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Risk of death for both mother and fetus following Ebola virus infection is
extremely high. In this study, healthy women in Rwanda aged >18 years were
randomized to two-dose Ebola vaccination (Ad26.ZEBOV, MVA-BN-Filo)
during pregnancy (group A) or postpartum (group B). Unvaccinated
pregnant group Bwomen served as control. This was a parallel, randomized,
controlled, open-label, single-center trial to evaluate the safety (primary
endpoint—outcomes of interest and serious adverse events (SAEs)) and
immunogenicity (secondary endpoint) of the two-dose Ebola vaccination.
Among 3,484 women screened, 2,013 were randomized, and 2,012 women
and 1,945 infants born alive were descriptively analyzed. Adverse outcomes
of interest occurred inwomen (5.2% in group A and 7.3% in group B) and
infants (26.0% in group A and 25.6% in group B). The most common maternal
outcome of interest was pathways to preterm birth (3.2% in group A

and 3.4%in group B), and the most common infant outcome of interest

was small for gestational age (14.3% in group A and 11.8% in group B).
Maternal/fetal and neonatal/infant SAE frequencies were comparable
between groups (9.8%ingroup A, 9.0% in group Band 21.9% ingroup A, 15.9%
ingroup B, respectively). Anti-Ebola virus glycoprotein-specific binding
antibody response (secondary endpoint) was sustained in >90% of women
atlyear postdosel.Ingroup A, binding antibodies were detected in cord
blood (99%) and infant serum (95%) samples 14 weeks postbirth. The trial
met all primary and secondary objectives. Ad26.ZEBOV, MVA-BN-Filo did
not raise concerns regarding adverse maternal/fetal or neonatal/infant
outcomes, had no unexpected safety issues, and induced binding antibody
responses inwomen and offspring through passive transfer. ClinicalTrials.
govregistration: NCT04556526.

A full list of affiliations appears at the end of the paper. < e-mail: kmwall@emory.edu
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Fig.1| Trial profile. Infant deaths were captured from birth to 14 weeks.
Asingle asterisk indicates primary analysis datasets for baseline demographic
characteristics and safety analyses. Dagger indicates primary analysis datasets
forimmunogenicity analyses. Main reasons for discontinuation among the

- Lost to follow-up (n = 2)

(FAS, n=950)

randomized women were withdrawal by participant (72/2,013 (3.6%)), loss to
follow-up (14/2,013 (0.7%)) and new pregnancy during the study (8/2,013 (0.4%)).
Double asterisk indicates data from group C (n = 5) were analyzed separately and
are notincluded in this paper.

Ebolaviruses (EBOVs) belong to the Filoviridae family and cause Ebola
disease (EBOD). EBOD is transmitted in humans via direct or indirect
contact with the bodily fluids or tissues of infected animals or humans.
Mortality in pregnant women infected with Ebolais very high, withan
estimated case-fatality rate ranging from 89% (before the 2013-2016
EBOD epidemic)'to 53% (during the 2013-2016 EBOD epidemic). Mor-
tality in foetuses of pregnant women infected with EBOD is also very
high; almost all pregnancies are lost, and survival among liveborn
infants is extremely low’.

Janssen Vaccines & Prevention BV, a Johnson & Johnson com-
pany, has developed a two-dose heterologous Ebola vaccine regi-
men (Ad26.ZEBOV vaccine followed by MVA-BN-Filo vaccine 56 days
later) for EBOD prevention. Ad26.ZEBOV and MVA-BN-Filo are
replication-incompetent, viral-vectored vaccines”. Previous studies
have found that the Ad26.ZEBOV, MVA-BN-Filo vaccine regimen is
well-tolerated and immunogenic, with mild-to-moderate adverse
events (AEs) of short duration and no sequelae® . The protective effect
of the Ad26.ZEBOV, MVA-BN-Filo vaccine regimen has been inferred
from immunobridging studies’. The Ad26.ZEBOV, MVA-BN-Filo
vaccine regimen is currently approved for nonpregnant individuals
aged >1year.

In September 2019, the Rwanda Food and Drugs Authority (FDA)
granted conditional approval under exceptional emergency circum-
stances for use of the Janssen Ebola vaccine regimen for nonpregnant
people >2 years of age in a vaccination campaign called UMURINZI.
Between 8 December2019 and 13 September2021,216,113 nonpregnant
individuals aged >2 years were vaccinated in western Rwanda®.

During the2019-2020 EBOD outbreak inthe Democratic Republic
of Congo (DRC), aMerck Ebolavaccine (Ervebo) was licensed and used
under an expanded access program that included pregnant women,
asrecommended by the World Health Organization (WHO)’. Because
Erveboisalive-replicating vaccine, the WHO Strategic Advisory Group
of Experts prioritized development of nonreplicating Ebola vaccine
candidates for use in pregnancy and recommended that lower-risk
populationsinthe DRC beyond outbreak hotspots be vaccinated with
theJanssen regimen’.

However, to date, no data are available on the safety, reactogenic-
ity orimmunogenicity of Ebola vaccination in pregnant populations;
similarly, there are no data fromtrials of vaccination of infants and no
data on vaccination by gestational age®.

The objective of the present study was to evaluate the safety, reac-
togenicity and immunogenicity of the two-dose Ebola vaccine regimen
in healthy pregnant women in Rwanda. This study was intended to
guide the administration of the vaccines during pregnancy.

Results

Patient disposition

Healthy pregnant women in Rwanda aged >18 years wereincludedin
this study. Eligibility was initially limited to women in their second or
third trimester of pregnancy until the Independent Data Monitoring
Committee (IDMC) and the study medical officer reviewed safety data
from at least 100 vaccinated pregnant women (group A) and at least
100 nonvaccinated pregnant women (group B), followed for at least
85 days postenrollment. Complete inclusion and exclusion criteria
are provided in the Methods. The trial profile is shown in Fig. 1 and
Supplementary Fig. 1. Participants were recruited between 6 October
2020 and 29 March 2022. Of the 3,484 women screened, 2,013 were
enrolled and randomized (group A, n=993; group B, n=1,020). Of
these, 992 women in group A received dose 1, composing the com-
plete analysis set (FAS) for group A. The enrolled analysis set (EAS)
for group B comprised all 1,020 women randomized to that group.
Atotal of 329 women were enrolled in theimmunogenicity subset, of
whom 316 were included in the per-protocol immunogenicity (PPI)
analysis dataset (group A, n =161; group B, n =155). Of those rand-
omized, 959 of 993 (96.6%) group Awomen and 957 of 1,020 (93.8%)
group Bwomen completed study participation. Of the 1,945 infants
who were born alive to women enrolled in the study, 964 in group A
wereinthe FAS,and 981ingroup Bwereinthe EAS. Atotal of 75 infants
ingroup Awere enrolled in theimmunogenicity subset, and all were
included in the PPl analysis dataset. Of the liveborn infants, 936 of
964 (97.1%) in group A and 946 of 981 (96.4%) in group B completed
study participation.
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Table 1| Participant demographic and baseline

characteristics

Parameters Group A Group B All participants
Women
Number 992 1,020 2,012

Age, year, median
(Q1; Q3)

26.0(22.0;30.0)

26.0(22.0; 30.0)

26.0(22.0; 30.0)

Age, year
18-25 491 (49.5%) 496 (48.6%) 987 (49.1%)
26-34 408 (41.1%) 429 (42.1%) 837 (41.6%)
235 93 (9.4%) 95 (9.3%) 188 (9.3%)
Race—Black 992 (100%) 1,020 (100%) 2,012 (100%)

Weight, kg, median
(Q1; Q3)

59.2 (54.1; 65.0)

59.0(54.0; 65.2)

59.1(54.0; 65.0)

Height, cm, median
(Q1; Q3)

158.0
(155.0; 162.0)

158.0
(155.0; 163.0)

158.0
(155.0; 163.0)

HIV-infection status

Negative

987 (99.5%)

1009 (98.9%)

1996 (99.2%)

Positive

5 (0.5%)

11(11%)

16 (0.8%)

Gestational age at

randomization, weeks,

median (Q1; Q3)

18.4 (14.9; 23.1)

18.0 (14.9; 22.6)

181 (14.9; 22.9)

0-12, median 9.7(91;10.9) 10.6 (9.6; 11.4) 10.1(9.3; 11.1)
(Q1; Q3)
>12-24, median 171(147;20.4)  16.9(147;20.0) 17.0 (14.7; 20.1)
(Q1; Q3)
>24, median 26.2(25.1;28.0) 26.9(25.4;281) 26.6(25.3;28.0)
(@1; Q3)
Trimester of enrollment
First (0-12weeks) 53 (5.3%) 53 (5.2%) 106 (5.3%)
Second 733 (73.9%) 782 (76.7%) 1515 (75.3%)
(>12-24 weeks)
Third (>24 weeks) 206 (20.8%) 185 (18.1%) 391(19.4%)
Infants
Number 964 981 1,945
Sex
Female 504 (52.3%) 497 (50.7%) 1001 (51.5%)
Male 460 (47.7%) 484 (49.3%) 944 (48.5%)

Gestational age at
birth, weeks, median
(Q1;Q3)

40.0(39.0; 40.0)

40.0(39.0; 40.0)

40.0(39.0; 40.0)

Gestational age at birth, weeks

>37 938 (97.3%) 951(96.9%) 1889 (971%)
>33 t0 <37 21(2.2%) 28 (2.9%) 49 (2.5%)
22610 <33 5 (0.5%) 1(01%) 6(0.3%)
<26 0(0.0%) 1(01%) 1(01%)

Head circumference,
cm, median (Q1; Q3)

35.0(34.0; 35.0)

35.0(34.0; 35.0)

35.0(34.0; 35.0)

Weight at birth, g,
median (Q1; Q3)

3100.0
(2800.0; 3380.0)

3100.0
(2890.0; 3400.0)

3100.0
(2840.0; 3400.0)

Weight at birth, g

22,500 918 (95.2%) 931(94.9%) 1849 (95.1%)
1,500-2,499 41(4.3%) 48 (4.9%) 89 (4.6%)
1,000-1,499 4(0.4%) 0 (0.0%) 4(0.2%)
<1,000 0(0.0%) 1(0.1%) 1(0.1%)

Height at birth, cm,
median (Q1; Q3)

49.0 (48.0;50.0)

49,0 (48.0;50.0)

49.0 (48.0; 50.0)

10-min Apgar, median

(Q1;Q3)

10.0 (10.0; 10.0)

10.0(10.0; 10.0)

10.0 (10.0; 10.0)

Q1, first quartile; Q3, third quartile.

Major protocol deviations were reported in 60 of 992 (6.0%)
women in group A (FAS) and 46 of 1,020 (4.5%) in group B (EAS). Of
these women, 3 (0.1%) entered the study but did not satisfy the inclu-
sion/exclusion criteria and 103 (5.1%) had major protocol deviations
for other reasons, which were mainly related to out-of-window visits or
not performing certain planned visits or assessments. Major protocol
deviations were reported in 29 of 964 (3.0%) infantsin group Aand 36 of
981(3.7%) ingroup B (EAS). Allmajor protocol deviations among infants
were for ‘other’ reasons. Main reasons for discontinuation amongthe
infants were withdrawal by parent/guardian (35/1,945 (1.8%)), death
(22/1,945 (1.1%)) and loss to follow-up (6/1,945 (0.3%)). Major protocol
deviations are described in Extended Data Table 1.

Participant demographic and baseline characteristics are
described in Table 1. Median age was 26.0 years (interquartile range
(IQR) =22-30 years). Median gestational age at birth was 40.0 weeks
(IQR =39-40 weeks). Median weight at birth was 3100.0 g (IQR =
2,840-3,400 g) and median height at birth was 49.0 cm (IQR =
48-50 cm). The median Apgar score was 10.0 (IQR =10-10) at 10 min.
The demographic characteristics for mothers and infants were com-
parable between groups.

Primary and secondary objectives and corresponding outcomes
areshownin Table 4; primary outcomes are defined in Extended Data
Table 3. Primary objectives were as follows: (1) assess adverse maternal/
fetal outcomes in pregnant women who were randomized to receive
the two-dose Ebola vaccine regimen (group A) and womenin the con-
trol group (unvaccinated pregnant women (group B)), and (2) assess
adverse neonatal/infant outcomes in neonates/infants borntowomen
who were randomized to receive the two-dose Ebola vaccine regimen
(group A) and in neonates/infants born to womenin the control group
(unvaccinated pregnant women (group B)). Secondary objectives were
asfollows: (1) assess safety in pregnant women who were randomized
to receive the two-dose Ebola vaccine regimen (group A) and women
in the control group (unvaccinated pregnant women (group B)), (2)
assess safety inneonates/infants born towomen who were randomized
toreceive the two-dose Ebolavaccineregimen (group A) and neonates/
infants born to women in the control group (unvaccinated pregnant
women (group B)), (3) assess the reactogenicity and unsolicited AEs
ofthe two-dose Ebola vaccine regimen (Ad26.ZEBOV, MVA-BN-Filo) in
all vaccinated pregnant women (group A), (4) describe all pregnancy
outcomes, (5) assess the immunogenicity of the two-dose Ebola vac-
cineregimen in150 pregnant women who were anticipated to receive
both vaccine doses within the course of their pregnancy (a subset of
the1,000 vaccinated pregnant women from group A) compared to 150
nonpregnant women who were vaccinated after delivery (a subset of
group B) and (6) assess persistence of maternal antibodies in 75 infants
born to women from the group A subset. Endpoints from all planned
primary and secondary objectives are presented. All endpoints are
reported separately.

Primary outcomes and safety

Adverse maternal/fetal outcomes of interest and median days between
outcomesand vaccination are describedin Table 2 and illustrated in Sup-
plementary Fig. 2, with their definitions in Extended Data Table 3, with
95% confidence interval (CI) half-widths of the frequency of outcomes
ofinterestin Supplementary Table 1. Adverse maternal/fetal outcomes
of interest were reported in 510f 977 (5.2%; 95% CI = 3.9-6.8%) women
ingroup Aand 73 of 1,000 (7.3%; 95% Cl = 5.8-9.1%) women in group B.
One outcome, pathways to preterm birth, occurred with at least 1.0%
frequency in both groups (group A—31/977 (3.2%), 95% Cl = 2.2-4.5%;
group B—34/1,000 (3.4%), 95% Cl = 2.4-4.7%). The most common term
withinthis outcome was premature labor (group A—27/977 (2.8%), 95%
Cl=1.8-4.0%; group B—28/1,000 (2.8%), 95% Cl = 1.9%; 4.0%). In group
B, outcomes with at least 1.0% frequency included stillbirth (14/1,000
(1.4%), 95% Cl = 0.8-2.3%)), preeclampsia/eclampsia (11/1,000 (1.1%),
95% Cl=0.6-2.0%) and postpartum hemorrhage (11/1,000 (1.1%),
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Table 2 | Frequency of women with adverse maternal/fetal outcomes of interest

Parameters Group A Group B
Number of Days since Number of Days since Percentage difference
participants, n (%) vaccination,”median  participants, n (%) vaccination,” median (group A-group B) %
(95% CI) (Q1; Q3) (95% ClI) (Q1; Q3) (95% ClI)

Number (randomization to 6weeks 977 - 1,000 - -

postpartum)

Participants with any outcome 51(5.2%) (3.9%; 6.8%)  118.0 (72.0; 154.0)

73 (7.3%) (5.8%; 9:1%) -43.0 (-49.5; -42.0) ~2.1(-4.3%; 0.1%)

Maternal death 0 (0.0%; 0.4%) -

0 (0.0%; 0.4%) - -

Spontaneous abortion 4 (0.4%) (01%; 1.0%) 21.0 (8.0; 59.0)

5 (0.5%) (0.2%; 1.2%) -44.5 (-50.0; -43.0) -0.1(-0.8%; 0.6%)

Stillbirth 9 (0.9%) (0.4%; 1.7%) 116.0 (79.0; 149.0) 14 (1.4%) (0.8%; 2.3%)  -44.5(-49.5;-43.0) -0.5 (-1.5%; 0.5%)
Preeclampsia/eclampsia 4 (0.4%) (01%; 1.0%) 151.5 (86.0; 170.0) 11 (11%) (0.6%; 2.0%) -45.0 (-52.0; -42.0) -0.7 (-1.6%; 0.1%)

Preeclampsia 4(0.4%) (01%; 1.0%) 151.5 (86.0; 170.0) 10 (1.0%) (0.5%; 1.8%) -48.0 (-52.0; -42.0) -0.6 (-1.5%; 0.2%)
Eclampsia 0 (0.0%; 0.4%) - 2 (0.2%) (0.0%; 0.7%) -42.0 (-42.0; -42.0) -0.2 (-0.7%; 0.2%)
Antenatal bleeding 4(0.4%)(01%;1.0%)  53.0 (17.5; 127.5) 5(0.5%) (0.2%; 1.2%)  -43.0 (-46.5; -42.5) -0.1(-0.8%; 0.6%)
Peripartum hemorrhage 2(0.2%) (0.0%; 0.7%)  127.5(80.0;175.0) 4(0.4%) (0.1%; 1.0%) -43.0 (-46.5; -42.5) -0.2 (-0.8%; 0.4%)

Abortion threatened 1(0.1%) (0.0%; 0.6%) 26.0 (26.0; 26.0)

1(0.1%) (0.0%; 0.6%) -° 0 (-0.5%; 0.5%)

Hemorrhage in pregnancy 1(0.1%) (0.0%; 0.6%) 9.0 (9.0; 9.0)

0(0.0%; 0.4%) = 0.1(-0.3%; 0.6%)

Postpartum hemorrhage 7 (0.7%) (0.3%; 1.5%) 129.0 (115.0; 176.0) 11(11%) (0.6%; 2.0%) -42.0 (-44.0; -42.0) -0.4 (-1.3%; 0.5%)
Pathways to preterm birth 31(3.2%) (2.2%; 4.5%)  118.0 (72.0; 147.0) 34 (3.4%) (2.4%; 4.7%) -43.0 (-48.0; -42.0) -0.2 (-1.8%; 1.4%)
Premature labor 27(2.8%) (1.8%; 4.0%)  132.0(90.0; 148.0) 28 (2.8%) (1.9%; 4.0%)  -43.0(-52.0; -42.0) 0 (-1.5%; 1.5%)

Preterm premature rupture of 5 (0.5%) (0.2%; 1.2%) 141.0 (118.0; 143.0) 6 (0.6%) (0.2%; 1.3%) -49.5 (-57.0; -44.0) -0.1(-0.9%; 0.7%)

membranes

Medically induced preterm birth 3(0.3%) (0.1%; 0.9%) 68.0 (40.0;143.0)

5 (0.5%) (0.2%; 1.2%) -43.0 (-45.0; -42.0) -0.2 (-0.9%; 0.5%)

The exact Clopper-Pearson 95% Cl is shown for the percentage of each specific outcome in each group, and the Miettinen-Nurminen 95% Cl is shown for the percentage point differences
between group A and group B. °If the outcome of special interest occurred on or after the dose 1 date—calculated as date of outcome-dose 1 date+1; if the outcome of special interest
occurred before the dose 1 date—calculated as date of outcome-dose 1date. If there were multiple occurrences of a specific outcome, the date of the outcome closest to dose 1is used.

Group B women did not receive vaccination during pregnancy; therefore, ‘days since vaccination’

received by this group B woman. n, number of participants with that outcome of special interest.

95% Cl=0.6-2.0%)). Although the study was not designed to evaluate
adverse maternal/fetal outcomes of interest by trimester, these dataare
shownin Extended Data Table 4 and Extended Data Fig. 1.

Adverse neonatal/infant outcomes of interest and median days
between outcomes and vaccination are described in Table 3 and illus-
trated in Supplementary Fig. 3, with their definitions in Extended
Data Table 3 and 95% CI half-widths of the frequency of outcomes of
interestinSupplementary Table 2. Adverse neonatal/infant outcomes
of interest were reported in 251 of 964 (26.0%, 95% Cl = 23.3-28.9%)
infants in group A and 251 of 981 (25.6%, 95% Cl = 22.9-28.4%) infants
ingroup B. The most frequently reported outcome was small for ges-
tational age (group A—138/964 (14.3%), 95% Cl =12.2-16.7%), group
B—116/981(11.8%),95% Cl = 9.9-14.0%)).In group A, other adverse out-
comes of interest with atleast 1.0% frequency included failure to thrive
(87/964 (9.0%), 95% Cl = 7.3-11.0%)), low birth weight (45/964 (4.7%),
95% Cl=3.4-6.2%)), preterm birth (26/964 (2.7%), 95% Cl =1.8-3.9%))
and neonatal death (11/964 (1.1%), 95% Cl = 0.6-2.0%)).Ingroup B, other
adverse outcomes of interest with at least 1.0% frequency included
failure to thrive (101/981(10.3%), 95% Cl = 8.5-12.4%)), low birth weight
(49/981(5.0%),95% Cl =3.7-6.6%)), pretermbirth (30/981 (3.1%),95% Cl =
2.1-4.3%)) and congenital anomaly (11/981 (1.1%), 95% Cl = 0.6-2.0%)).
Although the study was not designed to evaluate adverse neonatal/
infant outcomes of interest by trimester, these data are shown in
Extended Data Table 2 and Extended Data Fig. 2.

Secondary outcomes and safety

Maternal serious AEs (SAEs) are described in Supplementary Table 3.
SAEs were reported in 97/992 (9.8%) group A women and 92/1,020
(9.0%) group Bwomen. In group A, maternal SAEs reported with at
least 1.0% frequency were attributable to system organ class categories

is a negative number and the event occurred before vaccination. ®°No vaccine dose was

of pregnancy, puerperium and perinatal conditions (56/992 (5.6%));
infections and infestations (37/992 (3.7%)); and reproductive system
and breast disorders (15/992 (1.5%)). In group B, SAEs reported with
atleast 1.0% frequency were attributable to system organ class cat-
egories of pregnancy, puerperium and perinatal conditions (75/1,020
(7.4%)) and infections and infestations (13/1,020 (1.3%)). By preferred
term, differences in maternal SAEs by group included urinary tract
infections (group A—10/992 (1.0%); group B—2/1,020 (0.2%)), postop-
erative wound infections (group A—9/992 (0.9%); group B—4/1,020
(0.4%)), bacterial vaginosis (group A—7/992 (0.7%); group B—1/1,020
(0.1%)) and vulvovaginal candidiasis (group A—7/992 (0.7%); group
B—0/1,020 (0%)).

The majority of SAEs in women were severity grade 1or 2. Grade
3SAEswere reported by16/992 (1.6%) womenin group Aand 17/1,020
(1.7%) women in group B. One grade 4 SAE was reported by 101,020
(0.1%) women in group B. Most grade 3 and 4 SAEs were attributable
to pregnancy, puerperium and perinatal conditions. Almost all SAEs
were considered unrelated to the vaccine; in group A, only 1 0f 992
(0.1%) woman experienced a related event of nausea and vomiting
postdose 1,1 0f 992 (0.1%) experienced a related event of headache
and pyrexia postdose 2and 2 0f 992 (0.2%) experienced related events
of fatigue postdose 1.

Infant SAEs are described in Supplementary Table 4. SAEs were
reported in 211 0f 964 (21.9%) infants in group A and 156 of 981 (15.9%)
infantsingroup B. Deaths of 22 infants were reported (Fig.1)—12 0f 964
(1.2%) infants in group A and 10 of 981 (1.0%) infants in group B. The
most frequently reported causes of death were related to hypoxic—
ischemicencephalopathyingroup A (4/964 (0.4%)) and sudden infant
death syndrome in group B (3/981 (0.3%)). In group A, infant SAEs
reported withatleast1.0% frequency were attributable to system organ
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Table 3 | Frequency of infants with adverse neonatal/infant outcomes of interest

Parameters Group A Group B
Number of Days since Number of Days since Percentage difference
participants, n (%) vaccination,”median  participants, n (%) vaccination,” median  (group A-group B) %
(95%ClI) (Q1; Q3) (95% Cl) (Q1;Q3) (95%CI)

Number 964 981

Participants with any outcome

251(26.0%) (23.3%;
28.9%)

173.0 (138.0; 209.0)

251(25.6%) (22.9%;
28.4%)

-42.0 (-43.0; 57.0)

0.5 (-3.4%; 4.3%)

Neonatal death (defined as death
occurring within the first 28 days of
birth)

11(11%) (0.6%; 2.0%)

154.0 (129.0; 171.0)

5 (0.5%) (0.2%; 1.2%)

0.6 (-0.2%; 1.6%)

Death neonatal

9 (0.9%) (0.4%; 1.8%)

154.0 (129.0; 160.0)

4(0.4%) (0.1%; 1.0%)

0.5 (-0.2%; 1.4%)

Premature baby death

1(0.1%) (0.0%; 0.6%)

136.0 (136.0; 136.0)

1(0.1%) (0.0%; 0.6%)

0 (-0.5%; 0.5%)

Sudden infant death syndrome

1(0.1%) (0.0%; 0.6%)

196.0 (196.0; 196.0)

0(0.0%; 0.4%)

0.1(-0.3%; 0.6%)

Congenital anomaly

9(0.9%) (0.4%; 1.8%)

124.0 (103.0; 168.0)

11(11%) (0.6%; 2.0%)

-43.0 (-43.0; -42.0)

-0.2 (-1.2%; 0.8%)

Cryptorchism

3(0.3%) (0.1%; 0.9%)

103.0 (94.0; 124.0)

5 (0.5%) (0.2%; 1.2%)

-43.0 (-44.0; -42.0)

-0.2 (-0.9%; 0.5%)

Trisomy 21

2(0.2%) (0.0%; 0.7%)

146.0 (124.0; 168.0)

2(0.2%) (0.0%; 0.7%)

-42.0 (-42.0; -42.0)

0 (-0.6%; 0.6%)

Hypospadias

2(0.2%) (0.0%; 0.7%)

144.5 (96.0; 193.0)

1(0.1%) (0.0%; 0.6%)

-43.0 (-43.0; -43.0)

0.1(-0.4%; 0.7%)

Atrioventricular septal defect

2(0.2%) (0.0%; 0.7%)

185.5 (180.0; 191.0)

0(0.0%; 0.4%)

0.2 (-0.2%; 0.8%)

Congenital tricuspid valve atresia

0(0.0%; 0.4%)

1(0.1%) (0.0%; 0.6%)

b

-0.1(-0.6%; 0.3%)

Eyelid ptosis

0(0.0%; 0.4%)

1(0.1%) (0.0%; 0.6%)

-43.0 (-43.0; -43.0)

-0.1(-0.6%; 0.3%)

Gastroschisis

0 (0.0%; 0.4%)

1(0.1%) (0.0%; 0.6%)

-43.0 (-43.0; -43.0)

-0.1(-0.6%; 0.3%)

Heart disease congenital

1(01%) (0.0%; 0.6%)

136.0 (136.0; 136.0)

0(0.0%; 0.4%)

0.1(-0.3%; 0.6%)

Failure to thrive

87(9.0%) (7.3%; 11.0%)

252.0 (209.0; 274.0)

101 (10.3%) (8.5%;
12.4%)

57.0 (57.0; 57.0)

-1.3 (-3.9%; 1.4%)

Low birth weight

45 (4.7%) (3.4%; 6.2%)

139.0 (103.0; 170.0)

49 (5.0%) (3.7%; 6.6%)

-42.0 (-45.0; -42.0)

-0.3 (-2.3%; 1.6%)

Small for gestational age

138 (14.3%) (12.2%;
16.7%)

159.0 (131.0; 180.0)

116 (11.8%) (9.9%;
14.0%)

-43.0 (-45.0; -42.0)

2.5 (-0.5%; 5.5%)

Preterm birth

26 (2.7%) (1.8%; 3.9%)

133.5(91.0; 147.0)

30 (3.1%) (2.1%; 4.3%)

-42.5(-51.5; -42.0)

-0.4 (-1.9%; 1.2%)

The exact Clopper-Pearson 95% Cl is shown for the percentage of each specific outcome in each group, and the Miettinen-Nurminen 95% Cl is shown for the percentage point differences
between group A and group B. ®If the outcome of special interest occurred on or after the dose 1 date—calculated as date of outcome-dose 1date+1; if the outcome of special interest
occurred before the dose 1 date—calculated as date of outcome-dose 1date. If there were multiple occurrences of a specific outcome, the date of the outcome closest to dose 1is used.

®These infants died before their mothers took the first dose of the vaccine.

class categories of infections and infestations (110/964 (11.4%)); surgi-
cal and medical procedures (73/964 (7.6%)); pregnancy, puerperium
and perinatal conditions (56/964 (5.8%)); nervous system disorders
(23/964 (2.4%)); and respiratory, thoracic and mediastinal disorders
(13/964 (1.3%)).In group B, infant SAEs reported with at least 1.0% fre-
quency were attributable to system organ class categories of surgical
and medical procedures (71/981 (7.2%)); infections and infestations
(63/981 (6.4%)); pregnancy, puerperium and perinatal conditions
(50/981(5.1%)); and nervous system disorders (14/981 (1.4%)). By pre-
ferred term, differences in infant SAEs by group included neonatal
infection (group A—52/964 (5.4%); group B—30/981 (3.1%)), neonatal
sepsis (group A—23/964 (2.4%); group B—15/981 (1.5%)) and low birth
weight (group A—10/964 (1.0%); group B—1/981(0.1%)).

Most SAEs ininfants were severity grade 1or 2. Grade 3 SAEs were
reported for 23 of 964 (2.4%) infants in group A and 13 of 981 (1.3%)
in group B. Grade 4 SAEs were reported for 8 of 964 (0.8%) infants in
group A and 6 of 981 (0.6%) in group B. Most grade 3 and 4 SAEs were
attributable to infections and infestations.

The most frequently reported adverse maternal/fetal outcome
not of special interest and not included in the primary endpoints
throughout the entire study was cesarean sectionin both group Aand
group B (207/977 (21.2%) women in group A and 224/1,000 (22.4%)
womeningroup B).

Solicited AEs were only recorded in group A for 7 days after each
vaccination. Solicited AEs were reported in 637 of 992 (64.2%) women
during the vaccineregimen period (postdose 1and postdose 2 combined
period)—556 0f 992 (56.0%) postdose 1and 425 of 981 (43.3%) postdose

2.0fthewomenreportingsolicited AEs (local or systemic), the majority
(96.7%) reported events that were grade 1 or grade 2 in severity. Unsoli-
cited AEs were recorded in both groups for the entire study duration.
Supplementary Table 5 describes both solicited and unsolicited AEs.

Secondary outcomes

The PPl analysis set consisted of 316 women (group A—n = 161; group
B—n =155). As shownin Fig. 2a, anti-EBOV glycoprotein (GP)-specific
binding antibody concentrationsincreased from baseline, with peak
responses at 21 days postdose 2. At 365 days postdose 1, responses were
durable, with no differences between groups. Anti-EBOV GP-specific
binding antibody response was observed in 99.2-100% of women at
21 days postdose 2, regardless of group or trimester at randomization.
At 1lyear postdose 1, 90.8% of group A and 94.0% of group B women
were still classified as responders (Extended Data Table 5). When strati-
fied by trimester, 89.5% of women in group A and 93.0% of women
in group B randomized in their second trimester were responders
at1year postdose 1; 96.4% of group A women and 100% of group B
women randomized in their third trimester were still responders at
lyear postdose 1.

Ingroup A, anti-EBOV GP-specific binding antibodies were detected
in99.3% of cord blood samples at postpartum day 1and 94.7% of infant
serum samples at 14 weeks postbirth. When stratified by trimester,
99.2% and 100% of cord blood samples from women randomized in
trimesters two and three, respectively, were positive for anti-EBOV
GP-specificbinding antibodies. Infant serum samples at 14 weeks post-
birthshowed 93.9% positivity when mothers were randomized in their
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Table 4 | Trial objectives and outcomes

Objectives

Outcomes

Primary

Assess adverse maternal/fetal
outcomes in pregnant women who
were randomized to receive the
two-dose Ebola vaccine regimen
(group A) and women in the control
group (unvaccinated pregnant
women—group B)

Outcomes of interest:

Frequency of maternal death,
spontaneous abortion, stillbirth,
pathways to preterm birth (preterm
premature rupture of membranes,
preterm labor, insufficient cervix
and provider-initiated preterm

birth), preeclampsia/eclampsia,
antenatal bleeding and postpartum
hemorrhage from randomization until
6weeks postcompletion/termination
of pregnancy

Assess adverse neonatal/infant
outcomes in neonates/infants born
to women who were randomized to
receive the two-dose Ebola vaccine
regimen (group A) and in neonates/
infants born to women in the control
group (unvaccinated pregnant
women—group B)

Outcomes of interest:

Frequency of major congenital
malformations, small for gestational
age, low birth weight, preterm birth,
neonatal death (death within first
28days) and failure to thrive in infants
measured from birth until 14 weeks

of age

Secondary

Assess safety in pregnant women
who were randomized to receive the
two-dose Ebola vaccine regimen
(group A) and women in the control
group (unvaccinated pregnant
women—group B)

Frequency and relatedness of all SAEs
in women from randomization until
study end

Assess safety in neonates/

infants born to women who were
randomized to receive the two-dose
Ebola vaccine regimen (group A) and
neonates/infants born to women

in the control group (unvaccinated
pregnant women—group B)

Frequency and relatedness of all SAEs
in newborns from birth until study end

Assess the reactogenicity and
unsolicited AEs of the two-dose
Ebola vaccine regimen (Ad26.ZEBOV,
MVA-BN-Filo) in all vaccinated
pregnant women (group A)

Reactogenicity, defined as local and
systemic solicited AEs occurring within
7days after each dose and unsolicited
AEs within 28 days after each dose:
*Frequency, grade, duration and
causality for solicited systemic AEs
and unsolicited AEs

*Frequency, grade and duration for
solicited local AEs

Describe all pregnancy outcomes

Pregnancy outcome (for example,
normal delivery and cesarean section)

Assess the immunogenicity of the
two-dose Ebola vaccine regimen
in 150 pregnant women who were
anticipated to receive both vaccine
doses within the course of their
pregnancy (a subset of the 1,000
vaccinated pregnant women

from group A), compared to 150
nonpregnant women who were
vaccinated after delivery (a subset
of group B)

Anti-EBOV GP-specific binding
antibody concentrations, in ELISA
units per ml from:

*Blood samples taken predose 1,
21days postdose 2, at delivery (group
A subset only), and a 1-year postdose 1
Cord blood if feasible from women in
the group A subset

Assess the persistence of maternal
antibodies in 75 infants born to
women from the group A subset

+Anti-EBOV GP-binding antibody
concentrations, in ELISA units per ml
(FANG ELISA) from a blood sample
taken at 14weeks of age

The table is adapted from ref. 15.

second trimester and 96.2% positivity when mothers were randomized

intheir third trimester.

Strong correlations were observed between anti-EBOV GP-specific
binding antibody concentrations in women at postpartum day 1 and
cord blood at postpartum day 1 (partial Spearman correlation coef-
ficient, 0.84; Fig. 2b), in women at postpartum day 1 and infants at
14 weeks of age (partial Spearman correlation coefficient, 0.82; Fig. 2c)

and in cord blood at postpartum day 1 and infants at 14 weeks of age
(partial Spearman correlation coefficient, 0.87; Fig. 2b—d).

Discussion

Toour knowledge, thisis the first study to provide arigorous evaluation
ofthe safety and immunogenicity of atwo-dose Ebola vaccine regimen
in pregnant women. The Ad26.ZEBOV, MVA-BN-Filo vaccine regimen
iswell-tolerated, and, overall, no unexpected safety issues were iden-
tified. The frequency of maternal/fetal adverse outcomes of interest
does not differ in the group with vaccination during pregnancy and
the control group of women vaccinated postpartum (group A—5.2%;
group B—7.3%). The overall frequency of adverse neonatal/infant out-
comesisalso similar between the two groups (group A—26.0%; group
B—25.6%). Neonatal death and small for gestational age are reported
more frequentlyingroup A, but preterm birth and failure to thrive are
reported more frequently in group B. Both observed rates of neonatal
death and small for gestational age are below background rates for
sub-Saharan Africa'®", and the 95% Cl overlap suggests a degree of
uncertainty around assignment of these events by group. Furthermore,
by 14 weeks of age, the discrepancy in infant deaths disappears.

Slightly higher frequencies of SAEs in group A women (group
A—9.8%; group B—9.0%) may be explained by group A women having
more study visits before delivery, all of which ascertained unsolicited
adverse outcomes. Higher frequencies of nausea, pyrexiaand headache
ingroup Awomen may be partially explained by vaccine reactogenicity.

SAEs are reported more frequently in group A infants (group
A—-21.9%; group B—15.9%), especially in the neonatal period (birth
to day 28). One possible explanation is that group A had scheduled
postpartum visits, whereas group B did not.

The Ad26.ZEBOV, MVA-BN-Filo vaccine regimen induces robust
anti-EBOV GP-specific binding antibody responses in women, with
strong correlations observed between anti-EBOV GP-specific binding
antibody concentrationsin women, cord blood and infants. Like other
studies', pregnant women have a strong but slightly lower immune
response to vaccination than nonpregnant women. The kinetics of
the Ad26.ZEBOV, MVA-BN-Filo vaccine-induced immune response
indicates an expected steady decline in circulating binding antibody
concentrations after 21 days postdose 2 until a plateau is reached at
approximately 3 months postdose 2. Passive transfer of anti-EBOV
GP-specific binding antibodies from mother to offspring is observed
as quantifiable binding antibodies in their offspring. Geometric mean
concentrations (GMCs) are higher in women, cord blood and infants
bornto women in their third trimester than in their second trimester
atrandomization, whichis anticipated given the expected kinetics of
the postvaccination binding antibody responses because women in
their second trimester experienced alonger timeinterval between the
assessments at 21 days postdose 2 and postpartum day 1.

The immune response of pregnant women by trimester has not
been extensively studied. Our study indicates that vaccination in the
third trimester yields a greater antibody response, which adds to our
overall knowledge about vaccination in pregnancy. A study discussed
inref. 13 does not show evidence that theimmune response toinfluenza
vaccinationis significantly altered by timing of vaccinationin agroup of
239 pregnantor postpartumwomenreceiving HINl monovalent vaccine,
but they observed a trend toward lower immune responses in the first
trimester and 6 weeks postpartum. Generally, transplacental antibody
transfer gradually increases as pregnancy progresses™, and immuniza-
tion of pregnant women is often recommended in the second or third
trimester to maximize the potential of the passive transfer of maternal
antibodies to the fetus and limit potential teratogenicity concerns.

There are several notable strengths of the study. Potential selection
biasis minimizedin this open-labeltrial, given therandomizationand the
clearinclusion and exclusion criteria. The trial has extremely high reten-
tion, despite being conducted during the COVID-19 pandemic (baseline
characteristics of study completers and noncompleters are provided in
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Fig. 2| Vaccine-induced EBOV GP-binding antibody concentrations.

a, Anti-EBOV GP-specific binding antibody concentrations in vaccinate

d women over time. GMCs with 95% Cl are shown in the figure. Group A,
pregnant women randomized to be vaccinated during pregnancy; group B,
pregnant women randomized to be vaccinated after pregnancy. Enrollment
of first-trimester pregnant women was opened after the immunogenicity
subset was fully enrolled. As aresult, no first-trimester pregnant women
were included in the immunogenicity subset. b, Correlation between mother
anti-EBOV GP-specific binding antibody concentration at postpartum day 1
and mother cord blood anti-EBOV GP-specific binding antibody concentration
at postpartum day 1. ¢, Correlation between mother anti-EBOV GP-specific

Infant: anti-EBOV GP
concentration (EU/ml)

Vaccine group and pregnancy trimester
o Group A: trimester 2
+ Group A: trimester 3

Infant: anti-EBOV GP
concentration (EU/ml)

Vaccine group and pregnancy trimester
o Group A: trimester 2
+ Group A: trimester 3

binding antibody concentration at postpartum day 1 versus infant anti-EBOV
GP-specific binding antibody concentration at 14 weeks of age. d, Correlation
between mother cord blood anti-EBOV GP-specific binding antibody
concentration at postpartum day 1 versus infant anti-EBOV GP-specific binding
antibody concentration at 14 weeks of age. For b-d, the Spearman correlation
coefficients calculated are partial Spearman correlation coefficients that
control for the trimester of the mother at randomization. For a-d, trimester
refers to the trimester at randomization. First trimester, 0-12 weeks; second
trimester, >12-24 weeks; third trimester, >24 weeks. EU, enzyme-linked
immunosorbent assay units. N/A, not applicable.

Supplementary Table 6, revealing no notable difference), and benefits
from the rigorous determination of gestational age and estimated date
of delivery. The study design decision to potentially allow enrollment of
women duringtheir first trimester of pregnancy after rigorous safety data
review by study medical officers and the IDMC was novel; however, the
limited sample size of this group precludes conclusions, and we recom-
mend future studies consider evaluation of women at early gestational
agestosupport protectingwomenasearly intheir pregnanciesaspossible.

Thedatashouldbeinterpreted considering limitations. Thisis not
amasked trial, although it should be noted that the labor and delivery
staff do not know which group the women are in, which may have
reduced assessment bias. The lack of masking for other staff mem-
bers may have led to reporting bias for subjective AEs. Additionally,

assessment of small for gestational age and failure to thrive used stand-
ard WHO charts, which may not be representative of the African/Rwan-
dancontext. Finally, solicited AEsare only recorded ingroup A, limiting
theinterpretation. Finally, no conclusions can be made regarding the
levels of protection against EBOD provided by the vaccine-induced
binding antibodies elicited in pregnant women or transferred to their
infants, as no correlate or threshold of protection has been established.

The Ad26.ZEBOV, MVA-BN-Filo regimenis well-tolerated, withno
unexpected safety issues, and induces robust anti-EBOV GP-specific
binding antibody responses inwomen, as well as quantifiable binding
antibodies in their offspring through passive transfer. This regimen
may offer protection to pregnant women and their childrenwho have an
extremely highrisk of death or severe disease following Ebolainfection.
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Methods

Study design

This is a parallel, randomized, controlled, open-label, single-center
clinical trial of the safety, reactogenicity and immunogenicity of the
Janssen two-dose Ebola vaccine regimen in healthy adult pregnant
women in Rwanda. The study arms compared pregnant women who
received the two-dose Ebola vaccine regimen during pregnancy
(group A) or after pregnancy completion (group B). Unvaccinated
pregnant group Bwomen served as control. The study was conducted
between 6 October 2020 (the date the first participant signed an
informed consent form) and 2 March 2023 (the date of the last par-
ticipant visit) at Gisenyi District Hospital in Rubavu and Gihundwe
District Hospital in Rusizi, both located in the Western Province of
Rwandabordering the DRC. The study complies with all relevant ethi-
calregulations. The protocol was approved by the Rwanda National
Ethics Committee (821/RNEC/2020), the Rwanda FDA (003/CT/
RWANDA FDA/2020) and the Emory University Institutional Review
Board (STUDY00000367). The study was prospectively registered
with ClinicalTrials.gov under NCT04556526 on 21 September 2020.
The study protocol has been published”.

Participants

Pregnant women residing in the catchment areas of the District Hos-
pitals were recruited from antenatal care clinics and referred to the
two district hospitals. Written informed consent to participate was
obtained. Inclusion criteria were as follows:

1. Female (according to their reproductive organs and functions
assigned by chromosomal complement).

2. Eighteen years of age or older at the time of written informed
consent.

3. Healthy based on physical examination, medical history,
obstetric history and vital signs performed at screening.

4. Healthy based on clinical laboratory tests performed at screen-
ing. If the results of the clinical laboratory tests are outside
of the normal local reference ranges, the participant may be
included only if the investigator judges the abnormalities or
deviations from normal to be not clinically significant or to be
appropriate and reasonable for the population under study.
This determination must be recorded in the participant’s
source documents and initiated by the investigator. Trace
proteinin the urine is acceptable if the blood pressure is also
normal. Participants must have clinical laboratory test results
within the following parameters:

Hemoglobin >7.0 gdI™.

. White blood cells 3.4 x 10° cells per pl.

Neutrophils >1.1 x 10° cells per 1.

. Lymphocytes >1.21 x 10° cells per 1.

. Platelets =156 x 10° cells per pl.

Serum creatinine <129 pmol I

. Aspartate aminotransferase within 1.5x the upper limit of
the normal range for the laboratory conducting the test.

h. Alanine aminotransferase within 1.5x the upper limit of the

normal range for the laboratory conducting the test.

i. Totalbilirubin <25 pmol I™.

j.- Urine protein <1+ by dipstick.

k. Urine blood <1+ by dipstick, without evidence of bacteriu-

ria on microscopy.

oo an oo

5. Confirmed singleton pregnancy by positive urine human
chorionic gonadotropin and ultrasound at the time of screen-
ing and informed consent, and reconfirmed pregnancy via
ultrasound at randomization/day 1. Ultrasound not required
on randomization/day 1if <10 days have elapsed since the
screening ultrasound and an ultrasound is not indicated for
other reasons.

i

10.

11.

12.

13.

14.

Capable and willing to give informed consent (signed or
thumbprint), which includes compliance with the require-
ments and restrictions listed in the informed consent form and
in this protocol, and willing to give informed consent for the
infant to participate in the study.

Each potential participant must pass the assessment of under-
standing by indicating that she understands the purpose,
procedures and potential risks and benefits of the study after
reading the informed consent and after the investigator or
designee has provided detailed information on the study and
has answered the potential participant’s questions. Each par-
ticipant must subsequently sign the informed consent form,
indicating that she is willing to participate in the study.
Resides within the catchment area of the study site.

Able and willing to participate for the duration of the study
visits and follow-up.

Willing and able to comply with the protocol requirements.
Willing to receive standard prenatal care and planning to
deliver at a study district hospital.

Willing to provide verifiable identification and have a photo
taken and an iris scan at study entry and follow-up visits.
Evidence of normal progress of gestation before randomiza-
tion (day 1) based on obstetric evaluation (including obstetric
history, obstetric examination and fetal ultrasound).

If randomized to group B, must have a negative urine pregnan-
cy testimmediately before each study vaccine administration.

Exclusion criteria were as follows:

History of EBOV disease (self-declared or laboratory
confirmed).

Has received any candidate Ebola vaccine (except for women
found to be pregnant in the UMURINZI study after they
received their first dose of vaccine, who are eligible for enroll-
ment into a nonrandomized group under this protocol).

Has received any experimental candidate Ad26- or MVA-based
vaccine in the past. Receipt of any approved vaccinia/smallpox
vaccine or Ad-based candidate vaccine other than Ad26 at any
time before study entry is allowed.

Known allergy or history of anaphylaxis or other serious
adverse reactions to vaccines or vaccine products (including
any of the constituents of the study vaccines (for example,
polysorbate 80, ethylenediaminetetraacetic acid or L-histidine
for the Ad26.ZEBOV vaccine; tris (hydroxymethyl)-amino meth-
ane for the MVA-BN-Filo vaccine)), including known allergies to
egg, egg products, chicken proteins and aminoglycosides.
Individuals with acute illness (this does not include minor ll-
nesses such as diarrhea or mild upper respiratory tract infection)
or body temperature >38.0 °C on day 1 will be excluded from
enrollment at that time but may be rescheduled for enroliment
atalater date.

Presence of significant conditions (for example, history of sei-
zure disorders, (auto)immune disease or deficiency, any spleen
disease, active malignancy, ongoing tuberculosis treatment
and other systemic infections) or clinically significant findings
during screening of medical history, obstetric history, physi-
cal examination, vital signs or laboratory testing for which,

in the opinion of the investigator, it would not be in the best
interest of the individual (for example, compromise the safety
or well-being) or that could prevent, limit or confound the
protocol-specified assessments. Individuals who have recently
received treatment for acute uncomplicated malaria are eligible
for participation if at least 3 days have elapsed from the conclu-
sion of a standard recommended course of therapy for ma-
laria; participants who are acutely ill with malaria at the time of
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screening should complete therapy and wait an
additional 3 days after completion before screening for the
study. Individuals with sickle cell traits can be included.

7. Any of the following during the 6 weeks before screening: (1)
confirmed SARS-CoV-2 (COVID-19) infection (positive test), OR
(2) suspected SARS-CoV-2 infection (clinical features without
documented test results), OR (3) close contact with a person
with known or suspected SARS-CoV-2 infection.

8. History of or underlying liver or renal insufficiency or significant
cardiac, vascular, pulmonary (for example, persistent asthma),
gastrointestinal, endocrine, neurological, hematological,
rheumatological, psychiatric or metabolic disturbances.

9. History of positive tests for hepatitis B surface antigen
(HBsAg) or hepatitis C virus (HCV) antibodies (anti-HCV),
or other clinically active liver disease, or testing positive for
HBsAg or anti-HCV at screening.

10. Human immunodeficiency virus (HIV)-infected but not on
stable antiretroviral therapy (ART), defined as adherent to the
ART regimen for >6 weeks before enrollment. Individuals with
HIV infection on stable ART may be enrolled.

11. Obstetric history, including the following:

>2 consecutive spontaneous abortions.
. History of preeclampsia or eclampsia.
Rhesus-negative multigravida.
. Grand multigravida (>5 previous pregnancies).
. Previous late stillbirth (defined as loss of pregnancy at any
time after 28 weeks of gestation).
Previous low-birth-weight baby or premature delivery
(defined as a delivery before 37 weeks of gestation).
g. Previous neonatal death (defined as death of an infant with-
in the first 28 days of life).
h. Previous delivery of an infant with a known or suspected
genetic or chromosomal abnormality.
i. History of other significant pregnancy-related or neonatal
complications that are judged as likely to affect the safety
of the mother or infant or to significantly compromise the
collected endpoint data. Previous cesarean section is not
an exclusion criterion.

can o
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12. Major surgery within the 4 weeks before screening or planned
major surgery through the course of the study (from screening
until completion of the study).

13. Chronic or recurrent use of immunomodulators/suppressors
(for example, cancer chemotherapeutic agents or systemic
corticosteroids within 6 months before the planned admin-
istration of the first dose of study vaccine). Ocular, topical or
inhaled steroids are allowed.

14. Received or planned to receive a licensed nonlive attenuated
vaccine (for example, tetanus) within 7 days of a study vaccina-
tion (that is, before or after). Received or planned to receive
alicensed live attenuated vaccine within 4 weeks of a study
vaccination (that is, before or after).

15. Received an investigational drug or investigational vaccine
or used an invasive investigational medical device within
3 months before screening, or current or planned participa-
tionin another clinical study during the study. Participation in
an observational clinical study is allowed.

16. Receipt of blood products or immunoglobulin within 3 months
before screening and/or during participation in the study
(except for RhoGAM).

17. Current or past abuse of alcohol or recreational or narcotic
drugs that, in the investigator’s opinion, would compromise
the individual’s safety and/or compliance with the study
procedures.

18. History of chronic urticaria (recurrent hives).

19. Individual cannot communicate reliably with the investigator.

20. Employee of the investigator or study site, with direct in-
volvement in the proposed study or other studies under the
direction of that investigator or study site, including family
members of the employees or the investigator.

21. History of thrombotic thrombocytopenia syndrome (TTS) or
heparin-induced thrombocytopenia and thrombosis.

Eligibility wasinitially limited towomenin their second or third tri-
mester of pregnancy until IDMC and the study medical officer reviewed
safety datafromatleast100 vaccinated pregnant women (group A) and
at least 100 nonvaccinated pregnant women (group B), followed for
at least 85 days postenrollment. When these data indicated no safety
issues, enrollment was extended to women in their first trimester of
pregnancy. Trimester at enrollment was categorized as first trimes-
ter (0-12 weeks), second trimester (>12-24 weeks) or third trimester
(>24 weeks). The estimated gestational age was based on ultrasound
for women enrolled in the first trimester. For women enrolled in the
second and third trimesters, estimated gestational age was based on
ultrasound and the last menstrual period as recommended by the
American College of Obstetricians and Gynecologists (ACOG)*.

For women, sex was based on clinical observation—all women
participating in the study were pregnant at some point. For infants,
sex observed at birth was reported by investigators. The results are
described for infants of both sexes together. No difference by sex of
theinfant was expected.

Randomization and masking

Eligible pregnant women were randomly assigned 1:1 to receive the
two-dose Ebola vaccine regimen during pregnancy (group A) or after
pregnancy completion (group B). Anallocation template was created by
coauthorS.A.at Emory University using simple randomizationbased on
the Microsoft Excel random number generator function. Security-type,
opaque envelopes containing the randomizationassignment cards were
prepared by one study team member and inspected by two other team
members to ensure correspondence to the allocation table before seal-
ingthe envelopesand deployingthemtothesites. The envelopesateach
sitewere placedinasinglebin, and participants wereinvited toreachinto
the bin to select a single sealed envelope containing a randomization
assignment at the time of enrollment. Study staff responsible for enroll-
ing participants and overseeing randomization did not have access to
the allocation table; therefore, arm assignment within each envelope
was unknown to participants and staff until opened. The randomization
assignmentwas complete andirreversible once the envelope was opened.
Birth attendants were not formally notified about the vaccine allocation.
There wasnomaskingin this study. An open-label design was selected so
that group Bwomen could receive the benefits of the vaccine regimen.

Procedures

Allstudy procedures were performed in the district hospitals, includ-
ing pre-enrollment screening. A schematic overview of study activities
and timeline is shown in Supplementary Fig. 1; detailed schedules of
activities are published®. A target of 2,000 pregnant women >18 years
of age was to be randomized on day 1. Women randomized to group A
received the two-dose Ebola vaccine regimen on days 1 and 57 during
pregnancy. Women randomized to group Breceived the vaccine regi-
men from 6 weeks postpartum up to 10 weeks postpartum.

Study vaccines were manufactured and provided under the
responsibility of Janssen Vaccines and Prevention B.V. Ad26.ZEBOV is
anonreplicating monovalent vaccine that encodes the full-length GP
from EBOV Mayinga. The vaccine is produced in the human cell line
PER.C6. A 0.5-mlintramuscular injection of 5 x 10 viral particles was
administered onday1(group A) or between 6 and 10 weeks after com-
pletion of pregnancy (group B). This vaccine was administered into the
deltoid muscleinthe upperarm (or thighif needed). MVA-BN-Filo does
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notreplicate in human cells and is amultivalent vaccine encoding the
EBOV Mayinga GP, the Sudan virus Gulu GP, the Marburg virus Musoke
GP and the TaiForest virus nucleoprotein. The EBOV GP expressed by
MVA-BN-Filo has 100% homology with the one expressed by Ad26.
ZEBOV. A 0.5-ml intramuscular injection of 1 x 10® infectious units of
MVA-BN-Filo was administered 56 days (-14 days to +28 days) after the
Ad26.ZEBOV dose. This vaccine was administered into the deltoid mus-
cleinthe upper arm (or thigh if needed), ideally in the opposite arm/
thigh as the first dose (unless the opposite arm/thigh had a condition
preventing evaluation of the arm/thigh after injection).

As shown in Supplementary Fig. 1, a target subset of 300 women
was to be enrolled and provide blood samples for immunogenicity
assessment of the two-dose regimen administered during pregnancy
(group A) and after pregnancy (group B).

Group A women were followed until at least 6 weeks after preg-
nancy completion to capture adverse maternal/fetal outcomes of
interest. Group B women were followed until at least 4 weeks after
dose 2. Participants in the immunogenicity subset were followed for
12 months after dose 1. Therefore, the duration of individual participa-
tion could range from approximately 6 to 23 months. All infants were
followed for 14 weeks postdelivery.

Women who tested positive for pregnancy during the UMURINZI
Ebola Vaccination Campaign after they received dose 1 were offered
screening and enrollment into the present study to receive dose 2 in
a controlled setting (group C). These women were not randomized
but were followed for safety outcomes for 6 weeks after pregnancy
completion (women) or 14 weeks postdelivery (infants).

There were three amendments to the original protocol. Protocol
amendment 1 was issued on 8 July 2020. The overall reason for the
amendment was toincorporate comments from the ethics committee
ontheinitial protocol, whichwas never approved by the Health Author-
ity. The study was only initiated under protocolamendment 1. Protocol
amendment 2 was issued on 22 July 2021. The overall reason for the
amendmentwastoincludeinformationabout TTS observed withJans-
sen’s COVID-19 vaccine and clarification of the safety notification pro-
cess. Main changesincluded the exclusion of participants with aknown
history of TTS or heparin-induced thrombocytopenia withthrombosis,
as well as those who planned to or received a COVID-19 vaccine within
adisallowed timeframe before study vaccination. Additionally, a 24-h
reporting timeframe for TTS events was added, and potential conditions
thatshould bereported within 24 hwere listed. Protocol Amendment 3
wasissued on24 November 2021. The overall reason for the amendment
was to include additional language around TTS, as recommended by
the United States FDA on 17 September 2021. Main changes included
anupdate of the description of TTS observed with Janssen’s COVID-19
vaccinetoalign withthe language recommended by the FDA and inclu-
sion of the recommendation to evaluate any potential risk factors for
TTSin participants based on medical history.

Outcomes
Primary and secondary objectives and corresponding outcomes are
showninTable 4. Brighton Collaboration case definitions for primary
adverse outcomes of interest are shownin Extended Data Table 3. Out-
comes were abstracted from medical records linked across participants
using aunique participant identifier and biometric data”. AllAEs were
recorded using medical terminology in the source documents and
case report forms. AEs were coded in accordance with the ‘Medical
Dictionary for Regulatory Activities v25.1" using the lower-level term
as the description most closely related to the investigator’s terminol-
ogy, apreferred term describingagroup of closely related lower-level
terms, and the system organ class, whichis the broad category includ-
ing related preferred terms. The reporting of safety dataincluded the
incidence, severity and relatedness.

Clinical outcomes were collected via hardcopy paper records
and captured and validated electronically in RedCap Cloud, with

additional validation performed using SAS v9.4. Immunogenicity
samples were analyzed using the Filovirus Animal Nonclinical Group
(FANG) enzyme-linkedimmunosorbent assay (ELISA) to assess concen-
trations of anti-EBOV GP-specific binding antibodies.

Immunogenicity assessments

Venous blood samples were collected forimmunogenicity assessments
at protocol-defined visits. IgG binding antibodies against EBOV GP
were measured using the validated and FDA-endorsed FANG ELISA,
performed by Q2 Solutions Vaccine Testing Laboratory.

Statistical analysis

The study is not powered for any formal statistical hypothesis testing.
Atarget sample size 0of 1,000 participantsingroup Aand 1,000 partici-
pantsingroup B was determined based on feasibility and the estimated
background incidence of key pregnancy outcomes. With asample size
0f1,000, the probability of observing at least one AE occurring at arate
of1in1,000 was 63%. If no SAEs or AEs were observed in group A, this
would provide 95% confidence that the true incidence was <0.3%. The
width of the 95% Clfor observingan AE atarate of1in1,000is 0.006.An
overenrollment of <10% was permitted. For al0% overenrollment, the
width of the 95% Cl for observing an AE at arate of1in 1,000 is 0.005.

Datawere analyzed using SAS v9.4.No formal statistical hypothesis
testing was planned. To aid understanding of the uncertainty around
the estimates, Cls for primary endpoint estimates and the risk differ-
ences between groups A and B were computed post hoc. The Cl of the
risk differences should be interpreted with caution, given the highly
inflated typelerror due to the numerous primary outcomes. Datafrom
group C (n=5) were analyzed separately and are not included here.
Group C is not expected to influence the conclusions of the study.
The unvaccinated pregnant women in group B served as the control
group for the vaccinated pregnant womenin group A. For group A, the
primary analysis dataset for baseline demographic characteristics and
safety data was the FAS, which included all randomized participants
whoreceived atleast one dose of the study vaccine regimen, regardless
of protocol deviations, and allinfants born to these women. For group
B, the primary analysis dataset for baseline demographic characteris-
tics and safety data was the EAS, which included all women enrolled
and all infants born to these women.

Immunogenicity assessments were performed on the PPl analysis
set, which included all women who provided informed consent for
immunogenicity sample collection, received both dose 1 and dose 2
within the protocol-defined window and did not have major protocol
deviations that could impactimmunogenicity outcomes (for example,
another vaccination andimmunomodulating medications). Infantsin
the PPlanalysis set were those bornto group Awomenin the PPlanalysis
set who also provided immunogenicity samples.

The number and percentage of participants screened, enrolled/
randomized, vaccinated and completed follow-up were summarized fol-
lowing the Consolidated Standards of Reporting Trials guidance. Major
(defined as those that would jeopardize the ability to evaluate study
endpoints) and minor protocol deviations were described by group.
Baseline demographic characteristics were described by group. The
frequency and percentage of primary adverse outcomes of interest were
tabulated by group and trimester. Adverse maternal/fetal outcomes of
interest were described from randomization until 6 weeks postpartum.
Women who discontinued the study without reporting any adverse
maternal/fetal outcomes were excluded from the analysis. Addition-
ally, the frequency and percentage of maternal and infant SAEs were
tabulated by group; participants were counted only once for any given
event, regardless of the number of times they experienced the event.

Missing datawere notimputed. Participants who discontinued the
study without reporting any maternal/fetal outcomes were excluded
from the analyses because of completely missing information on the
pregnancy outcome. Efforts were made to query the sites for missing
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severity of the AE or missing relationship of the AE with the study vac-
cine. An AE with a missing severity or relationship was considered as
anAEreported, but was considered as not reported for the severity or
relationship. For example, an AE with missing severity was considered
asanAEreported for the analysis of any grade, but was not considered
for the analysis of grade 3.

GMCs with corresponding 95% Cls were calculated for the con-
tinuous immunological parameter of anti-EBOV GP-specific bind-
ing antibody concentration at each time point. Sample positivity
(defined as the proportion of samples with a quantifiable response)
and the proportion of participants who were responders (defined as
the proportion of participants with agreater than 2.5-fold increase in
anti-EBOV GP-binding antibody concentration compared to baseline)
were calculated at each time point, along with their corresponding
Clopper-Pearson exact 95% Cls. All values below the lower limit of quan-
tification (LLOQ) were imputed with half the LLOQ for calculation of
GMC, and values greater than the upper limit of quantification (ULOQ)
were imputed with the ULOQ. For the calculation of fold changes, the
values below LLOQ were imputed with the corresponding LLOQ, and
values above the ULOQ were imputed with the ULOQ.

To evaluate potential associations between anti-EBOV GP-specific
binding antibody concentrations in women at different time points
(predose1,21 days postdose 2, postpartumday 1and 365 days postdose
1), cord blood at postpartum day 1and infants at 14 weeks of age, apost
hoc correlation analysis was performed. Partial Spearman correlation
coefficients controlling for the trimester of the mother at randomiza-
tion were calculated, and correlation plots were generated.

AnIDMC consisting of independent expertsin obstetrics, pediat-
rics and statistics evaluated safety data twice at the outset of the study
andthenthree times monthly. The study was prospectively registered
with ClinicalTrials.govunder NCT04556526 on 21 September 2020.

Ethics and inclusion statement

Local researchers based at Center for Family Health Research (CFHR)
wereincluded throughout theresearch process, including study design,
studyimplementation, dataownership, intellectual property and author-
ship of publications. Publications are inclusive of local and regional
research relevant to our study. Theresearchis locally relevant and con-
ducted with local leadership and in collaboration with the Rwandan
Ministry of Health. Roles and responsibilities were agreed upon among
collaborators ahead of the research. The study did not include formal
plansforlocal capacity building. The study was approved by local ethics
review committees. The study did not pose any health, safety, security or
otherrisktoresearchers. The study could causerisk to participants, and
participant safety procedures are described in the manuscript.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Thedatasharing policy of Janssen Pharmaceutical Companies of John-
son &Johnsonis available at https://www.janssen.com/clinical-trials/
transparency. Janssen prioritizes transparency of clinical trial data,
including registration and disclosure of trial results in external regis-
tries, publication in peer-reviewed journals, sharing of clinical study
reports (CSRs), sharing of analyzable participant-level data and making
plainlanguage summaries (writteninanontechnical manner) available.
Requests for the study protocol may be made toJanssen Pharmaceuti-
cal Companies of Johnson & Johnson. As noted on https://www.janssen.
com/clinical-trials/transparency, requests for access to the CSRs and
participant-level data, including individual participant-level data,
can be submitted through the Yale Open Data Access (YODA) Project
site at http://yoda.yale.edu. All procedures for external investigators
to access clinical trial data, including project review, due diligence

assessments, external review by aSteering Committee and the Data Use
Agreement (DUA), are detailed at https://yoda.yale.edu/wp-content/
uploads/2022/11/YODA-Project-Data-Release-Procedures-January-
2025.pdf. Questions can be submitted to the YODA Project via email
yodap@yale.edu. Requesters can expect to hear back within 1 week.

Code availability

Requests for access to the analytic code can be submitted through
YODA Project site at http://yoda.yale.edu. Questions canbe submitted
tothe YODA Project via email yodap@yale.edu. Requesters can expect
to hear back within1week.
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Extended Data Fig. 1| Percentage of women with adverse maternal/fetal trimester of randomization. The bars represent the percentage of participants.
outcomes of interest with at least 3% frequency in any group by trimester of Percentages reflect n/N, where nis the number of participants with at least one
randomization. The exact Clopper-Pearson 95% Clis shown for the percentage of the given outcomes, N is the number of participants with available maternal/
of each specific outcome in each group. This figure presents select (=3% for fetal outcomes and the error bars denote the 95% Clopper-Pearson exact
any trimester) of adverse maternal/fetal outcomes of interest by group and by confidenceinterval.
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Extended Data Fig. 2 | Percentage of infants with adverse neonatal/infant trimester of randomization. The bars represent the percentage of participants.
outcomes of interest with at least 3% frequency in any group by trimester of Percentages reflect n/N, where nis the number of participants with at least one
randomization. The exact Clopper-Pearson 95% Clis shown for the percentage of the given outcomes, N is the number of participants available and error bars
of each specific outcome in each group. This figure presents select (3% in denote the 95% Clopper-Pearson exact confidence interval.

any trimester) adverse neonatal/infant outcomes of interest by group and by
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Extended Data Table 1| Major protocol deviations

Summary of participants with major protocol deviations - Women

Group A Group B All participants
Number 992 1020 2012
Zz\r,ti:ti;an”:s with major protocol 60 (6.0%) 46 (4.5%) 106 (5.3%)
Entered but did not satisfy criteria 1(0.1%) 2 (0.2%) 3(0.1%)
Other 59 (5.9%) 44 (4.3%) 103 (5.1%)

Summary of participants with major protocol deviations - Infants

Group A Group B All participants
Number 964 981 1945
zz\r/ti:tii‘;an”sts with major protocol 29 (3.0%) 36 (3.7%) 65 (3.3%)
Other 29 (3.0%) 36 (3.7%) 65 (3.3%)

Note: Participants may appear in more than one category.

Group A = infants born to women randomized to be vaccinated during pregnancy; Group B = infants born to
women randomized to be vaccinated after pregnancy

Group A, infants born to women randomized to be vaccinated during pregnancy; group B, infants born to women randomized to be vaccinated after pregnancy. Participants may appear in

more than one category.
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Extended Data Table 2 | Number and percentage of infants with adverse neonatal/infant outcomes of interest by trimester
of randomization

Group A Group B

1st trimester tri:lr;:ter 3rd trimester | 1st trimester tri:rr::ter 3rd trimester

(n=49) (n=714) (n=201) (n=49) (n=753) (n=179)
Participants with any outcome 16 32.7% | 190 | 26.6% 45 22.4% 14 28.6% | 188 | 25.0% 49 27.4%
Neonatal death 0 0.0% 11 1.5% 0 0.0% 0 0.0% 4 0.5% 1 0.6%
Death neonatal 0 0.0% 9 1.3% 0 0.0% 0 0.0% 3 0.4% 1 0.6%
Premature baby death 0 0.0% 1 0-1% 0 0.0% 0 0.0% 1 0.1% 0 0.0%
Syndrom;“dde“ infant death 0 |00% | 1 |01% | o |00% | 0o |00% | 0o | 00% | o | 00%

Congenital anomaly 0.0% 1.0% 2 1.0% 0.0% 9 1.2% 2 1.1%

Cryptorchism

Trisomy 21 0.0% 0.3% 0 0.0% 0.0% 1 0.1% 1 0.6%

o|o|o | o

7 0

0.0% 2 0.3% 1 0.5% 0 0.0% 4 0.5% 1 0.6%
2 0
0

Hypospadias 0.0% 1 0.1% 1 0.5% 0.0% 1 0.1% 0 0.0%

sefect Atrioventricular septal 0 0.0% 2 03% 0 0.0% 0 0.0% o 0.0% o 0.0%

stresia Congenital tricuspid valve 0 | 00% | o |00% | o | 00% | o |00% | 1 | 01% | o | 00%

Eyelid ptosis 0.0% 0 0.0% 0 0.0% 0.0% 1 0.1% 0 0.0%

Gastroschisis 0.0% 0 0.0% 0 0.0% 0.0% 1 0.1% 0 0.0%

Heart disease congenital 0.0% 1 0.1% 0 0.0% 0.0% 0 0.0% 0 0.0%

Failure to thrive 12.2% 66 9.2% 15 7.5% 16.3% 79 10.5% 14 7.8%

Low birth weight 8.2% 34 4.8% 7 3.5% 0.0% 39 5.2% 10 5.6%

Small for gestational age 14.3% | 107 | 15.0% 24 11.9% 12.2% 86 11.4% 24 13.4%

niN|d|loo|jO|]O | O
oO|loO|O|®®|O|O | O

Preterm birth 10.2% 18 2.5% 3 1.5% 0.0% 19 2.5% 11 6.1%

This table presents the adverse neonatal/infant outcomes of interest by group and by trimester of randomization. There appear to be some differences in terms of the trimester at
randomization. For example, the percentage of participants with any outcome of interest in group A (16/49 (32.7%) in their first trimester, 189/714 (26.5%) in their second trimester and 45/201
(22.4%) in their third trimester) appears different from group B (14/49 (28.6%) in their first trimester, 186/753 (24.7%) in their second trimester and 49/179 (27.4%) in their third trimester). As
another example, the data suggest a relationship between failure to thrive and group by trimester (the highest percentages were observed in women in their first trimester in both groups) and
a different relationship between preterm birth and group by trimester (the highest percentages were observed in women in their first trimester in group A and women in their third trimester

in group B). The confidence intervals are wide around estimates from the relatively small number of women randomized during their first trimester. Differences are attributed to random
variations due to the small number of women in their first trimester, and no biological explanation for these patterns can be drawn.
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Extended Data Table 3 | Brighton collaboration case definitions for adverse maternal/fetal and neonatal outcomes of

interest

Adverse maternal/foetal outcomes

Definition

Maternal death

The death of a woman while pregnant or within 42 days of the
termination of pregnancy, irrespective of the duration and site of the
pregnancy, from any cause related to or aggravated by the pregnancy
or its management but not from accidental or incidental causes(20)

Spontaneous abortion

A pregnancy loss that occurs up to 21 weeks + 6 days of gestation(21)

Stillbirth

Foetal death at or after 21 weeks + 6 days of gestation(22)

Pathways to pre-term birth

A clinical syndrome characterised by any one or some combination of
the following 4 pathways: 1) preterm premature rupture of
membranes, 2) preterm labour, 3) insufficient cervix, 4) provider-
initiated pre-term birth(23)

Pre-eclampsia/eclampsia

New-onset pre-eclampsia or worsening of existing hypertension, with
new-onset proteinuria after 20 weeks of gestation(24)

Antenatal bleeding

Vaginal or suspected intrauterine, intraperitoneal, or retroperitoneal
bleeding in the second or third trimester of pregnancy(25)

Postpartum haemorrhage

Genital bleeding after delivery estimated at 1000 mL or more, leading
to hypotension or blood transfusion, or leading to severe maternal
outcome (maternal death or maternal near miss) as defined by the
WHO(26)

Adverse neonatal outcomes

Congenital anomalies (major
congenital malformations)

Abnormalities of body structure or function that are present at birth
and are of pre-natal origin. Major congenital malformations include
structural changes that have significant medical, social, or cosmetic
consequences for the affected individual and typically require medical
intervention (eg, cleft lip and spina bifida)(27)

Small for gestational age

Newborns that are smaller in size than normal for their gestational
age (weight below the 10th percentile for their gestational age using
WHO or other appropriate available standards)(28)

Low birth weight

Babies weighing less than 2500 grams at birth (regardless of child’s
sex)(29)

Preterm birth

Neonates born at less than 37 weeks gestation(30)

Neonatal death

Neonates dying in the first 28 days of life(31)

Failure to thrive

Weight-for-age deceleration through at least 2 centile spaces on the
growth chart(32)

See refs. 18-30. WHO, World Health Organization.
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Extended Data Table 4 | Number and percentage of women with adverse maternal/fetal outcomes of interest by group and
trimester of randomization

Group A Group B
(randomisation to 6 weeks postpartum) (randomisation to 6 weeks postpartum)
1st 2nd 3rd 1st 2nd 3rd
trimester trimester trimester trimester trimester trimester
(n=51) (n=723) (n=203) (n=51) (n=767) (n=182)

Participants with any outcome 8 15.7% 36 5.0% 7 3.4% 2 3.9% 56 7.3% 15 8.2%
Maternal death 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Spontaneous abortion 2 3.9% 2 0.3% 0 0.0% 0 0.0% 5 0.7% 0 0.0%
Stillbirth 0 0.0% 7 1.0% 2 1.0% 2 3.9% 9 1.2% 3 1.6%
Pre-eclampsia/eclampsia 1 2.0% 3 0.4% 0 0.0% 0 0.0% 9 1.2% 2 1.1%
Pre-eclampsia 1 2.0% 3 0.4% 0 0.0% 0 0.0% 8 1.0% 2 1.1%
Eclampsia 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 0.3% 0 0.0%
Antenatal bleeding 0 0.0% 4 0.6% 0 0.0% 0 0.0% 5 0.7% 0 0.0%
Peripartum haemorrhage 0 0.0% 2 0.3% 0 0.0% 0 0.0% 4 0.5% 0 0.0%
Abortion threatened 0 0.0% 1 0.1% 0 0.0% 0 0.0% 1 0.1% 0 0.0%
Haemorrhage in pregnancy 0 0.0% 1 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Postpartum haemorrhage 0 0.0% 5 0.7% 2 1.0% 0 0.0% 11 1.4% 0 0.0%
Pathways to preterm birth 5 9.8% 23 3.2% 3 1.5% 1 2.0% 22 2.9% 11 6.0%
Premature labour 5 9.8% 19 2.6% 3 1.5% 0 0.0% 17 2.2% 11 6.0%

P f
reterm premature rupture o 1| 20% | 4 |o6%| 0 |00%| 0o |00%| 5 [07%| 1 |05%

membranes

Medically induced preterm birth 0 0.0% 3 0.4% 0 0:0% 1 2.0% 4 0.5% 0 0.0%

This table presents a summary of adverse maternal/fetal outcomes of interest by group and by trimester of randomization. There appear to be some differences in terms of trimester at
randomization. For example, the percentage of participants with any adverse outcome of interest in group A (8/51(15.7%) in their first trimester, 36/723 (5.0%) in their second trimester and
7/203 (3.4%) in their third trimester) appears slightly different from group B (2/51(3.9%) in their first trimester, 56/767 (7.3%) in their second trimester and 15/182 (8.2%) in their third trimester).
As another example, the data suggest an inverse relationship between stillbirth and group by trimester (the highest percentages were observed in women in their third trimester in group

A and women in their first trimester in group B) as well as an inverse (although now in the opposite direction) relationship between premature labor and group by trimester (the highest
percentages were observed in women in their first trimester in group A and women in their third trimester in group B). The confidence intervals are wide around estimates from the relatively
small number of women who were randomized during their first trimester. Differences are attributed to random variations due to the small number of women in their first trimester, and no
biological explanation for these patterns can be drawn.
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Extended Data Table 5 | Anti-EBOV GP-specific binding antibody responses in women, cord blood and infant samples

Group A Group B
Women 2nd trimester 3rd trimester Total 2nd trimester 3rd trimester Total
Pre—dose 1 (baseline)
Number 132 29 161 119 36 155
GMC, EU/mL (95% Cl) <LLOQ (<LLOQ—<LLOQ) <1LOQ (<LLOQ—<LLOQ) <LLOQ (<LLOQ-<LLOQ) <LLOQ (<LLOQ-<LLOQ) <LLOQ (<LLOQ-<LLOQ) <LLOQ (<LLOQ-<LLOQ)

Positive sample, n (%; 95% Cl)

25 (18.9%; 12.6-26.7%)

6 (20.7%; 8.0-39.7%)

31 (19.3%; 13.5-26.2%)

17 (14.3%; 8.5-21.9%)

5 (13.9%; 4.7-29.5%)

22 (14.2%; 9.1-20.7%)

Dose 2 + 21 days

Number

132

29

161

117

36

153

GMC, EU/mL (95% CI)

7745 (6396-9377)

9041 (6310-12,955)

7963 (6729-9424)

14,659 (12,262-17,525)

16,035 (12,137-21,184)

14,972 (12,885-17,397)

Positive sample, n (%; 95% Cl)

132 (100.0%;
97.2-100.0%)

29 (100.0%; 88.1-100.0%)

161 (100.0%;
97.7-100.0%)

117 (100.0%; 96.9-100.0%)

36 (100.0%; 90.3-100.0%)

153 (100.0%; 97.6-100.0%)

Responders, n (%; 95% Cl)

131 (99.2%; 95.9-100.0%)

29 (100.0%; 88.1~100.0%)

160 (99.4%; 96.6-100.0%)

117 (100.0%; 96.9-100.0%)

36 (100.0%; 90.3-100.0%)

153 (100.0%; 97.6-100.0%)

Postpartum day 1

Number 129 28 157 N/A N/A N/A

GMC, EU/mL (95% Cl) 893 (737-1082) 4152 (2567-6716) 1175 (962-1434)

Positive sample, n (%; 95% Cl) 128 (99.2%; 95.8-100.0%) | 28 (100.0%; 87.7-100.0%) 156 (99.4%; 96.5-100.0%)

Responders, n (%; 95% CI) 122 (94.6%; 89.1-97.8%) 28 (100.0%; 87.7-100.0%) 150 (95.5%; 91.0-98.2%)

Dose 1 + 365 days

Number 124 28 152 115 34 149

GMC, EU/mL (95% CI) 519 (431-625) 457 (301-694) 507 (428-600) 402 (339-477) 496 (380-647) 422 (365-487)

Positive sample, n (%; 95% Cl)

124 (100.0%;
97.1-100.0%)

28 (100.0%; 87.7-100.0%)

152 (100.0%;
97.6-100.0%)

114 (99.1%; 95.3-100.0%)

34 (100.0%; 89.7-100.0%)

148 (99.3%; 96.3-100.0%)

Responders, n (%; 95% Cl)

111 (89.5%; 82.7-94.3%)

27 (96.4%; 81.7-99.9%)

138 (90.8%; 85.0-94.9%)

107 (93.0%; 86.8-96.9%)

33(97.1%; 84.7-99.9%)

140 (94.0%; 88.8-97.2%)

Cord blood

Postpartum day 1

Number 120 26 146 N/A N/A N/A
GMC, EU/mL (95% CI) 1958 (1562-2456) 3635 (2067-6392) 2186 (1769-2703)

Positive sample, n (%; 95% Cl) | 119 (99.2%; 95.4-100.0%) | 26 (100.0%; 86.8-100.0%) 145 (99.3%; 96.2-100.0%)

Infants

Postpartum day 99 N/A N/A N/A
Number 49 26 75

GMC, EU/mL (95% Cl) 212 (158-285) 400 (257-622) 264 (206-339)

Positive sample, n (%; 95% Cl)

46 (93.9%; 83.1-98.7%)

25 (96.2%; 80.4-99.9%)

71 (94.7%; 86.9-98.5%)

protocol immunogenicity.

Postpartum day 1 and postpartum day 99 time points are not applicable to Group B because vaccination and immunogenicity sample collection began from 6 weeks postpartum onward. Enrolment of pregnant women in
their first trimester was open after the immunogenicity set was fully enrolled. As a result, no pregnant women in their first trimester or infants were included in the immunogenicity set. After the final analysis, an error was
identified in the reference date used for the dose 2 vaccination window for Group B, omitting two additional women from the Group B PPI set. This omission was judged to be minimal and did not change the conclusions.
anti—-EBOV GP=anti—Ebola virus glycoprotein. Cl=confidence interval. EU=enzyme-linked immunosorbent assay units. GMC=geometric mean concentration. LLOQ=lower limit of quantitation. N/A=not applicable. PPl=per-
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transparency, requests for access to the CSRs and participant level data, including individual participant level data, can be submitted through Yale Open Data Access
[YODA] Project site at http://yoda.yale.edu. All procedures for external investigators to access clinical trial data including project review, due diligence assessments,
external review by a Steering Committee, and the DUA are detailed here: https://yoda.yale.edu/wp-content/uploads/2022/11/YODA-Project-Data-Release-
Procedures-January-2025.pdf. Questions can be submitted to the YODA Project via email (yodap@yale.edu). Requesters can expect to hear back within one week.
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Reporting on sex and gender This trial was conducted among pregnant persons. Participant biological sex was assumed based on the ability to become
pregnant. Gender was not captured as this concept is extremely limited in the context of African pregnant persons.

Reporting on race, ethnicity, or Self-reported race was assessed In the Demographics form. Participants could select All that apply from the following
other socially relevant options: Black, White, Asian, Unknown, Not reported
groupings Here is the eCRF guideline:
What is the race of the subject (Check all that apply)
Study participants should self-report race. The FDA guidance suggests “that individuals be permitted to designate a
multiracial identify. Check all that apply at the time of collection.”
More than one race can be selected.
Race should not be assigned by the study team conducting the trial.
@ The race or races reported by the subject should be entered on the eCRF.

Population characteristics All mothers were female (2012/2012 [100%)]) and Black (2012/2012 [100%]). Median age was 26-0 years (range: 18-44 years;
interquartile range [IQR]: 22-30 years). HIV-infection status was negative in 1996/2012 (99-2%) women. In Group A, 53/992
(5-3%) women were enrolled in their first trimester, 733/992 (73:9%) in their second trimester, and 206/992 (20-8%) in their
third trimester; in Group B, 53/1020 (5-2%) women were enrolled in their first trimester, 782/1020 (76-7%) in their second
trimester, and 185/1020 (18-1%) in their third trimester. Overall, 51:5% (1001/1945) of infants were female. Median
gestational age at birth was 40-0 weeks (range: 25-43 weeks; IQR: 39-40 weeks). Median weight at birth was 3100-0 g (range:
820-4600 g; IQR: 2840-3400 g), and median height at birth was 49-0cm (range: 34-54cm; IQR: 48-50cm). The median Apgar
score was 10-0 (range: 3-10; IQR: 10-10) at 10 minutes. The demographic characteristics for mothers and infants were
comparable between groups.

Recruitment Pregnant women residing in the catchment areas of the District Hospitals were recruited from antenatal care clinics and
referred to the two District Hospitals.

Ethics oversight The study protocol was approved by the Rwanda National Ethics Committee (No.821/RNEC/2020), the Rwanda FDA (003/CT/
RWANDA FDA/2020), and the Emory University Institutional Review Board (STUDY00000367).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This is a parallel, randomised, controlled, open-label, single-centre, clinical trial of the safety, reactogenicity, and immunogenicity of
the Janssen 2-dose Ebola vaccine regimen in healthy adult pregnant women in Rwanda.

Research sample Pregnant women residing in the catchment areas of the District Hospitals were recruited from antenatal care clinics and referred to
the two District Hospitals. Eligibility was initially limited to women in their second or third trimester of pregnancy until Independent
Data Monitoring Committee (IDMC) and study medical officer review of safety data from at least 100 vaccinated pregnant women
(Group A) and at least 100 non-vaccinated pregnant women (Group B) followed for at least 85 days post-enrolment. When these
data indicated no safety issues, enrolment was extended to women in their first trimester of pregnancy.

Sampling strategy Pregnant women residing in the catchment areas of the District Hospitals were recruited from antenatal care clinics and referred to
the two District Hospitals. A target sample size of 1000 participants in Group A and 1000 participants in Group B was determined
based on feasibility and estimated background incidence of key pregnancy outcomes. With a sample size of 1000, the probability of
observing at least one AE occurring at a rate of 1/1000 was 63%. If no serious AEs (SAEs) or AEs were observed in Group A, this would
provide 95% confidence that the true incidence was <0-:3%. An over-enrolment of <10% was permitted.

Data collection linical outcomes were collected via hardcopy paper records and captured and validated electronically in RedCap Cloud, with
additional validation performed using SAS v9-4 (Cary, NC).
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Timing The study was conducted between Oct 06, 2020 (the date the first participant signed an informed consent form), and Mar 02, 2023
(the date of the last participant visit).

Data exclusions One Group A woman was excluded from the primary analysis set because she did not receive at least one dose of study vaccine.

Non-participation Main reasons for discontinuation among the randomised women were withdrawal by participant (72/2013 [3-:6%)]), loss to follow-up
(14/2013 [0-7%]), and new pregnancy during the study (8/2013 [0-4%]). reasons. Main reasons for discontinuation among the infants
were withdrawal by parent/guardian (35/1945 [1-:8%]), death (22/1945 [1-1%]), and loss to follow up (6/1945 [0-3%]).

Randomization Eligible pregnant women were randomly assigned 1:1 to receive the 2-dose Ebola vaccine regimen during pregnancy (Group A) or
after pregnancy completion (Group B). An allocation template was created by co-author S Allen at Emory University using simple
randomisation based on the Microsoft Excel random number generator function. Security-type, opaque envelopes containing the
randomisation assignment cards were prepared by one study team member and inspected by two other team members to ensure
correspondence to the allocation table prior to sealing the envelopes and deploying them to the sites. Study staff responsible for
enrolling participants and overseeing randomisation did not have access to the allocation table; therefore, arm assignment within
each envelope was unknown to participants and staff until opened.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
Eukaryotic cell lines X] D Flow cytometry
Palaeontology and archaeology X] D MRI-based neuroimaging
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov: NCT04556526
Study protocol Requests for the study protocol can be made to Janssen Pharmaceutical Companies of Johnson & Johnson.

Data collection Clinical outcomes were collected via hardcopy paper records at the participating health facilities. The study was conducted between
Oct 06, 2020 (the date the first participant signed an informed consent form), and Mar 02, 2023 (the date of the last participant visit).

Outcomes Maternal Outcomes of interest:
e Frequency of maternal death, spontaneous abortion, stillbirth, pathways to pre-term birth (preterm pre-mature rupture of
membranes, pre-term labour, insufficient cervix, provider-initiated pre-term birth), pre-eclampsia/eclampsia, antenatal bleeding and
postpartum haemorrhage from randomisation until 6 weeks post—completion/termination of pregnancy
Maternal Outcomes of interest:
Infant Outcomes of interest:
e Frequency of major congenital malformations, small for gestational age, low birth weight, pre-term birth, neonatal death, and
failure to thrive in infants measured from birth until 14 weeks of age
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Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied. o )
Describe-any-authentication-procedures for-each seed stock used-or-novel-genotype generated.-Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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