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Preexisting immunity to adenovirus serotype 5 (Ad5) diminishes immune responses to vaccines using Ad5
as a vector. Alternate Ad serotypes as vaccine vectors might overcome Ad5-specific neutralizing antibodies and
enhance immune responses in populations with a high prevalence of Ad5 immunity. To test this hypothesis,
healthy human immunodeficiency virus (HIV)-seronegative adults were enrolled in a blinded, randomized,
dose-escalating, placebo-controlled study. In part A, subjects with baseline Ad6 titers of <18 received the
Merck Ad6 (MRKAd6) HIV type 1 (HIV-1) trigene vaccine at weeks 0, 4, and 26. In part B, subjects stratified
by Ad5 titers (<200 or >200) and Ad6 titers (<18 or >18) received the MRKAd5-plus-MRKAd6
(MRKAd5�6) HIV-1 trigene vaccine at weeks 0, 4, and 26. Immunogenicity was assessed by an enzyme-linked
immunospot (ELISPOT) assay at week 30. No serious adverse events occurred. MRKAd6 trigene vaccine
recipients responded more often to Nef than to Gag or Pol. In part A, ELISPOT response rates to >2 vaccine
antigens were 14%, 63%, and 71% at 109, 1010, and 1011 viral genomes (vg)/dose, respectively. All responders
had positive Nef-specific ELISPOT results. In part B, Nef-ELISPOT response rates at 1010 vg/dose of the
MRKAd5�6 trigene vaccine were 50% in the low-Ad5/low-Ad6 stratum (n � 8), 78% in the low-Ad5/high-Ad6
stratum (n � 9), 75% in the high-Ad5/low-Ad6 stratum (n � 8), and 44% in the high-Ad5/high-Ad6 stratum
(n � 9). The MRKAd6 and MRKAd5�6 trigene vaccines elicited dose-dependent responses predominantly to
Nef and were generally well tolerated, indicating that Ad6 should be considered a candidate vector for future
vaccines. Although small sample sizes limit the conclusions that can be drawn from this exploratory study,
combining two Ad vectors may be a useful vaccine strategy for circumventing isolated immunity to a single Ad
serotype.

Adenovirus (Ad) vectors have been investigated as a vacci-
nation strategy for inducing cell-mediated immunity (CMI) to
several viral and bacterial pathogens (11, 13, 22, 24, 26). In
preclinical and phase I studies, vaccination with attenuated Ad
serotype 5 (Ad5) vectors expressing human immunodeficiency
virus type 1 (HIV-1) gag elicited strong CMI responses in both
macaques and humans (4, 5, 14, 20, 23). Although a similar
Ad5-vectored trivalent HIV-1 vaccine did not prevent or mod-
ulate infection in the proof-of-concept STEP trial (2), adeno-
viruses remain attractive candidates as vectors for inducing
CMI against a variety of common infections.

Diminished immune responses to transgenes carried by Ad5
vectors as a result of preexisting Ad5-specific immunity have
been a concern from the advent of Ad5-based vaccine trials in
humans (2, 5, 13, 16, 18, 25). High preexisting titers of neu-
tralizing antibodies against Ad5 substantially diminished CMI

responses to HIV-1 vaccines using Ad5 vectors (2, 5, 16, 18).
Most North American adults have demonstrable neutralizing
antibody against Ad5, and nearly one-third have relatively high
titers (21, 25, 26). The frequency and magnitude of Ad5 titers
are even higher in other parts of the world (8, 21). Neutralizing
antibody against Ad6 is present less frequently and in lower
titers (8, 21). Relatively few individuals would be expected to
have high titers of antibodies against both Ad5 and Ad6.

Strategies for overcoming preexisting Ad5 immunity include
increasing the dose of Ad5-based vaccines, employing heterol-
ogous prime-boost regimens, or using different vectors, such as
alternative adenovirus serotypes (3, 15, 26). The current trial
was designed to explore the use of Ad6 with or without Ad5 as
a vaccine vector for delivering HIV-1 gag, nef, and pol trans-
genes.

(These data have been presented in part at the AIDS Vac-
cine 2007 Conference, Seattle, WA, August 2007 [12a, 12b].)

MATERIALS AND METHODS

Objectives. The primary objectives of the study were (i) to assess the safety and
tolerability of the administration of a three-dose regimen of the Merck Ad6
(MRKAd6) and MRKAd5-plus-MRKAd6 (MRKAd5�6) HIV-1 trigene vac-
cines and (ii) to evaluate the immunogenicity of a three-dose regimen of these
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vaccines. The secondary objective was to evaluate the immunogenicity of a
three-dose regimen of the MRKAd5�6 HIV-1 trigene vaccine in subjects with
preexisting antibodies to either Ad5 (titers, �200) or Ad6 (titers, �18).

Vaccine composition. Trigene vaccines were constructed using two recombi-
nant adenovirus vectors (MRKAd5nef-gag/pol and MRKAd6nef-gag/pol), which
were subsequently combined to make the MRKAd5�6 HIV-1 trigene vaccine
(Fig. 1). The same near-consensus clade B gag, pol, and nef genes in the trivalent
vaccine (18) were utilized to construct the trigene vaccines. The E1 region of the
wild-type adenovirus was deleted and replaced with the transgene containing the
nef and gag/pol expression cassettes. The nef expression cassette consisted of (i)
the immediate-early gene promoter from human cytomegalovirus (HCMV) (6),
(ii) the coding sequence of the HIV-1 nef (strain JR-FL) gene, and (iii) the
bovine growth hormone polyadenylation signal sequence (12). The nef cassette
was directly followed by the gag/pol expression cassette, consisting of (i) the
immediate-early gene promoter from mouse cytomegalovirus (MCMV), (ii) the
coding sequence of the HIV-1 gag (strain CAM-1) gene fused to the coding
sequence of the HIV-1 pol (genes for the reverse transcriptase and integrase
from strain IIIB) gene, and (iii) the simian virus 40 polyadenylation signal
sequence. The amino acid sequences of the Gag, Pol, and Nef proteins closely
resembled the clade B consensus amino acid sequences (17).

The Ad5-based trivalent vaccine was composed of an equimolar mixture of the
MRKAd5gag, MRKAd5pol, and MRKAd5nef vectors (2, 18). The transgene in
each case contained an expression cassette containing the immediate-early gene
promoter from HCMV, the coding sequence of the HIV-1 gag, pol, or nef gene,
and the bovine growth hormone polyadenylation signal sequence.

The vaccine doses (expressed in units of [adeno]viral genomes [vg]) adminis-
tered in this study were 0.5 � 109 Ad6 vg, 0.5 � 1010 Ad6 vg, or 0.5 � 1011 Ad6
vg for the MRKAd6 trigene vaccine; 0.5 � 1010 Ad5 vg for the MRKAd5 trigene
vaccine; 1.5 � 1010 Ad5 vg for the MRKAd5 trivalent vaccine; and 0.5 � 109 Ad5
vg plus 0.5 � 109 Ad6 vg (total dose, 1.0 � 109 Ad vg) or 0.5 � 1010 Ad5 vg plus

0.5 � 1010 Ad6 vg (total dose, 1.0 � 1010 Ad vg) for the MRKAd5�6 trigene
vaccine.

Study design. This study was designed as a multicenter, blinded, randomized,
dose-escalating, placebo-controlled trial of a three-dose prime-boost regimen for
HIV-seronegative adults to be followed for as long as 52 weeks for immunoge-
nicity and 260 weeks for safety. Healthy subjects between the ages of 18 and 50
years without hepatitis B or C and with no evidence of HIV infection were
assessed for eligibility at 17 sites in the United States. Individuals were excluded
if they were considered by the investigator to be at high behavioral risk of HIV
exposure during the study based on risk factor assessment. The protocol was
approved by the institutional review boards at participating centers. Written
informed consent was obtained from all subjects. Ongoing HIV risk assessments
and preventative counseling were offered to the study participants during the
trial.

The study had two parts (Fig. 2), each with three stages. Stages IA, IIA, and
IIIA evaluated the MRKAd6 HIV-1 trigene vaccine. Stage IB evaluated the
MRKAd5 HIV-1 trigene and MRKAd5 HIV-1 trivalent vaccines. Stages IIB and
IIIB evaluated the MRKAd5�6 HIV-1 trigene vaccine. Randomization was
stratified by titers of neutralizing antibody against Ad5 (�200 or �200) and/or
Ad6 (�18 or �18) (1). Subjects were to receive three 0.5-ml intramuscular
injections of vaccine or placebo, one each at day 1, week 4, and week 26.

Safety measurements. Safety endpoints included the rate of vaccine-related
serious adverse events throughout the duration of the study, injection site reac-
tions for 5 days following each injection, and systemic adverse events and non-
vaccine-related serious adverse events for 15 days following each injection. Sam-
ples for Ad5 and Ad6 shedding were to be collected on day 3 and at subsequent
visits from subjects with clinical symptoms suggestive of adenovirus infection.
Urinalysis, complete blood counts, determination of prothrombin and partial
thromboplastin times, liver enzyme tests, and measurement of serum phosphorus
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FIG. 1. MRKAd5 and MRKAd6 trigene vaccine constructs. The HIV nef-gag/pol expression cassette (lower diagram) was added to both the
MRKAd5 and MRKAd6 vectors. ITRL, inverted terminal repeat (left); ITRR, inverted terminal repeat (right); BGH, bovine growth hormone; pA,
polyadenylation signal sequence; SV40, simian virus 40.

FIG. 2. Study schema. The Safety Evaluation Committee (SEC) examined adverse-event reports from completed stages where indicated before
subjects were vaccinated in later stages. For stages IIB and IIIB, randomization was stratified by high versus low titers of neutralizing antibodies
against Ad5 (�200 versus �200) and by high versus low titers of neutralizing antibodies against Ad6 (�18 versus �18) at baseline (1).
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and creatinine levels were performed at screening and at 1 and 2 weeks following
each injection.

Subjects were tested for the presence of anti-HIV antibody at entry and at
weeks 30, 52, 104, and 260, or upon early discontinuation. Positive anti-HIV
antibody test results were further evaluated in order to distinguish HIV infection
from vaccine-induced seroconversion (19).

Immunological measurements. Immunogenicity was measured by an unfrac-
tionated gamma interferon (IFN-�) enzyme-linked immunospot (ELISPOT) as-
say to 15-mer clade B Gag, Pol, and Nef peptide pools (7, 9, 10). At screening
and weeks 4, 8, 30, and 52, blood was collected for immunogenicity and sero-
logical testing. For each antigen, a positive ELISPOT response was defined as
�55 spot-forming cells/106 peripheral blood mononuclear cells and �4-fold over
the level for the medium control (9). Geometric mean ELISOPT responses were
calculated using all subjects in a given group, not just subjects with positive
responses.

Statistical analyses (i) Safety. All subjects receiving �1 dose were included in
the safety assessment.

(ii) Immunogenicity. A subject with a positive response in at least one of the
Gag-, Pol-, or Nef-specific IFN-� ELISPOT assays was considered an ELISPOT
responder. Due to the planned small sample size, no formal hypothesis testing
was specified per protocol; only descriptive data were to be provided.

RESULTS

From April 2005 through January 2006, 118 (93.7%) of the
126 subjects randomized to the vaccine groups received all
three doses. The placebo and vaccine groups were generally
comparable in age and race, but the placebo group included a
higher proportion of females (Table 1). A total of 97 subjects
were randomized to stages IIB and IIIB, with �10 subjects in
each of the four baseline Ad5/Ad6 strata for each of the two
vaccine dose groups (Fig. 3). Through week 60, 10 subjects
(7.9%) discontinued the study: 3 were lost to follow-up, 2
withdrew consent, 2 discontinued due to nonserious clinical
adverse events, 1 discontinued because of a new condition not
considered an adverse event by the investigator, 1 discontinued
due to a protocol deviation, and 1 dropped out of the study
after the week 60 visit.

Safety and tolerability. Safety data through week 30 were
available for all 30 subjects (6 placebo and 24 vaccine recipi-
ents) in stage A and for 109 (94%; 19 placebo and 90 vaccine
recipients) subjects in stage B (Table 2). No serious adverse

events occurred. Injection site reactions were the most com-
monly observed adverse events, increasing in frequency with
the vaccine dose. The types and frequencies of systemic ad-
verse events were generally comparable among vaccine and
placebo recipients and were mild to moderate in severity.
Overall, the most commonly reported systemic adverse events
were headache and fatigue. No consistent laboratory abnor-
malities were observed. No shedding of the Ad5 or Ad6 vac-
cine strain was identified.

Immunogenicity. Table 3 displays the ELISPOT responses
to dose escalation of the MRKAd6 trigene vaccine in subjects
with baseline Ad6 titers of �18 (stage A). Trigene vaccine
recipients responded more frequently to Nef than to Gag or
Pol peptide pools. No subject responded to Gag or Pol who did
not also respond to Nef. Geometric mean responses and the
percentage of responders increased with the dose, especially
for the Gag and Pol peptides, but responses to Nef remained
highest regardless of dose. Responses persisted up to at least
52 weeks.

Table 4 compares the ELISPOT responses to the MRKAd5
trigene and MRKAd5 trivalent vaccines by subjects with base-
line anti-Ad5 antibody titers of �200 (stage IB). At weeks 30
and 52, the MRKAd5 trivalent vaccine recipients consistently
responded more often to Gag than to Nef; however, the re-
sponses at weeks 4 and 8 were numerically the same to both
antigens. At weeks 30 and 52, MRKAd5 trigene vaccine recip-
ients responded equally to Gag and Nef; however, at the ear-
lier time points, responses to Nef were seen more often than
responses to Gag.

Table 5 illustrates the ELISPOT results at week 30 for the
MRKAd5�6 trigene dose escalation portion of this study
(stages IIB and IIIB). Rates of response to Nef were generally
higher than those to Gag or Pol peptides. Response rates were
numerically higher in subjects with baseline immunity to either
Ad5 or Ad6 exclusively than in subjects immune to both Ad
serotypes at entry.

TABLE 1. Demographic characteristics of subjects by treatment group

Characteristic

Value for the following vaccine vector and construct at the indicated stage:

Placebo, all stages
combined

MRKAd6 trigene MRKAd5 trigene,
stage IB

MRKAd5 trivalent,
stage IB

MRKAd5�6 trigene

IA IIA IIIA IIB IIIB

Dose (vg) 0.5 � 109 0.5 � 1010 0.5 � 1011 0.5 � 1010 1.5 � 1010 1.0 � 109 1.0 � 1010

No. of subjects 26 8 8 8 8 8 40 41
Gender

No. (%) male 10 (38) 4 (50) 4 (50) 5 (62) 4 (50) 3 (38) 20 (50) 19 (49)
No. (%) female 16 (62) 4 (50) 4 (50) 3 (38) 4 (50) 5 (62) 20 (50) 21 (51)

Age
Mean 30.1 36.3 34.6 37.3 29.9 31.3 34.8 33.9
SD 8.8 7.2 9.9 7.6 9.3 11.0 9.5 9.7
Median 26.5 37 40 37.5 28.5 26.5 37.5 31
Range 20–47 22–46 20–45 26–45 20–45 20–49 19–48 21–50

No. (%) of the following
race/ethnicity:

Asian/Pacific 3 (12) 0 (0) 0 (0) 0 (0) 1 (13) 0 (0) 0 (0) 3 (7)
Black 4 (15) 1 (13) 5 (62) 0 (0) 2 (25) 2 (25) 6 (15) 7 (17)
Caucasian 18 (69) 7 (87) 3 (38) 7 (87) 4 (50) 6 (75) 30 (75) 27 (66)
Hispanic 0 (0) 0 (0) 0 (0) 1 (13) 1 (13) 0 (0) 4 (10) 2 (5)
Other 1 (4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (5)
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DISCUSSION

This exploratory phase I trial was the first study to test the
safety and immunogenicity of an Ad6-vectored vaccine, using a
novel trigene construct not previously evaluated in clinical
trials. Prior to the availability of the STEP trial results (2), we
assessed the immunogenicity of a combined MRKAd5�6 tri-
gene vaccine in subjects with high titers of antibody against
Ad5 and/or Ad6 at baseline. Despite the discouraging results
of the STEP trial, testing an Ad5-vectored HIV-1 trivalent
vaccine (which failed to prevent or modulate HIV infection)
on uninfected volunteers, our findings remain pertinent to the
development of any vaccine delivered by attenuated viral vec-
tors.

The trigene vaccines with the MRKAd5 and/or MRKAd6
vectors appeared to be well tolerated at all doses studied.
Adverse events were generally dose related, with injection site
reactions being the most common. The types and frequencies
of systemic adverse events were generally comparable among

vaccine and placebo recipients, and systemic adverse events
were typically mild to moderate. No serious adverse events
were reported.

All three ascending doses of the MRKAd6 HIV-1 trigene
vaccine were immunogenic in Ad6-naïve subjects relative to
placebo recipients, and the ELISPOT responses were durable
for at least 52 weeks. The percentage of responders and the
magnitude of responses were comparable in the 0.5 � 1010-vg
and 0.5 � 1011-vg dose groups. Both of these doses appeared
more immunogenic than the 0.5 � 109-vg dose. Responses to
the MRKAd5 HIV-1 trigene vaccine at a dose of 0.5 � 1010 vg
were similar to responses seen for recipients of the two higher
doses of the MRKAd6 HIV-1 trigene vaccine. However, unlike
responses to the trivalent Ad5 vaccine (2, 16, 18), antigen-
specific ELISPOT responses in subjects receiving the
MRKAd6 or MRKAd5�6 trigene vaccine were consistently
higher to Nef than to either Gag or Pol peptides in all dose
groups. Differences between rates of response to Gag and Nef

A 

B

* Developed a new significant condition, not considered an adverse event by investigator
n = number of subjects reaching each milestone
vg = (adeno) viral genomes
AE = adverse experience

Randomized
N=30

3 Doses 109 vg
n=8

3 Doses 109 vg
n=40

3 Doses 1010 vg
n=41

3 Doses Placebo
n=16

3 Doses 1010 vg
n=8

3 Doses 1011 vg
n=8

3 Doses Placebo
n=6

Completed 60 Week Follow-Up
n=8

Reason Discontinued
n=0

Received Vaccinations
Only 1 Dose (n=0)
Only 2 Doses (n=0)
All 3 Doses (n=8)

Completed 60 Week Follow-Up
n=38

Reason Discontinued
Clinical AE: n=1

Protocol Deviation: n=1

Received Vaccinations
Only 1 Dose (n=1)
Only 2 Doses (n=1)
All 3 Doses (n=38)

Completed 60 Week Follow-Up
n=36

Reason Discontinued
Lost to Follow-up: n=2
Withdrew consent: n=2

Other Reason: n=1

Received Vaccinations
Only 1 Dose (n=4)
Only 2 Doses (n=1)
All 3 Doses (n=36)

Completed 60 Week Follow-Up
n=15

Reason Discontinued
Lost to Follow-up: n=1

Received Vaccinations
Only 1 Dose (n=0)
Only 2 Doses (n=0)
All 3 Doses (n=16)

Completed 60 Week Follow-Up
n=8

Reason Discontinued
n=0

Received Vaccinations
Only 1 Dose (n=0)
Only 2 Doses (n=0)
All 3 Doses (n=8)

Completed 60 Week Follow-Up
n=8

Reason Discontinued
Clinical AE: n=1

Received Vaccinations
Only 1 Dose (n=1)
Only 2 Doses (n=0)
All 3 Doses (n=7)

Completed 60 Week Follow-Up
n=6

Reason Discontinued
Other reason*: n=1

Received Vaccinations
Only 1 Dose (n=0)
Only 2 Doses (n=1)
All 3 Doses (n=5)

Randomized
N=97

FIG. 3. Subject accounting. (A) Stages IA, IIA, and IIIA; (B) stages IIB and IIIB. (Stage IB, which only used the Ad5 vector, is not displayed
for clarity.)
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were not as apparent with the MRKAd5 trigene vaccine, es-
pecially at later time points.

The disparity in responses to different peptide pools be-
tween the trivalent and trigene constructs could be explained
by different expression of separate gag and pol transgenes in
the trivalent construct compared to the gag/pol fusion trans-
gene expression in the trigene construct. The trivalent vaccine

consisted of a mixture of three different monovalent con-
structs, and gene expression in each construct was driven by the
HCMV immediate-early gene promoter. The trigene vaccine
contained a tri-antigen transgene beginning with the nef ex-
pression cassette driven by the HCMV immediate-early gene
promoter, followed directly by the fused gag/pol expression
cassette driven by the MCMV early gene promoter. The pur-

TABLE 2. Percentage of subjects experiencing common adverse events after any injection of the MRKAd5 or MRKAd6 vaccine

Adverse event

% of subjects receiving the following vaccine vector and construct at the indicated stage (dose �vg�)a:

Placebo, all stages
combined

MRKAd6 trigene MRKAd5 trigene,
stage IB

(0.5 � 1010)

MRKAd5 trivalent,
stage IB

(1.5 � 1010)

MRKAd5�6 trigene

IA
(0.5 � 109)

IIA
(0.5 � 1010)

IIIA
(0.5 � 1011)

IIB
(1 � 109)

IIIB
(1 � 1010)

Local (injection site
reactions)

38.5 50.0 87.5 100.0 62.5 87.5 65.0 85.4

Systemic
Headache 42.3 12.5 37.5 62.5 25.0 75.0 35.0 26.8
Fatigue 7.7 25.0 12.5 25.0 37.5 37.5 15.0 22.0
Sore throat 11.5 37.5 0.0 25.0 25.0 25.0 15.0 9.8
Myalgia 11.5 12.5 0.0 12.5 37.5 12.5 15.0 7.3
Nausea 7.7 12.5 12.5 12.5 25.0 25.0 7.5 14.6
Pyrexia 3.8 12.5 12.5 12.5 25.0 37.5 7.5 4.9
Diarrhea 3.8 37.5 0.0 0.0 12.5 0.0 7.5 12.2
Cough 11.5 0.0 0.0 0.0 12.5 0.0 15.0 4.9
Upper respiratory

infection
11.5 0.0 12.5 12.5 0.0 12.5 2.5 9.8

a The total numbers of subjects were as follows: 26 for the placebo, 8 at each stage for the MRKAd6 trigene vaccine, 8 each for the MRKAd5 trigene and MRKAd5
trivalent vaccines, and 40 and 41 for the MRKAd5�6 trigene vaccine at stages IIB and IIIB, respectively.

TABLE 3. Summaries of responses to 15-mer ELISPOT assays in subjects with baseline Ad6 titers of �18 who received the
MRKAd6 trigene vaccine during the dose escalation stages (IA, IIA, and IIIA)

Peptide pool
antigen(s), vaccine,

and regimen
(vg/dose)

Wk 4 Wk 8 Wk 30 Wk 52

No. of
subjects

%
Responding GMa No. of

subjects
%

Responding GM No. of
subjects

%
Responding GM No. of

subjects
%

Responding GM

Gag
Placebo 6 0 27 6 0 15 5 0 33 5 0 38
MRKAd6 trigene

0.5 � 109 5 20 37 8 13 23 7 0 14 8 13 23
0.5 � 1010 8 38 86 8 50 73 8 38 98 8 38 95
0.5 � 1011 7 57 136 7 43 134 6 67 180 7 43 100

Pol
Placebo 6 0 71 6 0 46 5 0 55 5 0 97
MRKAd6 trigene

0.5 � 109 5 20 114 8 13 65 7 0 35 8 13 54
0.5 � 1010 8 63 236 8 75 238 8 50 299 8 63 248
0.5 � 1011 7 57 282 7 57 247 6 50 390 7 43 218

Nef
Placebo 6 0 21 6 0 19 5 0 31 5 0 35
MRKAd6 trigene

0.5 � 109 5 40 105 8 88 205 7 43 112 8 63 144
0.5 � 1010 8 100 432 8 88 279 8 88 270 8 100 253
0.5 � 1011 7 71 311 7 71 329 6 83 315 7 71 184

�1 peptide pool
Placebo 6 0 6 0 5 0 5 0
MRKAd6 trigene

0.5 � 109 5 40 8 88 7 43 8 63
0.5 � 1010 8 100 8 88 8 88 8 100
0.5 � 1011 7 86 7 86 6 83 7 86

�2 peptide pools
Placebo 6 0 6 0 5 0 5 0
MRKAd6 trigene

0.5 � 109 5 20 8 13 7 0 8 13
0.5 � 1010 8 63 8 75 8 63 8 75
0.5 � 1011 7 71 7 57 6 83 7 43

All 3 peptide pools
Placebo 6 0 6 0 5 0 5 0
MRKAd6 trigene

0.5 � 109 5 20 8 13 7 0 8 13
0.5 � 1010 8 38 8 50 8 25 8 25
0.5 � 1011 7 29 7 29 6 33 7 29

a GM, geometric mean ELISPOT response, expressed as the number of spot-forming cells per 106 peripheral blood mononuclear cells.
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pose of using two different promoters was to mitigate the risk
of vector recombination events, but diminished gag/pol expres-
sion may have resulted from inferior MCMV promoter activity
relative to nef expression driven by the HCMV promoter. The
individual properties of the MRKAd5 and MRKAd6 vectors
may also have contributed to differences in rates of response to
various peptides. Despite relatively poor immunogenicity to
the Gag and Pol antigens, the MRKAd6 trigene construct
appeared to be immunogenic in subjects with low preexisting

Ad6 immunity, based on Nef responses, and it remains a viable
candidate for future Ad-based vaccines.

Interpretation of the CMI responses to the combination
MRKAd5�6 HIV-1 trigene vaccine was hindered by sample
size constraints and the unanticipated apparent antigen expres-
sion issues. For both doses of the MRKAd5�6 HIV-1 trigene
vaccine tested in our study, rates of ELISPOT response to Nef
were uniformly higher than those to Gag and Pol, regardless of
baseline anti-Ad5 or anti-Ad6 titers. Nef ELISPOT responses

TABLE 4. Responses to 15-mer ELISPOT assays in subjects with baseline anti-Ad5 titers of �200 receiving the MRKAd5 trigene or
MRKAd5 trivalent vaccine (stage IB)

Peptide pool antigen(s)
and vaccinea

Wk 4 Wk 8 Wk 30 Wk 52

No. of
subjects

%
Responding GMb No. of

subjects
%

Responding GM No. of
subjects

%
Responding GM No. of

subjects
%

Responding GM

Gag
Placebo 4 0 12 4 0 27 3 0 27 3 0 42
MRKAd5 trigene 6 50 78 7 43 71 4 75 367 7 71 129
MRKAd5 trivalent 8 88 244 8 75 247 7 100 302 6 83 348

Pol
Placebo 4 0 26 4 0 51 3 0 66 3 0 111
MRKAd5 trigene 6 50 135 7 57 105 4 75 282 7 14 131
MRKAd5 trivalent 8 63 350 8 75 427 7 71 435 6 67 555

Nef
Placebo 4 0 9 4 0 23 3 0 24 3 0 46
MRKAd5 trigene 6 100 199 7 86 172 4 75 385 7 71 233
MRKAd5 trivalent 8 88 257 8 75 188 7 57 221 6 67 239

�1 peptide pool
Placebo 4 0 4 0 3 0 3 0
MRKAd5 trigene 6 100 7 86 4 75 7 71
MRKAd5 trivalent 8 88 8 88 7 100 6 83

�2 peptide pools
Placebo 4 0 4 0 3 0 3 0
MRKAd5 trigene 6 67 7 71 4 75 7 71
MRKAd5 trivalent 8 88 8 75 7 71 6 67

All 3 peptide pools
Placebo 4 0 4 0 3 0 3 0
MRKAd5 trigene 6 33 7 29 4 75 7 14
MRKAd5 trivalent 8 63 8 63 7 57 6 67

a The MRKAd5 trigene vaccine was given at 0.5 � 1010 vg/dose, and the MRKAd5 trivalent vaccine was given at 1.5 � 1010 vg/dose.
b GM, geometric mean ELISPOT response, expressed as the number of spot-forming cells per 106 peripheral blood mononuclear cells.

TABLE 5. Responses to 15-mer ELISPOT assays at week 30 in subjects receiving the MRKAd5�6 trigene vaccine during
the dose escalation stages (IIB and IIIB)

Baseline Ad5 and
Ad6 titers Regimen (vg/dose)

Peptide

Gag Pol Nef

No. of
subjects

%
Responding GMa No. of

subjects
%

Responding GM No. of
subjects

%
Responding GM

�200, �18 Placebo 4 0 45 4 0 105 4 25b 54
MRKAd5�6 trigene (1 � 109) 10 30 61 10 30 117 10 70 135
MRKAd5�6 trigene (1 � 1010) 8 38 104 8 25 185 8 50 178

�200, �18 Placebo 4 0 32 4 0 52 4 0 17
MRKAd5�6 trigene (1 � 109) 7 43 79 7 43 164 7 71 319
MRKAd5�6 trigene (1 � 1010) 9 44 117 9 56 402 9 78 333

�200, �18 Placebo 4 0 21 4 0 46 4 0 23
MRKAd5�6 trigene (1 � 109) 10 10 47 10 10 88 10 30 117
MRKAd5�6 trigene (1 � 1010) 8 25 86 8 13 146 8 63 226

�200, �18 Placebo 3 0 58 3 0 99 3 0 38
MRKAd5�6 trigene (1 � 109) 9 0 44 9 0 98 9 11 70
MRKAd5�6 trigene (1 � 1010) 10 20 40 10 10 64 10 40 65

a GM, geometric mean ELISPOT response, expressed as the number of spot-forming cells/106 peripheral blood mononuclear cells.
b One placebo recipient had a positive ELISPOT response of 210 spot-forming cells/106 peripheral blood mononuclear cells to Nef peptides.
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in the MRKAd5�6 HIV-1 trigene vaccine recipients in the
low-Ad5 and low-Ad6 strata were generally similar to the re-
sponses observed in the MRKAd5 or MRKAd6 trigene vaccine
recipients with low baseline anti-Ad5 or low anti-Ad6 titers,
indicating that combining the MRKAd5 and MRKAd6 vectors
did not adversely impact the immunogenicity of either vaccine.
Although the MRKAd5�6 HIV-1 trigene vaccine produced
relatively high rates of response to Nef peptides in subjects
with immunity to only one of the two Ad vectors, the responses
in subjects with high preexisting immunity to both vectors
appeared to be diminished. Direct comparisons of immune
responses to the MRKAd5 and MRKAd6 trigene vaccines
separately in participants with the four baseline seroprofiles
detailed in Table 5 would have been instructive but were be-
yond the scope of our hypothesis-generating study.

Our data cannot address the quality of the immune response
to the vaccine constructs used in this study, because we mea-
sured responses by an unfractionated IFN-� ELISPOT assay.
For example, it is plausible that the proportions of CD4 and
CD8 cells elicited by the different vaccines differed. Compar-
ison of immune responses in individuals with the four baseline
seroprofiles vaccinated with either an Ad5-vectored or an Ad6-
vectored vaccine alone would be an instructive next step.

Combining Ad5 and Ad6 vectors may be a useful strategy for
overcoming preexisting Ad serotype-specific immunity. We
found comparable ELISPOT responses to the MRKAd5�6
trigene vaccine in the high-Ad5/low-Ad6 stratum and the two
low-Ad5 strata. Admittedly, the small sample sizes in the in-
dividual strata limit confidence in the trends observed in the
present hypothesis-generating study. Larger trials, possibly
evaluating additional transgene designs that incorporate novel
promoter combinations for enhanced antigen expression, are
required before definitive conclusions can be advanced. Our
results were generated in the context of an HIV-vaccine pro-
gram. Nevertheless, even in the face of the STEP trial results
suggesting that administering an Ad-vectored HIV-1 vaccine to
individuals with preexisting vector-specific immunity might en-
hance susceptibility to HIV infection (2, 16), these data will
hopefully contribute to a better understanding of any vaccine
using Ad vectors to generate protective CMI responses.
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