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In order to boost immune responses in persons in whom highly active antiretroviral therapy (HAART) was
initiated within 120 days of the onset of symptoms of newly acquired human immunodeficiency virus type 1
(HIV-1) infection, we administered vaccines containing a canarypox virus vector, vCP1452, with HIV-1 genes
encoding multiple HIV-1 proteins, and recombinant gp160. Fifteen HIV-1-infected subjects who achieved
sustained suppression of plasma viremia for at least 2 years were enrolled. While continuing antiretroviral
therapy, each subject received at least four intramuscular injections of the vaccines on days 0, 30, 90, and 180.
Adverse events were mild, with the most common being transient tenderness at the vCP1452 injection site. Of
the 14 patients who completed vaccination, 13 had significant increases in anti-gp120 or anti-p24 antibody
titers, and 9 had transient augmentation of their T-cell proliferation responses to gp160 and/or p24. HIV-1-
specific CD8� T cells were quantified using an intracellular gamma interferon staining assay. Among 11
patients who had increased CD8� T-cell responses, seven had responses to more than one HIV-1 antigen. In
summary, vaccination with vCP1452 and recombinant gp160 appears safe and immunogenic in newly HIV-1-
infected patients on HAART.

Administering highly active antiretroviral therapy (HAART)
to human immunodeficiency virus type 1 (HIV-1)-infected in-
dividuals results in a rapid, sustained, and highly significant
reduction of plasma viremia in most patients (23, 58). The
virologic and immunologic consequences of HAART have re-
sulted in a dramatic reduction in HIV-1 infection-related mor-
bidity and mortality (39). However, the existence of latently
infected resting memory CD4� T cells has made the eradica-
tion of HIV-1 infection with HAART alone problematic (6, 15,
59). The goal of eradication may be even more difficult to
attain due to the presence of residual viral replication during
therapy (14, 19, 41, 61). As a result, irrespective of the time of
initiation of therapy, cessation of HAART is accompanied by
a rebound in viremia in days to weeks in most if not all treated
patients (11, 20, 21, 36).

These findings are clear indicators that current HAART
regimens alone are unable to reduce total body viral burden to
levels controllable by host immune responses in the absence of
drug. Given the long-term toxicities of HIV-1 therapies, the
risk of the emergence of drug resistance, and the cost of life-

long HAART, the need to define treatment strategies to limit
drug exposure has become critical.

To achieve durable viral suppression after a finite course of
HAART, alternative treatment strategies are needed. Several
lines of evidence suggest that strong cellular immune responses
contribute to the control of retroviral replication in the ab-
sence of antiretroviral treatment (5, 24, 27, 37, 44, 47, 49).
Therefore, we hypothesized that the use of adjunctive vacci-
nation, if capable of augmenting HIV-1-specific immune re-
sponses, may provide a beneficial virologic outcome in HIV-
1-infected persons treated with HAART who elect to
discontinue therapy.

Studies suggest that an effective HIV-1 vaccine, either ther-
apeutic or preventative, should stimulate broadly reactive hu-
moral and cellular immunity, in particular cytotoxic T-lympho-
cyte (CTL) responses. A number of experimental vaccines
have conferred protective immunity against intracellular
pathogens, such as malaria, by stimulating strong immune re-
sponses in animal models (50, 52). Vaccine strategies directed
against HIV-1 include the use of recombinant proteins, pep-
tides, recombinant bacterial or viral vectors, and DNA (9; NIH
AIDS Vaccine Evaluation Group, posting date 9 September
1999).

Recombinant protein and peptide vaccines are single-com-
ponent vaccines that stimulate either humoral or cellular im-
mune responses, but not both, and thus are not ideal candi-
dates in a therapeutic setting. The bacterial vectors and DNA
vaccines in development were not available for use in seroneg-
ative or seropositive individuals when we initiated this trial.
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However, at the time this trial was developed, limited studies
using earlier versions of the recombinant canarypox viruses
(ALVAC) in combination with HIV-1 envelope proteins had
been performed. It had been demonstrated that this strategy
was safe in uninfected (12) as well as HIV-1-infected individ-
uals (40). Furthermore, these earlier constructs were also ca-
pable of generating some degree of humoral and cellular im-
munity in seronegative individuals (1, 7, 16).

The excellent safety record of ALVAC vaccines is attributed
to their virologic properties. Canarypox viruses belong to the
Avipox genus of the Orthopoxviridae family of DNA viruses.
Although replicating well in avian cells, they do not replicate
productively in mammalian cells (53–56). Despite a self-limit-
ing abortive replication cycle, canarypox vaccine vectors can
efficiently infect antigen-presenting cells and express proteins
encoded by inserted genes under the control of early promot-
ers (13). This may result in sufficient antigenic stimulation to
elicit cellular immune responses.

Several generations of ALVAC vaccines have been designed
and constructed over time to include single or multiple HIV-1
genes (35). The vector used in the current study, vCP1452, is a
third-generation ALVAC vaccine, which includes not only
multiple HIV-1 genes and a number of HLA-A2-restricted
CTL epitopes from both the Pol and Nef regions of HIV-1, but
also two vaccinia virus-derived antiapoptosis genes to enhance
protein expression in mammalian cells. We therefore selected
this recombinant vaccine to be the cornerstone of our vaccine
strategy.

Here, we describe the first safety and immunogenicity study
of the novel recombinant vCP1452 in combination with recom-
binant gp160 in 15 newly HIV-1-infected patients who were
treated with HAART and achieved durable viral suppression
for a minimum of 2 years. To determine levels of vaccine-
induced CD8� T-cell-mediated HIV-1-specific immune re-
sponses, we developed an assay that used both the property of
cytokine production from stimulated T cells and an objective
gauging instrument, fluorescence-activated cell sorting
(FACS), as a read-out. This assay is detailed below. We believe
this pilot study establishes the scientific rationale for future

investigations combining therapeutic vaccines and HAART as
a strategy to treat HIV-1 infection.

MATERIALS AND METHODS

Patients. Individuals included in the vaccine study were diagnosed and treated
within 120 days of the onset of symptoms of acute HIV-1 infection. Treatment
included zidovudine and lamivudine in combination with ritonavir, indinavir,
ritonavir/saquinavir, or abacavir/amprenavir (Table 1). Inclusion criteria re-
quired participants to have sustained levels of plasma HIV-1 RNA below the
detection level of 50 copies/ml (less than one detectable HIV-1 RNA determi-
nation per treatment year). All vaccine recipients were born prior to 1972 (latest,
1967) and had received previous vaccination with vaccinia virus. Subjects were
treated for 983 days on average (range, 807 to 1,225 days); their CD4 counts were
779 on average (range, 449 to 1,311/�l) (Table 1). In addition, their HLA-A, -B,
and -C loci were determined by using sequence-specific primers according to
published methods (10, 38) (Table 1). All studies were approved by the Rock-
efeller University Institutional Review Board and conducted in accordance with
good clinical practices. Written informed consent was obtained from all study
participants.

Vaccines and vaccination schedule. Each patient received at least four vacci-
nations at days 0, 30, 90, and 180. Each vaccination included 107 50% tissue
culture infective doses of ALVAC vCP1452 and 50 �g of recombinant gp160
(rgp160), both kindly provided by Aventis Pasteur (Lyon, France). The recom-
binant canarypox virus ALVAC vCP1452 expresses the products of several
HIV-1 genes, including gp120, expressed by a part of the env gene of the HIV-1
MN strain, and the anchoring transmembrane region of gp41 of the HIV-1 LAI
strain; the p55 polyprotein expressed by the gag gene of the HIV-1 LAI strain: a
portion of the pol gene sufficient to express protease activity from the HIV-1 LAI
strain in order to process the p55gag polyprotein; and genes expressing peptides
from pol and nef known to be HLA-A2-restricted cytotoxic T-cell lymphocyte
epitopes. Two vaccinia virus-derived coding sequences are also incorporated in
the recombinant virus to improve RNA translation and the expression of HIV-1
gene products.

The recombinant vaccine virus was grown on pathogen-free chicken embryo
fibroblasts, and the vaccine was suspended in a solution of serum-free, antibiotic-
free culture medium containing virus stabilizers and lyophilized. The recombi-
nant gp160 is a hybrid glycoprotein consisting of gp120 from the HIV-1 strain
MN and gp41 from the HIV-1 strain LAI.

Vaccines were given intramuscularly in the forearm (ALVAC on the left,
rgp160 on the right). After each vaccination, patients were observed in the clinic
for 30 min for potential side effects. In addition, either a physician or a nurse
contacted all vaccine recipients within 72 h of each vaccination to document any
adverse events. Subjects were followed weekly for 2 weeks following the first
vaccine and 1 week after each subsequent vaccination. HAART was continued
throughout the vaccination period. Patient diaries were also provided to record
adverse events.

TABLE 1. Patient characteristics

Subject no.
Time from onset of

symptoms to
treatment (days)

Baseline findings

Treatmenta Duration of HAART
(days)

HLA types

HIV-1 RNA
(log10)

CD4� T cells
(cells/mm3) A1 A2 B1 B2 C1 C2

313-2 90 3.9 564 A 1,182 2 2 15 39 3 12
313-7 90 5.0 534 A 1,070 33 70 14 56 3 8
900 120 4.1 609 D 974 1 4 7 9 7 7
904 60 4.4 689 D 1,066 11 23 15 59 3 3
905 60 5.1 954 D 927 3 31 13 36 6 8
908 80 4.4 307 D 962 16 69 39 50 7 7
918 9 6.2 1,121 D 867 1 33 8 36 4 8
921 30 5.6 311 D 825 1 1 8 8 7 7
1306 30 5.3 546 B 817 2 2 13 56 3 7
1308 9 6.2 432 B 1,038 2 32 40 42 2 18
1309 90 4.2 500 B 807 2 30 18 45 5 5
1310 120 4.0 387 B 1,020 3 24 56 58 7 19
2001 60 4.6 290 C 1,225 1 3 35 52 4 16
3002 60 5.0 459 C 992 1 2 15 38 3 7
Mean � SD 65 � 36 4.9 � 0.8 550 � 240 984 � 129

a A, zidovudine (ZDV), lamivudine (3TC), and ritonavir (RTV); B, ZDV/3TC/indinavir (IDV); C, ZDV/3TC/RTV/saquinavir; D, ZDV/3TC/abacavir/amprenavir.
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Virologic determinations. Longitudinal plasma HIV-1 RNA levels were mea-
sured using a reverse transcription PCR (Amplicor HIV-1 Monitor Ultra Sen-
sitive; Roche Molecular Systems, Inc., Alameda, Calif.) that has a lower limit of
detection of 50 HIV-1 RNA copies/ml.

Detection of antibody responses. Levels of plasma antibody to HIV-1
gp120JRFL (Progenics, Tarrytown, N.Y.) and p24SF2 (Chiron, Emeryville, Calif.)
proteins were detected using a standard enzyme-linked immunosorbent assay
(ELISA) protocol as described previously (4).

Lymphocyte proliferation assay. The proliferative responses of peripheral
blood mononuclear cells (PBMC) were measured using a standard [3H]thymi-
dine (DuPont NEN, Boston, Mass.) incorporation assay as described (48). The
concentration of HIV-1 antigens used for stimulation was 5 �g/ml for both
HIV-1 gp160LAV and p24NY5 (Protein Sciences, Meriden, Conn.).

ICS. For intracellular cytokine staining, aliquots of 0.5 � 106 to 1 � 106

cryopreserved PBMC from patients were infected with recombinant vaccinia
viruses expressing HIV-1 Env, Gag, Pol, Nef, or control Eco antigens (Viroge-
netics, Troy, N.Y.) at a multiplicity of infection (MOI) of 2.0 for 18 to 20 h at
37°C. Then 10 �g/ml of brefeldin A (Golgiplug; PharMingen, San Diego, Calif.)
was added during the last 5 h of incubation. The cells were stained with anti-
CD3PE, -CD4APC, and -CD8PerCP (Becton-Dickson, San Jose, Calif.) anti-
bodies for 30 min at 4°C. After washing, cells were permeablized with CytoFix/
Cytoperm solution (PharMingen, San Diego, Calif.), then stained intracellularly
by an anti-gamma interferon (IFN-�)-fluorescein isothiocyanate antibody
(PharMingen, San Diego, Calif.) before being analyzed using a FACScalibur flow
cytometer.

The FACS data were analyzed with CellQuest (Becton Dickinson, San Jose,
Calif.) software by first gating on small CD3� T cells followed by analysis of the
CD8�- and IFN-�-staining cell populations. The results were expressed as the
percentage of CD8� T cells producing IFN-�. In the initial 195 consecutive
assays in 43 HIV-1-infected individuals, the negative control antigen Eco stim-
ulated 0.02 � 0.03% of CD8� T cells to produce IFN-�, whereas 5 �g of of the
positive control superantigen, staphylococcal enterotoxin B (SEB), per ml stim-
ulated between 1 and 20% of the CD8� T cells to produce IFN-�. Based on these
preliminary experiments, 0.05% of IFN-�-producing cells was determined to be
significantly above the background and considered a positive value.

RESULTS

Safety of vCP1452. Fifteen subjects who satisfied the entry
criteria and gave informed consent were consecutively enrolled
from various studies of HAART during early and acute HIV-1
infection conducted at the Aaron Diamond AIDS Research
Center. A total of 62 vaccinations were administered to 15
subjects. One subject was lost to follow-up after two vaccina-
tions and was excluded from all subsequent analyses except for
safety assessments. The vaccine recipients were mainly Cauca-
sian males, infected sexually, and symptomatic for 9 to 120 days
before initiating treatment.

On average, CD4� T cells increased by 246 cells/�l, and
levels of HIV-1 RNA fell 3.2 logs to undetectable levels during
a mean of 984 days of treatment with HAART (range, 807 to
1,225 days) (Table 1). Each patient received at least four vac-
cinations on days 0, 30, 90, and 180. ALVAC vCP1452 and
rgp160 vaccines as described above were given intramuscularly
in the left and right upper forearms, respectively. Two subjects
received a fifth vaccination (313-2 and 1306) on day 270. Sub-
ject 313-7 received additional vaccinations on days 270 and
340. All vaccine recipients were given the option of continuing
HAART with or without additional vaccinations at 90-day in-
tervals as well as elective discontinuation of antiviral therapy at
least 7 days following their fourth or final vaccination.

Transient tenderness in the left arm at the ALVAC 1452
injection site, without swelling or redness, was the most com-
mon adverse event reported, occurred in 36 of 62 (58%) vac-
cinations, and was reported at least once in all 15 subjects. One
episode of low-grade fever between 99 and 100°F occurred in

4 of 62 (6.4%) vaccinations in four subjects. Mild transient
headache occurred in 4 of 62 vaccinations in four subjects.
Headache and low-grade fever elevation did not occur concur-
rently. All adverse events were mild and of short duration and
resolved either without therapy or after treatment with ibupro-
fen or acetaminophen.

Virologic parameters and levels of CD4� T cells changed
minimally during vaccination. Prevaccination plasma viremia
levels in all study subjects fell below the detection limit of 50
copies/ml within 6 months of initiating HAART. All subjects
experienced less than one episode of measurable viremia per
treatment year during the subsequent 20 to 40 months before
receiving the first vaccination.

During vaccination, occasional episodes of low-level viremia
were observed in four patients (900, 908, 1306, and 3002) (Fig.
1). Viremia in subject 900 was due to admitted nonadherence
to the HAART regimen and occurred late in the course of
vaccination. An unexplained period of plasma viremia of 100
copies or less appeared 4 weeks after subject 908 received the
first vaccination. Despite receiving subsequent vaccines,
plasma viremia returned to undetectable levels within 1 month
and remained so for the duration of the vaccine study. Subject
3002 had low-level viremia temporally associated with the sec-
ond vaccination. Subject 1306 had one isolated viremic episode
of 85 copies/ml during the 3-month interval between the third
and fourth vaccinations that was temporally unrelated to ob-
served vaccine-induced immune responses.

There was no apparent detrimental effect on CD4� T-cell
counts associated with vaccination. In fact, levels of CD4� T
cells were generally maintained in all vaccine recipients (Fig.
1). There were no significant changes in lymphocyte subsets or
markers of activation during the study period. Both CD45-
RA� and -RO� cells increased from a baseline of 261 and 491
cells to 329 and 542 cells/�l, respectively. The activation status
of CD4� T cells, as measured by HLA-DR and Ki67 expres-
sion, varied little pre- and postvaccination (data not shown).

Vaccination boosted HIV-1 binding antibody production.
The binding antibody responses to HIV-1 Gag-p24 and Env-
gp120 were monitored longitudinally. All except one patient
(921) had a 0.5 to 2 log increase in anti-gp120 antibody levels
postvaccination. In addition, three patients (313-2, 313-7, and
2001) had a marked increase (1.0 � 0.3 log) in anti-p24 re-
sponse (Fig. 2, Table 2). The heightened anti-p24 response in
these subjects was temporally associated with a significant aug-
mentation of the T-cell proliferative response to the same
antigen (Fig. 3). Of note, the antibody levels generally reached
a plateau after the second or third vaccination (Fig. 2). Subject
921 not only failed to mount a humoral response to vaccination
but exhibited an unexplained precipitous drop in the level of
anti-gp120 antibody postvaccination (Fig. 2). Levels of anti-
body to gp120 in subject 918 increased more than 2.0 log
shortly after the first vaccination but also exhibited a rapid
decline. This individual did not develop a humoral response to
subsequent vaccinations (Fig. 2).

To determine whether neutralizing antibodies to laboratory
strains of HIV-1 were induced by vaccination, five plasma
samples from two subjects (313-2 and 1309) were used in
neutralization assays against a CCR-5-using virus, JR-CSF,
and a CXCR-4-using virus, NL4-3. Neither subject exhibited
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neutralizing activity at any time point postvaccination (data not
shown).

Transient T helper cell responses were induced by vaccina-
tion. HIV-1-specific T helper cell activity was examined using
a standard lymphocyte proliferation assay with freshly isolated
PBMC (48). Eight vaccinated subjects (313-2, 313-7, 900, 904,
908, 1308, 1309, and 3002) had early, transient elevations of
anti-gp160 responses that returned to baseline levels soon after
the initial peak. Gag-p24-specific T helper cell responses were
briefly augmented in eight vaccine recipients (313-2, 313-7,
900, 905, 908, 1308, 1309, and 3002) (Fig. 3, Table 2). Seven of
these eight patients also had Env-gp160-specific T-cell prolif-
erative responses, and two of them (313-2 and 313-7) had
strong anti-p24 antibody responses. Of note, the p24- and
gp160-specific responses were boosted for a second time in
three subjects (904, 1308, and 1309) with further vaccination,
but were not sustained (Fig. 3).

Quantifying the number of virus-specific IFN-�-producing
CD8� T cells using intracellular cytokine staining. At the time
of study initiation in 1998, we decided to explore the possibility
of developing an assay that used both the property of cytokine
production from stimulated T cells and an objective gauging
instrument, FACS, as a read-out. This assay, called intracellu-
lar cytokine staining, is illustrated by the following example.

Cryopreserved PBMC from an HIV-infected patient were
stimulated with recombinant vaccinia virus expressing various
HIV-1 or control antigens for 18 to 20 h at 37°C. Then 10
�g/ml BFA was added for the last 6 h of incubation. The cells
were first stained with anti-CD3, -4, and -8 antibodies and then
stained with an anti-IFN-� antibody and subjected to analysis
by FACS. During the analysis, we gate on the CD3� small
lymphocyte and display a two-dimensional density plot of CD8
versus IFN-�.

As shown in a typical experimental result (Fig. 4a), only
0.02% of CD8� T cells produced IFN-� in response to stimu-
lation with a non-HIV antigen (Eco). In the positive control
samples stimulated with SEB, 9% of the total CD8� T cells
produced IFN-�. The range of IFN-� produced by HIV-1
antigenic stimulation lies between the positive and negative
controls. Env, Gag, and Pol/Nef stimulated 0.16%, 0.10%, and
0.58% CD8� T cells, respectively, while Pol stimulated mini-
mal IFN-� production in this patient (Fig. 4a).

To determine if this newly developed intracellular cytokine
staining assay was suitable for the study of HIV-1-specific
CD8� T-cell responses in HAART-treated patients, we per-
formed this assay on samples from a large number of such
individuals. We performed 195 assays for 43 patients and
found that the negative control antigen Eco stimulated 0.02 �

FIG. 1. Virological and immunological changes observed during vaccination. The plasma HIV-1 RNA levels (circles) and CD4 counts
(triangles) of each patient were assessed longitudinally. Each panel represents results for one patient, and the arrows indicate days of vaccination.
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0.03% of CD8� T cells to produce IFN-�, whereas 5 �g/ml of
the positive control superantigen, SEB, stimulated between 1
and 20% of the CD8� T cells to produce IFN-� (data not
shown). Based on these preliminary experiments, 0.05% (mean

� 1 standard deviation) of IFN-�-producing cells was deter-
mined to be significantly above the background and considered
a positive value.

Persistent HIV-1-specific CD8� T-cell responses were in-

FIG. 2. Vaccination boosted binding antibody responses to HIV-1 antigens. The levels of anti-gp120 (circles) and anti-p24 (squares) antibodies
in plasma were quantified using a standard ELISA and are expressed as a midpoint antibody titer.

TABLE 2. Immune responses after vaccination

Subject no.
Antibodiesa Stimulation indexb Specific CD8� T cellsc

Anti-p24 Anti-gp120 Anti-p24 Anti-gp160 Gag Pol Env Pol/Nef

313-2 �� �� �� �� � � � �
313-7 � �� �� �� � � � �
900 � �� �� �� ��� �� ��� ���
904 � �� �� � �� � � �
905 � �� � � � � � �
908 � �� �� �� � � � ��
918 � ��� � � � � � ��
921 � � � � � � � �
1306 � � � � � � � �
1308 � �� � � � � � �
1309 � �� � � � �� � ��
1310 � � � � �� � � �
2001 � � � � �� � � �
3002 � � �� � � � � �

a Antibody titer increase: �, �0.5 log; �, between 0.5 and 1.0 log; ��, between 1.0 and 2.0 logs; ���, m more than 2.0 logs.
b T-cell proliferation stimulation index increase: �, �5; �, between 5 and 20; ��, between 20 and 100; ���, more than 100.
c IFN-�� CD8� cell increase: �, �0.05%; �, between 0.05 and 0.10%; ��, between 0.1 and 0.5%; ���, more than 0.5%.
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duced by vaccination in the majority of patients. The CD8�

T-cell responses to vaccination were quantified longitudinally
(Fig. 4b). Seven subjects (1306, 1309, 900, 904, 908, 921, and
2001) had an elevation in CD8� T-cell responses to more than
one HIV-1 antigen. Four subjects (313-7, 905, 918, and 1310)
had a measurable response to a single antigen, and the remain-
ing three patients (313-2, 1308, and 3002) had no appreciable
response to any antigen (Table 2). Cumulatively, 11 of 14
(78%) subjects had an increase in CD8� T-cell responses to at
least one HIV-1 antigen.

Most patients who had a response recognized Gag (7 of 14)
or Pol (5 of 14), and less frequently Env (2 of 14). Although
more patients (8 of 14) responded to Pol/Nef, we cannot de-
termine whether Pol or Nef was recognized. However, two
patients (1310 and 918) recognized Pol/Nef but not Pol, sug-
gesting that Nef epitopes in the ALVAC vaccine stimulated
CD8� T-cell responses in at least a small number of partici-
pants. It is important to observe that these vaccine-induced
HIV-1-specific CD8� T-cell responses persisted throughout
the vaccine study period.

HIV-1-specific CD8� T-cell responses in these vaccine re-
cipients were also analyzed using a major histocompatibility
complex class I tetramer containing the A2/Gag and A2/Pol
peptides as described (36) in five HLA-A2-positive individuals
(313-2, 1306, 1308, 1309, and 3002) included in this study. In
two patients (1306 and 3002), whose total number of Gag-
specific CD8� T cells increased after the vaccinations, the
A2/Gag tetramer-staining cells increased twofold (0.04 to
0.08%). There were similar increases in the number of A2/Pol
tetramer-staining cells (0.04 to 0.09%) in another patient
(1309) whose Pol-specific CD8� T cells were augmented after
vaccination (data not shown).

DISCUSSION

In this therapeutic vaccination study, we evaluated the safety
and immunogenicity of vCP1452 plus recombinant gp160 in 15
HIV-1-infected patients who were diagnosed and treated
within 120 days after the onset of symptoms of newly acquired
HIV-1 infection. Fourteen subjects completed the vaccination

FIG. 3. Transient elevation of T helper cell responses was achieved by vaccination. T-cell proliferative responses to HIV-1 gp160 (circles) and
p24 (squares) were measured using freshly isolated PBMC from each patient. The results are expressed as stimulation indexes, where control
antigen stimulation was given a value of 1.
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trial and have been assessed for virologic and immunologic
changes pre- and postvaccination. The lack of significant (mod-
erate or severe) adverse events establishes the safety of this
vaccine regimen in this cohort of HIV-1-infected and
HAART-treated patients. Importantly, these vaccines are also
immunogenic. Specifically, all except one patient (93%) had
increases in anti-gp120 or anti-p24 antibody titers. Nine out of
14 (64%) patients had an early and transient increase in CD4�

T-cell responses to either Env or Gag, and 11 out of 14 (78%)
vaccinated subjects had an augmentation of HIV-1-specific
CD8� T-cell responses postvaccination.

We used a novel FACS-based intracellular cytokine staining
assay to assess CD8� T-cell-specific responses. We believe that
this assay represents major advantages over standard assays
that were available at the time we initiated this trial. Specifi-
cally, we elected to avoid the laborious limiting-dilution assay
based on chromium release (26) and the very restrictive and
costly tetramer binding assay (3, 37). It is important that
FACS-based intracellular cytokine staining assays using over-
lapping HIV-1 peptides and vaccinia virus constructs to more
accurately assess immune responses have become common-
place (2). Importantly, the assay we used was highly reproduc-
ible and standardized, and the vaccinia virus vectors contained
the same HIV-1 proteins as those in the vaccine being tested in
this clinical trial.

Previous therapeutic vaccine studies have been done in the
setting of nonsuppressive antiretroviral therapy and used
monovalent vaccines. The diversity of immune responses gen-
erated by these vaccines was limited (28, 30, 34, 42, 51, 57). In
contrast, the vaccine regimen that we used stimulated both
humoral and cellular immunity in a majority of patients. Fur-
thermore, CD8� T-cell responses to all four major HIV-1 gene
products included in the canarypox virus vector, Env, Gag, Pol,
and Nef, were boosted. It is remarkable to note that over 50%
of the vaccine recipients had CD8� T-cell responses to more
than one HIV-1 antigen.

Previous studies using a similar vaccine regimen, albeit an
earlier generation of ALVAC vaccine, have shown this strategy
to be capable of eliciting both humoral and cellular immune
responses in a proportion of vaccinated seronegative persons
(7, 12). The strategy of priming with ALVAC containing a
single HIV env gene and boosting with rgp120 elicited cumu-
lative envelope-specific CTL responses in over one third of
seronegative vaccine recipients (7, 16). When a multivalent
canarypox vector was used, 61% of the seronegative vaccine
recipients had a CTL response detected at least one time point
postvaccination (12). The cellular immune responses, however,
were usually transient.

In the current study, we have demonstrated a more sus-
tained CD8� T-cell response to multiple HIV-1 antigens in a
larger proportion of vaccine recipients. Our current vaccine

regimen enhanced HIV-1-specific CD8� T-cell responses in
78% of vaccine recipients. Furthermore, these CD8� T-cell
responses persisted over the study period once they became
detectable. Similar to the results observed in the uninfected
individuals, the most dominant response tended to be specific
to the Gag protein, although every antigen included in the
vCP1452 elicited a CD8� T-cell response. In most vaccine
recipients, the magnitude of increase in HIV-specific CD8� T
cells was between 0.1 and 0.5%, which is equivalent to a fre-
quency of 1,000 to 5,000 per 106 CD8� T cells. This level of
antigen-specific CD8� T cells is similar to levels observed in
acutely infected patients by others (2), but less than the mag-
nitude of HIV-1-specific CD8� T cells in long-term nonpro-
gressors (25, 43).

The size of the cohort limits our ability to dissect factors that
would predict a favorable CD8� T-cell-mediated immune re-
sponse to vaccination. However, all three subjects without a
measurable CD8� T-cell response had at least one HLA-A2
allele. This is an unexpected finding, considering that the Pol/
Nef portion of ALVAC 1452 is based on known HLA-A2-
restricted epitopes. However, it has been noted recently that
responses to HIV-1 in the acute setting may be quite different
from the “immunodominant” epitopes identified in chronically
infected individuals (2). Duration of infection pretreatment,
duration of treatment, and HLA class I homozygosity at the A,
B, or C locus did not predict a more or less robust CD8�

T-cell-mediated immune response, either quantitative or qual-
itative, to vaccination. As the size of this pilot phase II study
was limited, we do not believe it is possible to draw conclusions
regarding positive or negative predictors of response until sub-
stantially larger cohorts are similarly studied in controlled ran-
domized trials.

The HIV-1-specific CD4� T-cell responses, as measured by
lymphocyte proliferation to Gag, were transiently elevated in
64% of the vaccine recipients. In one third of the patients who
had a response, the initial response was boosted for a second
time but not sustained. The preponderance and kinetics of
these responses are similar to those observed in seronegative
individuals receiving similar vaccines (7). It remains unclear
why these responses do not persist. One explanation may be
that these memory HIV-1-specific CD4� T cells are both lim-
ited in repertoire and more prone to activation-induced cell
death, or apoptosis. Therefore, subsequent stimuli would be
met by a limited CD4� T-cell-mediated memory response.
Whether this is vaccine specific or global for all HIV-1 antigens
remains unanswered.

In agreement with previous studies using a different formu-
lation of rgp160 (28, 42, 57), we observed anti-gp120 antibody
responses in all except one patient. However, few subjects
demonstrated an induced antibody response to Gag (p24).
These data suggest that the rgp160 component was capable of

FIG. 4. (a) Precise quantitation of HIV-specific CD8� T-cell responses using the intracellular cytokine staining assay. PBMC from one
HIV-infected individual were stimulated by vaccinia virus expression negative control Eco, HIV antigens (Env, Gag, Pol, and Nef) and positive
control SEB first, following by staining with anti-CD3, -CD4, -CD8 and -IFN-� antibodies. The percentages of antigen-specific CD8� T cells were
enumerated and are expressed as a percentage on the upper right quadrant of each plot. (b) Persistent increase in HIV-1-specific CD8� T cells
during vaccination. Longitudinal PBMC samples from each vaccine recipient were used for assessing HIV-1 or control antigen-specific CD8� T-cell
responses. The results were summarized as the percentage of IFN-�-producing CD8� T cells to Env (circles), Gag (squares), Pol (triangles), and
Pol/Nef (diamonds) after the value for background Eco (inverted diamonds) was subtracted.
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eliciting a humoral response to Env and that the viral vector,
ALVAC 1452, is a poor inducer of a humoral response. Alter-
natively, and less likely, is that ALVAC 1452 does induce an
Env antibody response but no Gag antibodies due to differ-
ences in antigen expression and processing. However, the ki-
netics of antibody response in our subjects were similar to that
seen in seronegative subjects receiving gp120 vaccination, sug-
gesting that we are indeed seeing a response to the recombi-
nant protein.

The binding antibody titers reached peak levels after the
third vaccination and remained at plateau levels during subse-
quent vaccination (12, 31). Induced anti-gp120 antibody levels
exhibited apparently accelerated decay in subject 918, as did
prevaccination anti-gp120 levels in subject 921. Neither subject
had evidence of conditions associated with accelerated loss of
serum proteins (i.e., nephrosis) or rapid extravasation to the
extravascular space. The underlying mechanism of this effect in
these subjects remains unclear.

In the limited number of subjects studied, we were unable to
demonstrate that the antibodies induced by vaccination neu-
tralized CCR5- and CXCR4-using laboratory strains in vitro.
Compared to primary isolates, these viruses are generally more
neutralizable (33) and have envelopes more analogous to the
exogenous immunogens in the vaccines (32). That the induced
antibodies did not neutralize these strains discouraged further
such studies. With further improvement in the formulation of
immunogens, such as using trimeric gp140 capable of eliciting
HIV-specific neutralizing antibodies in mice (60), it is possible
that neutralizing antibody responses may be induced by vacci-
nation in human subjects. Though antibody-associated cellular
cytotoxicity has recently been described as a potential mecha-
nism of virologic control during primary HIV-1 infection (18),
we have not yet assessed whether the antibodies induced by
vaccination with ALVAC 1452 and rgp160 have similar prop-
erties and believe these experiments are beyond the scope of
the original study.

We occasionally observed discordance between vaccine-in-
duced CD4� T-cell immune responses as measured by lym-
phocyte proliferation, CD8� T-cell-mediated immune re-
sponses as measured by intracellular IFN-� staining, and
humoral responses to vaccination. We hypothesize that a mi-
nority of subjects, such as 313-2, responded to vaccination with
a dominant Th2 response, accounting for a robust humoral
(Gag) and T-cell proliferative response (Gag and Env) without
a CD8� T-cell response (8, 17, 45). On the other hand, if we
assume that the Env humoral response was due to the rgp160
component of the vaccine regimen, then most of the subjects
appeared to respond in a Th1-dominant pattern of various
degrees, with a CD8� T-cell induced immune response, no
humoral response to Gag, and a lymphocyte proliferative re-
sponse, likely mediated by interleukin-2 or other Th1 cytokines
(8, 17, 45).

In assessing the immunogenicity of the vaccine, it is impor-
tant to determine whether the immune responses observed
were due to occasional bursts of viremia, i.e., autovaccination,
instead of induction by the exogenous immunogens. Three
subjects had one episode of measurable plasma viremia of 50
to 100 copies/ml during the period of vaccination. A fourth
patient (900) was admittedly nonadherent to HAART and
appeared to have augmented already induced HIV-1-specific

CD4� and CD8� T-cell responses after the third and fourth
vaccinations. In this subject, the first detectable CD8� T-cell
response appeared immediately after the first injections of
vaccines, about 60 days prior to a detectable viremic episode.
In subject 908, the initial CD4� and CD8� T-cell responses
appeared to correlate with the timing of his viremic episode,
but the second augmentation of CD8� T-cell responses was
observed in the absence of any detectable plasma viremia. In
contrast, subject 3002 never had detectable CD8� T-cell re-
sponses despite also having a viremic episode during vaccina-
tion. The isolated viremic episode in subject 1306 had little
impact on the kinetics of the immune responses measured in
this subject. Furthermore, viremia in these three subjects had
little influence on the anti-p24 antibody or the HIV-1 specific
CD4� T-cell mediated immune responses observed.

More importantly, eight patients had augmentation of HIV-
1-specific CD8� T-cell responses in the absence of any detect-
able viremia. Thus, in most vaccinated individuals, the elevated
immune responses postvaccination appear to be induced by the
exogenously provided immunogens instead of autologous vi-
ruses, and the occasional viremic episodes are unlikely to have
been the major determinants of immunogenicity. It is also
difficult to determine whether these occasional isolated viremic
episodes were directly related to immune stimulation caused
by the vaccines or reflect the well-documented occurrence of
low-level viremia due to incomplete suppression of viral rep-
lication during HAART.

Although we observed significant immunogenicity of the
vaccine regimen, the unique features of this cohort of vaccine
recipients should not be overlooked. All subjects included in
the study were treated early, within 120 days of the onset of
symptoms of acute HIV-1 infection. Early treatment may have
preserved HIV-1-specific immunity, which allowed boosting by
vaccination. Indeed, immunological manipulations, such as
vaccination and structured treatment interruption, have been
shown to be effective in the setting of acute lentivirus infection
(22, 29, 46). It is yet to be demonstrated whether such immune-
based strategies will be successful in chronic HIV-1 infection.

Although the ALVAC vCP1452 plus rgp160 regimen can
induce both humoral and cellular immune responses in HIV-
1-infected individuals on HAART, the limited magnitude of
the CD8� T-cell response and the lack of persistence of T
helper cell responses may limit the utility of this particular
immunogen in this clinical setting. Nevertheless, we have dem-
onstrated the feasibility of using multivalent vaccines as ther-
apeutic modalities in HIV-1-infected patients receiving
HAART. The promising safety and immunogenicity data gen-
erated from this preliminary study support further controlled
studies in a variety of HIV-1-infected patient cohorts to better
assess the efficacy of this adjunctive vaccine strategy.
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