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Safety of hepatitis E vaccine in pregnancy: an emulated 
target trial following a mass reactive vaccination campaign 
in Bentiu internally displaced persons camp, South Sudan
Robin C Nesbitt, Andrew S Azman, Vincent Kinya Asilaza, Jessie K Edwards, Priscillah Gitahi, Patrick Nkemenang, Jetske Duncker, Melat Haile, 
Primitive Gakima, Joseph F Wamala, Fredrick Beden Loro, Duol Biem, Nelly Staderini, Manuel Albela, Monica Rull, John Rumunu, Iza Ciglenecki, 
Etienne Gignoux

Summary
Background Epidemic forms of hepatitis E cause high mortality among pregnant people, with case fatality risks over 
30% and adverse fetal outcomes. In 2022, the first mass reactive vaccination campaign against hepatitis E was 
conducted in South Sudan with the HEV239 vaccine. We aimed to assess whether vaccination against hepatitis E in 
pregnancy increases the risk of fetal loss in a cohort of vaccinated and unvaccinated pregnant people.

Methods In this emulated target trial, an exhaustive pregnancy census was conducted in Bentiu internally displaced 
persons camp after the second of three vaccination rounds. Women and girls aged 14–45 years with no current 
jaundice or acute illness were eligible for participation. Individuals who consented were revisited 28 days after their 
delivery date to document the pregnancy outcome. We used an emulated target trial framework to address biases 
inherent in observational studies. We matched vaccinated to unvaccinated participants on age, gestational age, and 
vaccination propensity score and estimated cumulative incidence functions for fetal loss in vaccinated compared to 
unvaccinated women in a competing risks framework using the Aalen-Johansen estimator.

Findings Between May 16 and June 30, 2022, 3421 participants were enrolled and followed up for inclusion in analysis. 
Among 2741 women who had a pregnancy outcome after the start of the vaccination campaign, 67 (2·4%) were 
vaccinated before conception, 2036 (74·3%) were vaccinated during pregnancy, and 638 (23·2%) were not vaccinated. 
Among the 2407 women retained in the matched analyses, the cumulative risk of fetal loss among individuals 
vaccinated during pregnancy was 7·2% (95% CI 5·6–8·7) compared with 6·1% (3·7–9·2) among unvaccinated 
individuals, implying a risk ratio of 1·2 (95% CI 0·7–1·9).

Interpretation No evidence of increased risk of fetal loss was found among individuals vaccinated during pregnancy.

Funding Médecins Sans Frontières.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Hepatitis E virus genotypes 1 and 2 (g1/g2) are transmitted 
through the fecal–oral pathway and affect populations 
with poor access to clean water and insufficient sanitation 
infrastructure. In the general population, 5–30% of HEV 
g1/g2 infections are thought to be symptomatic, and case 
fatality ratios are less than 4%.1 The major risk with g1 
infection occurs in pregnancy, particularly in the second 
or third trimester where case fatality risks of up to 
31% have been documented for the pregnant person,2,3 in 
addition to a high risk of fetal loss.4

The only licensed vaccine against hepatitis E is a 
recombinant vaccine with a three-dose schedule, 
registered for use among people aged 16 years and older 
(HEV239). Clinical trials reported a 100% vaccine efficacy 
in the first year, few mild adverse events,5 and 93% efficacy 
at 4·5 years.6 Given the substantial, documented risk to 
pregnant people with hepatitis E virus infection, and the 
low expected risk posed by a recombinant vaccine, WHO 

recommended in 2015 that the hepatitis E vaccine be 
considered to prevent and mitigate outbreaks, including 
among pregnant people,7 and further reiterated this 
recommendation in 2021.8

Although pregnant people are more at risk of death or 
fetal loss due to hepatitis E virus infection than other 
individuals are, evidence of vaccine safety in pregnancy is 
sparse. Pregnant people have been excluded from 
hepatitis E vaccine clinical trials; however, some data are 
available from inadvertently vaccinated pregnant people 
in studies using HEV239. In the original phase 3 trial of 
HEV239 in China,9 37 pregnant people were inadvertently 
vaccinated with HEV239. No serious adverse events, non-
elective fetal loss, or congenital malformations occurred, 
suggesting no abortive or teratogenic effects.9 Similarly, 
66 pregnant people were inadvertently vaccinated with 
HEV239 in a phase 3 trial of an HPV vaccine in China10 in 
which HEV239 was used as control and no serious 
adverse reactions were documented. A phase 4 safety trial 
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of HEV239 for non-pregnant people aged 16–39 years11 
was conducted in Bangladesh and, in a secondary analysis 
published in 2024, investigators found that people 
vaccinated with HEV239 very early in their pregnancy 
(median 2 weeks) or within the 90 days before conception 
had a higher incidence of miscarriage compared with 
those receiving the control Hepatitis B vaccine.12

The South Sudan Ministry of Health and Médecins 
Sans Frontières implemented a mass reactive vaccination 
campaign against hepatitis E using HEV239 in response 
to an hepatitis E virus genotype 1 outbreak in the Bentiu 
internally displaced persons (IDP) camp, Unity State, 
South Sudan.13 The vaccination campaign took place 
in three rounds in March 22–30, April 19–26, and 
Oct 4–25, 2022. All residents aged 16–40 years of Bentiu 
IDP camp (26 848 people) were eligible for vaccination, 
including pregnant people. A post-campaign survey 
found self-reported coverage with one or more dose 
was 86%, two or more doses was 73%, and three-
dose coverage was 58% among the vaccine eligible 
population.14 We conducted a cohort study to compare 
pregnancy outcomes among female individuals who 
were vaccinated and those who were not.

Methods
Study design
This emulated target trial was based in Bentiu IDP camp 
between May 16, 2022, and April 25, 2023. Ethics approval 

was granted for this study from the Médecins Sans 
Frontières Ethical Review Board (approval number 2167) 
and by the South Sudan Ministry of Health Research 
Ethics Review Board (54/27/09/2022). Participants had to 
be a woman or girl aged 14–45 years and living in the 
study area for inclusion. Gender data were collected by 
asking the head of household how many women lived 
there.

Census and follow-up methods
We conducted a household census in Bentiu IDP camp 
from May 16 until June 30, 2022—19 days after the 
second vaccination round ended on April 26, 2022—to 
enrol female individuals into a pregnancy cohort. A team 
went systematically door-to-door in Bentiu camp using 
the camp management address system.

Heads of households were approached for verbal 
consent to discuss household composition, and if 
consented, to provide the number of female individuals 
aged 14–45 years residing in their household. Interviewers 
then asked each woman individually for verbal consent 
to ask about their pregnancy status. If they consented, we 
asked whether they had been pregnant at any point in 
time between Jan 1, 2022, and the day of the interview. If 
yes, we asked for written informed consent. In the case 
of illiteracy, participants were asked to mark a left thumb 
impression and an additional signature from a witness 
was obtained; the witness confirmed that the participant 

Research in context

Evidence before this study
On Jan 24, 2024, we searched PubMed with the search terms: 
(((hepatitis e) AND (preg*)) AND ((vaccine) OR (vaccination)) 
AND (safety)), with no date or language restrictions. The search 
yielded 30 records. All titles and abstracts were screened, and 
full texts were read for five records that described studies on the 
safety of hepatitis E vaccines among human pregnant people. 
Two records were excluded after review: one protocol of a 
phase 4 safety trial of HEV239 for non-pregnant female 
individuals aged 16–39 years in Bangladesh, with no results 
published at the time of writing. The second reported feasibility 
results of a reduced schedule of the hepatitis E vaccine in 
Bangladesh, where pregnant people were excluded. Three 
relevant papers reported results from two primary clinical trials. 
A 2012 paper from Wu and colleagues reported a post-hoc 
analysis of the original phase 3 trial of HEV239, where 
37 pregnant people were inadvertently vaccinated with the 
hepatitis E vaccine. No serious adverse events, non-elective 
fetal loss, or congenital malformations occurred. Two records 
reported results on a phase 3 clinical trial of an HPV vaccine 
(Cecolin) where the hepatitis E vaccine (HEV239) was used as a 
comparator vaccine. One record reports a post-hoc analysis of 
the main study where 66 people were inadvertently vaccinated 
during pregnancy with HEV239 and 74 with Cecolin; no 
vaccine-related serious adverse reactions were reported, and 

the incidence of serious adverse events in the two groups was 
not statistically different.

Added value of this study
This study was conducted alongside the first use of the HEV239 
vaccine in a mass reactive vaccination campaign in South 
Sudan, where pregnant women were intentionally offered the 
vaccine. Before this study, the evidence was limited to 
approximately 100 inadvertently vaccinated people in clinical 
trials in China. We present real-world evidence on pregnancy 
outcomes among over 2000 vaccinated and unvaccinated 
pregnant people during an hepatitis E outbreak, where this 
vaccine has the potential for an immediate impact on mortality. 
We used an emulated target trial framework to control for 
biases inherent in observational data and found no increased 
risk of fetal loss associated with vaccination.

Implications of all the available evidence
All available evidence suggests that the HEV239 vaccine is safe 
in pregnancy, although this evidence comes from post-hoc trial 
analyses and observational data in an hepatitis E outbreak. The 
high risk of death and fetal loss due to infection provides a 
strong rationale for vaccine use among pregnant people in 
outbreak settings, and the evidence on safety should 
strengthen confidence in existing WHO recommendations for 
vaccine use.
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was fully informed. We also asked household heads 
about any female individuals residing in their household 
who had been pregnant during this period, but who had 
left or died before the time of the interview. We also 
asked whether the woman had had jaundice (using 
locally appropriate terminology referring to yellow 
colouring of the sclera) or was diagnosed with hepatitis E 
during the pregnancy period.

We collected information on vaccination status, and 
pregnancy history at enrolment. If the individual already 
had a pregnancy outcome (ie, livebirth, miscarriage, or 
stillbirth), all information was collected at the enrolment 
interview. If they were pregnant at the enrolment 
interview, we scheduled a follow-up visit 28 days after 
the estimated delivery date. If they were no longer 
residing in Bentiu IDP camp at the follow-up visit, a 
senior member of the household with knowledge of the 
pregnancy was delegated to give the interview on 
their behalf.

Vaccination status was self-reported; to help 
participants recall the hepatitis E vaccine specifically, 
interviewers specified the vaccination campaign dates 
and locations, and showed photographs of the vaccine 
and vaccination card during the interview. When 
available, photographs were taken of vaccination cards. 
For all currently or previously pregnant individuals, 
the start of pregnancy was defined as first day of last 
menstrual period, which was obtained from the 
participant’s antenatal care card. If an antenatal care 
card was not available, participants reported estimated 
gestational age and we calculated last menstrual period 
and estimated delivery date using 280 days as the 
expected gestational age for full term. Pregnancy 
outcome and outcome date were self-reported and cross-
checked on the postnatal section of the antenatal care 
card, if available. If either pregnancy start or outcome 
date were missing, they were calculated using the other 
date available (appendix pp 8–9). We used a composite 
fetal loss outcome (miscarriage and stillbirth) for 
exposure at any time during pregnancy, and miscarriage 
alone in a subgroup analysis of exposure in the first 
trimester. Type of fetal loss was self-reported and checked 
in the postnatal section of the antenatal care card, 
if available.

The hepatitis E vaccine was only available during fixed 
campaign periods. After data collection, we cross-checked 
and corrected vaccination dates following an algorithm 
and using the actual campaign dates to minimise errors 
(appendix pp 8–9). Additionally, to ensure accurate 
recording, we randomly verified vaccination dates for 
100 individuals per round by comparing the dates entered 
on the forms with photos of vaccination cards taken by 
the surveyor during the interviews.

Emulated target trial framework
To help overcome the potential biases involved with 
observational studies, we used an emulated target trial 

framework, where the protocol for the ideal randomised 
clinical trial that would have been conducted is specified, 
and then emulated with observational data.15,16 To account 
for the imbalance in the distribution of risk factors 
for fetal loss and gestational age between vaccinated 
and unvaccinated people, we matched vaccinated to 
unvaccinated people at a 1:1 ratio on maternal age, 
gestational age (using calendar week of conception), and 
propensity to be vaccinated at each vaccination round 
using a propensity score.

We aimed to answer two causal questions and therefore 
specify two target trials (panel). The primary target trial 
aims to assess whether vaccination against hepatitis E 
during pregnancy increases the risk of fetal loss. The 
second target trial aims to assess whether vaccination 
against hepatitis E before conception increases the risk 
of fetal loss.

Cohort and risk periods
Participants were categorised according to the timing of 
vaccine exposure relative to their pregnancy. For the first 
target trial on exposure to hepatitis E vaccine during 

Panel: Framework for target trials

The details of the implementation of the framework to our 
data is provided in the appendix (p 10).

Eligibility criteria:
• HEV239 vaccine target trial 1, pregnancy: currently 

pregnant people, any gestational age
• HEV239 vaccine target trial 2, before conception: people 

planning to become pregnant in the next 3 months
• Other criteria: resident of Bentiu internally displaced 

persons camp, aged 16–40 years, and no current jaundice 
or acute illness

Treatment strategies
At least one dose of HEV239 or placebo

Treatment assignment
Randomly assigned to HEV239 or placebo

Time zero (start of follow-up)
Assignment to HEV239 or placebo first dose

End of follow-up
Pregnancy outcome (miscarriage, stillbirth or livebirth) or 
Feb 28, 2023

Outcomes
Miscarriage (fetal loss before 20 weeks), stillbirth (fetal loss 
after 20 weeks), or composite fetal loss outcome (either 
miscarriage or stillbirth)

Causal contrast of interest
Per-protocol and intention to treat

Analyses
Estimate risk in each group and compare with risk ratios

See Online for appendix
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pregnancy, people who were pregnant at any point 
during the vaccination campaign period of March 22 to 
April 26, 2022 were included. For the second target trial 
on exposure up to 3 months before conception, people 
who were vaccinated before conception were included. 
This group consisted of women who received the vaccine 
during the campaign (March 22 to April 26, 2022) and 
who declared themselves as pregnant during enrolment 
(between May 16 and June 30, 2022), with their pregnancy 
starting after receiving the vaccine. A subgroup of 
unvaccinated female individuals with a pregnancy start 
within the same calendar time range as women 
vaccinated before conception were used as a comparison 
group (March 25 to June 26, 2022).

Vaccination after end of pregnancy cannot, by definition, 
influence fetal outcome. To understand potential 
differences between female individuals who were 
vaccinated and those who were not, we conducted a bias 
indicator analysis including those who had a pregnancy 
outcome before the vaccination campaigns (postpartum 
exposure), between Jan 1 and March 22, 2022—the start of 
the first vaccination campaign round.

Statistical analysis
Descriptive statistics are reported using mean (SD), and 
median (minimum–maximum) for continuous variables 
and frequency and proportions for categorical variables. 
We assessed the significance of associations between 
categorical variables using χ² tests, and parametric 
student’s two sample t tests for continuous variables. In 
our analysis we count pregnant people at the level of 
pregnancy; twins count as one pregnancy and at least one 
fetal loss is counted as a fetal loss for that pregnancy.

In both target trial matched analyses, vaccinated female 
individuals were matched to unvaccinated female 
individuals in two steps: the first step was to identify the 
unvaccinated female individuals who (1) had a pregnancy 
that started in the same week (within 1 week either side), 
and (2) were of the same maternal age (within 1 year) as 
the vaccinated individual. For the primary target trial, we 
additionally required that unvaccinated people were 
pregnant at the time when the matched vaccinated 
pregnant person received their first vaccination 
(enrolment for emulated trial). An unvaccinated person 
could be matched with more than one vaccinated person 
(ie, with replacement). Multiple unvaccinated people fit 
these conditions for each vaccinated person. People who 
were vaccinated for the first time during the second or 
third round in April and October, 2022, were considered 
unvaccinated and eligible to be matched as unvaccinated 
until their vaccination date, when both members of 
the vaccinated pair were censored. We used inverse 
probability of censoring weighting to try to correct for 

Figure 1: Trial profile
IDP=internally displaced persons.

1486 pregnant since Jan 1, 2022 

22 113 female individuals aged 14–45 years in the study area 

20 685 provided informed consent

1428 excluded due to absence or refusal

95 not residing in Bentiu during 
vaccination  campaign

2553 pregnant at time of interview

2353 currently pregnant and 
residing in Bentiu IDP during 
vaccination campaigns

1391 pregnant since Jan 1, 2022, 
and residing in Bentiu IDP 
during vaccination campaigns

2275 provided informed consent 
for follow-up

607 relatives interviewed

680 delivered before the start of the 
vaccination campaign (postpartum 
bias indicator)
553 vaccinated postpartum
127 not vaccinated

2741 delivered after the start of the 
vaccination campaign (main 
pregnancy cohort)

67 vaccinated before conception
2036 vaccinated during pregnancy

638 not vaccinated before or 
during pregnancy

3458 with a known outcome

3421 included in the analysis

1605 participants interviewed

2212 completed follow-up

200 not residing in Bentiu during 
vaccination campaign

78 excluded as they refused 
follow-up

63 excluded as they were lost to 
follow-up

16 646 excluded as they were not pregnant at any time 
from Jan 1, 2022 to the day of the interview

145 excluded 
142 due to unknown outcome

112 were wrongly categorised as pregnant at enrolment
87 were not pregnant at enrolment
11 left the study still pregnant

9 were still pregnant at the end of follow-up
2 unknown

33 were categorised as pregnant since January and did 
not agree to report their outcome

3 died

37 excluded
25 were ineligible by age

8 had an unknown pregnancy start or outcome date
4 had a pregnancy start date more than 90 days after 

end of round 2 of the vaccination campaign
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this informative censoring. After vaccination, the 
previously unvaccinated person became eligible to be 
matched as a vaccinated person.

The second step was to select the most similar 
unvaccinated person among possible matches using a 
propensity score for vaccination at either the first or the 
second vaccination rounds. We estimated a propensity 
score for the outcome of vaccination at the first and the 
second vaccination rounds separately using logistic 
regression with variables associated with vaccination. 
The propensity score model included the following linear 
covariates: maternal age, jaundice during pregnancy, 
week and year of conception, education, antenatal care 
attendance (yes vs no where yes is at least one visit at 
enrolment and no is no visits), number of previous 
pregnancies, number of previous fetal losses (ie, 
miscarriages and stillbirths) and whether the date of 
outcome was known or extrapolated from date of 
conception. Date of outcome was extrapolated as 276 days 
from conception for livebirth, 70 days for miscarriage, 
and 196 days for stillbirth. The model used to estimate 
the inverse probability of censoring weights employed 
the same set of covariates.

Among matched people, we used the Aalen–Johansen 
estimator to estimate the cumulative incidence functions 
for adverse outcomes among vaccinated and unvaccinated 
people, using the time of vaccination to index a time 
origin for each matched pair. Fetal loss was considered 
the event of interest and livebirth a competing event. A 
subgroup analysis was done considering only people 
vaccinated within the first 90 days of pregnancy and their 
matched individuals, looking separately at miscarriage as 
an outcome alone. We used quantile bootstrapping to 
estimate 95% CIs on the cumulative incidence functions 
with 1000 iterations.

We conducted sensitivity analyses varying the range of 
age and gestational age for matching, as well as the 
variables included in the propensity score, and considering 
only people who could confirm vaccination with a card.

Role of the funding source
Employees of the study funder, Médecins Sans Frontières, 
and its research affiliate, Epicentre, were involved in 
study design, data collection, data analysis, data 
interpretation, and writing of the report.

Results
The team addressed heads of household at 11 197 (92·2%) 
out of 12 139 shelters listed for inclusion in the study. In 
total, 20 685 (93·5%) of 22 113 female individuals aged 
14–45 years provided informed consent (figure 1). Among 
them, 1486 (7·2%) had a pregnancy outcome between 
Jan 1, 2022, and their enrolment interview (in the 
timeframe of May 16 to June 30, 2022), and 2553 (12·3%) 
were pregnant at interview. Among the people who were 
pregnant at interview, 2353 (92·2%) were residing in 
Bentiu at the time of the vaccination campaign, and 

2275 (96·6%) of them agreed to a follow-up visit after 
their expected delivery date. The team conducted a 
follow-up interview for 2212 (97·2%) participants and 
obtained outcome information from 2100 (94·9%) of 
those people. Among the participants who had previously 
been pregnant, 1391 (93·6%) were residing in Bentiu at 
the time of a vaccination campaign. Among them, 
33 (2·4%) refused to report their pregnancy outcome. We 
therefore had outcome information reported for 
3458 women in total. 37 (1·1%) individuals were excluded 
due to age eligibility, unknown pregnancy dates, or 
pregnancy outside of vaccination period, resulting in 
3421 (98·9%) women included in the analysis. Among 
the 2741 (80·1%) participants who had a pregnancy 
outcome after the start of the vaccination campaign, 
67 (2·4%) were vaccinated before conception, 
2036 (74·3%) were vaccinated during pregnancy, and 
638 (23·2%) were not vaccinated (figure 2).

Data quality assessment revealed that, among the 
300 individuals whose vaccination card photos were 
taken by the surveyor during the interview (100 per round 

Figure 2: Timeline of pregnancies within the full cohort
Each horizontal line represents an enrolled participant’s pregnancy start and end (dot), based on vaccination 
status (colour). Green lines represent vaccinated person-time and purple represents unvaccinated person-time. 
Dots represent pregnancy outcomes, with blue representing livebirths, orange representing miscarriages, and red 
representing stillbirths. Dashed lines represent the period of enrolment and transparent grey bars represent 
vaccination round periods. The recall period for pregnancy started on Jan 1, 2022.
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of vaccination), seven (2·3%) of the recorded dates on the 
forms were inconsistent, 18 (6·0%) differed by within 
3 days, and 275 (91·5%) were consistent.

The mean age at enrolment was 25·4 years (SD 6·2) 
for people vaccinated during pregnancy, and 25·1 (SD 6·1) 
for unvaccinated people (table 1). Antenatal care 
attendance was higher among participants vaccinated 
during pregnancy (87·6%) than among unvaccinated 
participants (79·5%; p=0·0005; table 1). The mean 
number of previous pregnancies was 2·57 (SD 2·15) 
among those vaccinated during pregnancy and 2·35 
(SD 2·17) among those not vaccinated (p=0·029). 
14 (0·5%) participants reported jaundice during 
pregnancy overall; however, more unvaccinated 
participants reported jaundice (eight, 1·3%) than 

vaccinated (six, 0·3%; p=0·019), suggesting a protective 
effect of vaccination.

Most participants (90·1%) had their pregnancy outcome 
in a health facility, and this care-seeking behaviour 
differed by vaccination status (86·4% unvaccinated vs 
91·3% vaccinated during pregnancy, p=0·0045). Approxi-
mately 10% of participants self-reported a complication 
during delivery (eg, postpartum haemorrhage, infection 
or sepsis, or obstructed labour), and less than 1% had a 
caesarean section. Overall, 15 (0·6%) of women had twin 
pregnancies, all with concordant fetal outcomes including 
two (13·3%) pregnancies with twin fetal loss.

People vaccinated before conception (n=67) were 
slightly older than unvaccinated women with similar 
gestational age (date of conception between March 25 
and June 26, 2022; n=44) with a mean age of 26·2 years 
(SD 6·76) for vaccinated individuals and 25·1 years 
(6·2) for unvaccinated individuals; appendix p 2). 
30 (44·8%) women vaccinated before conception had 
attended antenatal care by their enrolment visit 
compared with 22 (50%) unvaccinated women with 
similar gestational ages (appendix p 2). 52 (77·6%) 
women vaccinated before conception had an outcome 
in a facility compared with 31 (70·5%) unvaccinated, 
and 13 (19·4%) vaccinated before conception had an 
outcome at home compared with 11 (25%) unvaccinated 
(appendix p 2). None of these individuals, vaccinated or 
unvaccinated, reported jaundice during their pregnancy.

Participants who had a pregnancy outcome before the 
vaccination campaign (appendix p 3)—the bias indicator 
population—were similar to those who had an outcome 
afterwards. Their mean age at enrolment was 25·7 years, 
and 616 (90·6%) attended antenatal care during 
pregnancy. Within this population, women vaccinated 
were slightly more likely to have attended antenatal care 
compared to unvaccinated women (506 [91·5%] vs 
110 [86·6%], p=0·09). Six (0·9%) of 680 women who 
had a pregnancy outcome before the vaccination 
campaign had jaundice (explained as yellow-coloured 
eyes) or were diagnosed with hepatitis E during 
pregnancy.

Three (0·1%) participant deaths were documented 
during follow-up. According to relatives, two of the 
individuals who died were not vaccinated and one 
received two doses during their pregnancy (appendix p 1). 
Specific causes of death and exact dates were unknown 
by the family members, and we were unable to obtain 
medical records.

The proportion of fetal loss was 7·1% (144 of 2036) 
among those vaccinated during pregnancy and 
6·3% (40 of 638) among unvaccinated individuals 
(p=0·54; table 1). Among individuals vaccinated before 
conception, 23·9% (16 of 67) had fetal loss, compared 
with 20·5% (nine of 44) among unvaccinated women 
whose pregnancy started within the same time 
range (p=0·82; appendix p 2). Among those in the bias 
indicator analysis, 1·6% (two of 127) of unvaccinated 

Not vaccinated 
during 
pregnancy 
(n=638)

Vaccinated during 
pregnancy 
(n=2036)

Overall
(n=2674)

p value

Mean age enrolment, years (SD) 25·1 (6·1) 25·4 (6·2) 25·3 (6·2) 0·23

Median age at enrolment, 
years (min–max)

24·0 
(16·0–40·0)

25·0 
(16·0–40·0)

25·0 
(16·0–40·0)

··

Gestational age at enrolment

Before conception 0 3 (0·2%) 3 (0·1%) 0·0005

First trimester 50 (7·8%) 208 (10·2%) 258 (9·7%) ··

Second trimester 204 (32·0%) 780 (38·3%) 984 (36·8%) ··

Third trimester 154 (24·1%) 500 (24·6%) 654 (24·5%) ··

Postpartum 230 (36·1%) 545 (26·8%) 775 (29·0%) ··

Attended antenatal care 507 (79·5%) 1783 (87·6%) 2290 (85·6%) 0·0005

Antenatal care card available at 
interview 

303 (47·5%) 1222 (60·0%) 1525 (57·0%) 0·59

Jaundice during pregnancy 8 (1·3%) 6 (0·3%) 14 (0·5%) 0·019

Malaria during pregnancy 245 (38·4%) 753 (37·0%) 998 (37·3%) 0·54

Vaccination confirmed by card NA 1367 (67·1%) ·· ··

Pregnancy outcome circumstance

During transport 1 (0·2%) 2 (0·1%) 3 (0·1%) 0·0045

Health facility 551 (86·4%) 1858 (91·3%) 2409 (90·1%) ··

At home 76 (11·9%) 154 (7·6%) 230 (8·6%) ··

Traditional birth attendant 6 (0·9%) 12 (0·6%) 18 (0·7%) ··

Other 4 (0·6%) 10 (0·5%) 14 (0·5%) ··

Complication during delivery 53 (8·3%) 209 (10·3%) 262 (9·8%) 0·12

Caesarean section 4 (0·6%) 9 (0·4%) 13 (0·5%) 0·65

Gravidity

Mean (SD) 2·35 (2·17) 2·57 (2·15) 2·52 (2·16) 0·029

Median (min–max) 2·0 (0·0–9·0) 2·0 (0·0–11·0) 2·0 (0·0–11·0) ··

Previous fetal loss

Mean (SD) 0·11 (0·38) 0·13 (0·46) 0·13 (0·44) 0·33

Median (min–max) 0·0 (0·0–3·0) 0·0 (0·0–6·0) 0·0 (0·0–6·0) ··

Fetal outcome

Livebirth 598 (93·7%) 1892 (92·9%) 2490 (93·1%) 0·80

Miscarriage 29 (4·6%) 107 (5·3%) 136 (5·1%) ··

Stillbirth 11 (1·7%) 37 (1·8%) 48 (1·8%) ··

Data are n (%) unless otherwise specified. NA=not applicable. 

Table 1: Characteristics of cohort by vaccination status during pregnancy
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individuals had fetal loss compared with 3·0% (16 of 553) 
of vaccinated people (p=0·84, appendix p 3).

Participants who reported jaundice during their 
pregnancy were twice as likely to have a fetal loss than 
those not reporting jaundice (two [14·3%] of 14 vs 
198 [7·3%] of 2727), although this difference was not 
statistically significant (p=0·62).

In the primary analysis, 1928 vaccinated individuals 
were matched to 479 unvaccinated individuals, with 
each unvaccinated individual matched to a median of 
two (range 1–11) vaccinated individuals. Among 
the 1928 control participants who were initially 
unvaccinated, 509 remained unvaccinated until the 
second round in April and were censored when they 
received the vaccination at the second round. These 509 
individuals had a median gestational age at the time of 
censoring of 136 days (IQR 80–256). They contributed a 
median time of 27 days (IQR 21–32) to the cumulative 

incidence risk. We estimated a cumulative risk of fetal 
loss of 7·2% (95% CI 5·6–8·7) for those who received 
at least one dose during pregnancy and a cumulative 
risk of 6·1% (3·7–9·2) for unvaccinated individuals 
(table 2, figure 3), implying a risk ratio of 1·2 (95% CI 
0·7–1·9). In an analysis restricted to participants with 
fewer than 90 days gestation at exposure, we estimated 
a cumulative risk of 10·5 (95% CI 8·0–14·4) for 
miscarriage among vaccinated individuals and 11·7 
(6·4–18·8) for miscarriage among unvaccinated 
individuals, giving a risk ratio of 0·9 (95% CI 0·5–1·9; 
appendix p 4).

In the secondary analysis, we matched 45 vaccinated 
to 21 unvaccinated participants. Each unvaccinated 
participant was matched to a median of one (range 1–6) 
vaccinated participant. We estimated a risk of fetal 
loss among individuals vaccinated before conception 
of 20·0% (95% CI 6·3–34·5) and a risk of fetal loss of 

Vaccinated Unvaccinated Risk ratio (95% CI)

Matched/total Risk (95% CI) Matched/total Risk (95% CI)

Pregnancy 1934/2036 7·2% (5·6–8·7) 474/638 6·1% (3·7–9·2) 1·2 (0·7–1·9)

Before conception 45/67 20·0% (6·3–34·5) 21/638 20·0% (5·4–52·5) 1·0 (0·2–3·3)

Bias indicator (postpartum) 460/553 0·4% (0·0–1·2) 107/127 0·0% (0·0–0·0) NA

NA=not applicable.

Table 2: Cumulative incidence (risk) of fetal loss by vaccination status and exposure period after matching

Figure 3: Timeline (A) and cumulative Incidence curves for fetal loss (B) for matched women in pregnancy cohort emulated target trial 1
Each horizontal line represents an enrolled participant’s pregnancy start and end (dot), based on vaccination status (colour). (A) Green lines represent person-time 
vaccinated and purple lines represent person-time unvaccinated. Grey vertical bars represent the vaccination campaign periods. (B) Green lines represent the 
cumulative incidence of fetal loss among people vaccinated during pregnancy and purple lines represent cumulative incidence among those unvaccinated. Bootstrap 
95% CIs are shown in shaded area.
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20·0% (5·4–52·5) among unvaccinated individuals, 
implying a risk ratio of 1·0 (95% CI 0·2–3·3; table 2).

In the bias indicators analysis, we were unable to 
compute the cumulative incidence risk ratio for 
postpartum exposure due to the absence of events in the 
unvaccinated groups after matching. In sensitivity 
analyses on the effect of different matching criteria on 
the estimated risk ratio for both target trials, we found 
no qualitative differences compared with the main 
analyses, with no evidence of increased risk of fetal 
loss among vaccinated women (appendix pp 4–5). We 
similarly found no evidence of increased risk of fetal 
loss among vaccinated participants in the sensitivity 
analyses considering vaccination status according to 
vaccination card (appendix p 6).

Discussion
We found no evidence of increased risk of fetal loss 
following vaccination during or before pregnancy in a 
cohort of vaccinated and unvaccinated people self-
reporting known pregnancies following a mass reactive 
vaccination campaign during an outbreak of hepatitis E. 
Sensitivity analyses using different criteria on matching 
and propensity score showed similar results, as did 
subgroup analysis of the risk of vaccination during first 
trimester on miscarriage, the most sensitive time for 
fetal development.

South Sudan ranks among the lowest on maternal 
health indicators globally: nationally less than 20% of 
women have access to skilled attendance during 
delivery, estimates of the national maternal mortality 
ratio range from 789–1223 deaths per 100 000 preg -
nancies, and the stillbirth rate was estimated in 2015 at 
30·1 per 1000 total births.17 Given this mortality ratio, we 
could have expected between 26 and 41 participant 
deaths, and more than 100 stillbirths in this cohort—far 
more than the three participant deaths and 53 stillbirths 
we documented. In Bentiu IDP camp, pregnant people 
have better access to delivery care than many other parts 
of the country, with several primary health-care facilities 
within the camp and a referral system to the hospital at 
the periphery. Approximately 90% of participants in our 
cohort delivered in a health facility, which probably 
contributes to the lower documented number of deaths 
and fetal losses than expected nationally. Despite the 
hepatitis E outbreak and poor access to clean water and 
sanitation facilities, maternal health indicators in 
Bentiu appear better than much of the rest of the 
country.

We applied a matched target trial emulation meth-
odology to account for biases inherent in observational 
data, specifying two target trials for two causal questions 
on receiving the vaccine or not before conception and 
receiving the vaccine or not during pregnancy. The 
emulated target trial framework has been used in 
numerous studies of different interventions during 
pregnancy, including antibiotic use,15 antiretroviral 

therapy,18 and COVID-19 vaccination.16,19,20 By matching 
on age, gestational age, and propensity score, we 
attempted to control for the difference in baseline risk of 
fetal loss between vaccinated and unvaccinated 
participants. This methodology does not entirely 
replicate the randomi sation or rigour of a randomised 
controlled trial and it is possible that the analysis is 
subject to residual bias and confounding. To understand 
the potential for bias in this study, we compared the 
proportion of livebirths between vaccinated and 
unvaccinated individuals resident of Bentiu IDP camp 
who delivered before the vaccination campaigns and 
found that they were similar. Criticism of matched target 
trial emulation studies points to a loss of precision 
because unmatched study participants are not included 
in matched analyses.21 However, compared with previous 
studies, this primary target trial analysis, even after 
matching, had a large sample size and we were able to 
include 1934 (94·9%) of 2036 vaccinated women and 
474 (74·3%) of 638 unvaccinated women.

Determination of exposure to vaccine during 
pregnancy relied on specific dates of conception, 
delivery, and vaccination. Antenatal care cards were 
available for 57·0% of individuals included in the 
pregnancy exposure analysis and vaccination cards were 
available for 67·1% of vaccinated individuals. These 
dates were self-reported for participants without cards, 
meaning that vaccine exposure during pregnancy 
might have been misclassified both due to imprecise 
recall (non-differential misclassification) and through 
intentional misreporting that could be related to 
pregnancy outcomes (differential misclassification). To 
minimise this potential bias, we cross-checked and 
corrected vaccination dates according to actual dates of 
the vaccination campaigns. Additionally, we randomly 
verified the vaccination dates entered on the form 
during the interviews against the vaccination card 
photos taken by the surveyor during the interview. We 
accepted interview responses from a senior member of 
the household at follow-up for approximately 600 partici-
pants, which could have resulted in misclassification of 
the pregnancy outcome; we attempted to account for 
this by including an indicator variable in the propensity 
score for whether the outcome was known or 
extrapolated, and we also conducted a sensitivity 
analysis excluding those who were not found at follow-
up which gave similar results.

Due to concerns about acceptability and feasibility 
of pregnancy tests in the context of poor sanitation 
facilities and privacy, we relied on self-reported 
pregnancy status during enrolment. Therefore, it is 
likely that we missed women in their first trimester, 
who did not know they were pregnant or who did not yet 
feel comfortable reporting their pregnancy. If there was 
an effect of the vaccine on safety during a very early 
period of pregnancy, when the fetus might be most 
sensitive,22 this study probably would not have been able 
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to accurately detect this and the overall results would 
be biased towards the null. However, the census 
was conducted 3–8 weeks after the end of the second 
round of the vaccination campaign, women who could 
have been vaccinated while unknowingly pregnant 
therefore had some time to realise and report 
their pregnancies before the enrolment interview. 
Furthermore, comparing the cumulative incidence risk 
of fetal loss across groups (20·0% among women 
vaccinated before conception  and enrolled early in their 
pregnancy, 7·2% among women vaccinated during 
pregnancy and enrolled later in pregnancy, and 0·4% 
among women vaccinated postpartum and enrolled 
after their pregnancy ended) suggests that increasing 
recall period duration when asking retrospectively about 
pregnancy status and outcome reveals fewer pregnancy 
losses, and that we might have missed the inclusion of 
women who experienced early pregnancy losses in this 
cohort. However, early pregnancy loss did not appear to 
be differential with respect to vaccination status.

Before the vaccination campaign in Bentiu IDP camp 
and this cohort study, evidence on the safety of the 
hepatitis E vaccine in pregnancy came from analyses of 
inadvertent exposure of approximately 100 people in 
two clinical trials conducted by the vaccine manufacturer. 
We present data from over 2000 pregnant people 
vaccinated during an outbreak. We found no evidence 
for increased risk of fetal loss with vaccination in a crude 
analysis, nor after using a robust analytical method to 
account for possible differences in underlying risk 
between groups. Hepatitis E circulates in areas where 
sanitation and surveillance systems are weak,23 and it is 
often deaths among pregnant women that alert health 
authorities to the start of hepatitis E outbreaks.24,25 The 
evidence here on the safety in pregnancy of this 
efficacious vaccine can strengthen confidence in its use 
among pregnant women to prevent and mitigate 
outbreaks.
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