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Abstract
Introduction—Reintroduction of Variola major as an agent of bioterrorism remains a concern. A
shortened dosing schedule of Bavarian Nordic’s (BN) IMVAMUNE® (modified vaccinia Ankara
vaccine against smallpox) was compared to the currently recommended 0 and 28 day schedule for
non-inferiority by evaluating the magnitude and kinetics of the immune responses.

Methods—Subjects were assigned to receive IMVAMUNE or placebo administered
subcutaneously on Days 0 and 7, Days 0 and 28, or Day 0. Blood was collected for antibody and
cell-mediated immune assays. Subjects were followed for safety for 12 months after last
vaccination.

Results—The primary endpoint of this study was the geometric mean antibody titers (GMT) at
14 days post last vaccination. Of 208 subjects enrolled, 191 received vaccine (Group:0+7, Group:
0+28 and Group:0) and 17 received placebo. Moderate/severe systemic reactogenicity after any
vaccination were reported by 31.1%, 25.4%, and 28.6% of the subjects for Group:0+7, Group:
0+28, and Group:0, respectively (Chi-square test P value=0.77). Based on BN’s Plaque Reduction
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Assay GMTs, Group:0+7 was non-inferior to Group:0+28 at Day 4, 180, and 365 after the second
vaccination. On Day 14, Group:0+7 and Group:0+28 GMT were 10.8 (CI:9.0;12.9) and 30.2 (CI:
22.1;41.1), respectively. Based on BN’s Enzyme-linked immunosorbent assay, the proportion of
subjects with positive titers for Group:0+28 was significantly greater than that for Group:0+7 after
second vaccination at Day 4 and 180. By Day 14 after the second dose, the IFN-y Enzyme-linked
immunosorbent spot (ELISPOT) responses were similar for Group:0+28 and Group:0+7.

Conclusion—Overall, a standard dose of IMVAMUNE (0.5mL of 1×108 TCID/mL)
administered subcutaneously was safe and well tolerated. A second dose of IMVAMUNE at Day
28 compared to Day 7 provided greater antibody responses and the maximal number of
responders. By Day 14 after the second dose, IFN-y ELISPOT responses were similar for Group:
0+28 and Group:0+7.
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INTRODUCTION
Bioterrorism remains a concern and release of Variola major, smallpox virus, could be
catastrophic. Only 20% of the population has some immune response against smallpox, due
to previous vaccination [1,2]. Current therapy against smallpox is limited, and preexposure
vaccination is not recommended. Although the United States government replaced Dryvax®
with ACAM2000 [3-5], a purified clone of Dryvax, ACAM2000 has the same
contraindications for use as Dryvax.

MVA (modified vaccinia Ankara), a highly attenuated vaccinia virus, does not replicate in
human cells. Mayr [6] derived MVA from dermal vaccinia strain Ankara (CVA) by
completing over 500 continuous passages in primary chicken embryo fibroblasts cells in
Germany, between 1960 and 1974. Further work in animals [6-9] and humans [9] led to the
official registration of MVA in Germany in 1976 for two-stage smallpox vaccination of
children, consisting of MVA, followed by the Lister-Elstree strain up to six months later
[10]]. More recently, several clinical trials including challenge studies [11,12,13] to develop
IMVAMUNE® for licensure as a vaccine against orthopox infections have been completed.

Currently, the planned pre-event vaccination schedule using IMVAMUNE® is a prime-boost
vaccination regimen with IMVAMUNE® administered on Days 0 and 28; however, an
effective shorter vaccination interval could limit casualties during a post-event scenario. The
purpose of this trial was to determine whether an accelerated dosing schedule, Days 0 and 7,
was non-inferior to the currently recommended Days 0 and 28 schedule. The kinetics and
the magnitude of the immune response following vaccination were evaluated. Additionally,
a single dose group provided information regarding duration and level of immunogenicity
responses should only one dose be received during a post event scenario.

METHODS
Vaccine

IMVAMUNE is manufactured by Impfstoffwerk Dessau-Tornau GmbH (Rosslau, Germany)
for Bavarian Nordic (BN) A/S (Copenhagen, Denmark). The vaccine is supplied as liquid-
frozen aliquots of 0.65 mL. One dose of 0.5 mL liquid-frozen vaccine contains 1×108

TCID50 Modified Vaccinia virus Ankara. Saline was used as the placebo.
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Study design
One hundred ninety-five subjects (60 vaccine recipients and 5 saline placebo recipients per
arm) were to be randomly assigned to 3 Groups to exclusively receive IMVAMUNE or
placebo on Days 0 and 7, Days 0 and 28 and Day 0, respectively. Injections were
administered subcutaneously. Clinical laboratory testing was done at screening and 14 days
after the last dose. Blood samples were collected prior to each vaccination and at specified
time points following the last vaccination for plaque reduction neutralizing antibody titer
(PRNT), ELISA, and IFN-γ ELISPOT assays. Both BN and Saint Louis University (SLU)
performed PRNT and ELISA assays. Subjects were followed for 12 months after the last
vaccination.

Institutional Review Boards representing each site approved the study and all subjects
provided informed consent. Healthy, adult subjects, born after 1971, were eligible if they
had an acceptable medical history and physical exam; negative ELISA (screen only) for HIV
and hepatitis C virus antibody, and hepatitis B surface antigen; normal liver and kidney
function, urine glucose, and hematologic parameters; and an electrocardiogram (ECG)
(screen only) without clinically significant findings as assessed by a single study
cardiologist.

Subjects were excluded if they had a previous smallpox vaccination or scar consistent with
smallpox vaccination; military service prior to 1991 or after January 2003; greater than 10%
risk of developing a myocardial infarction or coronary death within the next 10 years using
the National Cholesterol Education Program’s risk assessment tool (http://
hp2010.nhlbihin.net/atpiii/calculator.asp) received inactivated vaccine within 14 days or live
attenuated vaccine within 30 days of vaccination; received blood products or
immunoglobulin within six months prior to vaccination; atopic dermatitis; or were pregnant
or lactating.

Subjects collected reactogenicity information using a memory aide for 15 days (Days 0-14).
Adverse events and serious adverse events were collected for 28 days after each vaccination
and for the duration of the study, respectively. Reactogenicity events included fever, pain at
injection site, erythema, induration, muscle aches, chills, headache, nausea, feeling tired,
underarm pain, underarm swelling, itchiness at vaccination site, change in appetite, and joint
pain. Reactogenicity and unsolicited events were graded as mild, moderate and severe
(Figure 1). Erythema or induration was measured in millimeters (Figure 1).

Immunogenicity assays
The immunogenicity assays are described elsewhere.

The BN PRNT assay [11] and ELISA [11] assay antigen were Western Reserve and BN
MVA, respectively; positive titers were ≥15 and ≥50. The SLU PRNT assay [14] and
ELISA [15] assay antigen was ATCC MVA (VR-1508); positive titers were ≥20 and >50,
respectively.

The IFN-γ ELISPOT [16] assay antigen was Vaccinia virus (Western Reserve).
Cryopreserved PBMC were used for the testing performed at CTL. Positive results were
greater than the mean number of IFN-γ spot-forming cells at baseline plus 2 times standard
deviation.
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DATA ANALYSIS
Sample Size

The sample size had at least 80% power to test if the PRNT GMT (primary objective) and
ELISA titers (secondary objective) at Day 14 following the 2nd dose for Group:0+7 were
non-inferior to Group:0+28 titers with a margin of 2-fold based on an one-sided test at Type
I error rate of 2.5%.

Statistical Analysis Plan
The primary outcomes for this study were safety measures and immunogenicity
(neutralizing antibody) responses in Group:0+7 and Group:0+28. For each type of
reactogenicity, each subject’s results were summarized using the most severe response
recorded during the 15-day follow-up period and proportions were reported. Immune
responses were summarized by computing the difference in log2 GMTs between Group:0+7
and Group:0+28 and its associated two-sided 95% confidence interval (CI). If the upper
limit of the 95% CI was less than 1, Group:0+7 was considered non-inferior to Group:0+28.
The difference in proportions of subjects considered positive was determined along with the
95% CI; however, a margin for evaluating non-inferiority was not defined in the protocol so
the computations were intended only to suggest a degree of significance and correspondence
with the conclusions based on GMT. Each antibody assay was analyzed as a dichotomous
variable, responders versus non-responders, and as a continuous variable using the assay
results directly. Dichotomous outcomes were summarized using response rates and their
exact 95% confidence intervals, and compared by Chi-square (or Fisher’s exact or Fisher-
Freeman-Halton) test between groups. Continuous outcomes were summarized using GMTs
and their 95% CI or means, and compared by two sample t test or Wilcoxon rank sum test
between groups.

No imputations were performed to account for missing data.

Only MVA recipients were included in the analysis unless otherwise stated in the results.

RESULTS
Demographics and Characteristics

The study enrolled 208 subjects; of these 191 and 17 subjects received vaccine and placebo,
respectively (Tables 1 and 2). In subjects receiving vaccine, there was no significant
difference in gender among the 3 groups (Chi-square test P value = 0.33). The mean age was
24.7 years (range 18 to 35 years). One hundred seventy-eight (85.6%), 15 (7.2%), and 5
(2.4%) subjects were white, black, and Asian, respectively, with 9 (4.3%) identified as
Hispanic.

Disposition of Subjects
There were 9 early terminations due to voluntary withdrawal (2 in Group:0+7 and 1 in
Group:0+28), and lost to follow-up (4 in Group:0+28 and 2 in group 0]. Five subjects’ (2 in
Group:0+7 and 3 in Group:0+28) vaccinations were discontinued due to inclusion criterion
error, blood pressure elevation, rash and 2 for refusal.

Adverse Events
Local Reactogenicity (Figure 1)—The proportions of subjects with moderate/severe
local symptoms after vaccination 1 were 23.0% (14/61), 20.9% (14/67) and 27.0% (17/63)
for Group:0+7, Group:0+28 and Group:0, respectively (Chi-square test P value = 0.71). The
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proportions of subjects with moderate/severe local symptoms after vaccination 2 were
44.1% (26/59) and 35.9% (23/64) for Group:0+7 and Group:0+28, respectively (Fisher’s
exact test P value = 0.46). Thirty-two IMVAMUNE recipients and one placebo recipient
reported severe erythema and/or induration. Severe erythema (>30mm) was reported by
23.0%, 13.4% and 6.3% (Fisher-Freeman-Halton test P value=0.03) and severe induration
(>30mm) was reported by 11.5%, 11.9% and 1.6% (Fisher-Freeman-Halton test P value =
0.04 in Group:0+7, Group:0+28, and Group:0 post any vaccination, respectively). Other
local reactogenicity symptoms (pain at injection site, itchiness at vaccination site, underarm
pain, underarm swelling, and rash) ranged from mild to moderate.

Systemic Reactogenicity (Figure 1)—During the 15-day post vaccination period, 4
subjects reported severe systemic events following vaccination 2, 3 in Group:0+7 (joint pain
associated with an upper respiratory tract infection, nausea associated with gastroenteritis,
and headache) and one in Group:0+28 (nausea and feeling tired) and none in the placebo
group. Moderate systemic events were reported by 16 (26.2), 16 (23.9%), and 18 (28.6%) of
subjects in Group: 0+7, Group:0+28 and Group:0 after any vaccination, respectively. The
most common moderate reactions were feeling tired, headache and muscle aches. Only 1
subject (Group:0+7) reported fever (38.6°C). The proportions of subjects with moderate/
severe systemic symptoms after any vaccination were 31.1% (19/61), 25.4% (17/67), and
28.6% (18/63) for Group:0+7, Group:0+28, and Group:0, respectively. There were no
significant differences among these groups (Chi-square test P value = 0.77).

Serious Adverse Events—Seven serious adverse events (SAE), all unrelated to
vaccination, occurred in 6 vaccine recipients including cervical adenocarcinoma, sepsis with
urinary tract infection and right ureteral duplication resection, appendectomy, deep vein
thrombosis and complicated migraine occurring several months after last vaccination, and
breast reduction. There were no vaccine-related cardiac events.

Immunogenicity results
The primary immunogenicity objective was the comparison of PRNT between Group:0+7
and Group:0+28 at 14 days after the second vaccination. All other analyses were
exploratory. Blood was collected for PRNT, ELISA and IFN-γ production on Days 0, 4, 8,
14, 28,180 and 365 after final vaccination.

Bavarian Nordic PRNT (Figure 2, Table 3)—Group:0+7 GMTs were non-inferior to
Group:0+28 at Days 4, 180, and 365 after second vaccination. On Day 14, Group:0+7
GMT=10.8 (CI:9.0;12.9) and Group:0+28 GMT= 30.2 (CI:22.1;41.1). The proportion of
subjects with positive titers for Group:0+28 are statistically significantly greater than Group:
0+7 after second vaccination at Days 8, 14 and 28 (P values < 0.0001). Day 14 responders
were 23/59 (39.0%, CI:26.5,52.6) and 52/63 (82.5%, CI:70.9,90.9) for Group:0+7 and
Group:0+28, respectively.

There were statistically significantly larger GMT and proportion of subjects with positive
responses for Group:0+7 after vaccination 2 compared to Group:0 after a single dose on
Days 8 and 14 (P values ≤0.0041 and P values ≤0.0006, respectively). Day 14 GMTs were
10.8 (CI:9.0;12.9) and 8.1 (CI:7.7;8.6) for Group 0+7 and Group 0, respectively. Day 14
responders were 23/59 (39.0%,CI:26.5,52.6) and 7/62 (11.3%,CI:4.7,21.9) for Group:0+7
and Group:0, respectively.

SLU PRNT (Figure 2; Table 3)—Based on GMTs, there was insufficient evidence to
conclude Group:0+7 was non-inferior to Group:0+28 at any of the 6 time points after second
vaccination. The Day 14 GMT (95% CI) were 27.4 (CI:19.1;39.3) and 212.2 (CI:
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146.6;307.2)] for Group:0+7 and Group:0+28, respectively. The proportion of subjects with
positive titers for Group:0+28 were statistically significantly greater than Group:0+7 after
second vaccination at Days 8, 14, 28 and 180 (P values≤0.0003) but not Day 4 (P value =
0.16). The difference on Day 365 approached significance (P=0.06).

There were statistically significantly larger GMTs and proportion of subjects with positive
responses for Group:0+7 after vaccination 2 compared to Group:0 after a single vaccination
on Days 4, 8, 14, and 28 (P< 0.0001). On Day 14, Group:0+7 GMT=27.4 (CI:19.1;39.3) and
Group:0 GMT=7.0 (CI:5.3;9.3). On Day 14, Group:0+7 responders = 35/59 (59.3%, CI:
45.7,71.9) and Group:0 = 12/62 (19.4%, CI:10.4,31.4). On Days 180 and 365, the difference
in GMT remained significant (P values ≤ 0.0192), however, the difference in proportion
positive is not significant on Days 180 and 365 (P values=0.78 and 0.18, respectively).

Bavarian Nordic ELISA (Figure 3, Table 3)—Based on GMTs, Group:0+7 was non-
inferior to Group:0+28 at Days 4, 180, and 365 after vaccination 2. Day 14 GMT = 108.7
(CI:87.7,134.8) and GMT = 501.7 (CI:364.1,691.3) for Group:0+7 and Group:0+28,
respectively. The proportion of subjects with positive titers for Group:0+28 was
significantly greater than Group:0+7 after second vaccination at Days 4 and 180 (P values ≤
0.02). Day 14 responders were 54/59 (91.5%) and 61/63 (96.8%) for Group:0+7 and Group:
0+28, respectively.

There were statistically significantly larger GMT and proportion of subjects with positive
responses for Group:0+7 after vaccination 2 compared to Group:0 after one vaccination on
Days 4, 8, 14 and 28 (P values all ≤0.0061 and P values all ≤0.0066, respectively). Day 14
GMT were 108.7 (CI:87.7;134.8) and 56.6 (CI:47.0;68.1) for Group:0+7 and Group:0
respectively. Day 14 responders were 54/59 (91.5%) and 44/62 (71.0%) for Group:0+7 and
Group:0, respectively.

The GMT (and proportions with titers ≥50) for Group:0+7, Group:0+28 and Group:0 were
37.6 (45.8), 57.4 (73.0) and 35.3 (32.8) at 6 months and 40.6 (44.1), 50.3 (61.7) and 35.1
(36.1) at 12 months, respectively.

SLU ELISA (Figure 3, Table 3)—Based on GMT, Group:0+7 was non-inferior to Group:
0+28 at Days 4, 180, and 365 after second vaccination. Day 14 GMT were 60.5 (CI:
51.0;71.7) and 510.9 (CI:373.0;699.7] for Group:0+7 and Group:0+28, respectively. The
proportion of subjects with positive titers for Group:0+28 are statistically significantly
greater than Group:0+7 after second vaccination at Days 8, 14, 28, and 180 (P values
≤0.045). Day 14 responders were 7/59 (11.9%, CI:4.9,22.9) and 55/63 (87.3%, CI:76.5,94.4)
for Group:0+7 and Group:0+28.

There were statistically significantly larger GMT and proportion of subjects with positive
responses for Group:0+7 after dose 2 timepoints compared to Group:0 after a single dose on
Day 14 (P values = 0.0287 and 0.0054, respectively). On Day 14, GMT were 60.5 (CI:
51.0;71.7) and 50.0 (CI:N/A as all subjects = 50.0] for Group:0+7 and Group:0,
respectively. Day 14 responders were 7/59 (11.9%,CI:4.9,22.9) and 0/62 (0.0%,CI:0,5.8) for
Group:0+7 and Group:0+7, respectively.

IFN-γ ELISPOT (Figure 4, Table 3)—The mean difference in the number of spot-
forming cells was statistically significantly smaller for Group:0+28 at Days 4 and 8 after the
second vaccination compared to Group:0+7 (P values ≤ 0.03). The difference in proportion
of subjects with positive responses between Group:0+28 and Group:0+7 was statistically
significant at Day 4 only after vaccination 2. Mean spot-forming cells on Day 14 after
vaccination 2 were 279.20 (SD 250.48) and 243.66 (SD 274.06) for Group:0+7 and Group:
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0+28, respectively; responders were 46/57 (80.7%, CI:68.1,90.0) and 42/62 (67.7%, CI:
54.7,79.1) for Group:0+7 and Group:0+28. Neither the mean difference in the number of
spot forming cells nor the proportion of subjects with positive responses between Group:0
on Day 14 after one vaccination and Group:0+7 on Day 8 after vaccination 2 was
significant. The number of responders at Day 28 after last vaccination was 37/59 (62.7%),
38/61 (62.3%) and 27/62 (43.5%) for Group:0+7, Group:0+28, and Group 0, respectively.

The median number of spot-forming cells/well for Group:0+7 after vaccination 2 was
significantly larger than Group:0 after one vaccination at all time points (Wilcoxon rank sum
test P values ≤0.0236) except on Day 14 (Wilcoxon rank sum test P value = 0.7989). The
proportion of subjects with positive responses was larger for Group:0+7 at all time points (P
values ≤0.0452) except on Day 14 (P value >0.9999). The median spot-forming cells on Day
14 after last dose were 246.5 (Range 1.67-939.50) and 214.7 (Range 0.09-951.33) for
Group:0+7 and Group:0. Days 14 responders after last dose were 46/57 (80.7%,CI:
68.1,90.0) and 51/62 (82.3%,CI:70.5,90.8) for Group:0+7 and Group:0.

DISCUSSION
This is the first clinical trial to evaluate a compressed schedule of non-replicating vaccinia
virus, MVA, for use after a post-event release of smallpox virus. A postexposure
immunization with modified vaccinia vaccine provided solid protection in a murine model
of human smallpox [17]. Unlike replicating vaccine virus in humans, MVA requires a
second dose of vaccine to mount a robust antibody response.

In this study, while the assays performed by SLU and BN to measure ELISA and PRNT
titers used different antigens to compare antibody results to the vaccine antigen and a
commercially available antigen, the overall immunogenicity results were similar. A second
vaccination was required to mount a substantial antibody response; the 28-day rest prior to
the second vaccination resulted in a greater antibody response and more responders than a 7-
day rest; consistent with results from other studies [11-12]. However, based on SLU PRNT
results after vaccination 2, unlike BN PRNT results, there is insufficient evidence to
conclude Group:0+7 was non-inferior to Group:0+28, and in fact, Group 0+28 was at least
two-fold higher than Group 0+7 at Days 8, 14, and. Interestingly, Group:0+7 reached a peak
titer more rapidly than Group:0+28 post vaccination 1 and, using the BN ELISA results,
there was a substantial number of seroconverters (BN ELISA) in Group:0+7. In both groups,
peak titers occurred 14 days after the last vaccination and time to seroconversion was no
more than 14 days.

The actual protective titer of MVA antibody in humans is not known; efficacy testing may
rely on animal challenge models. However, 2 doses of MVA will mitigate the primary
Jennerian response to scarification with Dryvax [10, 12]. An alternative approach is the
comparison of MVA antibodies in human sera from well-controlled clinical trials, to
neutralize variola and vaccinia viruses in vitro. In one such study, sera from both MVA
recipients and Dryvax recipients demonstrated similarly robust 60% or 90% variola
neutralization titers suggesting that the Day:0+28 MVA vaccination regimen would be as
effective as a single Dryvax vaccination against smallpox [18]. Serum from the same
clinical trial was used to correlate between PRNTs when different viruses and different
strains of virus were used as the neutralization target. Use of Dryvax as the neutralization
target resulted in significantly lower 90% PRNTs than use of variola as the neutralizing
target and use of MVA resulted in significantly higher PRNTs than using variola [19].

In our study, using BN MVA as the assay antigen, the Day:0+7 MVA vaccine schedule
resulted in 91% seroconverters and 39% with PRNT GMT above the cut-off compared to
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97% and 82% in the Group:0+28 day group, respectively. Although the titers for the
compressed schedule were less than that of Group:0+28, it is possible that CMI which
occurred in the greatest proportion of responders within two weeks after last vaccination
would play an added role in limiting disease.

In conclusion, IMVAMUNE is safe and well tolerated. A second dose of IMVAMUNE at
Day 28, compared to Day 7 and Day 0 alone, provided a greater antibody response and the
highest proportion of responders.
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• Reintroduction of Variola major as an agent of bioterrorism remains a concern.

• A compressed schedule of MVA was evaluated for use in a post event scenario.

• MVA is well tolerated when given as two standard doses at Days 0 and 28 or 0
and 7.

• A 2nd dose of MVA at Day 28 compared to Day 7 provided greater antibody
responses.

• INF-γ expression was greatest within two weeks after last vaccination.
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Figure 1.
Percent of Subjects Reporting by Vaccination and Group: The percentage of subjects with
local and systemic reactogenicity is shown by vaccination group and vaccination number.
The highest grade for each event is reported. Subjects were vaccinated on Days 0 and 28.
Placebo recipient data is not shown.
Solicited and unsolicited events were graded according to the following scale: Grade 0= Not
present: Grade 1= Mild (present, but easily tolerated); Grade 2= Moderate (able to tolerate
routine activity with effort); Grade 3= Severe (unable to continue routine activity) and Grade
4 = Life-threatening.
Erythema or induration at the vaccination site was measured in millimeters: Grade 1= Mild
(≤15mm); Grade 2= Moderate (>15-≤30mm) and Grade 3= Severe (>30mm).
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Figure 2.
a-d. PRNT Assays: 2.a-b. Plaque Reduction Neutralizing Antibody Geometric Mean Titers
(GMT) conducted at Bavarian Nordic using Bavarian Nordic’s MVA as the assay antigen,
positive titer ≥15. Time points represent the number of days after the first vaccination for all
three groups (2.a.) and after last vaccination for all three groups, i.e. after the single
vaccination in Group:0, and after the second vaccination for the other two groups (Group:
0+7 and Group:0+28) (2.b.). Placebo recipient data is not shown. 2.c-d. Plaque Reduction
Neutralizing Antibody Geometric Mean Titers (GMT) conducted at Saint Louis University
using ATCC MVA (VR-1508) as the assay antigen, positive titer ≥20. Time points represent
the number of days after the first vaccination for all three groups (2.c.) and after last
vaccination for all three groups, i.e. after the single vaccination in Group:0, and after the
second vaccination for the other two groups (Group:0+7 and Group:0+28) (2.d.). Placebo
recipient data is not shown.
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Figure 3.
a-d. ELISA: 3.a-b. ELISA conducted at Bavarian Nordic using BN MVA as the assay
antigen, positive titer ≥50. Time points represent the number of days after the first
vaccination for all three groups (3.a.) and after last vaccination for all three groups, i.e. after
the single vaccination in Group:0, and after the second vaccination for the other two groups
(Group:0+7 and Group:0+28) (3.b.) vaccinations. Placebo recipient data is not shown. 3.c-d.
ELISA Antibody conducted at Saint Louis University using ATCC MVA (VR-1508) as the
assay antigen, positive titer > 50. Time points represent the number of days after the first
vaccination for all three groups (3.c.) and after last vaccination for all three groups, i.e. after
the single vaccination in Group:0, and after the second vaccination for the other two groups
(Group:0+7 and Group:0+28) (3.d.). Placebo recipient data is not shown.
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Figure 4.
a-b. ElISPOT Results: Mean spot forming units with confidence intervals. Time points
represent the number of days after the first vaccination for all three groups (4.a.) and after
last vaccination for all three groups, i.e. after the single vaccination in Group:0, and after the
second vaccination for the other two groups (Group:0+7 and Group:0+28) (4.b.). Vaccinia-
Western Reserve was used as the assay antigen. Placebo recipient data is not shown.
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Table 1

Vaccination Schedule

Vaccination Schedule1

Group Vaccination Days Vaccinees N Placebo Recipients N Total number of subjects in each group

0+7 0 and 7 61 6 67

0+28 0 and 28 67 4 71

0 0 63 7 70

Vaccine: Imvamune 0.5 mL of 1× 108 cfu/mL administered subcutaneously
Placebo: Saline 0.5 mL administered subcutaneously

1
Vaccinees and placebo recipients were administered only vaccine or placebo at each time point for a given group, respectively.
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