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Abstract

Very early detection of HIV infection could help decrease the spread of HIV, improve safety of the blood supply, and permit earlier treatment.
Early detection was reported when native gp41 antigen was used to detect antibodies that occurred 2–6 weeks earlier than detection of antibodies
to denatured antigens by the current EIA or WB tests or detection by the HIV RNA test. We hypothesized that early antibodies to native gp41/160
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ould be detected, not only by the reported live-cell immunofluorescence (IFA) but also by a neutralization test, since virions as well as HIV-infected
ells contain native gp41/160. To test this hypothesis, we did an initial test of concept study to compare the neutralization test with other tests,
sing sera from 12 high-risk patients. The neutralization test reproducibly detected early antibodies (characterized) in the sera of 10 of 12 (83%)
igh-risk subjects. Importantly, the EIA and WB tests that use denatured antigens missed the early diagnosis in 12 of the 13 subjects (92%). The
ndings support the concept that native HIV antigens can detect polyclonal HIV neutralizing antibodies and live-cell IFA antibodies earlier than
urrently available tests that use denatured antigens.

2006 Elsevier B.V. All rights reserved.
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. Introduction

To reduce transmission of human immunodeficiency virus
HIV), early detection of HIV infection is critical for early diag-
osis and for insuring the safety of blood products and donated
rgans (Chen et al., 2002; Ling et al., 2000; Sharma et al.,
001). Enzyme-linked immunosorbent assays (EIA), and further
onfirmation by Western blot (WB) are currently the most com-
on serological methods utilized for diagnosis of HIV infection

Nielsen and Bryson, 2000). However, at the very early stages of
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HIV infection, patients may still remain undiagnosed because of
negative EIA and WB tests (Chen et al., 2002; Race et al., 1991).
This delayed antibody conversion was shown in contaminated
needle stick studies in health care personnel, where the average
estimated time for seroconversion, using the current denatured
antigens in the EIA and WB tests, was 2–3 months.

To improve early diagnosis, more sensitive and specific
tests that use polymerase chain reaction (PCR) amplification of
plasma HIV RNA (Le Corfec et al., 1999; Pilcher et al., 2005),
or detection of both HIV p24 antigen and antibodies against
HIV antigens, have been reported (Ascher et al., 1992; Busch
and Hecht, 2005; Ledergerber et al., 2000; Shima et al., 2001).
However, in several comparative studies, they detected infection
only 1–2 weeks earlier than EIA and WB (Fiebig et al., 2003;
Guay et al., 2000; Saville et al., 2001), perhaps because HIV
viremia occurs subsequent to the initial infection at the portals
of HIV entry. Consequently, the need for alternative screening
methods was identified (Pilcher et al., 2004). As an alterna-
tive test, very early detection of HIV antibody was reported
when native gp41/160, rather than the current denatured HIV
166-3542/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
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antigens, was used. This early antibody to the conformational
epitope of gp41 occurs 2–6 weeks earlier than antibodies react-
ing to denatured antigens that are detected by the current EIA or
WB tests or by the HIV RNA test (Chen et al., 2002; Race et al.,
1991). Thus, these studies have shown that the first antibodies
induced following HIV infection are usually antibodies directed
at conformational epitopes of gp41, including antigens in virion
envelopes, and these antibodies are not detected with denatured
antigens.

We hypothesized that early antibodies to native gp41 would
be detected not only by the reported live-cell immunofluores-
cence (IFA) but also by a neutralization test, since both HIV-
infected cells and virions contain native gp41/160. Native gp41
is known to be a good target for neutralization. Importantly,
detection of early neutralizing antibody would help confirm the
previous reports that early HIV antibody can be detected by tests
that use native antigens. To test this hypothesis, we did an initial
test of concept study to compare the neutralization test with the
live-cell IFA, EIA and WB tests using sera from 12 high-risk
patients who were previously shown to develop antibodies to
native gp41/160 (see Section 2 below).

We found that the neutralization test detected very early anti-
body in the sera of 11 of the 12 high-risk subjects. The findings
support the concept that native HIV antigens can detect HIV
antibody 2–6 weeks earlier than current tests that use denatured
antigens.
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CCR-5 cells produce green fluorescent protein after infection.
The cultures were incubated for 2 days and counted under a
fluorescent microscope for the number of infected fluorescent
cells (typically 75 FFC). The 50% HIV neutralizing endpoint
is calculated as the reciprocal of the highest dilution of sample
that resulted in a 50% reduction of the number of fluorescent
Ghost CCR-5 cells in comparison with a negative serum con-
trol. Each assay was confirmed two to three times and the titers
were determined to be statistically highly valid.

To remove antibody from samples, sequential absorptions
with protein G and anti-IgG agarose were performed. Agarose
beads first were washed and equilibrated with phosphate
buffered saline. A 100 �l sample was then mixed and incubated
with 25 �l of protein G beads (Sigma) for 4 h, and then cen-
trifuged to remove IgG. The procedure was repeated twice on
each sample. The supernatant from the final step was assayed for
residual neutralizing activity and also assayed for neutralizing
antibody.

3. Results

3.1. The neutralization assay

The neutralization assay detects antibody that inactivates
the infectivity of HIV (Dianzani et al., 2002). This assay is a
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. Methods

We conducted our initial study to compare the neutraliza-
ion test with other tests using selected sera from 12 high-risk
atients, 11 of whom were previously shown to develop anti-
odies to native gp41 (Chen et al., 2002; Race et al., 1991). The
FA quantification and a photo of the fluorescence have been
eported (Cloyd and Bigner, 1977). The seronegative high-risk
ubjects had been bled every 1–2 months and their sera were
tored frozen. Subject 11 had been bled more frequently. In our
etrospective study, the stored samples were tested for antibodies
sing the live-cell IFA, neutralization, EIA, and WB tests. The
rst serum samples that were antibody-positive are reported,
s well as any adjacent samples that are relevant (subjects 3,
0, and 11). As reported from several laboratories (Chen et al.,
002; Lopalco et al., 2000; Race et al., 1991; Tenenbaum et al.,
005), some of the high-risk patients later developed antibodies
o denatured antigens and others stopped producing antibody to
ative antigen.

Serum samples were obtained under NIH and IRB guidelines.
erum was stored at −20 ◦C. HIV strains 213, RF, JRCSF, and
IVC were propagated in the human T-cell lines H9 or VB

nd stored at −70 ◦C until used. To determine the neutralizing
ntibody titer of the serum or plasma, 25 �l of threefold serial
ilutions (starting at 1:2 or 1:4) were mixed with 25 �l of virus
ontaining 75 Fluorescent Forming Unit (FFU) of infectious
IV, and incubated for 1 h at 37 ◦C to allow antibody to inacti-
ate (neutralize) infectivity of HIV. Twenty-five microliters of
he mixture were then added to two replicates of Ghost CCR-5
ells obtained from the NIH-NCI reagents division. The Ghost
ell-established method in which serial dilutions of serum are
ixed with infectious HIV and then assayed for residual HIV-

nfectivity. Fig. 1 illustrates the neutralization assay for two
pecimens—a low titer serum early after infection and a high
iter serum late after progression to chronic infection. The low-
st dilutions of both sera inactivate the ability of HIV to infect
he cells. As shown, at higher dilutions, the neutralizing activity
f the sera diminishes sharply and becomes undetectable. The
eutralizing titer is calculated as the reciprocal of the dilution
f serum which inactivates 50% of HIV infectivity. In Fig. 1,
he neutralizing antibody titer for an early neutralizing serum
xample is 8 and the titer for a late neutralizing serum example
s 2000.

ig. 1. Examples of two neutralization assays for antibodies against HIV. The
eutralizing titer is calculated as the reciprocal of the dilution of serum which
nactivates 50% of HIV infectivity as assayed on Ghost CCR5 cells. (* = 50%
ndpoints) The titer of the early neutralizing antibody sample is 8 units/ml, and
he titer of the late neutralizing antibody sample is 2000 units/ml.
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Table 1
Comparative times of detection of anti-HIV antibodies by EIA, WB, neutralization, and live-cell IFA assays

Subject Serum number Day of sequential serum Antibody detection tests

EIA WB Neutralizationa Live-cell IFAa

Earliest detection by neutralization and/or IFA tests
1 114-7 0 − − 20 10
2 HR 179 0 − − ≥12 70
3 HR 22 0 − − ≥12 40

HR 53 70 + + ND 640
4 R312 0 − − ≥12 80
5 R299 0 − − 8 100
6 152-3 0 − − 20 10
7 HR43 0 − − 12 −
8 HR137 0 − − 8 −
9 HR95 0 − − 6 ±
10 RAW-1 0 − − 5 ND

RAW-2 34 + + 10 ND
11 PRB 935-1 0 − − <4 10

PRB 935-2 10 − − <4 5
PRB 935-3 16 − − <4 10
PRB 935-4 21 − − <4 20
PRB 935-5 24 − − <4 40
PRB 935-6 28 − − <4 60
PRB 935-7 43 + + <4 80

Earliest detection simultaneously by EIA, WB, and IFA tests
12 PRB 925-1 0 + + <4 30
Normal controls (12)b − − − − −

ND = not done; + = positive; ± = equivocal; − = negative.
a Neutralization or IFA titers are presented as the reciprocal of the highest dilution of sample giving 50% reduction of HIV infectivity or IFA in comparison with

a negative serum control. EIA and WB were assayed with the commercial tests as reported (Chen et al., 2002; Race et al., 1991).
b Difference in positive neutralization findings between subjects and normal controls is significant at p < 0.001 by the Fisher exact probability test.

3.2. Detection of early antibody in the sera of 12 high-risk
subjects

We compared the neutralization assay to the live-cell IFA,
EIA, and Western blot assays using the sera from 12 high-risk
subjects. The results are shown in Table 1 and summarized in
Fig. 2. Among the total of 12 sera, the number of sera that con-

Fig. 2. Summary of comparative time of detection of anti-HIV antibodies by
EIA, WB, neutralization, and live-cell IFA assays. The differences between the
n
a

tained neutralizing antibody prior to detection by the EIA and
WB tests was 10 (83%). In an additional serum (subject 11)
early antibodies were detected first by the live-cell IFA test. In
subject 12, earliest detection occurred simultaneously with tests
using native or denatured antigens. The total number of sera that
detected early antibody by the neutralization test or the live-cell
IFA test (native antigens) prior to detection by the EIA and WB
was 11 (92%). The intervals between detection by tests using
native antigens and the tests using denatured antigens in the
three subjects where serial bleedings were available (subjects
3, 10, and 11), were 70, 34, and 43 days, respectively. These
findings support the hypothesis that neutralization test, like the
live-cell IFA test, can detect HIV antibody 2–6 weeks earlier
than the current tests that use denatured antigens. As noted in
the discussion, larger studies are planned.

3.3. Characterization of the neutralizing activity in sera:
occurrence in the antibody-immunoglobulin G (IgG)
component of sera

To determine whether HIV-neutralizing activity of sera
occurred in the IgG fraction of serum, the sera were serially
absorbed using protein G and anti-human IgG agarose beads.
HIV neutralizing activity for HIV was reduced by an average of
60% in the samples when IgG was depleted (Table 2).

As additional evidence for the effectiveness of absorption of
I

eutralization test using native antigen and the EIA/WB tests using denatured
ntigen are significant at p = 0.001 by the Fisher exact probability test.
 gG, the reduction of another antibody, poliovirus-neutralizing
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Table 2
HIV inhibition in patient sera is reduced by sequential absorptions with protein G and anti-human IgG agarose beads

Patient/diagnosis Anti-HIV titer Anti-poliovirus antibody percentage reductionb

Pre-absorption Post-absorptiona Percent reduction

ALT-1/chronic 8 <3 92 70
RAW-1/high-risk 7 <3 87 90
HR 124/high-risk 7 <3 81 50
ALT-3/chronic 5 <3 68 70
DDD/chronic 8 2 68 90
ALT-2/chronic 5 <3 64 70
RAW-3/high-risk 140 51 64 90
HR 22/high-risk <3 <3 6 0

Average reduction 60 60

a The samples were serially absorbed with protein G and anti-human IgG agarose to remove antibody.
b The percentage reduction of poliovirus antibody in the same sample.

activity, in the sera was determined using a poliovirus plaque-
reduction assay. Poliovirus IgG antibodies in these samples also
were reduced an average of 60% by the absorptions (Table 2),
indicating the effectiveness of the absorption of IgG in reducing
another antibody. Taken together, these findings indicate that the
HIV neutralizing activity in the high-risk sera occurs mainly in
the IgG-antibody fraction as reported for live-cell IFA antibodies
(Chen et al., 2002; Race et al., 1991).

3.4. Antigenic specificity

Among the viral-inhibitory substances in sera, antibodies are
distinguished by their high antigenic specificity. As a control
for antigenic specificity of the HIV-neutralization activity of the
sera, and to rule out non-specific inhibitors (Singh et al., 1992),
the sera were tested for neutralization of a virus that does not
occur in our geographic area, and for which specific antibodies
would not be expected. For this test, we used the antigenically
HIV-unrelated Banzi virus (a flavivirus). The samples’ inhibitory
titers against Banzi virus were determined with the standard
virus plaque neutralizing assay in Vero cells (Green monkey
kidney cells) (Singh et al., 1989). The titers of the 12 high-risk
sera were <2 neutralizing antibody units/ml, indicating that the
neutralizing activity in the sera of our subjects is specific for
HIV.
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3.6. Sensitivity of the neutralization test is not increased by
use of other strains of HIV

It is possible that the sensitivity of the neutralization test
might be increased if HIV strains, in addition to strain 213 were
used in the assay. To test this possibility, additional strains of
HIV were used. The results showed that the neutralization titers
of positive and negative sera were not increased when other
strains of HIV (RF, JRCSF, and HIVC) were compared to strain
213 (data not shown).

3.7. Comparative titers of neutralizing antibodies in early
high-risk (EIA−, WB−) and chronically infected (EIA+,
WB+) subjects

The neutralizing early antibody titers in these high-risk sub-
jects were compared to late antibody titers in chronically infected
subjects that we studied previously (Dianzani et al., 2002).
To minimize variation between assays, all neutralization tests
included a standard serum to control for inter-assay variability.
As shown in Table 3, the titers of HIV early neutralizing antibod-
ies ranged from <4 to ≥20 U/ml (average 10 U/ml) and the titers
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.5. Avidity for virus

Another specific characteristic of virus-neutralizing antibod-
es is their high avidity for virus. Due to the high avidity, simple
ilution of the virus–antibody mixture does not reverse the inac-
ivation of virus as occurs with non-antibody inhibitors in serum
Singh et al., 1992). To test this property of non-reversibility,
e diluted neutralized virus-serum mixtures 10- and 100-fold

nd assayed for reactivation of virus infectivity. As shown in
ig. 3, dilution did not reverse neutralization by reactivating
irus infectivity, thereby indicating that the specimens inacti-
ated HIV irreversibly as do true antibodies, but not non-specific
nhibitors in serum (Singh et al., 1992). Thus, the neutralizing
ctivity in the sera occurs in the IgG fraction and has the bio-
ogical specifications of antibody.
ig. 3. Irreversible inactivation of HIV by human antisera. Representative undi-
uted sera were mixed with an equal volume of HIV containing 105 infective
nits, incubated for 1 h at 37 ◦C, and then 10-fold dilutions were used to deter-
ine residual infectivity on Ghost CCR5 cells. The figure shows the residual

og10 inhibition of HIV by different concentrations of neutralizing antibody after
erial dilution of the mixture of serum and virus.
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Table 3
Comparative neutralizing antibody titers in high-risk (EIA−, WB−) and chron-
ically infected (EIA+, WB+) subjects

EIA−, WB− high-risk subjects EIA+, WB+ chronically
infected subjects

Serum number
(subject)

Neutralization titer
(units/ml)a,b

Subject Neutralization titer
(units/ml)a,b

114-7 (1) 20 A >1024
152-3 (6) 20 B 1024
HR179 (2) ≥12 C 600
HR 22 (3) ≥12 D >128
R312 (4) ≥12 E 96
HR43 (7) 12 F 96
R299 (5) 8 G 60
HR137 (8) 8 H >20
HR95 (9) 6 I >20
RAW-1 (10) 5 J 16
PRB925 (12) <4 K 12
PRB935 (11) <4 L 10

M 10
N 6
O 6
P 6

Average 10 50
Range <4–≥20 6–>1024

a HIV challenge dose, 75 infectious units.
b The titer is the reciprocal of highest dilution which inactivated 50% of the

challenge dose of HIV.

in chronically infected subjects ranged from 6 to >1024 U/ml
(average 50 U/ml). (A few sera with titers of >4 or >1024 could
not be re-titered due to exhaustion of the sample. These sera were
assigned titers of 50 or 2049, respectively, for statistical averag-
ing.) Overall, the range and average early neutralizing antibody
titers in high-risk subjects tended to be lower than those of late
neutralizing antibody titers in chronically infected subjects but
the difference did not reach significance.

4. Discussion

4.1. Detection of early neutralizing antibody in the sera of
12 high-risk subjects

An urgent problem is the lack of early diagnostic tests to pre-
vent newly infected persons from transmitting HIV by sexual
contact or by blood or organ donation during the early stages
of infection when they are EIA and WB negative (Cohen et al.,
1989; Ensoli et al., 1991), and when infectious HIV titers are
highest (Wawer et al., 2005). As an example, for blood safety,
the NAT RNA test of blood donors is now used widely in addi-
tion to the EIA and WB tests to reduce the political and legal
repercussions of even the infrequent transfusion–transmissions
(Busch and Hecht, 2005). Also, such early diagnosis might per-
mit very early treatment when the infection could be aborted.
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by the current EIA or WB tests or even by the HIV RNA test
(Chen et al., 2002). We hypothesized that some of the early
antibodies to native gp41/160 would be detected not only by
live-cell immunofluorescence (IFA) but also by a neutralization
test, since both HIV-infected cells and virions contain native
gp41/160 (Sahu et al., 2005). Native gp41/160 is known to be
a good target for neutralization. We compared a neutralization
assay with live-cell IFA, EIA, and WB assays. The findings show
that most patients produced detectable neutralizing antibodies
before seroconversion by EIA and WB antibody assays that use
denatured HIV antigens. Specifically, the use of native antigens
in the neutralization and/or IFA assays detected antibodies to
native antigens in the sera of 11 of 12 subjects at early times,
whereas denatured antigens that are used in the current EIA
and/or WB assays did not detect these antibodies (Table 1 or
Fig 2). In comparison, using denatured antigens (EIA and WB),
initial detection of antibodies occurred in only one subject, and
simultaneously with the tests using native antigen. Importantly,
early diagnosis was missed by EIA and WB in 92% of the sub-
jects. To maximally detect early antibodies, simultaneous use of
more than one type of test may be necessary due to the known
polyclonal nature and timing of the different types of antibody
responses to HIV and other viruses, e.g., poxviruses (Baxby,
1996; Henderson and Moss, 1999) and to the different sensitiv-
ity of the different tests.

Thus, in this initial test of concept study of 12 high-risk sera,
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reviously, very early detection of HIV infection was reported
hen native gp41 rather than the current denatured HIV anti-
ens were used to detect antibody. This early antibody to the
onformational epitope of gp41/160 occurs 2–6 weeks earlier
han antibodies reacting to denatured antigens that are detected
he ability of native antigens to detect very early antibodies is
upported. To maximally detect early antibodies and reduce false
egatives, simultaneous use of more than one type of test may
e necessary based on the known polyclonal nature of the anti-
ody response to HIV and other viruses. Further study of the
otential advantage of the neutralization and other tests that use
ative antigens for detection of early antibody is planned using
eroconversion panels and larger numbers of subjects to confirm
he potential clinical value.

.2. Characterization of the neutralizing activity in sera

Neutralizing titers below 1:10 must be characterized as
rue antibody since non-specific inhibitors in serum may occur
Singh et al., 1999). The neutralization activity of the samples
as characterized as antibody in that (a) the anti-HIV activ-

ty was in an antibody fraction of serum since the activity was
educed by absorption of IgG antibody; (b) the anti-HIV activ-
ty had the specificity of antibody in not cross-neutralizing the
ntigenically unrelated Banzi virus; (c) the anti-HIV activity
ad high avidity since the activity was not reversed by dilution
f the serum–virus mixture; and (d) normal subjects’ sera were
niformly negative in the neutralization assay using a starting
ilution of 1:2.

.3. Time of production of antibodies in relation to viremia

The finding that early antibodies are produced before viremia
s consistent with the immunopathogenesis of HIV infection.
IV, like many viruses, provides the first antigenic stimulation
y multiplying at the portal of entry before later spreading to
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the bloodstream (Baron et al., 1996; Boldogh et al., 1996). The
portals of entry for HIV are subcutaneous for needle-stick infec-
tion and submucosal for sexual transmission. HIV multiplication
can be detected at these portals by infectivity, by viral antigen
and RNA assays (Acheampong et al., 2005; Ambrose et al.,
2001; Blauvelt, 1997; Miller et al., 2005; Veazey and Lackner,
2005). This local multiplication is sufficient to provide the ini-
tial stimulation for production of early local or serum antibodies
that generally occur about 7 days after many viral infections
(Dianzani and Baron, 1996). Subsequent to the local multiplica-
tion and antigenic stimulation, HIV spreads to the bloodstream
where it is detected by infectivity or RNA tests (Busch et al.,
1991), even in the presence of partially neutralizing antibody
(Dianzani et al., 2002) (also, see Section 4.4 below). Thus, after
HIV infection, early antibody may be produced during the time
interval between its initial multiplication at the portal of entry
and the later viremia.

4.4. Role of neutralizing antibodies in host defense

An important question is whether early neutralizing anti-
body participates in the defense against HIV infection (Haase,
2001). Early neutralizing antibody functions inhibit HIV infec-
tivity and correlates with the partial control of viremia during the
early acute stage of infection (Dianzani et al., 2002). Also, this
early control of virus may, in part, account for reported transient
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5. Conclusions

We hypothesized that early antibodies to native gp41 would
be detected not only by the live-cell immunofluorescence test,
but also by a neutralization test, since both HIV-infected cells
and HIV virions contain the more sensitive native gp41/160. We
found that the neutralization test detected very early antibody
in the sera of 11 of the 12 high-risk subjects. Importantly, the
results demonstrate that early diagnosis was missed in 92% of
the subjects by EIA and WB tests that use denatured antigens.
The findings support the concept that native HIV antigens can
be used to detect HIV antibody 2–6 weeks earlier than current
tests that use denatured antigens.
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