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Figure 2. Comparison of preinfection neutralizing antibody (NAb) responses among vaccine and placebo recipients as measured with viruses from
trial participants. Plasma samples in Figure 1 were assessed for neutralizing activity against viruses from 27 trial participants obtained at the earliest
available postinfection time point. A, Neutralization response rates and the titers of NAbs. The first 13 viruses from the left are from vaccine recipients
and the second 14 viruses are from placebo recipients. B, Magnitude-breadth (M-B) curves to the vaccine recipient isolate panel and to the placebo
recipient isolate panel (top) and differences in AUC of M-B curves for the placebo and vaccine isolate panels (bottom). Subject-specific and group
averages in M-B plots are shown as light and heavy lines, respectively. All results in A and B were obtained in the U87.CD4.CCR5.CXCR4 assay.
Parallel assessments in the TZM-bl assay were not performed.

(JR-FL) in the TZM-bl assay (Figure 3A). Plasma from placebo

recipients were mostly negative. Plasma obtained from all vac-

cine recipients neutralized HIV-1MN and SF162.LS, with GMTs

of 4931 and 1431, respectively. Moderate to low levels of NAbs

were detected against tier 1 viruses MW965.26, SS1196.1,

Bal.26, Bx08.16, 92BR025.9 and BZ167.12, with GMTs of 263,

134, 48, 44, 34 and 17, respectively. Plasma obtained from a

single vaccine recipient neutralized JR-FL (titer, 24).

Additional assays were performed with serum rather than

with plasma and compared a 1:10 dilution of postimmune

serum (2 weeks after 4th inoculation) to a 1:10 dilution of

corresponding preimmune serum from additional randomly

sampled vaccine and placebo recipients who were uninfected

at the time of blood draw. This method automatically adjusts

for nonspecific activity in corresponding preimmune serum

and thus may be a more stringent measure of true neutrali-

zation. Serum samples were assayed against the 12 tier 2 ref-

erence strains and 8 authentic tier 2 transmitted/founder vi-

ruses. Subjects were randomly sampled to comprise an equal

distribution of blacks and whites of both sexes; this number

was not adequate for statistical comparisons between races and

sexes. Vaccine recipients exhibited weak but statistically signif-

icant neutralizing activity against both sets of viruses (Figure

3B). Transmitted and early founder viruses were slightly less

sensitive to neutralization than the tier 2 reference viruses, but

this difference was not significant ( for vaccine recip-P p .09

ients and for placebo recipients). Overall positive re-P p .53

sponse rates (�50% neutralization) against the tier 2 reference

viruses were 8.3% for vaccine recipients and 0% for placebo

recipients. The positive response rate against transmitted/foun-

der viruses was 0% for both the vaccine and placebo groups.

Association between neutralization of HIV-1MN and of tier

2 viruses. Titers of NAbs against HIV-1MN in vaccine recip-

ients were positively correlated with titers against 4 tier 2 strains

in the U87.CD4.CCR5.CXCR4 assay (6535.3, THRO4165.18,

REJO4541.67, PVO.4; Spearman rank test, ), one ofr 1 0.20

which was significant after FDR adjustment (6535.3; ).r p 0.40

HIV-1MN NAb titers were weakly positively correlated with AUC
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Figure 3. Breadth of preinfection neutralizing antibodies (NAbs) against tier 1 and tier 2 viruses among vaccine and placebo recipients. A, Plasma
samples from 24 randomly selected vaccine recipients and 5 placebo recipients (2 weeks after the fourth immunization, before infection) among the
same 120 trial participants in Figure 1 were assayed against HIV-1MN, SF162.LS, 6 additional tier 1 viruses and 1 prototypic tier 2 virus (JR-FL) in
the TZM-bl assay. Plasma samples were assayed at 8 dilutions starting at 1:20. NAb titers !20 were assigned a value of 10. Results are shown for
vaccine recipients only. Results with placebo recipient plasma were low (SS1196.1, 4 samples with NAb titers of 29–59; MW965.26, 1 sample with
a NAb titer of 31) or negative (all remaining tests). Positive response rate (% of values �50 neutralization) is shown above each scatter plot. B,
Serum samples from additional vaccine and placebo recipients ( each) were tested for neutralizing activity at a 1:10 dilution in the TZM-bln p 20
assay against the 12 subtype B tier 2 reference strains (same as Figure 1A, excluding tier 1 viruses MN and SF162.LS). Many of these same samples
(16 vaccine and 17 placebo recipients) were also assayed against 8 tier 2 transmitted/founder clade B strains (WEAU-d15.410.787, BB1006–11.C3.1601,
BB1054–07.TC4.1499, BB1056–10.TA11.1826, BB1012–11.TC21, 6240.08.TA.4622, 6244.13.B5.4576, 62357.14.D3.4589); sufficient quantities were not
available for all samples to be assayed against this latter panel of viruses. Serum samples before the first inoculation (preimmune) and 2 weeks after
fourth inoculation (before infection) were assayed in triplicate on the same assay plate. Percentage of neutralization was calculated by dividing the
average RLU of preimmune serum by the average RLU of postimmune serum, subtracting this result from 1 and multiplying by 100. For each subject
and each tier 2 panel (12 reference viruses and 8 transmitted/founder viruses), the average of the percent neutralization values across the isolates
in the panel was computed. These averages were compared between the vaccine and placebo groups for each panel with Mann-Whitney tests, and
were compared between the 2 panels with a paired data Wilcoxon signed-rank test. Filled symbols, vaccine recipients; open symbols, placebo recipients.

of M-B curves against the 12 tier 2 reference viruses (r p

and TZM-bl assay; and0.24 P p .025 r p 0.15 P p .16

U87.CD4.CCR5.CXCR4 assay). No significant correlation was

seen between HIV-1MN NAb titers and neutralization of viruses

from trial participants.

Comparison of postinfection NAb responses among vaccine

and placebo recipients. NAbs were assessed in plasma from

14 vaccine recipients and 14 placebo recipients 12–24 months

after diagnosis of infection (prior to antiretroviral therapy). All

subjects received 4 inoculations of either the vaccine or placebo

prior to diagnosis. Results in the TZM-bl assay were published

elsewhere [47]. Results in the U87.CD4.CCR5.CXCR4 assay are

shown in Figure 4. Titers of postinfection NAbs against HIV-

1MN were significantly higher for vaccine recipients than place-

bo recipients in both assays, suggesting the vaccine augmented

the response to HIV-1MN. No significant difference was seen

between vaccine and placebo recipients for NAbs against

SF162.LS, the 12 tier 2 reference strains and the 27 viruses from

trial subjects. Assays with viruses from infected trial participants

included autologous plasma and virus combinations from 2

vaccine and 8 placebo recipients that yielded considerably

stronger neutralization than heterologous combinations. Dif-

ferences among vaccine and placebo recipients were nonsig-

nificant regardless of whether autologous combinations were

included in the statistical analysis.

Comparison of NAb responses among preinfection vaccine

recipients and postinfection placebo recipients. Peak vaccine-

elicited NAb responses in 90 trial participants (2 weeks after

fourth inoculation) were compared with the early response that

arose after infection in 14 placebo recipients (1–2 years after

diagnosis). Results are shown in Figure 5. Titers of NAbs against

HIV-1MN were similar in both cases, whereas titers against

SF162.LS were significantly elevated in infected placebo recip-

ients (GMT 2451 vs 288, in TZM-bl assay; GMT 1006P ! .001

vs 184, in U87.CD4.CCR5.CXCR4 assay). M-B curvesP ! .001

in the TZM-bl assay showed that responses against the tier 2

reference strains were similar among the 2 groups ( ),P p .24

whereas a small but significantly elevated response was seen in

infected placebo recipients using the U87.CD4.CCR5.CXCR4

assay: for all 39 tier 2 viruses (data not shown);P ! .001 P p
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Figure 4. Comparison of postinfection neutralizing antibody (NAb) responses among vaccine and placebo recipients. NAbs were assessed in plasma
samples from 14 vaccine recipients and 14 placebo recipients 12–24 months after diagnosis of infection. All subjects were antiretroviral therapy naı̈ve
at the time of plasma collection. A, Assays with MN, SF162.LS and the subtype B reference panel of tier 2 viruses. B, Assays with viruses from trial
participants. In the top 2 diagrams, the first 13 viruses from the left are from vaccine recipients and the second 14 viruses are from placebo recipients.
Autologous virus/plasma combinations in the middle diagram (neutralization response levels) are indicated by an asterisk. All results in panels A and
B were obtained in the U87.CD4.CCR5.CXCR4 assay. Subject-specific and group averages in magnitude-breadth plots are shown as light and heavy
lines, respectively, and are for the tier 2 viruses only.

for the tier 2 reference strains shown in Figure 5. Thus,.008

the vaccine-elicited response did not exceed the response that

arose after 1–2 years of infection in the absence of vaccination.

Influence of demographic factors on the preinfection neu-

tralizing antibody response in vaccine recipients. NAbs in

the 90 vaccine recipients (2 weeks after fourth inoculation,

before infection) were compared among sex, race (blacks and

whites), and low versus high risk behavior groups. Results in

both assays demonstrated higher titers of NAb against HIV-

1MN and SF162.LS in women than in men (∼2-fold increase

in GMT; ). Additionally, M-B curves showed high-P ! .008

er aggregate responses to the 12 tier 2 reference viruses in
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Figure 5. Comparison of preinfection neutralizing antibody (NAb) responses in vaccine recipients to postinfection NAb responses in placebo recipients.
Plasma obtained from 90 vaccine recipients (2 weeks after the fourth inoculation) and 14 placebo recipients (1–2 years after diagnosis) were assayed
against MN, SF162.LS, and the subtype B reference panel of tier 2 viruses. A, TZM-bl assay. B, U87.CD4.CCR5.CXCR4 assay. Subject-specific and
group averages in magnitude-breadth plots are shown as light and heavy lines, respectively, and are for the tier 2 viruses only.

women than in men ( , TZM-bl assay; ,P ! .001 P p .034

U87.CD4.CCR5.CXCR4 assay) (Figure 6). A nonsignificant

trend toward higher M-B curves was also seen for women

when all 39 tier 2 viruses were considered in aggregate

( ; U87.CD4.CCR5.CXCR4 assay). Race and risk be-P p .073

havior level had no significant effect.

Comparison of tier 2 reference strains and viruses from trial

participants. The tier 2 reference strains were more suscep-

tible to nonspecific neutralization ( for preinfectionP p .004

placebo samples) and to specific neutralization ( forP ! .001

preinfection vaccine samples) (Figure 2B) than viruses from

trial participants. Having a positive response to the reference
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Figure 6. Comparison of preinfection neutralizing antibody (NAb) responses among men and women vaccine recipients ( , evaluated in Figuren p 90
1), as measured with the tier 1 and tier 2 reference strains evaluated in Figure 1. Positive response rates (frequency of positive results at �1:10
plasma dilution), titers of NAbs and magnitude-breadth (M-B) curves were derived from results obtained in the TZM-bl (A) and U87.CD4.CCR5.CXCR4
(B ) assays. Subject-specific and group averages in M-B plots are shown as light and heavy lines, respectively, and are for the tier 2 viruses only.

panel was predictive of having a positive response to the trial

participant panel for postinfection vaccine and placebo samples

(odds ratio, 8.17; ) but not for preinfection vaccineP p .019

samples. Because viruses from trial participants were only as-

sayed in U87.CD4.CCR5.CXCR4 cells, where slightly elevated

NAb responses were detected after infection, the magnitude of

vaccine-elicited NAb response against tier 2 viruses might bor-

der the magnitude required to achieve reproducible results in

the 2 independent assays.

DISCUSSION

We confirm that most vaccine recipients in Vax004 possessed

moderate to high titers of NAbs against HIV-1MN. Moderate
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neutralizing activity was often detected against other tier 1

strains, but only occasional weak neutralizing activity was de-

tected against tier 2 strains. Prior vaccination augmented the

NAb response against HIV-1MN after infection but had little

measurable effect on the postinfection NAb response against

tier 2 viruses. Overall, the vaccine-elicited NAb response was

no better than the relatively weak response that arose after 1–

2 years of infection in the absence of vaccination. Relatively

weak NAb responses against tier 2 strains is consistent with the

lack of protection in this trial.

Vaccine-elicited NAb responses against tier 2 viruses, albeit

weak, were statistically significant (compared to placebo)

against tier 2 Env-pseudotyped reference strains and against

pseudoviruses containing a more recent set of authentic trans-

mitted/founder Envs, suggesting that the reference panel detects

NAbs of interest for vaccines. Both sets of pseudoviruses con-

tained single Env clones, whereas pseudoviruses containing Env

from trial participants were a quasispecies. Greater genetic com-

plexity of the Env quasispecies might account for observed

differences in nonspecific activity and neutralization-sensitivity

when assayed in U87.CD4.CCR5.CXCR4 cells. In both cases,

neutralization of tier 2 viruses was poorly predicted by NAbs

against the HIV-1MN, thus reinforcing the importance of in-

cluding tier 2 viruses when assessing vaccine-elicited NAbs.

Additionally, vaccine recipient plasma appeared more likely to

neutralize Env quasispecies from infected placebo recipients

than from infected vaccine recipients ( ), although theP p .004

small magnitude of this possible effect suggests little if any

biological significance. Beyond Vax004, for efficacy trials with

evidence for positive vaccine efficacy, a larger effect of this kind

could indicate that some circulating viruses are more sensitive

to vaccine-elicited NAbs that blocked their transmission to ex-

posed vaccine recipients. We encourage similar assessments of

NAbs, combined with complementary genetic analyses of the

viruses [48], in RV144 and future trials where measurable pro-

tection is achieved.

Our results are consistent with a previous report [38] show-

ing significantly more elevated titers of NAbs against HIV-1MN

in women than in men (2 times higher GMT in both assays)

and no significant difference in the response between high and

low behavioral risk groups in Vax004. We also observed sig-

nificantly stronger responses in women than in men for NAbs

against SF162.LS and tier 2 reference strains. Contrary to pre-

vious reports [38, 49, 50], we found no significant difference

in NAb responses between blacks and whites. Our results lend

support to a possible effect of sex on the NAb response to

certain HIV-1 vaccines. Additional studies are needed to de-

lineate the nature of this effect.

Modest protection in the recent efficacy trial in Thailand

(RV144) will provide additional opportunities to learn more

about the requirements for effective vaccination against HIV-

1. One way to improve the efficacy of current HIV-1 vaccines

may be to elicit stronger NAb responses against tier 2 strains

of the virus. The magnitude and breadth of neutralization re-

ported here for a nonprotective vaccine should serve as a useful

reference to identify improved vaccine designs.
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