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ALVAC-HIV and AIDSVAX B/E
vaccination induce improved immune
responses compared with AIDSVAX B/E
vaccination alone
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The RV144 phase Ill vaccine trial demonstrated that ALVAC-HIV and AIDSVAX B/E administration
over 6 months resulted in 31% efficacy in preventing HIV acquisition, while administration of
AIDSVAX B/E alone in both VAX003 and VAX004 studies failed to show efficacy. In this study,
we aimed to understand the impact of ALVAC-HIV on the development of cellular, humoral, and
functional immune responses compared to the administration of AIDSVAX B/E alone. ALVAC-
HIV in combination with 3 doses of AIDSVAX B/E significantly increased CD4* HIV-specific T cell
responses, polyfunctionality, and proliferation compared with 3 doses of AIDSVAX B/E alone.
Additionally, Env-specific plasmablasts and A244-specific memory B cells were identified with a
significantly higher magnitude in the group that received ALVAC-HIV. Subsequently, data revealed
increased magnitude of plasma IgG binding to and avidity for HIV Env in participants who received
ALVAC-HIV compared with 3 doses of AIDSVAX B/E alone. Lastly, levels of the Fc-mediated
effector functions antibody-dependent cellular cytotoxicity, NK cell activation, and trogocytosis
were significantly increased in participants who received ALVAC-HIV compared with those
receiving AIDSVAX B/E alone. Taken together, these results suggest that ALVAC-HIV plays an
essential role in developing cellular and humoral immune responses to protein-boosted regimens
relative to protein alone.

Introduction

After more than 30 years of clinical testing, a highly efficacious HIV vaccine regimen remains elusive.
With many different platforms and regimens tested, 2 of the first HIV, phase IIb/III, vaccine efficacy
studies conducted were VAX003 (ClinicalTrials.gov NCT00006327) and VAX004 (ClinicalTrials.gov
NCT00002441) (1-4). Both trials targeted populations with a high risk of acquiring HIV infection,
although the routes of exposure in each population differed. VAX003 targeted injection drug users, and
VAXO004 targeting men who have sex with men, bisexual men, and women who were at high risk of
acquiring HIV through sexual contact. The VAX003 vaccine tested was AIDSVAX B/E, which consists
of subtype B MN recombinant gp120 (rgp120) plus subtype E (A244 CRF01 AE) rgp120 adjuvant-
ed with aluminum hydroxide, while VAX004 tested AIDSVAX B/B, containing 2 different subtype B


https://insight.jci.org
https://doi.org/10.1172/jci.insight.167664
https://doi.org/10.1172/jci.insight.167664

. RESEARCH ARTICLE

gp120 proteins: MN and GNES8 adjuvanted in aluminum hydroxide. VAX003 was conducted in Bang-
kok, Thailand, while VAX004 was conducted in the United States, Canada, and the Netherlands. Both
studies had identical vaccination schedules. Unfortunately, the efficacy results of both VAX003 and
VAX004 were dismal, with protective efficacy of 0.1% and 6.0%, respectively. Neither vaccine had a sig-
nificant effect on viral load, CD4"* T cell counts, rates of antiretroviral therapy initiation, or disease pro-
gression, although both resulted in development of antibodies against gp120 components. In VAX004,
the peak antibody responses were significantly inversely correlated with the incidence of HIV (5).

Following those trials, the RV144 phase III trial has since been the only vaccine trial to demonstrate
overall efficacy in preventing HIV infection (6). The RV144 trial administered an ALVAC-HIV (vCP1521)
prime on weeks 0, 4, 12, and 24, with an AIDSVAX B/E protein boost on weeks 12 and 24 or placebo
for both to over 16,000 volunteers at risk for HIV infection at a 1:1 ratio. In a post hoc analysis, efficacy
was 60% at 12 months but declined to 31% after 3 years, indicating that protective immunity may have
waned rapidly (6). Subsequently, the RV306 trial (ClinicalTrials.gov NCT01931358), which administered
the RV144 regimen with additional boosting at varying intervals, showed improvements in quality, mag-
nitude, and duration of cellular, humoral, and mucosal responses (7). Collectively, these results prompted
us to investigate the role that ALVAC-HIV played in the improved immune responses to a protein-based
candidate vaccine. The phase I RV328 clinical trial (ClinicalTrials.gov NCT01933685) evaluated immune
responses to administration of AIDSVAX B/E alone to healthy Thai volunteers, enabling this comparative
study. Therefore, we performed a wide comparative characterization of both cellular and humoral respons-
es, including assessment of the magnitude and polyfunctionality of T cells, Env-specific B cells, and neu-
tralization and Fc-mediated effector functions of antibodies, between RV306 and RV328 study participants.
Overall, including ALVAC-HIV in the vaccine regimen in RV306 led to higher and more polyfunctional
CD4* T cell responses as well as higher humoral responses.

Results

Although the vaccine regimens differ between the 2 studies, the comparison of time points after 3 adminis-
trations of AIDSVAX B/E was chosen due to this specific commonality in each trial, as depicted in Figure
1A. Additionally, in RV306, participants in groups 2 and 3 (who received the identical 4 priming vaccina-
tions and differed only by the inclusion or not of ALVAC-HIV in the last vaccination) were combined due
to the fact that there were no differences between the groups in the primary analysis (7).

T cell responses measured in both studies, after stimulation with HIV-1 peptide pools, were primarily
CD4" mediated and directed against TH023 Env. Without ALVAC-HIV, marginal CD4* TH023-specific
univariate response rates for IFN-y (3%), IL-2 (23%), and TNF-a (7%) were observed after 3 AIDSVAX
B/E vaccinations, with a magnitude of up to 0.07%, 0.13%, and 0.15% of CD4* T cells, respectively (Fig-
ure 1, B-D). In addition to low CD4" T cell response rates and magnitude of responses at the univariate lev-
el, minimal functionality and polyfunctionality scores were observed after AIDSVAX B/E administration
alone (Figure 1, E and F). In contrast, with ALVAC-HIV, CD4* T cell responses were more readily detected,
with IFN-y (34%), IL-2 (39%), or TNF-a (18%) response rates after the primary vaccination scheme with a
magnitude ranging up to 0.9%, 0.46%, and 0.9% of CD4" T cells, respectively. The magnitude of the HIV-
1-specific IFN-y response was significantly higher (P = 0.0051) in the group that received both ALVAC-
HIV and AIDSVAX B/E compared with AIDSVAX B/E alone, while IL-2 and TNF-a expression was not
significantly different between the 2 groups (Figure 1, B-D). A multivariate combinatorial polyfunctional-
ity analysis of single cells (COMPASS) showed that TH023 antigen—specific CD4" T cell functionality and
polyfunctionality scores were significantly higher with ALVAC-HIV than without ALVAC-HIV (Figure 1,
E and F) and comparable to T cell responses seen in RV144 (8). Env-specific (TH023) CD4" polyfunctional
T cells were characterized by the expression of CD154 (CD40L), IFN-y, TNF-a, and IL-2 in participants
who received ALVAC (Supplemental Figure 1; supplemental material available online with this article;
https://doi.org/10.1172/jci.insight.167664DS1). Participants who did not receive ALVAC lacked expres-
sion of CD154. Similarly, using a 5-6-carboxyfluorescein diacetate succinimidyl ester—based (CFSE-based)
proliferation assay, TH023-specific CD4* T cell proliferation was detected in 82% of RV306 participants
who received ALVAC-HIV, while only 39% of RV328 participants receiving AIDSVAX B/E alone showed
proliferation. The median magnitude of proliferation was 3.4% and 0.6%, respectively (Figure 1G).

Next, a B cell ELISpot assay was performed in an effort to characterize the number of HIV-1-specific
B cells secreting IgG. A244 and MN HIV protein—specific plasmablasts trended toward higher levels in the
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Figure 1. RV306 and RV328 study design. (A) Each RV306 participant received ALVAC-HIV and AIDSVAX B/E either alone or in combination at the indicat-
ed time points. RV328 participants received AIDSVAX B/E alone at the indicated time points. Comparative analysis was performed on week 50 for RV306
and week 26 for RV328, coinciding with 3 AIDSVAX B/E protein administrations within each study. Univariate analysis of TH023-specific CD4* T cells
expressing IFN-y (B), IL-2 (C), and TNF-a (D). COMPASS revealed significantly higher functionality (E) and polyfunctionality (F) scores as well as increased
proliferation (G) in CD4* THO23 T cell responses in participants who received ALVAC-HIV. The dotted red line in G indicates the cutoff for positivity. For
functionality and polyfunctionality scores, n = 33 for participants receiving ALVAC-HIV and AIDSVAX B/E and n = 30 for those who received AIDSVAX B/E
alone. For CD4* T cell proliferation, n = 34 for participants receiving ALVAC-HIV and AIDSVAX B/E and n = 26 for those who received AIDSVAX B/E alone.
Data are presented as the median and IQR. Statistical significance was assessed using the Mann-Whitney U test.
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ALVAC-HIV group, with P values of 0.0501 and 0.0861, respectively (Figure 2, A and B). Interestingly,
A244-specific memory B cells were significantly higher in the ALVAC-HIV group (P = 0.0265) compared
with the AIDSVAX B/E-alone group (Figure 2C). MN-specific memory B cell responses were not signifi-
cantly different between the 2 groups (Figure 2D). Additionally, A244- and MN-specific memory B cells
had overall higher frequencies in peripheral blood compared with the frequency of plasmablasts for both
groups (Figure 2).

Plasma IgG antibody binding titers for HIV-1 Env gp120 (A244gD- D11 and MNgD-D11) and V1V2
(gp70V1V2 92THO023 and gp70V1V2 Case A2) antigens were measured by ELISA and expressed as geo-
metric mean endpoint titers (Figure 3, A and B). Participants who received ALVAC-HIV had significantly
elevated plasma IgG binding antibody titers against A244 and MN gp120 proteins (Figure 3A) and gp70
V1V2 92TH023 (Figure 3B) compared with those who received AIDSVAX B/E alone. Plasma IgG anti-
body avidity was then measured via surface plasmon resonance (Biacore) and expressed as K, off-rate (1/s).
In participants who received ALVAC-HIV, the K, off-rate (1/s) was lower than for those who received
AIDSVAX B/E alone, indicating higher avidity for both gp120 A244 and MN (Figure 3C).

Next, we measured plasma neutralizing antibodies using the TZM-bl assay against a panel of tier
1 pseudoviruses (PSVs). There was no significant difference in neutralization titers between the groups
against MW965 and TH023 PSVs (Figure 4, A and B). Neutralization titers against MN and SF162 PSVs
were lower in participants who received ALVAC-HIV compared with participants who did not receive
ALVAC-HIV (Figure 4, C and D). We also investigated the effect of ALVAC-HIV on the generation
of Fc-mediated antibody effector functions. No significant differences were seen in antibody-dependent
cellular phagocytosis (ADCP), antibody-dependent neutrophil phagocytosis (ADNP), or antibody-depen-
dent complement deposition (ADCD) between participants who received ALVAC-HIV or not (Figure
4, E-G). However, participants who received ALVAC-HIV had significantly higher levels of antibodies
mediating trogocytosis (P = 0.004), antibody-dependent cellular cytotoxicity (ADCC) (P = 0.04), and
NK cell activation (P = 0.01), as measured by IFN-y, TNF-a, or MIP-1§ production, compared with
participants who received AIDSVAX B/E alone (Figure 4, H-J). Collectively, these results suggest that
ALVAC-HIV contributed to the development of functional antibodies that might have mediated protective
responses seen in RV144 (9).

Lastly, associations between antibody features were determined using nonparametric Spearman’s cor-
relation coefficient. With ALVAC-HIV, ADCP, ADNP, ADCD, and neutralization titers of TH023 PSVs
had significant associations with total IgG as well as IgG1 and IgG3 subclass titers (» = 0.5 to 0.75) (Fig-
ure 5A). A network analysis was then performed that included all antibody functions and COMPASS T
cell functionality and polyfunctionality scores. This analysis revealed strong associations with T cell poly-
functionality, 4 antibody effector functions, and TH023 neutralization titer in participants who received
ALVAC-HIV (Figure 5B). In participants who received AIDSVAX B/E alone, T cell polyfunctionality was
only associated with ADCC and a separate network emerged with 4 antibody effector functions, TH023
neutralization titers, and binding to IgA.

Discussion

In the RV144 clinical trial, the prime-boost vaccine regimen consisted of a nonreplicating recom-
binant canarypox vector, ALVAC-HIV prime (vCP1521) and AIDSVAX gp120 B/E protein boost.
RV144 demonstrated modest efficacy, while VAX003 and VAX004, which used AIDSVAX B/B and
B/E alone, did not. There may be multifactorial reasons for this discrepancy, such as differences in
risk groups, immunization regimens, immunogens, and antibody responses (10). Recombinant viral
vectors expressing inserted immunogens, such as recombinant canarypox viruses, provide a means of
mimicking viral infection and eliciting both humoral and cell-mediated immunity. Viral vectors can
also be sensed by the immune system and stimulate cytokine production. In the case of ALVAC-HIV,
activation of the cGAS/IFI16/STING/type I IFN pathway leads to activation of the inflammasome,
which has been associated with reduced risk of simian immunodeficiency virus (SIV) infection (11,
12). ALVAC-HIV also leads to activation of the transcription factor CREBI that has been linked to
better recruitment of immune cells to the site of antigen presentation (13). For this reason, we chose
to comprehensively investigate and compare humoral and cell-mediated responses elicited by the
ALVAC-HIV and AIDSVAX B/E late-boosting regimen (RV306) and AIDSVAX B/E alone (RV328)
to better understand the role of ALVAC-HIV.
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Figure 2. Prevalence of HIV Env-specific antibody-secreting plasmablasts and memory B cells. Env-specific IgG-secreting plasmablasts (A and B) and
memory B cells (C and D) in PBMCs were enumerated by a direct ELISpot assay for gp120 A244 (A and C) and MN (B and D). n = 36 for participants receiving
ALVAC-HIV and AIDSVAX B/E and n = 30 for those who received AIDSVAX B/E alone. Dotted red lines indicate the cutoff for positivity. SFC, spot-forming
cells. Data are presented as the mean + SEM. Statistical significance was assessed using Mann-Whitney U test.

In participants who received ALVAC-HIV, COMPASS showed induction of polyfunctional CD4*
T cell subsets that had similar cytokine profiles as seen in RV144, which was associated with decreased
risk of HIV infection (8). Specifically, these subsets were characterized by the expression of CD154
(CDA40L) and IL-2, which are important for CD4* T cell-B cell interactions (Supplemental Figure 1).
Therefore, CD4* T cell subsets may have contributed to T cell help for antibody production. In addi-
tion, CD4* T cell proliferation was superior with ALVAC-HIV versus without. These data suggest that
ALVAC-HIV helped shape the CD4" T cell response and resulted in increased, highly polyfunctional
CD4" T cells and gp120-specific plasmablasts and memory B cells. In combination, these mechanisms
of responses likely contributed to the T cell-B cell interaction, positively impacting downstream anti-
body function and overall humoral responses.

Humoral responses indicated that ALVAC-HIV in combination with AIDSVAX B/E boosts
increased the magnitude and affinity of binding plasma IgG compared with AIDSVAX B/E alone.
Similarly, previous work comparing the magnitude of binding antibody between RV144, VAX(003,
and VAX004 after 2 protein immunizations also reported higher binding antibody against some, but
not all antigens, in RV144 (10). Furthermore, repeated protein immunization in VAX003 and VAX004
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Figure 3. Plasma IgG HIV-1 Env
and V1V2 antibody binding titers
and avidity of antibody-antigen
interaction are significantly
higher with ALVAC-HIV. (A and

B) IgG antibody binding titers for
HIV-1gp120 and scaffolded gp70
V1V2 antigens were measured by
ELISA. Each symbol represents
the average of triplicate measure-
ments for a participant. Geometric
mean antibody titers against
gp120 A244gD- D11 (A, left), gp120
MNgD- D11 (A, right), gp70 V1V2
(92THO023) (B, left), and gp70 V1V2
(case A2) (B, right) are shown.
Each panel graphically displays
geometric mean titers, color-coded
by group. Error bars depict 95%
Cls. Statistical significance was
assessed using the Mann-Whitney
U test with step-down Bonferroni
adjustment. n =190 for partici-
pants receiving ALVAC-HIV and
AIDSVAX B/E and n = 30 for those
who received AIDSVAX B/E alone.
(C) K, off-rate (1/s). A lower K, off-
rate corresponds to higher avidity.
Statistical analysis was performed
using the rank-based nonparamet-
ric 1-way ANOVA (Kruskal-Wallis

H test). The FDR was determined
using the 2-stage step-up method
of Benjamini, Krieger, and Yekutie-
li, with confidence level at 0.05.
ForK, off-rate with A244, n =62
for participants receiving ALVAC-
HIV and AIDSVAX B/E and n = 23
for those who received AIDSVAX
B/E alone. For K, off-rate with MN,
n =58 for participants receiving
ALVAC-HIV and AIDSVAX B/E

and n = 25 for those who received
AIDSVAX B/E alone. Data are
shown as the mean and 95% Cl.

changed the IgG subclass distribution, with decreasing IgG3 and increasing IgG4. In addition, the
ALVAC-HIV with AIDSVAX B/E boost combination had significantly higher levels of antibodies
mediating ADCC, trogocytosis, and NK cell activation. It has been shown that NK cell activation and
ADCC, elicited by an ALVAC-SIV-based regimen, correlated with decreased and delayed risk of virus
acquisition, respectively, in a nonhuman primate study (14). These results suggest that ALVAC-HIV

contributed to the development of functional antibodies that could have mediated protective responses

seen in RV144.
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Figure 4. TZM-bl neutralizing antibody levels and antibody effector function levels after 3 AIDSVAX B/E vaccinations in participants who received
ALVAC-HIV versus participants who received AIDSVAX B/E alone. D against MW365 (A), THO23 (B), MN (C), and SF162 (D) PSVs, with and without

ALVAC-HIV. Each panel graphically depicts 1D,

color coded by group (blue, with ALVAC; black, without ALVAC). Error bars depict 95% Cls. Statistical sig-

nificance was assessed using the Mann-Whitney U test. n = 190 for participants receiving ALVAC-HIV and AIDSVAX B/E and n = 30 for those who received
AIDSVAX B/E alone. Plasma antibody effector activity is shown for ADCP (E), ADNP (F), ADCD (G), trogocytosis (H), ADCC (1), and NK cell activation, as
measured by production of IFN-y, TNF-a, or MIP-1B (J) for participants receiving ALVAC-HIV and AIDSVAX B/E (n = 50) and those who received AIDSVAX
B/E alone (n = 30). Dotted red lines indicate the cutoff for positivity. Data are presented as the median and IQR. Statistical significance determined by
unpaired, nonparametric Mann-Whitney U test.
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Figure 5. Network analysis. (A) Associations between antibody features were determined using nonparametric Spearman’s correlation coefficient.
*P < 0.05, **P < 0.01, ***P < 0.001. (B) Antibody binding (squares, IgG; triangles, IgA) and functions (circles) as well as T cell polyfunctionality
(hexagons) were included in network analysis. Statistically significant associations (P < 0.05) were used to generate networks in Cytoscape (version
3.7.2). Positive associations are shown in red and negative associations are shown in blue. The thickness of the lines represents the strength of

the association (r values). In participants who received ALVAC-HIV, Fc functions vs. binding and neutralization used n = 50, CD4* cell functions vs.
binding neutralization used n = 35, CD4* T cell responses vs. Fc function used n = 16. In participants who received AIDSVAX B/E alone, all network
and association comparisons used n = 30. ADNKA, antibody-dependent NK cell activation.

Despite promoting higher HIV-specific memory B cells, binding antibodies, avidity, and engagement of
some Fc effector functions, participants who received ALVAC-HIV had lower neutralizing titers against 2
tier 1 subtype B PSVs. This is consistent with our previous report showing that the RV144 vaccine regimen
limited the development of broadly neutralizing antibodies after breakthrough infections (15). One possible
explanation is that ALVAC-HIV vaccination shifts the humoral immune response toward non-neutralizing
epitopes. Another possibility is that the difference in timing of the AIDSVAX B/E administration could
contribute to the difference in neutralizing titers.

One limitation of the current study is that study participants who received ALVAC-HIV received more
vaccinations (total of 5) than those without (total of 3). Furthermore, RV306 participants received ALVAC-
HIV both as a prime and together with AIDSVAX B/E boosts. Previous work on the RV305 and RV306 tri-
als suggests that ALVAC-HIV has minimal impact when included in the late boost (7, 16), thus suggesting
that the main contribution of ALVAC-HIV might be during the priming phase.
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In conclusion, the viral vector ALVAC-HIV (vCP1452) together with protein AIDSVAX B/E boosts
significantly increased humoral and cell-mediated responses compared with administration of protein
AIDSVAX B/E vaccinations alone. This comparative study indicates that viral vector priming may be
essential for activating multiple arms of the immune system and generating durable responses when com-
bined with protein boosts. These combined cellular and humoral interactions may be required for protec-
tion against more complex pathogens such as HIV.

Methods

Study design and participants. The RV306 clinical trial (ClinicalTrials.gov NCT01931358) was conducted in
healthy Thai volunteers as previously described (7). In RV328 (ClinicalTrials.gov NCT01933685), healthy,
HIV-uninfected volunteers, at low risk for HIV infection, between 20 and 40 years of age available for fol-
low-up for 18 months were enrolled. A total of 40 volunteers were enrolled, with 30 vaccine and 10 placebo
recipients. AIDSVAX B/E or placebo was administered on weeks 0, 4, 24, and 48. Volunteers were fol-
lowed up until week 74 after enrollment. Contemporary assays were performed on samples obtained from
study participants on weeks, 4, 6, 24, 26, 48, 50, and 72. AIDSVAX B/E, manufactured by Genentech Inc.
for Global Solutions for Infectious Diseases (GSID), is a bivalent HIV gp120 glycoprotein vaccine with
subtype B (MN) and subtype E (A244) proteins absorbed onto a total of 0.6 mg aluminum hydroxide gel at
a combined concentration of 600 pg/mL (300 pg of each antigen) given as a 1 mL intramuscular injection
into the deltoid muscle. AIDSVAX B/E Placebo, manufactured by Hollister-Stier Laboratories LLC for
GSID, is a sterile suspension of 600 pg of aluminum hydroxide adjuvant, given as a 1 mL intramuscular
injection into the deltoid muscle.

Randomization and masking. Randomization for vaccine/placebo was 3:1 in both trials. The PI, study
staff, and volunteers were blinded as to receipt of active vaccine or placebo. The pharmacy staff preparing
the study injections were not involved in the clinical assessment of participants. For all participants, the
volume of injection was consistent.

Procedures. RV306 procedures were previously described (7). In both RV306 and RV328, T cell respons-
es were measured by intracellular cytokine staining (ICS) as previously described (17), and functionality
scores and polyfunctionality scores were calculated via COMPASS (8). Antigen-specific cellular prolifer-
ation was assessed by quantification of CFSE"® CD4* and CD8* T cells and central memory (CD27*C-
D45R0O") and effector memory (CD27-CD45RO*) T cells. Env-specific IgG—secreting plasmablasts and
memory B cells in peripheral blood mononuclear cells (PBMCs) were enumerated by a direct enzyme-
linked immunospot (ELISpot) assay. HIV-1-specific plasma IgG and IgA ELISA antibody responses were
assessed using rgp120 and scaffold proteins. Capture antigens included V1V2 sequences from both subtype
AE and subtype B HIV-1 Env (gp70 V1V2 92TH023 and gp70 V1V2 Case A2), and HIV-1 Env gp120 pro-
teins matched to sequences in AIDSVAX B/E without the gD tag but with an 11-amino acid N-terminal
deletion, represented as gp120 A244gD— D11 and gp120 MNgD- D11. Neutralizing antibodies were mea-
sured by a PSV neutralization assay using TZM-bl cells. Tier 1 neutralization was assessed using a panel of
7 PSVs. Antibody avidity was determined by surface plasmon resonance using a Biacore 4000 as previously
described (18, 19). Innate effector function assays, including ADCC, ADCP, ADNP, ADCD, trogocytosis,
and NK cell activation were performed as previously described (20, 21). Detailed methods for immunoas-
says are available in the supplemental material.

Statistics. The RV328 study enrolled a total of 40 individuals randomized to 30 vaccine recipients and
10 placebo recipients, thus permitting detection of large differences in response rates between the active
regimens (>50 percentage points) with adequate power (80%) across the expected response range for select-
ed assays (i.e., ICS with pl = 0.30, p2 = 0.80). In addition, differences in mean assay levels of approxi-
mately 1.1 standard deviations for the comparison of the 2 regimens were detectable (with power = 80%).
COMPASS posterior probabilities for Env-specific (TH023) CD4" T cells from RV306 and RV328 were
calculated, resulting in polyfunctionality and functionality scores, which were compared between the 2
groups using a Mann-Whitney U test. Plasmablasts and memory B cell ELISpot data were compared using
the Mann-Whitney U test. Binding antibody data were compared using an unpaired, 2-tailed ¢ test. Avidity
data were compared using 1-way ANOVA (Kruskal-Wallis test). Neutralization data and antibody effector
function data were compared using the Mann-Whitney U test. Network analysis associations were deter-
mined using nonparametric Spearman’s correlation coefficient. Statistically significant associations (P <
0.05) were used to generate networks in Cytoscape version 3.7.2 (https://cytoscape.org/).
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Study approval. The RV306 study was approved by ethical review boards at the Walter Reed Army
Institute of Research, Thai Ministry of Public Health, Royal Thai Army Medical Department, Faculty of
Tropical Medicine, Mahidol University, Chiang Mai University, and Chulalongkorn University Faculty of
Medicine. The RV328 study was approved by ethical review boards at the Walter Reed Army Institute of
Research and the Chulalongkorn University Faculty of Medicine. This study was conducted in accordance
with Good Participatory Practice principles (22). All study participants provided written informed consent.

Role of the funding source. The funders of this study had a role in study design and data analysis but
no role in data collection, data interpretation, or writing of the report. The corresponding author had full
access to all the data in the study and had final responsibility for the decision to submit for publication.

Data availability. Study protocol and informed consent documents are available online. Deidentified par-
ticipant-level data and accompanying research resources are available upon request to pubrequest@hivre-
search.org. Distribution of data will require compliance with all applicable regulatory and ethical processes.
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