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Background. TherVSVAG-ZEBOV-GP vaccine (ERVEBO") is a single-dose, live-attenuated, recombinant vesicular stomatitis virus
vaccine indicated for the prevention of Ebola virus disease (EVD) caused by Zaire ebolavirus in individuals 12 months of age and older.

Methods. The Partnership for Research on Ebola VACcination (PREVAC) is a multicenter, phase 2, randomized, double-blind,
placebo-controlled trial of 3 vaccine strategies in healthy children (ages 1-17) and adults, with projected 5 years of follow-up
(NCT02876328). Using validated assays (GP-ELISA and PRNT), we measured antibody responses after 1-dose rVSVAG-ZEBOV-GP,
2-dose rVSVAG-ZEBOV-GP (given on Day 0 and Day 56), or placebo. Furthermore, we quantified vaccine virus shedding in a subset
of children's saliva using RT-PCR.

Results. In total, 819 children and 783 adults were randomized to receive rVSVAG-ZEBOV-GP (1 or 2 doses) or placebo. A single
dose of rVSVAG-ZEBOV-GP increased antibody responses by Day 28 that were sustained through Month 12. A second dose of rVSVAG-
ZEBOV-GP given on Day 56 transiently boosted antibody concentrations. In vaccinated children, GP-ELISA titers were superior to
placebo and non-inferior to vaccinated adults. Vaccine virus shedding was observed in 31.7% of children, peaking by Day 7, with no
shedding observed after Day 28 post-dose 1 or any time post-dose 2.

Conclusions. A single dose of rVSVAG-ZEBOV-GP induced robust antibody responses in children that was non-inferior to the
responses induced in vaccinated adults. Vaccine virus shedding in children was time-limited and only observed after the first dose.
Overall, these data support the use of r'VSVAG-ZEBOV-GP for the prevention of EVD in at-risk children.

Clinical Trials Registration. The study is registered at ClinicalTrials.gov (NCT02876328), the Pan African Clinical Trials Registry
(PACTR201712002760250), and the European Clinical Trials Register (EudraCT number: 2017-001798-18).
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Ebola virus disease (EVD) caused by the Zaire ebolavirus Past outbreaks of EVD in central and western Africa have

(EBOV) is associated with high morbidity and mortality [1]. occurred causing significant economic and social burden [2].

Vaccination to prevent EVD is a critical component of the pub-

lic health response to curb EVD epidemics [3].
rVSVAG-ZEBOV-GP (ERVEBO®) is a live-attenuated,
recombinant vesicular stomatitis virus (VSV) vaccine contain-
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ing the EBOV envelope glycoprotein (GP) in place of the VSV
envelope gylcoprotein (G). rVSVAG-ZEBOV-GP was found to
be efficacious [4], is pre-qualified by the World Health
Organization (WHO) and is approved by the Food and Drug
Administration (FDA), European Medicines Agency (EMA),
and numerous African countries [5]. In 2019, a single dose of
rVSVAG-ZEBOV-GP was approved for the prevention of dis-

ease caused by Zaire ebolavirus in individuals 18 years of age
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and older [6]. Recently, ERVEBO® was approved for pediatric
populations 12 months of age and older [7, 8] who are especially
vulnerable to EVD [9, 10].

The Partnership for Research on Ebola VACcination
(PREVAC) is a phase 2, randomized, controlled trial of 2 lead-
ing Ebola vaccines and 3 vaccination strategies (Ad26.ZEBOV/
MVABN-Filo, 1-dose rVSVAG-ZEBOV-GP, and 2-dose
rVSVAG-ZEBOV-GP) in children >1 year of age and adults
[11]. Primary results [12] demonstrated that a single dose of
rVSVAG-ZEBOV-GP elicited robust binding antibody re-
sponses in children and adults by Day 14 that were sustained
through Month 12 and no safety concerns were identified in
children receiving 1 or 2 doses of rVSVAG-ZEBOV-GP.

At the time of initial licensure, gaps in understanding immu-
nogenicity and vaccine virus shedding of rVSVAG-ZEBOV-GP
in children existed. Prior to PREVAC, few individuals
<18 years old had been immunized in clinical trials with
rVSVAG-ZEBOV-GP. An open-label Phase 1 study in Gabon
(n =40 children ages 6-17 years) found rVSVAG-ZEBOV-GP
was immunogenic and had a similar safety profile in children
compared to adults. In that study, vaccine viremia and shedding
occurred more frequently in children than adults; however, the
sample size was small and shedding was not assessed past Day 7
[13]. Thus, a sub-study was implemented in the PREVAC trial
to expand our understanding of vaccine virus shedding in chil-
dren and is reported for the first time herein.

Additionally, immunogenicity data from a single laboratory
are reported for the rVSVAG-ZEBOV-GP and matched place-
bo arms of PREVAC, and formal superiority and non-
inferiority assessments were conducted. Antibody responses
in children and adults through 12 months after 1 or 2 doses
of rVSVAG-ZEBOV-GP were determined using a validated ver-
sion of the Filovirus Animal Non-Clinical Group enzyme-linked
immunosorbent assay (GP-ELISA) and a validated plaque reduc-
tion neutralization test (PRNT). These immunogenicity data
complement the primary paper [12] by providing confirmatory
GP-ELISA results generated in a single laboratory using a validat-
ed assay and adding functional neutralizing antibody data.
Furthermore, vaccine-induced GP-ELISA responses among chil-
dren were formally compared to placebo and vaccinated adults
based on pre-specified criteria. Finally, we evaluated the dynam-
ics of vaccine virus shedding over a 3-month period for children
receiving 1 or 2 doses of r'VSVAG-ZEBOV-GP.

METHODS

Study Design and Participants

PREVAC is a phase 2 randomized, double-blind, placebo-
controlled trial conducted at 6 centers in four West-African
countries [11], as previously reported [12]. Communities
were engaged through social mobilization efforts as previously
described [11]. Participants or their legal guardian provided

written informed consent and assent (if applicable) [11].
Randomization procedures and inclusion/exclusion criteria
for adults (ages >18) and children (ages 1-17) were previously
described [11]. The study is registered at ClinicalTrials.gov
(NCT02876328), was conducted in accordance with Good
Clinical Practice and was approved by the ethics committees
of the sponsors (INSERM-IRB00003888, LSHTM), the imple-
menting countries (Guinea, Liberia, Mali, and Sierra Leone),
and The University of Maryland, Baltimore Institutional
Review Board (IRB).

The scope of the work reported herein is limited to
the r'VSVAG-ZEBOV-GP and matched placebo arms only
(Protocol V920-016, Version 4.0). Primary objectives reported
here were to demonstrate that in children (ages 1-17),
rVSVAG-ZEBOV-GP is superior to placebo for the
GP-ELISA antibody response on: (1) Day 28 post-dose 1 and
(2) Month 12 after 1 or 2 doses of r'VSVAG-ZEBOV-GP.
An additional primary objective was to demonstrate that
rVSVAG-ZEBOV-GP is non-inferior in children (ages 1-17)
compared with adults for GP-ELISA antibody response on
Day 28 post-dose 1. Secondary objectives were to demonstrate
that rVSVAG-ZEBOV-GP GP-ELISA antibody response
post-dose 1 is non-inferior in children ages 3-17 and 1-17
compared to adults on Day 28 using a dependent secondary
non-inferiority test (margin = 0.67) as described below.

A sub-study was conducted at the Redemption Hospital site in
Liberia to estimate the proportion of children with detectable
rVSVAG-ZEBOV-GP vaccine virus in saliva by quantitative
reverse transcription polymerase chain reaction (qRT-PCR)
after 1 or 2 doses of r'VSVAG-ZEBOV-GP compared to placebo.

Study Vaccine

The vaccine was supplied as a sterile, aqueous, buffered solution
composed of rVSVAG-ZEBOV-GP drug product filled into
single-use vials. 1-mL of rVSVAG-ZEBOV-GP vaccine contain-
ing a minimum of 7.2x 10" plaque-forming units (licensed
dose) was administered intramuscularly in the deltoid muscle
or thigh (optional for children). Placebo was matched volume
of sterile 0.9% sodium chloride injection, United States
Pharmacopeia. The 1-dose group received rVSVAG-
ZEBOV-GP on Day 0 and placebo on Day 56, the 2-dose group
received r'VSVAG-ZEBOV-GP on Days 0 and 56, and the placebo
group received placebo on Days 0 and 56.

Sample Collection

A subset of timepoints from the PREVAC trial were selected for

immunogenicity assessments. Specifically, serum samples col-

lected at: Day 0 (pre-vaccination), and post-vaccination

at Day 28, Month 3, and Month 12 (Supplementary Figure 1).
From children in the vaccine shedding sub-study, approx-

imately 0.5-1.0 mL of saliva was collected at Day 0
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(pre-vaccination), Days 7, 14, 28, 56 (before dose 2), Day 63
(7 days post-dose 2), and at Month 3.

Immunogenicity

Validated assays to quantify binding antibody responses
(GP-ELISA) and functional antibody responses (PRNT) were
performed on gamma-irradiated serum in a central laboratory
(Q? Solutions) [14, 15] (Supplementary Methods). Formal
validation was performed to demonstrate the suitability of
each assay in terms of precision (intra-assay repeatability
and inter-assay variance), relative accuracy/linearity, lower
and upper limits of quantification, and specificity.

Vaccine Shedding

A qualified quantitative RT-PCR to measure vaccine virus
shedding in saliva was performed in a centralized laboratory
(Q?* Solutions). RNA was extracted with the Roche MagNa
Pure 96 total nucleic acid system and a 1-step reverse transcrip-
tion polymerase chain reaction (RT-PCR) was performed on an
ABI QuantStudio™ 6 using a vaccine-specific primer/probe set
targeting RNA sequences at the junction of the VSV matrix
gene and the inserted ZEBOV GP gene. An external standard
curve was used to extrapolate rVSVAG-ZEBOV-GP RNA
copies/mL in the starting sample and an internal control
(MS2 phage RNA) was spiked into each sample prior to RNA
extraction to verify extraction and amplification.

Statistical Analyses

The Per-Protocol (PP) population served as the primary pop-
ulation for the immunogenicity analyses and consisted of all
randomized and vaccinated participants who did not violate
inclusion/exclusion criteria or have major protocol devia-
tions. PRNT was performed on approximately half of the par-
ticipants including all available samples from children (ages
1-17) and a random sample of adults. Participants in the 1-
and 2-dose rVSVAG-ZEBOV-GP arms of PREVAC were
pooled for analyses conducted at timepoints before dose 2
(given on Day 56).

Immune responses were reported as geometric mean titers
(GMT), geometric mean fold increases from baseline (GMFI)
and 95% confidence intervals (CI). Seroresponse rates were re-
ported as the percentage of participants with an antibody con-
centration of at least 200 GP-ELISA units (EU) per milliliter
(mL) and an increase from baseline by at least a factor of two
[16] (as proposed to be a possible indicator of protection
against EVD [17]) or a>4-fold increase from baseline
(GP-ELISA and PRNT).

Analysis of GP-ELISA antibody titers for the prespecified
primary and secondary immunogenicity hypotheses (superior-
ity and non-inferiority) were conducted by log-transforming
the data, performing analysis of variance (ANOVA) on
the log-transformed data, and exponentiating the statistics.

Participants contributing to the analyses consisted of those in
the PP population who had a serum sample collected within
a pre-specified day range (Supplementary Table 1). The prima-
ry non-inferiority test used a non-inferiority margin = 0.5, this
2-fold criteria was complemented by a dependent secondary
non-inferiority test using a non-inferiority margin =0.67 to
bolster the stringency of the comparison. The ANOVA model
included treatment group as a covariate. A fixed sequence test
was used to test the four primary immunogenicity hypotheses
to control the overall type 1 error at a = 0.025 (1-sided). The
multiplicity adjusted power for the 4 primary hypotheses was
>96% (0.99%0.99*0.99%0.99). Vaccine shedding was analyzed
using proportions of children who had detectable Vaccine
Virus RNA (defined as >0 copies/mL). Statistical analyses
were performed using SAS.

RESULTS

Participant Disposition

Between April and December 2018, 783 adults and 819 children
were randomized to 1 or 2 doses of rVSVAG-ZEBOV-GP or
placebo (Figure 1). Of these, 1201 participants (adults and chil-
dren) received rVSVAG-ZEBOV-GP (1 or 2 doses) and 1153
(96.0%) completed the study through Month 12. The study is
ongoing with a projected 5 years of follow-up. No differences
in participant disposition by age (children vs adults) were
observed.

Baseline Demographics

Table 1 contains baseline demographics of participants in this
study. The median age was 9 years old (range: 1-17) for children
and 26 years old (range: 18-76) for adults. Approximately 50%
of children were between the ages of 3 and 11 years old. At base-
line, 321 (20.7%) of the 1551 PP population (adults and chil-
dren) were seropositive (GP-ELISA >200 EU/mL) and 5
(0.6%) of 821 participants sampled had a detectable PRNT.
No substantial differences in baseline serostatus were observed
among children and adults.

Immunogenicity

All prespecified primary immunogenicity objectives were met
(Figure 2). In children (ages 1-17), the GP-ELISA GMT was su-
perior to placebo at Day 28 post-dose 1 (P <.001) and the
1- and 2-dose GP-ELISA GMTs were superior to placebo at
Month 12 (P <.001). Furthermore, at Day 28 after the first
vaccination, the GP-ELISA GMT in children (ages 1-17) was
non-inferior to the GP-ELISA GMT in adults (margin = 0.5,
P <.001). The GMT ratio for children/adults was 1.42 (95%
CL: 1.24-1.62). The secondary immunogenicity objectives
were also met (Supplementary Table 2). The GP-ELISA GMT
in children 3-17, and 1-17 years old were non-inferior to adults
at Day 28 post-dose 1 (margin =0.67, P <.001). The lower
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Participants randomized (Adults)
N=783

A 4

Randomized to 1-dose
rVSVAG-ZEBOV-GP, N=395

A 4

Randomized to 2-dose
rVSVAG-ZEBOV-GP, N=197

A 4

Randomized to placebo
N=191

* Received dose 1, N=395 (100%)
[l * Received dose 2, N=365 (92.4%)

* Received dose 1, N=197 (100%)
["] + Received dose 2, N=187 (94.9%)

* Received dose 1, N=191 (100%)
* Received dose 2, N=185 (96.9%)

A4

» Completed trial to Month 12,
N=378 (95.7%)
« Discontinued trial, N=17 (4.3%)
+ 3 Deaths (0.8%)
* 2 Lost to follow-up (0.5%)
+ 3 Withdrawal by subject (0.8%)
* 9 Other (2.3%)

A 4

« Completed trial to Month 12,
N=188 (95.4%)
« Discontinued trial, N=9 (4.6%)
* 2 Lost to follow-up (1.0%)
+ 3 Withdrawal by subject (1.5%)
* 4 Other (2.0%)

A 4

» Completed trial to Month 12,
N=181 (94.8%)
* Discontinued trial, N=10 (5.2%)
10 Other (5.2%)

Participants randomized (Children)
N=819

A 4

Randomized to 1-dose
rVSVAG-ZEBOV-GP, N=407

A 4

Randomized to 2-dose
rVSVAG-ZEBOV-GP, N=202

* Received dose 1, N=407 (100%)
[ * Received dose 2, N=396 (97.3%)

A 4

Randomized to placebo
N=210

A 4

* Completed trial to Month 12,
N=395 (97.1%)
* Discontinued trial, N=12 (2.9%)
« 3 Deaths (0.7%)
« 1 Withdrawal by subject (0.2%)
« 8 Other (2.0%)

* Received dose 1, N=202 (100%)
"] * Received dose 2, N=198 (98.0%)

* Received dose 1, N=210 (100%)
*» Received dose 2, N=204 (97.1%)

A 4

« Completed trial to Month 12,
N=192 (95.0%)
« Discontinued trial, N=10 (5.0%)
* 1 Lost to follow-up (0.5%)
+ 1 Withdrawal by subject (0.5%)
+ 8 Other (4.0%)

A

« Completed trial to Month 12,
N=202 (96.2%)
« Discontinued trial, N=8 (3.8%)
* 1 Death (0.5%)
« 2 Withdrawal by subject (1.0%)
+ 5 Other (2.4%)

Figure 1.  Participant disposition. CONSORT diagram of adults (panel A) and children (panel B) enrolled and randomized to the 1- and 2-dose rVSVAG-ZEBOV-GP arms and
the 1.0-mL placebo arm in the V4.0 PREVAC trial (NCT02876328). Shown here are only the arms analyzed in this report, see primary PREVAC study for the entire CONSORT

diagram [12].

bound of the 2-sided 95% CI of the estimated GP-ELISA GMT
ratio (children/adult) was consistently above 1.

In children and adults, GP-ELISA and PRNT GMTs increased
after first vaccination with rVSVAG-ZEBOV-GP (Figures 3
and 4). By Day 28 post-vaccination, vaccine-elicited antibody
responses were higher than baseline and were sustained through-
out the 12-month follow-up. A second dose of rVSVAG-ZEBOV-
GP further increased antibody responses by Month 3 which
subsequently declined to comparable levels elicited after a single
dose. GP-ELISA titers in children at Month 12 were slightly

higher among the 2-dose compared to the 1-dose group with
barely non-overlapping confidence intervals.

Most vaccinated participants (91.0% of adults and 93.5% of
children) had a GP-ELISA seroresponse of >2-fold increase
from baseline and >200 EU/mL by Day 28 post-dose 1 (pooled
1- and 2-dose rVSVAG-ZEBOV-GP groups); the majority
(75.7% of adults and 88.4% of children) had a>4-fold
GP-ELISA seroresponse (Supplementary Figure 2). There was a
trend toward more children experiencing a >4-fold GP-ELISA se-
roresponse compared to adults after a single r'VSVAG-ZEBOV-GP
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Table 1.

Baseline Characteristics

Adults Children
rVSVAG-ZEBOV-GP rVSVAG-ZEBOV-GP
1-dose 2-dose Pooled® Placebo Total 1-dose 2-dose Pooled® Placebo Total
Participants in 395 197 592 191 783 407 202 609 210 819
population
Sex
Male 213 110 323 110 433 222 117 339 115 454
(53.9%) (55.8%) (54.6%) (57.6%) (55.3%) (54.5%) (57.9%) (55.7%) (54.8%) (55.4%)
Female 182 87 269 81 350 185 85 270 95 365
(46.1%) (44.2%) (45.4%) (42.4%) (44.7 %) (45.5%) (42.1%) (44.3%) (45.2%) (44.6%)
Age, years
Mean 31.1 29.7 30.6 30.7 30.6 8.6 8.2 8.4 8.3 8.4
SD 13 11.8 12.6 13 12.7 4.9 5.1 5 5 5
Median 27 26 26.5 26 26 9 8 8 9
Range 18-74 18-72 18-74 18-76 18-76 1-17 1-17 1-17 1-17 1-17
HIV status®
Negative 382 195 577 188 765 407 202 609 210 819
(96.7%) (99.0%) (97.5%) (98.4%) (97.7%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Positive 13 2 15 3 18 0 0 0 0 0
(3.3%) (1.0%) (2.5%) (1.6%) (2.3%)

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.
#Pooled = rVSVAG-ZEBOV-GP 1-dose or 2-dose group.

PH|V-positive status was an exclusion criterion for participants <18y of age.

Superiority (Children 21-17)

Non-inferiority®

1 —
0000 18.15 (14.96, 22.01)* 14.30 (11.88, 17.20)* 18.75 (15.26, 23.04)* 1.42 (1.24, 1.62)*
5 P <.001 P <.001 P <.001 P <.001
E = —_T — I
@ 1000 — 1748.8 1444 4 1748.8
-
=
(&)
<
2]
- 100
w
o
o
10 T T T
n= 499 173 284 148 139 148 499 519
Pooled®  Placebo 1-dose Placebo 2-dose  Pooled? Children Adults
Day 28 Month 12 Day 28
[ 1-dose [ 2-dose [ Pooled® [l Placebo

Figure 2.

Pre-specified primary immunogenicity objectives. The bars represent GP-ELISA GMT (EU/mL) with 95% Cl for the pooled arm at Day 28 (post-dose 1), and at

Month 12 for the 1- and 2-dose arms, compared to placebo. GMTs from children are shown in the solid bars and GMTs from adults are shown in the hatched bars.
*Estimated fold difference with 95% Cl and results of hypothesis testing (superiority and non-inferiority) are shown above each bar. n = number of participants contributing
to the analysis. TNon»inferiority margin =0.5. ®Pooled = 1- and 2-dose rVSVAG-ZEBOV-GP arms, post-dose 1. Abbreviations: Cl, confidence interval; ELISA, enzyme-linked

immunosorbent assay; GMT, geometric mean titer.

dose. A similar trend was observed for a >4-fold PRNT serores-
ponse at Month 3 and Month 12 (Supplementary Figure 3).
Binding and functional antibody GMTSs were higher for chil-
dren (ages 1-17) compared with adults at the postvaccination
timepoints (Figures 3 and 4). By Day 28, GP-ELISA GMT
was 1748.8 EU/mL (95% CI: 1585.6-1928.7) for children

and 1234.4 EU/mL (95% CI: 1132.5-1345.4) for adults and
PRNT GMT was 277.1 (95% CI: 255.8-300.2) for children
and 169.2 (95% CI: 147.4-194.3) for adults (pooled 1- and
2-dose rVSVAG-ZEBOV-GP groups). Although not formally
hypothesis tested, it was observed that children had higher,
non-overlapping GMT 95% ClIs (GP-ELISA and PRNT)
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Adults (218 years old)
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Children (21-17 years old)

rVSVAG-ZEBOV-GP
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N=386 N=195 N=203
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)
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o
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u
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0—TTF T T
Baseline Day  Month Month
28 3 12
1-dose n=313 338 250
2-dose n=152 172 122
Placebo n=160 170 129

Figure 3. GP-ELISA antibody responses in adults and children. Binding antibody responses as assessed by GP-ELISA in adults (panels Aand B) and children (panels Cand D)
receiving 1 dose or 2 doses of r'VSVAG-ZEBOV-GP compared to placebo. GMT (EU/mL) and GMFI are displayed with 95% CI. N = GP-ELISA Per-Protocol Population; n =
number of participants contributing to the analysis. Abbreviations: Cl, confidence interval; ELISA, enzyme-linked immunosorbent assay; GMFI, geometric mean fold increases;

GMT, geometric mean titer.

compared to adults at Day 28 after the first vaccination
that were maintained through Month 12 (Supplementary
Figure 4). Likewise, GP-ELISA and PRNT GMFIs were higher
for children compared with adults (Figures 3 and 4).

For each age subgroup of vaccinated children (ages <3, 3-11,
and 12-17), GP-ELISA GMTs were comparable at the postvac-
cination timepoints (Supplementary Table 3). Baseline PRNT
GMTs were comparable across age subgroups; except PRNT
GMTs and GMFIs were generally higher for children <3 years
old (Supplementary Table 4).

Vaccine Shedding in Children

Vaccine-derived RNA in saliva was measured in a subset of
children receiving 1 or 2 doses of rVSVAG-ZEBOV-GP or
matched placebo (Figure 5). Post-dose 1, 31.7% of children
(ages 1-17, n=60) had observed vaccine virus shedding
(>0 copies/mL) after rVSVAG-ZEBOV-GP vaccination while
none (0%) of the 19 children receiving placebo had observed

shedding. None (0%) of the 21 children receiving a 2nd dose
at Day 56 had observed shedding post-dose 2 through Month 3.
The greatest percentage of children with observed shedding
occurred on Day 7 post-dose 1 (25.0%) and no shedding was ob-
served after Day 28. The percentage of children (ages 3-11,
n = 34) and adolescents (ages 12-17, n = 21) with observed shed-
ding at any time post vaccination were comparable (32.4%; 95%
CI: 17.4%-50.5%, and 38.1%; 95% CI:18.1%-61.6%, respectively)
(Supplementary Table 5). No shedding was detected in children
<3 years old after rVSVAG-ZEBOV-GP vaccination, although
the sample size was low (n=15).

DISCUSSION

The safety profile, efficacy, and immunogenicity of rVSVAG-
ZEBOV-GP in adults is established [4]. This report evaluated
immunogenicity using validated GP-ELISA and PRNT assays.
A single dose of rVSVAG-ZEBOV-GP induced robust
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Figure 4. PRNT antibody responses in adults and children. Neutralizing antibody responses as assessed by PRNT in adults (panels A and B) and children (panels Cand [)
receiving 1 or 2 doses of rVSVAG-ZEBOV-GP compared to placebo. GMT (PRNTgg) and GMFI are displayed with 95% CI. N = PRNT Per-Protocol Population; n = number of
participants contributing to the analysis. Abbreviations: Cl, confidence interval; PRNT, plague reduction neutralization test; GMFI, geometric mean fold increases; GMT, geo-

metric mean titer.

antibody responses in both children and adults. Primary and
secondary objectives based upon pre-specified criteria were met,
supporting the conclusion that the rVSVAG-ZEBOV-GP vac-
cine is robustly immunogenic in children as young as 1 year
old. Additionally, vaccine shedding through Month 3 was evalu-
ated. Approximately 32% of children had observed vaccine shed-
ding which peaked at Day 7 after the first dose.

Both 1 and 2 doses of rVSVAG-ZEBOV-GP elicited robust re-
sponses through 12 months postvaccination. These findings are
consistent with previous studies in adults [15, 18-21] and children
[12, 13], including the primary PREVAC report. The data report-
ed here, generated in a centralized laboratory using a GP-ELISA
validated for regulatory purpose, are in concordance with the
primary PREVAC data which utilized the same GP-ELISA assay
method run across two independent laboratories [12]. A single
dose of r'VSVAG-ZEBOV-GP was sufficient to elicit immune
responses in children (ages 1-17) that were superior to

placebo at both Day 28 and Month 12 postvaccination and
non-inferior to adults at Day 28 post-dose 1. Furthermore, al-
though not formally tested, children appeared to mount high-
er antibody responses compared to adults, in line with the
published binding antibody findings [12] and expanded
here to include functional antibody responses. Other live-
attenuated vaccines also generally elicit stronger immune re-
sponses in children compared to adults [22].

The benefit, if any, of a booster dose of rVSVAG-ZEBOV-GP
is not known. The 2-dose rVSVAG-ZEBOV-GP arm was
included in the original trial design to match the two-dose
schedule of the Ad26.ZEBOV/MVA-BN-Filo arm [11]. Most
live-attenuated vaccines induce robust immune responses after
the first dose [23]. Here, we observed a slight decline in titers by
Month 3 after a single rVSVAG-ZEBOV-GP dose that
subsequently rose by Month 12 as seen in previous studies
[12, 18, 24] potentially reflective of antibody maturation.
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Figure 5. Vaccine virus shedding in a subset of children after the first dose of rVSVAG-ZEBOV-GP. The percent of children with observed vaccine shedding post the first
dose of rVSVAG-ZEBOV-GP (pooled 1- and 2-dose rVSVAG-ZEBOV-GP, post-dose 1) compared to placebo with 95% Cl. The percentage and the number of children with
shedding over the total number of participants contributing to the analysis is displayed above each bar. No shedding was observed post-dose 2 (data not shown). #Pool-
ed = 1- and 2-dose r'VSVAG-ZEBOV-GP arms, post-dose 1. Abbreviation: Cl, confidence interval.

While a second dose of rVSVAG-ZEBOV-GP given at Day 56
boosted antibody concentrations in children and adults by
Month 3, this boost was not sustained through Month 12.
The primary PREVAC report included additional timepoints
post-dose 2 and found that GP-ELISA titers peaked by Day
63 (7 days post-dose 2) and had begun to decay by Month 3
[12]. The single dose schedule of ERVEBO® may aid outbreak
response efforts by conferring rapid and robust immune
responses and has been implemented during outbreaks
among children >6 months of age [25]. A study assessing a
rVSVAG-ZEBOV-GP booster given 18 months after the initial
vaccination is ongoing (NCT02788227).

In adults, rVSVAG-ZEBOV-GP vaccination leads to tran-
sient vaccine viremia in blood that is typically resolved within
a few days, although vaccine virus shedding in saliva or urine
is rare [24, 26-28]. In contrast, children (ages 6-12) and adoles-
cents (ages 13-17) in a Phase 1 trial had a higher incidence of
vaccine virus shedding in saliva compared to adults [13].
While the current study supports the finding that vaccine virus
shedding in saliva occurs more frequently among children
compared to adults, the incidence at Day 7 (25%) was generally
lower than previously reported (35%-78%) despite using a
lower threshold to define detectable vaccine virus shedding
(>0 copies/mL vs >30 copies/mL) [13]. Additionally, in this
study children (ages 3-11) and adolescents (ages 12-16) had
a similar incidence of vaccine virus shedding, unlike in the
previous report. These were distinct trials using independent
assays thus precluding the ability to make direct comparisons;
differences in incidence might be due to populations enrolled
or the assays used.

Vaccine shedding in saliva of children had been previously
measured only until Day 7 [13]. Here, we assessed vaccine shed-
ding in saliva through 3 months post-vaccination. The peak in-
cidence of vaccine shedding in saliva occurred by Day 7 and
declined thereafter, with no shedding after Day 28. Of note,
Day 28 coincides with peak antibody responses which may im-
pact shedding. No shedding was detected at any time post-dose
2, as reported with some other live-attenuated vaccines [29-31],
likely due to the sustained immune responses present.

Although rVSVAG-ZEBOV-GP shedding was observed
in less than a third of children, the implications of vaccine
shedding require consideration, as for other live-attenuated
vaccines [23, 32-35]. Since RT-PCR was used to measure vac-
cine virus shedding in saliva, infectiousness cannot be inferred.
A study assessing potential transmissibility is underway
(NCTO05130398) to provide insights on secondary exposure
risk and guide recommendations around exposure to saliva
from vaccinated children.

There are some limitations of this study. This study was lim-
ited to immunogenicity (binding and neutralizing antibody re-
sponses) and, therefore, was unable to evaluate clinical efficacy.
However, a GP-ELISA seroresponse of >200 EU/mL and 2-fold
increase from baseline has been proposed as a potential indica-
tor of protection from EVD in adults [17]. This report includes
1-year follow-up, limiting the ability to draw conclusions re-
lated to durability or immunogenicity and protection beyond
that period. Immunogenicity assessments through 5 years are
ongoing [11].

In conclusion, r'VSVAG-ZEBOV-GP elicits robust binding
and neutralizing antibody responses through 12 months post-
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vaccination in children and adults. Moreover, vaccine shedding
in children was of short duration and only observed after the
first dose. Overall, these data support the recent approvals of
rVSVAG-ZEBOV-GP for the prevention of EVD in children.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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