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Background. Prime-boost regimens comprising ALVAC-HIV (prime) and human immunodeficiency virus type 1 (HIV) Env
(boost) induce HIV-specific neutralizing antibody and cell-mediated immune responses, but the impact of boost schedule and
adjuvant requires further definition.

Methods. A phase 1 trial was conducted. In part A (open label), 19 volunteers received oligomeric glycoprotein 160 from HIV
strains MN and LAI-2 (ogp160 MN/LAI-2) with dose escalation (25, 50, 100 μg) and either polyphosphazene (pP) or alum adjuvant.
In part B, 72 volunteers received either placebo (n=12) or recombinant canarypox virus expressing HIV antigens (ALVAC-HIV
[vCP205]) with different doses and schedules of ogp160 MN/LAI-2 in pP or alum (n = 60).

Results. The vaccines were safe and well tolerated, with no vaccine-related serious adverse events. Anti–gp70 V1V2 antibody
responses were detected in 17 of 19 part A volunteers (89%) and 10%–100% of part B volunteers. Use of a peripheral blood mono-
nuclear cell–based assay revealed that US-1 primary isolate neutralization was induced in 2 of 19 recipients of ogp160 protein alone
(10.5%) and 5 of 49 prime-boost volunteers (10.2%). Among ogp160 recipients, those who received pP were more likely than those
who received alum to have serum that neutralized tier 2 viruses (12% vs 0%; P = .015).

Conclusions. Administration of ogp160 with pP induces primary isolate tier 2 neutralizing antibody responses in a small per-
centage of volunteers, demonstrating proof of concept and underscoring the importance of further optimization of prime-boost strat-
egies for HIV infection prevention.
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A phase 3 trial conducted in Thailand (RV144) provided the
first evidence that an human immunodeficiency virus type 1
(HIV) vaccine could confer protective efficacy. The vaccine reg-
imen consisted of an ALVAC-HIV (vCP1521) prime and a gly-
coprotein 120 (gp120) AIDSVAX B/E boost. The modified
intent-to-treat analysis showed an estimated 31.2% efficacy
after 42 months. However, efficacy was 60% at 12 months, sug-
gesting waning protection that paralleled decay in the humoral
response after vaccination [1, 2]. Infection risk correlated

inversely with the level of plasma immunoglobulin G (IgG) to
the gp120 V1V2 conformational epitope and directly with the
level of plasma immunoglobulin A (IgA) to HIV Envs [3]. IgG
binding antibody responses to scaffolded V1V2 constructs de-
rived from various HIV subtypes and to linear V2 epitopes also
inversely correlate with risk [4–6]. HIV vaccine regimens occa-
sionally induce antibody responses capable of neutralizing resis-
tant tier 2 viruses in the TZM-bl [7] or A3R5 [8] neutralization
assays but not in the peripheral blood mononuclear cell
(PBMC)–based assay [9–11]. Stabilized prefusion Env interme-
diates were shown to elicit autologous but not heterologous
neutralizing antibodies to tier 2 virus following immunization
of rabbits and to a lesser extent in macaques [12], but human
data are not yet available.

Immunization with Env induces robust responses followed
by contraction of circulating antibody and memory B cells
[13]. Adjuvants may augment the magnitude and durability of
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such responses. In guinea pigs, oligometric gp160 from HIV
strains MN and LAI-2 (ogp160 MN/LAI-2) elicited robust an-
tibody responses at doses ranging from 5 µg to 40 µg. Responses
increased significantly with the addition of alum or polyphos-
phazene (pP; Avant Immunotherapeutics, Needham, Massa-
chusetts) [14] adjuvant, and high levels of neutralization
against MN were detected. Similar observations were made in
macaques immunized with 50 µg and 100 µg of ogp160 MN/
LAI-2 (Dr Thomas VanCott, unpublished data). We conducted
a randomized phase 1 clinical trial to assess the safety and im-
munogenicity of ogp160 MN/LAI-2 adjuvanted with either pP
or alum and following priming with live recombinant canary-
pox vector (ALVAC-HIV [vCP205]).

MATERIALS AND METHODS

ALVAC-HIV (vCP205)
ALVAC-HIV (vCP205) is a recombinant canarypox virus con-
taining genes encoding subtype B HIVMN gp120 Env and sub-
type B HIV LAI gp41 Env, Gag, and Pro. Testing of ALVAC
candidate vaccines encoding a variety of different genes provided
no evidence of toxicity in mammals or humans [15–17]. Freeze-
dried vaccine was reconstituted in sterile water, and doses were
administered intramuscularly at 106.42 50% tissue-culture infec-
tive doses (TCID50). ALVAC-HIV placebo consisted of identical
buffer and freeze-drying medium as an active product.

ogp160 MN/LAI-2
ogp160 MN/LAI-2 is a HIV subtype B, CXCR4-tropic Env gly-
coprotein expressed by VV.TG.9150 vaccinia virus on BHK21
cells (Transgene, Strasbourg, France), as described previously
[18]. The placebo control for ogp160 MN/LAI-2 was sterile
sodium chloride. pP is a synthetic polymeric water-soluble adju-
vant whose properties were recently reviewed [14]. Alum is a
widely used aluminum hydroxide–containing adjuvant [19].
Each protein dose contained 0.6 mg of aluminum delivered as
2.4 mg of aluminum hydroxide.

Study Design, Vaccination, and Recruitment
The protocol and informed consent were approved by the
Human Use Review Committee, Walter Reed Army Institute of
Research (WRAIR). All volunteers provided written informed
consent prior to trial activities.

The study design is illustrated in Supplementary Figure 1.
Part A was an open-label dose-escalation study of ogp160,
and part B was a placebo-controlled, randomized, double-blinded
study of vCP205 with various doses of ogp160 in alum or pP. In
both parts A and B, vaccinations were given on days 0, 28, 84,
and 168. There were 14 study visits over 336 days. Volunteers
were healthy, male and female (nonpregnant and nonlactating)
US residents aged 18–55 years at low risk for HIV infection.

Safety Assessment and Clinical Laboratory Evaluations
Volunteers returned 1 week after each vaccination for reactoge-
nicity assessment, adverse event (AE) elicitation, and physical

examination. Safety laboratory evaluations were performed at
11 of 14 study visits, including urine pregnancy tests before
each injection, and on study days 252 and 336. HIV testing was
performed at screening and on study days 0, 168, 196, and 336.

HIV Testing Algorithm
Enzyme immunoassay (EIA) screening was performed using
Genetic Systems rLAV (Biorad Laboratories, Redmond, Wash-
ington). Reactive samples underwent duplicate EIA testing,
using the Vironostika HIV Microelisa System (Organon
Teknika, Durham, North Carolina). All samples underwent
testing by HIV Western blot (Biorad Laboratories) or Cam-
bridge HIV Western blot (Calypte Biomedical, Alameda, Cali-
fornia), with findings interpreted according to the respective
instructions of each kit. HIV nucleic acid tests differentiated
HIV infection from vaccine-induced seroreactivity in Western
blot–positive samples. Plasma was assessed for HIV RNA
by using the Roche Amplicor HIV Monitor Test, version 1.0
(Roche Molecular Systems, Indianapolis, Indiana). PBMCs
from each vaccinated subject were tested with the Roche Ampli-
cor HIV DNA Test, versions 1.0 and 1.5 (Roche Molecular Sys-
tems, Pleasanton, California).

Immunogenicity Assessments
Serum specimens and PBMCs were collected at baseline and at
10 subsequent visits through 6 months after final vaccination.
Immunology assays were performed blinded to treatment allo-
cation at the US Military HIV Research Program and the Duke
University School of Medicine. Proliferative responses were as-
sessed by incorporation of tritiated thymidine into lymphocytes
after incubation with ogp160 MN/LAI-2 and gp160 TH023
LAI-DID Env proteins [1]. Cytotoxic T lymphocytes (CTLs)
were expanded by incubation of PBMCs with recombinant vac-
cinia viruses expressing strain MN env and strain LAI gag and
pol for 14 days. CTL activity was measured by chromium release
(lysis) of autologous transformed B cells expressing strain MN
env, strain LAI gag, or strain pol LAI antigens coincubated with
the expanded CTLs [11]. Binding antibodies to HIV gp120/
gp140 proteins and V1/V2 scaffolds chosen to assess either vac-
cine homologous responses or responses to antigens similar to
those identified to be correlates of risk in RV144 were measured
at days 0 and 182 by a custom multiplex assay as previously de-
scribed [4, 5, 20]. Additional details are presented in the Supple-
mentary Materials.

Neutralizing antibody activity was measured using 4 assay
platforms. Cell line–based assay were used to evaluate replica-
tion competent, cell line–adapted HIV neutralization of CXCR4
and CCR5-using viruses in the H9 assay [7–9], using H9-adapted
MN, and the A3R5 assay [14–17], using A3R5-adapted US1
“G,” respectively. The TZMbl assay [21] was used with 293T-
produced pseudovirus, subtype B US1 and SF162 and subtype
C GS015, to evaluate inhibition of viral entry. Primary cell–
based PBMC assays [21] were used to evaluate primary isolate
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neutralization, using subtype B US1, US4, and BZ167 and sub-
type B/CRF01_AE recombinant CM237. Differences between
assay platforms have been previously described [22]. Sera ob-
tained on day 0 and the day of peak immunogenicity (day
182) were screened at 1:10 dilution; neutralization at day 182
was determined as ≥50% inhibition of viral growth when
using day 0 values as baseline. Sera with neutralizing activity
were further titered in the H9 and A3R5 assays and, in some
cases, the PBMC assay.

Statistical Analysis
Laboratory staff remained blinded to the vaccine regimen during
analysis. The Fisher exact test was used for comparison of pro-
portions of volunteers exhibiting neutralizing antibodies and
lymphoproliferative responses. The significance of association
between HLA alleles and CTL responses was assessed using the
Fisher exact test with the Bonferroni correction. Comparison of
geometric mean titer (GMT) and mean fluorescent intensity an-
tibody responses was performed using a 2-sided Wilcoxon test.
P values of <.05 were considered statistically significant.

RESULTS

Enrollment, Participant Flow, and Demographic Characteristics
A total of 224 prospective volunteers were screened. The most
common reasons for screen failure (n = 123) were volunteer refus-
al (n = 32), abnormal laboratory findings (n = 28), and loss to fol-
low-up (n = 27). Forty-one women and 60 men were enrolled;
36% of volunteers were African American, and 59% were white.
The median age was 40 years (range, 19–55 years), with group
median ages ranging from 32 years (in group 1) to 48 years (in
group 10). Ninety-one volunteers completed vaccination and fol-
low-up. Of 10 volunteers not completing the study, 1 was lost to
follow-up, 5 had protocol deviations, 3 refused further injections
(including 1 placebo recipient), and 2 had other unspecified per-
sonal reasons for withdrawal (Supplementary Figure 1).

Safety and Reactogenicity
Reactions recorded following administration of investigational
product are shown in Supplementary Table 1. Local reactoge-
nicity occurred in 50%–100% of vaccine recipients and 77%
of placebo recipients (P = not significant), without a pattern
correlating to dose or adjuvant administered. Pain, the most
common injection-related event, was reported by 50%–100%
of vaccine recipients and 69% of placebo recipients. Pain was
described as moderate in 22.7%, 24.2%, and 15.4% of subunit,
prime boost, and placebo recipients, respectively, with the re-
maining cases of pain being mild. Swelling at the injection
site occurred significantly more frequently in vaccinees from
groups 5, 6, 9, and 10 (60%, 40%, 39%, and 33%, respectively),
compared with placebo recipients, of whom none experienced
swelling (P < .05 for all comparisons).

A systemic reaction was observed in 50%–100% of vaccine re-
cipients, compared with 62% of placebo recipients; only group 8

(system reaction incidence, 100%) had findings that differed sig-
nificantly from those of the placebo group (P = .041). There was
no specific correlation between reactions and dose or adjuvant
administered. The most common systemic reaction was fatigue,
occurring in 50%–73% of vaccine recipients, compared with
31% of placebo recipients (P = not significant). No volunteers
had a recorded temperature of >37.8°C. Subjective fever was re-
ported at 7 visits by 6 volunteers (6%), all of whom were vaccine
recipients. Fever was categorized as mild in all cases and as pos-
sibly or probably related to vaccine in 3 cases and 1 case,
respectively.

There were no significant differences in frequencies and pat-
terns of AEs between vaccine and placebo recipients (data not
shown). Nine serious AEs were recorded; none were judged to
be related to vaccine. One pregnancy was observed in a placebo
recipient and was electively terminated for personal reasons, but
no pregnancies occurred among vaccine recipients.

Vaccine-Induced HIV Seroreactivity
No positive results of HIV nucleic acid tests occurred at any time
point. All placebo recipients tested seronegative. At week 26, of 10
recipients of vCP205 alone, only 1 had repeatedly reactive EIAs
and indeterminate Western blot results. Of the subunit-only re-
cipients, EIA reactivity was found in 94% (17 of 18); of the 17
with reactive EIAs, Western blot results were positive for 83%, in-
determinate for 11%, and negative for 5%. Of the subjects receiv-
ing the prime-boost regimen, 78% (39 of 50) had repeatedly
reactive EIAs and positive Western blot results, 8% had repeated-
ly reactive EIAs and indeterminate Western blot results, 4% had
repeatedly reactive EIAs and negative Western blot results, and
10% had negative results of both EIAs and Western blots.

Humoral Immunogenicity
Binding Antibody

In part A (Figure 1A), at day 182, responses against ogp160
MN/LAI were not significantly different in magnitude or dura-
bility between groups 1, 2, 3, or 4. In part B (Figure 1B), vCP205
alone (group 5) did not induce detectable responses. Responses
in groups 6–10 were not statistically different at day 182. How-
ever, at study day 336, between-group differences were ob-
served: group 8 had a significantly higher response (GMT,
5276) than both group 6 (GMT, 234; P = .0003, by theWilcoxon
test) and group 10 (GMT, 132; P = .041, by the Wilcoxon test).
At day 182, binding antibody responses to CRF01_AE A244
(Figure 2A) and MN (Figure 2B) gp120 were identified in the
majority of volunteers. Significant differences were not observed
in part A; in part B, groups 6–10 had significantly higher titers
than group 5 (except for A244 gp120 recipients in group 6), and
all groups had significantly higher titers than the placebo con-
trol (except A244 gp120 recipients in groups 5 and 6 and MN
gp120 recipients in group 5).

Anti–gp70 V1V2 IgG responses were detected in 89% of vol-
unteers (17 of 19) in part A and 10%–100% of volunteers in part
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B (Figure 2C). Importantly, significant differences were not ob-
served between groups 7 and 10, which differed only by adju-
vant formulation. IgG responses to CRF01_AE A244 V1V2
were less frequent (47% of responders [9 of 19] in part A and
11%–70% in part B; Figure 2D). No significant differences in
responses were observed after stratification by sex or ethnicity,
with the exception that white vaccine recipients responded sig-
nificantly more frequently to AE.A244 V1V2 than African
American recipients (21 of 87 recipients [24.1%] vs 6 of 33 re-
cipients [18.2%]; P = .01, by the Wilcoxon test).

HIV-Specific Neutralizing Antibody

In the H9 assay, use of H9-adapted MN revealed that titers for
all groups were statistically higher than those for the placebo
control group (Figure 3A). Titers for group 5, which received
ALVAC-HIV only, were statistically lower than those for

group 1 (P = .0186), group 6 (P = .042), and group 9 (P = .018).
In the A3R5 assay, use of A3R5-adapted US1 “G” revealed
that titers for groups 1, 2, 7, and 8 were statistically higher
than those for the placebo control group, for which no response
was observed (Figure 3B). Statistical differences were not ob-
served with respect to ogp160 dose or adjuvant formulation
for either the H9 or A3R5 assay.

PBMC Assay

In part A, ogp160 with pP elicited antibodies capable of neutral-
izing the heterologous subtype B isolate, US1, in 2 of 14 volun-
teers (14.3%) from groups 1–3 (Figure 4). Responses did not
differ significantly by race or sex. In part B, among recipients
of both ALVAC and ogp160 with pP (groups 6–9), 12.5% (5
of 40) had detectable neutralizing antibody to US1 at week
26, with the 80% neutralization titer ranging from 10 to 320.

Figure 1. Binding antibody to oligomeric glycoprotein 160 (ogp160) measured by enzyme-linked immunosorbent assay end point dilution titers per study group. Vaccinations
were given at study days 0, 28, 84, and 168 (arrows). A, Geometric mean titers (GMTs) of anti–gp160-MN/LAI from study part A. No significant differences in GMT were
detected between groups 1, 2, and 3 or between groups 3 and 4 at any time point. B, GMTs of anti–gp160-MN/LAI from study part B. Statistically significant differences were
observed in GMTs at day 336 between groups 6 and 8 (*P = .0003, by the Wilcoxon test) and groups 8 and 10 (**P = .041, by the Wilcoxon test). No samples were assayed from
day 336 from group 7 volunteers.
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Neutralization of US1 was not observed in the placebo controls
or in volunteers receiving ogp160 in alum (groups 4 and 10). By
comparison, neutralizing activity to BZ167, a virus highly
sensitive to neutralization [23], was detected in the majority
of vaccine recipients. Furthermore, 8 vaccinees neutralized
CCR5-tropic CM237, a subtype BB/CRF01_AE recombinant,
and/or US4, a subtype B primary isolate, in the PBMC assay.
Comparisons of groups receiving ogp160 in different adjuvants
revealed that, while similar response frequencies were observed
against highly neutralization-sensitive subtype B viruses,

significantly more-frequent responses to the less neutraliza-
tion-sensitive heterologous primary isolates were observed in
study vaccinees receiving ogp160 in pP, compared with those
receiving alum (12% vs 0%; P = .015; Supplementary Table 2).

To verify the CCR5 primary isolate neutralization detected in
prevaccination and postvaccination sera, all sera showing >40%
neutralization at screening were titered in a PBMC assay. Sup-
plementary Figure 2 shows representative results of serum dilu-
tion assays for 2 prime-boost recipients (subjects BA and BQ)
whose sera neutralized US1 and for 1 subject (subject BO) with

Figure 2. Binding antibody responses against Env antigens measured using a human immunodeficiency virus type 1 (HIV) multiplex assay at day 182. Immunoglobulin G
(IgG) binding antibody units are expressed as mean fluorescent intensities (MFIs). Open circles indicate responses that failed to meet positivity criteria, whereas closed circles
are those that met positivity criteria. For each group, the mean values and 95% confidence intervals are shown. P values comparing vaccine recipient groups were calculated
using a 2-sided Wilcoxon test. Each panel shows results using a different capture antigen: A, A244 glycoprotein 120 (gp120); B, MN gp120; C, gp70 V1V2; and D, AE.A244 V1V2
tags.
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no neutralization. In addition, serum obtained from subject BQ
after vaccination was also able to achieve 50% neutralization
(relative to preimmunization serum) of the US4 heterologous
CCR5 isolate. Supplementary Figure 3 shows results of an intra-
cellular p24 flow cytometry assay of infected cells in plasma
from 1 group 8 volunteer, revealing an average neutralization
level of 94%.

A subset of subjects with neutralization of US1 detected by
either the PBMC or A3R5 assays was screened at a 1:20 dilution
in the TZM-bl assay. Neutralizing antibody to tier 1 subtype B
SF162 pseudovirus was observed in 4 of 19 subjects (21%); no
neutralization was observed to tier 1 subtype B MN pseudovirus

(0 of 19 subjects [0%]), tier 1 subtype C GS015 (0 of 19 subjects
[0%]), or US1 pseudovirus (0 of 88 subjects [0%]).

Induction of CTL Activity

Table 1 shows the overall point prevalence and cumulative fre-
quency of CTL responses for enrolled individuals. No CTL re-
sponses were detected in the placebo group. Cumulative CD8+

CTL responses in part B recipients were observed in 37% of vac-
cinated subjects. At 10 and 22 weeks after the last injection, the
cumulative CTL response rates were 27% (15 of 56 subjects) and
37% (17 of 46 subjects), respectively. Eight of 17 responders
(47%) had CTLs detected at multiple time points. The majority

Figure 3. Neutralizing antibody titers determined using 2 cell line–based neutralization assays. Sera from day 0 and day 182 were serially diluted to generate a 50%
inhibitory dilution (ID50) against H9-adapted MN in the H9 assay (A) and A3R5-adapted US1 in the A3R5 assay (B). Neutralization in the postimmunization sera (day 182)
was determined using the preimmunization sera (day 0) as baseline. Group means are shown; groups with titers significantly higher than the placebo control are marked
with an asterisk. The dotted lines represent the negative cutoffs.

Figure 4. Neutralizing antibody responses against primary human immunodeficiency virus type 1 (HIV) isolates in the peripheral blood mononuclear cell neutralizing antibody
assay. Sera from day 0 and day 182 were screened at a 1:10 dilution; neutralization in the postimmunization sera (day 182) was determined using the preimmunization sera (day
0) as a baseline. The percentages indicate the number of volunteers with positive responses (ie, >50% neutralization) against each virus among those who were tested. Viruses
are designated as highly neutralization sensitive (HNS) or less neutralization sensitive (LNS) to indicates their overall level of neutralization sensitivity. Statistical comparisons
are presented in Supplementary Table 2.
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of CTL responses were directed against Env and Gag. There
were no significant differences between the rates of cumulative
or point response rates in each of the groups, although the num-
ber of data points was small (data not shown).

CTL responses were more often detected in ALVAC-HIV re-
cipients with HLA-A and HLA-B alleles that express the Bw4
epitope (14 of 34; P = .003), which includes HLA-B alleles com-
monly associated with delayed progression to AIDS and vac-
cine-induced CTL responses [24]. No significant associations
between B alleles and vaccine-induced CTL responses were ob-
served in this study. Interestingly, 8 of 16 CTL responders, 6
with a response to Gag and 3 with a response to Env, possessed
the A*03:01 allele (P = .04), which is associated with degenerate
and promiscuous peptide recognition by CTLs and has been
previously shown to restrict vaccine-induced CTL responses
to Env, as well as multiple CTL epitopes in acute and nonpro-
gressive HIV infection [24–26].

T-Cell Lymphoproliferation

Among placebo and vaccine recipients at day 0, 7%–8% had pos-
itive lymphoproliferation responses (data not shown). At week 26,
1 of 12 placebo recipients (8%) had a positive response. Baseline
responses to either envelope product was low (4% responders) for
all of the groups. Responses at week 26 showed immunogenicity
for the protein-only group, with a peak of 60% for the highest
dose (P = .05; Supplementary Table 3). The responses in the
pP-adjuvanted prime-boost groups were higher than those in pro-
tein-only and alum-adjuvanted prime-boost groups, suggesting
a specific effect of the pP adjuvant. ALVAC-HIV alone did not
induce proliferative responses to the vaccine immunogen. Pro-
tein-only groups showed low cross-reactivity to CRF01_AE
(gp160TH023/LAI-DID) envelope, while the prime-boost groups
had a higher percentage of cross-subtype response (Supplementa-
ry Table 3). No responses to the CRF01_AE envelope were detect-
ed in prime-boost groups in which vaccine was adjuvanted with
alum or prime alone (groups 10 and 5; Supplementary Table 3).

DISCUSSION

The vaccines and adjuvants were well tolerated, consistent with
similar regimens [1, 9, 17, 27–29]. Lymphoproliferative HIV Env
specific responses were seen in 53% of ogp160-only recipients
and 57% of prime-boost recipients, respectively. No lympho-
proliferative responses were seen in the ALVAC-HIV–only
group, but we previously reported that gp120-specific CD4+

T-cell lines could be developed from vaccine recipients, which
may reflect the sensitivity of this recall assay [30].The frequency
of CTL responders was modest, and review of several ALVAC-
HIV prime-boost studies suggests that these data are consistent
with the cumulative CTL positivity measured by the chromium
release assay in other studies [11, 27, 31, 32].

Binding antibody responses in ogp160 recipients demon-
strated robust responses with low durability, similar to results
with gp120 adjuvanted in alum [33, 34]. There were no detect-
able differences between pP and alum adjuvants in subunit-only
groups. In contrast, ogp160 administered in prime-boost regi-
mens adjuvanted with pP induced significantly higher end-of-
study responses than alum (fold decrease, 1.1 in group 8 and 94
in group 10), and durability improved with a higher-dose pP-
adjuvanted boost (in group 8), compared with a lower-dose
boost (in group 6). We observed responses against both gp70
V1V2 case A2 and AE.A244 V1V2 tags, both inverse correlates
of risk in the RV144 trial [35]. Taken together with data from
the HVTN505 study (DNA/Ad5) [36], these data provide fur-
ther evidence that induction of anti-V1V2 responses is immu-
nogen dependent [37]. Thus, vCP205 in combination with
ogp160 MN/LAI does not induce a binding antibody duration
desired for pox-protein development, but the durability of re-
sponses in pP regimens, compared with that in alum regimens,
suggests a possible usefulness for pP in future protein-based
regimens.

The vaccine regimens resulted in frequent EIA and Western
blot seroreactivity, similar to other studies [38]. Public health
implementation of these products would require careful

Table 1. Cumulative CD8+ 51Cr-Release Cytotoxic T-Lymphocyte (CTL) Responses in Recipients of ALVAC-HIV (vCP205) With or Without Oligomeric
Glycoprotein 160 From Human Immunodeficiency Virus Type 1 Strains MN and LAI-2 in Alum or Polyphosphazene

Study Day

Point Prevalence, Subjects, Proportion (%) Cumulative Frequency, Subjects, Proportion (%)

Env Gag Pol Any Antigen Env Gag Pol Any Antigen

0 0/56 (0) 0/56 (0) 0/56 (0) 0/56 (0) 0/56 (0) 0/56 (0) 0/56 (0) 0/56 (0)

42 2/53 (4) 0/53 (0) 0/53 (0) 2/53 (4) 2/53 (4) 0/53 (0) 0/53 (0) 2/53 (4)

98 0/56 (0) 4/56 (7) 0/56 (0) 4/56 (7) 2/56 (4) 4/56 (7) 0/56 (0) 6/56 (11)

175 1/56 (2) 1/56 (2) 0/56 (0) 1/56 (2) 3/56 (5) 4/56 (7) 0/56 (0) 6/56 (11)

182 3/59 (5) 5/59 (8) 1/59 (2) 7/59 (12) 5/59 (8) 7/59 (12) 1/59 (2) 11/59 (19)

196 0/59 (0) 2/59 (3) 0/59 (0) 2/59 (3) 5/59 (8) 8/59 (14) 1/59 (2) 12/59 (20)

252 3/56 (5) 4/56 (7) 1/56 (2) 6/56 (11) 8/56 (14) 9/56 (16) 1/56 (2) 15/56 (27)

336 4/46 (9) 5/46 (11) 0/46 (0) 8/46 (17) 9/46 (20) 10/46 (22) 1/46 (2) 17/46 (37)

Point prevalence and cumulative CD8-restricted CTL response data are no. of positive volunteers/total no. of vaccinated volunteers evaluated (%).
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selection of diagnostic algorithms to address the challenges
of discerning vaccine-induced seroreactivity from HIV infec-
tion [39].

The most intriguing finding is detection of neutralizing anti-
body to heterologous, CCR5-tropic HIV measured in the
PBMC-based neutralization assay and supported by reduction
of cell infection in the presence of postvaccination serum. Over-
all, antibody capable of neutralizing at least 1 primary CCR5-
tropic HIV strain was found in 10.2% of prime-boost vaccinees.
Dose-specific responses were not observed in the magnitude or
response rate of elicited neutralizing antibody at peak immuno-
genicity, findings similar to those of another study that evaluat-
ed HIV envelope vaccine [40]. Dosing and regimen may have
influenced the kinetics and durability of the response, but nei-
ther was tested in this analysis.

Neutralization of primary CCR5 isolates was more frequent
in recipients of ogp160 in pP, compared with alum (P = .015).
This suggests that vector priming in combination with a
CXCR4-tropic, T-cell line–derived oligomeric Env subunit vac-
cine boost can induce tier 2 neutralization in a small number of
vaccinees, a response that may be broadened with improved an-
tigen designs [12, 41] and more-potent adjuvants. This contrasts
with previous studies of gp120 Env subunit vaccines [42] and
prime-boost regimens involving monomeric Env boosts [43–
46] that did not induce neutralization to heterologous CCR5
isolates, including US1, in PBMC assays. Sporadic weak neutral-
ization of tier 2 viruses was detected only in Vax004 in TZMbl
and A3R5 neutralization assays [8], but to our knowledge, pri-
mary isolate neutralization in PBMC assays, albeit modest, has
not previously been reported in any other HIV vaccine trial in
humans. Current understanding of mechanisms of neutralizing
antibody induction is insufficient to engineer potently effica-
cious preventive vaccines, although progress toward this goal
is being made [12, 41].

Previous experience with a slightly different CRF01_AE
prime (vCP1521) and with oligomeric but immunodominant
epitope-deleted CRF01_AE gp140 also suggested that the se-
quential prime-boost schedule with pP adjuvant may be associ-
ated with induction of low levels of primary isolate neutralizing
antibody (Victoria Polonis, unpublished data).

Previous studies showed that neutralizing activity may be de-
tectable in PBMC assays but not in the TZM-bl cell-pseudovirus
platform [47] and vice versa. This may be due to differences in
cellular chemokine receptor frequency, to chemokine produc-
tion, or to sequence or structural differences of Env between
PBMC-derived primary isolate and 293T-produced pseudovi-
ruses [8, 21]. In addition, the PBMC assay may detect additional
types of antibody-mediated viral inhibition, such as ADCC, as
multiple cell types are present [48]. Thus, for the evaluation and
prioritization of the advancement of new candidate subunits
and adjuvants, assessment of neutralization by using primary
cell systems in parallel with standardized cell line platforms

may be prudent until correlate(s) of antibody-mediated protec-
tion can be definitively identified [3].

Taken together, the findings suggest that ogp160 subunit
HIV vaccines may induce relevant neutralizing antibody to het-
erologous CCR5 isolates in humans and might assist in the de-
velopment of an immunogen formulated with a potent adjuvant
capable of generating sustainable, high-titer, broadly neutraliz-
ing antibody.

Supplementary Data
Supplementary materials are available at http://jid.oxfordjournals.org.
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questions or comments should be addressed to the author.
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