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Human immunodeficiency virus type 1 (HIV-1) nucleotide sequences encoding p24Gag and the Env C2V3
region were obtained from seven patients who were selected on the basis of having paradoxical seronegativity
on a subset of HIV enzyme-linked immunosorbent assay detection kits and having atypical Western blot
(immunoblot) reactivity. Sequence analyses showed that all of these strains were more closely related to the
recently described Cameroonian HIV isolates of group O (HIV-1 outlier) than to group M (HIV-1 major). All
seven patients had Cameroonian origins but were living in France at the time the blood samples were taken.
Characterization of a large number of group M strains has to date revealed eight distinct genetic subtypes (A
to H). Genetic distances between sequences from available group O isolates were generally comparable to those
observed in M intersubtype sequence comparisons, showing that the group O viruses are genetically very
diverse. Analysis of sequences from these seven new viral strains, combined with the three previously char-
acterized group O strains, revealed few discernable phylogenetic clustering patterns among the 10 patients’
viral sequences. The level of diversity among group O sequences suggests that they may have a comparable (or
greater) age than the M group sequences, although for unknown reasons, the latter group dispersed first and
is the dominant lineage in the pandemic.

Two types of human immunodeficiency viruses (HIV-1 and
-2) have been described as the etiologic agents of AIDS (2, 8,
16, 32). These two HIV types are genetically distinct, notably
with respect to the regulatory genes vpu and vpx, which are
unique to HIV-1 and HIV-2, respectively. Numerous HIV-1
strains have been isolated from diverse geographic locations
worldwide, and nucleic acid sequence analyses have identified
at least eight distinct HIV-1 clades, designated subtypes A to H
(23, 35, 37, 42, 46). Each of these subtypes is approximately
equidistant from the others in a phylogenetic pattern that has
been described as a star phylogeny (28). No correlation be-
tween HIV-1 subtypes and viral pathogenicity or transmissibil-
ity has yet been found, although subtype-specific mutational
patterns in the V3 region have been observed (28). HIV-2 has
recently been shown to present a greater genetic and biological
diversity than anticipated (17). In the case of HIV-2, a corre-
lation between ease of viral isolation and genetic subtype has
been noted (17, 56), and HIV-2 may have a decreased patho-
genic potential relative to HIV-1 (40).
In 1990, a preliminary sequence of a Cameroonian HIV-1

isolate (ANT70) was described as being radically different
from other HIV sequences (10). A similar virus (MVP5180)
was isolated from a second Cameroonian patient, and it was
found to cluster phylogenetically with ANT70 (18). These vi-
ruses (18, 63) have been fully sequenced and were classified as

HIV-1 in view of their overall genomic structure. Because of
their great genetic distances from other HIV-1 isolates, they
were originally considered outliers and so were shown together
in sequence alignments with a virus isolated from a chimpan-
zee captured in the wild in Gabon (CPZGAB) (21). DNA
sequence analyses showed ANT70 and MVP5180 had on av-
erage 65 to 70% similarity to HIV-1 and 56% similarity to
HIV-2. Recently, Charneau et al. suggested splitting the HIV-1
viruses into two groups, group M (for major) and group O (for
outlier), containing the sequences ANT70, MVP5180, and
VAU (7). (VAU was isolated from a Caucasian woman living
in France with no known ties to Africa.)
By competitive immunoblotting with the MVP5180 group O

strain, an estimated prevalence of HIV-1 group O-infected
individuals of 7 to 8% was found in Yaoundé, Cameroon (18).
This estimated prevalence was confirmed by a retrospective
study with an ANT70 V3 synthetic peptide-based enzyme-
linked immunosorbent assay (ELISA) to test sera collected
from HIV-seropositive patients in Cameroon and Gabon (24,
49). This prevalence could be an underestimate, however, be-
cause the HIV-1 V3 loop region used for the peptide ELISA is
a highly variable region among group O viruses, as illustrated
in this article. The most recent survey, in contrast, estimated
the prevalence of HIV-1 group O infection to be 2% or less,
accounting for less than 10% of HIV-1-infected patients in
Cameroon (65). In a previous report, we described the char-
acterization of nine patients living in France (eight from Cam-
eroon) who are infected with group O viruses (34). These HIV
variants present a public health challenge, since several of
them escape detection by certain conventional screening tests
(58). In addition, the serum samples of most of these patients
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displayed atypical and incomplete Western blot (immunoblot)
reactivity (34, 58). One of the nine patients of this group was
lost to follow-up; another patient was analyzed in a recent
study by Charneau et al. (7).
Here, we report the genetic characterization of viral se-

quences from the seven remaining patients. Sequences of two
nonoverlapping genomic regions encoding the p24Gag capsid
protein and the C2V3 region of Env were obtained and ana-
lyzed. The sequences were based on those of strains isolated by
coculture. The results of phylogenetic analyses indicated that
the group O viruses are all very distant from HIV-1 group M
subtypes as well as from the CPZ virus. Our results confirmed
that these HIV-1 viruses have a distinct lineage compared with
HIV-1 group M. The two groups, M and O, form a phyloge-
netic pattern that roughly corresponds to a two-star phylogeny.

MATERIALS AND METHODS

Patients. The seven Cameroonian patients included in this study were moni-
tored in Parisian hospitals. They were selected for their HIV serological profile,
atypical Western blot, and reactivity to a synthetic peptide assay based on the
MVP5180 strain; the serological assays were conducted in three different labo-
ratories in Paris (34). As summarized in Table 1, four patients were classified as
CDC IV and three patients were classified as CDC II at the time of virus
isolation (according to the Centers for Disease Control and Prevention [CDC]
classification). Their ages varied between 22 and 44 years for the symptomatic
patients and between 22 and 68 years for the asymptomatic patients. The CD4
counts for the symptomatic patients were ,100 3 106/liter, and the CD4 counts
for the asymptomatic patients were .380 3 106/liter. For each patient, the
number following the letters BCF corresponds to the number of the serum
sample described by Simon et al. (58).
Cultures. Whole blood from the seven patients was collected on heparin

lithium. Peripheral blood mononuclear cells (PBMCs) were isolated in a Ficoll-
Hypaque (Pharmacia) density gradient. The cells were washed twice with RPMI
1640 and resuspended (2.106/ml) in culture medium supplemented with 20%
fetal calf serum, 10% human interleukin-2, 5% L-glutamine, and antibiotics (150
mg of streptomycin per ml, 250 U of penicillin G per ml). Patient cells (106) were
cocultured with an equal number of phytohemagglutinin-stimulated PBMCs
obtained from healthy donors (duplicates in 24-well plates [Costar]). Medium
was replaced twice weekly, and 3 3 105 fresh cells were added at days 7, 14, and
21. Viral replication was monitored in culture supernatants for 28 days by reverse
transcriptase assay (micromethod) and by a polyclonal anti-p24 detection kit
(ELAVIA p24 Ag; Sanofi-Diagnostic Pasteur). High-reverse transcriptase-posi-
tive supernatants were frozen at 2808C for further studies.
PCR, cloning, and sequencing. DNA from cocultures and fresh PBMCs from

infected patients were extracted with phenol-chloroform, precipitated with eth-
anol, and quantified spectrophotometrically. PCRs were carried out in 100-ml
reaction mixtures containing 10 mmol of Tris-HCl per liter (pH 8.3), 50 mmol of
KCl per liter, 2 mmol of MgCl2 per liter, 0.2 mmol (each) deoxynucleoside
triphosphate (dNTP) per liter, 40 pmol of each primer, 2.5 U of Taq polymerase
(Perkin-Elmer Cetus, St. Quentin Yvelines, France), and 1 mg of cell DNA. The
primers used were Env5-Cam [59-GACTCGAGT(R)GTTACTTGTACACATG
GCAT-39] and Env3-Cam (59-GAGAATTCACAATAAAAGAACTCCATGA
CAGT-39) for the env region and Gag5-Cam (59-GACTCGAGCAGGGACAA
ATGGTACATCA-39) and Gag3-Cam (59-GAGAATTCAGTAGCTTGCTCA
GCTCTTAAT-39) for the gag region, corresponding to nucleotides 6991 to 7012,
7421 to 7396, 1250 to 1269, and 1768 to 1747 of the HIV-1 ANT70 sequence,
respectively, and selected from conserved regions in the sequences of HIV-1

subtype O isolates ANT70 and MVP5180. Samples were submitted to 40 ampli-
fication cycles, each consisting of three successive steps: denaturation at 948C for
1 min, annealing of primers at 508C for gag and 558C for env for 1 min, and
extension at 728C for 1 min. In the first cycle, denaturation was performed for 4
min, and in the last cycle, denaturation was extended over 5 min. Amplified
products were digested with XhoI and EcoRI restriction enzymes, purified, and
cloned in an M13mp18 vector digested by SalI and EcoRI.
Sequencing. For each patient, between three and six clones were sequenced

with the PRISM Ready Reaction AmpliTaq dye primer 221M13 kit (Perkin-
Elmer) on an automated DNA sequencer (Applied Biosystems 373A sequencer),
but only the consensus sequence derived from the sets of cloned sequences was
retained for further analysis. The amino acid sequence for each patient was
translated from the nucleotide consensus sequence. The sequences from the viral
cultures tended to be highly similar, and the consensus for each intrastrain viral
sequence set was defined by picking the most common nucleotide found in each
position. Because this study was directed towards exploring group O viral diver-
sity between infected patients and not within a patient, a single consensus
sequence per individual was used for the study rather than the complete set of
sequences.
Phylogenetic analysis. DNA sequences were aligned with the multiple aligned

sequence editor MASE (13). Tree topologies were inferred by neighbor joining
with the Kimura two-parameter distance matrix (PHYLIP) (14), with a transi-
tion/transversion ratio of 1.3. Weighted parsimony (PAUP and MacClade) (20,
39, 62) was also used; character state changes were weighted as previously
described (28). Confidence values for individual branches of the resulting trees
were evaluated by a bootstrap analysis in which 100 bootstrap trees were gen-
erated with PHYLIP and PAUP for neighbor joining and parsimony trees,
respectively. Only unambiguous positions in the alignments were included, leav-
ing 255 nucleotides with 198 varied sites for the C2V3 region trees and 396
nucleotides with 195 varied sites for the p24 region trees.
The sequences used in the construction of the env C2V3 phylogenetic tree

correspond to the following strains: JRCSF (50); HU08448 and Z321 (61);
DJ258A, DJ258A, and SE365A (38); NOF (11); NDK (60); TN243 (41);
VI525A, DJ259A, and SE365A (38); NOF (11); NDK (60); TN243 (41); VI525A
and LBV217 (23); BZ126A and BZ163A (38); CARELO (40a); and CPZGAB
(21). The sequences used in the construction of the p24gag phylogenetic trees
corresponded to the following strains: DJ258, VI313, DJ259, VI525, VI557,
UG280, UG270, UG274, VI174, BZ162, LBV217, VI191, and CI4 (37); JRCSF
(50); and CPZGAB (21).
Synonymous versus nonsynonymous substitutions in the env C2V3 region. The

proportion of observed synonymous substitutions divided by the potential num-
ber of synonymous substitutions (ps) and the proportion of observed nonsynony-
mous substitutions divided by the number of possible nonsynonymous substitu-
tions (pn) were calculated by the method of Nei and Gojobori (47). Variable
domains with insertions and deletions were excluded from the analysis. The
calculations of slopes were based on ps values of less than 0.3 to minimize
problems due to homoplasy.
Nucleotide sequence accession numbers. The full set of env and gag sequences

is available through GenBank. The accession numbers for env are as follows:
BCF01, U24566; BCF02, U24562; BCF03, U24567; BCF06, U24568; BCF07,
U24563; BCF08, U24564; and BCF11, U24565. Those for gag are as follows:
BCF01B, U24706; BCF02B, U24707; BCF03B, U24708; BCF06B, U24711;
BCF07B, U24709; BCF08B, U24710; and BCF11B, U24712.

RESULTS

Virus isolation. In the seven patients’ PBMCs, virus was
detectable between days 5 and 21 of coculture, via monitoring
of reverse transcriptase activity and p24 antigen reactivity. The
optical density observed for the p24 antigenemia was weak
compared with that for classical HIV-1, as already described
(7, 18), with values resembling those obtained with HIV-2 (59).
This result reflects the poor reactivity against group O p24Gag

of the antibodies generated against an HIV-1 group M p24
antigen used in this assay. Characteristic retroviral cytopathic
effect with syncytium formation was observed between days 4
and 15 for all viruses. Virus isolation from plasma was per-
formed with three patients and was successful for only two
symptomatic patients (CDC IVA and CDC IVC1) (Table 1).
The negative patient was asymptomatic and had CD4 cell
counts greater than 400 3 106/liter (Table 1).
Nucleic acid sequence. PCR amplifications with HIV-1

group M- and HIV-2-specific primers for the env, pol, and nef
genes were negative (1, 34). In two cases, with HIV-1 group M
gag-specific primers (SK38 and SK39), we were able to obtain
an amplified product. Analysis of the sequence of the amplified

TABLE 1. Clinical and virological status of the seven
HIV-1 group O-infected patients

Patient Age
(yr) Sexa CD4 count

(106/liter)
CDC classi-
fication

Plasma
culture Coculture

BCF01 44 M 91 IVA 1 1
BCF02 38 F 19 IVC1 NDb 1
BCF03 45 M 97 IVC1 1 1
BCF06 22 M 10 IVC1 ND 1
BCF07 29 F 384 II ND 1
BCF08 22 F 420 II 2 1
BCF11 68 F 575 II ND 1

aM, male; F, female.
b ND, not determined.
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DNA allowed us to characterize these isolates as belonging to
group O. Primers derived from the consensus sequences of
ANT70 and MVP5180 (Env5-Cam, Env3-Cam, Gag5-Cam,
and Gag3-Cam) allowed amplification all of the isolates ana-
lyzed in this study. The PCR amplification and sequencing was
done on DNA extracted from cultured PBMCs, although for
five patients, direct PCR was also positive on DNA extracted
from uncultured PBMCs. A 497-bp fragment within the p24gag

coding region and a 405-bp fragment spanning the C2V3 re-
gion of env were amplified. By using these primers, direct PCR
amplification was successful for all group O isolates tested to
date. The specificity of these primers was tested on samples
obtained from patients infected with HIV-1 group M viruses.
Neither group M strains isolated from French patients (n 5
34) nor those isolated from African patients (n 5 24) could be
amplified.
gag sequences. The genetic distance between group O and

group M strains and CPZGAB virus were calculated. The
intragroup Hamming distances ranged from 4.03 to 14.3% for
group O and from 2.5 to 23.9% for group M. The distances
between group O sequences versus CPZGAB were 27 to 29%,
while the distances between CPZGAB and group M sequences
ranged from 22 to 32% (Table 2). These are conservative
estimates, because only regions which could be unambiguously
aligned were retained for the comparisons. We attempted to
select a set of group M viral sequences that were sampled
within approximately the same time frame as the group O
samples discussed here, but otherwise the samples were arbi-
trarily selected to represent each of the group M subtypes (A
to H) (46). The same sets of nucleic acid sequences included in
the similarity comparisons were used for the phylogenetic anal-
ysis. While the numbers presented here are useful for the sake

of comparison, there are sampling limitations for both the M
and group O sequence sets. Therefore, there would certainly
be some variation in the intra- and intergroup values if other
characteristic isolates were chosen. The amino acid sequence
alignments are shown in Fig. 1. Among the 133 amino acids
(aa) analyzed, 25 were variable in group O sequences. In 13
positions, amino acids were replaced with amino acids of the
same character in terms of biochemical similarity or charge. A
comparison of translated p24Gag group O sequences revealed
that the synonymous nucleotide substitutions with no effect on
protein sequences were far more common than nonsynony-
mous nucleotide substitutions in this region, analogous to what
is found in HIV-1 and HIV-2 (27).
env C2V3 region. For the seven patients, 318 to 323 bp of

sequence spanning the C2V3 region was characterized. The
intergroup sequence similarity between group O isolates and
group M subtypes was calculated, again with the same set of
sequences for the similarity comparisons and for the genera-
tion of phylogenetic trees. The env nucleotide sequence diver-
gence among the seven Cameroonian isolates ranged from 4.6
to 30.3%, while the divergence among clades A to H ranged
from 2.8 to 22.7% (Table 2). Interestingly, the divergence
between group O isolates and the CPZGAB isolate is higher
than the divergence between group M isolates and CPZGAB
(44.4 to 51.5 and 39 to 47.7%, respectively).
Deduced amino acid sequences of the env C2V3 region. The

amino acid sequence alignments are shown in Fig. 2. In con-
trast to what was found for group M strains (6, 29, 46), the
variability inside the V3 loop is higher than the variability
outside the V3 loop among group O strains. Among the 62 aa
characterized upstream and downstream of the V3 loop, 32
were conserved. In most group M strains, the V3 loop is com-
posed of 34 or 35 aa, while the V3 loop of group O isolates is
composed of 36 (ANT70 and VAU), 37 (BCF02, BCF01,
BCF03, BCF07, and BCF11), 38 (BCF06 and BCF08), or 39
(MVP5180) aa. Only 9 aa, including the two cysteines, were
absolutely conserved among all group O strains. Some intrapa-
tient variability was observed; however, the small number of
clones sequenced for each patient and the possible emergence
of selected isolates yielded by coculture, as observed by Mur-
phy et al. (44), prevent us from drawing any conclusions. Ex-
cept for the GP motif (shown in boldface), the octameric
sequence at the tip of the loop of the 10 isolates (including

FIG. 1. Alignment of deduced amino acid sequences of a fragment of the p24gag of group O Cameroonian strains. The top line corresponds to the consensus
(CONS) sequence. Asterisks indicate positions which contain fewer than five identical amino acids.

TABLE 2. Intra- and intergroup genetic distance

Virus type

% Genetic distance

gag env C2V3

Group O CPZGAB Group M Group O CPZGAB Group M

Group M 24.2–31.6 22.0–32.0 2.5–23.9 38.9–49.0 39.0–47.7 2.8–22.7
CPZGAB 27.0–29.0 44.4–51.5
Group O 4.3–14.3 4.6–30.3
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ANT70, MVP5180, and VAU) is very heterogeneous: RIGP
MAWY (n 5 2), GIGPLSWY, GIGPMSVY, KIGPMAWY,
KIGPLSWY, YTGPMRWR, ATGPLRWV, MAGPMAWY,
and GIGPLSWY.
Synonymous and nonsynonymous. The group M and group

O strains used for the sequence distance matrices and tree
analysis were also used for synonymous and nonsynonymous
pairwise comparisons (Fig. 3). Silent substitutions were essen-
tially saturated in comparisons of group M and group O se-
quences from either gene. The relationship between the non-
synonymous and synonymous substitutions in the p24 regions
of viruses from both groups displayed similar slopes in plots of
pn versus ps. This is illustrated in Fig. 3A, where the slopes
indicating the pn/ps ratio are 0.15 for group O comparisons
(Fig. 3A.A) and 0.13 for group M comparisons (Fig. 3A.B).
This indicates that the synonymous substitutions are approxi-
mately 6.6-fold more frequent than the nonsynonymous sub-
stitutions among the group O strains and are 7.7-fold more
frequent than nonsynonymous substitutions among the group
M viruses; the difference between the two groups was not
statistically significant. The silent substitutions between group
O and group M sequences are completely saturated (Fig.
3A.C).
In the C2V3 region, however, the group O viruses revealed

a significantly greater variation at the protein level, with pn/ps
slopes of 0.58 for group O viruses (Fig. 3B.A) and 0.45 for
group M viruses (Fig. 3B.B). The significance was tested by a
Monte Carlo resampling of points with a random-no-replace-
ment method and calculating the differences in the slopes for
100 randomized data sets; in the 100 randomizations, no dif-
ferences in slope greater than 0.05 were observed. In the real
data, the difference in slopes is 0.13. The intragroup distribu-
tion of the ps values for both the M and O groups in the C2V3
region and in p24 are comparable, suggesting that the samples
representing these groups may have had similar lengths of time
to diverge.
Phylogenetic analysis of the group O isolates and charac-

teristic group M strains. Phylogenetic trees were constructed

from the group O sequences available: 10 sequences for C2V3
and 9 sequences for gag. In addition, group M representative
strains were also included. In both trees, the sequences char-
acteristic of each group M subtype clustered together, indicat-
ing that the regions we chose are informative for subtype
determination.
Figure 4 shows a weighted parsimony tree with C2V3 (Fig.

4A) and p24 region (Fig. 4B) sequences. The numbers that
appear at the nodes are bootstrap values calculated with
nonweighted parsimony. The numbers represent the fre-
quency with which the node recurred out of 100 bootstrap
replicates and are restricted to values over 50 of 100. Neigh-
bor-joining trees gave comparable bootstrap proportions (data
not shown).
It is apparent that the HIV-1 viruses we analyzed should be

divided into two groups: group M, as proposed by Charneau et
al. (7), and group O. There are only two O clusters that are
reproducibly detected in both regions. The first is the cluster-
ing of sequences BCF02 and BCF07 (Fig. 4A), although the
association is less clear in gag than it is in the C2V3 region.
Another potentially interesting association is that between
MVP5180, BCF11, and BCF06 in gag. These sequences have a
highly conserved region in the p24gag gene, but the relationship
between BCF11 and the other two sequences in the C2V3
region is lost, suggesting the possibility of recombination. Re-
combination was looked for by signature analysis (25) in the
regions available, but other than the possibility noted in
BCF11, no evidence for recombination was found.
N glycosylation. N glycosylation may play an important role

in infection. The glycosylation pattern may influence infectivity
(31), the immunogenicity of the V3 loop (3), and protein fold-
ing (33). Overall, the Env protein of HIV-1 group M contains
more than 20 potential glycosylation sites (33); the C2V3 re-
gion we analyzed contains seven potential N-linked glycosyla-
tion sites (glycosylation sites are represented with a boldface N
in the sequences shown in Fig. 2). In the C2 region, the first
and fourth sites are absolutely conserved (10 of 10), while the
two other glycosylation sites are well conserved (8 of 10). Site

FIG. 2. Alignment of deduced amino acid sequences of the env C2V3 region of group O Cameroonian strains. Only group O sequences were aligned. In addition
to the sequences of the seven patients we characterized, the previously published sequences were added (ANT70, MVP5180, and VAU). Dots indicate gaps introduced
to improve the alignment, and asterisks indicate ambiguity in the consensus sequence. The presence of a potential N-linked glycosylation site is shown by a boldface
asparagine [N-X-(T or S)].
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5, spanning the first cysteine of the V3 loop, is conserved in
most groupM isolates from throughout the world (5, 12, 19, 22,
30, 41, 44, 48, 51, 53, 54, 67) with the exception of clade C
isolates (46). This site is missing in group O isolates as well as

in HIV-2 isolates (4, 45) (Fig. 5). The site next to the cysteine
was moved forward and was present only in three group O
isolates. In the carboxyl-terminal part of the V3 loop, a highly
variable region among Cameroonian group O strains, a glyco-

FIG. 3. Ratio of synonymous to nonsynonymous substitutions in the region encoding CAp24Gag (A) and C2V3. The sequences used are divided into two groups:
M and O. Pairwise comparisons of all sequences included in this study were made, synonymous/nonsynonymous (ps/pn) values were determined, and the ps and pn for
each pair of sequences were calculated. The ps values are plotted on the abscissa, and the pn values are plotted on the ordinate, so the slope is an indication of the
pn/ps ratio. The slopes were calculated only for points with ps values of less than 0.3 to minimize problems due to homoplasy and were calculated through the origin.
Panels C and D are included to indicate that the sequence divergence is at saturation for synonymous substitutions between group M and O sequences. Panels A, group
O sequence ps/pn values; panels B, group M sequence ps/pn values; panels C, group M versus O sequence intergroup ps/pn values; panels D, group M and group O
sequence intergroup and intragroup ps/pn values. Only intergroup values are shown for panels D.
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sylation site was present in 6 of the 10 isolates. In the
MVP5180 isolate, two adjacent sites were found. Interestingly
three strains (BCF06, BCF07, and BCF11) do not have poten-
tial N-glycosylation sites in the V3 loop (for the BCF07 isolate,
a site was found in one of four sequences in the C terminus).
Downstream of the V3 loop, all strains had a glycosylation site
but at variable positions, similar to subtype B strains isolated
from French patients (6). The potential and consensus sites
present in HIV-1 and HIV-2 are represented in Fig. 5.

DISCUSSION

The two full-length sequences of ANT70 and MVP5180 and
the env sequence of VAU represented the most divergent
HIV-1 isolates previously reported. It was clear that these
viruses were antigenically and genetically distinct from the
well-characterized group M (major) virus, so they became clas-
sified as a new group of HIV-1 viruses, group O. Because of the
high level of divergence between HIV-1 group M and group O

FIG. 3—Continued.
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isolates, one could propose naming group O HIV-3 instead.
However, the group O strains have been defined as HIV-1
viruses for three reasons: (i) a vpu-like gene characteristic of
HIV-1 is present, (ii) the env and nef genes are not overlapping
as they are in HIV-2 genomes, and (iii) the TAR sequence is
similar in terms of structure and size to HIV-1 TAR (10).
Moreover, the relative ease of virus isolation from cells and
plasma indicates that in culture, HIV-1 group O viruses behave
more similarly to HIV-1 group M isolates than to HIV-2 iso-
lates (59).
The identification of multiple group O-infected individuals

in France indicates that the spread of viruses belonging to this
group has already started in Europe. Viruses of group O are
likely to be transmitted vertically (5a) and horizontally through
heterosexual routes, leading to an ever wider distribution, as
has been seen for HIV-1 group M viruses and for HIV-2 (9).
The pathogenicity of these viruses is under investigation, but a
comprehensive study of their natural history will require sev-
eral more years. Nevertheless, it is already clear that these
viruses can be associated with AIDS, since two infected pa-
tients have already died of AIDS-like syndromes (MVP5180
and VAU/HAM) and four of our patients reached CDC stage
IV. All of the PCR and serological data indicated that these
patients were not coinfected with HIV-1 group M subtypes or
with human T-cell leukemia virus type 1 or 2.
Analysis of gag sequences confirmed the discrimination of

HIV-1 strains into group M and group O strains. Most of the
substitutions observed in the fragment of gag we studied were
synonymous mutations, with no effect on protein sequences.
Only 25 of 133 positions were nonsynonymous substitutions
among the group O sequences, and in most cases, the varia-
tions were conservative in nature.
The V3 region of gp120 encompasses a neutralizing anti-

body epitope (52, 55, 66). The loop contains B- and T-cell
epitopes and is a determinant of infectivity, membrane fusion,
and syncytium formation (15, 43). Comparison of the V3 loops
of group O strains showed striking divergence in terms of size
and amino acid composition. As was previously shown for the
ANT70, MVP5180, and VAU/HAM isolates, the tip of the
loop of the seven group O strains we characterized did not
contain the GPG motif, which is present in most group M
subtypes. The two motifs found were GPM (n 5 7) and GPL
(n 5 3). There is also a great rate of protein divergence in the
C2V3 region, as seen by comparing pn/ps ratios. This may
simply be due to a sampling artifact or alternatively it may have
important implications. Shpaer and Mullins have observed a
correlation between high rates of nonsynonymous mutations
and the pathogenic potential of different primate lentiviruses
(57); the nonsynonymous rate is even higher in the group O

FIG. 4. Phylogenetic tree analysis comparing the HIV-1 env C2V3 region
and CAp24gag coding sequences. A weighted parsimony tree is shown. The
numbers given at the branch points are the 50% threshold majority consensus
values for 100 bootstrap replicates. The lengths of the horizontal branches are
proportional and do not reflect single base changes because weighted parsimony
was used, but should be indicative of relative evolutionary distances; vertical
distances are for clarity only. These trees were based on alignments encoding
nucleotide sequences from which columns containing gaps have been deleted.
(A) env C2V3 region. (B) CAp24gag.

FIG. 5. Potential N-linked glycosylation sites of HIV-1 and HIV-2 strains.
The figure represents a schematic view of the consensus N-glycosylation sites in
HIV-1 group O and group M and HIV-2. The potential sites present in all strains
are represented as black boxes, and potential sites present occasionally are
represented as open boxes.
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C2V3 region sequences tested than observed in group M vi-
ruses. Also, the remarkable variation in this region may result
in a greater capacity to elude Env-based detection methods
among group O viruses than among group M viruses.
Analysis of the potential N-linked glycosylations shows a

pattern different from that found in most group M strains. The
most striking difference concerns site 5, adjacent to the first
cysteine (NCT), which is absent in the 10 group O strains and
in group M subtype C (46). The most N-terminal site (site 6)
present in the V3 loop in all group M clades is present only in
three group O strains, and an additional site (site 7) is present
in the C terminus of the loop in 6 of 10 strains. An alteration
in the position of sites 7 and 8 was also observed. Three strains
do not contain any sites within the V3 loop (Fig. 5). The design
of a vaccine inducing neutralizing antibodies directed against
the V3 loop is a difficult task that can be impaired by the
modification of the antigenicity of the loop by posttranslational
N glycosylation. The divergent sequences observed, the pres-
ence of new motifs at the tip of the V3 loop, and the absence
in three patients or the presence in six patients of new N-
glycosylation sites suggest that a vaccine directed against
HIV-1 group M strains may be ineffective against group O
strains because of variation in glycosylation patterns as well as
overall protein variation.
Analysis of gag sequences confirmed the discrimination of

HIV-1 strains into group M and group O strains. Most of the
substitutions observed in the fragment of gag we studied were
synonymous mutations with no effect on protein sequences.
Only 25 of 133 positions were nonsynonymous substitutions,
and in most cases, the variations were conservative. The rela-
tive conservation of p24Gag is also observed in group M strains.
Since the characterization of the first HIV isolate (64), the

accumulation of sequences of a number of different HIV-1
isolates has shown that this virus can be divided into distinct
subtypes. In group M, eight subtypes, A to H, have already
been characterized, primarily on the basis of env and gag se-
quence comparisons. The different group M subtypes have
been found to be roughly equidistant from one another, sug-
gesting that at some point in time, founder populations of the
subtypes separated from a common pool. If one assumes that
the different subtypes are evolving at a similar pace, then the
subtypes may have originated in the same evolutionary time
frame, moving out to form distinct viral lineages because of
some unknown epidemiological factor. Similar phylogenetic
analysis made with the 10 group O strains showed limited
phylogenetic clustering, with only two pairs of sequences
grouping into two clades in both the p24 and C2V3 regions.
There are two scenarios that are consistent with this observa-
tion. The first is that the lack of a clear branching structure in
the group O trees could be an artifact of small sample size, and
clear phylogenetic associations among group O viruses may
eventually emerge as more sequences become available, re-
vealing an underlying subtype pattern similar to that of group
M viruses. The second is that the evolutionary and epidemio-
logical history of the group O and M viruses may have been
different: in the case of M group viruses, yielding the distinctive
lineages corresponding to the subtypes, and in the case of
group O viruses, simply radiating out from an original ances-
tral virus. On the basis of the intersubtype genetic distances
found among group M viruses and the similar distances found
among group O viruses, it is interesting to speculate that the
two groups, M and O, form a double-star phylogenetic pattern.
The similar range of ps values observed within the two groups
(M and O) indicates they may have started spreading in their
human hosts in roughly comparable time frames.
The low prevalence and recent emergence of this HIV-1

group raise the question of its origin. Low prevalence is often
correlated with low infectivity, low pathogenicity, or recent
introduction. However, the first evidence indicates that the
group O viruses do not have reduced pathogenicity compared
with group M viruses, and the genetic analysis suggests that
group O may be comparable to group M in terms of age. Thus,
a socioeconomic hypothesis (epidemiologic factors) may ac-
count for the delayed emergence of group O compared with
group M. We cannot rule out the hypothesis that group O
viruses simply have been detected as HIV-1 and are already
more widespread than we currently imagine.
Nucleotide sequences of HIV-1 obtained from African pa-

tients display great diversity (26, 36, 37), with Western Central
Africa being, to our knowledge, the region where the most
divergent group M strains have been observed (44, 49). The
appearance of HIV-1 group O in this geographic region (24,
48) suggests that it may be a region of great importance for
continued studies of viral variation in both humans and other
primate species. In this region, not only are most of the HIV-1
group M subtypes and HIV-1 group O present, but HIV-2 and
human T-cell leukemia viruses type 1 and 2 are present as well
(9a). The extraordinary potential for variation in HIV-1 must
be taken into account in HIV diagnosis and in vaccine and
drug development. Better understanding of the extent of vari-
ation of HIV-1 both provides insight into HIV’s evolutionary
history and helps us understand its potential for variation in
the future.
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