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Abstract

We explored the duration of immune responses and the effect of a late third HIV-modified vaccinia virus Ankara
(MVA) boost in HIV-DNA primed and HIV-MVA boosted Tanzanian volunteers. Twenty volunteers who had
previously received three HIV-DNA and two HIV-MVA immunizations were given a third HIV-MVA immunization
3 years after the second HIV-MVA boost. At the time of the third HIV-MVA, 90% of the vaccinees had antibodies to
HIV-1 subtype C gp140 (median titer 200) and 85% to subtype B gp160 (median titer 100). The majority of vaccinees
had detectable antibody-dependent cellular cytotoxicity (ADCC)–mediating antibodies, 70% against CRF01_AE
virus–infected cells (median titer 239) and 84% against CRF01_AE gp120–coated cells (median titer 499). A high
proportion (74%) of vaccinees had IFN-c ELISpot responses, 63% to Gag and 42% to Env, 3 years after the second
HIV-MVA boost. After the third HIV-MVA, there was an increase in Env-binding antibodies and ADCC-mediating
antibodies relative to the response seen at the time of the third HIV-MVA vaccination, p < .0001 and p < .05,
respectively. The frequency of IFN-c ELISpot responses increased to 95% against Gag or Env and 90% to both Gag
and Env, p = .064 and p = .002, respectively. In conclusion, the HIV-DNA prime/HIV-MVA boost regimen elicited
potent antibody and cellular immune responses with remarkable durability, and a third HIV-MVA immunization
significantly boosted both antibody and cellular immune responses relative to the levels detected at the time of the
third HIV-MVA, but not to higher levels than after the second HIV-MVA.
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Introduction

The development of a safe and efficacious preventive
HIV vaccine capable of inducing long-lasting humoral

and cellular immune responses remains a global health pri-

ority.1,2 Several HIV vaccine trials at various phases have
been conducted worldwide.2–4 Only one phase III trial,
RV144, has shown a modest efficacy of 31.2% at 42 months.
RV144 evaluated the protective effect of a prime–boost regi-
men consisting of a canarypox-vectored vaccine (ALVAC-HIV
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vCP1521) and an HIV envelope protein (AIDSVAX� B/E)
among HIV-uninfected individuals who were at low risk of
acquiring HIV infection.5 In the analysis of immune correlates
of risk of HIV infection in the RV144 trial, it was found that
antibodies against the V1/V2 region of HIV-1 Env inversely
correlated with the risk of HIV infection, while the presence of
IgA Env-binding antibodies was associated with a lack of
protection.6 Furthermore, antibody-dependent cellular cyto-
toxicity (ADCC)–mediating antibodies and antibodies to the
V3 region correlated with reduced risk of HIV infection in
vaccinees with low IgA Env binding antibody titers.6,7 Ana-
lysis of cellular immune responses confirmed the specificity of
anti-V2 reactivity.8 The efficacy of an HIV vaccine may de-
pend on the longevity of immune responses following vacci-
nation. The parent for the modified vaccinia virus Ankara
(MVA) vector, a smallpox vaccine, has the ability to establish
long-lived antibody responses.9 In RV144, the majority (95%)
of vaccinees had binding antibodies to gp120 HIV antigens 2
weeks postfinal vaccination, which waned significantly (to
19%) by 6 months and had reached almost undetectable levels
by 28 weeks after the last immunization.10

In our previous HIVIS03 trial, we demonstrated that
priming of healthy Tanzanian volunteers with three HIV-
DNA and boosting with two HIV-MVA immunizations eli-
cited high levels of neutralizing antibodies (NAb) in up to
83% of vaccinees using a peripheral blood mononuclear cell
(PBMC)/Infectious Molecular Clone (IMC) neutralization
assay.11 However, depletion of natural killer cells from the
PBMC targets abrogated the NAb activity, indicating that the
neutralizing activity was due to Fc receptor–mediated anti-
body functions. ADCC-mediating antibodies were detected in
the majority (97%) of the vaccinees 1 month after the second
HIV-MVA immunization.12 Twenty-eight (97%) of 29 vac-
cinees exhibited HIV-specific IFN-c ELISpot responses, 27
(93%) to Gag and 23 (79%) to Env after the second HIV-MVA
vaccination. In the present study, we explored the duration of
immune responses and the effect of a third HIV-MVA boost in
the HIVIS03 vaccinees 3 years after receipt of three HIV-DNA
and two HIV-MVA vaccinations.

Materials and Methods

Participants

Participants were recruited among volunteers who partic-
ipated in the previous HIVIS03 trial.11 They had previously

received three HIV-DNA immunizations at weeks 0, 4, and 12
and two HIV-MVA immunizations at months 9 and 21. The
DNA prime included HIV-1 gp160 subtypes A, B, and C; Rev
B; Gag A and B, as well as RTmut B, and the MVA Chiang
Mai double recombinant (CMDR, HIV-MVA) boost ex-
pressed CRF01_AE HIV-1 Env subtype E and Gag-Pol sub-
type A. Out of 40 volunteers who had received the active
immunizations, 30 had received all five immunizations. Dur-
ing unblinding of the HIVIS03 study, the volunteers were
asked if they would participate in a follow-up study in which
they would receive a third HIV-MVA immunization. The
HIVIS03 volunteers who had accepted to participate in the
follow-up study were then called for further information re-
garding the study plan and 28 volunteers indicated their will-
ingness to participate in this study (HIVIS06). Volunteers were
then invited for screening on a first come, first served basis so
as to obtain our target number of 20 volunteers. HIV negative
status was confirmed by Roche HIV-1 DNA PCR version 1.5
assay. All volunteers provided written informed consent be-
fore enrollment into the present study.

The vaccination schedule for the HIVIS03/06 trial is shown
in Table 1. HIVIS06 was an open labeled study whereby all
volunteers received a third immunization of 1 ml containing
108 plaque forming units (pfu) of recombinant HIV-MVA
vaccine administered intramuscularly (i.m.) in the left deltoid
muscle. The interval between the second HIV-MVA (fifth
immunization at months 21) and the third HIV-MVA (sixth
immunization at months 53–59) was *3 years (median 35
months, range 32–38). Of the 20 vaccinees, 9 had received
1.0 mg HIV-DNA intradermally (i.d.) by the Bioject device
and 11 had been given 3.8 mg HIV-DNA i.m. by needle.

The HIVIS06 was registered with Clinical trials.gov reg-
istry with a clinical trial Registration number NCT01461447.

Safety assessments

Reactogenicity was evaluated by solicited local and sys-
temic events recorded in diary cards that were filled out for
the week following the vaccination and complemented with
interviews at 2 weeks after the immunization. Blood samples
were collected at screening and every 2 weeks for complete
blood count and chemistry (alanine aminotransferase, total
and direct bilirubin, random blood glucose, and creatinine).
Urinalysis and pregnancy tests were performed at screening,
before immunization and on the final visit. Twelve lead

Table 1. Vaccination Schedule for HIVIS03 and HIVIS06 Trials

HIVIS03 trial [detailed in Bakari et al.11] HIVIS06 trial

Vaccine N HIV-DNA immunization HIV-MVA immunization N HIV-MVA immunization

Time point Months 0, 1, and 3 Months 9 and 21 Month 53–59
Group I 20 3.8 mg i.m. 108 pfu i.m. 11 108 pfu i.m.
Group II 20 1 mg i.d. 108 pfu i.m. 9 108 pfu i.m.
Group IIIa 10 Saline i.m. Saline i.m.
Group IIIb 10 Saline i.d. Saline i.m.

All DNA immunizations were given by a needle-free injection device (Biojector 2000; Bioject Medical Technologies). At each i.d.
immunization at months 0, 1, and 3, three injections of 0.1 ml were given in the skin over the left deltoid and two injections of 0.1 ml over
the right deltoid for a total of 1.0 mg per immunization. The total i.d. dose was thus 3 mg. The i.m. immunization was given in the deltoid
muscles for a total of 3.8 mg per immunization. The total i.d. dose was thus 11.4 mg. The immunogens were divided so that the env/rev
plasmids were given in the left arm and the gag/pol plasmids in the right arm. All HIV-MVA vaccinations were delivered using needle and
syringe, and 1 ml containing 108 pfu of recombinant HIV-MVA vaccine was administered i.m. in the left deltoid muscle.

MVA, modified vaccinia virus Ankara; i.d., intradermally; i.m., intramuscularly; pfu, plaque forming units.
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electrocardiographs and troponin testing were performed
before HIV-MVA vaccination and 2 weeks postvaccination
to monitor for peri-myocarditis.

HIV-specific binding antibodies

Testing of binding antibodies to HIV-1 IIIB subtype B
gp160 (Advanced Biotechnologies, Inc., Columbia, MD) or
recombinant HIV-196ZM651 subtype C gp140 (kindly pro-
vided by Programme EVA, Centre for AIDS Reagents,
NIBSC, Potters Bar, United Kingdom) was performed by
enzyme-linked immunosorbent assays (ELISA) as previously
described.13 Data were reported as reciprocal endpoint titers.

ADCC GranToxiLux assay

ADCC-mediating antibodies were detected according to
the previously described flow cytometry GranToxiLux (GTL)
based assay using gp120-coated target cells.14 The CEM.
NKRCCR5 target cells were coated with recombinant gp120
HIV-1 protein subtype E from CM243 CRF01_AE (GenBank
Accession No. AY214109; Protein Sciences Corporation).
The results were expressed as percentage of Granzyme B
(GzB) activity positive cells.14

ADCC luciferase assay

An ADCC assay, which uses Env.IMC.LucR virus–infected
cells as targets, was used as previously described.12,15 Subtype
CRF01_AE HIV-CM235-2-LucR.T2A.ecto/293T (IMCCM235)
(GenBank Accession No. AF259954.1) and SF162.LucR
.T2A.ecto/293T (IMCSF162) (GenBank Accession No.
EU123924) were used in this assay following transfection
of 293T/17 cells with proviral IMC plasmid DNA. ADCC
activity was measured as the percentage of loss of luciferase
activity observed in the presence of serum.

Neutralization assay

NAb in sera were measured against subtype B SF162 and
CRF01_AE CM 244 virus isolates in a PBMC-based assay
using a p24 read out and against SF162 and subtype C
93MW965.26 pseudotyped viruses in a TZM-bl assay as
described previously.16

IFN-g ELISpot assay

IFN-c ELISpot assay was performed on freshly isolated
PBMCs using the h-IFN-c ELISpot PLUS Kit in a two-step
detection system (Mabtech, Nacka, Sweden) as previously
detailed.11 Results were expressed as spot-forming cell
(SFC)/106 PBMCs. ELISpot responses were considered
positive if the number of SFC/106 PBMCs was >4 times the
background and baseline value and >55 SFC/106 PBMCs.
Data were excluded from analyses if the background re-
sponses in medium wells exceeded 60 SFC/106 PBMCs.

Anti-vaccinia neutralization assay

Vaccinia neutralizing antibodies were measured using in-
hibition of plaque-forming virus vaccinia (strain Elstree) by
serum dilutions as described previously.17 Antibody titers more
than four were considered positive.

Statistical methods

The analysis of immunological data was performed using
GraphPad PRISM version 6. For pairwise analysis, the Wil-
coxon matched-pair signed rank test was used to compare the
magnitudes of humoral and cellular immune responses before
and after the vaccinations. For analysis of ADCC data, any
samples with a value of 0 were arbitrarily given a value of 10.
The Mann–Whitney test was used for comparison of IFN-c
ELISpot responses in i.d. versus i.m HIV-DNA vaccine re-
cipients. Fischer’s exact test was used for comparisons of
frequencies. A two-sided p-value of <.05 was considered
statistically significant.

Ethics statement

The HIVIS06 trial protocol was approved by Tanzania’s
National Health Research Ethics Committee, as well as the
Senate Research and Publications Committee [local Institu-
tional Review Board (IRB)] of the Muhimbili University of
Health and Allied Sciences (MUHAS). The Tanzania Food
and Drugs Authority approved use of the vaccine candidate
products for humans in Tanzania. The HIVIS06 trial was also
approved by the Regional Ethics Committee, Stockholm,
Sweden. The HIVIS06 study was conducted in accordance
with the International Conference on Harmonization and
Good Clinical Practice guidelines. Written informed consent
was obtained from all clinical trial participants.

Results

Enrollment

Screening of the participants began in March 2012 and the
last participants were followed up in June 2012. Out of the 28
who had indicated their willingness to be screened, we
screened 23 HIVIS03 volunteers. At screening, one partici-
pant informed that he had a busy schedule. Twenty-two
participants were screened, and we ultimately enrolled 20
healthy HIV-noninfected volunteers who had participated in
the HIVIS03 study.11 Two volunteers were not enrolled as the
number of required volunteers was reached (Fig. 1). Of the 20
volunteers, 18 were males and 2 were females. The median
age of the participants was 34 years (range 27–51 years).
Eleven volunteers had a scar indicating earlier smallpox
vaccination.

Safety and tolerability

The HIV-MVA vaccine delivered i.m. with needle was
well tolerated. Eighteen reactogenicity events were recorded
in seven volunteers of whom 15 were considered as mild (all
definitely related) and 2 were graded as moderate (chills and
local swelling definitely/probably related in the same vol-
unteer). These clinical events occurred within a week from
the time of immunization. Two further events of mild con-
junctivitis and one event of severe abdominal pain were re-
corded 2 weeks after vaccination. These events were not
considered to be related to the immunizations. None of the
volunteers had a serious adverse event. There were no clin-
ically significant changes in ECG readings or troponin levels
from baseline to 2 weeks after the third HIV-MVA injection.
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Binding antibody responses

Binding antibodies to HIV-1 subtype C gp140 and subtype
B gp160 were detected in 20/20 (100%) and 17/19 (89%)
vaccinees, respectively, 4 weeks after the second HIV-MVA
and in 18/20 (90%) and 17/20 (85%) vaccinees, respectively,
3 years after the second HIV-MVA, at the time of the third
HIV-MVA vaccination. Four weeks after the third HIV-
MVA vaccination, all 20 (100%) vaccinees had antibodies to
gp140, whereas 17/20 (85%) exhibited antibodies to gp160
(Table 2).

The anti-gp140 titers were significantly higher after the
third HIV-MVA [median 800, interquartile range (IQR) 500–
1,600] compared to the titers at the time of the third HIV-
MVA (median 200, IQR 100–400), p < .0001 (Fig. 2A).
Similarly, anti-gp160 titers were also significantly higher 4
weeks after the third HIV-MVA (median 400, IQR 400–800)
compared to the titers at the time of the third HIV-MVA
(median 100, IQR 100–200), p < .0001 (Fig. 2B). There were
no significant differences in anti-gp160 titers of the same
individuals tested 4 weeks after the third HIV-MVA (median
400, IQR 400–800) compared to the previously reported anti-
gp160 titers tested 4 weeks after the second HIV-MVA
(median 800, IQR 200–800), p = .06. However, the anti-
gp140 titers were significantly higher after the second HIV-
MVA (median 3,200, IQR 1,600–3,200) compared to the ti-
ters after the third HIV-MVA (median 800, IQR 500–1,600),
p = .0004. Nonetheless, the subtype C gp140 antibody titers
correlated with subtype B gp160 antibody titers before and
after the third HIV-MVA vaccination r = 0.83, p < .0001 and
r = 0.64, p = .002, respectively (data not shown).

There was no significant difference in magnitude of binding
antibodies to subtype C gp140 or subtype B gp160 between i.d.

and i.m DNA-primed vaccinees at the time of the third HIV-
MVA, p = .145 and p = .384, respectively, or after the third
HIV-MVA boost, p = .486 and p = .516, respectively.

ADCC-mediating antibody responses

Sera from the 20 vaccinees were tested for ADCC-
mediating antibody responses using both gp120-coated target
cells and IMC-infected target cells. ADCC responses to
subtype E CM243 gp120–coated cells were detected in 16/18
(88%) evaluable vaccinees 4 weeks after the second HIV-
MVA and in 16/19 (84%) vaccinees at the time of the third
HIV-MVA. The number of vaccinees exhibiting ADCC ac-
tivity to CM243 increased to 18/19 (95%) 4 weeks after the
third HIV-MVA (Table 2), and the magnitude of ADCC re-
sponses also increased from a median titer of 499 (IQR 120–
839) to a median titer of 683 (IQR 480–1,530), p = .0004
(Fig. 3A). However, the magnitude of ADCC-mediating
antibody responses was significantly lower 4 weeks after the
third HIV-MVA boost compared to 4 weeks after the second
HIV-MVA boost, median titer of 1401 (IQR 806–3085),
p = .001 (Fig. 3A).

ADCC activity to CM235 CRF01_AE–infected target
cells was detected in 18/19 (95%) vaccinees 4 weeks after the
second HIV-MVA and in 14/20 (70%) of vaccinees both at
the time of and 4 weeks after the third HIV-MVA (Table 2).
The ADCC-mediating antibody titer to CM235 CRF01_AE–
infected target cells was significantly higher after the third
HIV-MVA (median 578, IQR 192–3,663) compared to the
titer at the time of the third HIV-MVA (median 239, IQR
136–1,198), p = .004, but not significantly different from the
titer 4 weeks after the second HIV-MVA (median 1,064, IQR
698–4,258), p = .072 (Fig. 3B).

FIG. 1. The number of volunteers
screened, enrolled, allocated, and
analyzed in the trial.
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The frequency of ADCC responses to SF162 subtype
B–infected cells was 13/18 (72%) 4 weeks after the second
HIV-MVA and 9/19 (47%) before the third HIV-MVA, which
increased to 14/19 (74%) 4 weeks after the third HIV-MVA
boost (Table 2). The ADCC-mediating antibody titer to SF162

subtype B was significantly higher after the third HIV-MVA
(median 681, IQR 123–992), compared to the titer at the time of
the third HIV-MVA (median 204, IQR 10–445), p = .0002, but
not significantly different from the titer 4 weeks after the sec-
ond HIV-MVA (median 571, IQR 121–975), p = .82 (Fig. 3C).

FIG. 2. The magnitude of binding antibodies to (A) gp140 HIV-1 subtype C (n = 20) and (B) gp160 subtype B (n = 19)
among the volunteers 4 weeks after the second HIV-MVA and at the time of and 4 weeks after the third HIV-MVA boost.
The Wilcoxon matched-pair signed rank test was used to compare the magnitude of responses at different time points. Bars
illustrate median values. Open circles indicate negative values.

Table 2. Frequency of Immune Responses After the Second, at the Time of Third,

and After the Third HIV-MVA Vaccination

Assay and antigen

After the second
HIV-MVA

At the time of the
third HIV-MVA

After the third
HIV-MVA

Positive/total
number tested (%)

Positive/total
number tested (%)

Positive/total
number tested (%)

ELISA binding antibody
gp140 96ZM651 C 20/20 (100)a 18/20 (90) 20/20 (100)a

gp160 IIIB 17/19 (89)a 17/20 (85) 17/20 (85)a

ADCC-GTL
gp120 CM243 AE 16/18 (88)a 16/19 (84) 18/19 (95)a

ADCC-luciferase
IMCCM235 AE 18/19 (95)a 14/20 (70) 14/20 (70)a

IMCSF162 B 13/18 (72)a 9/19 (47) 14/19 (74)a

Neutralization
PBMC assay (SF162, CM244) 0/20a ND 0/20a

TZM-bl assay (SF162, MW965.26) 0/20a ND 0/20a

ELISpot
Gag SMIc ND 13/19 (68) 17/20 (85)b

Gag CMDRd 16/18 (89)b 12/19 (63) 18/20 (90)b

Env CMDRe 16/18 (89)b 8/19 (42) 18/20 (90)b

Gag or Env 16/18 (89)b 14/19 (74) 19/20 (95)b

Anti-vaccinia neutralization
Strain Elstree 19/20 (95)a 20/20 (100) 20/20 (100)a

aTesting performed 4 weeks after the HIV-MVA vaccination.
bTesting performed 2 weeks after the HIV-MVA vaccination.
cGag-specific peptide pool corresponding to the DNA vaccine.
dGag-specific peptide pool corresponding to the MVA vaccine.
eEnv-specific peptide pool corresponding to the MVA vaccine.
ADCC-GTL, antibody-dependent cellular cytotoxicity-GranToxiLux assay; IMC, infectious molecular clone; ND, testing not done;

PBMC, peripheral blood mononuclear cell.
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There was no significant difference in magnitude of
ADCC-mediating antibody responses to subtype E CM243
gp120–coated cells between i.d. and i.m. DNA-primed vac-
cinees at the time of the third HIV-MVA or after the third
HIV-MVA boost, p = .219 and p = .108, respectively. Fur-
thermore, there was no significant difference in magnitude
of ADCC-mediating antibody responses to either CM235
CRF01_AE–infected cells or SF162 subtype B–infected cells
between i.d. and i.m. DNA-primed vaccinees at the time of the
third HIV-MVA, p = .330 and p = .111, respectively, or after
the third HIV-MVA boost, p = .268 and p = .450, respectively.

Neutralizing antibody responses

NAb activity was determined in the sera of 20 individuals
at baseline before any vaccination, 4 weeks after the second
HIV-MVA and 4 weeks after the third HIV-MVA vaccina-
tion. There was no demonstrable NAb activity in either the
PBMC assay using a p24-read out or the TZM-bl based
neutralizing assay (Table 2).

IFN-g ELISpot responses

The frequency of IFN-c ELISpot responses to Gag and Env
in vaccinees before and after the third HIV-MVA vaccination
is summarized in Table 2. At the time of the third HIV-MVA,
3 years after the second HIV-MVA, an overall 14/19 (79%)
vaccinees had IFN-c ELISpot responses. The response rate to
Gag was reduced from 89% to 63% ( p = .12) and to Env from
89% to 42% ( p = .005) compared to the response rates after
the second HIV-MVA vaccination 3 years earlier. Two weeks
after the third HIV-MVA, 19/20 (95%) vaccinees had IFN-c
ELISpot responses, 18 (90%) to both Gag and Env. The in-
crease of IFN-c ELISpot responses was statistically signifi-
cant to Env (from 8/19 to 18/20, p = .002) but not to Gag
(from 12/19 to 18/20, p = .064).

Figure 4 shows the magnitude of the IFN-c ELISpot re-
sponses among the vaccinees at three time points. At the time
of the third HIV-MVA boost, the magnitude of responses
had waned significantly since the second HIV-MVA, from a

median of 245 (IQR 115–570) SFC/million PBMCs to a
median of 120 (IQR 24–263) SFC/million PBMCs to Gag
( p = .002) and from a median of 185 (IQR 121–350) SFC/
million PBMCs to a median of 45 (IQR 28–65) SFC/million
PBMCs to Env ( p < .0001). Two weeks after the third HIV-
MVA immunization, the median responses increased sig-
nificantly to 280 SFC/million PBMCs (IQR 84–390) against
Gag CMDR ( p = .0007) and 190 SFC/million PBMCs (IQR,
95–353) against Env CMDR ( p < .0001). There was no sig-
nificant difference in the magnitude of HIV-specific IFN-c
ELISpot responses 2 weeks after the second HIV-MVA
compared to 2 weeks after the third HIV-MVA boost
(Fig. 4A, B). Notably, the magnitude of IFN-c ELISpot re-
sponses to Env was significantly higher among the volunteers
previously HIV-DNA primed i.d. compared to i.m., both at
the time of and 2 weeks after the third HIV-MVA boost,
p = .001 and p = .007, respectively (Fig. 4D).

Vaccinia antibody responses

Vaccinia NAb testing was performed on sera collected at
baseline, 4 weeks after the second HIV-MVA, and at the time
of and 4 weeks after the third HIV-MVA boost (Fig. 5). Only
one individual had detectable vaccinia NAb before any HIV-
DNA/MVA immunizations. All MVA-immunized individu-
als (100%) had developed vaccinia-NAb responses 4 weeks
after the second HIV-MVA. At the time of the third HIV-
MVA immunization, vaccinia-NAb were still detectable in
all vaccinees. One month after the third HIV-MVA immu-
nization, the magnitude of vaccinia NAb was significantly
increased compared to the titer at the time of the third HIV-
MVA from a median of 64 to 128 pfu, p < .0001 (Fig. 5).

Discussion

In the present study, we demonstrate that priming with
three HIV-DNA and boosting with two HIV-MVA immu-
nizations in Tanzanian volunteers elicited high frequencies
of potent immune responses lasting >3 years. Furthermore, a
third HIV-MVA immunization given to the same vaccinees

FIG. 3. The magnitude of ADCC-mediating antibodies 4 weeks after the second HIV-MVA, at the time of the third, and 4
weeks after the third HIV-MVA boost against (A) CM243 CRF01_AE gp120–coated cells (n = 18), (B) CM235 CRF01_AE–
target cells (n = 19), and (C) SF162 subtype B–infected target cells (n = 18). The Wilcoxon matched-pair signed rank test was
used for statistics. Bars illustrate median values. Open circles indicate negative values. The dotted line indicates the cutoff for
positive values. For the ADCC GranToxiLux assay, the cutoff was at a GzB activity titer of 50, while for the ADCC luciferase
assay the cutoff was a specific killing titer of 200. ADCC, antibody-dependent cellular cytotoxicity; GzB, Granzyme B.
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3 years after the second HIV-MVA vaccination was safe, well
tolerated, and generated potent HIV-specific humoral and
cellular immune responses indicating that HIV-DNA/MVA-
induced immune responses can be maintained by regular
boosting with HIV-MVA despite increased vector induced
anti-vaccinia antibodies.

The HIV antibody responses in the vaccinees showed ex-
cellent durability with 90% having detectable binding anti-
bodies to subtype C gp140 and 85% to subtype B gp160 3
years after the second HIV-MVA immunization. The re-
sponse rate had decreased by only 5%–10% indicating that
this prime–boost regimen induced long-lasting anti-HIV
memory responses. In a study by Goepfert et al., in which two
immunizations with JS7 DNA vaccine followed by two im-
munizations with MVA/HIV62B elicited binding antibody
responses to gp140 in 100% of vaccinees 2 weeks after the
last vaccination, the proportion of responders had decreased
by 15.6% 24 weeks after the final vaccination,18 indicating a

shorter durability of HIV antibody responses than in our
study. However, they reported that the proportion of re-
sponders had not decreased 24 weeks after three immuniza-
tions with MVA/HIV62B.18 Following the third HIV-MVA
boost in the present study, the frequency of binding antibody
responses to HIV-1 subtype C gp140 increased to 100% and
the magnitude of antibodies both to subtype C gp140 and
subtype B gp160 increased significantly. In a study with the
same HIV-MVA-CMDR vaccine without DNA priming,
binding antibodies against gp120 were generated in up to
90% of vaccinees after three doses of 108 pfu i.m.19

In the present study, we also found an impressive dura-
bility of ADCC-mediating antibodies. Three years after the
second HIV-MVA vaccination, 84% of the vaccinees had
ADCC-mediating antibodies against CRF01_AE gp120–
coated cells and 70% against CRF01_AE-infected cells. The
proportion of vaccinees having ADCC-mediating antibody
responses to CRF01_AE gp120–coated cells increased to

FIG. 4. The magnitude of IFN-c ELISpot responses to Gag (A) and Env (B) 2 weeks after the second HIV-MVA, at the
time of the third, and 2 weeks after the third HIV-MVA boost. HIV-specific IFN-c ELISpot responses to Gag (C) and Env
(D) in the DNA i.d. and i.m. primed vaccinees. ELISpot responses were considered positive if the number of SFCs was >55
SFC/million PBMCs and four times the background value. The dotted line is placed at 55 SFC/million PBMC. Bars
illustrate median values. The Wilcoxon matched-pair signed rank test was used to compare the magnitude of responses in 18
paired samples (A, B) and the Mann–Whitney test in (C, D). Open symbols indicate negative values. i.m., intramuscularly;
i.d., intradermally; PBMCs, peripheral blood mononuclear cells; SFCs, spot-forming cells.
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95% after the third HIV-MVA immunization in the ADCC-
GTL assay. Although the ADCC response rates to CM235
CRF01_AE–infected cells were similar at the time of and
4 weeks after the third HIV-MVA boost, the magnitude in-
creased significantly (from a median titer of 239 to 578) after
the third HIV-MVA vaccination. These data indicate that
three HIV-DNA primes and two or more HIV-MVA boosts
can maintain functional ADCC antibodies. Using an assay
employing 51Cr labeled CEM.Nkr cells coated with
CRF01_AE gp120 (CM243) or subtype B gp120 (MN),
Currier et al. reported a lower frequency of ADCC activity in
RV158 vaccinees who had received 108 pfu of MVA-CMDR
i.m. thrice without HIV-DNA priming.19 In the RV158 study,
40% of the vaccinees showed ADCC reactivity to CRF01_
AE gp120 and 30% to subtype B gp120 2 weeks after the
third MVA-CMDR.19

In the present study, no HIV NAb were detected at the time
of and/or after the third HIV-MVA boost using either PBMC
or TZM-bl based neutralization assays. We have previously
reported that NAb responses against CM235 CRF01_AE
were detected in 83% of vaccinees when a PBMC/IMC assay
was used, while no NAb were detected using a TZM-bl/
pseudovirus assay.11 The apparent discrepancy can be ex-
plained by the fact that in the present study a standard PBMC-
based assay with virus grown in PBMC and an HIV p24
antigen-based assay were used instead of the PBMC/IMC
assay. In the former assay, serum and virus inocula are wa-
shed out during the experiment, whereas in the PBMC/IMC
assay there is no washing of cells, and thus, antibodies
remain with the cells and virus for the entire duration of the
assay allowing other effector cells present in the PBMC
population, like natural killer cells and/or monocytes, to
exert functional activity.20

The cellular immune responses induced by three HIV-
DNA and two HIV-MVA immunizations in our study were
also durable. Three years after the second HIV-MVA im-
munization, 74% of vaccinees still had IFN-c ELISpot re-

sponses, including 63% with responses to Gag and 43% to
Env. After the third HIV-MVA immunization, 95% of the
volunteers exhibited IFN-c ELISpot responses, 90% to both
Gag and Env, and the magnitude of Gag and Env specific
responses increased significantly from the time before the
third HIV-MVA vaccination. In a study by Currier et al. of
vaccinees who had received three immunizations of 108 pfu
of MVA-CMDR i.m. without DNA priming, the frequency of
IFN-c ELISpot responders was lower, 60% to Env and 30%
to Gag.19

In this study, we also determined the impact of anti-
vaccinia responses before and after MVA vaccinations. Only
one vaccinee had detectable vaccinia antibodies before any
vaccination most probably persisting from childhood vacci-
nation against smallpox. All vaccinees developed significant
levels of vaccinia neutralizing antibodies 2 weeks after the
second HIV-MVA, as well as at the time of and 4 weeks after
the third HIV-MVA immunization. Nonetheless, neutralizing
vaccinia antibody responses induced after the second HIV-
MVA vaccination did not prevent the elicitation of cellular or
humoral anti-HIV-specific immune responses following the
third HIV-MVA boost. We have previously reported that
preexisting vaccinia immunity did not affect the number of
immune responders following a late second HIV-MVA
vaccination in a Swedish trial using the same vaccines as used
in this study.13 Yang et al. reported that pre-existing vaccinia
immunity affected T cell responses in a vaccine study in mice
of an Ebola virus glycoprotein expressed by vaccinia. The
inhibition was largely overcome by priming with a DNA
expression vector.21 Our observations show that poxvirus-
vectored vaccines can be used efficiently even in vaccinia
preexposed populations following DNA priming.

In conclusion, the HIV-DNA prime/HIV-MVA boost
regimen elicited potent HIV-specific antibody and cellular
immune responses with remarkable 3-year durability. A third
HIV-MVA immunization given 3 years after the second HIV-
MVA immunization significantly boosted both antibody and
cellular HIV-specific immune responses relative to the levels
detected at the time of the third HIV-MVA immunization, but
not to higher levels than after the second HIV-MVA.
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