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Abstract
We evaluated replication-defective poxvirus vectors (modified vaccinia Ankara [MVA] and
fowlpox [FPV]) in a homologous and heterologous vector prime-boost vaccination regimen
containing matching HIV inserts (MVA-HIV and FPV-HIV) given at months 0, 1, 3, 5 and 7 in
150 healthy HIV-negative vaccinia-naïve participants. FPV-HIV alone was poorly immunogenic,
while the high dose (109 pfu/2ml) of MVA-HIV alone elicited maximal responses after two
injections: CD4+ and CD8+ T-cell responses in 26/55 (47.3%) and 5/60 (8.3%) of participants,
respectively and IFN-γ ELISpot responses in 28/62 (45.2%). The infrequent CD8+ T-cell
responses following MVA-HIV priming were boosted only by the heterologous (FPV-HIV)
construct in 14/27 [51.9%] of participants post-4th vaccination. Alternatively, HIV envelope-
specific binding antibodies were demonstrated in approximately two-thirds of recipients of the
homologous boosting regimen, but in less than 20% of subjects after the heterologous vector
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boost. Thus, a heterologous poxvirus vector prime-boost regimen can induce an HIV-specific
CD8+ T-cell and CD4+ T-cell responses, which may be an important feature of an optimal
regimen for preventive HIV vaccination.
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Introduction
It is expected that a safe and effective vaccine will be required to bring the HIV pandemic
under control [1–3]. Considerable evidence indicates the importance of anti-HIV cellular
immune responses in the control of acute and chronic HIV-1 infection [4–7] and a possible
protective role in HIV acquisition [8,9]. Thus, a vaccine regimen capable of inducing
broadly reactive HIV-specific CD4+ and CD8+ T-cell responses may be required.

A variety of live vector-HIV vaccine constructs have been shown to induce HIV-specific
CD8+ and/or CD4+ T-cell responses in clinical trials [10], and analogous constructs are
capable of protecting against disease progression in the SIV-rhesus macaque model [11,12].
To date, most vaccination regimens have employed prime-boost strategies to optimize
cellular and/or humoral immune responses. Because anti-vector immunity can limit
responses to boosting of viral-vectored vaccines, alternative strategies have been used,
including boosts with heterologous vectored constructs, or a combination of vaccine
modalities including plasmid DNA or recombinant proteins [13–15].

We studied two pairs of matching poxvirus-vectored HIV vaccine candidates with identical
HIV inserts, one Modified vaccinia Ankara (MVA)-based and the other fowlpox virus
(FPV)-based. Because of vector limitations, the full complement of HIV inserts were split
into two MVA and two FPV constructs; the structural genes env and gag were included in
one vector pair, while the regulatory genes tat, rev, nef, and reverse transcriptase (RT) were
included in the second vector pair. This study examines the safety and immunogenicity of
homologous prime-boost and heterologous prime-boost MVA-HIV and FPV-HIV
immunization strategies in healthy human volunteers (HVTN 055).

Materials and Methods
Vaccines

The 2 vector pairs were produced under cGMP conditions by Therion Biologics
Corporation, Inc. (Cambridge, MA) in primary chick embryo fibroblasts using an attenuated
MVA vector (kindly provided by Dr. Anton Mayr), and an FPV vector derived from the
USDA-licensed poultry vaccine, POXVAC-TC (Schering-Plough, Union, NJ) [16]. HIV
inserts were derived from a subtype B primary isolate strain C58A1 obtained from an
HIV-1-infected infant [17]. The tat, rev, nef and RT genes were modified to be rendered
non-functional and the nef gene was modified to abrogate MHC class I downregulation [18–
21]. Non-recombinant wild-type MVA and FPV at the same dosage as the poxviral-HIV
recombinants were used as control vaccines.

Study design
The study was a randomized, controlled, double-blind, 2-part phase I trial in 150 HIV-
uninfected, vaccinia-naïve subjects at NIAID-supported HIV Vaccine Trials Network
(HVTN) study sites in the US and Brazil (Table 1). The duration of participant follow-up
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was 13 months, which included at least 6 months after the final vaccination. Eligible
subjects were healthy volunteers, 18–40 years of age, who reported no history of smallpox
vaccination and had no evidence of a vaccinial scar on physical examination. Subjects who
had previously received HIV vaccines, or who have exhibited hypersensitivity to egg
products were excluded. Because myopericarditis of unknown mechanism has been
observed following administration of replication-competent vaccinia virus for vaccination
against smallpox [22,23], subjects who had conditions that might complicate the safety
assessment were excluded. Such conditions included known cardiac disease, hypertension
requiring medication, an abnormal electrocardiogram (ECG) at screening, elevated serum
cardiac troponin I or creatine kinase (CK), or two or more cardiac risk factors. Also,
Brazilian subjects seropositive for Trypanosoma cruzi were excluded.

The study had two parts, Part A examined 1-log10 dose escalations of MVA-HIV, from 1 ×
107 particle forming units (pfu) to 1 × 109 pfu, while Part B examined the 1× 109 pfu dose
of MVA-HIV in an expanded number of participants. FPV-HIV was used at a constant dose
of 1 × 109 pfu, which had been previously demonstrated to be safe [24]. Study preparations
were given in 1 ml volumes into the left (5 × 108 pfu of vectors containing HIV env/gag)
and right (5 × 108 pfu of vectors containing HIV tat/rev/nef-RT) deltoid muscle at months 0,
1, 3, 5 and 7. The heterologous vector groups received MVA-HIV at months 0 and 1,
followed by FPV-HIV at months 3, 5 and 7. Blood was drawn for peripheral blood
mononuclear cells (PBMC) and sera cryopreservation at baseline, 2 weeks after each
vaccination and at the final visit (13 months). For this report, immunogenicity data from
participants in Parts A and B who received the same regimen were combined. Standard
HVTN protocol operational policies and procedures were followed, including HIV-
acquisition risk reduction counseling at each visit, HIV testing at 3–4 month intervals and
strict adherence to Good Clinical Practice (GCP) and International Conference on
Harmonization (ICH) guidelines. The clinical protocol and informed consent documents
were approved by the Institutional Review Board and Institutional Biosafety Committee of
each participating institution, as well as the Brazilian national regulatory authorities.

Safety assessment
Participants were instructed in standardized self-reporting of body temperature and the
grading of injection site reactions and systemic symptoms and collected this information for
3 days following each injection on study-specific diary cards. They also returned to the
clinic 2 weeks after each vaccination for clinical evaluation and laboratory testing of
hematologic, renal and hepatic analytes [25]. Adverse events including reactogenicity events
were graded using a standardized DAIDS toxicity table [26]. All subjects were followed for
interval cardiac symptoms at each visit, serum creatine kinase (CK) and troponin I two
weeks after each vaccination and ECGs two weeks after the first and final vaccinations.
Additional cardiac work-ups were performed as indicated for subjects having signs or
symptoms suggestive of cardiac involvement.

Immunogenicity assessment
Intracellular cytokine staining assay: PBMC were isolated from sodium heparin-
anticoagulated blood and cryopreserved within 8 hours of venipuncture [27]. HIV-specific
T-cells were detected by intracellular cytokine staining (ICS) as previously described
[28,29]. Global potential T-cell epitope (G-PTE) [30] pools for HIV Env, Gag, Pol and Nef
were used at a final concentration of 1 μg/ml. Each pool included 160 peptides, and a total
of 9 pools were used (3 for Env and Pol, 2 for Gag and 1 for Nef). HIV Rev and Tat peptide
pools were not available for testing. Either an 8-color (for post-3rd and 4th vaccination
samples [28]) or a 10-color (for post-2nd vaccination and final study visit samples [29]) ICS
assay was used. For response rates and magnitude of cells producing IFN-γ and/or IL-2,
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combined data from the two assays was reported. However, TNF-α expression has not been
cross-validated between the two assays; therefore, only data from the 8-color assay are
presented for the polyfunctionality assessment. Criteria for an evaluable response and
positivity were determined as previously described [28] based upon background-adjusted
measurements and adequate number of T-cells examined. Criteria for evaluability were
applied separately for CD4+ and CD8+ T-cells, so the total number of specimens for each
analysis may differ.

Ex-vivo Interferon-γ Elispot assay: Assessments were performed using cryopreserved
PBMCs (as described above) obtained from study participants 2 weeks after the 2nd and 4th

vaccinations in a standardized, validated bulk IFN-γ ELISpot assay as described elsewhere
[31]. The same G-PTE peptide pools that were used in the ICS assay were employed for in-
vitro stimulations. Positivity criteria for a T-cell response was determined by the data-free
resampling method, testing for a > 2-fold increase in the mean of the experimental wells
over the mean of the control wells, adjusting for multiple peptide pools [32]. In addition to
statistical significance, the mean background-subtracted response for the peptide pool had to
be > 50 SFC/106 PBMC for the peptide pool to be considered positive.

Anti-gp120 & p24 ELISA: Anti-Gag and anti-Env binding antibody responses were
determined by HVTN-validated non-commercial ELISAs [33]. Sera were tested in plates
coated with purified p24 (Protein Sciences, Inc.) and gp120 (Protein Sciences, Inc.).
Positivity was scored using duplicate measurements for antigen-containing minus non-
antigen-containing wells that had an optical density (OD) ≥ 0.2.

HIV-1 neutralization assay: Neutralizing antibodies against HIV-1 were measured as a
function of reductions in Tat-regulated luciferase reporter gene expression after a single
round of infection in TZM-bl cells. Sera were tested for the ability to neutralize the
homologous C58A1 vaccine strain and strain MN that is highly sensitive to neutralization
[34,35]. The assay was considered positive if the titer was ≥ 25.

Statistical analyses
Analyses were performed by treatment group regardless of the number of study injections
received. Differences in reaction symptom severity were tested with Kruskal Wallis tests.
Since there were no clinically significant differences in the incidence or severity of local and
systemic reactions in recipients of the two poxviral-HIV constructs versus empty vector
controls, controls were combined with their respective study groups for reactogenicity
analysis. Immunogenicity response rates were presented with 95% confidence intervals [36].
Differences in immunogenicity response rates between treatment groups and gender were
tested with Fisher exact tests. Because of overlap of peptides between peptide pools for the
same HIV protein, for HIV proteins requiring multiple in-vitro peptide pools, the magnitude
of a T-cell response was defined as that of the pool with the maximum response.
Accordingly, the overall magnitude of HIV-specific response was calculated by summing
across the maximum pools for each protein. Differences in response magnitudes between
treatment groups were tested with Wilcoxon rank sum tests. To control for correlation
within an individual, generalized estimating equation (GEE) methods [37] were used to
assess the effect of boosting within a treatment group on response rates. Differences in
response to Gag and Env proteins within a treatment group were assessed with McNemar
tests. P-values were considered statistically significant for p < 0.05 and were unadjusted for
multiple comparisons.
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Results
Study subjects

One hundred-fifty participants, 136 in the US and 14 in Brazil, were enrolled over a period
of approximately 21 months; 60 in Part A and 90 in Part B (Table 2). Overall, 51% of the
subjects were male, 37% were non-white or of Latino ethnicity and the median age was 24
years. One hundred forty-five (97%), 138 (92%), 130 (87%), and 106 (71%) subjects
received their second, third, fourth and fifth vaccinations, respectively. Twenty-one subjects
missed the last vaccination because Therion Biologics, Inc. discontinued business
operations. Twenty-three additional subjects had vaccinations discontinued due to
intercurrent adverse events (n=7; one participant had severe myalgias and arthalgias
consistent with vaccine reactogenicity, however, the AEs in the others were not felt to be
related to vaccination), missed vaccination window (n=9), subject refusal (n=3), pregnancy
(n=2), subject relocation (n=2). One of the participants who refused further vaccinations did
so due to moderate myalgias and headache judged to be probably related to the 2nd

vaccination of the high dose of MVA-HIV. All participants who missed vaccinations were
followed for safety assessments for the duration of the study unless they had relocated.

Safety
The study preparations were generally well-tolerated; no adverse events (AEs) met the
criteria for filing an FDA Safety Report and no participant acquired HIV infection. One or
more AEs were reported by 91% of study participants; however 97% of these were graded
as mild or moderate. AEs were infrequently considered to be definitely/probably related
(6%) or possibly related (4%) to the study preparations. The MVA-HIV dose escalation in
Part A proceeded without complication (data not shown) and therefore the 1 × 109 pfu dose
was employed in Part B. No significant abnormalities of laboratory parameters were
detected in any group.

Overall, the reactogenicity profile did not differ appreciably among study groups (Figure 1).
Pain and/or tenderness at the injection site was common, but for most the maximal intensity
was mild (Figure 1A); only 1 vaccinee reported severe pain and tenderness, after the first
FPV-HIV boost in the M/F group. Systemic symptoms were less common and most
frequently graded as mild (Figure 1B). Six participants (one of whom in the mid-dose MVA
group and not included in Figure 1B) reported one or more severe systemic symptoms,
typically consisting of myalgia, malaise, headache, fatigue and/or arthralgia that began
within 12–18 hours of vaccination, usually accompanied by other less severe local and/or
systemic symptoms. In addition, one of these participants also had severe local pain and
tenderness at the injection site as a part of the constellation of symptoms. Of the 6
participants with severe reactions, three experienced them after an FPV-HIV injection and
three had them after an MVA-HIV injection. Febrile reactions were rare, only one
participant had a temperature of > 39.4 degrees centigrade. Local and systemic reactions
typically resolved without treatment within 48 hours and reactions rarely increased after
subsequent injections with the same vector.

Although several participants had additional cardiac evaluations for chest symptoms, minor
ECG changes, or elevated CKs, there was no evidence that these events were related to
vaccination or that any participant developed subclinical or overt myopericarditis. All
participants with an elevated CK reported recent strenuous exercise and the abnormalities
resolved promptly.
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Immunogenicity
Due to the large number of participants who did not receive their 5th (final) vaccination, this
report focuses on immune responses after the first four vaccinations and at the end of the
study. Immunogenicity data from all participants in Part A and B of the study who received
the same regimens and dosages were combined for this analysis. Overall, the FPV-HIV
alone regimen [F/F] was poorly immunogenic and except for HIV-specific CD4+ T-cell and
anti-p24 antibody responses after the 3rd vaccination (Tables 3 & 4), the response rates were
not appreciably greater than the false positivity rate of the assays (< 3% response in control
recipients). In comparison, the M/M and M/F regimens were significantly more
immunogenic and thus were examined more extensively. Of note, although the group size
was small in the dose escalation phase of the study, the lower dose MVA-HIV priming
appeared to have induced cellular immune responses in a similar proportion of study
subjects (Table 3) as those who received the 109 pfu dose of MVA-HIV.

Intracellular cytokine staining assay: CD4+ and CD8+ T-cell responses
Effect of boosting: Participants in the M/F and M/M groups received the same study
preparations at the first 2 vaccination timepoints and consequently HIV-specific CD4+ T-
cell responses were similar (Table 3); overall, assays were positive in 26 of 55 subjects
(47.3%, combining the groups; confidence intervals overlap in the range of 7.3–11.4%) and
for responders the median magnitude was between 0.1–0.2 % of CD4+ T-cells producing
IFN-γ and/or IL-2 (Figure 2A). The 3rd and 4th vaccinations did not significantly increase
the frequency of CD4+ T-cell responses in either group, nor were there significant
differences between them. For both groups, responses were diminished at the final study
visit compared to the post-4th vaccination timepoint (29.2% [p = 0.03] and 14.3% [p = 0.02]
in the M/F and M/M groups, respectively).

Unlike CD4+ T-cell responses, HIV-specific CD8+ T-cell responses in the M/F group
increased with subsequent vaccinations (16.7% post 2nd vs 51.9% post 4th vaccinations;
p=0.03; Table 3). Significantly more M/F participants had CD8+ responses as compared to
the M/M group after the 4th vaccination (51.9% vs. 21.4%, respectively; p=0.026; Table 3).
This difference was found to be persistent at the final visit (42.3% vs. 14.3%, respectively;
p=0.033). For the M/F group the CD8+ T-cell magnitudes for responders tended to be
slightly higher than the CD4+ magnitudes, with medians ranging from 0.19–0.25% of CD8+
T-cells producing IFN-γ and/or IL-2 (Figure 2B).

Concurrent HIV-specific CD4+ and CD8+ T-cell responses in an individual vaccine
recipient were seen more frequently among the M/F group. Such responses were detected in
7 of 16 (43.8%), 8 of 21 (38.1%) and 5 of 13 (38.5%) of vaccinees in this group after the 3rd

and 4th vaccinations and at the final study visit, respectively, whereas they were present in
only 1 of 15 (6.7%), 3 of 14 (21.4%) and 0 of 8 subjects in the M/M groups at the
corresponding time points. However, only the difference post 3rd vaccination was
statistically significant (p=0.04). No differences in CD4+ or CD8+ response rates or
magnitudes were observed between men and women for either group or combining across
groups post 2nd vaccination (data not shown).

Responses to individual gene products: HIV-specific CD4+ and CD8+ T-cell responses in
all groups were targeted primarily at Gag and Env peptide pools (Figure 2C–F), but rarely to
Pol and Nef pools. CD4+ T-cell responses were more frequently directed at Gag than Env
peptides at all timepoints in both groups (Figure 2C and E). These differences were
statistically significant for the M/F group after the 2nd (p=0.003) and 3rd (p= 0.003)
vaccinations as well as at the final study visit (p= 0.03). In contrast, CD8+ T-cell responses
were more evenly distributed to Gag and Env among the M/F group, but directed almost
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entirely at Env among the M/M group (Figure 2D and F). The median magnitude of CD4+
T-cell response to Gag and Env were relatively modest at 0.06 – 0.16% of CD4+ T-cells
producing IFN-γ and/or IL-2 in both groups, as was that for CD8+ T-cell responses, which
was in the range of 0.07 –0.18% of CD8+ T-cells producing IFN-γ and/or IL-2. In addition,
CD4+ and CD8+ T-cell responses tended to be directed toward a single HIV gene product in
both groups (Figure 3).

Polyfunctional responses after the 4th vaccination: A similar proportion of post-4th

vaccination PBMCs from responders in the M/F and M/M groups were shown to be
secreting one, two or three cytokines when exposed to HIV peptides in the ICS assay
(Figure 4). For CD4+ T-cell responders, the median percentages of cells secreting one or
two cytokines were 34–41% while the medians were 21–22% for cells secreting all three.
Single responses more frequently consisted of IL-2 among the M/F group (p <0.001) and
trended towards TNF-α in the M/M group (p = 0.06), whereas dual responses most often
consisted of IL-2 + TNF-α in both groups. Alternatively, for CD8+ T-cells, median
percentages were 39–47% of cells secreting one or two cytokines while medians were 18%
for cells secreting all three; single cytokine responses were most frequently IFN-γ in both
groups while dual responses tended to consist of the combination of IFN-γ and TNF-α.

Interferon-γ ELISpot responses—IFN-γ ELISpot responses were detected in PBMCs
from 45% of subjects from the M/F and M/M groups combined after the 2nd MVA-HIV
vaccination and were boosted to 65% of subjects in the M/F group after the 4th vaccination
(Figure 5). Median spot forming cells (SFC)/106 PBMCs were in the 170–250 range in both
groups at both timepoints. As in the ICS assay, IFN-γ ELISpot responses primarily targeted
Gag and Env peptide pools, and most frequently targeted Gag peptides after the
heterologous vector boost.

Binding and neutralizing antibody responses—Anti-Gag binding antibody
responses were detected in the sera from 11 of 30 (36.7%) and 6 of 30 (20%) of participants
2 weeks after the third immunization in the M/F and M/M groups, respectively. However,
anti-gp120 responses were detected in 66.7% (20/30) of sera from the M/M group at that
timepoint, which was significantly greater than the corresponding anti-gp120 responses
among the M/F group (5/30, 16.7%; p<0.001; Table 4). In all cases, the antibodies were
short-lived and rarely detectable at the final study visit. Neutralizing antibody responses
were detected in only 6 study participants distributed among the study groups (one received
FPV-HIV alone, one received MVA-HIV alone and 4 received the heterologous boost) and
were of low titer (range 26–101).

Discussion
This report indicates that the MVA-HIV and FPV-HIV candidate vaccines were well
tolerated when administered in both homologous and heterologous vector regimens, and
heterologous boosting was superior at inducing a balanced HIV-specific CD4+ and CD8+ T-
cell response. FPV-HIV was poorly immunogenic when given alone, but significantly
boosted CD8+ T-cell responses in participants primed with two doses of MVA-HIV.
Overall, the heterologous regimen induced HIV-specific CD4+ and CD8+ T-cell responses
in approximately half of the participants after the second boost, and concurrent CD4+ and
CD8+ T-cell responses detected in 38% of responders. CD4+ T-cell responses tended to be
directed at Gag, while CD8+ T-cell responses were more evenly directed at Gag and Env,
but both tended to target a single HIV protein at a time. Although the bulk IFN-γ ELISpot
assays do not distinguish CD4+ from CD8+ T-cell phenotypes, it confirmed the ICS
findings that the heterologous vector regimen induced better HIV-specific cellular responses
than the homologous regimens. In contrast to studies of another poxvirus vector, NYVAC-
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HIV-C [38], we observed no gender differences in T-cell response rate or magnitude. It is
unclear why the non-structural HIV proteins were so poorly immunogenic in our study,
however, we were not able to perform a thorough assessment because only Pol and Nef
peptide pools were available for use in the in-vitro assays. In addition, only responses to the
HIV reverse transcriptase (RT) portion of Pol could be expected as only that part of Pol was
contained in the vaccine constructs.

While the main focus of this study was to assess the tolerability of escalating doses of
MVA-HIV and the cellular immunogenicity of these poxvirus-vectored HIV vaccine
regimens, we also conducted a limited assessment of HIV-specific humoral
immunogenicity. Interestingly, we saw that gp120 binding antibody responses were better in
the group that received the homologous vector boosting regimen. However, binding assays
were not performed after the priming vaccinations alone, so it is difficult to make firm
conclusions about the contribution of the later boosts, aside from the fact that while the
FPV-HIV preparation was able to boost CD8+ T-cell responses directed at Env peptide
pools, it was not capable of doing so for gp120 binding antibodies.

A number of other studies have been conducted with poxvirus-vectored vaccine regimens in
the HIV, malaria and tuberculosis fields, including the heterologous MVA and FPV vector
combination [39–47] and the same poxviral-vectored products in HIV-infected adolescents
[16]. However, the majority of these studies employed bulk IFN-γ ELISpot as the primary
cellular immunogenicity readout and ICS and/or CD4+/CD8+ T-cell depleted INF-γ
ELISpot assays were performed only for small subgroups. In addition, it is difficult to
compare our results to those from HIV immunotherapy studies as their subjects had already
been primed through natural infection. This existing literature does suggest that MVA-
vectored constructs induce primarily a CD4+ T-cell response, but the optimal number of
priming vaccinations and the precise contribution of a heterologous vector boost has not
been clearly delineated. It is unknown why MVA vector regimens tend to induce stronger
HIV-specific CD4+ T-cell responses to HIV inserts while replication-defective adenovirus
vectors induce stronger CD8+ T-cell responses, but the heterologous pox-vector boost does
appear to provide additional antigenic exposure to boost the CD8+ T-cell response. Of note,
Precopio et al. demonstrated vigorous anti-vector CD8+ T-cell responses by ICS after three,
but not two, intramuscular injections of the same MVA (Therion Biologics), given on the
same 0, 1 and 3 month schedule [48]. This suggests that in our study, strong vector-specific
cellular immune responses induced by homologous vector boosting may have out-competed
the insert-specific response and suppressed the boosting effect of additional vaccinations. It
would be of interest to determine if removal of immunodominant epitopes in MVA can lead
to improvement of insert-specific cellular responses.

The lack of correlates of protection from HIV infection and/or disease continues to
complicate development of an efficacious HIV-1 vaccine. Nevertheless, clues may be
inferred from challenge studies of analogous vaccines in the simian immunodeficiency virus
(SIV) model and the results of efficacy trials in humans. A study of Therion’s MVA and
FPV vectors with similarly engineered SIV inserts showed an increase in the magnitude of
SIV-specific IFN-γ ELISpot responses after FPV-SIV boosting of macaques that received a
heterologous regimen as compared to a homologous MVA-SIV regimen [49]. Particularly
instructive are the findings of the phase IIB study of the adenovirus-serotype 5 (Ad5)-HIV-
gag/pol/nef candidate vaccine developed by Merck conducted in the Americas and the Phase
III study of a combination regimen of canarypox-HIV-gag/protease/env vaccine (vCP1521)
boosted by recombinant HIV glycoprotein 120 subunit vaccine (AIDSVAX B/E) in
Thailand (Protocol RV144). The Ad5-HIV vaccine induced relatively strong HIV-specific
CD8+ T-cell responses in most study participants but modest HIV-specific CD4+ T-cell and
antibody responses, and failed to protect participants from infection or reduce setpoint HIV
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RNA levels [29,50]. Alternatively, the canarypox-HIV plus rgp120 regimen induced modest
HIV-specific CD8+ and CD4+ T-cell responses, but better T-cell help as indicated by
lymphoproliferation, and binding antibody responses (all directed primarily against env) and
had an efficacy of 31% against HIV infection [13]. Although far from definitive, the results
from the study in Thailand suggest that a balanced immune response including HIV-specific
CD4+ T-cell and antibody responses and a more modest CD8+ T-cell response may be
important characteristics of a successful vaccination strategy. In our study, CD4+ T-cells
secreting IL-2 alone were seen more frequently in the M/F group, possibly indicating a T
helper response similar to that seen in RV 144 [51,52].

In conclusion, while it is unknown if the immune responses induced by the heterologous
pox-vector regimen described here may recapitulate some of the important protective
aspects of the canarypox-HIV plus rgp120 regimen, this regimen can augment both CD4+
and CD8+ T-cell immune responses that may be important components of an effective
preventive HIV vaccine and should be considered for additional larger scale testing.
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Figure 1. Maximum severity of local pain or tenderness (panel A) and of systemic symptoms
(panel B) following each of the 5 study injections
Onset of a reaction was within the first 3 days following a study injection. Reactions were
followed to resolution to determine the maximum severity. Systemic reactions included
malaise/fatigue, headache, chills, myalgia, arthralgia, nausea and vomiting. Groups include
both vaccinees and controls who received empty pox vectors. Data are included from all
participants in Part B of the study, plus those from Part A who received the same regimen
and dosage as the Part B groups.
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Figure 2. Ex-vivo HIV-specific CD4+ and CD8+ T-cells induced by heterologous vector (M/F)
and homologous vector (M/M) regimens
The percentage of CD4+ (panels A, C and E) and CD8+ (panels B, D and F) T-cells
producing γ-interferon (IFN- γ) and/or interleukin-2 (IL-2) in response to Env, Gag, Pol and/
or Nef peptide pools (panels A and B), Env peptide pools alone (panels C and D) or Gag
peptide pools alone (panels E and F) 2 weeks after the indicated immunization and at the
final study visit as measured by intracellular staining assay. Responders are shown in
colored circles (red = M/F; blue = M/M; groups include all participants in Part B of the
study, plus those from Part A who received the same regimen and dosage as the Part B
groups) and non-responders in gray triangles. The boxplots show the distribution of
responses in positive responders only. The box indicates the median and interquartile range
(IQR); whiskers extend to the furthest point within 1.5 times the IQR from the upper or
lower quartile. Numbers at the top of each panel show the number of responders / number
with assay result and the percent with positive response. Pol and Nef are not shown due to
infrequent responses.
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Figure 3. HIV protein-specific CD4+ and CD8+ T-cell responses induced by heterologous vector
(M/F) and homologous vector (M/M) regimens
Number of study participants with HIV gene-specific responses among CD4+ T-cells at 2
weeks post 2nd vaccination (panel A); CD8+ T-cells at 2 weeks post 2nd vaccination (panel
B), CD4+ T-cells at 2 weeks post 4th vaccination (panel C), and CD8+ T-cells at 2 weeks
post 4th vaccination (panel D).as measured by intracellular staining assay. Groups include all
participants in Part B of the study, plus those from Part A who received the same regimen
and dosage as the Part B groups.
No participants had positive responses to >2 proteins at these timepoints.
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Figure 4. HIV-specific CD4+ and CD8+ T-cells producing multiple cytokines induced by
heterologous vector (M/F) and homologous vector (M/M) regimens at 2 weeks post 4th

vaccination
For each panel, the left graph shows the percentage of the HIV-specific CD4+ (panel A) or
CD8+ (panel B) T-cells (red = MVA/FP; blue = MVA/MVA; groups include all participants
in Part B of the study, plus those from Part A who received the same regimen and dosage as
the Part B groups) that are producing one, two or three cytokines for positive responders
detected by intracellular staining assay. The right graph depicts the γ-interferon (IFN-γ),
interleukin-2 (IL-2) or tumor necrosis factor-α (TNF-α) in those cells producing one
cytokine (1st panel on right), and the percentage of cells co-producing cytokine pairs in
those producing two cytokines (2nd panel on the right). The boxplots indicate the median
and IQR; whiskers extend to the furthest point within 1.5 times the IQR from the upper or
lower quartile.
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Figure 5. HIV-specific Interferon-γ ELISpot assay response rates and magnitude of background-
adjusted spot forming cells (SFCs) per 106 PBMC induced by heterologous vector (M/F) and
homologous vector (M/M) regimens
Total is the response to Env, Gag, Pol and/or Nef peptide pools. Responders are shown in
colored circles (red = M/F; blue = M/M; groups include all participants in Part B of the
study, plus those from Part A who received the same regimen and dosage as the Part B
groups) and non-responders in gray triangles. The boxplots show the distribution of
responses in positive responders only. The box indicates the median and interquartile range
(IQR); whiskers extend to the furthest point within 1.5 times the IQR from the upper or
lower quartile. Numbers at the top of each panel show the number of responders / number
with assay result and the percent with positive response. Pol and Nef are not shown due to
infrequent responses.
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