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Background. Infant responses to vaccines can be impeded by maternal antibodies and immune system imma-
turity. It is therefore unclear whether human immunodeficiency virus type 1 (HIV-1) vaccination would elicit similar
responses in adults and infants.

Method. HIV-1 Env–specific antibody responses were evaluated in 2 completed pediatric vaccine trials. In the
Pediatric AIDS Clinical Trials Group (PACTG) 230 protocol, infants were vaccinated with 4 doses of Chiron rgp120
with MF59 (n = 48), VaxGen rgp120 with aluminum hydroxide (alum; n = 49), or placebo (n = 19) between 0 and 20
weeks of age. In PACTG 326, infants received 4 doses of ALVAC-HIV-1/AIDSVAX B/B with alum (n = 9) or placebo
(n = 13) between 0 and 12 weeks of age.

Results. By 52 weeks of age, the majority of maternally acquired antibodies had waned and vaccine Env-specific
immunoglobulin G (IgG) responses in vaccinees were higher than in placebo recipients. Chiron vaccine recipients
had higher and more-durable IgG responses than VaxGen vaccine recipients or ALVAC/AIDSVAX vaccinees, with
vaccine-elicited IgG responses still detectable in 56% of recipients at 2 years of age. Remarkably, at peak immuno-
genicity, the concentration of anti-V1V2 IgG, a response associated with a reduced risk of HIV-1 acquisition in the
RV144 adult vaccine trial, was 22-fold higher in Chiron vaccine recipients, compared with RV144 vaccinees.

Conclusion. As exemplified by the Chiron vaccine regimen, vaccination of infants against HIV-1 can induce
robust, durable Env-specific IgG responses, including anti-V1V2 IgG.
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Breast milk–mediated transmission is responsible for
almost half of the 260 000 annual pediatric human

immunodeficiency virus type 1 (HIV-1) infections
[1, 2]. These infections mostly occur in resource-lim-
ited areas where breast-feeding is the safest nutritional
option to maximize the survival of infants [3]. Al-
though it is established that antiretroviral therapy
can reduce the risk of breast milk–mediated transmis-
sion [4], this strategy faces implementation and adherence
challenges that limit its effectiveness. The global plan
to reduce the incidence of HIV-1 transmission to in-
fants born to HIV-1–infected mothers to <5% by 2015
requires prevention of mother-to-child transmission
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services to reach >90% of HIV-1–infected mothers. However,
antiretroviral prophylaxis coverage for HIV-1–infected mothers
remains <65% in low- and middle-income countries [1]. Thus,
an effective infant HIV-1 vaccine would significantly contribute
to the efforts to eliminate pediatric HIV-1.

The ability of infants to mount immune responses following
vaccination differs from that of adults owing to the presence of
maternal antibodies and immaturity of the infant immune sys-
tem [5]. Because of these differences, it is unclear whether
HIV-1 vaccine discoveries in adults will be applicable to infants.
Importantly, the RV144 vaccine trial involving Thai adults
demonstrated an estimated vaccine efficacy of 31% [6]. The im-
mune correlate analysis of this trial revealed an association be-
tween high levels of immunoglobulin G (IgG) against the Env
V1V2 loops and reduced HIV-1 acquisition risk, whereas high
levels of plasma Env-specific immunoglobulin A (IgA) were as-
sociated with an increased risk of HIV-1 acquisition [7–9]. To
investigate whether infant vaccination can induce similar immune
responses, we assessed the binding and functional antibody re-
sponses in HIV-1–exposed vaccinated infants from the historical
Pediatric AIDS Clinical Trials Group (PACTG) 230 and 326, 2 of
the 3 neonatal HIV-1 vaccine trials conducted to date.

MATERIALS AND METHODS

Study Population
PACTG 230 enrolled infants born to HIV-1–infected mothers in
the United States to determine the safety and immunogenicity of 2
recombinant, monomeric gp120 subunit protein vaccines: rgp
120-MN adsorbed into aluminum hydroxide (alum; VaxGen)
and rgp120-SF2withMF59 adjuvant (Novartis Vaccines [formally

Chiron]) [10, 11]. PACTG 326 enrolled a similar population to de-
termine the safety and immunogenicity of ALVAC HIV-1 vaccine
alone or with rgp120 boost (Table 1 and SupplementaryMaterials)
[12]. Both studies were phase 1/2, randomized, and placebo con-
trolled. As no vaccine-elicited antibody response was detected in
infants vaccinated with ALVAC alone, only results from the
ALVAC/AIDSVAX vaccinees are reported. PACTG 230/326 par-
ticipants were included on the basis of sample availability in the
IMPAACT repository. This retrospective study was approved by
the institutional review board at Duke University.

Measurement of Env-Specific Antibody Responses by Binding
Antibody Multiplex Assays
Env-specific IgG responses were measured as previously described
[7,13],using plasma/sera diluted 1:100 against a panel of antigens,
including MN gp120 (vaccine strain), 92TH023 gp120 (RV144
vaccine strain), A244 gp120 (RV144 vaccine strain), B con
gp140 CF (clade B consensus), and gp70 B case AV1V2 (obtained
from Drs B. Haynes and H. Liao); GNE8 rgp120 Q pool (vaccine
strain obtained from Dr Berman); and 4403 bmc5 gp120 (clade C
postnatal transmitted/founder Env) [14]. IgG1 and IgG3 were
measured against gp70 B case A V1V2 at a plasma/sera dilution
of 1 in 40. For IgAmeasurement, samples were depleted of IgG by
using protein G columns and were tested at a 1:10 dilution. The
mean fluorescence intensity (MFI) of blank beads was subtracted
to determine the level of antigen-specific binding, and the report-
ing criteria included a coefficient of variation between replicates
≤20 and a minimum of 100 beads counted per sample/antigen.

Neutralization
Neutralization assays were performed in TZM-bl cells (National
Institutes of Health [NIH] AIDS Reagent Program, from J.

Table 1. Study Population and Immunization Schedules

Group Vaccine/Adjuvant Subjects, No. Immunization Schedule

PACTG 230

VaxGen regular rgp120 (MN) + alum 40 Birth and ages 4, 8, and 20 weeks
VaxGen accelerated/optimal rgp120 (MN) + alum 9 Birth and ages 2, 8, and 20 weeks

Chiron regular rgp120 (SF-2) +MF-59 39 Birth and ages 4, 8, and 20 weeks

Chiron accelerated/optimal rgp120 (SF-2) +MF-59 9 Birth and ages 2, 8, and 20 weeks
Placebo Alum 6 Birth and ages 4, 8, and 20 weeks

1 Birth and ages 2, 8, and 20 weeks

MF-59 8 Birth and ages 4, 8, and 20 weeks
4 Birth and ages 2, 8, and 20 weeks

PACTG 326

ALVAC Vcp205-HIV-1 13 Birth and ages 4, 8, and 12 weeks
Vcp1452-HIV-1 8 Birth and ages 4, 8, and 12 weeks

ALVAC/AIDSVAX B/B Vcp1452-HIV-1/rgp120 (GNE8/MN) + alum 9 Birth and ages 4, 8, and 12 weeks

Placebo Sodium chloride (vcp205 placebo) 5 Birth and ages 4, 8, and 12 weeks
Sodium chloride (vcp1452 placebo) 3 Birth and ages 4, 8, and 12 weeks

Sodium chloride/alum (ALVAC+AIDSVAX placebo) 3 Birth and ages 4, 8, and 12 weeks

Abbreviation: PACTG, Pediatric AIDS Clinical Trials Group.
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Kappes and X.Wu) against 2 clade BHIV-1 tier 1 Env-pseudotype
viruses [HIV-1 MN.3 (B. MN) and HIV-1 SF162.LS (B. SF162)]
and a nonspecific retrovirus (murine leukemia virus [MLV]) as
previously described [15]. The median infectious dose (ID50)
was determined, and the cutoff for positivity was set at 3
times above the ID50 against an MLV background.

Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC)
ADCC activity was measured using the Luciferase ADCC assay
as previously described [16]. CEM.NKRCCR5 target cells (NIH
AIDS Reagent Program, from Dr A. Trkola) were infected
with a replication-competent infectious molecular clone de-
signed to encode the HIV-1 SF162.LS env gene in cis within
an isogenic backbone that also expresses the Renilla luciferase
reporter gene and preserves all viral open reading frames [17].
Effector cells were peripheral blood mononuclear cells isolated
from an HIV-1–seronegative donor heterozygous for 158F/V
polymorphic variants of Fcγ receptor 3A.

Statistical Analysis
Available samples from PACTG 230 and 326 were analyzed, ex-
cluding samples from 6 HIV-1–infected participants. For
PACTG 230, all vaccine regimens and doses were pooled in
the analysis, except for comparison of accelerated and regular
regimens. The Wilcoxon rank sum test was used for comparing
the magnitude of antibody responses, and the Fisher exact test
was used to compare the frequency of responders between
groups. All analyses were performed using SAS, version 9.2
(SAS Institute, Cary, North Carolina), and graphs were pro-
duced using the R software. A detailed description of the statis-
tical analyses is provided in Supplementary Materials.

RESULTS

Decline of Maternally Acquired HIV-1 Env–Specific Antibodies
To differentiate between maternally acquired and vaccine-
elicited antibodies, gp41-specific IgG levels were measured
over time. As expected for maternally acquired antibodies, the
magnitude of anti-gp41 IgG decreased over 1 year (Figure 1A).
At 52 weeks of age, these antibodies were detected in only
7%–21% of vaccine or placebo recipients, and the magnitude
represented <3% of that present at birth, in accordance with
previous reports [12]. Therefore, we focused the vaccine-elicited
antibody response analysis on 24 (peak immunogenicity
in PACTG 230) and 52 weeks of age, when the measured
Env-specific IgG was primarily vaccine elicited.

Induction of Durable HIV-1 Env–Specific IgG Responses
The durability of vaccine-elicited responses in infants was exam-
ined by measuring anti-MN gp120 IgG over the first 2 years of
life (Figure 1B). At 24 weeks of age, the magnitude of the re-
sponse was significantly higher in recipients of the VaxGen vac-
cine (P < .001) and the Chiron vaccine (P < .001) than in placebo
recipients. At 52 weeks of age, while anti-MN gp120 IgG was no
longer detected in placebo recipients, this response was still pre-
sent in 59% of VaxGen vaccine recipients and 79% of Chiron vac-
cine recipients. Moreover, at week 104 of age, 28% and 56% of
VaxGen vaccine and Chiron vaccine recipients, respectively,
had a detectable response. The half-life of anti-MN gp120 IgG
was 15.1 and 21.3 weeks in recipients of the VaxGen and Chiron
vaccines, respectively, and was 7 weeks in placebo recipients, sug-
gesting that vaccine-elicited responses lasted several months after
levels of maternally acquired antibodies waned. While the

Figure 1. Human immunodeficiency virus type 1 (HIV-1) Env vaccination induces durable immunoglobulin G (IgG) responses in infants. A, There was no
difference in the kinetics of the decline of maternal anti-gp41 IgG antibody level between vaccine and placebo recipients. B, The majority of Chiron vaccine
recipients had detectable anti-gp120 IgG responses at week 104 of age, whereas the response rapidly waned in VaxGen vaccine recipients and ALVAC/
AIDSVAX recipients. Symbols represent the median IgG response of a vaccine/placebo group. The dashed line represents the positivity cutoff, defined as the
mean value + 3 SDs of the mean fluorescence intensity (MFI) of a panel of 60 HIV-1–negative plasma specimens. The number of infant samples available for
each vaccine group at each time point is shown on the graph (colors match the legend). Abbreviations: SD, standard deviation; 230, Pediatric AIDS Clinical
Trials Group 230; 326, Pediatric AIDS Clinical Trials Group 326.
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magnitude of the anti-MN gp120 response did not differ between
ALVAC/AIDSVAX vaccinees and placebo recipients at week 24 of
age, at week 52 of age, 83% of ALVAC/AIDSVAX vaccinees but
only 9% of placebo recipients had a detectable response (Table 2).
Only 1 of 7 ALVAC/AIDSVAX vaccinees (14%) had detectable
MNgp120 IgG at 104 weeks of age. The half-life of the MN
gp120 IgG response was 9.5 weeks in ALVAC/AIDSVAX vacci-
nees and 8.4 weeks in PACTG 326 placebo recipients. These re-
sults suggest that Env vaccination could induce IgG responses
that span the duration of breast-feeding.

Breadth of Vaccine-Elicited Env-Specific IgG Responses
The breadth of vaccine-elicited IgG responses was measured at
52 weeks of age, using a multiclade panel of Env constructs
(Table 2). The proportion of VaxGen vaccine recipients with
detectable IgG responses was significantly higher than placebo
recipients only for MNgp120 (0% vs 59%; P < .001), whereas
more Chiron vaccine recipients had detectable IgG responses
than placebo recipients for all antigens except 92Th023
gp120. The proportion of vaccinees with detectable responses
against the VaxGen vaccine strain MN gp120 tended to be high-
er in the Chiron vaccine group than in the VaxGen vaccine
group (79% vs 59%; P = .06), and more Chiron vaccine recipi-
ents than VaxGen vaccine recipients had detectable responses
against the other antigens tested (Table 2). Moreover, IgG re-
sponses were significantly higher in Chiron vaccine recipients
than in VaxGen vaccine recipients for MNgp120 (P = .003),
A244 gp120 (P < .001), and 4403 BMC5 (P = .001; Figure 2).
There were no differences in the magnitude and frequency of
Env-specific IgG responses between infants vaccinated according
to the regular versus the accelerated VaxGen vaccine schedules or
between infants vaccinated according to the regular versus the ac-
celerated Chiron vaccine schedules (Supplementary Table 1). A
higher proportion of ALVAC/AIDSVAX vaccinees than placebo
recipients had detectable responses against PACTG 326 vaccine

strains (MNgp120, 83% vs 9% [P = .005]; and GNE8 gp120, 50%
vs 0% [P = .003]), but differences were not significant for the
other antigens tested (Table 2).

Elicitation of Anti-V1V2 IgG Responses
We next explored the ability of vaccination to induce anti-V1V2
IgG in infants, a response associated with reduced HIV-1 acqui-
sition risk in the RV144 adult vaccine trial [7], using the same
gp70 scaffold V1V2 protein as in the RV144 immune correlate

Table 2. Proportion of HIV-1 Exposed Vaccinated Infants With Detectable Immunoglobulin G Responses Against a Multiclade Panel of
Human Immunodeficiency Virus Envelope Constructs at Week 52 of Age

Antigen Clade

PACTG 230

P (VaxGen vs
Chiron

Vaccines)

PACTG 326

Placebo
(n = 12)

VaxGen
Vaccine
(n = 39)

P
Value

Chiron
Vaccine
(n = 43)

P
Value

Placebo
(n = 11)

ALVAC/
AIDSVAX
(n = 6)

P
Value

MN gp120 B 0 (0) 23 (59) <.001 34 (79) <.001 .06 1 (9) 5 (83) .005

GNE8 gp120 B 0 (0) 7 (18) .18 18 (42) .005 .03 0 (0) 3 (50) .03

92Th023 gp120 AE 0 (0) 3 (8) 1.00 11 (26) .10 .04 0 (0) 0 (0)
A244 gp120 AE 0 (0) 7 (18) .18 25 (58) <.001 <.001 0 (0) 2 (33) .11

4403 BMC5 gp120 C 0 (0) 7 (18) .18 24 (56) <.001 <.001 0 (0) 1 (17) .35

B Con gp140 CF B 0 (0) 1 (3) 1.00 19 (44) .004 <.001 0 (0) 0 (0)

Data are no. (%) of subject. P values were determined by the Fisher exact test. A P value of < .05 is considered statistically significant.

Abbreviation: PACTG, Pediatric AIDS Clinical Trials Group.

Figure 2. Chiron vaccine induces robust human immunodeficiency virus
type 1 (HIV-1) Env-specific multiclade immunoglobulin G (IgG) responses.
Magnitudes of the IgG responses against multiclade HIV-1 Env gp120 pro-
teins, including the clade B vaccine strains (MN gp120 and GNE8 gp120), a
clade C postnatal transmitted/founder Env (4403 BMc5), and a clade AE
Env (A244 gp120; RV144 vaccine strain), are presented. The black lines rep-
resent median values, and the dashed lines represent the positivity cutoff
for each antigen. The Wilcoxon test was used to compare vaccine groups.
Abbreviations: MFI, mean fluorescence intensity; 230, Pediatric AIDS Clin-
ical Trials Group 230.
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analysis (Figure 3). In PACTG 230, the frequency of anti-V1V2
IgG antibodies at birth (maternally acquired) was similar be-
tween vaccinees and placebo recipients; more vaccinees than
placebo recipients had detectable levels of anti-V1V2 IgG at
24 weeks of age (17% in placebo group, compared with 73%
in the VaxGen vaccine group [P < .001] and 98% in the Chiron
vaccine group [P < .001]; Figure 3A). The proportion of VaxGen
vaccine recipients with anti-V1V2 IgG responses decreased to
levels comparable to those of placebo recipients at 52 weeks
of age, whereas the proportion of Chiron vaccine recipients
with detectable responses remained higher than that of placebo
recipients at 52 (93%; P < .001) and 104 weeks of age (63%;
P < .001). Anti-V1V2 IgG levels were higher in VaxGen vaccine
recipients than placebo recipients at 24 and 52 weeks of age
(P < .001 for both comparisons) but were comparable by 76
weeks of age (Figure 3B). In contrast, Chiron vaccines recipients
had higher anti-V1V2 IgG responses than placebo recipients at
24, 52, 76 and 104 weeks of age (P < .001 for all comparisons).
Thus, receipt of the Chiron vaccine induced long lasting anti-
V1V2 IgG responses in infants.

The proportion of infants with anti-V1V2 IgG antibodies at
birth was comparable between PACTG 326 placebo recipients
(80%) and ALVAC/AIDSVAX vaccinees (56%), but the levels
of antibodies were higher in placebo recipients than in vaccinees
(P = .02), potentially because of the small sample size of this
trial. At 24 weeks of age, the magnitude (P = .11) and frequency
(86% vs 33%; P = .06) of the anti-V1V2 IgG response trended
higher in ALVAC/AIDSVAX vaccinees than in placebo recipi-
ents, although this difference did not reach statistical signifi-
cance. By 52 weeks of age, the magnitude and frequency of
anti-V1V2 IgG responses were comparably low between vaccine
and placebo recipients (Figure 3A and 3B).

No Correlation Between the Magnitude of Maternal Antibodies
and Vaccine-Elicited Responses
As maternal antibodies interfere with infant immune responses
to certain vaccines [5], we sought to determine whether high
levels of maternal anti-V1V2 IgG correlated with lower levels
of vaccine-elicited responses (Figure 3C and 3D). There was
no correlation between the levels of anti-V1V2 IgG at birth

Figure 3. Human immunodeficiency virus type 1 (HIV-1) Env vaccination elicits high anti-V1V2 immunoglobulin G (IgG) responses in infants. A, Propor-
tions of infants and, for the RV144 vaccine trial, adults with anti-V1V2 IgG responses. aData for RV144 vaccinees are from week 26 after vaccination (peak
immunogenicity). B, Magnitudes of anti-V1V2 IgG responses in infant recipients of vaccine and placebo. C and D, Correlation between the levels of anti-
V1V2 IgG at week 0 of age (maternal) and at week 52 of age (vaccine response) in infant recipients of Chiron (C) and VaxGen (D) vaccines. E, Plasma
concentration of CH58 equivalent anti-V1V2 IgG responses in infant recipients of Chiron vaccine and adult recipients of RV144. The Wilcoxon test was used
to compare responses between adult and infant vaccinees. Median and 75th percentile values are presented in panel B. Lines in panel E represent median
values. Abbreviations: MFI, mean fluorescence intensity; 230, Pediatric AIDS Clinical Trials Group 230; 326, Pediatric AIDS Clinical Trials Group 326.
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and those at 24 or 52 weeks of age in VaxGen (24 weeks of age,
r = 0.03 and P = .84; 52 weeks of age, r = 0.06 and P = .74) and
Chiron (24 weeks of age, r =−0.11 and P = .81; 52 weeks of age,
r = 0.05 and P = .76) vaccine recipients. Thus, the magnitude of
maternal antibodies did not impact the ability of infants to
mount robust anti-V1V2 IgG responses.

Higher Anti-V1V2 IgG Responses in Infant Recipients of Chiron
Vaccine Than in Adult Recipients of RV144
As Chiron vaccine recipients developed strong anti-V1V2 IgG
responses, we compared the magnitude of this response in in-
fant recipients of Chiron vaccine to that of adults from the
RV144 vaccine trial. At 52 weeks of age, >6 months after the
last vaccine dose, the proportion of vaccinated infants with
anti-V1V2 IgG was higher than among adult RV144 vaccine re-
cipients at peak immunogenicity (93% vs 72%; Figure 3A) [18].
Moreover, at peak immunogenicity, the concentration of anti-
V1V2 IgG (measured in the same assay and calculated with
CH58, a V2-specific monoclonal antibody isolated from an
RV144 vaccine recipient as a standard [16])was 22 times higher
in infants than in adults (median concentration, 55 µg/mL vs
2.5 µg/mL of CH58 equivalent; P < .001; Figure 3E ). At 52
weeks of age, the concentration of anti-V1V2 IgG remained
>3 times higher in infants than adults at peak immunogenicity
(median concentration, 8.6 vs 2.5 µg/mL CH58 equivalent;
P < .001). Thus, infant vaccination can induce high levels of po-
tentially protective anti-V1V2 IgG responses.

Elicitation of Anti-V1V2 IgG3 Responses
We next investigated whether receipt of the Chiron vaccine elic-
ited anti-V1V2 IgG3 responses in infants, because this antibody
subclass was associated with reduced HIV-1 acquisition in adult
RV144 vaccine recipients [19]. At birth, 10% of infant vaccine
recipients and 5% of placebo recipients had detectable anti-
V1V2 IgG3 responses (Figure 4). The frequency of responders

increased following vaccination to 42% at week 24 of age, com-
pared with 5% among placebo recipients (P = .003). However,
this response was short-lived, because by 52 weeks of age only
4% of Chiron vaccine recipients had detectable anti-V1V2 IgG3
responses, consistent with the reported short duration of Ig3 re-
sponses in adult vaccinees [19].

Association Between T-Cell Responses and Antibody
Response Durability
To determine whether there was an association between the du-
rability of the vaccine-elicited IgG and T-cell responses, we
compared the proportion of vaccinated infants with detectable
IgG responses between Env-specific lymphoproliferation (LPA)
responders and nonresponders as measured in the original
study (Supplementary Table 2) [20]. At 104 weeks of age, 14
of 18 Chiron vaccine recipient LPA responders, and 3 of 9 non-
responders had detectable anti-V1V2 IgG responses (P = .04). A
marginal but not statistically significant difference was also ob-
served in the magnitude of anti-V1V2 IgG responses between
the 2 groups (P = .08). However, there was no difference in
the magnitude or frequency of anti-MNgp120 IgG responses
between LPA responders and nonresponders. In VaxGen vac-
cine recipients, at 104 weeks of age, there were more anti-
MNgp120 IgG responders (P = .04), and the magnitude of
anti-MNgp120 IgG responses was higher (P = .003) among
LPA responders than nonresponders.

Low Levels of HIV-1 Env–Specific IgA in Vaccinated Infants
RV144 vaccinees with high levels of plasma HIV-1 Env–specific
IgA responses had decreased vaccine efficacy [7]. Thus, we
measured HIV-1 Env–specific IgA responses at birth and
after vaccination in infants. Since maternal IgA is not passively
transferred to the fetus in utero, the positivity cutoff was deter-
mined as 3 SDs above the average MFI of placebo recipients at
birth. For all antigens, the median MFI in uninfected vaccine

Figure 4. Human immunodeficiency virus type 1 (HIV-1) Env vaccination induces anti-V1V2 immunoglobulin G 3 (IgG3) responses in infants. A and B,
Frequency (A) and magnitude (B) of anti-V1V2 IgG3 responses in Chiron vaccine recipients. In panel B, the dashed line represents the cutoff, and data points
below the cutoff are represented by clear circles. Abbreviations: MFI, mean fluorescence intensity; PACTG 230, Pediatric AIDS Clinical Trials Group 230.
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and placebo recipients was below the positivity cutoff at 0 and
24 weeks of age (Supplementary Table 3). At 24 weeks of age,
only 1 of 43 Chiron vaccine recipients had a detectable level of
IgA against the vaccine strain MNgp120 that was slightly above
the cutoff. In addition, 1 Chiron vaccine recipient and 1 Vax-
Gen vaccine recipient had detectable anti-gp140 IgA responses.
However, the same infants also had detectable IgA responses
against gp41 that was not included in the vaccine, suggesting
that the detected gp140 IgA responses were not vaccine elicited.
Notably, high levels of IgA responses mainly directed against
gp41 were detected in HIV-1–infected infants, indicating that
infants are able to mount potent HIV-1 Env–specific IgA re-
sponses following infection. No Env-specific IgA was detected
in ALVAC/AIDSVAX vaccinees.

Induction of Tier 1 Neutralizing Antibody Responses
Finally, we investigated the ability of infant vaccination to in-
duce ADCC and neutralization responses. Comparable frequen-
cies and magnitudes of ADCC responses were observed
between placebo and vaccine recipients following vaccination
(Table 3), indicating that the vaccine regimens did not induce
potent ADCC responses in HIV-1–exposed vaccinated infants.
At 24 weeks of age, the frequency of infants with detectable

neutralizing responses against the tier 1 vaccine strain HIV-1
MN was higher in vaccinees (VaxGen vaccine recipients, 80%
[P = .006]; Chiron vaccine recipients, 72% [P = .03]) than in pla-
cebo recipients (36%), but the magnitude of these responses was
comparable between vaccine and placebo recipients (Table 3).
At 52 weeks of age, neutralization titers were higher among Chi-
ron vaccine recipients, compared with placebo recipients
(P = .02). Only few infants had neutralizing responses against
HIV-1 SF162 that were above the cutoff. No difference in the
frequencies or magnitudes of these responses was observed be-
tween ALVAC/AIDSVAX vaccinees and 326 placebo recipients.

DISCUSSION

The estimated 31% vaccine efficacy achieved by immunization
of heterosexual adults with vcp1521 + AIDVAX B/E in the
RV144 vaccine trial has provided the first opportunity to inves-
tigate immune correlates of protection against HIV-1 acquisi-
tion in vaccinated adults [6, 7]. Analysis of vaccine-elicited
immune responses in this trial identified anti-V1V2 IgG as a
potentially protective immune response [7]. Because of the esta-
blished difference in infant and adult immune systems, we inves-
tigated whether infant vaccination could induce this response,

Table 3. Functional Immunoglobulin G Responses in Human Immunodeficiency Virus Type 1–Exposed Vaccinated Infants

Variable

PACTG 230 PACTG 326

Placebo
VaxGen
Vaccine

P
Value

Chiron
Vaccine

P
Value Placebo

ALVAC/
AIDSVAX

P
Value

ADCC (B. SF162)

Week 24
Subjects, no. 14 40 36 9 6

Median ADCC titer 70 ND 49 .06a 49 61 .95a

Detectable response, subjects, % 64 ND 36 .11b 44 67 .61b

Week 52

Subjects, no. 12 40 43 11 6

Median ADCC titer 49 49 .8a 49 .8a 49 52 .07a

Detectable response, subjects, % 17 15 1.00b 23 1.00 9 50 .10b

Neutralization (B. MN)

Week 24
Subjects, no. 14 40 37 9 8

Median ID50
c 141 110 .8a 187.5 .49a 76.5 105 .86a

Response, subjects, % 36 80 .006b 72 .03b 67 63 1.00
Week 52

Subjects, no. 11 40 43 11 6

Median ID50
c 23 33 .22a 68 .02a ND ND

Response, subjects, % 45 50 1.00 53 .74b 9 17

A P value of < .05 is considered statistically significant.

Abbreviations: ADCC, antibody-dependent cell-mediated cytotoxicity; B. MN, B HIV-1 MN.3; B. SF162, B HIV-1 SF162.LS; ID50, median infectious dose; ND, not
done; PACTG, Pediatric AIDS Clinical Trials Group.
a By the Wilcoxon test, compared with placebo.
b By the Fisher exact test, compared with placebo.
c The median value was computed for responders only.
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using samples from 2 neonatal HIV-1 vaccine trials. Anti-V1V2
IgG responses were elicited in vaccinated infants from both tri-
als, including PACTG 326, in which infants were vaccinated
using an ALVAC/AIDSVAX strategy similar to that used for
RV144 (Figure 3). Surprisingly, one of the gp120 vaccines (the
one developed by Chiron) induced anti-V1V2 IgG responses
>20-fold higher than that elicited in RV144 vaccinees at peak
immunogenicity (Figure 3E ). Because Shen et al reported that
vaccines can induce responses to multiple sequences within
the V1V2 antigens [21], future studies should map the epitope
specificity of the infant response in comparison to that for
RV144 and other vaccines studied in adults. Interestingly, the
Chiron vaccine also induced anti-Env IgG responses detectable
up to 2 years of age in the infants, which was a considerably lon-
ger duration than that for the VaxGen vaccine or ALVAC/
AIDSVAX. It is important to note that the limited differences
in vaccine-elicited antibody responses in ALVAC/AIDVAX vac-
cinees and placebo recipients could be related to the small num-
ber of vaccinees. Differences between vaccine groups could also
be related to the vaccination schedule, rgp120 proteins, or adju-
vants used. Interestingly, certain vaccine regimens, including a
gp120/MF-59 regimen [22, 23], have been reported to induce
antibody responses that persist for years in adults. Induction
of durable antibody responses is an important challenge faced
by the HIV-1 vaccine field [24], so it is encouraging that infant
vaccination can elicit antibody responses detectable >18 months
after vaccination. This suggests that a pediatric vaccine that pro-
tects throughout the duration of breast-feeding is feasible.

In the RV144 immune correlate analysis, vaccinees with high
levels of plasma Env-specific IgA responses had a higher risk of
acquiring HIV-1 than those with low IgA responses [7]. These
Env-specific IgA responses may have interfered with the function
of IgG antibodies directed against the same epitope [25]. Our
study detected only rare, very low level Env-specific IgA respons-
es following vaccination. Because infants are able to mount
potent IgA responses against other vaccines, such as the rotavirus
vaccine [26], this negligible Env-specific IgA response is not due
to an inherent inability of infants to mount IgA responses. Inter-
estingly, strong IgA responses mostly directed against gp41 were
detected in HIV-1–infected infants, similar to the predominance
of anti-gp41 IgA responses in acutely infected adults [27]. Our
results indicate a lower potential for mitigation of vaccine-elicited,
protective Env-specific IgG antibody responses by nonprotective
Env-specific IgA responses in infants.

Maternal antibodies interfere with infant antibody responses
to some vaccines, leading to impaired vaccine responses [5].
Thus, it is critical to investigate the extent to which maternal
antibodies may or may not interfere with infant responses to
HIV-1 vaccines. In our study, there was no association between
maternally acquired and vaccine-elicited anti-V1V2 IgG re-
sponses. This finding is important because to protect the major-
ity of infants from breast milk–mediated HIV-1 acquisition, an

effective HIV-1 vaccine would need to be administered to in-
fants as early as possible. Importantly, it was recently reported
that infant rhesus monkeys develop more rapid and potent
functional antibody responses following simian/human immu-
nodeficiency virus (SHIV) infection when suboptimal levels
of neutralizing antibodies are present at the onset of infection
[28, 29], suggesting that, in some circumstances, preexisting ma-
ternal antibodies could potentiate vaccine-induced responses.
Because it is hypothesized that maternal antibodies inhibit in-
fant responses by masking important epitopes [30], the fine
specificity of maternal and vaccine-elicited HIV-1–specific an-
tibody responses should be further investigated in HIV-1–
exposed, vaccinated infants.

Passive immunization studies in nonhuman primates have
shown that broadly neutralizing antibody responses can protect
animals from SHIV challenge [31], highlighting the potentially
protective role of broadly neutralizing responses. However,
most of the vaccines tested to date, including RV144, have pre-
dominantly induced tier 1 HIV-1 neutralizing activity [32].
Similarly, we detected only tier 1 HIV-1 neutralizing responses
in vaccinated infants (Table 3). The elicitation of this tier 1 neu-
tralizing responses in vaccinated infants suggests that if vaccine
immunogens capable of inducing broadly neutralizing respons-
es in adults are developed, these reagents may also elicit potent
responses in infants. However, we also found that vaccination of
infants did not induce potent ADCC responses, although there
was a trend toward a higher proportion of ADCC responders in
Chiron vaccine recipients, compared with placebos recipients,
at week 24 of age (Table 3). This result suggests that vaccination
of infants may have elicited a short-lived ADCC response that
was masked by the presence of maternal antibodies. It has also
been reported that infants with vertically transmitted HIV-1 in-
fection have delayed ADCC responses [33]. Further investiga-
tions of nonneutralizing antibody responses in the context of
infant HIV-1 infection and vaccination will allow a better un-
derstanding of their role in acquisition of HIV-1 among infants.

It is important to note that while anti-V1V2 IgG antibodies
were associated with lower HIV-1 acquisition risk in the RV144
vaccine trial, this response is not an established mechanism of
protection in adults, and the role of anti-V1V2 IgG in mother-
to-child transmission is unknown. Moreover, no vaccine effica-
cy trial has been conducted in infants to date. Thus, our study
does not establish whether HIV-1 Env vaccination of infants
would have been equally or more efficacious than HIV-1 Env
vaccination of adults. Instead, our results highlight that infants
are able to mount robust HIV-1 Env–specific antibody respons-
es, including against the V1V2 epitope that was an immune cor-
relate of risk in the only efficacious HIV-1 vaccine trial. This
suggests that HIV-1 vaccine candidates should be investigated in
both adults and infants. Definition of protective HIV-1 vaccine–
elicited responses in infants will require inclusion of infants in
future HIV-1 vaccine efficacy trials.
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