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José Maria Marcelino,1 Helena Barroso,2,3 Fátima Gonçalves,4 Sofia Marques Silva,1 Carlos Novo,1
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A dual-antigen enzyme-linked immunosorbent assay specific for human immunodeficiency virus type 2
(HIV-2) envelope proteins, ELISA-HIV2, was developed with two new recombinant polypeptides, rpC2-C3 and
rgp36, derived from the HIV-2 envelope. The diagnostic performance was determined with HIV-2, HIV-1, and
HIV-1/2 samples. Both polypeptides showed 100% specificity. Clinical sensitivity was 100% for rgp36 and 93.4%
for rpC2-C3. ELISA-HIV2 may be used for the specific diagnosis and confirmation of HIV-2 infection.

Human immunodeficiency virus type 2 (HIV-2), the second
AIDS virus isolated from west African patients in 1985 (8), is
now present in all continents (20, 21, 23). The highest preva-
lence of HIV-2 in west Africa is found in Guinea-Bissau, where
prevalence rates of between 5 and 10% of the adult urban
population have been reported (39). The highest prevalence of
HIV-2 outside west Africa is found in Portugal, where a prev-
alence rate of 3.4% has been reported among AIDS cases (9).

Six immunogenic regions were identified in the HIV-2 en-
velope glycoproteins: three in gp125 (amino acids 234 to 248 in
C2, 296 to 337 in V3, and 472 to 507 in C5) and three in the
gp36 ectodomain (amino acids 573 to 595, 634 to 649, and 644
to 658) (11, 13, 18, 27, 30, 34, 40, 50). The gp36 ectodomain is
highly conserved and elicits a type-specific antibody response
(13, 33). Hence, most licensed diagnostic assays incorporate
gp36-derived antigens to detect HIV-2-specific antibodies (1,
4, 12, 28, 29, 38, 42, 45, 48). The sensitivity of these assays to
detect HIV-2 seroconversions has not been formally tested.
However, the sensitivity of several fourth-generation HIV1/2
assays was low with diluted HIV-2-positive samples (29), sug-
gesting that some screening assays may not detect low levels of
HIV-2 antibodies (32). The reduced sensitivity of these kits
may be caused by inappropriate antigen selection and/or re-
duced antibody levels in the HIV-2 patients (19, 26, 45).

It is important to differentiate between single infection with
either HIV-1 or HIV-2 and dual infection. Dual HIV-1 and
HIV-2 seroreactivity is relatively frequent in countries where
both HIV-1 and HIV-2 are endemic, such as Portugal (1.4%),
Guinea-Bissau (0.7%), Senegal (0.4%), and India (up to 2%)
(9, 17, 24, 35). However, the true rate of dual infections in
these countries is generally unknown. This is in part due to the

lack of sensitive and specific HIV-2 antibody tests. In fact, only
two enzyme-linked immunosorbent assays (ELISAs) of low
specificity (92%) are currently available for the diagnosis of
HIV-2 infection, both of which use the same viral lysate anti-
gen (2, 7). Most often, reactivity with gp36- or gp125-derived
antigens (peptides or recombinant proteins) incorporated into
Western blot (WB) and immunoblot assays is used to distin-
guish between HIV-2 and HIV-1 infections (41). However, the
sensitivity of these tests is generally low, and serological cross-
reactivity between the HIV-1 and HIV-2 Env glycoproteins has
been described, which may complicate the final diagnosis (10,
37, 49).

In this study, we produced a new HIV-2 ELISA (ELISA-
HIV2) using two new recombinant proteins, rgp36 and rpC2-C3,
derived from the reference primary isolate HIV-2ALI (44). Using
pSK7.3 plasmid as a template, which contains the HIV-2ALI env
gene (44), a PCR was performed with primers Hepit 11 (5�-TTT
AGATACTGTGCACC-3�) and Hepit 12 (5�-TTAGTCCAC
ATATATAC-3�) to obtain a C2-C3 env fragment with 497 bp
(positions 661 to 1157 in HIV-2 ALI env). The thermal cycling
conditions were as follows: denaturation at 94°C for 1 min, an-
nealing 60°C for 1 min, and extension at 72°C for 1 min for 45
cycles. Another PCR was performed with primers Hepit 15
(5�-GGCACGGCAGCTTTAACGC-3�) and Hepit 17 (5�-GTC
CCTGCAGTTATTTTTGTAGTTCATATG-3�) to obtain a
gp36 fragment with 385 bp (positions 1578 to 1963 in HIV-
2ALI env). The thermal cycling conditions were as follows:
denaturation at 94°C for 1 min, annealing at 65°C for 1 min,
and extension at 72°C for 1 min for 40 cycles. The resulting
fragments were cloned into the bacterial expression vector
pTrcHis (Invitrogen), generating recombinant plasmids
pTrcC2-C3 and pTrcgp36. The expression of both recombi-
nant polypeptides rpC2-C3 and rgp36 in Escherichia coli
strain TOP10 was induced with isopropyl-�-D-thiogalacto-
pyranoside following the instructions from the manufac-
turer. Purification of the histidinated rgp36 and rpC2-C3
polypeptides was done using a fast protein liquid chroma-
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tography system (Pharmacia). The purified recombinant
polypeptides were analyzed by sodium dodecyl sulfate–12%
polyacrylamide gel electrophoresis under reducing conditions
to determine the size of the fusion proteins. Quantification of
the purified proteins was done with the Bio-Rad protein assay.
The recombinant histidinated polypeptides rgp36 and rpC2-C3
were purified to 95% homogeneity, and final concentrations of
7 and 3.4 mg/liter were obtained for rgp36 and rpC2-C3, re-
spectively.

A microplate ELISA, ELISA-HIV2, was developed using
rgp36 and rpC2-C3 polypeptides as independent capture anti-
gens. Polystyrene immune module microwells (Maxisorp; Nal-
gen Nunc International) were independently coated (100 �l/
well) with each recombinant polypeptide at a concentration of
2.5 �g/ml in 0.05 M bicarbonate buffer, pH 9.4, and incubated
overnight at 4°C. After one wash with 0.01 M Tris and 0.15 M
NaCl, pH 7.4 (TBS), microwells were blocked with 1% gelatin
(Bio-Rad) for 1 h and washed twice with TBS buffer. One
hundred milliliters of a 1/100 dilution of each HIV-positive and
-negative plasma sample in TBS containing 0.05% Tween-20
(TBS-T), 0.1% gelatin, and 5% goat serum (Sigma-Aldrich)
was added, and this mixture was then incubated for 1 h at room
temperature. After five washes with TBS-T, a 1:2,000 dilution
of goat anti-human immunoglobulin G (Fc specific) conju-
gated to alkaline phosphatase (Sigma-Aldrich) in TBS-T was
added and incubated for 1 h at room temperature. The color
was developed using p-nitrophenylphosphate tablets (Sigma-
Aldrich) as a chromogenic substrate, and the optical density
(OD) was measured with an automated LP 400 microplate
reader (Bio-Rad) at 405 nm against a reference wavelength of
620 nm. The clinical cutoff value of the assay, calculated as the
mean OD value of HIV-seronegative samples � 3 times the
standard deviation [SD], was determined using samples from
healthy HIV-seronegative subjects (n � 60). The results of the
assay are expressed quantitatively as ODclinical sample/ODcut-off

(S/CO) ratios. For ratio values of �1, the sample is considered
seroreactive.

The clinical specificity of ELISA-HIV2 was evaluated
against a panel of plasma samples from healthy HIV-seroneg-
ative subjects. These included samples from blood donors (n �
130) and from pregnant women (n � 30). Two samples reacted
weakly against rgp36 (mean S/CO ratio, 1.21 [SD, 0.27]); eight
samples reacted weakly against rpC2-C3 (mean S/CO ratio,
1.18 [SD, 0.23]). Upon retesting in duplicate, all samples gave
negative results. Therefore, 100% clinical specificity was ob-
tained for both polypeptides. The 100% specificity of the
ELISA-HIV2 assay compares favorably to the specificity of the
two licensed HIV-2 serodiagnosis assays (�92%) (2, 7) and to
the specificity of most mixed HIV-1/HIV-2 assays (mean, 99%;
range, 94.6% to 100% for assays based on recombinant pro-
teins; mean, 98%; range 90.4% to 100% for assays based on
synthetic peptides) (1, 4, 5, 12, 14, 22, 28, 31, 38, 42, 43, 45, 48).

A panel of samples from 106 HIV-2-positive and 95 HIV-
1-positive patients was used to determine the clinical sensitivity
of the ELISA-HIV2 assay. HIV seropositivity was first deter-
mined by using the kit VIDAS HIV DUO (Bio Merieux).
Positive samples were subsequently tested by Peptilav 1-2, an
immunoblot assay containing a single peptide antigen from the
transmembrane glycoprotein of HIV-1 and HIV-2. Depending
on the Peptilav results, samples were further tested by WB

using the HIV-1 kit WB 2.2 and/or the HIV-2 kit New LAV
Blot II. Patients with samples reacting positive in HIV-1 and
HIV-2 Western blots were considered dually seroreactive. WB
results were considered positive when two Env bands with or
without Gag and/or Pol bands were present (16). WB results
were considered negative when no HIV-specific band was
present and indeterminate when any band pattern shown was
not considered positive or negative.

All 106 HIV-2 samples reacted with rgp36, and 99 (93.4%)
samples reacted also with rpC2-C3 (Fig. 1A and B). The 100%
clinical sensitivity and specificity obtained with rgp36 indicate
that the ELISA-HIV2 assay can be used in the serodiagnosis of
HIV-2 infection. The mean S/CO ratio was significantly higher
for the rgp36 antigen than that for rpC2-C3 (8.27 [SD, 1.49]
versus 4.89 [SD, 2.51]; P � 0.0001). These results suggest that
the gp36 ectodomain is the immunodominant antigenic region
in the HIV-2 envelope and are consistent with previous studies
showing that recombinant gp36 proteins derived from several
laboratory strains of HIV-2 are highly immunogenic (18, 40,
50). Most commercial and homemade ELISAs report similar
sensitivities using substantially more sera per reaction com-
pared to our assay (50 to 200 �l versus 1 �l) (38, 43, 48).
However, several fourth-generation mixed HIV-1/2 assays per-
formed poorly with diluted (up to 1:1,000) HIV-2 samples,
suggesting that they may not detect the low levels of antibodies
present at seroconversion and early infection (29). The higher
sensitivity of the ELISA-HIV2 assay suggests that it may per-
mit improved detection of HIV-2 seroconversions and recent
infections. Testing of longitudinal specimens from recently in-
fected individuals would be needed to support this claim. Such
studies are, however, difficult to perform due to the low inci-
dence of HIV-2 infection (20).

The finding that 93.4% of the HIV-2 samples reacted also
with the rpC2-C3 polypeptide contrasts with the low immuno-
reactivity (below 81%) reported for recombinant proteins en-
coded by corresponding sequences in HIV-2 strains SBL6669
(6), ROD (40), NIHZ (50), and ST (18). One explanation for
this discrepancy is that rpC2-C3 may comprise epitopes which
are more antigenic than the corresponding regions in HIV-2
strains SBL6669, ROD, NIHZ, and ST, all of which are labo-
ratory-adapted isolates. Therefore, antibodies present in the
infected immune sera may recognize the HIV-2ALI antigen
better.

HIV-2 patients could be clustered into high immune re-
sponders and low immune responders according to the level of
antibodies to rpC2-C3 (Fig. 1C). Conflicting reports exist on
the prognostic value of gp120 antibody responses. Neverthe-
less, high gp120 binding antibody titers were negatively corre-
lated to immune functions and viremia control in chronically
HIV-1-infected patients (46). It will be important to investigate
the correlations between the titer of C2-C3 binding antibodies,
viremia, and immune functions, including neutralizing anti-
body response, in HIV-2 infection.

Antibodies to the envelope gp41 develop early in HIV-1
infection, while antibodies to the V3 region of gp120 develop
later in infection. Therefore, the different antibody responses
to rpC2-C3 may also be due to the timing of infection (32, 36).
Further testing of longitudinal specimens from seroconverters
will be needed to study the kinetics of antibody responses to
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this envelope protein and to assess the usefulness of this in-
formation to date the timing of HIV-2 infection.

All 95 HIV-1 samples analyzed with ELISA-HIV2 gave neg-
ative results with rpC2-C3. Thirty-one (32.6%) samples cross-
reacted with rgp36, but the reactivity was significantly weaker
than that of HIV-2 samples (mean S/CO ratio, 2.42 [SD, 0.85]
versus 8.27 [SD, 1.49]; P � 0.0001) (Fig. 1A). These results
suggested that the ELISA-HIV2 assay could be useful to dis-
criminate between HIV-1 and HIV-2 infection in individuals
with dual-positive serology. Seven HIV-1 and HIV-2 dually
reactive serum samples were analyzed by ELISA-HIV2 and
PCR amplification of HIV gag and/or env genes. For PCR,
proviral DNA was extracted from uncultured peripheral blood
mononuclear cells with the Wizard genomic DNA purification
kit (Promega). For HIV-1, nested PCR was used to amplify a
409-bp fragment from the C2-C3 env region, using outer
primer pair JA167 and JA170 and inner primers JA168 and
JA169, and a 582-bp fragment from the p17 gag region, using
outer primer pair JA152 and JA155 and inner primers JA153
and JA154. Thermal cycling conditions for PCR and primer
numbers and positions have been described previously (25).
For HIV-2, nested PCR was used to amplify a 378-bp fragment
from the HIV-2 C2-C3 env gene region (positions 6949 to 7327
in HIV-2ALI) as described elsewhere (3). The amplified PCR

products were visualized by electrophoresis in 2% agarose gel.
For each patient, at least two independent PCRs were per-
formed under identical conditions. HIV-1 plasma viral load
was determined using the Quantiplex HIV RNA 3.0 (bDNA)
kit (Bayer Diagnostics). The PCR and ELISA-HIV2 results
indicated that none of the patients was dually infected, four
patients being infected with HIV-2 and three with HIV-1
(Table 1). Therefore, the ELISA-HIV2 assay can be used to
discriminate between HIV-1 and HIV-2 infections in dually
seroreactive patients. In Portugal, the reported rate of dual
HIV-1/HIV-2 seropositivity is 1.4% but the true rate of dual
infections is unknown (9). The finding that none of the dually
seroreactive patients was dually infected suggests that dual
HIV-1/HIV-2 infections are rare in Portugal. Earlier reports
suggested that most dually seropositive individuals from Guinea-

FIG. 1. Patterns of reactivity of HIV plasma samples with rgp36
and rpC2-C3. Reactivity of HIV-1 and HIV-2 samples with rgp36
(A) and rpC2-C3 (B). (C) Low (LR) and high (HR) rpC2-C3 re-
sponders. S/CO, ODsample/ODcutoff ratio. Reactivity to rgp36 and
rpC2-C3 is indicated by open (�) and black (■ ) squares, respec-
tively. The horizontal solid line represents the cutoff value; samples
with S/CO values of �1 are considered reactive. The dotted line
represents the lower S/CO value obtained with HIV-2 samples for
rgp36. Student’s t test was used to compare mean S/CO OD values
obtained for both antigens.

TABLE 1. Type of infection in dually HIV-1- and HIV-2-seroreactive
individuals determined with ELISA-HIV2 and PCR amplification

Sample

Result by
ELISA-HIV2

(S/CO) HIV-1 viral
loada

Result by PCR
amplificationb

Type of
infection

rgp36 rpC2-C3
HIV-1 HIV-2

(env)gag env

107 9.35 11.87 �50 � � � HIV-2
108 8.53 1.89 �50 � � � HIV-2
109 8.68 4.11 �50 � � � HIV-2
110 2.58 0.55 241 � � � HIV-1
111 8.25 3.32 �50 � � � HIV-2
112 0.51 0.49 47,273 � � � HIV-1
113 0.80 0.50 35,123 � � � HIV-1

a Number of RNA copies/ml of plasma.
b Amplification of p17 ( gag) and C2-C3 (env) regions. �, negative; �, positive.
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Bissau (78 to 86%) (47), Ivory Coast, and The Gambia (72%)
(19) were indeed dually infected. In more recent studies per-
formed in India (22) and Senegal (15), a 40% rate of dual
infections was reported among dually seroreactive patients.
Although the number of patients was small in all studies, the
declining prevalence of dual infections that they document is
consistent with the worldwide decreasing incidence and prev-
alence rates of HIV-2 infection (9, 20).

Reactivity against two envelope glycoproteins is the World
Health Organization criterion used for the WB confirmation
of HIV infection (16). To further investigate the reliability of
ELISA-HIV2 as a confirmatory test, we tested a panel of
samples (n � 56) that were reactive in the screening assay
VIDAS HIV DUO and in the confirmatory assay New LAV
Blot II (51 positive and 5 indeterminate). All 51 WB-positive
samples reacted as HIV-2 samples in ELISA-HIV2, whereas
the indeterminate samples were HIV-2 negative in ELISA-
HIV2 (Table 2). Four indeterminate samples reacted as HIV-1
in the HIV-1 Western blot and Peptilav 1-2. One indetermi-
nate sample, which reacted also as HIV-1 in WB, was dually
HIV-1/HIV-2 seroreactive in Peptilav 1-2. These results dem-
onstrate that ELISA-HIV2 can be used as a confirmatory assay
for the serodiagnosis of HIV-2 infection.

In conclusion, the highly sensitive and specific ELISA-HIV2
is an excellent alternative to the available tests for the serologic
diagnosis and confirmation of HIV-2 infection. The dual-anti-
gen format adopted in ELISA-HIV2 will permit the qualitative
and quantitative characterization of the antibody response to
the envelope gp125 and gp36 glycoproteins in HIV-2-infected
patients.

This work was supported by grant POCTI/ESP/48045/2002 from
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