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Abstract

Limited information exists on the antibody responses elicited against the viral envelope in HIV-1-infected chil-
dren. In this cross-sectional study, we assessed the antibody responses against three different immunogenic
regions of HIV-1 envelope, namely V3 region of gp120, membrane proximal external region (MPER), and im-
munodominant loop (IDL) of gp41 in HIV-1-infected children from north India. We recruited 75 HIV-1-infected
(40 antiretroviral naive and 35 treated) children, with age ranging from 1.5 to 16 y. Antibodies to V3 and the IDL
region were found in a majority of the infected children, whereas antibodies to MPER were found in approxi-
mately one-third of the children studied. Higher antibody titers to the immunogenic regions corresponded to the
symptomatic stages of HIV-1 infection in both naive and antiretroviral therapy (ART)-treated children. High titers
of anti-V3C and anti-IDL antibodies were observed in a subset of antiretroviral-naive patients with suppressed
viremia (<47 RNA copies/mL), suggesting that antibodies to these immunogenic regions are present regardless
of their viremic status. Further, the antibody titers were significantly lower in the plasma of treated patients
compared to naive patients, regardless of whether they were virologically suppressed or not. This is the first
report on the antibody responses elicited in HIV-1-infected children in India. The study may help to understand

the humoral antibody responses directed against viral envelope in HIV-1-infected children.

Introduction

HE PANDEMIC OF HUMAN IMMUNODEFICIENCY VIRUS

(HIV) infection continues to affect millions the world over
and more so in the developing countries of Africa and Asia.
About 370,000 children were newly infected with HIV-1 in-
fection in 2009 worldwide (10). HIV-1 infection in children
continues to occur in resource-limited settings. Children ac-
count for 3.5% of all HIV-1 infections in India (16).

HIV-1 infection in children leads to rapid disease pro-
gression compared to adults (6,19). They are infected at a
time when their immune system is still developing. Never-
theless, antibody- and cell-mediated immune responses de-
velop against HIV-1 in infected children. Antibodies against
HIV-1 arise very early in the infected children and they
continue to evolve. In one of the early studies, Pollack et al.
observed that up to 85% of HIV-1-infected infants had de-
tectable antibodies to two or more viral proteins after 6 mo of
life. They also noted that antibodies targeting the HIV-1
envelope antigens gpl120 and gp41 are among the first to
arise (20). Some of the well known immunogenic regions of

HIV-1 envelope include the third variable region (V3) of
gp120, membrane proximal external region (MPER), and
immunodominant loop (IDL) of gp41 (3,5,11,12). We chose
the peptides from consensus clade C HIV-1 envelope as, the
majority of infections in India are due to clade C (18).

V3 is one of the most immunogenic regions of the HIV-1
envelope. Antibodies to the V3 region are clade-specific and
are used for serotyping of HIV-1 infection (24). Antibodies
with cross-reactivity start appearing late during the infection.
We studied the binding antibody responses to peptides de-
rived from V3 regions of both consensus clade C (V3C) and
clade B (V3B) sequences of HIV-1. We wanted to assess the
extent of cross-reactivity of the antibodies binding to V3C
and V3B peptides in these children, as all of them were
chronically infected. A study conducted by De Rossi et al.
(1993) revealed that anti-V3 antibodies are elicited as early as
3mo of age in HIV-l-infected children compared to unin-
fected children born to HIV-1-infected mothers (5). Previous
studies have correlated antibodies to the MPER region with
progression of disease in HIV-l-infected children (9,23).
However, there is not enough information on the humoral
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antibody responses in HIV-1-infected children in relation to
viremia and antiretroviral therapy (ART).

We recently reported the efficiency of the plasma of HIV-1-
infected children from India in neutralizing the primary iso-
lates (21). In this cross-sectional study, we evaluated the
binding antibody responses to three immunogenic regions of
the viral envelope, namely V3 region of gp120, and MPER and
IDL of gp41, in HIV-1-infected children from north India. We
then studied the association of different clinical parameters
with the binding antibody response to these regions. Study of
the antibody responses directed against the viral envelope will
lead to clues for vaccine design targeting this population.

Materials and Methods
Patients

Seventy-five HIV-1-infected children (40 antiretroviral na-
ive and 35 ART treated) were recruited for the study. The
infected children are managed as per national treatment
guidelines (17). Children less than 18 mo of age were ex-
cluded, as the presence of maternal antibodies could affect the
results (7). We recorded the demographic and clinical data of
the patients using a standardized questionnaire. The plasma
viral load was determined by real-time PCR (Roche COBAS
TagMan HIV-1 v2.0; Roche Diagnostics, Indianapolis, IN),
and CD4 counts were estimated by flow cytometric analysis
(BD Biosciences, Sparks, MD). The CD4 counts are routinely
used in monitoring these patients. Written informed consent
was obtained from the parents or guardians of all the chil-
dren. The Institutional Ethics Committee approved this study.
Blood samples of these children were collected in EDTA
Vacutainers. Plasma was separated by centrifugation at 300 g
and stored in aliquots at —80°C until use. All the plasma
samples were heat inactivated at 56°C for 1h before using in
the assays.

Peptides

Peptides corresponding to the V3 region of consensus clade
C (V3C, 35 mer-CTRPNNNTRKSIRIGPGQTFYATGDIIGDIR
QAHC), and consensus clade B (V3B, 35 mer-CTRPNN
NTRKSIHIGPGRAFYTTGEIIGDIRQAHC) gp120, consensus
clade C MPER (25 mer-DLLALDSWKNLWNWFDITNWL
WYIK), and consensus clade C IDL (19 mer-LGIWGCSGK
LICTTAVPWN) of gp4l were synthesized commercially
(Sigma-Aldrich, St. Louis, MO) and were used for the ELISAs.

ELISA

Peptide binding ELISA was performed following the
standard protocol. Briefly, 100 uL of each peptide at a con-
centration of 1ug/mL was coated in 96-well ELISA plates
(Corning Inc., Corning, NY), in sodium bicarbonate buffer
(pH 9.6) and kept at 4°C overnight. The non-specific sites
were blocked with 100 uL of 15% fetal bovine serum (FBS) in
RPMI media and incubated at 37°C for 1.5h. Plasma samples
(100 uL) at different dilutions (from 1:30 to 1:20,000) were
added in duplicate in the respective wells and incubated at
37°C for 1.5h. Next, 100 uL. of alkaline phosphatase-conju-
gated secondary antibody to human IgG Fc (1:2000) was
added followed by incubation at the same conditions. The
plates were washed thrice using a plate washer with PBS
containing 0.2% Tween-20 (Sigma-Aldrich), after each of the
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above steps. Alkaline phosphatase substrate (1mg/mL,
100 uL) in 10% DAE buffer was next added and the absor-
bance was read after half an hour at 405nm (Bio-Rad La-
boratories, Inc., Hercules, CA). Plasma from two healthy
children (ages 6 and 7y) was used as negative control. We
substituted plasma with plain media in the background
wells. The assays were repeated for each of the plasma
samples against the four peptides at least twice. The cut-off
was defined as the mean absorbance values +2 SD of the
plasma of healthy children. Inhibitory dilution at 50%
binding (IDsq) of the polyclonal plasma was calculated for
each of the patients against the four peptides separately by
using non-linear regression by the method of least squares.
For each patient’s sample against each of the peptides, mean
absorbance calculated from all the experiments was used to
calculate IDsy titers.

Plasma total IgG levels

Plasma levels of total IgG were estimated for 75 HIV-1-
infected children and 2 healthy children using a quantitative
ELISA kit (Ray Biotech, Hercules, CA). Sensitivity of the kit
was 1pg/mL.

Statistical analysis

All the statistical analyses were performed with GraphPad
Prism version 5.0. Fisher’s exact test was used to compare
the categorical variables. Wilcoxon’s signed-rank test was
applied to compare paired data. Correlation tests were
performed using the Spearman rank correlation test. The
Mann-Whitney U test was used to compare unpaired data.
The Kruskal-Wallis test with post-hoc Dunn’s multiple com-
parison test was used to compare more than two groups of
patients. A p value of less than 0.05 was considered signifi-
cant.

Results
Characteristics of HIV-1 infected children

The demographic and clinical data of the HIV-1-infected
children are summarized in Table 1. Among the 75 children,
40 were antiretroviral naive and 35 were on ART. The median
age was 8y (range 1.5-16). Boys constituted 78% of the study
population (boys:girls 3.68:1). Median age at diagnosis was 3y
(range, at birth-12). Children on ART were on a regimen of
two NRTIs and one NNRTI as recommended by NACO (17).

No evidence of hypergammaglobulinemia

We evaluated the plasma total IgG levels in 40 naive, 35
treated patients, and 2 healthy children. All the HIV-1-
infected children had similar total IgG levels, regardless of
their treatment status (Table 1). We did not observe hy-
pergammaglobulinemia in any of the children studied.

A majority of the children had antibodies to V3 and IDL

Antibody titers to the three regions tested are summarized
in Table 2 and discussed in detail below. Anti-V3C anti-
bodies were detectable in 92.5% (37 out of 40) naive children,
and in 100% (35 out of 35) of treated children. Anti-V3B
antibodies were detectable in 70% (28 out of 40) naive chil-
dren, and in 40% (14 out of 35) of treated children. Anti-IDL
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TaBLE 1. DEMOGRAPHIC AND CLINICAL DATA OF HIV-1-INFECTED INDIAN CHILDREN
Naive Treated

Parameter (n=40) (n=35) p Value
Age (y), median (range) 6 (1.5-14) 10 (3-16) <0.001
Sex (boys:girls) 4:1 3.3:1 0.78
Age at diagnosis (y), median (range) 3 (1-12mo) 3.5 (1-11mo) 0.68
Duration of antiretroviral therapy (y), median (range) — 3 (1-10) —
Clinical stage® (WHO)

Stage 1 (T1) 24 29 0.04°

Stage 2 (T2) 13 4

Stage 3 (T3) 03 2
CD4 count,® cells/uL, median (range) 649 (131-2458) 609 (106-1459) 0.18
Viral load,¥ RNA copies/mL, median (range) 18000 (47-585,000) 2015 (47-30,300) 0.03
Plasma total IgG, (g/L) (mean+SD) 13.07£0.07 13.12£0.06 0.89

°T1, T2, T3 represent the clinical stage of the treated children.

bp Value represents comparison between stage 1 naive, stage 2 and 3 naive children, T1 treated, and T2 and T3 treated children (Fisher’s

exact test).

“CD4 count data were unavailable for 6 naive and 3 treated children.
9Viral load data were unavailable for 10 naive and 11 treated children.

antibodies were present in 95% (38 out of 40) naive and
94.3% (33 out of 35) treated children. Anti-MPER antibodies
were present in 35% (14 out of 40) of naive, and 31.4% (11 out
of 35) of treated children. The pattern of immunogenicity
between naive and treated patients was similar. Antibody
titers against V3C and IDL were significantly higher in naive
patients than in the treated patients (V3C naive versus
treated p<0.0001, IDL naive versus treated p<0.0001),
whereas anti-MPER antibody titers were comparable be-
tween the two groups (p=0.64).

Cross-reactive anti-V3 antibodies
We assessed the antibody binding of the polyclonal plasma

to both V3C and V3B peptides to detect cross-reactive anti-V3
antibodies in these infected children. We found that 56% (42

out of 75, 28 naive, and 14 treated) of the children having anti-
V3 antibodies reacting to both V3C and V3B peptides (Fig. 1).
Median IDs; titers to V3C peptide (naive 6550, treated 1300;
Table 2) were significantly higher (p <0.0001 V3C versus V3B,
for both naive and treated children, paired data) than to V3B
peptide (naive 2600, treated 100).

Antibody response in relation to clinical stage

We grouped the naive and treated patients according to
the clinical stage (WHO) (17) into two groups, stage 1 and
stage 2 or 3 (Table 1). Three naive children were of WHO
clinical stage 3 who were enrolled just before the initiation of
ART. Among the naive children, anti-MPER antibodies were
significantly less in stage 1 children compared to stage 2 or 3
children (p=0.02). There was no significant difference in

TABLE 2. ANTIBODY TITERS (MEDIAN RECIPROCAL ID50)* WITH RESPECT TO DIFFERENT CLINICAL PARAMETERS

v3C IDL MPER

Peptide Naive Treated Naive Treated Naive Treated
Overall titers (40N, 35T)" 6550 1300 2050 250 100 100
Clinical stage

Stage 1/T1 (24N, 29T) 7150 1150 2225 250 100 100

Stage 2,3/T2,3 (16N, 6T) 5713 2250 1675 1275 138 125
Age

<5 years (13N, 2T) 6825 1125¢ 2500 400 100 250

>5 years (27N, 337T) 5250 1300 1700 250 100 100
CD4 count?

<350 cells/uL (4N, 9T) 7213 2900 5250 900 550 100

>350 cells/uL (20N, 22°T) 6175 1100 1725 225 100 100
Viral load

<47 RNA copies/mL (9N, 8T) 6175 550 2300 250 100 100

>47 RNA copies/ml (21N, 16 T) 7100 2075 2150 400 100 100

“Median reciprocal IDs titers were calculated from individual IDsy titers of each patient in the respective groups. Individual IDs, titers of
the plasma samples whose values were less than 100 (more than three times the lowest dilution tested 1:30) were assigned a value of 100, and
then the median reciprocal IDs titers were calculated for each subgroup.

PNumbers in parentheses represent the number of children analyzed in each group (N=naive; T=treated).

“Those with italicized and underlined numbers represent mean IDsj titers in the respective groups.

dChildren <5y of age and for whom CD4 count was unavailable were excluded from the analysis.

IDs, inhibitory dilution at 50% binding.
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FIG. 1. Antibody titers to V3C and V3B peptides in 42 HIV-1 infected children, which showed cross-reactive anti-V3
antibodies. One to 28 represent naive children and 2942 represent ART treated children.

anti-V3C (p=0.35) and anti-IDL (p=0.68) antibodies be-
tween the two groups of naive children. Among the treated
children, anti-IDL antibodies were significantly less in stage
T1 children compared to stage T2 or T3 children (p=0.02),
and approached significance for anti-V3C antibodies
(p=0.07). The anti-MPER antibody titers were comparable
(p=0.32) between the two groups of treated children.

Antibody response in relation to CD4 counts

Absolute CD4 counts vary with age and the variation is
less pronounced in children more than 3y of age (2,22). The
cut-off value for immunosuppression for children >5y of age
in terms of CD4 counts is same as that of adults per the WHO
immunological classification of HIV-1-infected children (17).
Hence, we divided the drug-naive children into <5y (n=13)
and >5y of age (n=27). We found that the CD4 counts were
significantly higher (p=0.03) in children age <5y (mean=*
SD, 1132£715 cells/uL) compared to those =5y of age
(mean+SD 648+336 cells/uL). Yet the antibody responses to
all the three regions were comparable between the two
groups (Table 2; V3C p=0.22; IDL p=0.66; MPER p=0.92).
Direct correlation tests in both the groups (<5y and >5y) of
naive children, between CD4 counts and antibody titers
against the three regions revealed no significant correlation
(data not shown). In ART-treated children >5y of age
(n=31), a significant negative correlation was observed be-
tween CD4 counts and anti-V3C (r= —-0.45, p=0.01), and anti-
IDL (r=—0.38, p=0.03) antibodies, but not against anti-MPER
antibodies (r=0.05, p=0.8; data not shown). There were only
two ART-treated children <5y of age. We also compared the
antibody responses between ART-treated patients with CD4
counts =350 cells/ul. (n=22) and <350 cells/uL. (n=9),
leaving out the four children with age <5y (n=1) for whom
CD4 count data were not available (n=3). We found that the
anti-IDL antibodies (p=0.002) were significantly lower and
approached significance for anti-V3C antibodies (p=0.06) in
the patients with CD4 counts >350 cells/uL, while for anti-
MPER antibodies (p=0.81) there was no significant difference
between the two groups. There were only four naive children
with CD4 counts <350 cells/uL.

Antibody response in relation to viremia and ART

To assess the correlation of viremia and ART with anti-
body responses, we categorized the drug-naive and drug-

treated patients based on viral load into suppressors (viral
load <47 copies/mL), and non-suppressors (viral load >47
copies/mL) [naive suppressors (N-SUP) n=9; naive non-
suppressors (N-NSUP) n=21; treated suppressors (T-SUP)
n=8§; treated non-suppressors (T-NSUP) n=16]. The viral
load data for 10 naive and 11 treated children were un-
available. The median viral load in N-SUP, N-NSUP, T-SUP,
and T-NSUP were 47, 49,050, 47, and 4755 RNA copies/mL,
respectively.

We compared the anti-V3C, anti-IDL, and anti-MPER
antibodies in N-SUP, N-NSUP, T-SUP, and T-NSUP groups
of infected children. There was no significant difference in
the antibody response to V3C and IDL between N-SUP and
N-NSUP, suggesting that the polyclonal antibody response
elicited by these subgroups of naive patients is similar re-
gardless of their viremic status. Similarly, there was no sig-
nificant difference in the antibody response between T-SUP
and T-NSUP children. The antibody response of N-SUP
children tended to be higher though not significant (by
Dunn’s multiple comparison tests) than T-NSUP children
(Fig. 2A and 2B).

Anti-V3C antibodies were significantly less in T-SUP
compared to both N-SUP and N-NSUP patients. T-NSUP
children had significantly lower anti-V3C antibody titers
compared to N-NSUP children, although both the groups
had high levels of viremia (Fig. 2A). Anti-IDL antibody titers
were significantly lower in the T-NSUP compared to the
N-NSUP children. The titers of anti-IDL antibodies were
comparable in all the other subgroups of children (Fig. 2B).
There was no significant difference between any of the sub-
groups in the titers of anti-MPER antibodies (Table 2).

Discussion

The present study evaluated the antibody responses in
HIV-1-infected children against three different regions of viral
envelope that are known to be immunogenic. Antibodies
against V3 and IDL were present in a majority of the HIV-1-
infected children at high titers, whereas anti-MPER anti-
bodies were present in low titers. The presence of anti-V3C
antibodies and anti-IDL antibodies in most of the infected
children confirmed their immunogenic nature, and is in
agreement with previous studies in adults (11,25). Cross-
reactive anti-V3 antibodies have been shown to be present in
HIV-1-infected children (5). We also observed highly cross-
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FIG. 2.

(A) Antibodies to V3C in HIV-1-infected children. (B) Antibodies to IDL in HIV-1-infected children. Anti-V3C and

anti-IDL antibody titers in HIV-1-infected children grouped according to their treatment status and viremia. Patients whose
viral loads were undetectable (<47 RNA copies/mL) were categorized as suppressors and the rest as non-suppressors. The
bars represent median IDs, titers with interquartile range in the respective patient groups. p Value shows the overall
significance comparing all the four groups by the Kruskal-Wallis test. Significance levels shown are by Dunn’s multiple
comparison test (*p<0.05, **p<0.01, **p<0.001; N-SUP, naive suppressor with viral load <47 RNA copies/mL [n=9];
N-NSUP, naive non-suppressor with viral load >47 RNA copies/mL [n=21]; T-SUP, treated suppressor with viral load <47
RNA copies/mL [n=8]; T-NSUP, treated non-suppressor with viral load >47 RNA copies/mL [n=16]).

reactive anti-V3 antibodies in more than half of the children
studied. Previous studies on the antibody reactivity to the
MPER region in both adult and pediatric patients have cor-
related with the disease stage and/or disease progression
(9,15,23). We observed that anti-MPER antibodies were sig-
nificantly higher in the symptomatic (stage 2 and 3) HIV-1-
infected antiretroviral-naive children compared to the
asymptomatic children. This was in contrast to previously
reported studies in adults and children, which showed a

decrease in the antibody reactivity to the MPER region in
stage C patients according to the CDC classification (9,15).
The anti-IDL antibody titers in HIV-1-infected children were
significantly higher in treated children who were symptom-
atic. In general, higher antibody titers to the immunogenic
regions corresponded to the symptomatic stages of HIV-1
infection in both naive and ART-treated children. The inverse
correlation of the antibody titers with CD4 counts in the
treated children is also corroborative with the above finding.
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Antiretroviral naive HIV-1-infected children had higher
antibody titers to the immunogenic regions compared to the
ART-treated children. The presence of high antibody titers in
a subset of antiretroviral-naive patients with suppressed vi-
remia implies that there may be a continuous antigenic
stimulation, even in virologically-suppressed children (Fig.
2A and B). There is a significant difference in the viral load
(Table 1) in the treated patients compared to naive patients,
showing the effectiveness of ART in lowering viremia in these
children. Despite this, 45% (16 out of 35) of the treated chil-
dren had high viremia, with some children having very high
viral load (>10,000 RNA copies/mL), suggesting virological
failure in them (1). Antibody titers have been shown to be
decreased after the initiation of ART, largely owing to the
reduction in viremia (4,8,13,14), as has also been observed by
us. Interestingly, we found significantly lower antibody titers
(against V3C and IDL), even in those treated patients without
virological suppression, compared to naive non-suppressors
(Fig. 2A and B). This observation suggests that ART leads to
decreased antibody titers regardless of their viremic status.
The findings reported here, however, need to be confirmed
by studying a larger number of patients.

We did not determine the clade of the viral isolates in-
fecting these children, which is one of the major limitations
of this study. A lack of CD4 count data and viral load data in
some of our patients constitute another limitation. Informa-
tion regarding these would have further strengthened our
findings. Our study, for the first time, has characterized the
envelope-specific antibody responses in HIV-1-infected In-
dian children, and correlated them with different clinical,
immunological, and virological parameters. A follow-up
study may shed more light on the kinetics of anti-HIV-1
envelope antibody responses in these children, which could
help in developing envelope-based vaccines against HIV-1.
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