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Abstract

The main objective of the present study was to assess the specificity
and sensitivity of a modified assay using short synthetic peptides of
the V3 region of HIV-1 gp120, which is the main target for neutraliz-
ing antibodies. Results from an enzyme immunoassay (EIA) employ-
ing a panel of synthetic peptides of HIV-1 subtypes and using urea
washes to detect high avidity antibodies (AAV3) were compared with
those obtained by the heteroduplex mobility assay and DNA sequenc-
ing. The EIA correctly typed 100% of subtype B (sensitivity = 1.0;
specificity = 0.95), 100% of HIV-1 E samples (sensitivity = 1.0;
specificity = 1.0), and 95% of subtype C specimens (sensitivity = 0.95;
specificity = 0.94). In contrast, only 50% of subtype A (sensitivity =
0.5; specificity = 0.95), 60% of subtype D (sensitivity = 0.6; specific-
ity=1.0), and 28% of subtype F samples (sensitivity = 0.28; specificity
= 0.95) were correctly identified. This approach was also able to
discriminate in a few samples antibodies from patients infected with B
variants circulating in Brazil and Thailand that reacted specifically.
The assays described in this study are relatively rapid and simple to
perform compared to molecular approaches and can be used to screen
large numbers of serum or plasma samples. Moreover, the classifica-
tion in subtypes (genotypes) may overestimate HIV-1 diversity and a
classification into serotypes, based on antigenic V3 diversity or an-
other principal neutralization domain, may be more helpful for vac-
cine development and identification of variants.
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protective vaccine.

Human immunodeficiency virus type 1
(HIV-1) is highly variable in both nucleotide
and amino acid sequences. The striking ge-
netic variability of HIV-1, particularly in the
hypervariable regions, is a potential cause
for concern in the development of a broadly

Phylogenetic analyses of gp120 sequences
have shown that HIV-1 can be classified into
multiple genetic clades or subtypes (1). HIV-
1 strains fall into two major clusters. One
cluster (group M) comprises the majority of
HIV-1 isolates and can be divided into at
least eight distinct A-I subtypes. Amino acid
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Figure 1. Amino acid sequences
of the synthetic peptides of the
V3 loop of HIV-1 gp120. Cons:
consensus sequences of the
amino acids representative of
their respective subtypes or
strains. Dots indicate homology.
All peptides contain a biotin-
SGSG sequence in their amino
terminal region.
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sequence variation generally ranges from 5
to 20% within a subtype and from 25 to 35%
between subtypes (1). A second cluster,
termed group O (found in Cameroon and
elsewhere), differs from group M viruses at
more than 50% of residues in the gp120.

The development of simple and rapid
techniques for large-scale HIV-1 subtype
characterization in specific areas is valuable
in order to better understand the epidemiol-
ogy of HIV-1 distribution, which may facili-
tate the evaluation of potential candidate
HIV-1 vaccines and nucleic acid sequencing
is the technique of choice for HIV-1 charac-
terization (2). However, alternative tech-
niques have been tested, including heterodu-
plex mobility assay (HMA), restriction frag-
ment length polymorphism, and oligonucleo-
tide probe hybridization (3). However, these
methods do require a PCR apparatus, a fact
that impairs their use in large numbers of
samples or in developing countries such as
Brazil. Several groups have been working to
setup an enzyme immunoassay (EIA) which
uses synthetic peptides in order to subtype
HIV-1 by serological methods (4-7). Most of
these studies have used synthetic peptides
representing the hypervariable V3 region of
the HIV-1 envelope. Unfortunately, HIV-1
subtypes present broad cross-reactivity when
this approach is used (4,6,7).

The reason for the use of the V3 loop of
gp120 is because it contains linear epitopes
for both neutralizing antibodies and cyto-
toxic T cell recognition and it is an important
determinant in fusion, cell tropism, infectiv-
ity and interaction with the HIV-1 co-recep-
tors CCR-5 and CXCR-4 (4-6). The objec-
tive of this study was to assess the specificity

ConsA N T R K S V R |

Cons B . . . . . | H .
BR2 o o o o o o o M
Cons C . |

Cons D Q R T H

Cons E T . | T

Cons F . | H L

J. Casseb et al.

and sensitivity of a modified EIA using syn-
thetic peptides derived from the V3 region of
gp120 for serotyping.

Material and Methods

The N-terminal biotinylated peptides used
inthe study were synthesized by F-moc chem-
istry purified to >95% by HPLC and are
shown in Figure 1. The immunodominant
15-amino acid region of V3 was determined
in previous experiments using an overlap-
ping V3 peptide set derived from the MN
strain of HIV-1 (data not shown). The Bra-
zilian BR2 peptide shown in Figure 1 repre-
sents a consensus sequence of one of the two
genetic and antigenic subtype B variants that
co-circulate in Brazil (7). The use of avidin-
biotin interaction improves the antigen con-
formation in the well, allowing a tighter
antibody binding to the peptide (data not
shown).

The EIA procedure was a modification of
the method of Brostrom et al. (8). Briefly,
microplates (Immulon Il round bottom) were
coated with avidin DX (Vector Laborato-
ries, Burlingame, CA, USA) diluted in PBS,
pH 7.4, at 10 pg/ml overnight at 4°C. Biotin-
ylated peptides representing consensus se-
quences from the V3 region of clades A
through F (Figure 1) were diluted to 1 pg/ml
in PBS, pH 7.4, 0.1 ml in each well and the
plates were incubated overnight at 4°C. The
plates were washed five times with PBS plus
0.05% Tween 20 (PBS-T), blocked with PBS
containing 5% dry milk without Tween for
1 h at 37°C, and washed five times with
PBS-T. Serial serum dilutions (0.1 ml/well)
in PBS containing 5% dry milk and 0.05%
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Tween 20 (Blotto) were then added (six 4-
fold dilutions starting at 1:100) and incu-
bated for 1 h at 37°C. All assays included a
human HIV-1 positive plasma pool as con-
trol. Each plate was run in duplicate and one
replicate plate was washed five times with
PBS-T, and the other was washed five times
with PBS-8 M urea. Peroxidase-labeled anti-
human IgG (Kirkegaard and Perry Lab. Inc.,
Gaithersburg, MD, USA) diluted 1:10,000
in Blotto, 0.1 ml/well, was incubated for 1 h
at 37°C, and the plates were washed five
times with PBS-T. The plates were incu-
bated with 0.15 ml/well of TMB substrate
for 30 min at room temperature, and the
reaction was stopped with 0.05 ml/well of 4
NH,S0O;,. The plates were read with a spec-
trophotometer at 450 nm and the endpoint
titer was calculated as the interpolated dilu-
tion yielding a mean absorbance of 0.5 by
linear regression. The dilution obtained by
linear regression was used to calculate the
avidity index [(urea titer/PBS titer) x 100].
Thus, the immunodominant subtype is de-
termined by the highest avidity index ob-
tained (9).

Samples classified as indeterminate or
that cross-reacted with more than one con-
sensus peptide (subtype) when tested by urea
EIA were tested by a modified competition
EIA asreported by Sherefaetal. (10). Briefly,
microplates (Immulon Il round bottom) were
coated with avidin DX (Vector) diluted in
PBS, pH 7.4, at 10 pg/ml overnight at 4°C. A
mixture of biotinylated peptides A through F
was diluted in PBS to 0.2 ng/ml each (final
concentration 1.2 pg/well) and 0.1 ml/well
was added. The plates were incubated over-
night at 4°C and washed five times with
PBS-T. Each serum was diluted 1:50 in Blotto
and added to seven wells at 0.05 ml/well. A
0.05-ml aliquot of a single subtype specific
V3 peptide diluted to 5 pg/ml in Blotto was
added to each well and the plates were incu-
bated for 1 h at 37°C. A non-inhibited con-
trol containing only dilution buffer was in-
cluded. Peroxidase-labeled anti-human IgG,

substrate and stop reaction were used as
described above. Samples with >50% inhi-
bition by their respective peptide were con-
sidered to be the subtype (10).

Thirty-one sera were obtained from the
WHO Network for HIV Isolation and Char-
acterization (11). They were collected from
four WHO-sponsored vaccine sites [Brazil
(N =12), Thailand (N =9), Uganda (N = 7),
and Rwanda (N = 3)]. We also tested 38 sera
from Harare city, Zimbabwe and 43 sera
from Pune city, India. The genotype of the
infecting virus was determined by direct se-
quencing and/or HMA analysis (11). All
samples were tested and the results were
interpreted in a blind fashion with respect to
genotype.

Results

The degree of amino acid homology be-
tween the peptides used is shown in Table 1.
When conservative amino acid substitutions
were used the consensus A and C peptides
were 100% homologous. The consensus F
peptide was 93% homologous to the A, B,

Table 1. Amino acid homology in the synthetic peptides.
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Percent homology?

A B Bw C
A 80 67 87
B 87 87 80
Bw?3 80 932 67
C 100 87 80

D 67 67 60 67
E 80 73 67 80
F 93 93 87 93

67

67

53

60

60

73

73

73

60

80

60

80

80

87

80

80

67

73

INumbers at upper right indicate absolute homology in percent (shaded boxes), and
numbers at lower left indicate homology in percent with conservative changes al-

lowed (no protein modification).
2Homology >90% is shown in bold.

3v3 peptide representing Brazilian variant subtype B (GWGR motif).
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and C peptides.

Table 2 shows the results of the serotyp-
ing assays with 112 sera from individuals
infected with viruses of subtypes A-F. For

32 sera, the V3 sequence of the infecting
virus was determined and the percent ho-
mology with the consensus peptides was
calculated (data not shown). In addition,

Table 2. EIA V3 serotyping using samples from subtypes A-F of HIV-1 compared to
results obtained by HMA and DNA sequencing.

Subtype V3 serology Total (N = 112)
A B © D E F NT
A 3 1 2 - - - 6
B - 7 - - - - 7
© 2 - 76 - - 1 1 80
D 1 1 - 3 - - 5]
= - - - - 7 - 7
F 2 3 - - - 2 - 7

NT: Not typable. Samples with reactivity similar (50%) to more than one peptide.

Table 3. Comparison of sensitivity, specificity and predictive values between V3
serology and HMA/genotype.

Subtype V3 serology

Sensitivity Specificity PPV NPV
A 0.5 0.95 0.91 0.64
B 1.0 0.95 0.20 1.0
C 0.95 0.94 0.93 0.65
D 0.6 1.0 1.0 0.71
E 1.0 1.0 1.0 1.0
F 0.28 0.99 0.96 0.12

Values >0.7 are given in bold. V3 serology using 8 M urea plus competition assay. PPV:
positive predictive value; NPV: negative predictive value.

Table 4. Results obtained by HMA, ElA-peptide, and ElA-peptide competition in
samples from India and Zimbabwe.

HMA V3 serology
Urea Competitive Corrected
India 41C 40C, 1 CIF ND 40/41 (98%)
Zimbabwe 38C 27C ND
6 Und 6C
3A/C 1C,1C/A, 1Und
1C/B 1cC
1CIE 1A
Total 35/38 (92%)

HMA: heteroduplex mobility assay; ND: not done; Und: undetermined. Percent cor-
rected using urea and competitive assay results.
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sera from recently seroconverted individu-
als showed a higher specific reactivity to the
V3 peptides compared to sera from individu-
als whose viral sequences showed a high
degree of homology with the homologous
peptide (data not shown).

Table 2 summarizes the results obtained
using V3 serology. The subtype A sera were
not from recently infected individuals. The
subtype B sera were all correctly typed by
the assay as was the HIV+ plasma pool
control obtained from individuals in Califor-
nia, USA. The two B peptides also differen-
tiated individuals infected with viruses con-
taining either GPGR (data not shown) or
GWGR sequences at the tip of the V3 loop,
in agreement with a larger study conducted
in Brazil (12,13). Three of six subtype A sera
(50%) and seven subtype B sera (3 from
Thailand and 4 from Brazil) were correctly
typed (100%). However, only three of the
five subtype D (60%) sera from Uganda
were typed correctly. Thus, the overall level
of homology between viral and peptide se-
quences was low and these sera were consid-
ered to be most likely from individuals with
long-term infection. Seven of 7 subtype E
(100%) sera from Thailand were correctly
typed. The seven subtype F sera from Brazil
showed patterns of cross-reactivity (A and
B) consistent with the predictions described
in Table 1, and only two sera were correctly
typed (28%). One subtype C from Brazil was
correctly typed.

Table 3 summarizes the sensitivity and
specificity data for the V3 serology assays.
For subtypes B, C and E, the sensitivity was
more than 80%. In contrast, for subtypes A,
D and F, the assay was not adequate. These
calculations are likely to be imprecise since
only a few samples were analyzed for some
subtypes.

Table 4 describes the results obtained for
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subtype C by HMA among the 41 samples
from India (98% HIV-1 C using V3 serol-
ogy) and 38 from Zimbabwe (92% correctly
typed by V3 serology). No samples from
India needed to be tested by the competitive
assay, whereas 11 Zimbabwean samples re-
quired testing by this approach. Thus, these
results revealed that subtype C discrimina-
tion by V3 serology was slightly easieramong
samples from India.

Table 5 depicts the results of subtype C
with regard to the time of infection. A sample
was considered to be recent when taken less
than one year after infection, and late when
taken more than one year after infection.
Thus, 42 of 50 (84%) seroconverters were
correctly serotyped by V3 serology as sub-
type C and eight (16%) were undetermined.
Among 30 sera from late infected individu-
als, 25 (84%) were correctly identified as
subtype C by V3 serology and five (16%)
were undetermined. Therefore, the time of
infection did not alter the sensitivity or speci-
ficity of HIV-1 C subtyping in Harare and
Pune.

Discussion

The most common procedures used for
HIV-1 subtyping are sequence analysis and
HMA. Both methods are relatively expen-
sive and labor intensive and require cellular
nucleic acid, limiting their usefulness in de-
veloping countries and in larger population
studies. We have developed a modified V3
peptide EIA that can discriminate accurately
some HIV-1 subtypes, suchas B, C, E and a
variant of the subtype B from Brazil and
Thailand. Previous studies using synthetic
peptides derived from V3 sequences have
given variable results in their ability to dis-
tinguish HIV-1 subtypes (12-15). Our modi-
fied V3 EIA showed similar sensitivity and
specificity for some HIV-1 subtypes (14-
17). Thus, V3 serology may be more reliable
to evaluate the distribution of the intrasubtype
strains, such as the Brazilian or Thai B vari-

ants.

The development of an EIA using biotin-
ylated peptides captured onto the solid phase
and the use of an 8-M urea wash to reveal
high avidity antibody interactions permit
more accurate detection of subtype-specific
antibody responses, particularly with sub-
types B, C and E. In addition, the use of
competitive EIA as a supplementary test per-
mitted further resolution of specificity for
some samples that yielded indeterminate re-
sults by urea EIA.

Both time since seroconversion and de-
gree of sequence homology between the pep-
tides and the infecting viral type affected the
specificity of the assay. The cross-reactivity
observed in sera from some individuals might
result from increased frequency of quasispe-
cies seen in the late phases of HIV infection
(18). In general, the antibody avidity is di-
rectly related to the duration of infection.
Even though we did not find statistical dif-
ference between the subtype C circulating in
India and Zimbabwe, this subtype from In-
dia showed slightly greater specificity com-
pared to HMA results for those obtained
from Zimbabwe. One possible explanation
may be the more recent introduction of HIV-
1 in India, which results in greater V3 se-
quence conservation as shown by Salminen
et al. (18).

Genotype classification may either over-
estimate or underestimate the degree of anti-
genic variability as measured by V3 serol-

Table 5. V3 serology in samples typed as subtype
C by HMA in samples from Zimbabwe and India.

Time of infection EIA results [N (%)]

Subtype C Undetermined
Recent! (N = 50) 42 (84%) 8 (16%)
Long? (N = 29) 25 (86%) 4 (14%)
Total (N =79) 67 (85%) 12 (15%)

1Recent: <1 year of infection.
2Long lasting: >1 year of infection.

373

Braz ) Med Biol Res 35(3) 2002



374

References

ogy. Different genotypes may have evolved
by mutations in regions other than those that
determine epitopes for antibody responses,
resulting in an overestimation of antigenic
differences by genetic classification. Con-
versely, real antigenic differences within
genotypically defined subgroups may also
exist, as in the case of two antigenically
distinct strains of subtype B present in Brazil
(7,12). It has been reported that subtypes A
and D show high levels of intrasubtype vari-
ability (19). A high degree of homology
exists between subtypes B and F within the
15-amino acid sequence represented by the
peptides used in this study, thus precluding
differentiation between subtypes B and F.
We should emphasize that the EIA assay
used here does not discriminate between
subtypes B and F, and further improvement
of the assay will be necessary to increase its
specificity, by using longer or alternative
peptides based on Brazilian subtype F se-
quences (13). Another limitation of V3-based
serology is the existence of intersubtype re-
combinants of subtype F in Brazil, suggest-
ingthat it is more likely to represent a mosaic
virus, similar to the HIV-1 E/A in Thailand
(19-21).

It has been suggested that subtypes A, D,
and F, which were the most difficult to be
typed by V3 serology, may be specifically
subtyped using another region of the env
gene, such as a synthetic peptide from gp41
(22). Moore et al. (23) demonstrated that the
presence of non-ionic detergent in the anti-
body diluent affected the specificity and sen-
sitivity of V3 peptide EIA. However, we did

J. Casseb et al.

not observe any difference in the sensitivity
or specificity of the avidin capture assay in
the presence or absence of Tween 20 for
several sera from subtype B- or C-infected
individuals (data not shown).

The V3 serology assays, even though
with some limitations (24), are rapid and
simple to perform compared to molecular
assays, and can be used to screen large num-
bers of serum or plasma samples in settings
where HMA or sequence analysis is not
practical. Also, this assay could be used to
monitor the introduction of new strains (anti-
genic variants) and changes in the epidemic
pattern of subtypes in the community (surveil-
lance) in large epidemiological studies.

We have also demonstrated a 70% corre-
lation between high avidity antibodies by the
V3 serology and virus neutralization both in
HIV-1 vaccinees and recent seroconverters
(Casseb J, Duarte AJS and Hendry RM, un-
published results). Further studies with ex-
panded serum panels from different geo-
graphic regions, using expanded panels of
peptides, should be done. Future studies ex-
amining the relationships between V3 serol-
ogy, virus neutralization and genotypic clas-
sification will help define the antigenic vari-
ability of HIV and its importance in the
natural history of HIV disease as well as in
vaccine design.
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