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Abstract

Previous studies have demonstrated a stronger seroreactivity against
some synthetic peptides responsible for inducing neutralizing anti-
bodies in injecting drug users (IDU) compared to that of individuals
sexually infected with HIV-1 (S), but the effectiveness in terms of the
neutralizing ability of these antibodies has not been evaluated. Our
objective was to study the humoral immune response of IDU by
determining the specificity of their antibodies and the presence of
neutralizing antibodies. The neutralization capacity against the HIV-
1 isolate MN (genotype B), the primary HIV-1 isolate 95BRRJ021
(genotype F), and the seroreactivity with peptides known to induce
neutralizing antibodies, from the V2 and V3 loops of different HIV-1
subtypes, were analyzed. Seroreactivity indicates that IDU plasma are
more likely to recognize a broader range of peptides than S plasma,
with significantly higher titers, especially of V3 peptides. Similar
neutralization frequencies of the MN isolate were observed in plasma
of the IDU (16/47) and S (20/60) groups in the 1:10 dilution. The
neutralization of the 95BRRJ021 isolate was more frequently ob-
served for plasma from the S group (15/23) than from the IDU group
(15/47, P = 0.0108). No correlation between neutralization and
seroreactivity with the peptides tested was observed. These results
suggest that an important factor responsible for the extensive and
broad humoral immune response observed in IDU is their infection
route. There was very little difference in neutralizing antibody re-
sponse between the IDU and S groups despite their differences in
seroreactivity and health status.
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Introduction

The use of injection drugs is an important
route of HIV-1 transmission, currently rep-
resenting one of the major modes of infec-
tion in North Africa, the Middle East, Asia,
Latin America, North America, and Europe

(1). According to the HIV/AIDS epidemic
report published by UNAIDS after the XIV
International AIDS Conference (2002), this
transmission mode is especially important in
countries like Austria (27.0%), Italy (33.6%),
Thailand (39.6%), and Brazil, where, ac-
cording to more recent data, 20.6% of the
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AIDS cases were reported to be in injecting
drug users (IDU) (2).

There is evidence indicating that HIV-1-
infected IDU progress more slowly to AIDS
than individuals infected by the sexual route,
independent of age, sex, time of seroconver-
sion, or antiretroviral therapy (3). One of the
hypotheses proposed is that the continuous
activation of the immune response in IDU,
prior to infection, is responsible for inducing
a fast and high immune response (3). There
should also be differences in HIV-1 selec-
tion in the different exposure groups: while
in sexually transmitted HIV-1 selection may
occur due to passage through different tis-
sues, in IDU no such pre-selection could
occur since the virus is directly introduced
into the bloodstream. Therefore, for IDU the
selection should be restricted by the suscep-
tibility of blood mononuclear cells and by
the different variants of the HIV-1 that are
introduced directly into the blood.

Previous studies of HIV-1-positive Bra-
zilian sera (4) showed an especially frequent
reactivity against synthetic viral envelope
peptides in IDU plasma compared to plasma
from individuals belonging to other HIV-1
exposure categories (pregnant women, men
that have sex with men, and sexually in-
fected recent seroconverters). This observa-
tion indicates that the transmission mode of
HIV-1 seems to be more predictive of the
extent and titer of seroreactivity than the
progress of the infection (indicated by the
number of circulating CD4 T cells) or gen-
der (5). The recognition of peptides impor-
tant for an effective immune response (6)
might be correlated to the fact that IDU with
AIDS have a survival rate similar to the one
observed in non-IDU, despite their numer-
ous co-infections associated or not with AIDS
(7).

A broader immune response has been
correlated with a more complete virus con-
trol rather than a more specific response
(8,9), and this could be an explanation for
the equivalent survival of seropositive IDU

and of individuals from sexual exposure cat-
egories. The objective of the present study
was to analyze the amplitude and effective-
ness of the humoral immune response of
HIV-1-infected IDU.

Material and Methods

Plasma samples

Plasma samples from 48 HIV-1-infected
IDU were used. The IDU group was com-
posed of individuals with the following char-
acteristics: 18.8% (9/48) females, and 78.3%
infected with HIV-1 B and 21.7% with the
HIV-1 F env genotype as determined by the
heteroduplex mobility assay (10). Thirty
percent (13/43) of the plasma samples were
collected when the individuals had less than
15.0% CD4 T cells. Absolute numbers of
CD4 lymphocytes at sample collection were
not available for the IDU samples. Thirty-
eight percent of the IDU (15/40) had a viral
load above 30,000 RNA copies/ml at sample
collection. Individuals were classified as
asymptomatic or symptomatic, and the pres-
ence of co-infections reported at sample col-
lection was recorded by the responsible medi-
cal doctor. Only 6 of the 48 HIV-infected
IDU were under anti-retroviral treatment at
the time of sample collection.

A group of purportedly sexually infected
individuals (S) was used for comparative
analysis. This group consisted of 60 indi-
viduals, 22 of whom were females (33.7%),
and 22.2% (10/45) had less than 15.0% CD4
T cells. Ninety-one percent of the individu-
als were infected with the HIV-1 B genotype
and 9.0% with the HIV-1 F genotype (11,12).
As usual, the laboratory jargon “B plasma”
or “F plasma” was used to indicate “plasma
samples from individuals infected with B
genotype HIV-1” or “samples from indi-
viduals infected with F genotype HIV-1”, to
avoid the high number of repetitions. No
information on viral load was available at
sample collection. Seven of the 60 partici-
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pants were under anti-retroviral treatment at
sample collection.

A group of plasma samples from 14 HIV-
1 seronegative IDU was used as negative
control.

The study was approved by the FIOCRUZ
Ethics Research Committee before sample
collection and written informed consent was
obtained from all participants.

Virus isolates

The HIV-1 MN isolate (genotype B, X4,
T cell line adapted (TCLA) virus) and the
Brazilian primary isolate 95BRRJ021 (13)
(isolated in 1995 and stored at -80ºC until
use, genotype F, as recently confirmed, R5,
non-syncytium inducer (14). No more than 5
passages in peripheral blood mononuclear
cells) were used.

Seroreactivity test

Several custom-made biotinylated syn-
thetic peptides (Chiron Mimotopes, San Di-
ego, CA, USA) corresponding to “neutraliz-
ing epitopes” of the HIV-1 envelope were
used in an ELISA: a) corresponding to the
consensus V3 loop peptides of HIV-1 B
(V3B = TRKSIHIGPGRAFY), Brazilian
variant Bbr of the B genotype (V3Bbr = NT
RKSIHMGWGRAFY), C (V3C = KSIR
IGPGQTFYAT), D (V3D = RQRTHIGP
GQALYTT), E (V3E = TSITIGPGQVF
YRT), F (V3F = RKSIHLGPGQFYTT),
and a Brazilian F subtype (V3Fbr =
NTRKSIPLGPGRAFY); b) corresponding
to gp120 V2 loops of HIV-1 subtype B
isolate MN (V2MN = IRDKMQKEUALLY
KL) and to a Brazilian Bbr primary isolate
(V2BR = VKDKEKKEYALFYNL); c) pep-
tides corresponding to conserved neutraliz-
ing epitopes in HIV-1 MN gp41, amino acids
735-752 (735 = DRPEGIEEEGEKDRDS)
and amino acids 669-674 (eld = ELDKWA),
as well as the immunodominant epitope in
gp41 of the HIV-1 isolate MN (ID = CS

GKLICT). Heat-inactivated plasma samples
were diluted sequentially (1:100 in a first
step, followed by dilutions using factors 2, 5
or 10 of positive plasma) and incubated in
duplicate with peptides bound to avidin-
coated plates as described before (15), in-
cluding an 8 M urea wash, to reduce nonspe-
cific binding.

Neutralization assay

All plasma samples from the IDU group
were tested for their ability to neutralize the
HIV-1 MN and the 95BRRJ021 isolates.
From the S group, all plasma samples were
tested against the HIV-1 MN isolate, and 23
samples were tested against the 95BRRJ021
isolate. At least 3-fold plasma dilutions, us-
ing 1:10 as the first step, were used.

Neutralization of the HIV-1 MN isolate
replication was tested using the CEM cell
line (104 cells/well) and neutralization of the
primary isolate was tested using phytohe-
magglutinin-pre-activated normal human
peripheral blood mononuclear cells (105 cells/
well) and a multiplicity of infection of 0.001-
0.005 (10-50 infective units per well), ac-
cording to WHO-UNAIDS Guidelines (16).
Quantification of the HIV-1 p24 antigen
(HIV-1 p24 ELISA - Coulter Corporation,
Miami, FL, USA) was carried out on the
seventh day of cell culture. Positive control
wells containing virus and cells (without
human serum), assay wells containing virus,
cells and serially diluted plasma samples,
negative control wells containing virus, cells
and normal human serum, background val-
ues (wells containing only cells), and wells
used for determining the 50% tissue culture
infective dose of the virus isolate were pre-
pared simultaneously (17). Approximate
plasma concentrations needed for neutraliz-
ing 90 and 100% of the viral input (90 or
100% neutralization levels, respectively)
were derived from linear regression curves
(MicroCal Origin Software Inc., Northamp-
ton, MA, USA) or directly from the neutral-
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ization curve, when the plot of the values
gave a straight line.

Statistical analysis

Data were analyzed statistically with the
Instat software (Graph Instat tm, 1990-1994,
San Diego, CA, USA) using the unpaired
Student t-test for comparison of age, CD4 T
cell counts and viral load, and contingency
table (chi-square or exact Fisher test) for
categorical variables. Linear regression was
plotted using the MicroCal Origin software.

Results

Clinical parameters, gender and age
distribution

The IDU and S groups compared in this
study presented some important differences:

a) gender distribution, with the S group con-
taining a higher proportion of females (22/
60 versus 9/48, P = 0.05), b) percentage of
CD4 T lymphocytes at sample collection,
which was much higher for the S group (26.0
± 10.1) than the IDU group (20.5 ± 9.4, P =
0.0045), and c) lower frequency of former
clinical symptomatology reported by the S
group volunteers (16%) than the IDU group
individuals (98%, P < 0.0001).

There was no significant difference in
gender (39/48 males versus 14/14, respec-
tively) or age between the HIV-infected and
the seronegative IDU groups. As expected,
much higher percentages of CD4 T lympho-
cytes were detected in non-infected indi-
viduals (P < 0.0001).

Seroreactivity

Reactivity against some of the peptides
used (V3A, P = 0.0002; V3Bbr, P = 0.0261;
V3C, P = 0.0002; V3Fbr, P < 0.0001) (Fig-
ure 1) was more likely to be found in IDU
than in S plasma. The antibody titers against
most of the peptides were much higher in
IDU than in S plasma samples with a clear
difference being observed when the reactiv-
ity of plasma diluted a thousand times or
more was compared: ID (P < 0.0001), V2B,
V2Bbr, V3A (P = 0.008), V3B (P < 0.0001),
V3Bbr (P = 0.0008), V3C (P = 0.0001), V3D
(P = 0.0055), V3E (P = 0.047), V3F (P <
0.0001), and V3Fbr (P = 0.0001; Figure 1).

Seroreactivity was not affected by gen-
der, CD4 T cell percentages, or viral load at
blood collection (data not shown).

Neutralization

Similar neutralization frequencies of the
reference isolate HIV-1 MN were observed
in the first plasma dilution steps: a total of
34% (16/47) IDU and of 33% (20/60) S
plasma samples were able to neutralize the
total MN HIV-1 input (100% level). How-
ever, 100% neutralization of the HIV-1 iso-

Figure 1. Seroreactivity of plasma from injecting drug users (IDU) and sexually infected
individuals (S) against synthetic peptides. Data are reported as percent of individuals with
titers of seroreactivity in plasma corresponding to the inset at the top of the figure. Plasma
was tested against synthetic peptides corresponding to epitopes responsible for the induc-
tion of neutralizing antibodies from the V3 and V2 loop of HIV-1 gp120, from the genotypes/
variants A, B, Bbr, C, D, E, F, and Brazilian Fbr, and against the HIV-1 MN gp41 amino acids
735-752 (735) and 669-674 (eld), as well as the immunodominant epitope in gp41 of the
same isolate (ID = CSGKLICT).
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late 95BRRJ021 was much more frequently
observed for plasma from the S group (15/
23, 65%) than for plasma from the IDU
group (15/47, 32%; P = 0.0108) at 1:10
plasma dilution. The high susceptibility of
the primary F genotype isolate 95BRRJ021
has been previously described, and moti-
vated the choice of this isolate in the present
study (13). This high susceptibility of the F
genotype primary isolate agreed with the
higher neutralizing ability of F plasma, both
for plasma from the IDU group (8/35 B
plasma vs 6/10 F plasma neutralized the
95BRRJ021 HIV-1 isolate, P = 0.0488) and
the total F versus B genotype plasmas used
for neutralization of this isolate (17/52 B vs
11/15 F, P = 0.0073). The plasma samples
from individuals infected by F genotype vi-
rus were less effective against the HIV-1
MN isolate since only 1/5 plasma from the S
group and 5/9 from the IDU group were able
to neutralize this isolate.

None of the 14 plasma samples from
seronegative IDU neutralized the HIV-1 iso-
lates.

When the neutralization of the two HIV-
1 isolates by IDU plasma was compared, a
slightly higher frequency of neutralization
(at the 100% level of neutralization) of the
MN isolate was observed, but at the 90%
neutralization level a slightly more frequent
neutralization of the 95BRRJ021 isolate was
observed (Figure 2).

When the neutralization of the two iso-
lates by plasma from the S group was com-
pared a more likely neutralization of the
HIV-1 95BRRJ021 isolate was observed,
mainly due to the higher neutralization ob-
served with plasma from individuals infected
by F genotype virus. Comparison of the
neutralization of the HIV-1 MN and
95BRRJ021 HIV-1 isolates is shown in Fig-
ure 2.

Gender, T CD4 cell percentage or viral
load of the IDU plasma donors did not affect
the neutralizing ability of the tested plasma
(data not shown).

Correlation between neutralization and
seroreactivity

There was no correlation between neu-
tralizing capacity and seroreactivity against
the synthetic peptides used in our assays,
chosen because they are known to be able to
induce neutralizing antibodies. Plasma with
a high neutralizing ability could have any
level of seroreactivity, and plasma with a
high seroreactivity could have zero to 100%
neutralization ability.

Discussion

When the IDU and S groups were com-
pared, significantly higher reactivity against
some HIV-1 peptides was observed for the
IDU group. Also, the titers of seroreactivity
of IDU plasma were much higher than those
of S plasma against the peptides from the V2
and V3 loop, and the immunodominant pep-
tide. These data reaffirm the more amplified
immune response in IDU, as suggested be-
fore, and agree with the data from another
study (18) which found that HIV-1-sero-

Figure 2. Neutralization of the
HIV-1 isolates 95BRRJ021 and
MN by plasma of injecting drug
users (IDU) and sexually in-
fected patients (S), at 90 and
100%.
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positive IDU have a stronger humoral im-
mune response against viral matrix antigens
when compared to seropositive homosexu-
als. In the present study, the majority of the
men from the S group (29/38) also belonged
to this exposure category.

Although the literature shows a better
immune response in healthier individuals
(19-21), no correlation was observed be-
tween seroreactivity or neutralization and
clinical status in the individuals studied. The
frequent and potent viral neutralization, es-
pecially of the 95BRRJ021 isolate, by S
plasma could be a consequence of their good
health. This inference is also applicable to
the plasma from IDU, with most individuals
having a compromised health status, and
with low percentages of plasma neutralizing
the 95BRRJ021 isolate. One of the observa-
tions of this study was that plasma samples
from individuals infected by F genotype vi-
rus are more likely to neutralize the F geno-
type primary isolate, showing strong intra-
clade neutralization, as reported for other
genotypes (22,23), but also a marked neu-
tralization of B clade virus, indicating that
clade F HIV-1 induces a very broad and
strong humoral immune response. These data
indicate that an HIV-1 F genotype vaccine
would be preferable to a genotype B virus-
based vaccine, but more extensive studies
are necessary to confirm this indication.

Within the IDU group, this absence of
correlation could be explained by the poor
health status of the individuals, who fre-
quently had different co-infections and low
numbers of CD4 T cells. This could result
from the differences in exposure to the virus,
since in IDU the viral selection should be
restricted to the susceptibility of mononuclear
blood cells (8), possibly reinforced by the
use of injected drugs, most importantly co-
caine (24), as secondary immune stimula-
tors (18,25). It is possible, therefore, that the
route of transmission of the virus is at least
as important in the induction of the humoral
immune response as the health status of the

individual, as demonstrated before (4).
It should be noted that linear regression

might not be the ideal way to evaluate HIV
neutralization since there is non-linearity in
neutralization curves, and linear regression
calculations are quite often lower than the
experimentally determined values. However,
linear regression is a method that allows the
calculation of the exact titer desired, even if
it underestimates the neutralization actually
observed.

When the neutralization of the MN and
95BRRJ021 isolates by IDU plasma was
compared, it was possible to detect a slightly
higher neutralization frequency at 100% lev-
els of the MN isolate, but neutralization at
lower levels was a little more frequent for
the 95BRRJ021 isolate. However, the neu-
tralization pattern of the two isolates was
closely similar.

It is important to call attention to the
significance of the 100% neutralization level,
when all virion input is neutralized. The
importance of in vitro higher neutralization
titers has been shown before (26,27), dem-
onstrating that there is a strong correlation
between higher neutralization titers and pro-
tection.

The neutralization of the 95BRRJ021
isolate was more frequent for the sexually
infected individuals (P = 0.0013). The very
high neutralization susceptibility of this iso-
late was unexpected because primary iso-
lates are normally more resistant to neutral-
ization than TCLA viruses (28-30).
However, the high susceptibility of the
95BRRJ021 primary isolate confirms previ-
ous observations of high susceptibility of
Brazilian F genotype HIV-1 (3). We may
speculate that this primary isolate presents
only limited glycan shielding (31) or less
cryptic neutralization epitopes (32) than usu-
ally observed in HIV-1 primary isolate.

No correlation between the neutraliza-
tion ability of plasma and seroreactivity
against the synthetic peptides was observed
in this study, although the peptides were
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chosen because of their known capacity to
induce neutralizing antibodies. These results
agree with data from other Brazilian studies
(3,14), as well as with studies from other
countries (33-35); however, they disagree
with other studies in which a correlation was
observed between neutralization and serore-
activity against the peptide ELDKWA (36),
peptides from gp120 and gp41 (37), and
peptides from the V3 loop (38,39).

These results indicate that, although IDU
have a broader V3 peptide recognition, which
might be important since V3 is known as
the “principal neutralizing determinant” of
TCLA HIV-1 (40), their effective (neutraliz-
ing) immune response is not as extensive as
that observed for sexually infected individu-
als. However, is it higher than would be

expected for individuals who report frequent
co-infections. It is possible that the chroni-
cally activated immune system of IDU does
allow a fast and extensive response.
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