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Immunoglobulin G reactive with primary isolate virions was detected in 36% of serum samples from
individuals infected with human immunodeficiency virus type 1. Of these individuals, serum samples from only
7% captured significant quantities of virus. Virion-specific antibody correlated with CD4 counts and, of more
significance, primary isolate neutralization. Further dissection of this response should lead to the identifica-
tion of antibodies and antigenic epitopes for vaccine purposes.

The inability of the immune system to develop neutralizing
antibodies to primary isolates is evident in numerous studies
(14, 15, 26). The process of human immunodeficiency virus
type 1 (HIV-1) infection involves a series of stepwise changes
in env antigenic structures and epitope presentation during
which the virus unfolds and exposes neutralizing epitopes in
close proximity to the target cell surface structure. Removal of
the variable loops on the surface of the virus (13) increases
antibody binding to conserved regions within the core of
gp120, including the CD4 binding site and CD4 binding site-
related epitopes (19, 20, 24, 25). Increased exposure of these
conserved epitopes within the core (11), including the chemo-
kine receptor binding site (18), mimics that observed following
CD4 binding (21, 25). Thus, it can be argued that the variable
loops mask the more conserved regions of gp120 such that
broadly neutralizing epitopes are not accessible to the immune
system. It is known that the variable loops are immunogenic as
antibodies are readily detected; however, though not exclusive,
neutralizing antibodies to the variable loops tend to be strain
specific. For these reasons, while a sustained antibody response
to env antigens, and gp120 in particular, develops during in-
fection, it tends to not be an effective neutralizing response.
That is not to say that neutralizing antibodies to conserved
regions are not produced. The isolation of anti-gp120 human
monoclonal antibodies (MAbs) that broadly neutralize pri-
mary isolates such as 2G12 (23) suggests that this response can
be generated but represents only a small component of the
immune response in selected individuals. For that reason, se-
rum antibodies only sporadically neutralize primary isolates.

To facilitate the identification of neutralizing epitopes on
primary isolates and to study the antibody response to infec-
tion with HIV-1, we have used whole virions from primary
isolates of HIV-1 to study antibody specificity of plasma from
HIV-1-infected individuals. This virus capture assay was
adapted from that of Orentas and Hildreth (16). Three subtype
B virus isolates (92HT593, 92US660, and 92US714) which
were selected based on V3 diversity were obtained from N.

Halsey, Multicenter AIDS Cohort Study, and K. Nelson, re-
spectively, through the AIDS Research and Reference Re-
agent Program, Division of AIDS, National Institute of Allergy
and Infectious Diseases, National Institutes of Health. Viral
stocks were prepared in phytohemagglutinin (PHA)-stimu-
lated donor peripheral blood mononuclear cells (PBMCs) as
described in the ACTG consensus protocol (10) and previously
(6). A mix of virus isolates was prepared for use in studies by
adding one vial of each isolate to PHA-stimulated donor PB-
MCs. When cultured alone, all isolates yielded similar quanti-
ties of virus. The p24 content of this virus stock mix was 215
ng/ml. The stock was infectious on PHA-stimulated PBMCs.

This virus stock mix was used to study the antibody response
in the plasma of HIV-1-infected homosexual males involved in
the Longitudinal HIV Prevention Project at the Fenway Com-
munity Health Center, Boston, Mass., and were selected at
random and irrespective of clinical status. To capture human
immunoglobulin G (IgG), enzyme-linked immunosorbent as-
say (ELISA) plates were coated overnight with goat anti-hu-
man IgG and blocked with phosphate-buffered saline (PBS)
containing 1% bovine serum albumin. Serum (heat inacti-
vated) was diluted 1:100, and human MAb was diluted to 1
mg/ml with RPMI 1640 containing 10% fetal bovine serum
(FBS) and added to the ELISA plate. Human MAb F240 (7)
was used as a positive control, and normal human IgG was
used as a negative control. Samples were incubated for 1 h at
room temperature. After washing, virus stock mix was diluted
1:2 in RPMI 1640 containing 10% FBS and incubated on the
plates for 1 h at 37°C. This dilution of virus allowed 90%
maximal binding with minimal background. Unbound virus was
washed away, and p24 was released from the captured virus by
incubation with 1% Triton X-100 in PBS for 1 h at 37°C.
Released p24 was quantitated by noncommercial ELISA. For
this ELISA, microtiter plates were coated with the murine
anti-p24 antibody 183-H12-5C (from Bruce Chesebro and
Harvy Chen through the AIDS Research and Reference Re-
agent Program) at 5 mg/ml. The plates were blocked with PBS
containing 5% nonfat dry milk. Samples were diluted 1:2 and
added to the plates for 1 h at 37°C prior to washing. Bound p24
was detected by using HIVIgG (IgG purified from HIV sera by
protein G chromatography) followed by biotinylated goat anti-
human IgG and streptavidin-horseradish peroxidase. The plates
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were developed following the addition of o-phenylene diamine
substrate, and the optical density was read at 490 nm. The
concentration of bound p24 was determined by a standard
curve based on known concentrations of p24 (Dupont-NEN).
The sensitivity of this assay is 50 pg/ml.

As described in numerous studies, host cell membrane an-
tigens are incorporated into the virion as HIV buds from the
host cell (1, 2, 16, 19). Particular membrane antigens incorpo-
rated into the virion have been shown to be host cell dependent
rather than isolate dependent (2). We were able to capture
virus by using a number of murine MAbs reactive with cell
surface antigens. For example, as has been shown for both
laboratory and primary isolates, major histocompatibility com-
plex class II antigens are incorporated into the virion as evi-
denced by the capture of 1,278 pg/ml (n 5 3) of p24.

In preliminary experiments, a number of human MAbs were
tested for primary isolate virus binding (unpublished data). Of
those tested, one antibody, F240, which reacts with the immu-
nodominant domain of gp41 (7), consistently bound significant
quantities of primary isolate virions. In 10 experiments, F240 at
2 mg/ml captured 2,150 6 514 pg (mean 6 standard deviation)
of virus stock per ml. To determine assay sensitivity and spec-
ificity when using plasma, the titers of plasma samples from
uninfected individuals were determined in the virus capture
assay. Using four different uninfected individuals and a com-
mercial preparation of pooled human IgG, it was determined
that a minimal dilution of 1:100 was needed to block nonspe-
cific plasma effects on assay background. At this dilution,
plasma from uninfected individuals captured 143 6 71 pg of
p24 per ml. Therefore, a cutoff of 300 pg/ml, which represents
2 standard deviations above the uninfected control, was se-
lected as positive for plasma reactivity. When plasma from
HIV-1-infected individuals was tested, as shown in Table 1,
IgG antibodies reactive with primary isolates were not detected
in the plasma samples from the majority (64%) of individuals
studied. Of those with detectable antibodies, 29% captured
moderate levels of virus (300 to 500 pg/ml), whereas 7% or 6 of
87 had significant antibody titers. Analysis of longitudinal sam-
ples from two individuals with high virion antibody titers dem-
onstrated that virion-specific antibody was first detected within
18 months of infection and titers increased until a plateau was
reached 5 to 7 years postinfection (data not shown). These
individuals are continuing to be monitored to determine the
kinetics of this antibody response. It may be argued that free
gp120 in the virus stock may inhibit serum anti-gp120 binding
to virus. However, two human and three murine V3 loop an-
tibodies tested captured a similar amount of virus as gp41
(unpublished data), suggesting that there was little, if any,
inhibition by free monomeric gp120 in this virus stock.

Clinical data available on the individuals in this study in-

cluded antiretroviral use, clinical symptoms, and CD4 counts.
For a significant number of these individuals, the length of
time of infection was also known. At the time these samples
were collected, plasma viral PCR data was not available. The
only relationship that could be drawn was with CD4 counts, as
shown in Fig. 1. Those individuals with very low or undetect-
able virion-specific antibody (less than 300 pg/ml) had low CD4
counts (266 on average). In contrast, those individuals with
virion-specific antibody, regardless of titer, had significantly
higher CD4 counts (522 for individuals whose antibody cap-
tured 300 to 500 pg/ml and 512 for individuals whose plasma
captured more than 500 pg of p24 per ml). Consistent with
higher CD4 counts associated with virion-specific antibody,
antiretroviral drugs were used by 50% of individuals with the
highest virion-specific antibody titers, 63% of those with mod-
erate titers, and more than 81% of those with minimal titers.

To measure neutralization of primary isolates of a large
number of serum samples, an assay that measures the amount
of p24 produced by a constant inoculum of virus was used. In
this assay, serum was diluted 1:50 in growth medium (RPMI
1640 with 20% FBS and 5% interleukin-2), and 25 ml was
added to 25 ml of viral stock (from same date as that used in
binding assay; 100 50% tissue culture infective doses) and
incubated for 1 h at 37°C. After 1 h, donor PHA-stimulated
PBMCs (2 3 105 cells) were added and the plates were incu-
bated overnight at 37°C in 5% CO2. The plates were washed
twice, and the medium was replaced with fresh growth me-
dium. Seven days after the infection was initiated, the super-
natant was removed and tested for p24 by ELISA. A dilution
of 1:50 was determined in preliminary experiments to be re-
quired for sensitive differential neutralization to be detected.

As shown in Fig. 2, 33% (6 of 18) of individuals with ,300
pg of virion-specific antibody per ml neutralized more than
90% of virus production (range, 0 to 97%). Of 24 individuals
with 300 to 500 pg of virion-specific antibody per ml, 18 or 75%
neutralized more than 90% of virus production (range, 60 to
99%). Of significance, all six of the individuals with .500 pg of
virion-specific antibody per ml neutralized more than 90% of
virus production. Thus, while high titers of antibody reactive
with primary isolate virions was not absolutely essential for
viral neutralization, it was clearly associated with neutraliza-
tion. As described above, F240 reacts significantly with primary
isolate virions; however, this anti-gp41 antibody fails to neu-

FIG. 1. Relationship of serum antibody reactivity with virions and CD4
counts. A scatter plot of the correlation of virus captured by human plasma as
described in Table 1 with CD4 counts is shown. For a concentration of ,300
pg/ml, n 5 56; for 300 to 500 pg/ml, n 5 25; for .500 pg/ml, n 5 6.

TABLE 1. Reactivity of plasma with virions from HIV-1-
infected individuals

Concn of
virus captured

(pg/ml)a

No. of individuals
with reactive

plasma/total no.

% of individuals
with reactive

plasma

,300b 56/87 64
300–500 25/87 29
.500 6/87 7

a Concentration of p24 released following addition of Triton X-100 to virus
captured by human plasma (1:100) bound to goat anti-human IgG-coated ELISA
plates.

b The p24 assay is sensitive to 50 pg/ml. A cutoff of 300 pg/ml was selected for
specificity based on results with plasma from uninfected individuals.
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tralize laboratory or primary isolates, including the three iso-
lates used in these studies (reference 7 and unpublished data).

Although the epitope specificity of the serum virion binding
antibody response remains to be determined, this data does
conclusively demonstrate that antibodies reactive with primary
isolate virions are not prevalent in the majority of HIV-1-
infected individuals. Consistent with these findings, it has been
reported that antibodies from phage display libraries tend to
react predominantly with nonnative forms of envelope rather
than native envelope on the surface of infected cells or virions
(17). We propose that it is difficult for the immune system to
respond in a higher-order integration in which a two-step an-
tibody response can (i) first modify the envelope to expose the
neutralizing epitopes and then (ii) secondarily recognize the
exposed neutralizing epitopes. This higher-order integration
must be imposed on the immune system through vaccine de-
sign. Therefore, to generate effective neutralizing antibody re-
sponses, immunogens must be designed to induce multiple
classes of antibodies which together mediate viral neutraliza-
tion through an integration of these two steps, exposure and
neutralization. Binding of antibodies to laboratory or primary
isolates may be necessary for neutralization but not sufficient
(4, 5, 9), which is consistent with the hypothesis that neutral-
izing antibodies would not be expected to neutralize in the
absence of exposure of the neutralizing site. Studies using
human MAbs directed to different epitopes of gp120 have
demonstrated that the combination of selected antibodies re-
sults in enhanced binding and neutralization of virus (3, 12,
22). It has also been shown that immunization of goats with
CD4-gp120 complexes results in the generation of a polyclonal
antibody response that neutralizes primary isolates (8). These
results suggest that if the immune system is primed appropri-
ately such that neutralizing epitopes are exposed, a neutraliz-
ing antibody response may be induced.
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