MOLECULAR MEDICINE REPORTS 5: 1311-1317, 2012

Identification and characterization of broadly cross-reactive
neutralizing antibodies in patients infected with
HIV-1 B'/C recombinant (CRF07_BC)

MING-JIA BAO'?, WEN-QING GENG!, HUA-LU CUI', XIAO-LI ZHANG',
DONG-BING XU'!, HUA NIAN!, DI DAI', YA-NAN WANG' and HONG SHANG!

lKey Laboratory of Immunology of AIDS, Ministry of Health, First Hospital of China Medical University,

Shenyang 110001; “Center for Disease Control and Prevention, Jiamusi, Heilongjiang 154002, PR. China

Received October 27, 2011; Accepted January 19, 2012

DOI: 10.3892/mmr.2012.790

Abstract. The identification of broadly cross-reactive neutral-
izing (BCN) antibodies is essential for the development of
a more universally effective vaccine for human immunode-
ficiency virus (HIV). In this study, CRFO7_BC serum was
analyzed for cross-clade antibody reactivity and neutralization.
A total of 117 HIV-1 sera (CRFO7_BC) were screened for their
capacity to neutralize three primary HIV-1 isolates. A total of
18 out of 117 sera cross-neutralized all three viruses, and were
tested along with eight randomly selected non-BCN sera against
seven primary HIV-1 isolates and two laboratory strains that
represented different clades and tropisms. BCN sera neutralized
eight or all nine of these primary isolates. Non-BCN sera did
not display any broadly cross-reactive neutralizing responses.
BCN sera neutralized with higher frequency and geometric
mean titers compared to non-BCN sera. Sera from asymptom-
atic individuals on average neutralized a significantly greater
number of the three key isolates than sera from symptomatic
individuals. Our data indicate that the three HIV-1 isolated
strains are sufficient to screen broad cross-neutralizing sera, and
that BCN responses may contribute to protection from infection
and disease progression. The neutralizing antibody response
demonstrated extensive cross-neutralization, suggesting that
neutralizing antibodies induced by vaccines will have a rela-
tively low epitope diversity to overcome in patients infected
with HIV-1 B'/C recombinant (CRFO7_BC).

Introduction

Human immunodeficiency virus-1 (HIV-1) infection induces
both cellular and humoral immune responses. Neutralizing
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antibodies (NAbs) provide protection from infection, but also
select new viral variants that are resistant to antibody neutral-
ization. Selection by NAb responses has been demonstrated
to result in rapid and continuous in vivo evolution of viral
phenotypes that are able to escape neutralization, thereby
contributing to the immune response (1). However, two find-
ings have suggested that a broadly cross-reactive neutralizing
(BCN) response against HIV-1 achieves a protective role in
humoral immunity: i) The discovery of broadly neutralizing
monoclonal antibodies (MAbs) (2-6), and ii) the identification
of broadly neutralizing polyclonal sera from HIV-1-infected
individuals (7-10). Therefore, it is likely that the production
of BCN antibodies will be significant in the formulation
of a protective vaccine, warranting studies of not only the
homologous vaccine strain, but also intra- and interclade viral
neutralization.

Infection with HIV mostly generates autologous NAb
responses; however, responses capable of inhibiting a broad
range of primary isolates in vitro are rarely detected in sera
from HIV-infected patients (11,12). Nevertheless, a few
BCN sera have been isolated from such individuals. It has
been suggested that in up to 10% of African and European
HIV-infected patients, the antibody response matures and
becomes cross-neutralizing. Prevention of lymphocyte infec-
tion by divergent strains has been demonstrated in in vitro
peripheral blood mononuclear cell (PBMC)-neutralization
assays (8,9). It has been reported that long-term nonprogressors
have broader and more potent neutralization antibody titers
against heterologous isolates than disease progressors (13-17),
even though neutralizing activity against laboratory strains is
observed in the two groups (14). Previous studies have found
that autologous and heterologous NAbs are detected more
frequently in HIV* mothers who do not transmit the virus to
their children, indicating that the presence of these antibodies
may prevent vertical transmission, although the protective role
of maternal NAbs remains poorly understood (18,19).

Previous studies concerning NAbs have mainly focused
on populations infected with HIV-1 clades B and C, which
are found circulating worldwide. However, there is a scarcity
of data on the characteristics of NAb responses generated in
HIV-1 B'/C intersubtype-infected individuals from China.
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Given the genetic diversity of HIV-1 and the geographic distri-
bution of the subtypes, the identification of BCN antibodies
in patients infected with the B/C intersubtype recombinant
in China may help to facilitate the development of a globally
effective vaccine for HIV. The BY/C intersubtype recombinant
in China has a mosaic pattern in its genome comprised of a
clade C backbone with several interspersed clade Thai B frag-
ments in the Gag, Pol, Env and accessory genes (20,21). Over
the past few years, it has been demonstrated that clade C sera
neutralizes autologous and heterologous clade C isolates,
including geographically diverse isolates (22). This finding is
consistent with the hypothesis that there is extensive sharing
of epitopes within the HI'V-1 BY/C intersubtype recombinant in
China. Generating such data is likely to be significant in the
context of development of a prophylactic HI'V-1 vaccine.

In this study, we performed inter- and intraclade neutral-
ization assays using subtype-diverse primary HIV isolates
from geographically diverse patients in China to assess
cross-reactive NAb responses in HIV-1 B/C-infected Chinese
individuals.

Materials and methods

Study subjects. A total of 117 HIV-1 CRF07_BC-infected indi-
viduals from the Liaoning, Yunnan and Xinjiang provinces
of China were enrolled, among which 84 were male and 33
were female. The median age of all patients was 38.8 years.
HIV-1-infected individuals were diagnosed by screening with
anenzyme-linked immunosorbent assay (ELISA) (Vironostica,
Organo Teknika, the Netherlands), which was confirmed
with western blotting (Genelab Diagnostics, Singapore). All
individuals were infected with HIV-1 CRF07_BC and were
antiretroviral therapy-naive at the time of study. Whole blood
was collected in a vacuum tube containing ethylenediamine-
tetraacetic acid (EDTA) at the initial enrollment visit following
obtaining written informed consent. Plasma was aliquoted
and stored at -70°C until use. HIV seronegative blood donors
were randomly selected from volunteers at the China Medical
University. The study was approved by the ethics committee
of the university.

The study population was grouped into either asymp-
tomatic or symptomatic individuals. The asymptomatic
group consisted of 100 individuals with a median CD4*
count of 439.28+169.71 cells/ul and a median viral load
of 76,243+328,828 copies/ml. The symptomatic group
consisted of 17 individuals with a median CD4" count
of 182.29+135.86 cells/ul and a median viral load of
110,022+120,727.93 copies/ml. The designation of individuals
as either symptomatic or asymptomatic was determined
according to the World Health Organization staging
system (23).

Phenotypic characteristics of HIV-1 primary isolates. A total
of nine HIV-1 isolated strains were used in this study. Two
laboratory strains, SF33 and BaL, were obtained from the
National Institutes of Health AIDS Research and Reference
Reagent Program (NIH ARRRP). Seven primary viruses,
JL125, LN82, HA19, JL66, YNO8, YN103 and YNI108,
were previously isolated in our laboratory. The preferential
co-receptor usage of the primary viruses was assessed by
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infecting GHOST cells with CD4 and chemokine receptors.
The ability of the isolate to induce syncytium formation was
evaluated by infecting MT-2 cells; isolates were classified as
syncytium-inducing (SI) or non-syncytium-inducing (NSI).
The CCR5-dependent isolate BaL. and the CXCR4-using virus
SF33 were used as controls in all assays.

Titers of the viral stocks were determined in 4-fold dilu-
tions, using four replicate wells per viral dilution as previously
described. Viral dilutions were added to 25 ul of cRPMI in
25 pl aliquots and incubated for 30 min at 37°C in a deep-well
96-well plate. A 50 ul aliquot containing 1.5x10° cells was then
added to each well, and plates were incubated for 16-18 h at
37°C. Following 24 h, the titration plates were washed twice
with 400 pl of wash medium (same as IL-2 medium, but with
2% FCS instead of 15% FCS and without IL-2), resuspended
in 200 ul of IL-2 medium, and transferred to round-bottom
96-well plates. On days 4 and 6, 100 ul of supernatant was
removed and replaced with 100 ul of fresh IL-2 medium. On
day 8, the supernatant was removed for p24 antigen capture.
The 50% tissue culture infective dose (TCID50) was calcu-
lated by the Spearman-Karber method.

Phylogenetic characterization of HIV-1 viral isolate. For
subtype determination, sequences were aligned with an
HIV-1 subtype reference set from the Los Alamos database
(http://hiv-web.lanl.gov) in CLUSTAL X18 and manually
edited in BioEdit (Ibis Therapeutics, Carlsbad, CA, USA).
Phylogenetic trees were constructed using the neighbor-joining
method. The reliability of each cluster was determined
using 1,000 bootstrap replicates. Trees were drawn with the
TreeView program, and the subtyping results were confirmed
using the MEGA 2.0 HIV-1 subtyping tool.

Primary screening for HIV-1 neutralizing activity.
Neutralization capacity was measured in phytohemagglutinin
(PHA)-PBMCs as described previously, with the use of a p24
antigen reduction neutralization assay (24). A virus plasma
mixture was incubated at 37°C for 1 h and added to 96-well
plates containing PHA-PMBC (4x10° cells/well). Cells were
incubated with the virus-serum mixtures for 24 h at 37°C
and then washed three times with 200 ul of growth medium
to remove the free-floating virus inoculum and antibodies.
Washed cells were suspended in 200 ul of IL-2 growth medium.
Production of p24 antigen was measured after seven days,
which is the time when exponential viral growth is generally
observed. The average p24 produced in experimental replicates
was compared to the average p24 produced in NHP wells, and
the percentage of neutralization (%NT) was calculated as the
percentage of reduction in p24 production. All plasma samples
were heat-inactivated at 56°C for 30 min prior to use. In the
primary screening, all plasma samples (n=117) were tested in a
randomized manner at 1:10 dilution in duplicate against three
primary HIV-1 isolates, JL125, LN82 and HA19. Fifty percent
inhibitory doses (ID50s) were defined as the sera dilutions
which produced a =50% reduction in absorbance value in the
antigen capture assay compared to the negative serum control.
Dilutions greater than the ID50 were scored as positive.

Neutralizing activity against a panel of primary isolates. A
total of 18 plasma samples that cross-neutralized all three
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viruses were further tested against a panel of nine primary
HIV-1 isolates (including the isolates used in primary
screening). Six two-fold dilutions of each plasma sample
(from 1:10 to 1:320) were tested against each virus from the
panel. Additionally, eight plasma samples from asymptomatic
HIV-1-infected individuals that demonstrated non-BCN anti-
bodies in primary screening were randomly selected and were
tested against the panel of nine primary HIV-1 isolates. The
neutralizing titer of a particular plasma sample and virus was
defined as the reciprocal of the highest dilution giving a 50%
reduction in p24 antigen compared to the NHP control wells.

Statistical analysis. Non-parametric tests were used for all
analyses. To assess the overall differences in the NAb titers
between the BCN and non-BCN sera, patient groups were
analyzed using the Mann-Whitney U test. To further evaluate
the consistency of the trends for greater neutralization by
the BCN and non-BCN sera, geometric mean titers (GMTs)
for the BCN and non-BCN sera groups were calculated and
compared using the Wilcoxon signed rank test. Differences in
the numbers of patients with neutralizing activity against the
three HIV-1 isolates in vitro in the asymptomatic vs. symp-
tomatic groups were assessed by Fisher's exact test. P<0.05
was considered to indicate a statistically significant difference.
All analyses were conducted using SPSS 15.0 software.

Results

Characteristics of the viral isolate. Seven primary and
two laboratory isolates were tested for their ability to form
syncytia in MT-2 cells. These experiments were performed
three times, with p24 antigen levels being measured in one
experiment. The four SI isolates (HA19, YN108, YN103 and
SF33) demonstrated increased concentrations of p24 antigen
production, confirming that these viruses were able to replicate
in MT-2 cells (data not shown). None of the remaining viruses
(LN82, JL66, JL125, YNO8 and Bal)) revealed evidence of
viral replication in MT-2 cells and cultures remained p24
antigen-negative (NSI isolates) (Table I).

To determine co-receptor usage, viral isolates were grown
in GHOST cell lines transfected with either CCR5 or CXCR4.
The viral isolates, LN82, JL66, JL125, YNOS8 and BaL, grew
only in CCR5-expressing GHOST cells, consistent with the
NSI phenotype, and were termed as RS viruses. HA19 and
SF33 isolates, which grew in CXCR4-expressing cells and
at lower levels in CCR5-expressing cells, were designated as
R5X4 viruses. YN103 and YNI108 demonstrated evidence of
growth in CXCR4-expressing cells producing both syncytia
and the p24 antigen, and were classified as X4 viruses (Table I).

The fragment analyzed consisted of seven primary isolates,
belonging to different clades within group M. Three of these
isolates, LN82, HA19 and JL66, had Gag and Env sequences
belonging to the same subtype, whereas four isolates, JL125,
YNOS8, YN108 and YN103, were intersubtype recombinants.
The genotypic and phenotypic characteristics of the primary
isolates are reported in Table I.

Primary screening for HIV-1 neutralizing activity of plasma
derived from HIV-1 seropositive individuals. Plasma samples
from 117 HIV-1 seropositive individuals obtained from 2003
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Table I. Genotypic and phenotypic characteristics of the HIV-1
isolates.

Phenotype

Viral isolate Subtype® SI/NSIP Co-receptor usage*
HA19 B' SI R5X4
LN82 C NSI R5
JL66 B' NSI RS
JL125 A/G NSI R5
YN8 B'/C NSI RS
YN103 A/E SI X4
YNI108 B'/C SI X4
SF33 - SI R5X4
BaL - NSI RS

“Viral isolates were classified into different subtypes on the basis
of phylogenetic analysis of the Gag or Pol genes, using TreeView
software as described in Materials and methods. "SI/NSI capacity was
determined in the MT-2 cell line. ‘Co-receptor usage was determined
in GHOST cells transfected with CD4 and one of the chemokine
receptors. HIV-1, human immunodeficiency virus-1; SI, syncytium-
inducing; NSI, non-syncytium-inducing; RS, chemokine receptor
CCRS5-tropic; X4, chemokine receptor CXCR4-tropic.

to 2006 from Yunnan and Xinjiang provinces in China were
screened against three heterologous primary isolates, JL125,
LN82 and HA19. Each isolate belonged to a different clade
and exhibited different genotypes and phenotypes (SI/NSI;
co-receptor usage). All plasma samples were tested at a 1:10
dilution for HIV-1 neutralizing activity using PBMC-based
neutralizing assays. Out of 117 samples, 18 (15.4%) HIV-1 sera
neutralized all three isolates, 26 (22.2%) neutralized two key
isolates and 43 (36.8%) neutralized only one key isolate. The
remaining 30 HIV-1 sera (25.6%) did not neutralize any of the
key isolates (Table II).

Sera from HIV-1-infected individuals, grouped as
asymptomatic or symptomatic according to the CD4* count
and clinical symptoms, were tested for neutralizing activity
against the three HIV-1 isolates in vitro. There were statisti-
cally significant differences in the CD4" cell count and viral
load between the asymptomatic and symptomatic individuals
(data not shown). We observed that sera from asymptomatic
individuals neutralized a significantly greater number of the
three key isolates than those from the symptomatic individuals
(P<0.05) (Table II). We also observed that 40% of the sera
from the asymptomatic individuals neutralized two or more
isolates compared to 23.5% of the sera from symptomatic
individuals (Table II).

Identification of broadly neutralizing sera. To examine the
breadth of the neutralization responses, the 18 samples of sera
able to neutralize the three isolates were tested against the
nine HIV-1 isolates with different phenotypes (SI/NSI) and
co-receptors.

The breadth of the cross-neutralizing response was
defined based on the number of viruses that were effectively
neutralized by any given patient-derived plasma sample. Out
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Table II. Number of HIV-1 isolates neutralized by sera from infected individuals®.
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No. (%) of sera with neutralizing activity against the no. of isolates neutralized

Patient group (n) 0 1 2 3
Asymptomatic (100) 21 (21.0) 39 (39.0) 22 (22.0) 18 (18.0)
Symptomatic (17) 9(52.9) 4 (23.5) 4 (23.5) 0(0.0)
Total (117) 30 (25.6) 43 (36.8) 26 (22.2) 18 (15.4)
“The dilution of sera tested for neutralizing activity was 1:10. HIV-1, human immunodeficiency virus-1.
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Figure 1. Comparative neutralization of viruses by sera from BCN and non-BCN donors. Assays were performed in triplicate. Results are from single experi-
ments or are averages from two experiments in a few cases. Neutralization titers were defined as the highest serum dilution that resulted in =50% reduction
in p24 Ag. The horizontal dashed lines demonstrate the GMT of neutralization of each isolate by the panel of BCN and non-BCN sera. P-values are results of
two-tailed Student's t-tests comparing geometric means of BCN and non-BCN serum titers. The overall GMTs for neutralization of non-BCN Envs viruses
by BCN and non-BCN sera were 1:61.20 and 1:3.73, respectively (P=0.008, by paired Student's t-test), comparing the geometric metric means of BCN and
non-BCN sera against each virus. ID50, 50% inhibitory dose; NADb, neutralizing antibodies; BCN, broadly cross-reactive neutralizing; GMT, geometric mean

titers; Ag, antigen.

of the 18 HIV-1 plasma samples, 13 samples neutralized the
nine HIV isolates and the remaining five demonstrated =50%
neutralization against eight HIV-1 isolates. Additionally,
eight plasma samples that revealed non-BCN in primary
screening were randomly selected and tested against a panel
of the nine HIV-1 isolates. These samples demonstrated
>50% neutralization of one or two primary isolates (out of
seven), and they all had neutralizing activity against two
laboratory strains (SF33 and BaL) with an ID50 of 1:10 to
1:80 (Table III).

The magnitude of the cross-neutralizing response was
defined based on the average neutralizing titer against all
heterologous viruses. As shown in Fig. 1, the BCN sera
neutralized the primary virus at titers ranging from 1:1 to
1:320 (overall GMT of the BCN sera to neutralize primary

virus, 1:61.20). The non-BCN sera also neutralized the primary
virus at titers ranging from 1:1 to 1:80. To further confirm the
greater neutralization of the BCN over the non-BCN sera, we
compared the GMTs for the BCN and non-BCN sera using a
Wilcoxon signed rank test. The overall GMTs of the BCN and
non-BCN sera against the primary viruses were 1:61.20 and
1:3.72, respectively (P=0.008).

Discussion

Neutralizing antibodies against HIV-1 are significant in
preventing viral infections. However, their role in influencing
disease progression in infected individuals has not been
researched thoroughly. The appearance and changes in the
humoral responses to Gag and Env may be used as predictors
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Table III. ID50 shown by plasma samples (that neutralized the three primary isolates in primary screening) against nine isolates.

HIV-1 primary isolate

Sample Geometric mean
Sera no. Id LN82* YN8 JL66 HAI9* YNIO3 YNI108 JL125* SF33 Bal.  ID50 shown by all
BCN
1 YN31 160 160 160 160 80 40 40 320 160 117.58
2 YN29 160 160 160 160 40 40 40 160 320 108.86
3 XJ81 160 320 160 80 80 80 80 80 160 117.58
4 YN22 160 320 160 80 40 80 80 80 160 108.86
5 XJ62 40 160 160 80 160 80 40 160 160 100.79
6 YNI113 20 160 160 80 40 160 40 80 160 80.00
7 XJ66 160 20 80 40 40 20 10 160 320 5443
8 YNI13 80 160 160 40 80 20 10 160 80 63.50
9 YNS50 160 80 40 80 40 80 40 160 80 74.07
10 YN37 160 80 40 80 80 80 40 40 160 74.07
11 YN34 40 80 80 80 40 160 40 160 80 74.07
12 YN46 80 160 80 80 80 40 40 80 80 74.07
13 XJ32 160 20 80 40 10 160 10 80 160 50.40
14 YNO7 160 80 40 10 1 160 10 160 80 36.13
15 XJ25 160 1 160 10 40 1 10 160 80 22.20
16 YN35 80 20 20 40 80 40 10 160 160 46.66
17 XJ51 80 160 10 20 10 10 10 80 80 22.76
18 YN39 10 20 1 20 80 20 40 80 160 24.58
Geometric mean 89.80 7039 62771 5040 3951 4435 2217  117.58 131.98
ID50 shown by
all plasma
Non-BCN
19 XJ016 1 1 40 1 10 1 1 80 40 4.77
20 YNOO09 1 40 1 1 1 20 1 20 80 4.77
21 YNO032 1 1 80 1 20 1 1 40 10 442
22 YNO23 1 20 1 1 1 40 1 80 20 4.77
23 YNS56 1 1 10 1 20 1 1 10 40 351
24 XJ055 1 10 1 1 1 20 1 20 40 3.79
25 YNO53 1 1 1 1 10 1 1 10 40 2.51
26 XJ17 1 1 1 1 10 1 1 20 10 233
Geometric mean 1.00 308  3.66 1.00 501 335 1.00 2594  28.28
ID50 shown by
all plasma

*HIV-1 isolate used for primary screening. ID50, 50% inhibitory dose; HIV-1, human immunodeficiency virus-1; BCN, broadly cross-reactive

neutralizing.

for disease progression in HIV-1 subtype B infection; however,
little is known about the correlation between these immune
responses and disease progression in non-B HIV-1 subtypes.
In addition, the correlations between the binding antibody
responses to Env, including antibody-dependent cellular cyto-
toxicity (ADCC) and NAb against T-cell line adapted (TCLA)
and primary HIV-1 isolates, and their functional responses
have not been well characterized in non-B HIV-1 subtypes
either. It has been suggested that HIV-1 subtypes may differ
in their rates of progression to AIDS. A careful description of
the immunological and virological parameters associated with

disease progression, particularly in non-B subtypes, will aid
the defining of important factors in HIV-1 pathogenesis and
the development of an effective vaccine.

In this study, we screened and identified the BCN responses
of plasma derived from HIV-1 B'/C intersubtype individuals
in China and investigated the correlation between BCN anti-
bodies and disease progression. To our knowledge, this is the
first study which has assessed cross-reactive NAb response in
Chinese individuals infected with the HIV-1 BY/C intersubtype
recombinant. Our findings demonstrate that BCN antibodies
are generated in HIV-1 CRF07_BC chronically infected
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Chinese asymptomatic individuals. The NAb response demon-
strated extensive cross-neutralization, suggesting the presence
of shared neutralization determinants among circulating
strains of the HIV-1 BY/C intersubtype recombinant in China.

Studies in Belgium analyzing cross-clade neutralization
activity have been performed. The findings from these studies
indicate that the capacity of a serum to neutralize three key
isolates belonging to group M (Env clades A-H) and group O
predicts the ability to neutralize primary HIV-1 isolates with
various genotypic and phenotypic characteristics (8). The
selection of the key isolates plays a vital role in evaluating the
broadly cross-reactive antibody responses that occur in HIV-1
infections. Ideal isolates exhibit different genotypes with
very low homology and different phenotypes (SI/NSI) with
various co-receptors. In this study, three key isolates, JL125,
LN82 and HA19, were employed for primary screening of the
HIV-1 neutralizing activity of the plasma derived from HIV-1
seropositive individuals. The three isolates, JL125 (AG, NSI,
R5 co-receptor), LN82 (C, NSI, R5) and HA19 (B, SI, R5X4),
were obtained from geographically and subtype diverse
HIV-1-infected individuals. The isolates consisted of a variety
of subtypes with different biological characteristics, ensuring
that the viruses employed in the study were of diverse origin. If
the serum neutralized the viruses, it could recognize epitope(s)
conserved among these divergent isolates and, also, possibly in
other, less divergent isolates. It was observed that out of 18 sera
that demonstrated BCN antibodies, 13 neutralized the nine
primary isolates and the other five revealed more than 50%
neutralization of eight isolates of heterologous viruses. These
results suggest that the three key isolates are to some extent
sufficient in identifying BCN sera. However, it is significant
to note that a combination of other isolates that contained the
above characteristics would also have prognostic capacity.

The neutralizing titer of a particular plasma sample and
virus is defined as the reciprocal of the highest dilution
giving a 50 or 90% reduction (ID50 or ID90) in p24 antigen
compared to control wells. The differences between the ID50
neutralizing titers with the corresponding ID90 titers (data not
shown) were examined. On average, the ID50 titers exceeded
the corresponding ID90 titers by a factor of 2.2. In the identi-
fication of broadly neutralizing sera, there were 13 individuals
that neutralized all nine viruses based on ID50 titers, while 12
individuals were identified based on ID90 titers. There was no
statistically significant difference between the use of ID50 and
ID90 (P>0.05). In our study, however, we did not attempt to
speculate whether the BCN antibodies could block infection
completely in HIV-naive individuals and provide sterilizing
immunity; instead, it attempted to distinguish non-neutralizing
from BCN sera against a wide range of heterologous primary
viral isolates. Therefore, our results were based on 50%
neutralization titers.

According to earlier studies, based on their neutraliza-
tion capacity, sera can be classified into three categories;
BCN sera that can neutralize all genetic clades and groups;
limited-BCN sera that can neutralize certain, but not all,
genetic clades and groups; and non-neutralizing sera (non-
BCN) that can not cross-neutralize. The sera of these BCN
individuals make them ideal candidates for the selection of
HIV-1 neutralizing monoclonal antibodies. Identification of
BCN antibodies could help to unambiguously determine the
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fine specificities that give rise to the cross-reactive neutralizing
activity in the serum and could help guide the design of new
vaccine antigens. In this study, 18 of 117 (15.4%) HIV-1 sera
neutralized all three primary isolates. When these sera were
challenged against nine primary HIV-1 isolates belonging to
different clades or genotypes, as well as different phenotypes,
13 sera neutralized the nine primary isolates with an ID50
of 1:10 to 1:320. The BCN sera neutralized almost all of the
primary viruses, while all the non-BCN sera failed to neutralize
four or more strains tested. The overall GMTs of the BCN sera
were also higher than those of the non-BCN sera. Our findings
strengthen the hypothesis that common antigens or immuno-
gens must exist in primary HIV-1 isolates of different clades,
so that they can be recognized by cross-clade anti-HIV-1
NAbs. Broad cross-neutralization of heterologous viruses
may be explained by multiple responses to isolate-specific
epitopes that accumulate over time or by responses against
highly conserved epitopes, including those recognized by the
human monoclonal antibodies 2G12, IgG1b12 and 2F5 (25).
BCN antibodies in the sera of these infected patients indicate
that HIV-1 strains share cross-reactive neutralization epitopes
and that humans have the capacity to respond to these epit-
opes (8-10,26-28).

The role of NAbs in protection from infection and selec-
tion of new variants that are resistant to neutralization is not
well understood. Data from previous studies have led to the
emergence of more precise knowledge of the significance
of protection against HIV-1 disease (29,30). Studies have
indicated that BCN antibodies are correlated with reduced
mother-to-child HIV-1 transmission and delayed disease
progression (31). Nevertheless, despite the presence of these
antibodies, viral proliferation reportedly continues, with
patients eventually developing AIDS (32). In this study,
individuals were grouped into either the asymptomatic or the
symptomatic group. Sera from asymptomatic individuals were
observed to neutralize a significantly higher number of heter-
ologous HIV-1 isolates in vitro than those from symptomatic
patients. NAbs with cross-reactivity to multiple HI'V-1 isolates
could be lost as individuals become symptomatic. A number
of factors have been previously reported to be positively
associated with the breadth of HIV-1 broadly neutralizing
activity, including a high CD4* T cell count (13), and exposure
to multiple viruses due to many partners (22). We analyzed
the differences in the levels of CD4* cell count and viral load
between the asymptomatic and symptomatic individuals. We
found that there were statistically significant differences in
CD4" cell count and viral load (CD4*, asymptomatic > symp-
tomatic; viral load, asymptomatic < symptomatic). Therefore,
we speculate that stable CD4* cell levels and high-level viral
load may be essential for generating a BCN antibody response.
Also, the loss of group-specific NAbs in the sera from the
symptomatic group appears to be associated with a narrowing
of the antibody response during disease progression.

Overall, the results from the present study confirm that
the three primary isolates used are sufficient to screen BCN
sera. BCN responses may contribute to protection from HIV-1
infection and from disease progression. The identification of
BCN sera in patients infected with HIV-1 B/C recombinant
(CRF07_BC) may be of considerable value for therapy and
vaccine development.
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