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Summary

Background Pregnant individuals with coronavirus disease 2019 (COVID-19) are at increased risk of severe disease, ~The Lancet Regional
prematurity, and stillbirth. In March 2021, vaccination for at risk pregnant women was recommended in Switzer- Health - Europe
land, expanding this to all pregnant women in May 2021. Our aim was to assess the safety of mRNA COVID-19 vac- 2022718: 100410

. . Published online 29 May
cines 1n pregnancy. 2022

. . . . . . https://doi.org/10.1016/j.
Methods This multicentre prospective cohort study describes early adverse events and perinatal outcomes in preg- |, .0 5022100410

nant women who received at least one dose of mRNA vaccine between March 1st and December 27th, 2021 in Swit-
zerland, using the COVI-PREG registry. Early adverse events were collected at least one month following vaccine
administration. Pregnancy and neonatal outcomes were extracted from medical records using the maternity dis-
charge letters providing follow-up information up to 5 days after birth.

Findings Of 1o12 vaccinated women, 894 (88:3%) received both injections during pregnancy, with BNT162b2
(n = 2771) or mRNA-1273 (n = 623) vaccines. Local events (mainly local pain) were reported in 81-3% and 80-5% after
the first and second doses. Rates of systemic reactions (mainly fatigue and headache) were similar after the first
dose and most frequent after the second dose of mRNA-12773. Of the 1012 women, four (0-4%; 95%CI [0-1-1-0])
severe early adverse events occurred: pulmonary embolism, preterm premature rupture of membranes, isolated
fever with hospitalisation, and herpes zoster. Of 107 patients vaccinated before 14 weeks, one (0-9%; 95%CI [o0-0-
5-1]) early spontaneous abortions was reported (8 weeks). Of 228 vaccinated before 20 weeks one (0-4%; 95%CI
[0-0-2-4]) late spontaneous abortion was reported (16 weeks). Of 513 women exposed before 37 weeks, 33 (6-4%;
95%ClI [4-5-8-9]) delivered preterm. Among 530 patients exposed in pregnancy, no stillbirth was reported and 25
(47%; 95%CI [3-0-6-8]) neonates were admitted to intensive care unit.
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Interpretation Frequent local and systemic effects were described after exposure to mRNA COVID-19 vaccines dur-
ing pregnancy but severe events were rare. Women vaccinated during pregnancy did not experience higher adverse
pregnancy or neonatal outcomes when compared to historical data on background risks in the obstetric population.
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Research in context

Evidence before this study

Pregnant women are at higher risk of severe form of
COVID-19, however, have been excluded from COVID-
19 mRNA vaccine clinical trials. We searched on PubMed
and pre-print platforms for safety observational studies
including pregnant women exposed to mRNA COVID-
19 vaccines as of March 28th, 2022. Several studies have
reported reassuring safety data in pregnant women
exposed to COVID-19 vaccination. These studies, how-
ever, were either retrospective, or had only a small num-
ber of patients with pregnancy outcomes, or focused on
a single outcome (e.g., spontaneous abortion), or spe-
cific period of exposure (e.g. third trimester exposure). A
single prospective study from the United States surveil-
lance system (v-safe pregnancy registry) reported no
obvious safety signals among 827 pregnant women
exposed to COVID-19 vaccine throughout all pregnancy,
including more than 600 pregnant women exposed
before 37 weeks of gestation. The study reported a low
level of detail on population baseline characteristics
and patients were mostly vaccinated in the third trimes-
ter, without describing severe early adverse events fol-
lowing vaccination.

Added value of this study

Our study is the first European study that reports Swiss
nationwide safety results from more than 1000 preg-
nant women exposed to mRNA COVID-19 vaccine with
high quality details including more than 500 patients
with a pregnancy outcome available. We observed that
most pregnant women experienced mild local and sys-
temic early adverse events after injection, and more fre-
quently after the second dose of mRNA-1273 (Moderna)
vaccine. We reported similar rates of early and late
spontaneous abortions after vaccine exposure during
pregnancy when compared to historical data on back-
ground risks in the obstetric population. We found that
pregnant women exposed to mRNA COVID-19 vaccine
had low rates of preterm births, small neonates for ges-
tational age, neonatal intensive care unit admission,
and no stillbirth were reported. The mRNA COVID-19
vaccine exposure in pregnant women seemed safe.

Implications of all the available evidence

Our study shows that mRNA COVID-9 vaccines seem
safe throughout all pregnancy, in terms of early adverse
events, pregnancy, and neonatal outcomes. Pregnant
women and health care professionals should be aware
of this information as vaccination remains an effective
solution against COVID-19 in this population at risk. Fur-
ther studies are needed to assess long term outcomes
such as infant developmental outcomes. Efforts must
be made to continue to monitor the safety and efficacy
of these already marketed mRNA COVID-19 vaccines in
a larger sample of pregnant women and appropriate
control groups to provide risk estimates, with a particu-
lar focus on first trimester exposure, rare adverse events
and long-term outcomes (e.g. infant developmental
outcomes).

Introduction

The coronavirus disease 2019 (COVID-19) pandemic is
of particular concern during pregnancy as pregnant
women have a higher susceptibility to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection with a severe form of the disease reported in 8
to 10%."® Pregnant patients that test positive for
COVID-19 also have an increased risk of adverse preg-
nancy and neonatal outcomes, with higher rates of pre-
term birth, neonatal intensive care unit admission, and
stillbirth.> * As of December 2020, this viral infection
became preventable through the rollout of COVID-19
vaccinations. A two-dose regimen of messenger RNA
(mRNA) vaccination reported 94-1-95-0% efficacy
against COVID-19 illness in adults®® and a third vaccine
dose (booster) sustained the efficacy at 91-93% while the
Delta variant was predominant.”® With the emergence
of the Omicron variant, even with a substantially lower
vaccine efficacy for COVID-19 symptoms,”* the efficacy
against hospitalization remains at 70%.'® As pregnant
women, however, were excluded from COVID-19 vac-
cine trials, efficacy and safety data were initially lacking
for this population.” In April 2021, the V-safe
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surveillance system did not identify any obvious safety
concerns following vaccination in 35,691 pregnant
patients who received mRNA COVID-19 vaccines in the
United States (US). In the 827 completed pregnancies
stemming from the V-safe pregnancy registry, the distri-
bution of perinatal outcomes was similar to pregnant
patients not exposed to the vaccine.'” The risk of sponta-
neous abortion following mRNA COVID-19 vaccination
either before conception or during the first trimester of
pregnancy was also similar to historical data on back-
ground risks in the obstetric population.” Despite a still
low COVID-19 vaccination rate among pregnant
women, available studies show that COVID-19 vaccina-
tion in pregnancy is effective against SARS-CoV-2 infec-
tion and severe disease.'* ' Pregnant women exposed
to the COVID-19 vaccine experienced similar early
adverse events than non-pregnant women and no trends
was reported regarding adverse perinatal outcomes, in
the still limited available literature.” ** As of March
2021, the Swiss Society of Gynaecologists and Obstetri-
cians (SGGG) and the Federal Office of Public Health
recommended vaccination for pregnant women with
additional risk factors for severe COVID-19 disease, and
this recommendation was extended to all pregnant
women in May 2021.** Despite the growing evidence
for efficacy and safety of COVID-19 vaccines in preg-
nancy and the risk-benefit balance in favour of COVID-
19 vaccination in pregnancy, many pregnant women
remain reluctant to receive the COVID-19 vaccine in
Europe.** The core element to address vaccine hesitancy
is to provide consistent and fair information to health
care providers giving them the tools to best advise preg-
nant women.

The aim of our study was to augment the current
safety information on early adverse events in pregnant
women, as well as on perinatal outcomes after exposure
to COVID-19 vaccine any time during pregnancy
through the COVI-PREG registry in Switzerland.*

Methods

Data source, information, and study time points

Participants were enrolled between March 1, 2021 and
December 27, 2021, in the COVI-PREG vaccine registry,
a prospective cohort study that aimed to assess the
safety of mRNA vaccines against COVID-19 in pregnant
women. Informed consent was obtained for all partici-
pants. The study was promoted through the SGGG
(www.sggg.ch) to all Swiss private practice gynaecolo-
gists and public hospitals. A questionnaire regarding
vaccine adverse events was distributed at the vaccination
visit before or at the time of injection (Figure S1 - sup-
plementary materials). These questionnaires were col-
lected at least one month after injection by primary care
gynaecologists who participated in the study by return-
ing the de-identified questionnaires to their reference
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centre. The updated final questionnaire was returned at
the end of the pregnancy. De-identified information
about medical history, pregnancy, and neonatal out-
comes were collected from the maternity discharge let-
ters sent by primary care gynaecologists to their
reference centre providing follow up information up to
5 days after birth. De-identified data were then recorded
by the reference centres using the REDCap (Research
Electronic Data Capture) secure web application in
accordance with the approval of the Swiss Ethical Board
(CER-VD-2020-00548) (Figure S2 - supplementary
materials). The STROBE guidelines were used to ensure
the reporting quality of this observational study.>®

Study population

Pregnant women who received at least one injection of a
mRNA vaccine against COVID-19 between one week
before their last menstrual period (LMP) and the end of
pregnancy were included in the study. Patients who
were under 18 years of age or not able to consent were
not included. Women with no information on the date
of injection, the occurrence of early adverse events and
their description if any, or no information about the
type of vaccine used were excluded.

Exposure to mRNA vaccine against COVID-19

Exposure to mRNA vaccine against COVID-19 was
defined as at least one injection of vaccine between one
week before the date of LMP, or calculated LMP from
first trimester ultrasound examination, and the end of
pregnancy. Both mRNA vaccines authorized and recom-
mended during pregnancy in Switzerland were
assessed: BNT162bz (Comirnaty®, Pfizer—BioNTech)
and mRNA-1273 (SpikeVax®, Moderna) vaccine. Preg-
nancy exposure periods were stratified into peri-concep-
tional period (PCP), trimester 1, trimester 2, and
trimester 3. The PCP was defined as an injection
between one week before LMP and two weeks after
LMP. Trimester 1 was defined as the period from two
weeks after LMP to 11 weeks of gestation (wks) and
6 days to match the Swiss recommendations to pre-
scribe the vaccine preferentially after 12 wks.”? Trimes-
ter 2 was defined as the period from 12 wks to 27 wks
and 6 days. Trimester 3 was defined as the period start-
ing from 28 wks to the end of pregnancy. If the preg-
nancy due date related to the LMP differed by more
than five days from the due date obtained by first trimes-
ter ultrasound, the due date was set by ultrasound.

Outcomes

Based on the outcomes of interest, the following addi-
tional inclusion and exclusion criteria were added to the
study population.


http://www.sggg.ch
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Primary outcomes - early adverse events outcomes

Definition of outcomes. Early adverse events following
vaccination were divided into three categories: local
adverse events, systemic adverse events, and severe
adverse events, observed within one month following
an injection of mRNA vaccine against COVID-19. Local
adverse events were defined as at least one of the follow-
ing reactions at the injection site: redness, pain, swell-
ing, warmth, itch, haematoma, induration, or other
local findings. Systemic adverse events were defined as
at least one of the following events: fever, fatigue, head-
ache, chills, nausea, vomiting, diarrhoea, muscle pain,
joint pain, malaise, or other events except those defined
in the pregnancy and neonatal outcomes. Severe
adverse events were defined as at least one of the follow-
ing events occurring during the pregnancy: hospitaliza-
tion potentially related to the vaccine, intensive care
unit admission following vaccination, confirmed ana-
phylactic shock, or other potentially severe reaction
related to the vaccine according to the patient and inves-
tigator interpretation.

Population 1a. For local and systemic adverse events,
pregnant women with two mRNA vaccine injections
between one week before LMP and the end of preg-
nancy were included in the analysis to compare the
adverse events related to multiple doses. Patients who
received only one injection were excluded.

Population 1b. For severe adverse event outcomes,
pregnant women with at least one injection during
pregnancy or the PCP were included.

Secondary outcomes — pregnancy and
neonatal outcomes

Early spontaneous abortion

Definition of the outcome. Early spontaneous abortion
was defined as a spontaneous pregnancy loss before 14
wks including spontaneous abortion, blighted ovum, or
spontaneously arrested pregnancy. Elective termina-
tions of pregnancy were excluded from this definition.

Population 2a. Pregnant women with at least one injec-
tion between one week before LMP and less than 14 wks
were considered. Pregnant women with no pregnancy
outcome data available at the time of analysis were
excluded unless they received their second vaccine dose
after 14 wks suggesting an ongoing pregnancy at the
obstetrical visit following vaccination as no complica-
tions were reported in the questionnaire.

Late spontaneous abortion

Definition of the outcome. Late spontaneous abortion
was defined as a spontaneous pregnancy loss between
14 wks and 19 wks and 6 days. Elective terminations of
pregnancy were excluded by this definition.

Population 2b. Pregnant women with at least one injec-
tion between one week before LMP to 19 wks and 6 days
were considered if pregnancy was ongoing after 14 wks.
Pregnant women with no pregnancy outcome data avail-
able at the time of the analysis were excluded unless
their second vaccine dose occurred after 20 wks, sup-
porting ongoing pregnancy at the obstetrical visit follow-
ing vaccination, as no complications were reported on
the questionnaire.

Sensitivity analysis

To estimate the impact of the inclusion or exclusion of
pregnant women lost to follow-up after 14 or 20 wks on
the rate of early and late spontaneous abortion respec-
tively, we conducted a “strict outcome scenario” sensitiv-
ity analysis.

We redefined our study population to include preg-
nant women exposed to at least one dose of vaccine
between one week before LMP and 13 wks and 6 days
for early spontaneous abortion and 19 wks and 6 days
for late spontaneous abortion but restricted to pregnant
women with a pregnancy outcome available at the time
of the analysis. This analysis estimates the rate of spon-
taneous abortion with the hypothesis that patients with
no pregnancy outcome available could have had a non-
recorded spontaneous abortion following vaccination.

Preterm birth

Definition of the outcome — preterm birth. Preterm
birth was defined as a live born infant between 24 wks
and 36 wks and 6 days, and was classified as either
spontaneous, defined as a delivery after spontaneous
labour (assisted or non-assisted vaginal birth or caesar-
ean section following spontaneous labour) or iatrogenic
defined as an induction of labour or a caesarean delivery
in the absence of spontaneous labour.

Population 2¢c. Pregnant women with at least one injec-
tion between one week before LMP to 36 wks and
6 days were included. Pregnant women with no preg-
nancy outcome data available at the time of the analysis
were excluded as well as patients who terminated their
pregnancy before 24 wks. Ongoing pregnancies that
had not reached full term (37 wks) at the time of analy-
sis were excluded, to avoid overestimation of an earlier
adverse outcome such as preterm birth.
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Delivery, livebirth, stillbirth, pre-viable fetus,
gestational age at delivery, small for gestational age,
neonatal intensive care unit, and neonatal death
Delivery was defined as vaginal birth, either spontane-
ous or assisted (i.e., by forceps or vacuum) or caesarean
section. Livebirth was defined as a liveborn infant born
at or after 24 wks. Stillbirth was defined as a fetal
demise from 20 wks onwards. A pre-viable fetus was
defined as a fetus born extremely preterm, between 20
to 23 wks and 6 days, without neonatal resuscitation.
Gestational age (GA) at delivery was defined as the GA
in wks at delivery. Small for gestational age (SGA) was
defined as a birthweight below the 1oth percentile for
gestational age according to the INTERGROWTH 21
scale.”” Neonatal intensive care unit (NICU) admission
referred to the admission of the neonate into the NICU
and was divided into four categories according to the
cause of admission: prematurity, respiratory distress
syndrome, sepsis, and any other cause. Neonatal death
referred to the death within 28 days after birth of a live-
born infant born at 24 wks or more.

Population 2d. For the analysis of pregnancy and neo-
natal outcomes, pregnant women with at least one injec-
tion between one week before LMP and the end of
pregnancy were included. Pregnant women with no
pregnancy outcome data available at the time of analysis
were excluded as well as patients who terminated their
pregnancy before 20 wks.

Co-variates
Maternal age was divided into categories: <25 years (y),
25-29 ¥, 30-34 ¥, 35-39, and >40 y. For each injection,
information on the type of vaccine (BNT162b2 or
mRNA-1273), place of vaccination (i.e., vaccination cen-
tre/health authority, gynaecologist/midwife consulta-
tion, general practitioner, pharmacist), site of vaccine
injection (i.e., right arm, left arm), and antipyretic
intake around the time of injection was collected. Lin-
guistic areas were defined according to the official lan-
guage of each Swiss county: German, French, or Italian.
For analysis of pregnancy and preterm birth out-
comes, maternal comorbidities (pulmonary, cardiac,
hypertension, pregestational diabetes, obesity defined
as a body mass index >30kg/m?, immunosuppression,
auto-immune diseases, hematologic, neurological,
digestive, renal, urologic, oncologic, thyroid dysfunc-
tion, psychiatric disorders, and other comorbidities) and
obstetric characteristics (nulliparity/multiparity, multi-
ple pregnancy, and previous caesarean section status)
were collected. Pregnancy due date was defined as 40
weeks after the LMP (LMP was reported by the patient
or if unknown, calculated from a first trimester ultra-
sound examination).
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Statistical analysis

Descriptive statistics were used to evaluate baseline dem-
ographics and characteristics, as well as the recorded
prevalence of early adverse events by type of mRNA vac-
cine and by first or second doses and all pregnancy and
neonatal outcomes overall. The 95% confidence intervals
(95% CI) were calculated for each reported prevalence.
Tests for normality were done for continuous variables.
Statistical analyses were performed using Stata 16 (Stata-
Corp. 2015. Stata Statistical Software: Release 16. College
Station, TX: StataCorp LP).

Role of the funding source

This research was supported by a grant from the Swiss
Federal Office of Public Health and the CHUV Founda-
tion. The funders had no role in study design, data col-
lection, data analysis, interpretation and writing of the

paper.

Results

Between March 1- December 27, 2021, a total of 1431
women were enrolled in the registry among which 1012
patients met the inclusion criteria (Figure 1). Results
are reported according to the different outcomes of
interest. Vaccination patterns represented in our cohort
are described in figure S3 (supplementary materials).

Early adverse events outcomes

Among 1012 patients, 894 (88:3%) pregnant women
had both injections between one week before LMP and
the end of pregnancy and were included in this analysis
(Figure 1).

Characteristics of the participants (population 1a)
according to the type of vaccine received are presented
in Table 1.

The number of patients who received two doses of
Pfizer—BioNTech BNT162b2 or Moderna mRNA-1273
were 271 (30-3%) and 623 (69-7%), respectively. Most
pregnant women were in the age category 30 to 34y,
with 107 (39-5%) and 283 (45-4%), followed by the cate-
gory 35 to 39 y, with 99 (36-5%) and 199 (31-9%) for
Pfizer—BioNTech BNT162b2 and Moderna mRNA-
12773, respectively. Independent of vaccine type, 727
(81:3%) reported at least one local adverse event for the
first dose and 720 (80-5%) for the second dose. At least
one systemic adverse event was reported in 316 (35-4%)
and Go2 (67-3%), respectively for the first and second
dose. Timing of the first vaccine dose was in the PCP
for 32 (3:6%), first trimester for 10 (4-5%), second tri-
mester for 623 (69-7%), and third trimester for 199
(22:3%). Timing of the second vaccine dose was in the
PCP for 2 (0-2%), first trimester for 5 (0-6%), second
trimester for 532 (59:5%), and third trimester for 355
(39-7%). Details by vaccine type are shown in Table 1.
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Patients exposed to mRNA COVID-19 vaccine
n=1431

EXCLUDED - n=419
- Not from a Swiss center - n=109
- Injection date missing - n=46

Patients with minimum data set available

n=1012

» - Early adverse events missing - n=3

- Gestational age at injection missing - n=219

- Type of vaccine missing - n=21

- No injection from 1 week before LMP to the end of pregnancy - n=21

v

EXCLUDED - n=118

EXCLUDED - n=905

v

Pregnancy outcome available or 2"
dose of vaccine > 14 wks - n=107

EARLY SP. ABORTION ANALYSIS
(population 2a)

15t & 2" dose of vaccine during PCP v
or pregnancy - n=894

LOCAL AND SYSTEMIC EARLY
ADVERSE EVENT ANALYSIS
(population 1a)

v

» EXCLUDED - n=784

Pregnancy outcome available or 2"
dose of vaccine > 20 wks - n=228

LATE SP. ABORTION ANALYSIS

(population 2b)

v
At least one dose of vaccine during

EXCLUDED - n=499

v

PCP or pregnancy - n=1012

SEVERE EARLY ADVERSE EVENT
ANALYSIS
(population 1b)

Pregnancy outcome available after at
least 1 injection < 37 wks & pregnancy
ending after 24 wks - n=513

PRETERM BIRTH OUTCOME ANALYSIS
(population 2c)

A\ 4

Pregnancy outcome available after at
least 1 injection during pregnancy &
pregnancy ending after 20 wks - n=530

PREGNANCY OUTCOME ANALYSIS

EXCLUDED - n=482

(population 2d)

Figure 1. Flow chart of the study. The numbers of patients eligible for each analysis are displayed (Study populations 1a to 2d).
Abbreviation: LMP: last menstrual period; PCP: peri-conceptional period; SP.: spontaneous; wks: weeks of gestation.

Local and systemic adverse events after the first and
the second dose of vaccine, according to the type of vac-
cine received, are shown in Table 2 and represented in
Figure 2. Local reactions were similar between the two
vaccine types and the two doses, with pain representing
two thirds of complains. The three most common sys-
temic adverse events after the first dose were fatigue in
19-6% (95%CI [15-0-24-8]) and 25-2% (95%CI [21-8-
28-8]), headache in 10-3% (95%ClI [7-0-14-6]) and 16-1%
(95%CI [13-3-19-2]), and muscle pain in 77% (95%CI
[4-9-11-6]) and 11:6% (95%ClI [9-2-14-3]) respectively for
Pfizer—BioNTech BNT162b2 and Moderna mRNA-1273
vaccine. Systemic reactions, however, were higher after
the second dose of Moderna mRNA-12773 vaccine, com-
pared to the first dose of Moderna mRNA-12773 vaccine
or compared to the first and second dose of Pfizer
—BioNTech BNT162b2 vaccine. A total of 78:3%
(95%CI [74-9-81-5]) of patients experienced at least one
adverse systemic reaction after the second dose of Mod-
erna mRNA-1273 vaccine with the 60-4% (95%CI [56-4-
64-2]) reporting fatigue, 45-7% (95%CI [41-8-49-8])
reporting headache, 37-1% (95%CI [33-3-41-0]) reporting
muscle pain, 25-2% (95%CI [21-8-28-8)]) reporting joint

pain, 24-6% (95%CI [21-2-28:1]) reporting chills, and
16-4% (95%CI [13-6-19-5]) reporting fever.

Baseline characteristics of the 1012 pregnant patients
who had at least one injection (population 1b) are pre-
sented in table S1. A total of four (0:4%; 95%CI [o-1-
1-0]) severe early adverse events were reported and are
presented in Table 3: deep vein thrombosis associated
with pulmonary embolism at 21 wks resolved with
adapted treatment; preterm premature rupture of mem-
branes (PPROM) with vaginal bleeding in the context of
a partial placental abruption leading to emergency cae-
sarean section at 31 wks; thoracic herpes zoster more
than three weeks after the second injection performed
at 17 wks; hospitalization for surveillance of fever at 32
wks following the second dose of vaccine. All patients of
population 2d (n = 530) delivered liveborn infants,
including a preterm neonate born at 31 wks.

Early spontaneous abortion outcome

A total of 135 patients out of 1012 were exposed to the
vaccine before 14 wks and 28 women were excluded
because they did not complete the follow-up
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Pfizer/BioNTech Moderna
BNT162b2 mRNA-1273
n=271 n=623
N % n %
Maternal age at first
dose (years)
<25 5 19 % 5 0.8 %
25-29 34 126 % 72 11.6 %
30-34 107 395 % 283 454 %
35-39 99 36.5 % 199 319 %
>40 15 55 % 37 59 %
Missing 1 4.1 % 27 43 %
Swiss linguistic area
German 175 64.6 % 452 726 %
French 89 328 % 152 244 %
Italian 7 26 % 19 31 %
EXPOSURE
1st dose of vaccine
Trimester of injection
Peri-conception (7 days before 7 26 % 25 4.0 %
LMP to 13 days after LMP)
T1 - 14 days after LMP and <12 12 44 % 28 45 %
wks
T2 ->12 and <28 wks 182 67.2 % 441 70.8 %
T3 - >28 wks 70 258 % 129 20.7 %
Place of vaccination
Vaccination centre / Health 118 43.5 % 248 398 %
authority
Gynaecologist / Midwife consul- 0 - 4 0.6
tation (PRIVATE PRACTICE)
Gynaecologist / Midwife consul- 6 2.2 % 4 0.6 %
tation (HOSPITAL)
GP (General practitioner) 2 0.7 % 6 1.0 %
Occupational health service (at 5 19 % 9 14 %
work)
Pharmacist 2 0.7 % 16 26 %
Unknown 2 0.7 % 1 0.2 %
Missing 136 50.2 % 335 53.8 %
Injection site
Left arm 106 39.1 % 247 39.7 %
Right arm 24 8.9 % 40 6.4 %
Missing 141 52.0 % 336 539 %
Antipyretic intake
around injection
Yes 15 55 % 24 39 %
No 116 42.8 % 260 41.7 %
Unknown 6 2.2 % 0 -
Missing 134 49.5 % 339 544 %
2nd dose of vaccine
Trimester of injection
Peri-conception (7 days before 1 04 % 1 0.2 %
LMP to 13 days after LMP)
T1 - 14 days after LMP and <12 2 0.7 % 3 0.5 %
wks
T2->12 and <28 wks 156 57.6 % 376 60.4 %
Table 1 (Continued)
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Pfizer/BioNTech Moderna
BNT162b2 mRNA-1273
n=271 n=623
N % n %
T3 - >28 wks 12 413 % 243 39.0 %
Place of vaccination
Vaccination centre / Health 118 435 % 254 40.8 %
authority
Gynaecologist / Midwife consul- 0 - 3 0.5 %
tation (PRIVATE PRACTICE)
Gynaecologist / Midwife consul- 6 2.2 % 2 0.3 %
tation (HOSPITAL)
GP (General practitioner) 2 0.7 % 6 1.0 %
Occupational health service (at 6 2.2 % 2 03 %
work)
Pharmacist 2 0.7 % 19 3.1 %
Unknown 2 0.7 % 1 0.2 %
Missing 135 49.8 % 336 539 %
Injection site
Left arm 107 395 % 234 376 %
Right arm 20 74 % 52 84 %
Missing 144 53.1 % 337 54.1 %
Antipyretic intake
around injection
Yes 14 52 % 54 8.7 %
No 110 40.6 % 227 364 %
Unknown 8 3.0 % 1 0.2 %
Missing 139 513 % 341 54.7 %
Table 1: Population 1a - Baseline characteristics of pregnant women exposed to 2 doses of COVID-19 mRNA vaccine.
T1-3: trimester 1-3.
LMP: last menstrual period.
wks: weeks of gestation.

questionnaire regarding the second dose of vaccine after
14 wks or did not have an available pregnancy outcome
at the time of analysis. Patient characteristics (popula-
tion 2a) are presented in table S2 (supplementary mate-
rials). Among 107 patients included, 97 (90-7%; 95%CI
[83-5-95-4]) had an ongoing pregnancy at the time of
questionnaire completion after the second dose and
only 10 patients’ pregnancy outcome data were available
at the time of the analysis. One patient (0-9%; 95%CI
[0-0-5-1]) had an early spontaneous abortion at 8 wks,
five weeks after a single dose of vaccine (Table 4).

Late spontaneous abortion analysis

Of 1012 pregnant women, a total of 399 were exposed to
the vaccine before 20 wks. One case was excluded due
to early spontaneous abortion, and 170 patients were
excluded because they did not complete the question-
naire regarding the second dose of vaccine after 20 wks
or pregnancy outcome data were not available. Patient
characteristics (population 2b) are presented in Table
S3. Among 228 patients included, 132 (57-9%; 95%CI

[51-2-G4-4]) patients had an ongoing pregnancy at the
time completion of the questionnaire after the second
dose and 96 patients had a pregnancy outcome avail-
able at the time of the analysis. A total of 95 (41-7%;
95%CI [35-2-48-4]) patients had a liveborn infant and
one patient (0-4%; 95%CI [0-0-2:4]) had a late sponta-
neous abortion at 16 wks, related to chorioamnionitis
three weeks after a first dose of vaccine (Table 4). The
patient had no reported obstetric risk factors. Placenta
pathology examination revealed placental inflammation
compatible with incipient chorioamnionitis. Bacterial
cultures and bacterial polymerase chain reaction testing
were negative.

“Strict outcome scenario” sensitivity analysis
Patient baseline characteristics are presented in Tables
S4 and S5 (supplementary materials).

Early spontaneous abortion - Among 135 patients
exposed to the vaccine before 14 wks, 10 patients had a
pregnancy outcome available, including one patient (1/

www.thelancet.com Vol 18 Month July, 2022



2202 ‘AInf YIuoW 8L [OA WO }2dURRYY MMM

Comirnaty Pfizer/BioNTech - Moderna -
BNT162b2 n = 271 mRNA-1273
n=623
1st 2nd 1st 2nd
dose dose dose dose
n % 95%Cl n % 95% Cl n % 95%Cl n % 95% Cl
No reaction 21 7.7 % 49 - 116 25 92 % 6.1 - 133 53 85 % 64 - 11.0 13 21 % 1.1 - 35
Local 201 742 % 68.5 - 793 191 705 % 64.7 - 75.8 526 844 % 813 - 87.2 529 849 % 819 - 87.6
reaction

Pain 196 723 % 66.6 - 776 182 67.2 % 612 - 727 499 801 % 76.7 - 832 507 814 % 781 - 84.4
Redness 5 1.8 % 0.6 - 43 11 4.1 % 20 - 7.1 60 9.6 % 74 - 122 89 143 % 16 - 17.3
Swelling 10 37 % 1.8 - 6.7 14 5.2 % 29 - 8.5 59 9.5 % 73 - 120 85 136 % 1.0 - 16.6
Induration 5 1.8 % 0.6 - 43 4 1.5 % 04 - 37 32 5.1 % 35 - 7.2 37 59 % 42 - 8.1
Warmth 7 26 % 1.0 - 52 6 22 % 08 - 4.8 24 39 % 25 - 57 35 56 % 39 - 7.7
Itch 1 04 % 0.0 - 20 3 1.1 % 0.2 - 32 14 22 % 1.2 - 37 29 4.7 % 31 - 6.6
Haematoma 5 1.8 % 0.6 - 43 2 0.7 % 0.1 - 26 7 1.1 % 0.5 - 23 8 13 % 06 - 25
Other 0 0.0 % 0.0 - 14 1 04 % 00 - 20 5 0.8 % 0.3 - 19 4 0.6 % 02 - 1.6

Systemic 82 303 % 248 - 36.1 114 421 % 36.1 - 48.2 234 37.6 % 33.7 - 4.5 488 783 % 749 - 81.5

reaction
Fatigue 53 196 % 15.0 - 248 80 295 % 242 - 353 157 252 % 218 - 288 376 604 % 564 - 64.2
Headache 28 103 % 7.0 - 146 56 20.7 % 16.0 - 26.0 100 161 % 133 - 19.2 285 457 % 418 - 49.8
Muscle pain 21 7.7 % 49 - 116 32 11.8 % 8.2 - 16.3 72 116 % 9.2 - 143 231 371 % 333 - 41.0
Joint pain 7 26 % 1.0 - 52 15 55 % 3.1 - 9.0 24 39 % 25 - 57 157 252 % 218 - 2838
Chills 2 0.7 % 0.1 - 26 5 1.8 % 06 - 43 14 22 % 1.2 - 37 153 246 % 212 - 281
Fever 1 04 % 0.0 - 20 4 1.5 % 04 - 37 13 21 % 1.1 - 35 102 164 % 136 - 19.5
Malaise 7 26 % 1.0 - 52 10 37 % 18 - 6.7 8 13 % 0.6 - 25 57 9.1 % 70 - 1.7
Nausea 6 22 % 0.8 - 48 6 22 % 08 - 4.8 8 13 % 0.6 - 25 55 8.8 % 6.7 - 1.3
Vomiting 2 0.7 % 0.1 - 26 1 04 % 00 - 20 5 0.8 % 0.3 - 19 33 53 % 37 - 74
Other 1 4.1 % 20 - 7.1 6 22 % 08 - 4.8 8 13 % 0.6 - 25 32 51 % 35 - 7.2
Diarrhea 5 1.8 % 0.6 B 43 9 33 % 1.5 - 6.2 8 13 % 0.6 - 25 21 34 % 21 B 5.1
Table 2: Local and systemic early adverse events among pregnant women receiving 2 injections of COVID-19 mRNA vaccine.
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Figure 2. Local and systemic reactions reported within one month after each injection of mRNA COVID-19 vaccines in pregnancy.
Proportions (%) are displayed and | bars represent 95% confidence intervals.

10, 10-0%; 95%CI [0-3-44-5]) who had an early sponta-
neous abortion (Table 4).

Late spontaneous abortion - Among 398 patients
exposed to the vaccine before 20 wks, after the exclusion
of one case for early spontaneous abortion, 96 patients
had a pregnancy outcome available. One (1/96, 1-0%;
95%CI [0-0-5-7]) patient had a late spontaneous abor-
tion and 95 women had a livebirth (Table 4).

Preterm birth outcome

Of 1012 patients, 513 patients were included in this anal-
ysis because they were exposed to the vaccine before 37
wks, had a pregnancy outcome available, and delivered
after 24 wks (Figure 1). Patient baseline characteristics
(population 2c) were very similar to the pregnancy out-
come population (population 2d) (Tables 5 and 7). All
patients gave birth to liveborn infants including five
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LL

Patient 1 Patient 2 Patient 3 Patient 4
Maternal age at first 36 25 32 Unknown
dose
Swiss linguistic area German German German French
Gravidity (G) Parity (P) G2P1 G1PO G1PO G3P1
Obstetrical history - Previous C-section - Previous vaginal delivery (2007)
(2017)
Medical condition None - Asthma treated by Salmeterol / Flu- None - BMI = 34 kg/m2
ticason - 50/500 mcg - 1/day - Allergic asthma without treat-
ment
- Psoriasis without treatment
Obstetrical condition - - - Gestational diabetes requirering
insuline
EXPOSURE
Type of vaccine BNT162b2 mRNA-1273 mRNA-1273 mRNA-1273
1st DOSE of vaccine
Timing of injection 13 15 26 28
(weeks from LMP)
Local reaction Pain Pain Pain, Induration Pain, Redness, Swelling, Warmth, Itch
Systemic reaction Fatigue Headache Fatigue Headache
Severe reaction No No No No
2nd DOSE of vaccine
Timing of injection 17 20 30 32
(weeks from LMP)
Local reaction Pain Pain Pain, Induration Pain, Warmth
Systemic reaction Fatigue Headache - Fever, Headache, Fatigue, Chills, Nau-
sea, Muscle pain, Joint pain
Severe reaction YES YES YES YES

Table 3 (Continued)

Timing

3 weeks after injection

Within 7 days after injection

Within 7 days after injection

Within 7 days after injection
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Patient 4

Patient 3

Patient 2

32

Patient 1

25

Unknown

Maternal age at first

dose

Fever 38°C, one day after vaccination

PPROM one day after vaccination -

Deep venous thromboembolism and
pulmonary embolism diagnosed

6 days after injection.

1st episode of herpes

Details

leading to hospital admission for
clinical surveillance during

24 hours and discharged.

Hospital admission: complete fetal
lung maturation. Active vaginal

zoster on the right

anterior thoracic wall
- Spontaneously

bleeding leading to emergency C-

section five days after vaccination

resolved with symp-

tomatic treatment

(paracetamol)
Livebirth

38

Livebirth

38

Livebirth

31

Livebirth

40

PREGNANCY OUTCOME

Gestational age at

delivery (weeks)

Table 3: Severe early adverse events following vaccination.

LMP: last menstrual period.

BNT162b2: Pfizer—BioNTech mRNA vaccine.
mRNA-1273: Moderna mRNA vaccine.

C-section: caesarean section.

PPROM: preterm premature rupture of membranes.

twin pregnancies. Preterm birth before 37 wks was
reported in 33 (6-4%; 95%CI [4-5-8-9]) patients, with 19
(3-7%; 95%CI [2-2-5-7]) iatrogenic preterm births and 12
spontaneous preterm births (2:3%; 95%CI [1-2-4-1])
(Table 6).

Pregnancy and neonatal outcomes

Of 1012 patients, 530 patients had a pregnancy outcome
available with a gestational age of at least 20 wks and
were included in this analysis (Figure 1). Patient base-
line characteristics (population 2d) are presented in
Table 7. The majority (42-3% - n = 224) of patients were
30 to 34 y of age, 20-4% (n = 108) had a medical comor-
bidity, 41-5% (n = 220) were nulliparous, 0-:9% (n = 5)
had an ongoing twin pregnancy, and 14-5% (n = 777) had
at least one previous caesarean section. Pfizer—BioN-
Tech BNT162b2 vaccine was given to 28:3% (n = 150) of
pregnant woman and Moderna mRNA-1273 vaccine to
71-7% (n = 380). A total of 46 (8-7%) patients did not
receive a second dose, 28 (5-8%) had a second injection
within six weeks after the end of the pregnancy, and
456 (86-0%) had a second injection during pregnancy.
Most patients had a vaginal birth, including 302
(57-0%) spontaneous and 61 (11-5%) assisted, and 158
(29-8%) patients had a caesarean section. No stillbirths
nor non-viable births were reported and all 530 patients
delivered liveborn infants including five twin pregnan-
cies. Of these 535 new-borns, 21 (3-9%; 95%CI [2:4-5-9])
were small for gestational age. A total of 25 (4-7%;
95%CI [3-0-6-8]) neonates were admitted to NICU,
including 13 (2-4%; 95%CI [1-3-4-1] for prematurity, 6
(1:1% 95%CI [0-4-2-4]) for respiratory distress syn-
drome, 1 (0-2% 95%CI [0-0-1-0]) for sepsis, and 6 (1-1%
95%Cl [0-4-2-4]) for other reasons. No neonatal death
was recorded (Table 8).

Discussion

In this prospective cohort of 1012 pregnant patients
from the Swiss COVI-PREG registry*’, we identified
that pregnant women were vaccinated against COVID-
19 throughout pregnancy but preferentially after 12 wks
as recommended by the Swiss Society of Gynaecology
and Obstetrics.*> Most of the women (88-3%) received
two doses just before or during pregnancy.

Local and systemic reactions after vaccination were
primarily pain at the injection site, fatigue, headache,
and muscle pain, with a higher rate of systemic reaction
occurring after the second dose of vaccine (67:3% vs
35-3% after the first dose), especially with Moderna
mRNA-1273 vaccine, which is consistent with already
published data in the general population and during
pregnancy.”®'>*® Comparisons across vaccine types
revealed that receipt of the second dose, Moderna
mRNA-1273 vaccine, younger age, female sex, and

www.thelancet.com Vol 18 Month July, 2022
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1.0
99.0

24
484

0.0

%
%
%

0.4

Sp. abortion > 14 wks

Livebirth

100.0

94.3

%

95

352

4.7

95

64.4

57.9 51.2

132

2nd vaccine's dose > 20 wks

Table 4: Early and late spontaneous abortion outcomes analysis and sensitivity analysis following COVID-19 mRNA vaccination during PCP or pregnancy.

wks: weeks of gestation.

Sp: spontaneous.
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having had COVID-19 before vaccination were associ-
ated with greater odds of adverse effects.*”

Severe adverse events were rare, including venous
thromboembolism, fever requiring hospitalization, and
herpes zoster, which can occur following any vaccine
injection. In the general population, COVID-19 mRNA
vaccine does not appear to increase the risk of deep vein
thrombosis.>*® The risk of venous thromboembolism,
however, is four times greater during pregnancy than in
the non-pregnant population with an estimated inci-
dence of 0-76 to 1-72 per 1000 and thus is expected to
occur independently of vaccination.*" Herpes zoster has
been mentioned as a possible complication of mRNA
COVID-19 vaccination, but a recent study of more than
one million patients vaccinated in the US showed a sim-
ilar prevalence to historical cohorts.** During preg-
nancy, herpes zoster remains a rare condition with no
risk associated for the mother or her infant.** The case
of preterm birth resulted from PPROM followed by vag-
inal haemorrhage 48 hours later, leading to an emer-
gency caesarean section, which is likely not secondary
to the vaccine.

With respect to spontaneous abortion, our study
showed very low rates of early and late spontaneous
abortion of 0-9% and 0-4%, respectively. The only iden-
tified late spontaneous abortion occurred three weeks
after the first vaccine dose at 16 wks in the context of
chorioamnionitis. However these findings were con-
strained by limited outcome data on most of the preg-
nancies vaccinated before 14 wks (10/135; 7-4%) and
before 20 weeks (96/398; 24-1%). Several studies have
not shown an increased risk of spontaneous abortion
following COVID-19 vaccination.”?#%> Further studies
once outcome data is obtained may confirm findings
noted by other authors.

All infants delivered from mothers exposed to
mRNA COVID-19 vaccine in pregnancy were liveborn.
A low prevalence (6:4%; 95%CI [4-5-8-9]) of preterm
birth before 37 wks was reported in this study. This is
similar to the rates for the last four years in Switzerland
ranging from 6-4 to 7-:0% and in Europe ranging from
5.5 to 11-4%.5%% A low rate of SGA (3-8%; 95%ClI [2-3-
5-8]) was reported using the INTERGROWTH 21
scale.”” NICU admission was also low (3-7%; 95%CI
[2:9-6-7]) in our cohort, compared to a recently pub-
lished rate of 6-3% in a cohort of neonates born after 35
wks in the US, which did not include very preterm
births.*®

These results are consistent with a recent US study
stemming from a retrospective cohort of more than
40,000 pregnant women, where COVID-19 vaccine
exposure was not associated with increased risk of pre-
term birth or small for gestational age at birth.*® Simi-
larly, a nationwide Scottish study reported that despite
the low prevalence of vaccination among pregnant
women, it was safe and reduced maternal and perinatal
complications associated with COVID-19.4°
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PRE-TERM BIRTH OUTCOME ANALYSIS

Table 5 (Continued)

14

n=513
n %
Maternal age at first dose (years
<25 2 0.4 %
25-29 53 103 %
30-34 219 42.7 %
35-39 170 33.1 %
>40 31 6.0 %
Missing 38 74
Swiss linguistic area
German 334 65.1 %
French 172 335 %
Italian 7 14 %
Maternal medical condition 107 20.9 %
Pulmonary comorbidities 10 19 %
Cardiac comorbidities 20 39 %
Hypertension 7 14 %
Pregestational diabetes 4 0.8 %
Obesity (BMI >30kg/m2) 28 55 %
Immunosuppression 3 0.6 %
Auto-immune diseases 7 14 %
Hematologic comorbidities 3 0.6 %
Neurological comorbidities 1 0.2 %
Digestive comorbidities 3 06 %
Renal comorbidities 4 0.8 %
Urological comorbidities 1 0.2 %
Oncological comorbidities 1 0.2 %
Thyroid dysfunction 33 6.4 %
Psychiatric disorders 6 1.2 %
Other 9 18 %
Pregnancy
Nulliparous 215 419 %
Twin pregnancy 5 1.0 %
Previous caesarean section 74 144 %
EXPOSURE
Type of vaccine
Pfizer/BioNTech - BNT162b2 144 28.1 %
Moderna - mRNA-1273 369 719 %
1st dose of vaccine
Trimester of injection
Peri-conception (7 days before LMP to 13 days 0 -
after LMP)
T1 - 14 days after LMP and <12 wks 2 04 %
T2 ->12 and <28 wks 303 59.1 %
T3 - >28 wks 208 40.6 %
Place of vaccination
Vaccination centre / Health authority 171 333 %
Gynaecologist / Midwife consultation (PRI- 1 0.2
VATE PRACTICE)
1 21 %

www.thelancet.com Vol 18 Month July, 2022
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PRE-TERM BIRTH OUTCOME ANALYSIS

n=513
n %
Gynaecologist / Midwife consultation
(HOSPITAL)
GP (General practitioner) 5 1.0 %
Occupational health service (at work) 8 1.6 %
Pharmacist 8 16 %
Unknown 4 0.8 %
Missing 305 59.5 %
Injection site
Leftarm 165 322 %
Right arm 32 6.2 %
Missing 316 61.6 %
Antipyretic intake around injection
Yes 22 43 %
No 174 339 %
Unknown 7 14 %
Missing 310 60.4 %
2nd dose of vaccine
- During pregnancy 456 88.9 %
Trimester of injection
Peri-conception (7 days before LMP to 13 days 0 -
after LMP)
T1 - 14 days after LMP and <12 wks 0 -
T2->12 and <28 wks 174 339 %
T3 - >28 wks 282 55.0 %
Place of vaccination
Vaccination centre / Health authority 154 30.0 %
Gynaecologist / Midwife consultation (PRI- 1 0.2 %
VATE PRACTICE)
Gynaecologist / Midwife consultation 8 1.6 %
(HOSPITAL)
GP (General practitioner) 4 0.8 %
Occupational health service (at work) 6 12 %
Pharmacist 7 14 %
Unknown 3 0.6 %
Missing 273 53.2 %
Injection site
Leftarm 141 275 %
Right arm 30 58 %
Missing 285 55.6 %
Antipyretic intake around injection
Yes 31 6.0 %
No 140 273 %
Unknown 6 12 %
Missing 279 54.4 %

T1-3: trimester 1-3.
LMP: last menstrual period.
wks: weeks of gestation.

Table 5: Patient baseline characteristics for preg
pregnancy after 24 wks (population 2c).

exposed to mRNA COVID-19 vaccine before 37 wks and ending their

www.thelancet.com Vol 18 Month July, 2022
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PRE-TERM BIRTH ANALYSIS n %
95% CI

Pregnant women 513

Twin pregnancies 5

Number of foetuses 518

DELIVERY
Vaginal delivery 354 69.0 % 64.8 - 73.0
Spontaneous 291 56.7 % 523 - 61.1
Assisted (forceps, vacuum) 59 1.5 % 89 - 14.6
Unknown 4 0.8 % 0.2 - 20
Caesarean section 154 30.0 % 26.1 - 34.2
Unknown 5 1.0 % 03 - 23

PRE-TERM BIRTH ( g preg )
Preterm <37 wks 33 6.4 % 45 - 89
latrogenic preterm birth 19 37 % 22 - 5.7
Spontaneous preterm birth 12 23 % 12 - 4.1
Unknown 2 04 % 0.0 - 14

PREGNANCY OUTCOMES
Stillbirth (Fetal demise > 20 wks) 0 -
Livebirth 518 100 %
GA at delivery (in wks) - median (IQR) 39 wks (38-40)

NEONATAL OUTCOMES (among livebirth infants)
- Small for gestational age* 21 4.1 % 25 - 6.1
- NICU admission (any cause)** 25 48 % 31 - 7.0
NICU admission for prematurity 13 25 % 13 - 43
NICU admission for respiratory distress 6 12 % 0.4 - 25
NICU admission for sepsis 1 0.2 % 0.0 - 1.1
NICU admission for other cause 6 12 % 0.4 - 25
- Neonatal death 0 -

Table 6: Pregnancy and neonatal outcomes among pregnant women exposed to COVID-19 mRNA vaccine before 37 wks and ending their
pregnancy after 24 wks (population 2c).
* <roth percentile for gestational age according to INTERGROWTH 21.GA: gestational age.wks: weeks of gestation.NICU: neonatal Intensive Care Unit.
** reason for NICU admission can be multiple.

The prospective design of the study enabled exhaus-
tive and precise collection of adverse events following
vaccination directly from a nation-wide cohort of vaccine
recipients. This study is limited, however, by a relatively
small number of pregnant women at the time of analy-
sis, making it difficult to assess rare events such as seri-
ous adverse events following vaccination or stillbirths,
which would require several thousands of patients.
Most women were exposed during the second and third
trimesters, limiting the assessment of the vaccine
impact on early pregnancy and embryogenesis. This
could explain the very low rate of early spontaneous
abortion. Our study was not designed to specifically tar-
get these early pregnancy outcomes as most of the
enrolled patients were vaccinated after 12 wks according
to national recommendations in Switzerland in 2021.
Thus, the available population to estimate the rate of
early spontaneous abortion may not appropriately repre-
sent the population at risk for spontaneous abortion.
Spontaneous abortion incidence rates are sensitive to
gestational age at enrollment as the risk decreases over

gestation, later enrollees caring a lower risk or no risk of
the outcome. Some selection biases may have lowered
the spontaneous abortion risk estimates as well.
Women may have not known that they were pregnant at
the time of vaccination or had an early pregnancy loss
and did not consult with a gynaecologist. Furthermore,
patients that presented to a gynaecologist for the first
time with a diagnosis of early spontaneous abortion,
may have simply declined to participate in the study
because their psychological state was not conducive to
scientific research. Finally, this study does not provide a
control group of non-vaccinated pregnant women for
comparison, which could have given more strength to
our results and allow for evaluation of association
between exposure and outcomes. This study was also
not designed to test the efficacy of the vaccine during
pregnancy.

The results may not be representative of the general
pregnant population as the COVID-19 mRNA vaccine
was first offered to pregnant patients with comorbidities
three months before being extended to all pregnant

www.thelancet.com Vol 18 Month July, 2022
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PREGNANCY OUTCOME ANALYSIS

Table 7 (Continued)
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n =530
n %
Maternal age at first dose (years)
<25 2 04 %
25-29 53 10.0 %
30-34 224 423 %
35-39 178 336 %
>40 32 6.0 %
Missing 41 77
Swiss linguistic area
German 344 64.9 %
French 179 338 %
Italian 7 13 %
Maternal medical condition 108 204 %
Pulmonary comorbidities 1 2.1 %
Cardiac comorbidities 20 38 %
Hypertension 7 13 %
Pre-gestational diabetes 4 0.8 %
Obesity (BMI >30kg/m2) 28 53 %
Immunosuppression 3 0.6 %
Auto-immune diseases 7 13 %
Hematologic comorbidities 3 0.6 %
Neurological comorbidities 1 0.2 %
Digestive comorbidities 3 06 %
Renal comorbidities 4 0.8 %
Urological comorbidities 1 0.2 %
Oncological comorbidities 1 0.2 %
Thyroid dysfunction 33 6.2 %
Psychiatric disorders 6 1.1 %
Other 9 17 %
Pregnancy
Nulliparous 220 415 %
Twin pregnancy 5 0.9 %
Previous caesarean section 77 145 %
EXPOSURE
Type of vaccine
Pfizer/BioNTech - BNT162b2 150 283 %
Moderna - mRNA-1273 380 717 %
1st dose of vaccine
Trimester of injection
Peri-conception (7 days before LMP to 13 days after LMP) 0 -
T1 - 14 days after LMP and <12 wks 2 04 %
T2->12 and <28 wks 303 57.2 %
T3 ->28 wks 225 425 %
Place of vaccination
Vaccination centre / Health authority 177 334 %
Gynaecologist / Midwife consultation (PRIVATE PRACTICE) 1 0.2
Gynaecologist / Midwife consultation (HOSPITAL) 11 2.1 %
GP (General practitioner) 5 0.9 %
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PREGNANCY OUTCOME ANALYSIS
n=>530
n %
Occupational health service (at work) 8 15 %
Pharmacist 8 1.5 %
Unknown 4 0.8 %
Missing 316 59.6 %
Injection site
Left arm 171 323 %
Right arm 32 6.0 %
Missing 327 61.7 %
Antipyretic intake around injection
Yes 22 42 %
No 180 34.0 %
Unknown 7 13 %
Missing 321 60.6 %
2nd dose of vaccine
- During pregnancy 456 86.0 %
Trimester of injection
Peri-conception (7 days before LMP to 13 days after LMP) 0 -
T1 - 14 days after LMP and <12 wks 0 -
T2->12 and <28 wks 174 328 %
T3 - >28 wks 282 53.2 %
Place of vaccination
Vaccination centre / Health authority 154 29.1 %
Gynaecologist / Midwife consultation (PRIVATE PRACTICE) 1 0.2
Gynaecologist / Midwife consultation (HOSPITAL) 8 15 %
GP (General practitioner) 4 0.8 %
Occupational health service (at work) 6 1.1 %
Pharmacist 7 13 %
Unknown 3 0.6 %
Missing 273 515 %
Injection site
Left arm 153 289 %
Right arm 33 6.2 %
Missing 298 56.2 %
Antipyretic intake around injection
Yes 31 58 %
No 168 31.7 %
Unknown 6 1.1 %
Missing 279 52.6 %
Table 7: Patient baseline characteristics for pregnant women exposed to mRNA COVID-19 vaccine and ending their pregnancy during
pregnancy after 20 wks (population 2d).
T1-3: trimester 1-3.
LMP: last menstrual period.
wks: weeks of gestation.

women in Switzerland. This led to the inclusion of more  associated with increased adverse pregnancy outcomes,
high-risk pregnancies with maternal comorbidities, as  our results may have overestimated the rate of adverse
shown in Table 5. Because maternal comorbidities are ~ outcomes. As they were, however, not increased
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Pregnancy outcomes analysis n % 95% ClI

Pregnant women 530

Twin pregnancies 5

Number of fetuses 535

DELIVERY
Vaginal delivery 367 69.2 % 65.1 - 732
Spontaneous 302 57.0 % 526 - 61.2
Assisted (forceps, vacuum) 61 15 % 8.9 - 145
Unknown 4 0.8 % 0.2 - 19
Caesarean section 158 298 % 259 - 339
Unknown 5 0.9 % 03 - 22

PREGNANCY OUTCOMES
Stillbirth (Fetal demise > 20 wks) 0 -
Pre-viable fetus (> 20 and <24 wks) 0 -
Livebirth 535 100 %
GA at delivery (in wks) - median (IQR) 39 wks (38-40)

NEONATAL OUTCOMES (among livebirth infants)
- Small for gestational age* 21 39 % 24 - 59
- NICU admission (any cause)** 25 47 % 3.0 - 6.8
NICU admission for prematurity 13 24 % 13 - 4.1
NICU admission for respiratory distress 6 1.1 % 0.4 - 24
NICU admission for sepsis 1 0.2 % 0.0 - 1.0
NICU admission for other cause 6 1.1 % 0.4 - 24
- Neonatal death 0 -

Table 8: Pregnancy and neonatal outcomes among preg posed to COVID-19 mRNA vaccine and ending their pregnancy
during pregnancy after 20 wks (population 2d).
* <roth percentile for gestational age according to INTERGROWTH 21.GA: gestational age.wks: weeks of gestation.NICU: neonatal Intensive Care Unit.
**% Reason for NICU admission can be multiple.

compared to the general population, this reinforces the
evidence of safety of the mRNA vaccines observed in
our cohort.

In conclusion, this prospective study has provided
further evidence that mRNA vaccination against SARS-
CoV-2 during pregnancy seems safe in terms of early
adverse events, pregnancy, and neonatal outcomes,
within the limitation of the information provided by a
descriptive non-controlled study design. Exposure to
mRNA vaccine anytime in pregnancy seemed not asso-
ciated with higher adverse pregnancy or neonatal out-
comes as compared to historical data. In addition,
pregnant patients exposed to the vaccine before 37 wks
seemed not at increased risk of preterm birth as
compared to the data on neonatal health from the
Swiss Federal statistical office. Long term outcomes,
however, such as infant developmental outcomes
were not within the available time frame of this
study and would require further studies. Efforts
must be made to continue to monitor the safety and
efficacy of these already marketed mRNA COVID-19
vaccines in larger sample of pregnant women and
appropriate control groups to provide risk estimates.
The focus should be on first trimester exposure, rare
adverse events and long-term outcomes (e.g. infant
developmental outcomes).
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