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Abstract

We have previously shown that an HIV vaccine regimen including three HIV-DNA immunizations and a single
HIV-modified vaccinia virus Ankara (MVA) boost was safe and highly immunogenic in Swedish volunteers. A
median 38 months after the first HIV-MVA vaccination, 24 volunteers received 108 plaque-forming units of HIV-
MVA. The vaccine was well tolerated. Two weeks after this HIV-MVA vaccination, 18 (82%) of 22 evaluable
vaccinees were interferon (IFN)-c enzyme-linked immunospot (ELISpot) reactive: 18 to Gag and 10 (45%) to Env.
A median minimal epitope count of 4 to Gag or Env was found in a subset of 10 vaccinees. Intracellular cytokine
staining revealed CD4 + and/or CD8 + T cell responses in 23 (95%) of 24 vaccinees, 19 to Gag and 19 to Env. The
frequency of HIV-specific CD4 + and CD8 + T cell responses was equally high (75%). A high proportion of CD4 +

and CD8 + T cell responses to Gag was polyfunctional with production of three or more cytokines (40% and 60%,
respectively). Of the Env-specific CD4 + T cells 40% were polyfunctional. Strong lymphoproliferative responses
to Aldrithiol-2 (AT-2)-treated subtype A, B, C, and A_E virus were demonstrable in 21 (95%) of 22 vaccinees. All
vaccinees developed binding antibodies to Env and Gag. Neutralizing antibodies were detected in a peripheral
blood mononuclear cell (PBMC)-based assay against subtype B and CRF01_AE viruses. The neutralizing anti-
body response rates were influenced by the vaccine dose and/or mode of delivery used at the previous HIV-
MVA vaccination. Thus, a second late HIV-MVA boost induced strong and broad cellular immune responses
and improved antibody responses. The data support further exploration of this vaccine concept.

Introduction

By the end of 2011, UNAIDS estimated that 34 million
people (31.4 million to 35.9 million) were living with

human immunodeficiency virus type 1 (HIV-1) infection
worldwide. A slowing of the rate of new infections to 2.5
million (2.2 million to 2.8 million), 20% less than in 2001, was
described, as was a decrease in the number of people dying of

AIDS-related causes, 1.7 million (1.5 million to 1.9 million),
representing a 24% decline in AIDS-related mortality com-
pared to 2005.1 Nonetheless, a safe and effective HIV vaccine
remains an important goal and offers the best hope for control
of the pandemic.2 An ideal HIV vaccine would prevent ac-
quisition of infection and control viral replication.

Preclinical studies in nonhuman primates have shown that
vaccine regimens expressing simian immunodeficiency virus
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(SIV) Env, Gag, and Pol antigens reduced infection risk and
that Env was required for protection against acquisition of
infection.3–5 Env-specific antibodies were suggested to be
critical for blocking acquisition.5 CD8 + T lymphocytes can
mediate control of viral replication in HIV-infected individ-
uals and SIV-infected monkeys.6 Preclinical vaccine trials
have shown an association between Gag-specific cellular
immune responses and control of viremia in vaccinated
monkeys following virus challenge.6 The importance of HIV-
specific CD4 + T cell responses in early viral control in acute
HIV infection was recently shown.7 Thus, both cell-mediated
and antibody-mediated HIV-specific immune responses
would contribute to an effective vaccine, with functional
antibodies to inhibit viral replication at the site of infec-
tion and cytotoxic cells directed against the HIV-infected
cells.

Several HIV vaccine strategies have been tested in clinical
phase I/II trials, among them the prime-boost vaccination
regimen using DNA priming and recombinant virus-based
vaccines such as adenovirus or recombinant modified vac-
cinia virus Ankara (MVA) for boosting, live recombinant
prime/protein boost, or DNA prime/protein boost.1,8 The
first phase III trial of a prime-boost regimen using a canary
pox (ALVAC) prime and an envelope protein boost (AIDS-
Vax) showed a modest 31.2% efficacy in low-incidence Thai
heterosexuals, without effect on HIV viral RNA load and CD4
count in infected individuals.9 In the immune-correlates
analysis, binding IgG antibodies to variable regions 1 and 2
(V1V2) of HIV-1 (envelope) proteins correlated inversely with
the rate of HIV-1 infection and binding of plasma anti-Env
IgA antibodies correlated directly with risk of infection. Fur-
ther analyses suggested that Env-specific IgA antibodies
might interfere with IgG effector functions and weaken the
benefit of potentially protective antibodies.10 Analysis of the
T cell response in the RV 144 vaccinees, although modest in
frequency compared to the humoral immune response, con-
firmed HIV gp120 V2 specificity and revealed CD4 + T cell
polyfunctionality and cytolytic capacity.11

A phase I HIV-vaccine study (HIVIS01/02) was per-
formed in Stockholm, Sweden to assess different modes of
administering an HIV DNA vaccine candidate (plasmid
DNA containing HIV env of subtypes A, B, and C, gag A and B,
and rtB, HIV-DNA) boosted with heterologous HIV-1
recombinant MVA containing env, gag, and pol genes of
CRF01_AE (HIV-MVA).12 Following three HIV-DNA im-
munizations and a single HIV-MVA vaccination a total of 37
(97%) of 38 were responders. Thirty-four (89%) of 38 vacci-
nees exhibited HIV-specific interferon (IFN)-c enzyme-
linked immunospot (ELISpot) responses, 32 to Gag and
24 to Env. A lymphoproliferative assay (LPA) response
was noted in 35 (92%) of 38 vaccinees and HIV-specific
CD4 + and CD8 + T cells with proliferative capacity were
induced.13 However, anti-gp160 antibodies were detected
in only one (3%) of 38 vaccinees.12

Three years (median 38 months, range 33–40 months)
after the last vaccination 24 volunteers from the HIVIS01/
02 trial were rerecruited to receive a second HIV-MVA
vaccination. Here, we describe the safety of administering a
second HIV-MVA vaccination and present a comprehen-
sive analysis of the cellular and humoral immune responses
present at the time of and induced by the late HIV-MVA
vaccination.

Materials and Methods

Study design

A phase I/II trial (HIVIS01/02) was conducted in 2005–
2006 in Stockholm, Sweden.12 The volunteers in the HIVIS01/
02 trial received four different treatment arms of HIV-DNA
vaccination using a Bioject 2000 device either intradermally
(id) or intramuscularly (im) and with or without granulocyte-
macrophage colony-stimulating factor (GM-CSF). Three HIV-
DNA vaccinations were given followed by a single HIV-MVA
boosting vaccination 6 months later (Supplementary Table S1;
Supplementary Data are available online at www.liebertpub
.com/aid). The HIV-MVA vaccinations were given either
as 107 pfu id or 108 pfu im by needle injection in the left
deltoid muscle.

Three years (median 38, range 33–40 months) after the last
vaccination 24 volunteers remaining from the HIVIS01/02
trial received a second HIV-MVA vaccination of 108 pfu of
HIV-1 MVA given by needle and syringe into the left deltoid
muscle. Of the 24 volunteers, 13 had previously received
108 pfu of HIV-1 MVA im and 11 had received 107 pfu of
HIV-1 MVA id.

Clinical trials registration: www.controlled-trials.com/
ISRCTN32604572.

Vaccine

MVA-Chang Mai double recombinant (CMDR) (HIV-
MVA) has been described elsewhere.14 The construct ex-
presses HIV-1 subtype E Env and subtype A Gag/Pol from
Thai isolates CM235 and CM240, respectively, both under the
control of the early/late mH5 promoter. The cytoplasmic tail
of Env was truncated and the RNaseH and integrase genes
were entirely deleted. The active site of RT contains a muta-
tion that abolishes enzymatic activity. The vaccine was pro-
duced by the WRAIR Pilot Bio production facility, Forest
Glen, MD.

Clinical and laboratory safety assessments

Safety evaluations, which included physical examinations
and laboratory tests, were performed before as well as 2
weeks and 3 months after the vaccination. A 12-lead electro-
cardiogram (ECG) was administered before and 2 weeks after
the HIV-MVA vaccination.

Safety laboratory tests included a complete blood count,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin, creatinine, fasting blood glucose, and
complete urine analysis including a pregnancy test for female
participants. The hematology and biochemistry tests were
performed at Karolinska University Hospital, Huddinge,
Sweden. T-lymphocyte subset determinations were per-
formed using FACSCalibur (Becton Dickinson, Franklin
Lakes, NJ).

Diagnostic HIV serological testing was performed using
IMxHIV-1/HIV-2 III Plus (Abbott) and Enzygnost HIV In-
tegral II (Dade Behring, Marburg, Germany) enzyme-linked
immunoassays (ELISAs). Samples that were reactive by
ELISA were tested by Western blot analysis (HIV-1 western
blot, Diagnostic Biotechnology). The Centers for Disease
Control and Prevention criteria were used, which require a
reactivity to at least two of the following antigens for a posi-
tive classification: p24, gp41, and gp120/160. Infection was
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ruled out by HIV RNA detection using the Roche Amplicor
HIV-1 Monitor v.1.5 RNA-PCR kit (Roche Diagnostic Systems).

Cellular immunogenicity assessment

Blood collection and cell preparation. Whole blood sam-
ples for analysis of immune responses were collected in cell
preparation tubes (CPT Vacutainer tubes; BD) containing
sodium heparin as anticoagulant. Peripheral blood mononu-
clear cells (PBMCs) were processed and stored as described
previously.13,15

ELISpot assays. IFN-c ELISpot was performed on fresh
PBMCs using the h-IFN-c ELISpotPLUS kit and a two-step
detection system according to the manufacturers’ instructions
(Mabtech, Nacka, Sweden) as described previously.12 The
HIV-specific peptide pools used are described in Table 1.

For epitope mapping, a matrix-based strategy was applied.
Pools of overlapping peptide sets matching the insert se-
quences of MVA-CMDR were used. Ninety-five peptides for
CM240 Gag were divided into 20 matrix pools, while 138
peptides for CM235 Env were divided into 20 matrix peptide
pools. Each matrix peptide pool contained 10–12 peptides to
permit enumeration of the number of epitopes targeted in the
ELISpot assay format. The IFN-c ELISpot assay was per-
formed as described above using PBMCs collected at baseline
(prior to receiving any vaccination) and 2 or 4 weeks after the
HIV-MVA boosting vaccination. Thawed and rested PBMCs
were stimulated with each of the matrix peptide pools (1 lg/ml)
in single wells. The results were expressed as minimum epitope
counts.

Eight-color intracellular cytokine staining (ICS)
assay. For the determination of CD4 + and CD8 + T cell re-
sponses, an eight-color ICS assay was performed on fresh
PBMCs, which had been rested overnight following the pu-
rification procedure. PBMCs (0.5 · 106) were incubated in 96-
well round-bottom plates with costimulatory anti-CD28
(1 lg/ml) and anti-CD49d (1 lg/ml) monoclonal antibodies
(Becton Dickinson, BD Pharmingen, San Diego, CA) in either
medium only (negative control) or in medium containing a

mixture of staphylococcal enterotoxin A and B (SEAB, 1 lg/ml,
Sigma-Aldrich Logistic GmbH, Germany), CEF peptide pool
(1 lg/ml, NMI Technologie Transfer, Germany), CMV pep-
tide pool (PepMix, 0.125 lg/ml, JPT, Innovative Peptide
solutions, Germany), HIV-1 Gag-specific and Env-specific
peptide pools (Table 1), and Brefeldin A (10 lg/ml, Sigma-
Aldrich, Germany). Samples were incubated for 6 h at 37�C
in a 7.5% CO2 incubator and were stored at 4�C overnight.

The next day, 20 ll (20 mM, pH 8) of EDTA was added to
each well and incubated for 15 min. Thereafter, the samples
were transferred to a V-bottom plate and centrifuged for
5 min. Cells were washed twice with phosphate-buffered sa-
line (PBS), stained with anti-CD4-PerCP-Cy5.5, anti-CD8-
AmCyan (BD), and the viability marker VIVID-Pacific blue
(Life Technologies), and incubated for 30 min at 4�C (in the
dark). Cells were washed twice in wash buffer [PBS + 0.1%
fetal calf serum (FCS)], permeabilized in BD Cytofix/Cyto-
perm buffer for 20 min at 4�C (in the dark), and washed once
in BD Perm/Wash buffer. Cells were then stained intracellu-
larly for 30 min at 4�C with an antibody cocktail containing
anti-CD3–APC-Cy7, anti-MIP-1b-PE, anti-TNF-a-PE-Cy7,
anti-IFN-c-FITC, and anti-IL-2-APC (Becton Dickinson, San
Jose, CA). At the end of the incubation, cells were washed
twice in Perm/Wash buffer, fixed in BD CellFix solution, and
stored at 4�C in the dark until acquisition. Acquisition of
samples was performed using a FACSCanto II flow cytometer
(BD Biosciences) where a volume of 80% (200 ll) of each
sample was acquired using a threshold of 200 on FSC. A
minimum of 50,000 CD3 + lymphocytes per well was required
for a sample to be included in the analysis. The samples were
analyzed using FlowJo software, version 8.7.1 (Tree Star,
Ashland, OR) and distributions were presented using PESTLE
and SPICE, version 5.1 (kindly provided by Mario Roederer,
Vaccine Research Center, NIH at http://exon.niaid.nih.gov/
spice).

Background levels for Gag and Env were established using
Swedish blood donor samples (n = 15). ICS responses to Gag
were considered positive if they were at least 2.5-fold higher
than the mean of background (medium control) and above
0.05% gated positive CD4 + T lymphocytes and above 0.1%
CD8 + T cells. Using these criteria, one of 15 blood donors had
a CD4 + T cell reactivity to Gag I expressing IFN-c (0.061%)
and MIP1-b (0.1%). Another blood donor had a borderline
CD4 + T cell reactivity to Gag WR expressing IFN-c (0.052%).
All blood donors’ CD8 + T cells were negative for IFN-c, in-
terleukin (IL)-2, tumor necrosis factor (TNF)-a, and macro-
phage inflammatory protein (MIP)-1b expression. ICS
responses to Env were considered positive if they were > 2.5-
fold higher than the mean of medium control and > 0.05%
gated positive CD4 + or CD8 + T lymphocytes. Using these
criteria, one of 15 blood donors had CD4 + T cell reactivity to
Env I expressing IL-2 (0.270%), to Env II expressing IFN-c
(0.067%), to Env WR expressing IFN-c (0.150%), and to Env
WR expressing MIP-1b (0.096%). Another blood donor had
CD8 + T cell reactivity to Env II expressing IL-2 (0.140%). The
analysis of reactivity to Env III in the CD4 + T cell population
and to Env WR among CD8 + T cells was excluded due to high
background levels in blood donor samples.

Lymphoproliferation assay. A tritiated [3H]thymidine
uptake lymphoproliferation assay was used as described
previously.13 Here, Aldrithiol-2 (AT-2)-treated HIV-1MN

Table 1. HIV-Specific Peptide Pools Used in ELISpot

and Intracellular Cytokine Staining Assays

Peptide
pool ID Protein

Peptide
number Subtype

Gag Ia p17 1–26 B
Gag IIa p24 27–71 A
Gag WRb,c p6, p7, p17, p24 1–160 A
Env Ia gp120, including V1 and V2 1–50 A/B
Env IIa gp120, including V3-V5 51–100 A
Env IIIa gp41 101–169 B
Env WRb,c,d Env 1–177 E
Pol WRb,c Pol 1–146 A

aHIV-1 vaccine clade A- and B-specific peptides corresponding to
the HIV-DNA prime.

bAll peptides were 15-mers with 10 amino acid (aa) overlap except
in Walter Reed Army Institute of Research (WR) peptide pools,
which had peptides with 11 aa overlap.

cHIV-1 vaccine-specific peptides corresponding to the MVA-
CMDR boost.

dNot used in ELISpot testing.
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(subtype B isolate), HIV-1KNH (subtype A isolate), HIV-1TZA

(subtype C isolate), HIV-1CM235 (subtype CRF01_AE isolate),
and SUPT1 microvesicles or Jurkat (control antigens) were
applied. The antigens were kindly provided by Dr. J. Lifson,
SAIC Frederick, Inc., Frederick, MD. T cell proliferation was
reported as stimulation index (SI). An SI ‡ 8 was considered
positive based on the mean background reactivity in 30
healthy Swedish blood donors. The SI mean + 3 SD was 7.57
for HIV-1MN, 5.51 for HIV-1KNH, 4.53 for HIV-1TZA, 3.34 for
HIV-1CM, 7.79 for SUPT1 microvesicles, and 7.82 for Jurkat.

Humoral immunogenicity assessment

Assessment of binding antibodies. Antibodies to Gag
(recombinant p17/24 protein kindly provided by Programme
EVA, Centre for AIDS Reagents, NIBSC, Potters Bar, UK),17

native gp160 subtype B (HIV-1IIIB, Advanced Biotechnologies
Inc., Columbia, MD), and recombinant gp140 subtype C (HIV-
196ZM651, kindly provided by Programme EVA, Centre for
AIDS Reagents, NIBSC, Potters Bar, UK) were determined by
use of standard validated ELISAs. Briefly, ELISA plates (Nunc,
Maxisorp, Odense, Denmark) were coated with Env proteins at
a concentration of 0.5 lg/ml and incubated overnight at + 4–
+ 8�C. Plates were washed and blocked with 10% FCS in PBS.
Serum dilutions in duplicate, titrated beginning at 1:100 using
2-fold dilutions, were added and incubated overnight at + 4–
+ 8�C. Antigen–antibody complexes were detected using rabbit
antihuman immunoglobulin G antibodies conjugated to
horseradish peroxidase (Dako Cytomation, Aarhus, Denmark).
Plates were developed for 15 min by adding O-phenylenedia-
mine buffer (Dako). The color reaction was stopped using 2 M
H2SO4 and the optical density was read using dual wave-
lengths, 490 nm and 630 nm. The cutoff was based on each
volunteers’ baseline reactivity. The mean of the duplicate op-
tical density values was calculated for both preimmunization
and postimmunization samples. A sample was positive in a
dilution of 1:100 or 1:200 if the absorbance value was more than
twice that of the preimmunization sample at a 1:100 or a 1:200
dilution, respectively. A sample was positive in a dilution
> 1:200 if the absorbance value was more than twice the mean
of the preimmunization sample run at a 1:200 dilution. The
results were reported as reciprocal end-point titers.

Anti-Env IgG subclasses were assessed in an in-house
ELISA using native HIV-1IIIB gp160 (Advanced Biotechnolo-
gies Inc., Columbia, MD). Testing was performed as described
above using horseradish peroxidase-conjugated sheep anti-
human IgG1, IgG2, IgG3, or IgG4 (The Binding Site, Bir-
mingham, UK) as conjugate.

Measurement of envelope glycoprotein-specific antibody
avidity was determined using an in-house ELISA employing
recombinant HIV subtype B gp160 (Protein Sciences Corpora-
tion, Meridian, CT) essentially performed as described previ-
ously17 with and without a urea wash. Briefly, serum dilutions
were added to plates in duplicate and one-half of the samples
were incubated in 8 M urea (Sigma-Aldrich, Germany) and the
other half were incubated in saline for 5 min following incu-
bation of serum dilutions. The avidity index was calculated as
the ratio of the absorbance value obtained with urea treatment
to that observed with saline multiplied by 100. Avidity index
values < 30% were designated low avidity, those with index
values between 30% and 50% were designated intermediate
avidity, and those > 50% was designated high avidity.18

Neutralization assays. Neutralizing antibody (NAb) was
measured in both the TZM-bl and PBMC neutralization assay
platforms using pseudovirus and Renilla luciferase expressing
infectious molecular clones (IMC), respectively, as reported
previously.19,20 Sera were screened at 1:20 dilution in the
TZM-bl assay; 1 · 104 cells were incubated with equal vol-
umes of virus and sera and then cultured for 48 h in the
presence of 40 lg/ml DEAE-dextran. Cell-expressed lucifer-
ase relative luminescence units (RLU) were detected using
Britelite substrate and a Victor Light luminometer (Perkin
Elmer, Waltham, MA). Neutralization was calculated as the
reduction in RLU in wells containing postvaccination sera
compared to wells without sera. A result ‡ 50% was consid-
ered a positive response.

Sera were serially titered in the PBMC assay; 1.5 · 105 cells
were incubated with equal volumes of virus and sera and then
cultured for 96 h in the presence of IL-2 and phytohemag-
glutinin (PHA). IMC-expressed luciferase RLU were detected
using Renilla luciferase substrate and an Envision lumin-
ometer (Perkin Elmer, Waltham, MA). Neutralization was
calculated as the reduction in RLU in wells containing post-
vaccination sera compared to wells containing prevaccination
sera. Reported ID50 values are the average of two independent
experiments for which the results were within a 2.5-fold
range.

Detection of neutralizing plasma IgA1 in samples collected
4 weeks after the HIV-MVA vaccination was performed on
IgA1 samples that had been purified from plasma. The neu-
tralization assay was performed using 20–30 TCID50 of
HIV-1BZ167 virus (Clade B, NIH AIDS Reagent and Reference
Program) as reported previously.21,22 Neutralization capacity
was defined as more than 67% reduction of p24 antigen in the
supernatant compared with p24 content in baseline samples.

Analysis of antivaccinia neutralizing antibody titers was
performed using vaccinia virus strain Elstree (Bernbiotech,
Bern, Switzerland), as described earlier.16

Data analysis

Clinical and safety laboratory data were entered in the
computerized hospital patient registry system under the na-
tional identification code and full name. Study data were
entered under study code and initials on clinical report forms.
Specimens for immunological and virological studies were
sent under study code to SMI, which remained blinded to the
randomization. Clinical and safety laboratory data were en-
tered in Access and immunological laboratory data in Excel.
Volunteer data and immunological data were analyzed in
SPSS 15.0 under study code. Most data are presented without
statistical analysis since this is a descriptive, hypothesis gen-
erating study. The immune responses were compared using
the Mann–Whitney U-test. Correlations between results ob-
tained by the PBMC-based neutralizing antibody assay, the
gp140 ELISA, and gp160 IgG3 subclass assay were estimated
by the nonparametric Spearman rank correlation test. A
p value of < 0.05 was considered statistically significant.

Ethical approval

The protocols and products were approved by the Kar-
olinska Institutet and Regional Ethics Committees and the
Swedish Medical Products Agency. Informed consent was
obtained from all participants.
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Results

Safety

The HIV-1 MVA boosting vaccination was well tolerated.
There was no influence of vaccinations on hemoglobin, white
blood cell, neutrophil, lymphocyte, or platelet count, aspar-
tate aminotransferase, alanine aminotransferase, alkaline
phosphatase, bilirubin, creatinine, or fasting blood glucose
levels. There were no changes in ECG.

Vaccine-induced T cell responses

IFN-c ELISpot. Table 2 summarizes the IFN-c ELISpot
response rates to the various HIV peptide pools in vaccinees
on the day of the second HIV-MVA vaccination (delivered
approximately 3 years after the previous HIV-MVA vaccina-
tion) and 2 and 4 weeks as well as 6 months after the second
HIV-MVA vaccination. On the day of vaccination, four (17%)
of 24 vaccinees had IFN-c responses to Gag, while one (4%) of
the 24 vaccinees had a response to Env. The Env responder
responded to both Env I (gp120 V1 and V2) and Env III (gp41)
peptide stimulation. Two weeks after the second HIV-MVA
vaccination, 18 (82%) of 22 evaluable vaccinees had IFN-c
responses to Gag, while 10 (45%) of the 22 vaccinees had a

response to Env. Similarly, 4 weeks after the second HIV-
MVA vaccination, 16 (70%) of 23 evaluable vaccinees had
IFN-c responses to Gag and seven (30%) of the 23 vaccinees
had a response to Env. Six months after the second HIV-MVA
vaccination, nine (37%) of 24 vaccinees had IFN-c responses to
Gag and three (12%) of the 24 vaccinees had a response to Env.
None of the vaccinees responded to the Pol WR peptide pool
at any of the four time points.

Medians and ranges in IFN-c ELISpot responders for the
peptide pools are shown in Table 2 and Fig. 1. Two weeks
after the second HIV-MVA vaccination the median re-
sponses in the responders were modest; the median Gag
WR response was 165 SFC/million PBMCs (range 72–7,060)
and the median Env I response was 140 SFC/million
PBMCs (range 60–930). There was no significant difference
between the magnitude of Gag WR responses in responding
vaccinees at 2 and 4 weeks after the second HIV-MVA
vaccination, median 165 vs. 155 SFC/million PBMCs, re-
spectively, p = 0.0906 (Wilcoxon signed matched pair test).
Six months after the second HIV-MVA vaccination the level
of reactivity to Gag WR in the nine responders was
123 SFC/million PBMCs (range 65–5,905). T cell epitope
mapping using IFN-c ELISpot was performed in 10 vacci-
nees on cryopreserved samples collected 2 or 4 weeks after

Table 2. Summary of Interferon-c ELISpot Response Rates to Various Peptide Pools in Vaccinees

At the time of
HIV-MVA boost, n = 24

Two weeks after
HIV-MVA boost, n = 22

Four weeks after
HIV-MVA boost, n = 23

Six months after
HIV-MVA boost, n = 24

Peptide pool No. (%)a Median (range)b No. (%)a Median (range)b No. (%)a Median (range)b No. (%)a Median (range)b

Gag I 1 (4) 62 5 (23) 80 (77–180) 4 (17) 100 (78–133) 2 (8) 93 (82–102)
Gag II 1 (4) 780 8 (36) 107 (60–6,825) 10 (43) 90 (67–6,500) 2 (8) (193–6,560)
Gag WR 4 (17) 139 (73–1,010) 17 (77) 165 (72–7,060) 16 (70) 155 (77–6,120) 9 (37) 123 (65–5,905)
Env I 1 (4) 90 8 (36) 140 (60–930) 6 (26) 117 (73–867) 3 (13) 90 (72–267)
Env II 0 (0) 1 (4) 80 1 (4) 60 0 (0)
Env III 1 (4) 60 3 (13) 98 (65–273) 1 (4) 195 0 (0)
Any Gag 4 (17) 18 (82) 16 (70) 9 (37)
Any Env 1 (4) 10 (45) 7 (30) 3 (12)
Gag or Env 4 (17) 18 (82) 18 (78) 10 (42)

aNumber of responders given as percentage of total number of vaccinees.
bMedian and range given for responders only.
MVA, modified vaccinia virus Ankara.

FIG. 1. The magnitude of interferon (IFN)-c enzyme-linked immunospot (ELISpot) responses in the vaccinees at four time
points after stimulation with (A) the Gag WR peptide pool and (B) the Env I peptide pool. The number of responders per
number of evaluable vaccinees is given in brackets. Median values are given by the bars. ELISpot responses were considered
positive if the number of spot-forming cells (SFC) was > 55 spots/million peripheral blood mononuclear cells (PBMCs) and
four times the background value. The dashed line is at 55 SFC/million PBMCs. Responders are indicated by filled circles and
nonresponders are given by open circles.
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the second HIV-MVA vaccination. Samples with > 200 SFC/
million PBMCs to either a Gag or an Env peptide pool were
selected. Deconvolution of the peptide matrices revealed
minimum median epitope counts of 2.5 per responder subject
against Gag (range 0–4), 2 per responder subject against
Env (range 0–4), and 4 per responder subject against either
Gag or Env (range 1–8) (data not shown).

Intracellular cytokine staining. HIV-specific CD4 + and
CD8 + T cell responses to three Gag and four Env peptide
pools (Table 1) were determined by eight-color ICS assay 4
weeks after the second HIV-MVA boosting vaccination (Ta-
ble 3). Of the 24 vaccinees, 23 (95%) had CD4 + and/or CD8 + T
cell responses expressing at least one cytokine in response to

Gag or Env. A balanced CD4 + and CD8 + T cell response was
observed, where 18 (75%) vaccinees exhibited CD4 + T cell
reactivity, 13 (54%) to Gag and 16 (67%) to Env, and 18 (75%)
vaccinees had CD8 + T cell responses, 15 (62%) to Gag and six
(25%) to Env.

The magnitudes of the CD4 + and CD8 + T cell responses
against Gag and Env are shown in Fig. 2 and Table 3. The
median CD4 + T cell responses to any Gag peptide was
similar for all cytokines (Fig. 2A). CD8 + T cells showed
stronger IFN-c and MIP-1b responses to Gag compared to
CD4 + T cells ( p = 0.011 and 0.0081, respectively, Mann–
Whitney test). No differences in magnitude were noted for
the other two cytokines. Analysis of single cytokines re-
vealed CD4 + and /or CD8 + T cell production of three or

FIG. 2. The magnitude of HIV-
specific T cell responses as assessed
by eight-color intracellular cytokine
staining (ICS) 4 weeks after the
second HIV-modified vaccinia vi-
rus Ankara (MVA) vaccination.
Reactivities in responders to any
Gag peptide pool by (A) CD4 + T
cells and (B) CD8 + T cells are
shown. Reactivities in responders to
any Env peptide pool by (C) CD4 +

T cells and by (D) CD8 + T cells are
also shown. Median values are
given by the bars.

FIG. 3. Polyfunctional analysis of
Gag-WR and Env-specific re-
sponses in CD4 + and CD8 + T cells
from all 24 vaccinees. The pie charts
show the fraction of the responses
based on the number of functions
from one (red) to four (black) func-
tions whereas the pie arcs show the
relative contribution of each indi-
vidual cytokine.
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more cytokines in 12 (52) of 23 ICS responders, 11 (48%) to
Gag and six (25%) to Env, and production of two cytokines
in 18 (78%) of 23 responders, 13 of whom had production of
both IFN-c and IL-2.

Polyfunctional analysis based on Boolean gating to create
combinational events of IFN-c, IL-2, TNF–a, and/or MIP-1b
revealed that approximately 25% of the Gag WR-responding
CD4 + T cells were dual functional, with a predominance of
IFN-c/IL-2 and IL-2/TNF-a, and 40% were polyfunctional,
predominantly expressing IFN-c/IL-2/TNF-a. Among the
Gag responding CD8 + T cells, approximately 25% were
dual functional, mainly producing IFN-c/MIP-1b, and 60%
were polyfunctional, predominantly expressing IFN-c/IL-2/
TNF-a/MIP-1b and IFN-c/TNF-a/MIP-1b (Fig. 3). Among
Env-specific responding CD4 + T cells, approximately 25%
were dual functional, with a predominance of IFN-c/IL-2 and
IL-2/TNF-a expression, and 40% were polyfunctional, pro-
ducing IFN-c/IL-2 coexpressed with either TNF-a or MIP-1b.
Most of the Env-specific responding CD8 + T cells (75%)
were monofunctional, mainly expressing MIP1-b. The dual-
functional and trifunctional cells (25%) expressed TNF-a/
MIP-1b with or without IFN-c.

Lymphoproliferative responses. HIV-specific T cell re-
sponses were also measured using LPA on the day of the
second HIV-MVA vaccination, 2 weeks and 6 months after
vaccination (Fig. 4). Notably, on the day of the second HIV-
MVA boosting vaccination, 3 years after the first HIV-MVA
vaccination, a high frequency of the 24 volunteers exhibited a
positive LPA (SI > 8) in response to AT-2-treated HIV-1 an-
tigens of four different subtypes: 18 (75%) to HIV-1MN (sub-
type B), 17 (71%) to HIV-1KNH (subtype A), 13 (54%) to
HIV-1TZA (subtype C), and 15 (62%) to HIV-1CM235 (subtype
CRF01_AE). The overall response rate to any of the antigens
tested was 21 (87%) of 24. The median (range) proliferative
response in responders to HIV-1MN was 29.3 SI (8.2–1,126), to
HIV-1KNH 24.0 SI (9.6–511), to HIV-1TZA 19.9 SI (8.2–529), and
to HIV-1CM235 21.4 SI (9.2–725). Two weeks after the second
HIV-MVA boost the response rate had increased and 21 (95%)
of 22 evaluable vaccinees were responders to all four antigens
used. The median (range) proliferative response in responders
to HIV-1MN was 123 SI (11.2–1,139), to HIV-1KNH 115 SI (8.9–
1,007), to HIV-1TZA 86 SI (8.1–827), and to HIV-1CM235 157 SI
(18.2–1,130). A high response rate was also detected 6 months
after the second HIV-MVA boosting vaccination with 21

FIG. 4. T cell proliferative responses to Aldrithiol-2 (AT-2)-treated HIV antigens (HIV-1MN subtype B, HIV-1KNH subtype A,
HIV-1TZA subtype C, and HIV-1CM235 subtype CRF01_AE) and control antigen (SUPT-1 and Jurkat) as measured by
[3H]thymidine uptake assay (A) at the time of, (B) 2 weeks after, and (C) 6 months after the second HIV-MVA vaccination.
The number of lymphoproliferative assay (LPA)-reactive vaccinees per number of evaluable vaccinees is given in brackets.
Median values are given by the bars. T cell proliferative responses were considered positive if the stimulation index (SI) > 8.
The dashed line is at 8 SI. LPA reactive vaccinees are given by filled circles and nonreactive vaccinees are given by open
circles.

FIG. 5. HIV-specific antibody responses as determined by enzyme immunoassay (EIA). (A) Antibody endpoint titers to
recombinant HIV-196ZM651 gp140 (red bars) and native HIV-1IIIB gp160 (blue bars) 1 month after the second HIV-MVA
vaccination. (B) Correlation between anti-HIV-1IIIB gp160 (subtype B) and anti-HIV-196ZM651 gp140 (subtype C) enzyme-
linked immunosorbent assay (ELISA) titers 1 month after the second HIV-MVA vaccination. (C) Anti-gp160 avidity indices 1
and 6 months after the second HIV-MVA vaccination.

306 NILSSON ET AL.



(87%) of 24 vaccinees responding to HIV-1MN, 17 (71%) of 24
to HIV-1KNH, 14 (58%) of 24 to HIV-1TZA, and 20 (83%) of 24 to
HIV-1CM235. The overall response rate to any of the antigens
tested was 23 (96%) of 24, and 21 (87%) of 24 exhibited re-
sponses to two or more of the antigens. The median (range)
proliferative response in responders to HIV-1MN was 64 SI
(9.3–538), to HIV-1KNH 100 SI (8.3–678), to HIV-1TZA 62 SI (13–
639), and to HIV-1CM235 45 SI (8.3–949). One vaccinee was
consistently LPA negative at all time points tested.

Vaccine-induced antibody responses

Binding antibodies. Antibody testing was performed on
serum or plasma samples collected 4 weeks and 6 months
after the second HIV-MVA vaccination. Four weeks after the
second HIV-MVA vaccination all (100%) of 24 volunteers
were reactive in the IMxHIV-1/HIV-2 III Plus (Abbott)
ELISA, while 13 (54%) of 24 volunteers were reactive in the
Enzygnost HIV Integral II ELISA. Thirteen (54%) of 24 vol-
unteers were also positive in Western blot using the Centers
for Disease Control and Prevention criteria, which requires a
reactivity to at least two of the following antigens for a posi-
tive classification: p24, gp4, and gp120/160. At 6 months, 23
(96%) of 24 volunteers were still reactive in IMxHIV-1/HIV-2
III Plus (Abbott) ELISA and 10 (42%) of 24 were reactive in
Enzygnost HIV Integral II ELISA and Western blot, respec-
tively (data not shown).

Binding antibody titers to recombinant Gag (p17/24 pro-
tein), native HIV-1IIIB subtype B gp160, and recombinant
HIV-196ZM651 subtype C gp140 were determined by ELISA.
One month after the second HIV-MVA vaccination all (100%)
of 24 volunteers exhibited anti-Gag antibodies (median titer
1,600, range 100–6,400). Furthermore, 23 (96%) of 24 volun-
teers exhibited antibodies to native HIV-1IIIB subtype B gp160
(median titer 400, range 100–6,400) and 24 (100%) of 24 had
antibodies to recombinant HIV-1 subtype C gp140 (median
titer 1600, range 100–6,400) (Fig. 5A). Six months after the
HIV-boosting vaccination 20 (83%) of 24 were reactive to
native HIV-1IIIB gp160 (median 200, range 100–6,400). The
HIV-1IIIB gp160 antibody titers 1 month after the second HIV-
MVA vaccination correlated with HIV-1 subtype C recombi-
nant gp140 antibody titers, r = 0.5255, p = 0.0100 (Fig. 5B).

To further define the Env-specific antibody response, IgG
subclasses were determined using native HIV-1IIIB gp160
antigen. One month after the second HIV-MVA vaccination
19 (79%) of 24 vaccinees displayed IgG1-specific anti-gp160
antibodies (median titer 200, range 100–800) and five (21%) of

24 had IgG3-specific anti-gp160 antibodies (median titer 200,
range 200–800). None had IgG2 or IgG4 subclass-specific re-
sponses to gp160 (data not shown).

The avidity of antibodies to gp160 was determined by mea-
suring the resistance of serum antibody-envelope gp160 im-
mune complexes to disruption by treatment of 8 M urea in gp160
ELISA. One month after the second HIV-MVA boosting vacci-
nation, antibodies, with avidity indices greater than 50%, were
detected in 21 (87%) of 24 vaccinees. Furthermore, at 6 months,
23 (96%) of 24 had high-avidity envelope-specific antibodies
while one vaccinee had an avidity index of 49% (Fig. 5C).

Neutralizing antibodies. Neutralizing antibody testing
was performed in samples collected from vaccinees 1 month
after the HIV-MVA boosting vaccination. There was no de-
monstrable NAb activity in the TZM-bl pseudovirus assay
using SF162 subtype B or CM235 subtype CRF01_AE pseu-
doviruses in samples tested at a 1:20 dilution (data not
shown). In contrast, NAbs were demonstrated when the
PBMC assay was applied using samples diluted 1:50 against
SF162 (6/24, 25%) and CM235 (10/24, 42%). Vaccinee sera
that screened positive were further titrated to calculate ID50

values; on average responder ID50 values were higher for
CM235 (median titer 254, range 101–698) than for SF162
(median titer 84, range 57–121) (Fig. 6A). Furthermore, neu-
tralizing antibody titers to CM235 correlated with HIV-1
subtype C gp140 ELISA antibody titers (Fig. 6B).

Purified plasma IgA1-mediated neutralization was as-
sessed in samples collected from vaccinees 1 month after the

FIG. 6. Neutralizing anti-
body titers as determined by
peripheral blood mononu-
clear cell/infectious molecu-
lar clone neutralizing
antibody (PBMC/IMC Nab)
assay. (A) NAb titers to SF162
subtype B (red bars) or
CM235 subtype CRF01_AE
isolates (blue bars) are
shown. (B) Correlation be-
tween NAb titers to SF162 or
CM235 and anti-subtype C
gp140 ELISA titers.

Table 4. Antibody Responses After the Late Second

HIV-Modified Vaccinia Virus Ankara Vaccination

in Vaccinees According to the Dose and Route

of Immunizations at the Time of the First

HIV-Modified Vaccinia Virus Ankara Vaccination

First HIV-MVA vaccination

Antibody response 108 pfu im 107 pfu id p-value

Anti-HIV-1IIIB gp160
IgG3 antibodies

5/13 (38%) 0/11 (0%) 0.0411

SF162 neutralizing
antibodies

6/13 (46%) 0/11 (0%) 0.0162

CM235 neutralizing
antibodies

8/13 (62%) 2/11 (18%) 0.0414
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second HIV-MVA vaccination. None of the 24 IgA1 samples
exhibited HIV neutralizing activity.

The first HIV-MVA vaccination influenced the vaccine-
induced antibody-mediated immune response after the sec-
ond HIV-MVA. Of the 24 volunteers rerecruited to receive a
late second HIV-MVA vaccination, 13 volunteers had pre-
viously received 108 pfu HIV-MVA im and 11 volunteers had
received 107 pfu HIV-MVA id as a boost after three HIV-
DNA immunizations. There was no statistical difference in
ELISpot response rate to Gag WR stimulation between the
two groups at any of the time points tested. Nor was there
any difference in lymphoproliferative responses at any of the
time points tested (data not shown). Anti-gp160 IIIB anti-
body reactivity and avidity indices were also similar be-
tween the two groups, p = 0.2969 and p = 0.2970, respectively.
In contrast, gp140 ELISA antibody titers were higher after
the second HIV-MVA vaccination in vaccinees who had re-
ceived 108 pfu HIV-MVA im (median 1,600, range 100–6,400)
compared to vaccinees who had received 107 pfu id (median
400, range 100–1,600) at the first HIV-MVA vaccination,
p = 0.0136. Anti-gp160 IIIB IgG3 subclass antibodies were
detected in only a proportion of the vaccinees who had re-
ceived two vaccinations of 108 pfu HIV-MVA im following
the HIV-DNA priming immunizations (Table 4). Further-
more, neutralizing antibodies detected by a PBMC-based
assay using subtype B (HIV-1SF162) and CRF01_AE (HIV-
1CM235) viral isolates were frequent in vaccinees who had
received 108 pfu of HIV-MVA im, while they were rare in
vaccinees who had received 107 pfu id before the late second
HIV-MVA vaccination (Table 4).

Antivaccinia neutralizing antibodies. Figure 7 shows the
antivaccinia neutralizing antibody responses at baseline
(prior to the first HIV-DNA vaccination), the time of the sec-
ond HIV-MVA, 2 weeks, 4 weeks and 6 months after the
vaccination. At the time of the second HIV-MVA vaccination
the magnitude of antivaccinia Nab was low and similar to the
level seen at baseline. NAb responses against vaccinia peaked
2 weeks after the second HIV-MVA vaccination with a mean
NAb titer of 167, and declined over time to a mean NAb titer
of 39, 6 months after the second HIV-MVA vaccination
( p = 0.0003).

Discussion

In the present trial we explored the safety and immuno-
genicity of a second HIV-MVA boosting vaccination deliv-
ered 3 years after receipt of three HIV-DNA immunizations
and an HIV-MVA boost. Twenty-four vaccinees received the
second late HIV-MVA vaccination, which was well tolerated.

Interestingly, on the day of the second HIV-MVA vacci-
nation, a high proportion (87%) of the volunteers exhibited
strong T cell proliferative responses in response to AT-2-
treated HIV-1 antigens of four different HIV subtypes (A, B, C,
and CRF01_AE). Furthermore, a proportion (17%) of the
vaccinees had IFN-c ELISpot responses to Gag peptide pool
stimulation. Thus, the initial immunization scheme applied in
the HIVIS01/02 trial12 consisting of three HIV-DNA immu-
nizations given at 0, 1, and 3 months followed by an HIV-
MVA vaccination at 9 months induced a durable and robust
cell-mediated immune response lasting more than 3 years. To
our knowledge this is the first report describing a long-term 3-
year follow-up of a prophylactic HIV vaccine candidate using
HIV-DNA as prime and HIV-MVA as boost.

Two weeks after the second HIV-MVA immunization of
vaccinees previously given three HIV-DNA immunizations
and one HIV-MVA vaccination a high proportion (82%) of the
volunteers exhibited IFN-c ELISpot responses, 82% to Gag
and 45% to Env. We have previously reported that after de-
livery of three HIV-DNA immunizations and a single HIV-
MVA vaccination in the HIVIS01/02 trial, the response rate
was 86% to Gag and 65% to Env (HIVIS01/0212). Using the
same vaccines for vaccination of Tanzanian volunteers and
priming with three injections of HIV-DNA (1 mg id or 3.8 mg
im) and boosting twice with 108 pfu HIV-MVA, a higher
proportion of IFN-c ELISpot responders was found: 93% to
Gag and 79% to Env (HIVIS03).15 The difference in IFN-c
ELISpot response rates between the Swedish and the Tanza-
nian trials can be attributed to several factors. The Tanzanian
trial was guided by the results from the HIVIS01/02 trial in
Sweden and the two most promising HIV-DNA priming
modes were selected for use. In the Tanzanian trial all vacci-
nees received two doses of 108 pfu of HIV-MVA vaccination.
The Swedish vaccinees received either 107 pfu id or 108 pfu im
of HIV-MVA at the time of the first HIV-MVA vaccination
depending on randomizations. At the time of the second HIV-
MVA all volunteers received the 108 pfu HIV-MVA dose.

FIG. 7. Antivaccinia neutralizing antibody
titers in vaccinees. Median values are given
by the bars. p-values are given for compari-
sons in median titers between the time of the
second HIV-MVA and 2 weeks, 4 weeks, and
6 months after the second HIV-MVA, re-
spectively. A p-value is also given for the
comparison in titers between 2 weeks and 6
months after the second HIV-MVA.
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Additionally, the volunteers in Tanzania were younger (18–40
years) compared to those in Sweden (18–60 years).

The same HIV-MVA construct used in Sweden has also
been evaluated in a phase I safety and immunogenicity trial in
healthy volunteers in the United States and Thailand. After
three immunizations of 108 pfu HIV-MVA, 90% of the vol-
unteers exhibited IFN-c ELISpot responses, predominantly to
Env,22 but the magnitude of responses was lower than in the
present trial and in the Tanzanian HIVIS03 trial, which both
included priming with HIV-DNA. The Eurovacc02 trial of a
vaccine regimen including two primes with HIV-DNA and
one boost with NYVAC poxvirus vector, both expressing
HIV-1 Env and Gag/Pol/Nef, showed a high IFN-c ELISpot
response rate, 90%, predominantly to Env and polyfunctional
CD4 + and CD8 + T cell responses.23 The use of HIV-1 DNA
prime and MVA boost vaccines based on T cell epitopes in
phase I/II clinical trials resulted in a low frequency of IFN-c
ELISpot responses.24,25 Using a multiclade HIV-1 DNA and
rAd5 boost, Churchyard et al. reported IFN-c ELISpot re-
sponses in 70.8% of vaccinees overall, 54.7% to Gag and
54.2.% to Env.26 Other clinical trials using HIV-DNA prime
and recombinant Ad5 boost regimens have reported IFN-c
ELISpot response rates ranging from 35.5% to 100%, primarily
targeting Env.27–30

In the present trial, eight-color ICS performed 2 weeks after
the second HIV-MVA vaccination showed equally high fre-
quencies (75%) of HIV-specific CD4 + and CD8 + T cell re-
sponses. However, CD8 + T cell cytokine responses were more
frequent to Gag (69%) than to Env (28%), whereas the CD4 + T
cell response rates to Gag and Env were more balanced (54%
and 67%, respectively). After two Geovax pGA2/JS7 DNA
and two MVA/HIV62 vaccinations in the HVTN065 trial the
CD4 + T cell response rate of 77% (77% to Gag and 62% to Env)
was similar to that in the present study, whereas the CD8 + T
cell response was somewhat lower at 42% (35% to Gag and
23% to Env).31 In a phase IIA clinical trial (HVTN204) of
a multiclade HIV DNA prime and rAd5 boost a balanced
CD4 + and CD8 + T cell ICS response rate was demonstrated
(41.8% and 47.2%, respectively).26

For the present trial, T cell epitope mapping was performed
after the second HIV-MVA vaccination using samples from a
subset of 10 volunteers having > 200 SFC/million PBMCs in
IFN-c ELISpot to either Gag or Env. A balanced response was
observed with a mean minimal epitope count of 2.5 to Gag, 2.1
to Env, and 4.6 to either Gag or Env. The overall mean number
of epitopes recognized was comparable to that reported for
the EuroVacc02 phase I study (4.2 to Env),23 the RV144 phase
III trial (3.6 to Env),11 a multiclade DNA prime recombinant
adenovirus 5 boost regimen trial, VRC009 (3.3 to Env or
Gag),27 but greater than that reported for the Step trial (1 to
Gag).32

A broad multisubtype HIV-specific T cell response was
also elicited as measured by LPA. Two weeks after the sec-
ond HIV-MVA vaccination 21 (95%) of 22 evaluable vacci-
nees were responders to all four antigens of different
subtypes (AT-2-treated HIV-1MN, HIV-1KNH, HIV-1TZA, and
HIV-1CM235) used for testing. The highest stimulation indi-
ces were recorded for the HIV-MVA homologous subtype
CRF01_AE HIV-1CM235 (157 SI) followed by subtype B
HIV-1MN (123 SI), subtype A HIV-1KNH (115 SI), and subtype
C HIV-1TZA (86 SI). These results extend our previous find-
ings from the HIVIS03 trial in which all (100%) of the vac-

cinees had LPA responses to HIV-1CM235 antigen 2 weeks
after the second HIV-MVA vaccination.15

Notably, following the second HIV-MVA vaccination HIV-
specific ELISA antibody responses were detected in all vac-
cinees by routine diagnostic serological tests, and 96% had
antibodies to subtype B Env gp160 and 100% had antibodies
to subtype C Env gp140. Antibodies with HIV-neutralizing
activity in a PBMC/IMC assay were more common among
recipients of two 108 pfu HIV-MVA im vaccinations than
among vaccinees who had received a 107 pfu HIV-MVA id
vaccination and a 108 pfu HIV-MVA im vaccination after the
three HIV-DNA priming immunizations. Thus, the vaccine
dose and/or mode of delivery used at the first HIV-MVA
vaccination given approximately 3 years before the second
HIV-MVA vaccination influenced the neutralizing antibody
response rates after the second (late) HIV-MVA vaccination.
Using the same HIV-MVA vaccine, Currier et al. previously
reported that antibodies exhibiting antibody-dependent cel-
lular cytotoxicity (ADCC) activity were more frequent in
vaccinees who had received three doses of 108 pfu im com-
pared to three doses of 107 pfu id.22 Goepfert et al. reported
higher antibody response rates after two immunizations with
3 mg of Geovax pGA2/JS7 DNA followed by two vaccina-
tions using 108 TCID50 MVA/HIV62 compared to two im-
munizations with 0.3 mg pGA2/JS7DNA followed by two
vaccinations using 107 TCID50 MVA/HIV62.31

The antibody findings in the present trial support and ex-
tend our previous findings from the HIVIS03 trial in Tanzania
in which all vaccinees became HIV antibody positive and a
high proportion of the vaccinees exhibited NAbs to CM235
clade CRF01_AE using the PBMC/IMC assay after a second
108 pfu HIV-MVA vaccination delivered 1 year after receipt of
three HIV-DNA and a 108 pfu HIV-MVA boosting vaccina-
tion.15 Recently, high neutralizing antibody response rates
were reported using the TZMbl assay in vaccinees who
had received two ADVAX DNA vaccinations followed by
two vaccinations of recombinant MVA encoding HIV genes
(TBC-M4).34

In the present study, the majority of vaccinees (87%) had
high-avidity anti-Env antibodies 4 weeks after the second
HIV-MVA vaccination. The number of vaccinees having high
avidity antibodies increased to 23/24 (96%) 6 months after the
second HIV-MVA boost. In a preclinical evaluation of a DNA
prime MVA boost vaccine candidate Zhao et al.33 reported an
inverse correlation between avidity of anti-Env antibodies
and peak postchallenge viremia in the absence of detectable
levels of neutralizing Ab suggesting Fc-mediated mechanisms
of viral control. Here, NAbs were detected when using the
PBMC/IMC assay but not when using the TZMbl/pseudo-
virus assay. In the HIVIS03 trial, 83% of the vaccinees neu-
tralized CM235 subtype CRF01_AE when the PBMC/IMC
assay was used, while no neutralizing activity was detected
using the TZMbl/pseudovirus assay.15 In a standard PBMC-
based assay with a p24-read out antibodies and virus inocula
are washed out, while when using the PBMC/IMC assay
Renilla reneformis luciferase activity is detected and the cells
are not washed. Brown et al.35 recently reported a substantial
influence of natural killer cells when the PBMC/IMC assay
was applied. Thus, the virus neutralizing activity seen after
the second HIV-MVA may be Fc mediated and further as-
sessment of the vaccine-induced antibody-mediated antiviral
activity is merited.
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Antivaccinia vector responses were determined at four
time points. Importantly, at the time of the second HIV-MVA
vaccination, 3 years after the first HIV-MVA vaccination,
antivaccinia levels were at pre-MVA vaccination levels. Peak
antivaccinia levels were detected 2 weeks after the second
HIV-MVA vaccination. The levels of antivaccinia NAb de-
creased considerably after 6 months. Preexisting immunity to
vaccinia virus did not reduce the proportion of responders to
HIV, but lowered the magnitude of HIV responses after a
single HIV-MVA vaccination.16 Here, the second HIV-MVA
vaccination induced a broad and potent immune response to
HIV-1 antigens confirming that vaccinia-based vectors can be
used for repeated boosting despite previous exposure to
vaccinia virus.

In summary, a second HIV-MVA boost delivered approx-
imately 3 years after the initial HIV-DNA/HIV-MVA vacci-
nations induced strong and broad cellular immune responses
to both Gag and Env. Furthermore, a potent antibody-
mediated response was induced. The data support further
exploration of this vaccine concept.
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