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Background. HVTN 505 was a human immunodeficiency virus type 1 (HIV-1) preventive vaccine efficacy trial of a DNA/
recombinant adenovirus serotype 5 (rAd5) vaccine regimen. We assessed antibody responses measured 1 month after final vaccina-

tion (month 7) as correlates of HIV-1 acquisition risk.
Methods.

Binding antibody responses were quantified in serum samples from 25 primary endpoint vaccine cases (diagnosed

with HIV-1 infection between month 7 and month 24) and 125 randomly sampled frequency-matched vaccine controls (HIV-1
negative at month 24). We prespecified for a primary analysis tier 6 antibody response biomarkers that measure immunoglobulin G
(IgG) and immunoglobulin A (IgA) binding to Env proteins and 2 previously assessed T-cell response biomarkers.

Results.

Envelope-specific IgG responses were significantly correlated with decreased HIV-1 risk. Moreover, the interaction of

IgG responses and Env-specific CD8" T-cell polyfunctionality score had a highly significant association with HIV-1 risk after adjust-

ment for multiple comparisons.
Conclusions.

Vaccinees with higher levels of Env IgG have significantly decreased HIV-1 risk when CD8* T-cell responses are

low. Moreover, vaccinees with high CD8* T-cell responses generally have low risk, and those with low CD8* T-cell and low Env anti-
body responses have high risk. These findings suggest the critical importance of inducing a robust IgG Env response when the CD8*

T-cell response is low.
Keywords.
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The development of a safe and efficacious preventative human
immunodeficiency virus type 1 (HIV-1) vaccine is hindered
by the lack of known correlates of protection (CoPs) against
HIV-1 infection. The identification of vaccine-induced immune
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response biomarkers as CoPs would enable future vaccine trials
to evaluate and rank candidate vaccine regimens based on these
early biomarker measurements before directly assessing efficacy
based on HIV-1 incidence [1-3]. Discovery of correlates of risk
(CoRs) of HIV-1 acquisition in vaccinees contributes to the
identification of CoPs in vaccine trials [1, 4].

So far, only the RV144 trial of the ALVAC-HIV prime and
AIDSVAX B/E boost vaccine regimen has demonstrated protec-
tion against HIV-1 acquisition, estimated at 31.2% at month 42
[5] (36 months after last vaccination). Plasma-binding antibodies
to the HIV-1 envelope glycoprotein V1V2 loop correlated with
decreased risk of HIV-1 infection [6], whereas plasma immu-
noglobulin A (IgA) to specific HIV-1 envelope glycoproteins
directly correlated with HIV-1 risk [6, 7]. The HVTN 505 trial
tested the ability of a vaccine regimen comprising DNA HIV-1
Env, Gag, Nef, and Pol primes followed by a single recombinant
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adenovirus type 5 (rAd5) vector boost carrying trivalent Env
and a subtype B Gag-Pol fusion protein to prevent HIV-1 acqui-
sition in circumcised, Ad5-seronegative men and transgendered
persons in the United States who have sex with men [8]. The
primary efficacy endpoint was HIV-1 infection diagnosed from
month 7 to the final visit at month 24 (18 months after last vacci-
nation). Although the final analysis of vaccine efficacy was com-
pleted early after an interim analysis established lack of vaccine
efficacy, immune response CoRs can be identified for nonefhica-
cious vaccine regimens [2, 3]. In this context, these CoRs might
correspond to markers of intrinsic risk (but the vaccine had no
effect on risk for any subgroup) or serve as tools for identifying
subgroups with negative and positive vaccine efficacy.

Cellular immune responses in HVTN 505 vaccinees revealed
strong inverse correlations between month 7 Env-specific CD8*
immune responses (both magnitude and polyfunctionality) and
subsequent infection risk [9]. Additionally, we found that Env-gp120
sequences from HIV-1-infected vaccinees were significantly more
distant than those from placebo recipients to the vaccine strain
subtype B insert (P = .01); k-mer scanning identified sieve effects
in monoclonal antibody contact sets for the CD4 binding site and
in CD4-induced epitopes [10]. Regarding humoral responses, we
found that the HVTN 505 vaccine regimen elicited a weak response
to the V1V2 loop [8], consistent with the observation that V1V2
immunoglobulin G (IgG) responses correlated with decreased risk
of HIV-1 infection in the RV144 trial and the lack of protection by
the DNA/rAd5 vaccine. In contrast, gp41 IgG antibody responses
were elicited by the DNA/rAd5 regimen [8], whereas the RV144
vaccine lacked the full length gp41 as part of the immunogen.
The DNA/rAd5 regimen also elicited higher antibody responses
to a gp41 protein than to gp120 proteins, which may be partially
explained by preexisting responses to the microbiota [8, 11]. These
data raise a number of hypotheses, including the following: (1) the
gp41 dominant antibody response negatively impacted the protec-
tive immune response; (2) antibody responses different from those
elicited by the RV144 vaccine correlate with infection risk for the
DNA/rAd5 vaccine; (3) antibody responses correlate with infection
risk dependent upon the strong Env-specific CD8" T-cell response
correlate previously identified; or (4) antibody responses had no re-
lationship with HIV-1 infection risk in HV'TN 505. Here we directly
evaluated whether vaccine-elicited humoral immune responses
correlated with HIV-1 risk in HVTN 505.

METHODS

HVTN 505 Trial

All participants in HVTN 505 (ClinicalTrials.gov ID:
NCT00865566) provided written informed consent [8]. The
vaccine regimen is detailed in the Supplementary Material.

Pilot Study of Inmune Responses to Vaccination
In the pilot study, immune responses to vaccination were
assessed 4 weeks after final vaccination (month 7) in 40

vaccinees and 10 placebo recipients as controls to discern
HIV-1-specific vaccine-induced responses. Humoral assays
were also performed on baseline/preimmunization samples
(Supplementary Material).

Laboratory Methods

HIV-1 envelope binding IgG and IgA were determined by bind-
ing antibody multiplex assay [6, 7, 12, 13], linear HIV-1 enve-
lope IgG responses were determined by peptide microarray
[14-16], and antibody-dependent cellular cytotoxicity (ADCC)
assays and neutralization assays were performed [6].

Statistical Methods

Immune response variables were tested as correlates of HIV-1
infection through month 24 using logistic regression methods
[17] (osDesign R package, Comprehensive Archive R Network)
based on data collected prior to study unblinding on 22 April
2013. Statistical significance was evaluated by pseudo likelihood
and sandwich variance estimates. Variables were mean centered
and standard deviation scaled (based on vaccinees). All models
included the following baseline covariates to control for HIV expo-
sure: participant age, race (white vs black vs Hispanic/other), body
mass index, and a behavioral risk score [8]. P values were adjusted
either controlling for false discovery rate [18] or family-wise error
rate (FWER) [19]. Supplementary Material contains details on the
optimization of the primary tier immune response biomarkers.

RESULTS

DNA/rAd5 Immunogenicity
Weperformedanimmunogenicitystudyonapilotsetofvaccinee
samples to evaluate binding antibodies (IgG, IgG3, IgA), linear
IgG responses to cross-clade HIV-1 envelope peptides, ADCC,
and neutralizing antibody IgG responses (Supplementary
Table 1). Env IgG responses were epitope-mapped by peptide
microarray (Supplementary Figure 1). Immunoglobulin G
responses to C1, C1V1, V3, C4, and C5 in the gp120 region
and to linear regions in gp41l were elicited (Supplementary
Figure 1). The C-C loop of the immunodominant region was
deleted in the vaccine envelope sequences; thus, this vaccine
did not elicit linear gp41 responses to this immunodominant
region. However, cross-clade responses to the 5 adjacent lin-
ear region in the gp41 region (QARVLAVERYLKDQQ) and
to a region identified from the virus sieve analysis (C4_427B:
WQEVGKAMYAPPIRGQIRCSS) were elicited; therefore, we
evaluated IgG antibodies to these epitopes in the case-con-
trol study. Immunoglobulin G3 responses were elicited to the
HIV envelope (11%-90% response rate) with very low lev-
els of IgG3 V1V2 (7%-26% response rate). Immunoglobulin
A responses were also elicited (Supplementary Table 1).
There were no significant ADCC responses compared with
placebo and low-level tier 1 neutralizing antibody responses
(Supplementary Table 1).
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Development of Primary Tier Inmune Response Variables
Based on the pilot immunogenicity study, we downselected
immune response measurements and developed a statistical
analysis plan to evaluate HIV-1 antibody immune CoRs in
HVTN 505, consistent with the approach taken in the RV144
[6] and HVTN 505 T-cell [9] correlates studies. To minimize
potential bias, we divided immune response biomarkers into
a prespecified primary analysis tier and an exploratory tier,
without knowledge of participant infection/outcome status.
The criteria for including antibody immune response bio-
markers in the primary analysis tier were the following: (1) sig-
nificant CoR in RV144, (2) hypothesized to be a CoR based on
knowledge of the HVTN 505 vaccine regimen, and (3) > 20%
positive response. Primary variables had to meet criterion (3)
and either criterion (1) or (2) (Supplementary Tables 2 and 3);
only validated or sufficiently qualified immunological assays
were eligible for use. Six antibody immune response biomarkers
were included in the primary tier: IgG_V2 score, IgG_V3 score,
IgG_Env score, IgG binding to gp41, IgG binding to C4_427B,
and IgA_Env score. Each score variable was a weighted combina-
tion of a panel of immune response biomarkers (Supplementary
Material). The weights (given in Supplementary Table 7) were
designed to maximize signal diversity by giving less weight to
biomarkers that are more highly correlated with other biomark-
ers in the panel; such weighting can make the biomarkers more
reflective of cross-reactivity to many HIV-1 variants [6]. In addi-
tion, 2 T-cell immune response biomarkers were included in the

primary tier [9]: CD8_Env (CD8" Env (intracellular cytokine
staining [ICS] polyfunctionality score) and CD4_env (CD4*
Env ICS polyfunctionality score). The CD4 immune response
was in the primary tier in the T-cell correlates analysis, and the
CD8 immune response was an exploratory tier variable found
to be strongly inversely correlated with HIV risk [9].

The 6 primary tier antibody variable scores are illustrated
for cases and controls (Figure 1A-D). To ensure the selected
measurements for the case-control study evaluated unique im-
munological space, we determined the correlations among the
variables. Figure 2 shows the distributions and Spearman rank
correlation coeflicients of the primary tier variables. Correlation
coeflicients ranged from —0.052 to 0.27 between antibody vari-
ables and T-cell variables and ranged from 0.29 to 0.61 between
pairs of IgG_Env, IgG_V2, IgG_V3 and IgG_gp41, and the cor-
relation between CD8_Env and CD4_Env was 0.43.

Analyses of Primary Tier Inmune Response Variables

We first asked whether each primary tier antibody immune
response biomarker was associated with the risk of HIV-1 infec-
tion in a univariate analysis (although all analyses controlled
for potential confounders) (Table 1). Of the 6 primary antibody
measurements, IgG_Env and IgG_gp41 had a P value < .05
and a g value < 0.1. Among all individual antibody measure-
ments that comprised the weighted scores used in the primary
analysis, 6 had a P value < .05 and a q value < 0.1 (Table 1).
These included 4 IgG gp140 responses (group M consensus,
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Figure 1.

Distributions of the 6 primary tier antibody variables in HVTN 505 human immunodeficiency virus type 1 (HIV-1)-infected cases and HIV-1-uninfected controls in

the vaccine group. A, IgG binding to gp120/140 and IgA binding to gp140; (B) IgG binding to V1V2; (C) IgG binding to gp41 and IgG binding to C4_427B; and (D) IgG binding

to V3. Abbreviations: IgA, immunoglobulin A; IgG, immunoglobulin G.
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Figure 2. Distributions of the primary immune response variables for the vaccine group. Histograms of each of the primary response variables are shown on the diagonal
line. Pairwise scatterplots with loess smoothers are shown in the lower left panels. Spearman correlation coefficients that measure the correlations between the corre-
sponding pairs of immune response variables are shown in the upper right panels. Abbreviation: IgG, immunoglobulin G.

subtype C consensus, and vaccine-matched subtype A and C),
IgG to a linear sequence within gp41 (HVTN 505 gp41), and
IgG to subtype AE V1V2. We next determined whether these
antibody biomarkers interacted with the previously identified
CD8* T-cell CoR in this study—that is, whether the associa-
tion between CD8* T-cell CoR and the risk of HIV-1 infection
depended on the levels of antibody biomarkers (Table 1). The
results suggest strong interaction in the same direction between
Env-specific CD8" T-cell polyfunctionality score and IgG_Env,
IgG_V2, IgG_V3 in their association with HIV-1 risk. For
example, the P value for the interaction between CD8_Env and
IgG_Env was <.001, and the adjusted P values controlling for
either false discovery rate (q value) or FWER across 28 inter-
action tests were both .010, suggesting a complex relationship

between infection risk and the immune responses measured by
CD8_Env and IgG_Env (Figure 3). The risk changed with IgG_
Env when CD8_Env was fixed at 1 of 3 representative values
according to the interaction analyses (Figure 3A). Figure 3A
shows that when CD8_Env was low, the risk of infection in vac-
cinees was higher than in placebo recipients and IgG_Env was
inversely correlated with risk of infection; when CD8_Env was
intermediate, the risk of infection was close to the level of risk
in the placebo recipients and was not associated with IgG_Env;
when CD8_Env was high, the risk of infection in vaccinees
was lower than in placebo recipients and IgG_Env was directly
correlated with risk of infection. Figure 3B reverses the role
of IgG_Env and CD8_Env and displays how the risk changed
with CD8_Env when IgG_Env was fixed at 1 of 3 representative
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Table 1. 0dds Ratios of the Primary and Select Exploratory Variables (Univariate Model) and Interactions of Antibody and CD8* Cells

Primary variables

Month 7 variable Univariate? CD8_env Interaction®

OR P value g value R P value g value
19G_Env 0.60 .010 0.063 2.34 .000 0.010
lgG_V2¢ 0.73 129 0.193 2.00 .002 0.028
lgG_V3¢ 0.66 .062 0.124 1.87 .006 0.055
1gG_gp41¢ 0.59 .032 0.095 1.47 .063 0.350
1gG_C4_4278B¢ 117 499 0.5699 1.45 190 0.563
IgA_Enve 1.06 747 0.747 1.28 170 0.563
Exploratory variablesf
Month 7 variable Univariate

OR Pvalue g value
1gG_Cconenv03140CF 0.514 .001 0.021
1gG_ConSgp140CFI 0.579 .002 0.021
IgG_VRC_A_gp140 0.5634 .002 0.021
IgG_VRC_C gp140 0.574 .012 0.074
IgG_C_HVTN505gp41ID 0.578 .010 0.074
IgG_AE.A244V1V2Tags 0.588 .019 0.097

Abbreviations: IgG, immunoglobulin G; OR, odds ratio; R, ratio of odds ratios for the interaction term between CD8_env and the B-cell variable.

aSix univariate analyses were performed in vaccinees, 1 for each primary B-cell variable, to look at the association between risk of infection and immune response while adjusting for clinical
covariates. Pvalues < .05 and g values < 0.1 are in bold. g value: multitesting-adjusted p-values, adjustment occurred on the set of 6 univariate analyses.

"Twenty-eight interaction analyses were performed, 1 for each pairwise combination among the 6 primary B-cell and 2 primary T-cell variables. The 6 interaction results between CD8_env
and the 6 B-cell primary variables are shown here, which also correspond to all interactions with P values < .05 from the entire set of 28 interaction analyses (Supplementary Table 4).

cSignificant inverse or direct correlate of risk in RV144.

dHypothesized to be a correlate of risk in HVTN 505 based on Williams et al (2015) [11].
eSignificant sieve effect in HVTN 505.

fOnly exploratory variables with P < .05 and g < 0.1 are shown.

values according to the interaction analyses. The risk of infec- To examine the robustness of these results to the strong par-
tion was inversely associated with CD8_Env at all 3 levels of ~ ametric model assumptions of logistic regression models, we
IgG_Env, but the strength of association was dependent on the undertook a complementary nonparametric approach. We di-
IgG_Env level, with lower IgG_Env corresponding to stronger ~ vided vaccinees into 9 strata based on low/medium/high CD8_
association (Figure 3B). Env and IgG_Env responses and estimated the empirical risks
A
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Figure 3. Risk functions estimated parametrically from logistic regression models. A, Human immunodeficiency virus type 1 (HIV-1) infection risk of vaccinees (from month
7 through month 24, based on data collected prior to study unblinding) with low, medium, or high CD8_env as a function of the immunoglobulin G (IgG) Env response. The black
line represents the risk of a vaccinee with a low CD8_env (25% percentile) as a function of IgG_env level. The red and blue lines correspond to the risks of vaccinees with
medium (50% percentile) and high (75% percentile) CD8_env, respectively. B, HIV-1 infection risk of vaccinees with low, medium, or high IgG Env responses as a function of
CD8_env. The black line represents the risk of a vaccinee with a low IgG_env response (25% percentile) as a function of CD8_env. The red and blue lines correspond to the
risks of vaccinees with medium (50% percentile) and high (75% percentile) IgG_env responses, respectively. The clinical covariates in the regression model were set to the
following values: median age, median body mass index, median behavior risk, white race. Gray horizontal lines in both panels indicate the risk of a placebo recipient having
the same clinical covariates, as estimated by a logistic model fitted to case—control cohort placebo recipients. Abbreviation: IgG, immunoglobulin G.
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Table 2. Human Immunodeficiency Virus Type 1 Infection Risk of
Vaccinees Estimated Nonparametrically

Table 3. Multivariate Model Selected by a Forward Stepwise Model
Building Process

Month 7 lgG_env Month 7 variable OR 95% ClI P value
CD8 Env Poly Low Medium High CD8.Env.poly 0.26 .15-.45 .000
IgG_Env 1.02 .62-1.68 .936
Low. 0.30 (.19-.45) 0.13 (.05-.29) 0.11 (.03-.32) IgG_V2 195 76-2.04 379
Medlum 0.00 (.00-.09) 0.10 (.03-.25) 0.15 (.05-.36) CD8.Env.poly:lgG_Env 188 111-3.19 019
High 0.00 (.00-.29) 0.00 (.00-.11) 0.00 (.00-.07) CD8.Env.poly:lgG_V2 159 103-2.47 037

Each cell corresponds to 1 stratum of vaccinees formed by crossing CD8_env trichoto-
mized at vaccinee tertiles and IgG_env trichotomized at vaccinee tertiles. In each stratum,
the risk and 95% confidence interval were estimated through inverse sampling probability
weighting. The analysis adjusts for clinical covariates. Risk was calculated from month 7
through month 24, based on data collected prior to study unblinding.

within each stratum, accounting for sampling weights (Table 2).
Because the risks shown in Figure 3 are for subjects of a specific
set of clinical covariate values, whereas the risks in Table 2 are
population-averaged, the risks are not directly comparable be-
tween these 2 analyses; however, the trends can be compared.
When CD8_Env was low, the results of the parametric and non-
parametric analyses corresponded well—that is, risk decreased
as the IgG_Env response increased. When CD8_Env was me-
dium or high, both analyses suggest that the risk of infection did
not decrease as IgG_Env increased.

The IgG_Env variable measures IgG binding antibodies
to gpl120 or gp140. To determine whether similar results are
obtained for the Env V2 region, we repeated the analysis for
CD8_Env and IgG_V2 (FWER-adjusted P value for the inter-
action = .03). The results of this analysis were qualitatively the
same as for IgG_Env in that CD8 response correlated inversely
with CoR independent of IgG responses (against V2) whereas
IgG response correlated inversely with CoR when CD8 response
was low (Supplementary Figure 2, Supplementary Table 5).

To better understand the relationship between risk of infec-
tion and the primary immune response variables, we carried
out forward stepwise model building, which identifies variables
that best predict the study outcome (risk of infection). At each
step, we selected the most significant (by P value) predictor
out of all individual biomarkers and pairwise interactions be-
tween biomarkers not yet in the model. When an interaction
term was evaluated or added to the model, the main effect terms
that make up the interaction were always included. The final
model contained 3 main effects—CD8_Env, IgG_Env, and IgG_
V2—and 2 interactions—CD8_Env x IgG_Env and CD8 score
x IgG_V2 (Table 3). As expected, the estimated ratios of odds
ratios for the interaction terms were attenuated toward 1 com-
pared with when they were studied individually (Table 1). The P
values for both interaction terms were significant (P < .05), sug-
gesting that IgG_V2 captured a signal independent of IgG_Env.

Analyses of Exploratory Tier Inmune Response Variables

We next studied the 31 exploratory tier antibody response bio-
markers, some of which were components of the score variables
studied in the primary tier. Others were additional variables

The candidate variables of vaccinees included pairwise interactions and main effects. At
each step the most significant variable was added. If an interaction term was added, all
components of the interaction term were added as well. The process stopped when no
variable was significant (unadjusted P value < .05) when added to the model. Odds ratio
for main effects (rows 1-3) or ratio of odds ratios for interaction terms (rows 4-5), 95%
confidence intervals, and P values for all immune response variables in the final model are
shown. The analysis adjusts for clinical covariates.

Abbreviations: Cl, confidence interval; IgG, immunoglobulin G; OR, odds ratio.

that did not fit into the primary tier. Although these analyses
were more exploratory, we still computed unadjusted and mul-
titesting-adjusted P values. Additionally, a simple filter of >20%
positivity was applied unless the variable was a component of
a score variable in the primary tier. For each exploratory tier
immune response biomarker, we performed 2 analyses, 1 uni-
variate and 1 including interaction with the Env-specific CD8*
T-cell polyfunctionality score.

Of the 6 antibody variables that significantly correlated with
decreased HIV-1 risk in the univariate analysis (P <.05; g < 0.1),
3 of these antibody variables also had a significant interaction
with CD8_Env (Table 4, bold). There was an interaction be-
tween CD8_Env and IgG_Env for many IgG binding responses
to gp120/gp140 proteins (Table 4). Of the 8 variables comprising
the IgG_Env score (listed in the Supplementary Material), 7 had
interaction P values < .10, 4 had interaction q values < 0.05, and
all estimated interaction term ratios of odds ratios were >1.4.
The same was true for IgG_V2. Of the 4 variables that made
up the IgG_V2 score (listed in the Supplementary Material), all
4 variables had interaction P values < .10, 2 had interaction gq
values < .05, and all estimated interaction term ratios of odds
ratios were >1.4.

Analyses of Baseline gp41 Inmune Response Variables
Immunoglobulin G gp41 responses elicited by the DNA/Ad5
vaccine regimen were reported to be derived from preexisting
antibody responses to the microbiome [11]. In this study, post-
vaccination IgG binding to gp41 was found to inversely correlate
with HIV-1 risk (Table 1). To further investigate the association
between baseline gp41 immune responses and risk of infection,
we pooled samples from the vaccine and placebo arms. For each
immune response variable, we fit 2 logistic regression models,
1 of which included the treatment indicator and 1 of which
did not; both analyses yielded similar results (Supplementary
Table 6). Similar HIV-1 risk was observed across different base-
line IgG gp41 levels (P = .27), indicating that preexisting gp41
reactivity did not predict risk of infection in this study.
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Table 4. 0dds Ratios of All Exploratory Variables (Univariate Model) and Interactions of Antibody and CD8* Cells

Month 7 Univariate CD8 Interaction
Variable OR P value g value R P value g value
I9gG_AEA244V1V2Tags 0.588 .019 0.097 2.798 .000 0.001
1gG_Con6gp120B 0.741 143 0.294 2.656 .002 0.031
1gG_V3A 0.762 187 0.323 2.058 .006 0.041
1gG_C1086C_V1_V2Tags 0.730 151 0.294 2.042 .007 0.041
IgG_Cconenv03140CF 0.514 .001 0.021 2.744 .007 0.041
IgG_ConSgp140CFI 0.579 .002 0.021 2.444 .009 0.041
1gG_V3_M 0.729 .166 0.302 1.830 .009 0.041
1gG_V3B 0.633 .038 0.142 1.935 .015 0.058
19G_VRCBgp140 0.689 .049 0.151 1.774 .037 0.127
1gG_gp70_BCaseA2V1V2169K 0.996 .980 0.980 1.558 .042 0.130
IgA_ConSgp140CFI 1.154 476 0.5695 1.703 .047 0.133
1gG_Bconenv03140CF 0.691 .065 0.168 1.685 .054 0.139
1gG_gp41 0.586 .032 0.140 1.474 .063 0.149
1gG_V3CRF2 0.727 123 0.272 1.555 .076 0.167
1gG_VRCC_avi 0.574 .012 0.074 1.446 .083 0.167
IgG_VRC_A_gp70V1V2 0.827 299 0.442 1.482 .089 0.167
19G_A1conenv03140CF 0.698 .054 0.151 1.609 .091 0.167
1gG_V3C 0.789 224 0.349 1573 105 0.180
IgA_VRC_C gp140 1.105 .630 0.723 1.5643 14 0.187
IgA_VRC_B gp140 1.010 1959 0.980 1.314 164 0.254
1gG_C4_427B 1171 499 0.5695 1.450 190 0.271
IgA_VRC_A gp140 1.025 915 0.978 1.467 192 0.271
IgG_VRC_A gp140 0.534 .002 0.021 1.263 .300 0.400
IgG_ABDM_HVTN505gp41ID 0.662 .041 0.142 0.755 310 0.400
IgA_A1conenv03140CF 1.079 .706 0.782 1.213 .334 0.414
IgG_RV144_C1IgG_BC 0.674 .105 0.251 1.222 .547 0.652
IgA_Cconenv03140CF 0.853 498 0.5695 0.848 .696 0.681
1gG_C_HVTN505gp41ID 0.578 .010 0.074 0.868 .623 0.681
IgA_gp41 1.157 467 0.5695 0.894 .637 0.681
IgA_Bconenv03140CF 1.180 .360 0.507 1.094 .700 0.724
1gG_C1_AE 0.756 225 0.349 0.894 .730 0.730

Thirty-one univariate analyses were performed in vaccinees, 1 for each exploratory B-cell variable, to look at the association between risk of infection and immune response while adjusting
for clinical covariates. Measurements with P value < .05 and g value < 0.10 for the univariate analysis are also listed in Table 1, and those that are also significant for CD8 interaction are in
bold here. Thirty-one interaction analyses were performed, 1 for the interaction between CD8_env and each exploratory B-cell variable. g value: multitesting-adjusted P values, adjustment

occurred on the set of 31 interaction analyses.

Abbreviations: IgG, immunoglobulin G; OR, odds ratio; R, ratio of odds ratios for the interaction term between CD8_env and the B-cell variable.

DISCUSSION

Envelope-specific IgG responses measured after vaccination
significantly correlated with decreased HIV-1 risk in HVTN
505 (Table 1, P=.010). Moreover, envelope IgG responses together
with Env-specific CD8" T cells demonstrated the strongest corre-
lation with HIV-1 risk, indicating that combined levels of multiple
immune responses to HIV-1 could be important for protection.
Specifically, we found that vaccinees with a low level of polyfunc-
tional Env-specific CD8* T cells had their risk modified by their
IgG Env response, such that a higher IgG Env response was associ-
ated with decreased risk, whereas vaccinees with high Env-specific
CD8" T-cell polyfunctionality had low risk regardless of their IgG
Env response. This finding reinforces the previous finding that this
Env-specific CD8 response was strongly correlated with low risk
[9] and indicates that Env-specific CD8" T cells were the domi-
nant independent correlate of risk. Moreover, this result indicates

that the only subgroup of vaccinees with high risk of HIV-1 infec-
tion had low responses for both IgG Env and Env-specific CD8 (ie,
no measureable vaccine “take”), such that in a sense vaccinees had
2 chances of low risk (high Env-specific CD8 or low Env-specific
CD8 combined with high IgG Env).

For the 1 efficacious vaccine regimen to date, V1V2 IgG
inversely correlated with decreased HIV-1 risk, and Env-specific
IgA directly correlated with HIV-1 risk [6, 7]. Interestingly, in
this trial with noneflicacy, the IgG V1V2 response was substan-
tially lower than that observed in the RV144 trial [8]. However,
in vaccinees with detectable V1V2 IgG responses, AE V1V2 IgG
responses correlated with decreased HIV-1 risk (P value < .05;
q value < 0.1) in vaccinees with low CD8" Env polyfunction-
ality scores. The variability of V2 antibody levels was less than
in RV144, with 17% response rate to AE V1V2 IgG compared
with 95% response rate to the same V2 antigen in RV144. This
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observation suggests that V2 antibody levels do not necessarily
need to be high to be a marker of HIV-1 risk, at least in some
contexts. The Env-specific IgA score in this study was different
than that measured in the RV144 study due to the low response
rate of the IgA response to some of the HIV-1 antigens in the
RV144 score. However, there was no evidence that the IgA
responses measured in this correlates analysis associated with
HIV-1 risk.

We previously reported that gp41 protein IgG responses were
elicited by this vaccine regimen [8], that these responses were
higher than antibody responses to gp120 proteins, and that some
of the gp41 antibody response can be derived from preexisting
responses to the microbiota [8, 11]. These findings generated
the hypothesis that gp41 antibodies may divert from a protec-
tive response. We found that baseline responses to gp41 did
not correlate with HIV-1 risk and postvaccination IgG binding
to gp4l was inversely correlated with HIV-1 risk in a univar-
iate model (estimated odds ratio [OR] = 0.59; 95% confidence
interval [CI], .36-0.95) and not correlated in a multivariate
model that included CD8_Env, IgG_Env, and their interaction
(estimated OR = 1.07; 95% CI, .53-2.2), suggesting that there
is no evidence that higher gp41 responses are a marker for an
elevated risk of HIV-1 infection. Moreover, gp41 responses to a
specific linear region in gp41 correlated with decreased HIV-1
risk in the univariate analysis. These results suggest caution in
concluding that gp41 responses are undesirable for candidate
HIV-1 vaccine regimens.

Our result in HVTN 505 that IgG Env response was only
associated with risk in the absence of a CD8 Env response was
consistent across measurement of the IgG Env response to
different targets (gp120, gp140, V2), but not IgG_C4_427B, a
sieve peptide in the CD4 binding site in which sequences from
HIV-1-infected vaccinees were significantly more distant from
the subtype B vaccine insert than those from placebo recipi-
ents (P =.0038) [10]. In this same study [10], we measured the
capacity of these vaccine-elicited IgG responses to mediate anti-
body-dependent phagocytosis of gpl40-coated microspheres
and found that most vaccinees elicited antibody-dependent
phagocytosis with a range of magnitudes. This suggests that fol-
low-up studies to test antibody effector functions as correlates
of risk are warranted.

The correlate result in this study with no overall vaccine effect
on HIV-1 acquisition [9, 20] is consistent with 2 interpretations
that are challenging to discriminate: (1) the vaccine conferred
protection in some subgroups balanced by its increase of HIV-1
acquisition risk in other subgroups; versus (2) the vaccine had
no effect on acquisition risk in any subgroup (ie, like a placebo vs
placebo study), and the correlate merely marked a third under-
lying factor (eg, a measure of differential exposure to HIV-1)
that truly caused the risk gradient. We previously conjectured
that the observed strong sieve effects of the DNA/rAd5 vaccine
favor explanation (1), where the vaccine generally increased

susceptibility to HIV-1 acquisition unless the exposing viruses
were genetically similar to the vaccine strains in the CD4 binding
site, in which case protection was conferred [10]. If (1) is correct,
our findings could indicate that low IgG Env combined with low
CD8" T-cell polyfunctionality marks vaccine-increased risk,
whereas high CD8* T-cell polyfunctionality marks protection.
Further studies that combine cellular and humoral analyses to
the same antigens, including circulating virus sequences at the
time of the trial, will be informative. A finding that the associ-
ations are very strong for HIV-1 infection outcomes with the
sequences matched or very close to the sequence targets of the
immune response, yet are absent for HIV-1 infection outcomes
with the sequences divergent from the sequence targets of the
immune response, may support interpretation (1). Conversely,
a result where the CoRs were independent of the infection out-
come sequences or in the unexpected opposite direction may
support interpretation (2). Explanation (1) is plausible based
on previous data showing increased acquisition risk by an Ad5
vector vaccine [21] and the fact that the correlates analysis con-
trolled for all available HIV-1 behavioral risk factors. However,
unmeasured confounding could make explanation (2) correct;
future experiments are needed to discriminate the explanations
and [if (1) is correct] determine the immune responses respon-
sible for a beneficial versus detrimental vaccine effect on HIV-1
acquisition. The observed interactions between CD8 T cells and
antibodies in this study highlight a potential role for eliciting
both cellular and humoral responses by an HIV-1 vaccine.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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