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We studied the feasibility of genotyping human immunodeficiency virus (HIV) type 2 groups A and B by
real-time PCR. Two group-specific PCRs were developed. Real-time genotyping of 22 samples of genotype A, 10
samples of genotype B, and the isolate of new group H were compared to genotyping by sequencing and
phylogeny. The group-specific PCRs specifically identified 84.3% of group A or B samples; isolate H was not
detected. This method allowed rapid and specific discrimination between HIV-2 groups A and B and could be
a useful tool for molecular epidemiological studies.

Infection by human immunodeficiency virus type 2 (HIV-2)
was discovered in Senegalese patients in 1985 (1) and was first
isolated from a Cape Verdian patient suffering from AIDS in
1986 (4). In contrast to HIV-1, the HIV-2 epidemic has re-
mained restricted mainly to west Africa (3, 10, 22), with some
cases being reported occasionally in central Africa (Gabon,
Cameroon, and Equatorial Guinea) (9, 14, 21) and east Africa
(16). Its presence reported in Europe (France, Portugal, and
Spain) (13, 15, 20) reflects historical links to the areas where
the virus is endemic. A limited number of cases are present in
Argentina, the Philippines, and the United States (18, 19, 23).
However, there is no epidemic in these regions, in contrast to
India, where HIV-2 seems to be spreading (17, 24). Analysis of
genetic divergence of HIV-2 isolates has led to classification
into subtypes. As the different subtypes of HIV-2 are analo-
gous in term of genetic distance to the different groups of
HIV-1, and as they are most likely to have arisen by indepen-
dent cross-species transmission events (12), the HIV nomen-
clature has been recently revised (http://www.hiv.lanl.gov
/content) and HIV-2 is presently defined by eight phylogenetic
groups, designated A to H (3, 8, 10, 27).

Numerous data are available on strain diversity and molec-
ular epidemiology for HIV-1, but little is known about varia-
tion and geographic distribution of HIV-2 groups. Only groups
A and B are epidemic in west Africa. Group A, which contains
most HIV-2 strains characterized so far, has been identified in
Cape Verde Islands, Côte d’Ivoire, The Gambia, Ghana, Guin-
ea-Bissau, Mali, and Senegal (16). Group B viruses, exhibiting
greater geographic restriction, have been reported mainly in
Côte d’Ivoire and Ghana (16). The groups C, D, E, and F,
represented by only partial sequences of single virus genomes,
have been identified in Liberia (groups C and D) (10) and
Sierra Leone (groups E and F) (3, 10). Groups G and H are
represented by the full-length genomic sequence of strains

collected in Côte d’Ivoire from an asymptomatic blood donor
(27) and a symptomatic patient (8), respectively. During recent
years, extensive molecular epidemiological studies have been
performed to survey the dynamics of HIV-1 groups and sub-
types. Such molecular epidemiological studies are also needed
to monitor dynamics and changes in the distribution of the
HIV-2 groups in countries where the virus is endemic and to
monitor emerging groups outside of west Africa. It might be
also critical to discriminate between these groups to investigate
if different clinical and biological properties exist.

It was previously shown that V3 serotyping, a rapid and
simple laboratory method used for HIV-1 subtyping, was not
relevant for HIV-2 (25). HIV-2 genotyping is essentially per-
formed by nucleotidic sequencing of genomic fragments fol-
lowed by phylogenetic analysis. Although this methodology is
the gold standard and allows direct group classification, it is
time-consuming, expensive, requires a qualified operator, and
does not allow rapid analysis of numerous samples. Alternative
methods are needed. Recently, a combination of long terminal
repeat (LTR) sequence analysis and group-specific amplifica-
tion of groups A and B with an ethidium bromide staining
visualization has been developed (2); however, no group B
samples were present in the evaluation panel. The aim of this
study was to determine the feasibility of simple and rapid
genotyping by real-time PCR based on LightCycler technology
(Roche Diagnostics, Mannheim, Germany).

For the present work, real-time genotyping of 33 samples
was performed and compared to data generated by sequencing
and phylogenetic analysis. Samples were collected in the Bi-
chat hospital, Paris, France (n � 21), and in the Infectious
Diseases unit at the Rouen hospital (n � 12), France. Seven-
teen samples (including the new isolate defined as group H)
were previously genotyped (5, 8). Genotyping of the 16 re-
maining samples was performed by sequencing and phyloge-
netic analysis of reverse transcriptase (RT; the pol gene).

Briefly, proviral DNA was extracted with a QIAamp DNA
Blood Mini kit (Qiagen, Courtaboeuf, France). A genomic
region of 1,054 bp encoding the 5� end of the RT was amplified
by nested PCR (amino acids 32 to 383) that used outer (RTC
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and RT2) and inner (RT3 and RT4) primers (10, 26). Cycling
temperatures and times were slightly modified. The first round
of PCR had an initial denaturation step at 95°C for 15 min. It
was followed by 35 amplification cycles (94°C for 30 s, 55°C for
30 s, and 72°C for 1 min 30 s) and then by an elongation step
at 72°C for 7 min. Nested PCR conditions were as follows:
denaturation at 95°C for 15 min, followed by 30 amplification
cycles (94°C for 30 s, 55°C for 30 s, and 72°C for 1 min) and
then an elongation step at 72°C for 7 min. The PCR products
were purified with the QIAquick PCR purification kit (Qiagen)
and were sequenced on both strands with sense primers RT3b
(5�-GAGGCACTAAAAGAGATCTG-3�) and RT5 and anti-
sense primers RT4 and RT6, as previously described (10, 26).
The sequence reaction was carried out with a CEQ Dye Temi-
nator Cycle Sequencing with Quick Start kit (Beckman, Ful-
lerton, Calif.) and was purified by alcoholic precipitation. Se-
quencing was processed on an automated capillary CEQ 8000
DNA sequencer (Beckman). Nucleotide sequences based on
949 sites were aligned with the CLUSTAL W program with
minor manual adjustments to take into account the protein
sequences. A phylogenetic tree was produced by the neighbor-
joining method, and the reliability of the branching orders was
assessed by the bootstrap approach (1,000 replicates) with the
CLUSTAL W program. Genetic distances were calculated by
Kimura’s two-parameter method.

Real-time PCR genotyping was processed on templates in-
cluding DNA from infected cells by coculture with patients’
isolates (n � 10) and from uncultured peripheral blood mono-
nuclear cells (PBMCs) from HIV-2-seropositive patients (n �
23). PBMCs, separated on a Ficoll gradient, were washed twice
in phosphate-buffered saline (PBS), pelleted, and stored at
�80°C. DNA was extracted by using the QIAamp DNA Blood
Mini kit (Qiagen) according to the manufacturer’s recommen-
dations. Two group-specific real-time PCRs were developed
for a region that spans the 3� end of the LTR to the 5� start of
gag, amplifying a 286-bp group A-specific fragment and a
171-bp group B-specific fragment. Primers and hydrolysis
probes were defined to be specific for each group. The probes
were synthesized with a reporter fluorescein dye (6-carboxy-
fluorescein [FAM]) attached to the 5� end and the quencher
TAMRA (6-carboxytetramethylrhodamine) linked to the 3�
end. The PCR conditions with LightCycler-FastStart DNA
Master Hybridization Probes (Roche Diagnostics) were de-
fined as follows. The LightCycler master mix (2 �l) was mixed
with 4 mM MgCl2, 0.5 �M group A-specific primers (U HIV2
A, 5�-TAGTCGCCGCCTGGTCA-3�; and L HIV2 A, 5�-GG
TGTAGGTACTTACCTTCACCC-3�), and 0.25 �M group A-
specific probe S HIV2A (FAM-AGTAACAAGACCCTGGT
CTGTTAGGACC-TAMRA) in one capillary. A similar
mixture was prepared in a second capillary with 0.25 �M group
B-specific primers (U HIV2 B, 5�-AGTAAGGGCGGCAGG
AAT-3�; and L HIV2 B, 5�-CGCCCATCTCCCACTTAT-3�)
and 0.25 �M group B-specific probe S HIV2 B (FAM-AGGC
CGGTACCAGGCAGCGT-TAMRA). A variable volume of
extract, containing 500 ng of DNA (if possible), was added.
The final volume of 20 �l was reached by supplementing the
solution with water. Amplification was carried out as follows:
95°C for 10 min (one cycle), denaturation at 95°C for 10 s, and
annealing from 70°C to 60°C for 30 s. The reduction in the
annealing temperature was done for 10 cycles (Touchdown

PCR); denaturation was at 95°C for 10 s, and annealing was at
60°C for 30 s (40 cycles).

Analytical sensitivity and intra- and interrun reproducibility
of both group-specific PCRs were performed by using two
reference strains representing groups A (ROD; GenBank ac-
cession number BD131284) and B (P1102; GenBank accession
number AF170058). These HIV-2 DNA standards were cellu-
lar extracts after coculture, quantified by using primers defined
specifically to amplify HIV-2 ROD and P1102 as well as HIV-1
BRU strains (GenBank accession number K02013). For the
cell line 8E5, containing a single provirus of HIV-1 BRU per
cell, we quantified the extracted DNA of HIV-2 ROD and
P1102 strains with a known range of DNA extract from the 8E5
cell line (11). The sensitivity of the real-time PCR method was
determined by testing serial dilutions of DNA from the two
strains at 10,000, 1,000, 100, 50, 20, and 10 copies/capillary (five
replicates). To assess intrarun reproducibility, dilutions con-
taining 100 or 20 copies/capillary were tested 10 times each in
the same experiment. To determine interrun variability, dilu-
tions containing 100 or 20 copies/capillary were run in dupli-
cate in four different experiments.

Genotyping by sequencing confirmed 22 genotype A sam-
ples and 10 genotype B samples. One more sample, corre-
sponding to the new isolate fully sequenced and described
recently as group H, was also analyzed (8). Results of the RT
region sequencing are presented in Fig. 1.

All 33 samples, plus human DNA as negative control, were
tested in both group-specific PCRs. Twenty-seven out of the 32
group A or B samples (84.3%) were amplified and correctly
identified by the group-specific PCRs (Table 1). Analysis by
electrophoresis on agarose gel and ethidium bromide staining
indicated no amplification for the five undetectable samples of
DNA (four from fresh cells and one from culture cells). The
isolate H and DNA control were not detected by any group-
specific PCR. Seventeen of the 22 group A samples (77.2%)
were specifically detected by the group A-specific PCR. All of
the group B samples were specifically detected by the group
B-specific PCR.

To assess analytical performances of both PCRs, sensitivity
as well as intrarun and interrun reproducibility studies were
carried out with two representative strains of groups A and B.
The detection rate of both PCRs was 100% in dilutions of 20
copies/capillary and were 20 and 40% at 10 copies/capillary for
group A- and group B-specific PCR, respectively. Results of
the intrarun and interrun reproducibility analyses are pre-
sented in Table 2. The coefficients of variation lie between 0.71
and 0.97 for the intrarun assay and between 0.8 and 1.22 for the
interrun assay.

The aim of the present study was to determine if rapid and
simple genotyping of HIV-2 could be efficient and relevant.
Our results indicate a strong correlation between the gold
standard and our technique. A higher sensitivity for group B
detection was observed (all samples were correctly identified).
This result could be due to the analytical performance of each
PCR rather than being linked to diversity. The analytical
threshold was fixed at 20 copies/capillary because of 100%
detection with both PCRs, but group B PCR seems to be more
sensitive than group A at 10 copies/capillary (40% of detection
versus 20% for group A). The hypothesis of a higher proviral
load in group B leading to a better sensitivity cannot be re-
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jected, but such a hypothesis would not be consistent with
recent data (6). Among the five undetectable group A samples,
four had amounts of DNA below 500 ng (from 25 ng to 275
ng). Small amounts of DNA associated with low proviral load
and/or with a lesser sensitivity of the group A-specific PCR
may explain these results, as may possible mismatch due to
genetic variability in the amplification region. This latter hy-
pothesis seems not to be relevant, because no mismatch was
observed with the HIV-2 group A sequences published in the
HIV sequence database (http://www.hiv.lanl.gov/content).
However, variability of this region is difficult to assess, because

FIG. 1. Phylogenetic tree based on 949 unambiguously aligned nucleotides from the RT region. The 16 samples sequenced are included in the
tree; samples from Bichat and Rouen hospitals are identified with a B or an R, respectively. The numbers near nodes indicate bootstrap values
greater than 60%. The analysis was performed as described in the text.

TABLE 1. Correlation between reference genotype and genotype
by group-specific PCR

Group-specific
real-time PCR

Reference genotype

Culture cells Fresh cells

A (n � 5) B (n � 4) A (n � 17) B (n � 6)

A 4 0 13 0
B 0 4 0 6
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only 15 group A and 4 group B sequences are available in this
database.

In terms of analytical performance, the LightCycler system
offers high intra- and interrun reproducibility for both PCRs.
The real-time PCR allows a simplified protocol with fewer
steps than classical PCR. This technology is presently available
in some reference centers in developing countries, in particular
in west Africa, where HIV-2 is endemic. This tool could be
useful for studying HIV-2 infection in field conditions and for
a rapid screening of non-A, non-B divergent HIV-2 strains.
Actually, only HIV-2 groups A and B are prevalent, the epi-
demic being more restricted than that for HIV-1 group M.
However, efficient tools could be useful to discriminate simply
and rapidly between these two groups in order to investigate if
different biological properties exist. The large nucleotidic dis-
tances between HIV-2 groups may lead to such differences. A
direct consequence of HIV-2 diversity is observed in serolog-
ical diagnosis: group B samples are involved in a specific pat-
tern of intensive cross-reactivities on HIV-1 Western blotting
(5), which can lead to the misidentification of a dual HIV-1/
HIV-2 infection and, thus, a maladapted follow-up. Recently,
it was observed that group B samples had lower viral loads by
RNA real-time quantification (7). A population bias was con-
sidered, but further evaluation is needed to confirm or refute
that point. It was also proposed that group A might be more
pathogenic than group B (10), but this was not confirmed by a
recent study based on in vivo data in France (5). Moreover,
little is known about the consequences of HIV-2 diversity.
Whatever the groups, HIV-2 is naturally resistant to non-
nucleosidic reverse transcriptase inhibitors, but the conse-
quences for viral load determination and for drug resistance
profiles are not clearly known. An RNA version of this format
could be suitable but will be extremely difficult to achieve, due
to very low plasma RNA viral load in HIV-2 infection (7).

In conclusion, our method allows rapid and specific discrim-
ination between HIV-2 groups A and B without sequencing.
This PCR method is not a molecular screening tool but was
developed as a complementary tool for grouping strains of
HIV-2. HIV-2 infection must first be diagnosed. Larger eval-
uation of this technique is now needed. This technique could
be a useful and simple tool for molecular epidemiological
studies by allowing for discriminating rapidly between these
two groups.
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