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ABSTRACT The development of an effective maternal HIV-1 vaccine that could syn-
ergize with antiretroviral therapy (ART) to eliminate pediatric HIV-1 infection will re-
quire the characterization of maternal immune responses capable of blocking trans-
mission of autologous HIV to the infant. We previously determined that maternal
plasma antibody binding to linear epitopes within the variable loop 3 (V3) region of
HIV envelope (Env) and neutralizing responses against easy-to-neutralize tier 1 vi-
ruses were associated with reduced risk of peripartum HIV infection in the historic
U.S. Woman and Infant Transmission Study (WITS) cohort. Here, we defined the fine
specificity and function of the potentially protective maternal V3-specific IgG anti-
bodies associated with reduced peripartum HIV transmission risk in this cohort. The
V3-specific IgG binding that predicted low risk of mother-to-child-transmission (MTCT)
was dependent on the C-terminal flank of the V3 crown and particularly on amino
acid position 317, a residue that has also been associated with breakthrough trans-
mission in the RV144 vaccine trial. Remarkably, the fine specificity of potentially pro-
tective maternal plasma V3-specific tier 1 virus-neutralizing responses was depen-
dent on the same region in the V3 loop. Our findings suggest that MTCT risk is
associated with neutralizing maternal IgG that targets amino acid residues in the
C-terminal region of the V3 loop crown, suggesting the importance of the region
in immunogen design for maternal vaccines to prevent MTCT.

IMPORTANCE Efforts to curb HIV-1 transmission in pediatric populations by antiret-
roviral therapy (ART) have been highly successful in both developed and developing
countries. However, more than 150,000 infants continue to be infected each year,
likely due to a combination of late maternal HIV diagnosis, lack of ART access or ad-
herence, and drug-resistant viral strains. Defining the fine specificity of maternal hu-
moral responses that partially protect against MTCT of HIV is required to inform the
development of a maternal HIV vaccine that will enhance these responses during
pregnancy. In this study, we identified amino acid residues targeted by potentially
protective maternal V3-specific IgG binding and neutralizing responses, localizing the
potentially protective response in the C-terminal region of the V3 loop crown. Our
findings have important implications for the design of maternal vaccination strate-
gies that could synergize with ART during pregnancy to achieve the elimination of
pediatric HIV infections.
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Mother-to-child-transmission (MTCT) of HIV remains a major public health problem
worldwide, with more than 150,000 new infant infections continuing to occur

each year (1). Antiretroviral therapy (ART) treatment during pregnancy has drastically
reduced MTCT to low rates (2–4). Despite significant efforts to increase ART availability
to HIV-infected pregnant women in low- and middle-income countries, as many as 49%
of women do not attend the minimum antenatal care visit (ANC) as defined by the
World Health Organization, and up to 65% of HIV-infected women from these areas
who attend ANC visits do not receive optimal ART treatments during pregnancy (5).
While ART during pregnancy has drastically reduced MTCT incidence, even under
optimal prophylactic ART regimens, pediatric HIV infections can still occur (4). Further-
more, certain triple-ART combinations administered during pregnancy may have det-
rimental effects on infant health, such as increased adverse pregnancy outcomes,
preterm delivery, and even infant death associated with protease-containing ART (50).
Thus, there is a pressing need to develop immune-based strategies that can synergize
with ART regimens to completely eliminate MTCT of HIV.

Established major maternal risk factors of vertical HIV transmission include plasma
viral load levels, peripheral CD4� T cell count, delivery mode (caesarean section versus
vaginal delivery), and infant gestational age at ART initiation (6–10). However, despite
these risk factors, in the absence of ART, only up to 40% of HIV-infected women
transmit the virus to their infants. This suggests the presence of maternal immune
factors that contribute to protection of the infant from HIV acquisition. Maternal IgG
is passively transferred across the placenta to the fetus throughout the latter half
of pregnancy and provides protection to the fetus against infections during the first
year of life (11–14). Despite the known protective role of maternal passively acquired
IgG against several neonatal pathogens, the ability of maternal HIV envelope (Env)-
specific IgG to mediate partial protection against MTCT of HIV remains unclear (15, 16).
High levels of maternal Env-specific IgG in nontransmitting women compared to
transmitting women have been associated with reduced MTCT risk in some previous
studies (17). However, other studies did not confirm this association (18, 19). Studies
have also evaluated the association of maternal plasma neutralization breadth and
MTCT risk with inconclusive results (20, 21). To gain a deeper understanding of the role
of maternal protective antibody (Ab) responses during MTCT, our group recently
conducted a comprehensive maternal humoral correlate of risk against MTCT of HIV
using samples from the historic Women and Infant Transmission Study (WITS), a North
American clade B infection cohort that was enrolled prior to the availability of ART (22).
We identified an association between high levels of maternal plasma V3-specific IgG
binding and tier 1 (“easy-to-neutralize”) virus-neutralizing responses with lower MTCT
risk (22). Importantly, it was recently shown that Env-specific IgG antibodies that
mediate tier 1 virus-neutralizing activity exert immune pressure on autologous
circulating viruses and therefore select for neutralization-resistant autologous viruses
that repopulate the plasma virus pool (23). Autologous virus escape from concurrent
tier 1 virus-neutralizing antibodies has important implications in the setting of MTCT, as
the susceptible fetus is passively immunized with maternal IgG and exposed only to
viruses against which those antibodies are raised. Therefore, the ability of maternal
antibodies to neutralize concurrently circulating autologous viruses may be an impor-
tant feature for blocking infection against MTCT of HIV. We hypothesized that maternal
plasma tier 1 virus-neutralizing activity that predicted reduced risk of MTCT of HIV could
be a surrogate marker for maternal autologous virus-neutralizing antibodies (22).
Therefore, defining the epitope specificities of maternal tier 1 virus-neutralizing anti-
bodies is important for designing maternal vaccine strategies aimed at reducing MTCT
risk.

The HIV envelope has four main vulnerable neutralization sites: the CD4 binding site,
the membrane-proximal external region, variable loops 1 and 2 (V1V2), and variable
loop 3 (V3). Antibodies against V3 were recently found to be associated with decreased
risk of HIV acquisition in the RV144 vaccine efficacy trial when other antibody responses
were low (24–26). Furthermore, vaccine-elicited V3-specific responses in this efficacy
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trial may have imposed immune pressure on specific V3 loop amino acid residues on
breakthrough viruses (27, 28). In the setting of MTCT of HIV, we also found maternal
V3-specific IgG binding responses targeting amino acid residues in the C-terminal
region V3 to be associated with reduced MTCT risk. In this study, we employed a
multivariable logistic regression model to define the fine specificity and neutralizing
function of potentially protective maternal V3-specific IgG responses using transmitting
(case) and nontransmitting (control) maternal plasma samples from the WITS cohort
(22). Further defining the fine specificity and function of maternal V3-specific IgG
responses that are predictive of reduced MTCT risk could inform maternal immuniza-
tion strategies aimed at temporarily raising the level of potentially protective V3-
specific antibodies targeting autologous maternal viruses. Such immune-based preven-
tion strategies that can synergize with current ART treatment strategies will likely be
required to achieve an HIV-free generation.

RESULTS
Mapping the regions in the V3 loop critical for the maternal V3-specific IgG

binding responses that predict reduced MTCT of HIV in the WITS cohort. In the
WITS cohort, maternal V3-specific IgG binding responses predicted reduced MTCT risk
(odds ratio [OR] � 0.86; confidence interval [CI] � 0.75 to 1.00; P � 0.04) (22). The V3
loop, located near the apex of HIV Env gp120, has been previously described as the
principal neutralizing domain (PND), as it is readily accessible to V3-specific binding and
neutralizing antibodies (Fig. 1A shows the structure of the BG505 SOSIP.664 HIV-1 Env
trimer [29]). To define the fine epitope specificity of the maternal plasma V3-specific IgG
responses associated with reduced MTCT risk in the WITS cohort, we measured the
ability of maternal plasma to bind to a multiclade panel of V3 consensus peptides. The
V3 peptides from the panel differ at several amino acid residues located in regions
flanking the V3 crown GPG motif (Fig. 1B). Maternal V3-specific IgG binding responses
bound with the greatest strength to the V3.B peptide compared to other clade
consensus V3 peptides. Maternal V3-specific IgG responses also strongly bound to
the V3.M consensus peptide, which differs from V3.B only at amino acid residue
position R315Q (Fig. 1C). This suggests that this amino acid residue is not important for
mediating the binding of potentially protective V3-specific IgG responses. Maternal
V3-specific IgG bound with moderate strength to V3.C, V3.A, and V3.CRF2 consensus
peptides. V3.C, V3.A, and V3.CRF2 peptides differed from the V3.B consensus peptide at
amino acid residues I307V, H308R, R315Q, and A316T. The marked decrease in binding
strength against V3.C, V3.A, and V3.CRF2 suggests that these distinct amino acid
residue positions are important for maternal V3-specific IgG binding. Finally, maternal
V3-specific IgG bound with low strength to V3.D and V3.CRF1 consensus peptides (Fig.
1C). These clade D and CRF1 consensus V3 peptides differed from the V3.B peptide at
amino acid residue positions K305Q, R315Q, F317L, A319T, and D322R. In addition, the
V3.CRF1 peptide differed from the V3.B clade consensus peptide at amino acid residue
positions Q329K and H331Y. Therefore, these amino acid residue positions are also
important for potentially protective V3-specific IgG binding. As expected, maternal
V3-specific IgG binding responses were predictive of reduced MTCT risk against V3.B
(OR � 0.86; CI � 0.75 to 1.00; P � 0.04; false-discovery rate [FDR] [q] � 0.18) (Table
1). However, the association of maternal plasma V3-specific IgG binding responses
and reduced MTCT risk was abrogated against other clade consensus V3 peptides,
suggesting amino acid residues that differ between these peptides and V3.B are
important for the binding of potentially protective maternal V3-specific IgG (Fig. 1D
and Table 1).

To test the relative importance of these identified amino acid residues in the
flanking regions of the V3 loop, we generated two mutant V3 peptides and measured
maternal V3-specific IgG binding. We generated an N-terminal-region V3.B K305Q I307T
H308T mutant peptide and a C-terminal-region V3.B F317L A319T D322R mutant
peptide, which were designed based on the most frequently occurring amino acid
residue at each position. Despite a marked decrease in binding strength of the maternal
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V3-specific binding responses to the N-terminal region V3.B K305Q I307T H308T
mutant, maternal V3-directed IgG responses to the peptide were still predictive of
reduced MTCT risk (OR � 0.88; CI � 0.80 to 0.97; P � 0.01) by binding antibody
multiplex assays (BAMA), suggesting that V3 amino acid residues K305, I307, and H308,
while important for V3 binding, are not the targets of potentially protective V3-specific
IgG responses associated with reduced MTCT risk (Fig. 2). In contrast, maternal V3-
specific IgG responses to the C-terminal-region V3.B F317L A319T D322R mutant
peptide were found to no longer be predictive of reduced MTCT risk (OR � 0.94; CI �

0.86 to 1.03; P � 0.19) (Fig. 2 and Table 1). These findings were confirmed in a linear
peptide enzyme-linked immunosorbent assay (ELISA), with the V3.B K305Q I307T H308T
mutant trending toward being predictive of MTCT risk, yet V3-specific IgG responses to
the V3.B F317L A319T D322R mutant peptide were not predictive of reduced MTCT risk
(Table 1). Altogether, these findings confirm that the V3 loop is a target of potentially
protective maternal responses and suggest that amino acid residues C terminal to
the V3 crown mediate the binding of potentially protective maternal V3-specific
IgG.

Mapping single amino acid residues within the V3 loop C-terminal region that
are the targets of potentially protective maternal V3-specific IgG responses. As
maternal V3-specific IgG responses are dependent on amino acid residues that flank the

FIG 1 Breadth of plasma V3-specific IgG responses of HIV-1-infected mothers from the WITS cohort. Maternal plasma linear V3-specific IgG responses were
tested against a multiclade consensus linear V3 peptide panel. (A) HIV Env gp120 with the V3 loop in green (29). (B) Differences in amino acid residues across
the multiclade consensus V3 peptides compared to the V3.B consensus peptide (red); the V3 loop crown is shaded in yellow. (C) Clade-specific maternal
V3-specific IgG responses (n � 248) measured by BAMA. The horizontal lines indicate the medians, and the boxes depict 25 to 75% MFI against each peptide.
The error bars depict ranges. The V3-specific MAb CH22 was used as a positive control (mean MFIs at 5 �g/ml, 27,808, 28,309, 25,991, 23,476, 26,317, 2,301,
and 826 for V3.B, V3.M, V3.C, V3.A, V3.CRF2, V3.D, and V3.CRF1, respectively). Normal human serum was used as a negative control (mean MFI at 1:500 dilution,
100). (D) Odds ratio plot of maternal clade-specific V3-specific IgG binding responses and MTCT risk. Raw (p) and false-discovery rate (FDR p) P values are
reported.
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V3 loop crown (Fig. 1), we sought to define the importance of each residue in mediating
the binding of protective maternal V3 IgG responses. We designed V3 peptides with
single alanine substitutions at each position identified as important for binding in the
multiclade V3 peptide panel binding analysis, except for amino acid residue position
319, in which a lysine was inserted in place of a naturally occurring alanine (30).
We tested whether we could eliminate the protective association of maternal plasma
V3-specific IgG binding antibody responses and reduced MTCT risk against each
specific V3.B mutant peptide. Intriguingly, maternal plasma V3-specific IgG binding
responses to the V3.B F317A A319K D322A triple mutant was no longer associated with
reduced MTCT risk (OR � 0.90; CI � 0.77 to 1.04; P � 0.15), suggesting at least one of
these residues was key to the binding of potentially protective V3-specific IgG re-
sponses (Fig. 3). Maternal V3-specific IgG binding responses to the single mutants V3.B
A319K and V3.B D322A were still predictive of reduced MTCT risk, ruling out these
amino acid residues as the targets of potentially protective maternal V3-specific IgG
binding responses (OR � 0.83, CI � 0.77 to 0.99, P � 0.04 and OR � 0.77, CI � 0.65 to
0.92, P � 0.004, respectively) (Fig. 3). However, maternal V3-specific IgG binding
responses to V3.B F317A were no longer predictive of reduced MTCT risk (OR � 0.87;
CI � 0.74 to 1.03; P � 0.10), suggesting that amino acid residue F317, which is located
C terminal to the V3 crown, is an important target of potentially protective maternal
V3-specific IgG binding responses in the WITS cohort (Fig. 3C).

IgG subclass of maternal V3-specific IgG responses and MTCT risk. A retrospec-
tive analysis of the moderately efficacious RV144 vaccine trial revealed that HIV-1 risk
in vaccine recipients was associated with anti-V1V2-specific IgG3 subclass responses
and distinguished this vaccine regimen from a nonefficacious vaccine (31, 32). While
the specific mechanism by which IgG3 subclass responses mediate reduced HIV-1
transmission risk is unclear, the importance of IgG3 subclass responses in vertical HIV
transmission settings remains unexplored. Therefore, to determine whether V3-specific
IgG subclass responses differed in frequency between nontransmitting and trans-
mitting women in the WITS cohort, we measured maternal plasma V3-directed IgG

TABLE 1 Primary and secondary maternal V3-specific IgG responses and MTCT risk-immune correlate analyses

Response Antigen OR

CI P valuea

AssayLower Upper Raw FDR

Primary V3.B wild type 0.86 0.75 1.00 0.04 0.18 BAMA
V3.M 0.90 0.80 1.01 0.08 0.18
V3.C 0.94 0.86 1.03 0.17 0.24
V3.A 0.93 0.85 1.02 0.10 0.19
V3.CRF2 0.96 0.89 1.04 0.33 0.37
V3.D 0.98 0.91 1.04 0.47 0.47
V3.CRF1 0.94 0.87 1.01 0.07 0.18
V3.B mutant K305Q I307T H308T 0.88 0.80 0.97 0.01 0.11
V3.B/D F317L A319T D322R 0.94 0.86 1.03 0.19 0.24

Secondary V3.B K305A 0.68 0.56 0.82 0.0001 0.07
V3.B I307A 0.79 0.64 0.97 0.02 0.01
V3.B H308A 0.85 0.69 1.05 0.13 0.18
V3.B F317A 0.87 0.74 1.03 0.10 0.14
V3.B A319K 0.83 0.70 0.99 0.04 0.18
V3.B D322A 0.77 0.65 0.92 0.004 0.05
V3.B F317A A319K D322A 0.90 0.77 1.04 0.15 0.19
gp70MNV3 IgG1 subclass 0.85 0.66 1.09 0.20 0.23
V3.B wild type 0.84 0.75 0.95 0.005 0.01 ELISA
V3.B mutant K305Q I307T H308T 0.90 0.80 1.01 0.07 0.12
V3.B/D F317L A319T D322R 0.94 0.84 1.06 0.31 0.31
V3.B wild-type peptide 0.58 0.39 0.86 0.007 0.01 Competition neutralization
Scrambled peptide 0.49 0.32 0.75 0.001 0.005
No peptide 0.50 0.33 0.73 0.0004 0.004
HIV-2 V3.B wild-type A319T D322N 0.69 0.40 1.17 0.16 0.29
HIV-2 V3.B wild-type 0.49 0.30 0.79 0.004 0.01

aBold font indicates significant P values.
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subclass responses against a scaffolded gp70MNV3 protein. Maternal V3-specific
IgG1 subclass binding responses were detectable at the highest frequency of all IgG
subclasses and in the majority of nontransmitting and transmitting women (93% of
nontransmitters and 89% of transmitters) (Fig. 4). The V3-specific IgG3 subclass re-
sponses were also detectable at similar frequencies in nontransmitting and transmitting
women (19% of nontransmitters and 16% of transmitters). Similarly, V3 IgG2-specific
responses were detectable in only 8% of nontransmitters and 2% of transmitters, and
there was no statistical difference in the frequencies of IgG2 subclass responses.
V3-specific IgG4 subclass responses were not detectable in any women from the cohort.
Thus, no IgG subclass response solely contributes to the potentially protective V3-
specific IgG response that was associated with reduced MTCT risk.

Maternal V3-specific IgG contributes to tier 1 virus-neutralizing responses
associated with reduced MTCT risk. We previously reported that maternal V3-specific
binding, tier 1 virus neutralization, and CD4 binding site-blocking responses strongly
correlated with one another and were colinear in their abilities to predict MTCT risk in
the cohort (22). We therefore sought to assess the degree to which maternal V3-specific
IgG antibodies contribute to the potentially protective tier 1 virus-neutralizing re-
sponses (22). To assess the contribution of maternal plasma linear V3-specific IgG to tier
1 HIV-1 neutralization, we performed V3 peptide competition neutralization assays with

FIG 2 Maternal plasma V3-specific IgG responses to linear V3.B wild-type and V3.B K305Q I307T H308T and V3.B/D F317L A319T D322R mutant peptides and
their association with MTCT risk. (A) Maternal plasma linear V3-specific IgG binding responses to V3.B wild-type peptide in nontransmitting (NT; blue) and
transmitting (T; red) women. (B) Maternal plasma V3-specific IgG responses against triple-mutant V3.B K305Q I307T H308T peptide in NT and T mothers. (C)
Maternal plasma V3-specific IgG responses against V3.B/D F317L A319T D322R in NT and T mothers. The horizontal lines represent the median MFIs, and the
boxes depict 25 to 75% MFI against each peptide. The error bars depict ranges. The V3-specific MAb CH22 was used as a positive control (mean MFIs at 5 �g/ml,
25,711, 8,713, and 25,240 for V3.B, the V3.B K305Q I307T H308T mutant, and the V3.B/D F317L A319T D322R mutant, respectively). Normal human serum was
used as a negative control (mean MFI at 1:500 dilution, 100). (D) Odds ratio plot depicting maternal linear V3-specific IgG binding responses against each V3
peptide and association with MTCT risk. Raw (p) and FDR-corrected (FDR p) P values are shown.
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the tier 1 clade B variant SF162. Maternal V3-specific IgG neutralizing responses against
SF162 remained predictive of reduced MTCT risk in the presence of the V3.B peptide,
a scrambled peptide, and no peptide (Table 1). However, maternal SF162 neutralizing
responses in both nontransmitting and transmitting mothers were reduced in the

FIG 3 Maternal plasma linear V3-specific IgG binding responses and MTCT risk against peptides with single amino acid residue substitutions. (A) Magnitudes
of maternal plasma linear V3-specific IgG binding responses to V3.B wild type, V3.B F317A A319K D322R, V3.B D322R, V3.B A319K, and V3.B F317A. The
V3-specific MAb CH22 was used as a positive control (mean MFIs at 5 �g/ml, 13,817, 25,241, 26,639, and 3,710 for V3.B F317A A319K D322A, V3.B D322A, V3.B
A319K, and V3.B F317A, respectively) in NT (blue) and T (red) women. Normal human serum was used as a negative control (mean MFI at 1:500 dilution, 100).
(B) Odds ratio plot of V3.B wild-type, V3.B triple-mutant, and V3.B single-mutant peptides. As the analysis was designed as a secondary, immune correlate
analysis, significant raw P values are indicated by asterisks (P � 0.05). (C) Predicted structural locations of amino acid targets of maternal IgG responses
associated with reduced MTCT risk. The HIV Env V3 loop with amino acid residue positions F317, A319, and D322, which are targeted by maternal plasma
binding and neutralizing IgG responses associated with reduced MTCT risk, is shown in red. The V3 structure was generated using PyMOL.

FIG 4 Maternal V3-specific IgG subclass response frequencies in nontransmitting and transmitting
mothers.
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presence of the V3.B peptide compared to both the scrambled- and no-peptide
conditions, and the reduction in the 50% infective dose (ID50) in the presence of a V3
wild-type (WT) peptide was statistically significant (Fig. 5A), suggesting that maternal
V3-specific neutralizing antibodies that target linear V3 epitopes partially mediate the
tier 1 virus neutralization response. However, antibodies directed against Env epitopes
other than V3, such as those directed against the CD4 binding site, also likely contribute
to the tier 1 virus neutralization phenotype that was associated with reduced MTCT risk.

Mapping the fine specificity of the V3-specific neutralizing antibodies associ-
ated with reduced MTCT risk. Amino acid residue positions 319 and 322 are located
in the C-terminal V3 region, which we found to be important for maternal plasma
V3-specific IgG binding responses (Fig. 2). To probe the fine specificity of maternal
V3-mediated neutralization of maternal tier 1 virus-neutralizing responses that were
associated with reduced MTCT risk in the WITS cohort (22), we used highly sensitive
HIV-2/HIV-1 V3 chimeric viruses, which detect only V3-directed HIV-1-neutralizing
responses (33). We measured maternal V3-specific IgG neutralizing responses against
HIV-2/HIV-1 V3.B wild type, HIV-2/HIV-1 V3.B A319T D322N chimeric viruses, and an
HIV-2 wild-type control in a TZM-bl cell neutralization assay. As expected, neither HIV-1
Env-specific nor V3-specific IgG polyclonal responses from nontransmitting or trans-
mitting women neutralized the HIV-2 WT control virus (Fig. 5). However, maternal
V3-specific neutralizing responses to HIV-2 V3.B wild-type chimeric virus were highly
predictive of reduced risk of MTCT (OR � 0.49; CI � 0.30 to 0.79; P � 0.004) in the
peripartum cohort. Interestingly, the association with the isolated V3-specific neutral-

FIG 5 Maternal plasma linear V3-specific neutralizing responses and MTCT risk. (A) Maternal neutralizing responses to HIV-1 SF162 in nontransmitting and
transmitting women in the presence of no peptide, a scrambled peptide, and a V3.B wild-type linear peptide, with P values from a Mann-Whitney test. (B)
Maternal plasma linear V3-specific neutralizing responses against HIV-2 V3.B wild type and a HIV-2 V3.B A319T D322N mutant. The V3-specific MAb CH22 was
used as a positive control, and normal human serum was used as a negative control. (C) Odds ratio plot of maternal tier 1 virus-neutralizing responses to HIV-1
SF162 in the presence of no peptide and scrambled and V3.B wild-type peptide and MTCT risk. (D) Odds ratio plot of maternal V3-specific neutralizing responses
against HIV-2 V3.B wild-type and HIV-2 V3.B A319T D322N chimeric viruses and MTCT risk. As the analysis was designed as a secondary, immune correlate
analysis, significant raw P values are indicated by asterisks (P � 0.05).
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ization of HIV-2 V3.B was completely abrogated when amino acid residues A319 and
D322 in the C-terminal region of the V3 loop were mutated to A319T and D322N in
the chimeric virus (OR � 0.69; CI � 0.40 to 1.17; P � 0.16). These results suggest that
the V3 loop is an important target of potentially protective neutralizing responses in
nontransmitting women and that V3-specific neutralizing responses depend on amino
acid residues A319 and D322 in the V3 loop (Fig. 3C). Thus, maternal V3-specific
neutralizing antibodies that target amino acid residues A319 and D322 are predictive
of reduced risk of MTCT of HIV. While potentially protective maternal V3-specific IgG
binding responses predictive of reduced MTCT risk were dependent on amino acid
residue F317, the HIV-2 V3.B F317A chimeric virus did not achieve the infectivity
threshold of 10 times the cell control background relative luminescent units (RLU) for
use in a TZM-bl cell neutralization assay.

The role of maternal V3-specific IgG in coreceptor usage of autologous mater-
nal circulating viruses. The V3 loop has been described as a determinant of virus
tropism through modulation of coreceptor interaction (34); thus, V3-specific ma-
ternal antibodies could block MTCT by interfering with coreceptor binding. To
explore this potential alternative mechanism of V3-specific IgG in virus transmis-
sion, we investigated whether V3-specific IgG antibodies impact the virus corecep-
tor usage of autologous maternal viruses isolated from a nontransmitting mother
(22). We utilized V3-specific IgG monoclonal antibodies (MAbs) isolated from a
nontransmitting mother and plasma V3-specific IgG antibodies purified from a
nontransmitting and a transmitting mother from the WITS cohort to assess their
impacts on the susceptibility of a circulating virus variant from a nontransmitting
mother to the CCR5 inhibitor maraviroc. Maternal V3-specific IgG monoclonal
antibodies DH291, DH298, DH299, and 19b; a heterologous positive control specific
for the C-terminal region (22); and polyclonal V3-specific Abs isolated from a
nontransmitting and a transmitting mother, when present at subneutralizing con-
centrations of 5 �g/ml, altered the susceptibility of the maternal autologous virus
to low levels of the CCR5 inhibitor (Fig. 6A). Furthermore, maternal V3-specific IgG
antibodies DH291 and DH294 and polyclonal V3-specific antibodies isolated from a
nontransmitting and a transmitting mother could similarly modulate coreceptor
inhibition of a CXCR4-tropic virus, MN.3, when we tested them at subneutralizing
concentrations of 1 �g/ml. Altogether, these results suggest that maternal V3-
specific IgG could block autologous maternal virus transmission through an alter-
native nonneutralizing pathway of altering viral interactions with coreceptors
expressed on infant cells.

DISCUSSION

Our limited understanding of mechanistic immune correlates of protection against
MTCT of HIV remains a major challenge in developing safe and effective immune

FIG 6 Altered CCR5 and CXRC4 coreceptor inhibitor sensitivity of HIV-1 in the presence of maternal V3-specific antibodies. (A) Maternal
V3-specific IgG antibodies isolated from a nontransmitting and a transmitting mother tested at subneutralizing concentrations (5 �g/ml)
against an autologous circulating virus (5426.31) in the presence of serially diluted maraviroc. (B) Maternal V3-specific IgG antibodies from
a nontransmitting and a transmitting mother tested at subneutralizing concentrations against MN.3 in the presence of serially diluted
AMD-3100. The error bars indicate the standard deviation.
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strategies to prevent pediatric HIV. Yet, our recent humoral immune correlate analysis
of clade B HIV-infected women demonstrated that maternal V3-specific IgG binding
and tier 1 virus-neutralizing responses were both predictive of reduced MTCT risk in
clade B HIV-infected women (22). This result was surprising, as HIV Env-specific re-
sponses that target the V3 loop predominantly mediate neutralization of tier 1 virus
variants, yet infant transmitted/founder HIV-1 variants uniformly resemble the more
difficult to neutralize tier 2-like viruses. The V3 loop of gp120 has been extensively
described as an important target of HIV Env-specific cross-clade neutralizing antibodies
(35, 36). In fact, the V3 loop has been previously described as the PND on the HIV Env
glycoprotein spike and is a major target of autologous virus-neutralizing antibodies (23)
(Fig. 1). V3-specific antibodies are relatively easy to induce by vaccination but have
been shown to neutralize only easy-to-neutralize T cell-adapted strains and not clinically
relevant strains (37, 38). However, it was recently shown in the moderately efficacious
RV144 vaccine efficacy trial that vaccine-elicited antibody responses mediated immune
pressure in breakthrough viruses at V3 amino acid residue position F317 (27, 28).
Interestingly, we determined that maternal V3-specific binding responses predictive of
reduced MTCT risk in the WITS cohort were similarly dependent on V3 amino acid
residue F317. Together, these studies suggest that amino acid position 317 may be
important for the binding of protective antibody responses in more than one trans-
mission setting. These findings also suggest that V3-specific IgG responses may be
important in reducing HIV transmission risk.

Maternal V3-specific IgG responses associated with reduced MTCT risk were previ-
ously reported (22), and in this study, we demonstrate that amino acids localized to the
C-terminal region in the V3 loop are important for this association (Fig. 2). Importantly,
the association was observed in measures of humoral immunity by different assays (BAMA,
ELISA, and neutralization), which demonstrates the robustness of this finding. Despite the
repeatable association of maternal V3-specific IgG antibody responses and reduced MTCT
risk, it should be noted that the protective effect of maternal V3-specific IgG binding
responses against reduced MTCT risk was modest in both the multiplex BAMA and ELISAs.
Furthermore, a caveat to our findings is that while maternal V3-specific IgG binding
responses to the V3.B K305Q I307T H308T mutant were still predictive of reduced MTCT
risk by BAMA, the association between maternal V3-specific IgG binding responses and
reduced MTCT risk as measured by ELISA only trended toward significance (Fig. 2 and
Table 1). The differences in the association of maternal V3-specific IgG binding to the
V3.B K305Q I307T H308T mutant and reduced MTCT risk as measured by BAMA and
ELISA may be explained by sensitivity differences in these assays.

Anti-V1V2-specific IgG3 subclass responses were associated with decreased HIV-1
risk in vaccinees from the moderately protective RV144 vaccine efficacy trial (31). Here,
we tested maternal V3-specific IgG3 subclass responses and found they were detected
at similarly low frequencies in nontransmitting and transmitting women. Maternal
V3-specific IgG2 subclass responses were also detected at similarly low frequencies in
nontransmitting compared to transmitting women. As expected, maternal V3-specific
IgG1 subclass responses were most frequently detected in both nontransmitting and
transmitting women and at similar frequencies within these groups (Fig. 4). A potential
explanation for the lack of association between V3-specific IgG subclass and reduced
transmission risk is that the scaffolded gp70 MNV3 protein differs from that of wild-type
V3.B at amino acid residues in the C-terminal region, which we have demonstrated to
be important for the binding of potentially protective V3-specific IgG responses.
Therefore, the V3-specific IgG subclass, as measured by our current assay, does not
seem to be a major determinant of MTCT of HIV.

We previously identified maternal tier 1 virus-neutralizing responses as predictive of
reduced MTCT risk in the WITS cohort (22). Interestingly, in this study, maternal plasma
neutralization of the HIV tier 1 virus variant SF162 in the presence of a V3.B wild-type
peptide was still predictive of reduced MTCT risk, suggesting that other protective
antibody responses directed against epitopes other than the V3 loop may mediate
neutralization (Fig. 5A). It is also possible that potentially protective maternal V3-
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specific IgG responses are mediated by nonlinear-epitope-targeting antibodies and
may not be inhibited by the linear V3.B wild-type peptide. We therefore measured the
isolated contributions of maternal V3-specific neutralizing responses to tier 1 virus
neutralization using sensitive HIV-2/HIV-1 V3 chimeric viruses. Interestingly, the isolated
maternal V3-specific neutralizing response to the HIV-2 V3 wild-type chimeric virus was
highly predictive of reduced MTCT risk, suggesting that the protective mechanism of
V3-specific IgG responses is virus neutralization (Fig. 5B). However, the insertion of two
nonconsensus amino acid residues at positions 319 and 322 abrogated the association
of the V3-specific neutralization and reduced MTCT risk, suggesting these amino acid
residues are critical for V3-specific IgG-mediated neutralization. Amino acid residue
positions 319 and 322 are in close proximity in V3 and also in the C-terminal region of
the V3 crown. Therefore, residues 319 and 322 may encompass a single binding and
neutralizing epitope of protective maternal antibody responses (Fig. 3C). However, it
should be noted that due to the inability to produce an infectious HIV-2 V3 F317A
chimeric virus, we cannot rule out this C-terminal amino acid residue as the target of
potentially protective maternal V3-specific neutralizing responses associated with re-
duced MTCT risk. Another caveat to our study is that key amino acid residues that
mediate the binding of potentially protective maternal V3-specific responses can vary
across viral clades. Therefore, it remains unclear if maternal V3-specific responses that
target amino acid residues F317, A319, and D322 mediate decreased MTCT risk of
non-clade B HIV infection. It should also be noted that maternal V3-specific neutralizing
response inhibition by a linear V3.B wild-type peptide with F317, A319, and D322 amino
acid residues did not remove the association between tier 1 virus neutralization and
reduced MTCT risk. However, the association of maternal V3-specific neutralizing
responses and reduced MTCT risk was completely removed by the insertion of non-
consensus residues into the C-terminal region of HIV-2 V3.B chimeric virus. The ob-
served differences in the inhibition of potentially protective maternal V3-specific re-
sponses could perhaps be due to differences in the neutralization sensitivities of HIV-1
tier 1 isolates and chimeric HIV-2 V3 viruses and to differences in conformation and
structure between linear V3 peptides and the V3 loop on chimeric viruses. Altogether,
these findings suggest that the potentially protective maternal neutralizing responses
in the WITS cohort target the C-terminal domain in the V3 loop.

The C-terminal region in the V3 loop encompasses amino acid residues that are
predictive of coreceptor usage in CCR5- and CXCR4-tropic viruses (39–41). In fact,
coreceptor preference for CXCR4 can be predicted by the presence of acidic amino acid
residues at position 322, whereas the absence of charged amino acid residues at
position 322 is generally predictive of CCR5-tropic viruses (40). However, maternal clade
B CCR5-tropic viruses predominantly initiate infection of the infant (transmitted/
founder viruses) (42). Circulating autologous CXCR4-tropic viruses could potentially be
blocked by maternal protective V3-specific IgG binding and neutralizing responses
and enable only coreceptor binding of CCR5-tropic strains. Interestingly, maternal
V3-specific IgG antibodies mediated coreceptor binding inhibition of a maternal circu-
lating virus, 5426.31, and reference strain MN.3, suggesting that maternal autologous
V3-specific IgG may affect viral interactions with the CCR5 and CXCR4 coreceptors on
infant CD4� T cells (Fig. 6). This finding suggests that V3-specific IgG may utilize more
than one mechanism (neutralization and modulation of coreceptor usage) to reduce
MTCT risk. However, the ability of V3-specific IgG to modulate coreceptor binding
inhibition was examined in only one nontransmitting and one transmitting mother and
should be explored in a larger population of HIV-infected pregnant mothers.

In the setting of pregnancy, the infant is passively immunized with maternal IgG that
is raised against the viruses to which the infant is exposed. Maternal HIV Env-specific
IgG responses may select vertically transmitted viruses that escape maternal IgG
through mutations of specific amino acid residues in the envelope spike. Importantly,
we previously reported that viruses isolated from a nontransmitting mother were
sensitive to neutralization by autologous V3-specific IgG monoclonal antibodies. There
was also evidence of immune escape from this V3-specific autologous virus-neutralizing
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response by specific compensatory mutations within the envelope yet outside the V3
loop. Mutations at amino acid residue positions N188 and V200 within the C2 region
mediated maternal autologous virus neutralization sensitivity to V3-specific IgG re-
sponses, potentially by making the V3 loop accessible to neutralizing antibodies (22).
Other studies have also reported Env amino acid mutations outside V3 that increase V3
exposure to V3-specific neutralizing antibodies (43). In this study, we identified amino
acid mutations within the V3 loop C-terminal region that completely remove the
association between maternal protective V3-specific responses and reduced MTCT risk.
Therefore, mutations both outside and within the V3 loop may be important to enable
accessibility to V3-specific binding and neutralizing antibodies.

In this study, we have demonstrated that maternal V3-specific responses specific
for the C-terminal region are associated with reduced MTCT risk. These V3-specific
responses may mediate reduced MTCT risk through the following mechanisms: (i)
maternal autologous virus neutralization and/or (ii) modulation of coreceptor inhibition
of maternal autologous viruses. Importantly, the elicitation of these easy-to-induce,
weakly neutralizing antibodies is readily achievable by existing immunogens, which can
safely and effectively raise serum levels of V3-specific IgG neutralizing antibodies in
humans (44). Therefore, immunization regimens aimed at temporarily raising the levels
of maternal V3-specific IgG and autologous-virus-neutralizing responses in HIV-infected
pregnant women may perhaps be achieved through “original antigenic sin” by vacci-
nation with heterologous clade V3 immunogens. The identification of amino acid
residue positions F317, A319, and D322 within the C-terminal region could serve as
a benchmark for assessing the potential immunogenicity and efficacy of maternal
HIV immunization strategies targeting the V3 loop, with the goal of developing an
immunization strategy that can synergize with ART to eliminate MTCT and achieve an
HIV-free generation.

MATERIALS AND METHODS
Study cohort. Maternal plasma samples were obtained from the WITS cohort, an observational

cohort that was followed in North America before ART was the standard of clinical care. This study
enrolled ART-naive HIV-infected pregnant women from 1988 to 2007. Transmitting mothers (n � 83)
were selected from the WITS cohort by the following criteria: no ART treatment during pregnancy,
detectable plasma viral loads (�50 copies/ml plasma), and a nonheparin plasma sample available
between the end of the second trimester (�25 weeks of gestation) and 2 months postpartum.
Transmitting mothers were matched in a 1:2 ratio (case to control) to nontransmitting mothers (n � 165)
using propensity score matching for known covariates of transmission risk—maternal viral load, periph-
eral CD4� T cell count at the time closest to delivery, delivery mode (vaginal versus caesarian section),
and infant gestational age (as determined by estimated delivery date)—as described previously (22).
Importantly, comparison of the clinical characteristics of matched transmitting and nontransmitting
mothers did not reveal significant differences in maternal viral loads, peripheral CD4� T cell counts, infant
gestational ages, or delivery modes (22).

Ethics statement. Approval was obtained from the institutional review board at Duke University to
utilize deidentified maternal plasma samples from the cohort.

Binding antibody multiplex assay. Maternal plasma V3-specific binding responses were measured
against a multiclade panel of consensus V3 peptides designed by Bette Korber (45): V3.B (NNTRKSIHIG
PGRAFYATGDIIGDIRQAHC), V3.M (NNTRKSIHIGPGQAFYATGDIIGDIRQAHC), V3.C (NNTRKSIRIGPGQTFYATG
DIIGDIRQAHC), V3.A (NNTRKSVRIGPGQAFYATGDIIGDIRQAHC), V3.CRF2 (NNTRKSVRIGPGQTFYATGDIIG
DIRQAHC), V3.D (NNTRQSTHIGPGQALYTT-RIIGDIRQAHC), and V3.CRF1 (NNTRTSITIGPGQVFYRTGDIIGDI
RKAYC). The V3.B K305Q/I307T/H308T mutant (NNTRQSTTIGPGRAFYATGDIIGDIRQAHC), V3.B F317L/
A319T/D322R mutant (NNTRKSIHIGPGRALYTT-RIIGDIRQAHC), V3.B K305A (NNTRASIHIGPGRAFYATGDIIG
DIRQAHC), V3.B I307A (NNTRKSAHIGPGRAFYATGDIIGDIRQAHC), V3.B H308A (NNTRKSIAIGPGRAFYATGDI
IGDIRQAHC), V3.B F317A (NNTRKSIHIGPGRAAYATGDIIGDIRQAHC), V3.B A319K (NNTRKSIHIGPGRAFYKTG
DIIGDIRQAHC), V3.B D322A (NNTRKSIHIGPGRAFYATGAIIGDIRQAHC), and V3.B F317A/A319K/D322A (NN
TRKSIHIGPGRAAYKTGAIIGDIRQAHC) peptides were purchased from CPC Scientific (Sunnyvale, CA). The
V3 mutant peptides were named in accordance with the HIV HXB2 amino acid standard numbering
scheme. BAMA were performed as described previously (46). Briefly, a total of 5 � 106 carboxylated
fluorescent beads (Luminex Corp., Austin, TX) were covalently coupled to 25 �g of V3 consensus clade
and mutant peptides. Maternal plasma was tested at a 1:2,500 dilution against V3.B, V3.M, and V3.B F317L
A319T D322R mutant peptides and at a 1:250 dilution against V3.C, V3.A, V3.CRF2, V3.B, and V3.B K305Q
I307T H308T mutant peptides. Maternal plasma was tested at a 1:25 dilution against V3.D and V3.CRF1
peptides. Finally, maternal plasma was tested at a 1:1,000 dilution against V3.B K305A, V3.B I307A, V3.B
H308A, V3.B F317A, V3.B A319K, V3.B D322A, and V3.B F317A A319K D322A peptides. Maternal plasma
V3-specific IgG was detected with a mouse anti-human IgG (Southern Biotech, Birmingham, AL)
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phycoerythrin-conjugated antibody at 4 �g/ml as described previously (46). Antibody measurements
were acquired using a Bio-Plex 200 instrument (Bio-Rad, Hercules, CA). CH22, a V3-specific monoclonal
IgG (47), was used as a positive control. Normal human serum was used a negative control. All mean
fluorescence intensity (MFI) values were adjusted by subtracting the blank-bead MFI. A panel of 30
human HIV-seronegative samples was used to determine a binding (MFI) cutoff against each antigen
for each of the tested dilutions.

Env V3-specific IgG subclass BAMA. To measure V3-specific IgG subclass responses, maternal
samples diluted 1:40 were tested against a scaffolded V3 loop protein, gp70MNV3. IgG subclass
biotinylated antibody detectors were used to measure subclass specificity. IgG1-biotin (BD Pharmingen;
clone G17-1), IgG2-biotin (BD Pharmingen; G18-21), IgG3-biotin (Calbiochem; clone:HP6047), and IgG4-
biotin (BD Pharmingen; clone G17-4) were detected at 4 �g/ml in separate assays for each IgG subclass.
The plates were washed, and streptavidin-conjugated phycoerythrin antibody diluted 1:100 was added
to the wells. A V3-specific MAb, CH22 (47), was included as a positive control, and normal human serum
was used as the negative control. All MFI values were adjusted by subtracting the blank-bead MFI.

V3 linear peptide ELISA. Binding of maternal IgG to V3.B wild type, a V3.B K305Q I307T H308T
mutant, and a V3.B/D F317L A319T D322R mutant was measured by plate-based ELISA. High-binding
384-well ELISA plates (Corning) were coated with 2 �g/ml of V3 peptides overnight at 4°C and then
blocked with SuperBlock (4% whey protein, 15% goat serum, and 0.5% Tween 20 diluted in 1�
phosphate-buffered saline [PBS]). Maternal plasma V3-specific IgG was tested at a 1:100 starting dilution
in 12 serial 3-fold dilutions. The V3-specific MAb CH22 (47) was used as the positive control, and the
respiratory syncytial virus (RSV)-specific monoclonal antibody pavilizumab (Synagis) was used as the
negative control. An anti-horseradish peroxidase (HRP)-conjugated goat anti-human IgG antibody
(Sigma-Aldrich) was used at 1:10,000 dilution, followed by addition of SureBlue reserve TMB substrate
(KPL, Gaithersburg, MD). Reactions were stopped by stop solution (KLP, Gaithersburg, MD). Optical
densities were detected at 450 nm. The log10 50% effective concentration (EC50) and log10 area under the
concentration-time curve (AUC) were calculated for maternal V3-specific IgG binding responses against
each V3.B, V3.B mutant, and V3.B/D mutant.

Peptide competition neutralization assays. Maternal plasma samples at 1:80 final dilution were
incubated with 50 �g/ml of either an SF162 V3 peptide (NNTRKSITIGPGRAFYATGDIIGDIRQAH) or a
scrambled peptide (HTGKYTYPTNIAIRGRGNKFRNKKI) or with no peptide for 1 h at 37°C. Preabsorbed
maternal samples were then used to measure neutralization of the tier 1 HIV-1 SF162 in a TZM-bl
cell-based neutralization assay, as described previously (48). Briefly, neutralizing activity was measured
after 48 h by a reduction in luciferase gene expression. Maternal plasma neutralizing activity was
reported as 50% reduction in RLU compared to the virus control after subtraction of the background RLU
from cell control wells.

Neutralization assay against wild-type HIV-2 V3.B and HIV-2 V3.B A319T and D322N chimeras.
HIV-2 WT and HIV-2 HIV-1 V3 A319T D322N chimeric viruses were obtained as gifts from George Shaw.
HIV-2 HIV-1 V3.B wild-type chimeric virus was generated by site-directed mutagenesis (33). We per-
formed site-directed mutagenesis using a QuikChange II XL site-directed mutagenesis kit according to
the manufacturer’s instructions. Chimeric viruses were sequenced to ensure the desired mutations were
present. To produce infectious molecular clones, 12 �g of viral plasmid was transfected with FuGene
(Promega, Madison, WI) at a 1:4 volume ratio in 293T cells, and viruses were titrated in TZM-bl cells as
described previously (49). Infectious viruses with infectivity of at least 10 times the cell control back-
ground RLU were used in the TZM-bl cell neutralization assay. HIV-2 WT, HIV-2 V3.B A319T D322N, and
HIV-2 V3.B wild type were tested in the neutralization assay. Chimeric HIV-2 V3.B F317A was successfully
mutagenized but did not meet the infectivity threshold of 10 times the cell background. Maternal plasma
was tested for neutralization against the HIV-2 WT, HIV-2 V3.B WT, and HIV-2 V3.B A319T D322N chimeric
viruses as described above at a starting dilution of 1:1,000 in a TZM-bl cell line. DH295, a V3-specific IgG
tier 1 virus-neutralizing antibody isolated from a nontransmitting mother from the WITS cohort, was
included as the positive control. Normal human serum was included as the negative control.

V3-specific IgG modulation of coreceptor usage assays. The CCR5 inhibitor maraviroc (NIH AIDS
reagent program; number 11580) and the CXCR4 inhibitor bicyclam JM-2987 (AMD-3100; NIH AIDS
reagent program; number 8128) were diluted 5-fold, starting at a 1-�M concentration, and added to
TZM-bl cells. Dilutions of maraviroc and bicyclam were separately added to TZM-bl cells and incubated
for 1 h at 37°C. Maternal V3-specific IgG antibodies isolated from a nontransmitting mother (DH291,
DH294, DH298, and DH299) and a positive-control heterologous V3-specific IgG MAb (19b) were tested
at a nonneutralizing concentration of 5 �g/ml against a virus isolated from the same nontransmitting
mother (5426.31). We also selected a nontransmitting and a transmitting mother to isolate plasma
V3-specific IgG antibodies and tested their abilities to modulate virus coreceptor usage at subneutralizing
concentrations against the CCR5-tropic nontransmitting maternal virus 5426.31 and the CXCR4-tropic
virus MN.3. Briefly, maternal undiluted plasma was incubated with Bio-V3.B wild-type peptide conjugated
to streptavidin-magnetic beads (NEB; S1420S) at 4 mg/ml overnight at 37°C in rotation. Maternal
polyclonal V3-specific antibodies were separated from plasma with magnetic beads; eluted with 0.1 M
glycine, pH 2.9; and buffer exchanged with 1� PBS in 100,000 Da Amicon Ultra-0.5 ml centrifugal filters
(EMD Millipore; UFC510008) at 2,500 � g. Maternal V3-specific IgG MAbs and purified antibodies were
incubated with MN.3 virus at subneutralizing concentrations of 1 �g/ml for 1 h at 37°C and then added
to TZM-bl cells in the presence of diluted maraviroc or bicyclam. Virus infectivity was measured after 48
h by measuring luciferase activity with Bright-Glo (Promega, Madison, WI) in the presence and absence
of V3-specific MAbs and maraviroc.
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Statistical methods. The statistical analysis plan was finalized prior to data analysis. A multivariable
logistic regression model was used, with transmission status as the dependent variable, as described
previously (22). In our primary analysis, we measured maternal V3-specific IgG responses against a panel
of nine V3 peptides listed in Table 1. Maternal plasma V3-specific IgG responses against each of these V3
peptides were measured and analyzed in a multivariable logistic regression model, with transmission
status as the dependent variable. To correct for multiple comparisons in our primary analysis, we applied
an FDR (q value; P value) with a significance threshold of a P value of �0.05 and q value of �0.2. In a
secondary analysis, we measured maternal V3-specific IgG binding and neutralizing responses against V3
mutant peptides and viruses that were designed based on results from our primary analysis. All primary
outcome P values were adjusted for multiple-comparison corrections and were used to interpret results
from the primary analysis. Multiple-comparison P values are listed as FDR P values. All secondary-analysis
P values are listed as raw P values. Raw P values were used to interpret results from secondary analyses.
Significant raw P values are marked with asterisks. All regression analyses were adjusted for the following
known covariates of risk of MTCT of HIV: maternal plasma viral load at the time of delivery, peripheral
CD4� T cell count, infant gestational age, and delivery mode. A Mann-Whitney-Wilcoxon signed-rank test
was used to compare the inhibition (50% infective dose [ID50]) in a TZM-bl cell neutralization assay under
no-peptide, scrambled-peptide, and V3 peptide conditions.
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