A
A
A
A
F
F
D

Potential dual and/or recombinant forms
85CD322
85CD357
85CD350
85CD220
85CD225
85CD354
85CD244
85CD319
85CD099
85CD299

1
1
1
1
1
1
1
1
1
1

A
A
A
A
A
G
G
J
A
U

E
E
G
A
H
A
F
NAb
U
U

E
E
G
G
H
G
F
U
U
U

85CD266
85CD271

1
1

NA
NA

NA
NA

NA
NA

Abbreviation: U, unclassifiable.
a Of the 94 commercial sex worker specimens from Kinshasa, 27 were seropositive and 67 were
seronegative. All 67 seronegative specimens were tested by molecular screening assays, using
generic primers in the integrase and gp41 regions, as well as group M-specific primers in protease,
gagp24, and C2V3 regions, and all were negative.
b NA, not amplified by RT-PCR.
higher prevalence of subtype A based on gagp24 region, subtype G still accounted for almost one-third of the infections.
More importantly, we observed discordant subtypes between
gag and env regions (Table 1). Of the 24 specimens, 14 (58.3%)
specimens had the same subtype in the gagp24, C2V3, and gp41
regions (6 subtype G, 5 subtype A, 2 subtype F1, and 1 subtype D), while the remaining 10 had discordant subtypes.
Among the discordant subtypes, we found AE, AG, AH, GF,
AAG, and GAG, as well as J and A with unclassifiable C2V3
and gp41 regions. In addition, one specimen could not be classified in all three regions. Whether these discordant subtypes
and unclassifiable isolates represent infections with two different subtypes, circulating recombinant forms, or new unidentified viruses remains to be determined.
The detailed molecular analyses of the sequences from the
24 CSWs in Kinshasa revealed a high degree of genetic heterogeneity and potential circulating recombinant forms of group
M viruses. We also did not detect infections with HIV-1 groups
O and N and SIVcpz-like variants among these specimens, al-

though DRC is known to harbor highly divergent HIV-1 variants.18 These data are in accordance with findings from studies showing the presence of all known HIV-1 subtypes in DRC
and neighboring countries.18–21
Analysis of the gagp24 region revealed that although almost
half of infections were subtype A, one-third were due to subtype G. A previous study based on the gagp17 region also revealed that subtype A was the predominant subtype in DRC.18
Unlike Cameroon, where most subtype A sequences sequenced
so far cluster closely to IbNG-like circulating recombinant
forms (CRF02_AG),1,19,21,22 the subtype A from DRC clustered
closely with prototypic subtype A. It is believed that
CRF02_AG forms are more common than the prototypic subtype A in Cameroon, Nigeria, and West Africa.7,22
Parallel analyses of gag and env regions suggested that while
more than half of the isolates appeared to be noncirculating recombinant forms, the remaining sequences represented potential circulating recombinant forms with discordant classifications of the genomes in these two regions. While this study has

FIG. 1. Phylogenetic classification of the newly characterized HIV-1 group M sequences (85CD#) along with references from the HIV sequence database2 in envgp41 (A),
C2V3 (B), and gagp24 (C) regions. The trees were constructed by the neighbor-joining method, using the consensus sequences of gp41 (312 nt), C2V3 (365 nt), and p24
(426 nt). The trees were rooted by SIVcpzGAB. Horizontal branch lengths are drawn to scale, with the bar indicating 0.1 nucleotide substitution per site. Numbers at the
nodes indicate the percentage of bootstrap sampling (out of 100) in which the cluster to the right is supported (only values $75% are shown). Underlined sequences represent new sequences from the current study, and boxed sequences represent unclassifiable specimens. GenBank accession numbers for the newly characterized sequences are
AF260437–AF260507.
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not determined whether these discordant genomes represent the
true circulating recombinant forms or simply reflect dual infections with two viral subtypes, it is surprising to see such a
high prevalence of discordant genomes in the early part of the
HIV epidemic. Among these discordant genome structures,
some were similar to those previously described (i.e., AE, AG,
and AH) while others were unique and/or unclassifiable (G/F
and J/U).1,2 These unique unclassifiable structures were also
observed previously in Kimpese, DRC and Cameroon.18,21 We
also observed an unusually high prevalence of subtypes G (potential pure G and circulating recombinant forms A/G, G/F, and
G/U). While the dynamic role played by the recombinant G
viruses remains to be determined, a study based on the pol-integrase region revealed that 7 of 26 infections in the Republic
of Congo were subtype G, and all these subtype G specimens
represented pure G infections when analyzed in the env region.19 While substantial numbers of subtype G sequences have
recombined with subtype A in Africa, data presented here and
those by Mboudjeka et al.19 provide strong evidence that pure
subtype G continued to spread as an integral structure through
Central Africa during the early part of the epidemic. The other
recombinant structures such as G/F or G/unclassifiable sequences may not have had a survival advantage and may have
resulted in dead-end infections.
In summary, we have used sensitive primers to confirm great
genetic diversity and a high proportion of potential recombinant genomes in HIV-1 infections from persons infected in the
early part of the HIV pandemic in Kinshasa, DRC, with a predominance of subtype G among the CSWs studied. This study
also indicates that infections with group N or SIVcpZ-like
viruses were uncommon or did not exist in the early part of the
HIV epidemic. Continued studies related to molecular epidemiology, as well as genetic diversity and recombination
events within HIV-1, are needed to understand their spread and
impact on the epidemic.
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