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Maternal, fetal and neonatal
outcomes among pregnant
women receiving COVID-19
vaccination: The
preg-co-vax study
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Ciro Pentella1,2, Francesco Rossi1,2, Annalisa Capuano1,2‡

and Liberata Sportiello1,2‡

1Campania Regional Centre for Pharmacovigilance and Pharmacoepidemiology, University of
Campania “Luigi Vanvitelli”, Naples, Italy, 2Department of Experimental Medicine, University of
Campania “Luigi Vanvitelli”, Naples, Italy, 3UOC Pharmacy, AORN Santobono-Pausilipon Children’s
Hospital, Naples, Italy
Introduction: Although the European Medicines Agency (EMA) encourage

coronavirus disease 2019 (COVID-19) vaccination in pregnant women, the

scientific evidence supporting the use of COVID-19 vaccines during pregnancy

is still limited.

Aim: We aimed to investigate adverse events following immunization (AEFI)

with COVID-19 vaccines during pregnancy.

Methods:We retrieved Individual Case Safety Reports (ICSRs) related to the use

of COVID-19 vaccines during pregnancy from the EudraVigilance database for

the year 2021. We analyzed AEFI related to the mother and fetus/newborn. The

reporting odds ratio (ROR) was computed to compare the reporting probability

of spontaneous abortion between COVID-19 vaccines.

Results: During the study period, among 1,315,315 ICSRs related to COVID-19

vaccines, we retrieved 3,252 (0.25%) reports related to the use in pregnancy.

More than half (58.24%) of ICSRs were submitted by non-healthcare

professionals. Although the majority (87.82%) of ICSRs concerned serious

AEFI, their outcomes were mostly favorable. In this study, 85.0% of total

ICSRs referred to pregnant women (n = 2,764), while 7.9% referred to

fetuses/newborns (n = 258). We identified 16,569 AEFI. Moreover, 55.16%

were AEFI not related to pregnancy (mostly headache, pyrexia, and fatigue),

while 17.92% were pregnancy-, newborn-, or fetus-related AEFI. Among

pregnancy-related AEFI, the most reported was spontaneous abortion.

Messenger RNA (mRNA) vaccines had a lower reporting probability of

spontaneous abortion than viral vector-based vaccines (ROR 0.80, 95% CI

0.69–0.93). Moderna and Oxford-AstraZeneca vaccines had a higher reporting
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2022.965171/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.965171/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.965171/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.965171/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.965171/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2022.965171&domain=pdf&date_stamp=2022-10-03
mailto:federica.fraenza@unicampania.it
https://doi.org/10.3389/fimmu.2022.965171
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2022.965171
https://www.frontiersin.org/journals/immunology


Mascolo et al. 10.3389/fimmu.2022.965171

Frontiers in Immunology
probability of spontaneous abortion (ROR 1.2, 95% CI 1.05–1.38 and ROR 1.26,

95% CI 1.08–1.47, respectively), while a lower reporting probability was found

for Pfizer-BioNTech vaccine compared with all other COVID-19 vaccines (ROR

0.73, 95% CI 0.64–0.84). In addition, 5.8% of ICSRs reported a fatal outcome.

Conclusions: No strong insight of unknown AEFI associated with COVID-19

vaccination in pregnant women was observed. Considering the high risk

associated with severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection, our analysis suggests that the benefits of COVID-19

vaccines during pregnancy outweigh the possible risks. However, it is

important to continue monitoring the safety profile of COVID-19 vaccines in

this subpopulation.
KEYWORDS

pregnant women, COVID-19 vaccines, maternal exposure during pregnancy, adverse
events following immunization, pharmacovigilance, database
Introduction

The rapid emergence and human-to-human transmission of

the severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) resulted in the global pandemic of coronavirus disease

2019 (COVID-19) associated with considerable morbidity and

mortality. This led to the need of using innovative techniques to

rapidly develop new vaccines to prevent COVID-19. To date, the

European Medicines Agency (EMA) approved five COVID-19

vaccines, of which two are messenger RNA (mRNA) vaccines

(Pfizer-BioNTech and Moderna), two are viral vector-based

vaccines (Oxford-AstraZeneca and Janssen), and one is a

protein subunit vaccine (Novavax) (1). None of the COVID-

19 vaccines approved under the conditional marketing

authorization was tested in pregnant women during the initial

trials (2). This “knowledge gap” is typical of pre-marketing

clinical trials, which do not involve pregnant women.

Consequently, as for any other drug, pregnancy-related data

on the use of these vaccines can be obtained only after

marketing approval.

With regard to their safety profile, the observational study

conducted by Shimabukuro et al. (3), using preliminary data

from the “v-safe after vaccination health checker” surveillance

system, the v-safe pregnancy registry, and the Vaccine Adverse

Event Reporting System (VAERS), did not show any safety

signals among pregnant women who received mRNA COVID-

19 vaccination. Other observational data from pregnant women

vaccinated with mRNA COVID-19 vaccines during the second

and third trimester did not show an increase in adverse

pregnancy outcomes (4, 5). Instead, data on pregnancy

outcomes following mRNA COVID-19 vaccination during the
02
first trimester are insufficient, and no correlation with the risk of

miscarriage emerged. Limited data are available on the safety of

viral vector-based COVID-19 vaccines during pregnancy,

though adenovirus vector-based vaccines have been tested in

pregnant animal models without safety concerns (6, 7). Based on

these data, the EMA considered the mRNA COVID-19

vaccination during pregnancy to be safe, while viral vector

COVID-19 vaccines are to be used only after a close

consultation with a healthcare professional (HCP) for

weighing benefits and risks. Among safety issues, spontaneous

abortion is a priority safety outcome in studies of maternal

exposure to vaccines (8), and women are alarmed for this risk as

much to hesitate to get vaccinated during pregnancy (9).

Although the EMA supports and encourages mRNA

COVID-19 vaccination in this population, the scientific

evidence is still limited, and further studies are needed to

monitor the safety profile of COVID-19 vaccines in pregnant

women. In light of this, by using one of the largest

pharmacovigilance databases, i.e., EudraVigilance (EV), we

carried out an analysis of Individual Case Safety Reports

(ICSRs) of adverse events following immunization (AEFI) with

COVID-19 vaccines during pregnancy, providing important

insights on their safety profile.
Methods

Data source

The EV is the European database designed for collecting

ICSRs of suspected adverse drug reactions (ADRs) and AEFI,
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developed and maintained by the EMA since December 2001.

These reports are used for evaluating the benefits and risks of

medicines and vaccines during their development and for

monitoring their safety after authorization. In 2012, EMA

launched a website (http://www.adrreports.eu/en/index.html)

to provide public access to ICSRs, submitted electronically to

EV. In this way, all stakeholders involved in pharmacovigilance,

including the general public, can access aggregated safety

information used by European regulatory authorities. From

the website, ICSRs are retrieved for a single drug or vaccine

and reported in a unique Excel file. ICSRs contain the following

information: patient sex [female, male, not specified], two age

groups for patient [1 group: 0–1 month, 2 months–2 years, 3–11

years, 12–17 years, 18–64 years, 65–85 years, more than 85 years;

2 group (as reporter): fetus, neonate, infant, child, adolescent,

adult, elderly, not specified], primary source qualification (HCP,

non-HCP), geographic origin [European Economic Area (EEA),

non-EEA], adverse reaction list, suspect/interacting and

concomitant drug list, outcome (recovered/resolved,

recovering/resolving, not recovered/not resolved, fatal,

recovered/resolved with sequelae, unknown), and seriousness

(results in death, life threatening, congenital anomaly, disabling,

caused/prolonged hospitalization, other medically important

condition). The seriousness criterion “Other Medically

Important Condition” includes any AEFI not covered by other

criteria and considered by a reporter as serious or any AEFI

contained in the Important Medical Event list of the EMA. This

list aims to facilitate the classification of AEFI/ADRs for

pharmacovigilance activities in the EU (10). Signs and

symptoms of AEFI/ADR in ICSRs are coded according to the

preferred terms (PTs) of Medical Dictionary for Regulatory

Activities (MedDRA), the internationally standardized medical

terminology. MedDRA is a hierarchical system starting with a

very general level (the system organ classes) and ending with the

more detailed level (PTs), which is in turn divided into the most

specific level, namely, low-level term (LLT) (11). Other

MedDRA details are described elsewhere (12–14). An ICSR

can report one or more MedDRA PTs related to one or

more drugs/vaccines.
Data retrieval

On 27 January 2022, we searched the EV website (www.

adrreport.eu) for all ICSRs related to the four COVID-19

vaccines [Pfizer-BioNTech, Moderna, Oxford-AstraZeneca,

and Janssen] by using the line-listing function for the period

from 1 January 2021 to 31 December 2021. The Novavax vaccine

was not considered because it was authorized later (20 December

2021). To identify pregnancy-related ICSRs (also defined as

cases), we performed an approach based on three steps. Firstly,

we obtained the preliminary dataset by conducting an

automated selection using a text string search for the term
Frontiers in Immunology 03
“pregnancy” in the column related to the PT list and the term

“transplacental” in the column related to the route of vaccine

administration. We also retrieved ICSRs with women exposed to

COVID-19 vaccines during pregnancy when the AEFI being

reported (or the focus of the report) was in the born

neonate/infant or was reported fetus, neonate, or infant as age

group. Secondly, from this group of ICSRs, we extracted the

intermediate dataset including ICSRs with a plausible temporal

correlation between exposure to COVID-19 vaccines and the

pregnancy status. To achieve this aim, we selected as extraction

criteria any of the following PTs: “Drug exposure during

pregnancy,” “Drug exposure in pregnancy,” “Exposure during

pregnancy,” “Fetal exposure during pregnancy,” “Maternal

exposure during pregnancy,” and “Maternal exposure timing

unspecified.” Thirdly, to get the final dataset, we excluded ICSRs

with PTs referred to extraction criteria and without AEFI, the

uncertain information on the vaccine exposure during

pregnancy, and sex or age implausible/incoherent or unknown

(e.g., male adult, women with age >65 years). ICSRs were

classified according to the suspected COVID-19 vaccines, and

cases reporting two different COVID-19 vaccine products were

grouped as “mix vaccination.”
Data analyses

After the selection of ICSRs, we analyzed them for each

COVID-19 vaccine (Pfizer-BioNTech, Moderna, Oxford-

AstraZeneca, and Janssen). ICSRs were categorized for gender,

age, primary source qualification, primary source country for

regulatory purposes, number of suspected or concomitant drugs,

seriousness, and outcome. In each category, we indicated “not

specified” if the information was not provided. Moreover, we

categorized for each COVID-19 vaccine the AEFI according to

the Standardized MedDRA Queries (SMQs): 1) “Congenital,

familial, and genetic disorders”; 2) “Pregnancy, labor, and

delivery complications and risk factors (excluding abortions

and stillbirth)”; 3) “Neonatal disorders”; 4) “Termination of

pregnancy and risk of abortion”; and 5) “Fetal disorders”; all

members of the SMQ “Pregnancy and neonatal topics.” All PTs

not reported in these SMQs were classified in the following: 6)

“Maternal other AEFI” if they occurred in pregnant women and

7) “Fetal other AEFI” and 8) “Neonatal other AEFI” if they

occurred in fetus or born neonate/infant, respectively. All other

PTs not included in the aforementioned groups and not

indicative of AEFI were reported as 9) “PT not indicating

AEFI.” All maternal and fetal/neonatal AEFI classified in these

nine groups were tabled for each COVID-19 vaccine. The five

most reported PTs for each event group were estimated on the

total number of PTs and then distributed for each COVID-

19 vaccine.

Fatal ICSRs associated with COVID-19 vaccines, except for

abortion, were evaluated by pointing out the most clinically
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relevant events. Moreover, ICSRs with an AEFI related to death

but without the outcome or seriousness reported as “fatal/results

in death” were reclassified as fatal. All data analyses were

performed using Excel (Microsoft Excel, Excel version 2021)

and the statistical software R Studio (version 3.2.2, R

Development Core Team).
Disproportionality analyses

Among the five most frequently reported PTs for each

pregnancy-related Event Group (except “Maternal other

AEFI”), only if a PT was reported for all COVID-19 vaccines

and in a number of cases ≥3, we also performed a

disproportionality analysis to assess the reporting frequency of

that PT for mRNA vaccines vs. viral vector-based vaccines, each

COVID-19 vaccine compared to all other COVID-19 vaccines,

and Moderna vs. Pfizer-BioNTech. Therefore, the reporting odds

ratio (ROR), its 95% confidence interval (95% CI), and the chi-

square test were computed. The ROR was calculated as (a/c)/(b/

d): “a” is the number of a specific PT notified with the selected

vaccine/grouped vaccines, “c” the number of a specific PT

notified with the comparator, “b” the number of extra-specific

PTs notified with the selected vaccine/grouped vaccines, and “d”

the number of extra-specific PTs notified with comparator. The P

value <0.05 was used for statistical significance.
Compliance with ethical standards

Safety data deriving from the spontaneous reporting system

are anonymous and follow ethical standards; therefore, no

further ethical measure was required.
Frontiers in Immunology 04
Results

In the study period, 1,315,315 ICSRs related to the four

COVID-19 vaccines were retrieved from EV: 659,656 for Pfizer-

BioNTech, 186,486 for Moderna, 426,864 for Oxford-

AstraZeneca, and 42,309 for Janssen vaccine. As shown in the

flowchart (Figure 1), our preliminary dataset contained 3,886

ICSRs (1,711 for Pfizer-BioNTech, 1,228 for Moderna, 868 for

Oxford-AstraZeneca, and 79 for Janssen vaccine). A total of

3,343 out of 3,886 cases fulfilled the data extraction criteria

(1,659 for Pfizer-BioNTech, 1,014 for Moderna, 621 for Oxford-

AstraZeneca, and 49 for Janssen vaccine). From this

intermediate dataset, we excluded 91 ICSRs for the following

reasons: male sex, not specified or incoherent age, and cases

without clinically manifested AEFI.

Overall, 3,252 cases were included, of which 1,645 (50.6%)

referred to Pfizer-BioNTech vaccine, 967 (29.7%) to Moderna

vaccine, 573 (17.6%) to Oxford-AstraZeneca vaccine, 46 (1.4%)

to Janssen vaccine, and 21 (0.6%) to mix vaccination (12 for the

combination Oxford-AstraZeneca/Pfizer-BioNTech, five for

the combination Moderna/Pfizer-BioNTech, and four for the

combination Moderna/Oxford-AstraZeneca). Most cases were

related to events that occurred in pregnant women (n = 2,764;

85.0%) than those that occurred in child age groups (n = 258;

7.9%). As expected, 83.76% (n = 2,724) of pregnant women

were aged 18–64 years; only 11 (0.34%) cases involved

adolescent pregnant women aged 12–17 years. The mean

number of events per ICSR was 3.1. Regarding distribution

by seriousness, 87.82% (n = 2,856) of ICSRs reported AEFI that

were considered serious, while 12.18% (n = 396) reported AEFI

that were classified as not serious. Similar distributions were

observed for each COVID-19 vaccine.
FIGURE 1

Flowchart of the selection process of ICSRs from the EudraVigilance database. AEFI, adverse event following immunization; EV, Eudravigilance.
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The main primary source was non-HCP for ICSRs with

Pfizer-BioNTech (1,162; 70.64%), Oxford-AstraZeneca (291;

50.79%), Janssen (25; 54.35%) vaccines, and mix vaccination

(13; 61.90%), while it was HCP for Moderna (564; 58.32%)

vaccine. The majority of all ICSRs (2,275; 69.96%) were from

the non-EEA, while the remaining were from the EEA. In

almost all ICSRs (97.66%), the vaccine was the only suspect

reported. In slightly more than half of cases (n = 1,686; 51.85%),

concomitant drugs were not reported and, if present, there was

mostly one concomitant drug (n = 913; 28.08%). All

characteristics of ICSRs for type of COVID-19 vaccine are

reported in Table 1.
Frontiers in Immunology 05
Adverse event following immunization
(AEFI) for maternal exposure during
pregnancy to COVID-19 vaccines

All ICSRs (n = 3,252) were associated with 13,659 PTs, of

which 6,429 were for Pfizer-BioNTech, 4,165 for Moderna, 2,691

for Oxford-AstraZeneca, 253 for Janssen vaccine, and 121 for

mix vaccination (Table 2). A total of 7,534 (55.16%) involved

non-pregnancy-specific adverse events (Event Group “Maternal

other AEFI”), while 2,448 (17.92%) involved pregnancy-,

neonatal-, or fetal-specific adverse events (all other Event

Groups except for “PTs not of interest”).
TABLE 1 Distribution for age group, seriousness, primary source, primary source country for regulatory purposes, presence of other suspected or
concomitant drugs among Individual Case Safety Reports (ICSRs) related to the maternal exposure during pregnancy to COVID-19 vaccines
reported in EudraVigilance from 1 January 2021 to 31 December 2021.

Characteristics Level mRNA vaccines Viral vector-based vaccines Mix vaccination*
(n=21)

Total
(n=3,252)

Pfizer
(n=1,645)

Moderna
(n=967)

AstraZeneca
(n=573)

Janssen
(n=46)

Number of events
per ICSR

Mean 2.8 3.2 3.5 3.9 3.9 3.1

Mother Age Group 12-17 years 7 (0.43) 2 (0.21) 2 (0.35) 0 (0.00) 0 (0.00) 11 (0.34)

18-64 years 1,273 (77.39) 884 (91.42) 512 (89.35) 37 (80.43) 18 (85.71) 2,724 (83.76)

Adult age Not Specified 20 (1.22) 2 (0.21) 7 (1.22) 0 (0.00) 0 (0.00) 29 (0.89)

Child Age Group Fetus 158 (9.60) 4 (0.41) 1 (0.17) 0 (0.00) 0 (0.00) 163 (5.01)

Neonate (0 – 1m) 22 (1.34) 7 (0.72) 4 (0.70) 1 (2.17) 2 (9.52) 36 (1.11)

Infant (2m – 2y) 10 (0.61) 10 (1.03) 2 (0.35) 1 (2.17) 0 (0.00) 23 (0.71)

Neonatal age Not
Specified

27 (1.64) 4 (0.41) 5 (0.87) 0 (0.00) 0 (0.00) 36 (1.11)

Not Specified Age
Group

Not specified 128 (7.78) 54 (5.58) 40 (6.98) 7 (15.22) 1 (4.76) 230 (7.07)

Seriousness of ICSR Serious (%) 1,443 (87.72) 874 (90.38) 477 (83.25) 43 (93.48) 19 (90.48) 2,856 (87.82)

Not serious (%) 202 (12.28) 93 (9.62) 96 (16.75) 3 (6.52) 2 (9.52) 396 (12.18)

Primary Source Healthcare Professional
(%)

483 (29.36) 564 (58.32) 282 (49.21) 21 (45.65) 8 (38.10) 1,358 (41.76)

Non-Healthcare
Professional (%)

1,162 (70.64) 403 (41.68) 291 (50.79) 25 (54.35) 13 (61.90) 1,894 (58.24)

Primary Source
Country for
Regulatory
Purposes

European Economic Area
(%)

692 (42.07) 176 (18.20) 93 (16.23) 13 (28.26) 3 (14.29) 977 (30.04)

Non-European Economic
Area (%)

953 (57.93) 791 (81.80) 480 (83.77) 33 (71.74) 18 (85.71) 2,275 (69.96)

Other suspected
drug(s)

0 (%)
1 (%)
2 (%)
3 (%)
≥4 (%)

1,620 (98.48)
21 (1.28)
3 (0.18)
1 (0.06)
0 (0.00)

957 (98.97)
10 (1.03)
0 (0.00)
0 (0.00)
0 (0.00)

551 (96.16)
20 (3.49)
1 (0.17)
1 (0.17)
0 (0.00)

45 (97.83)
1 (2.17)
0 (0.00)
0 (0.00)
0 (0.00)

3 (14.29)
18 (85.71)
0 (0.00)
0 (0.00)
0 (0.00)

3,176 (97.66)
70 (2.15)
4 (0.12)
2 (0.06)
0 (0.00)

Concomitant drug
(s)

0 (%)
1 (%)
2 (%)
3 (%)
≥4 (%)

946 (57.51)
432 (26.26)
135 (8.21)
62 (3.77)
70 (4.25)

454 (46.95)
272 (28.13)
115 (11.89)
53 (5.48)
73 (7.55)

249 (43.46)
192 (33.51)
67 (11.69)
24 (4.19)
41 (7.15)

31 (67.39)
9 (19.57)
0 (0.00)
3 (6.52)
3 (6.52)

6 (28.57)
8 (38.10)
3 (14.29)
0 (0.00)
4 (19.05)

1,686 (51.85)
913 (28.08)
320 (9.84)
142 (4.37)
191 (5.87)
* Mix vaccination was represented by the following combinations: Oxford-AstraZeneca/Pfizer-BioNTech, Moderna/Pfizer-BioNTech, and Moderna/Oxford-AstraZeneca.
ICSRs, Individual Case Safety Reports; mRNA, messenger RNA.
Data are expressed as n (%).
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TABLE 2 AEFI related to maternal exposure during pregnancy to COVID-19 vaccines distributed by Event Groups and Preferred Terms
§
.

Event Groups mRNA vaccines Viral vector-based vaccines Mix vaccination*
(n=121)

Total
(n=13,659)

Pfizer
(n=6,429)

Moderna
(n=4,165)

AstraZeneca
(n=2,691)

Janssen
(n=253)

Maternal other AEFI
Headache
Pyrexia
Fatigue
Myalgia
Pain in extremity

3,389 (52.71)
211 (3.28)
126 (1.96)
173 (2.69)
98 (1.52)
110 (1.71)

2,287 (54.91)
122 (2.93)
133 (3.19)
136 (3.27)
71 (1.70)
93 (2.23)

1,660 (61.69)
139 (5.17)
145 (5.39)
79 (2.94)
91 (3.38)
31 (1.15)

139 (54.94)
4 (1.58)
8 (3.16)
6 (2.37)
2 (0.79)
2 (0.79)

59 (48.86)
4 (3.31)
2 (1.65)
8 (6.61)
2 (1.65)
6 (4.96)

7,534 (55.16)
480 (3.51)
414 (3.03)
402 (2.94)
264 (1.93)
242 (1.77)

Termination of pregnancy and risk
of abortion
Abortion spontaneous
Fetal death
Abortion missed
Stillbirth
Abortion

490 (7.62)

381 (5.93)
41 (0.64)
35 (0.54)
8 (0.12)
5 (0.08)

428 (10.28)

326 (7.83)
45 (1.08)
14 (0.34)
15 (0.36)
5 (0.12)

270 (10.03)

222 (8.25)
2 (0.07)
5 (0.19)
4 (0.15)
17 (0.63)

20 (7.91)

19 (7.51)
-
-

1 (0.40)
-

6 (4.96)

4 (3.31)
1 (0.83)
1 (0.83)

-
-

1,214 (8.89)

952 (6.97)
89 (0.65)
55 (0.40)
28 (0.20)
27 (0.20)

Pregnancy, labor, and delivery
complications and risk factors
(excluding abortions and stillbirth)
Hemorrhage in pregnancy
Uterine contractions during pregnancy
Premature labor
Premature delivery
Preeclampsia

255 (3.97)

35 (0.54)
44 (0.68)
24 (0.37)
11 (0.17)
6 (0.09)

249 (5.98)

31 (0.74)
13 (0.31)
26 (0.62)
23 (0.55)
16 (0.38)

52 (1.93)

2 (0.07)
1 (0.04)
5 (0.19)
3 (0.11)
5 (0.19)

12 (4.74)

-
-

1 (0.40)
2 (0.79)
1 (0.40)

7 (5.79)

1 (0.83)
-
-

2 (1.65)
-

575 (4.21)
69 (0.51)
58 (0.42)
56 (0.41)
41 (0.30)
28 (0.20)

Fetal disorders
Fetal growth restriction
Fetal hypokinesia
Fetal heart rate abnormal
Tachycardia fetal
Amniorrhea

166 (2.58)
40 (0.62)
32 (0.50)
16 (0.25)
9 (0.14)
4 (0.06)

99 (2.38)
12 (0.29)
16 (0.38)
14 (0.34)
2 (0.05)
6 (0.14)

14 (0.52)
-
-

1 (0.04)
4 (0.15)
1 (0.04)

7 (2.77)
-

3 (1.19)
1 (0.40)

-
-

2 (1.65)
-

1 (0.83)
1 (0.83)

-
-

288 (2.11)
52 (0.38)
52 (0.38)
33 (0.24)
15 (0.11)
11 (0.08)

Congenital, familial, and genetic
disorders
Congenital anomaly
Multiple congenital abnormalities
Ventricular septal defect
Heart disease congenital
Atrial septal defect

103 (1.60)

12 (0.19)
3 (0.05)
3 (0.05)
6 (0.09)
4 (0.06)

36 (0.86)

-
2 (0.05)
2 (0.05)

-
2 (0.05)

14 (0.52)

1 (0.04)
1 (0.04)
1 (0.04)

-
-

1 (0.40)

-
-
-
-
-

2 (1.65)

-
-
-
-
-

156 (1.14)

13 (0.10)
6 (0.04)
6 (0.04)
6 (0.04)
6 (0.04)

Neonatal disorders
Premature baby
Low birth weight baby
Death neonatal
Jaundice neonatal
Hypoglycemia neonatal

97 (1.51)
56 (0.87)
2 (0.03)
4 (0.06)
4 (0.06)
3 (0.05)

32 (0.77)
12 (0.29)
3 (0.07)
2 (0.05)
1 (0.02)
1 (0.02)

11 (0.41)
5 (0.19)
2 (0.07)
1 (0.04)

-
-

-
-
-
-
-
-

-
-
-
-
-
-

140 (1.02)
73 (0.53)
7 (0.05)
7 (0.05)
5 (0.04)
4 (0.03)

Neonatal other AEFI
Cerebrovascular accident
Pyrexia
Cerebral infarction
Death
Anal fistula

43 (0.67)
-

2 (0.03)
2 (0.03)
2 (0.03)
1 (0.02)

8 (0.19)
-
-
-
-
-

3 (0.11)
2 (0.07)

-
-
-
-

2 (0.79)
1 (0.40)

-
-
-
-

6 (4.96)
-
-
-
-
-

62 (0.45)
3 (0.02)
2 (0.01)
2 (0.01)
2 (0.01)
1 (0.01)

Fetal other AEFI
Cerebral ventricle dilatation
Ureteric dilatation
Myocarditis
Pericarditis
Brain hypoxia

13 (0.20)
2 (0.03)
2 (0.03)
1 (0.02)
1 (0.02)
1 (0.02)

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

13 (0.10)
2 (0.01)
2 (0.01)
1 (0.01)
1 (0.01)
1 (0.01)

PTs not indicating AEFI
Maternal exposure during pregnancy
Exposure during pregnancy
Maternal exposure timing unspecified

1,873 (29.13)
1170 (18.20)
239 (3.72)
105 (1.63)

1,026 (24.63)
547 (13.13)
364 (8.74)
2 (0.05)

667 (24.79)
379 (14.08)
158 (5.87)
2 (0.07)

72 (28.46)
9 (3.56)
35 (13.83)

-

39 (32.23)
13 (10.74)
4 (3.31)

-

3,677 (26.92)
2118 (15.51)
800 (5.86)
109 (0.80)

(Continued)
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Regarding non-pregnancy-specific adverse events, headache,

pyrexia, fatigue, myalgia, and pain in extremity were the five

most frequent local and systemic reactions in women exposed to

COVID-19 vaccines during pregnancy; the 75.3% (n = 5,676)

was caused by mRNA vaccines.

Among pregnancy-, neonatal-, or fetal-specific adverse

events, 1,214 PTs (8.89%) belonged to the Event Group

“Termination of pregnancy and risk of abortion,” 575 (4.21%)

to “Pregnancy, labor, and delivery complications and risk factors

(excluding abortions and stillbirth),” 288 (2.11%) to “Fetal

disorders,” 156 (1.14%) to “Congenital, familial, and genetic

disorders,” 140 (1.02%) to “Neonatal disorders,” 62 (0.45%) to

“Neonatal other AEFI,” and 13 (0.10%) to “Fetal other AEFI.”

The five most commonly reported PTs for the Event Group

“Termination of pregnancy and risk of abortion” were as follows:

abortion spontaneous (n = 952; 6.97%), fetal death (n = 89;

0.65%), abortion missed (n = 55; 0.40%), stillbirth (n = 28;

0.20%), and abortion (n = 27; 0.20%). The five most commonly

reported PTs for the Event Group “Pregnancy, labor, and

delivery complications and risk factors (excluding abortions

and stillbirth)” were the following: hemorrhage in pregnancy

(n = 69; 0.51%), uterine contractions during pregnancy (n = 58;

0.42%), premature labor (n = 56; 0.41%), premature delivery (n

= 41; 0.30%), and preeclampsia (n = 28; 0.20%). Among “Fetal

disorders,” the first five PTs were as follows: fetal growth

restriction (n = 52; 0.38%), fetal hypokinesia (n = 52; 0.38%),

fetal heart rate abnormal (n = 33; 0.24%), tachycardia fetal (n =

15; 0.11%), and amniorrhea (n = 11; 0.08%). Details on all PTs

related to each COVID-19 vaccine were listed in Supplementary

Table S1.

Overall, most of the unique ICSR-PT combinations were

classified as serious (9,185; 67.24%). Specifically, the seriousness

criteria were as follows: other medically important conditions

(5,521; 40.42%), caused or prolonged hospitalization (1,734;

12.69%), congenital anomaly (648; 4.74%), life threatening (548;

4.01%), disabling (451; 3.30%), and results in death (283; 2.07%).

In the Janssen vaccine group, no adverse event resulted in death or

was disabling, but the proportion of events related to life

threatening (42.69%) was higher than that of other COVID-19
Frontiers in Immunology 07
vaccines (2.86% for Pfizer-BioNTech, 3.65% for Moderna, 3.64%

for Oxford-AstraZeneca, and 4.96% for mix vaccination). Overall,

the outcome was favorable for most events related to all COVID-

19 vaccines (5,434; 39.78%) as compared with negative outcomes

(2,884; 21.11%). However, a high percentage of unknown

outcomes was reported (45.93% for Pfizer-BioNTech, 25.21%

for Moderna, 43.74% for Oxford-AstraZeneca, 37.55% for

Janssen, and 54.55% for mix vaccination). When outcomes were

specified, most of them were favorable for Pfizer-BioNTech

vaccine (33.3% vs. 20.77%), Moderna vaccine (52.53% vs.

22.26%), Oxford-AstraZeneca vaccine (27.83% vs. 19.44%), and

Janssen vaccine (34.79% vs. 27.67%), while there was a similar

proportion between favorable and unfavorable outcomes for mix

vaccination (23.96% vs. 21.49%). Seriousness and outcome criteria

for each COVID-19 vaccine are presented in Table 3.
Fatal cases

A total of 283/13,659 (2.07%) events were classified as fatal

(according to what was declared by the reporter) corresponding

to 111/3,252 ICSRs. Moreover, 77/3,252 cases were reclassified as

fatal. On a total of 188 fatal cases (5.8%), 17 were clearly

associated with the mother, while 171 were associated with the

fetus/newborn.

In the fatal ICSRs related to pregnant women, thrombotic

events were reported in six cases (including 5 thrombosis with

thrombocytopenia syndrome and 1 thrombosis not specified),

cardiovascular events in four cases (including 1 cardiorespiratory

arrest, 1 cardiac disorder, 1 hemorrhagic stroke, and 1

hypertension), suspected COVID-19 in three cases, respiratory

distress in two cases, hemorrhagic event in one case, and event

not specified in one case.

Among the ICSRs related to fetuses/newborns, 144 fatal cases

occurred in fetal age and 27 in neonatal age. In the fatal cases related

to the fetus, there were 49 fetal deaths not specified or without other

relevant information, followed by 26 congenital malformations [7

congenital anomaly or fetal malformation not specified, 3 multiple

congenital abnormalities, 3 hydrocephalus (1 with spina bifida),
TABLE 2 Continued

Event Groups mRNA vaccines Viral vector-based vaccines Mix vaccination*
(n=121)

Total
(n=13,659)

Pfizer
(n=6,429)

Moderna
(n=4,165)

AstraZeneca
(n=2,691)

Janssen
(n=253)

Fetal exposure during pregnancy
Inappropriate schedule of product
administration

45 (0.70)
83 (1.29)

13 (0.31)
8 (0.19)

40 (1.49)
2 (0.07)

2 (0.79)
1 (0.40)

3 (2.48)
1 (0.83)

103 (0.75)
95 (0.70)
§ The first 5 mostly reported Preferred Terms were listed; the other Preferred Terms are reported in electronic Supplementary Table S1.
* Mix vaccination was represented by the following combinations: Oxford-AstraZeneca/Pfizer-BioNTech, Moderna/Pfizer-BioNTech, and Moderna/Oxford-AstraZeneca.
Data are expressed as n (%).
AEFI, adverse event following immunization; mRNA, messenger RNA; PTs, preferred terms.
Bold values stand for the total number of each single groups.
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2 congenital central nervous system anomalies, 2 cardiac

malformations (1 hypoplastic left heart syndrome and atrial

septal defect and 1 heart disease congenital), 1 limb

malformation, 1 congenital absences of cranial vault, 1

macrocephaly/PTEN gene mutation, 1 neural tube defect, 1

pulmonary malformation, 1 renal aplasia, 1 syndactyly, 1 trisomy

18, and 1 trisomy 21]. In the remaining cases, there were 19

stillbirths without other information, 14 multiple events (8 fetal

growth disturbances and cardiac disorders, 2 fetal hypokinesia and

cardiac disorders, 1 cardiac disorder and hydrops fetalis, 1 fetal

hypokinesia and umbilical cord abnormality, 1 fetal hypokinesia

and cardiovascular disorder, and 1 fetal growth restriction and

amniotic fluid disturbance), 13 fetal growth disturbances, 9 fetal

hypokinesia, 7 cardiac disorders, 3 amniotic fluid and placental

disturbances, 2 infections, 1 hemorrhagic events, and 1

hydrops fetalis.

Neonatal safety reports were characterized by 10 premature

birth conditions (2 also with placental disorder and 2 with

premature separation of placenta), 7 congenital malformations

(2 heart disease congenital, 2 limb malformation, 2 multiple

anomalies, and 1 hydrocephalus), 4 respiratory disorders (1 with

meconium aspiration syndrome), 3 neonatal deaths without

other reported events, 1 sepsis, 1 generalized edema, and 1

complex case in which the neonate presented hydranencephaly,

neonatal necrotizing enterocolitis, neonatal seizure, and perinatal
Frontiers in Immunology 08
stroke. The distribution of fatal ICSRs related to mother, fetus,

and infant by COVID-19 vaccines is reported in Tables 4A–C.
Reporting odds ratio (ROR) for
spontaneous abortion

Among the pregnancy-related Event Groups, spontaneous

abortion was the only PT reported for all COVID-19 vaccines

and in more than three cases. mRNA vaccines had a lower

reporting probability of spontaneous abortion than viral vector-

based vaccines (ROR 0.80, 95% CI 0.69–0.93). In the comparison

with the other COVID-19 vaccines, Moderna and Oxford-

AstraZeneca vaccines had a higher reporting probability of

spontaneous abortion (ROR 1.2, 95% CI 1.05–1.38, P = 0.009;

and ROR 1.26, 95% CI 1.08–1.47, respectively). A lower

reporting probability of spontaneous abortion was found for

Pfizer-BioNTech vaccine compared with the other COVID-19

vaccines (ROR 0.73, 95% CI 0.64–0.84). Finally, no difference

between Janssen vaccine or mix vaccinations compared to all the

other COVID-19 vaccines was observed for spontaneous

abortion (ROR 1.02, 95% CI 0.91–1.14; and ROR 1.12, 95% CI

0.94–1.34, respectively). Among mRNA vaccines, Moderna had

a higher ROR than Pfizer-BioNTech (ROR 1.35, 95% CI 1.16–

1.57) (Figure 2).
TABLE 3 Seriousness and outcome of AEFI related to maternal exposure during pregnancy to COVID-19 vaccines reported in EudraVigilance from
1 January 2021 to 31 December 2021.

Variable Level mRNA vaccines§ Viral vector-based
vaccines§

Mix vaccination*§
(n=121)

Total§
(n=13,659)

Pfizer
(n=6,429)

Moderna
(n=4,165)

AstraZeneca
(n=2,691)

Janssen
(n=253)

Seriousness Caused/Prolonged
Hospitalization (%)

554 (8.62) 758 (18.20) 354 (13.15) 42 (16.60) 26 (21.49) 1,734 (12.69)

Other Medically Important
Condition (%)

3,043 (47.33) 1,310 (31.45) 1,050 (39.02) 68 (26.88) 50 (41.32) 5,521 (40.42)

Life Threatening (%) 184 (2.86) 152 (3.65) 98 (3.64) 108 (42.69) 6 (4.96) 548 (4.01)

Results in Death (%) 203 (3.16) 10 (0.24) 68 (2.53) – 2 (1.65) 283 (2.07)

Disabling (%) 177 (2.75) 98 (2.35) 176 (6.54) – – 451 (3.30)

Congenital Anomaly (%) 170 (2.64) 247 (5.93) 215 (7.99) 3 (1.19) 13 (10.74) 648 (4.74)

Not Serious (%) 2,098 (32.63) 1,590 (38.18) 730 (27.13) 32 (12.65) 24 (19.83) 4,474 (32.75)

Outcome Recovered/Resolved (%) 1,392 (21.65) 1,931 (46.36) 706 (26.24) 79 (31.23) 2 (9.92) 4,120 (30.16)

Recovering/Resolving (%) 749 (11.65) 257 (6.17) 285 (10.59) 9 (3.56) 14 (11.57) 1,314 (9.62)

Not Recovered/Not Resolved
(%)

1,038 (16.15) 898 (21.56) 394 (14.64) 70 (27.67) 19 (15.70) 2,419 (17.71)

Fatal (%) 203 (3.16) 10 (0.24) 68 (2.53) – 2 (1.65) 283 (2.07)

Recovered/Resolved with
Sequelae (%)

94 (1.46) 19 (0.46) 61 (2.27) – 8 (6.61) 182 (1.33)

Unknown (%) 2,953 (45.93) 1,050 (25.21) 1,177 (43.74) 95 (37.55) 66 (54.55) 5,341 (39.10)
*Mix vaccination was represented by the following combinations: Oxford-AstraZeneca/Pfizer-BioNTech, Moderna/Pfizer-BioNTech, and Moderna/Oxford-AstraZeneca.
§ Total number of unique ICSR-PT combinations (superior to the number of ICSRs because an ICSR may be assigned one or more MedDRA PTs).
Data are expressed as n (%).
AEFI, adverse event following immunization; mRNA, messenger RNA.
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Discussion

In this study, we investigated the safety profile of COVID-19

vaccines received by women during pregnancy in terms of

maternal and fetal/neonatal AEFI by analyzing data from the

EV database. Most ICSRs referred to mRNA vaccines probably

because they were associated with a higher use than viral vector-

based vaccines due to the EMA’s recommendation and evidence

indicating the absence of pregnancy complications for expectant

mothers and their babies with these vaccines.

Our study showed a high rate of serious ICSRs (87.82%),

which could be related to several factors, such as the

subpopulation represented by pregnant women, who are

considered as a vulnerable or special population (15).
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However, although most cases were classified as serious, they

were also associated with a favorable outcome. Additionally, it is

interesting to discuss the main source of ICSRs. In fact, 58.24%

of ICSRs were reported by non-HCPs. Generally, HCPs seem to

be more prone to report serious AEFI/ADRs that result in

hospitalization, are life threatening, or result in death (16–19).

The higher involvement of these “lay” reporters reflects the great

interest and concern on the use of these new COVID-19 vaccines

in this special subpopulation.

The vaccine was the only suspect reported in about 97% of

cases. This could highlight the tendency of avoiding

pharmacological treatments, unless strictly necessary, by the

gynecologists and the pregnant women or that the attention at

the time was mainly focused on COVID-19 vaccination. From
TABLE 4 Distribution of fatal cases of pregnant women (a), fetuses (b), and neonates (c) for each COVID-19 vaccine.

The most clinically relevant events
reported in the ICSRs

mRNA vaccines Viral Vector-Based
vaccines

Mix vaccination*
(n=21)

Total
(n=3,252)

Pfizer
(n=1,645)

Moderna
(n=967)

AstraZeneca
(n=573)

Janssen
(n=46)

A

Thrombotic events 1 – 5 – – 6

Cardiovascular events 2 1 1 – – 4

COVID-19 3 – – – – 3

Respiratory events 1 – 1 – – 2

Hemorrhagic events – – – – 1 1

Not specified events – – 1 – – 1

Total 7 1 8 - 1 17

B

Fetal death without other relevant information 21 25 2 – 1 49

Congenital malformations 24 1 1 – – 26

Stillbirths without other relevant information 4 13 1 1 – 19

Multiple events 10 3 1 – – 14

Fetal growth disturbances 11 1 1 – – 13

Fetal hypokinesia 8 1 – – – 9

Cardiac disorders 7 – – – – 7

Amniotic fluid and placental disturbances 3 – – – – 3

Infection 1 – 1 – – 2

Hemorrhagic events 1 – – – – 1

Hydrops fetalis – 1 – – – 1

Total 90 45 7 1 1 144

C

Premature birth conditions 6 3 1 – – 10

Congenital malformations 6 – 1 – – 7

Respiratory disorders 4 – – – – 4

Neonatal death without other relevant information 1 2 – – – 3

Infection 1 – – – – 1

Generalized oedema 1 – – – – 1

Multiple events 1 – – – – 1

Total 20 5 2 - - 27
fr
*Mix vaccination was represented by the following combinations: Oxford-AstraZeneca/Pfizer-BioNTech, Moderna/Pfizer-BioNTech, and Moderna/Oxford-AstraZenecaI.
ICSRs, Individual Case Safety Reports; mRNA, mesenger RNA.
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our results, more cases of AEFI occurred in pregnant women

than in fetuses/newborns. We found that most events were not

related to a pregnancy outcome (55.16%) but were mainly flu-

like symptoms similar to those observed in the general

population exposed to COVID-19 vaccines (20). Accordingly,

Shimabukuro et al. (3) reported that in the United States, more

than 35,691 pregnant women have been vaccinated with mRNA

COVID-19 vaccines and a total of about 29,255 reports were

received concerning local and systemic reactions. Additionally, a

recent study found a lower rate of significant health events in

pregnant women than non-pregnant individuals after COVID-

19 vaccination (21).

Spontaneous abortion was the most reported AEFI (7%) in

line with other published findings (22, 23). In fact, abortion was

the most common reported AEFI also in other large

pharmacovigilance databases, such as VAERS (3). This high

reporting is similar to what was observed during the influenza A

(H1N1) pandemic after the introduction of the related influenza

vaccine in pregnant women (3, 24). Therefore, the high

reporting of abortion may be driven by the media attention

generated by the rapid development and introduction of

COVID-19 vaccines that alarmed the scientific community

and the general public. Generally, early pregnancy loss can

have several causes; in particular, fetal chromosomal

abnormalities seem to recover 50% of cases. Among other

reasons, advanced maternal age and previous early pregnancy

loss are common risk factors (23, 25). Other risk factors are

alcohol and narcotic abuse or the presence of chronic diseases

that can precipitate spontaneous abortion, such as diabetes,

celiac disease, or autoimmune diseases (25). Unfortunately, we

could not assess cases for the presence of risk factors due to the

limited information available. Based on our pharmacovigilance

dataset, we have performed a disproportionality analysis to

compare the reporting probability of spontaneous abortion

among COVID-19 vaccines. We found that Moderna and

Oxford-AstraZeneca vaccines had about 20% higher reporting

probability of spontaneous abortion than all other COVID-19

vaccines, while Pfizer-BioNTech vaccine had 27% lower

reporting probability than all other COVID-19 vaccines.
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Accordingly, we found similar results for the direct

comparison between grouped vaccine classes and within the

vaccine class of mRNA vaccines. Previously, a case-control study

on data from Norwegian registries on first-trimester pregnancies

and COVID-19 vaccination evaluated the odds ratio of

miscarriage before 14 weeks of gestation compared to

unvaccinated pregnant women. The adjusted odds ratios were

0.91 (95% CI 0.75–1.10) for vaccination in the previous 3 weeks

and 0.81 (0.69–0.95) for vaccination in the previous 5 weeks

(26). A retrospective study analyzed data from the Centers for

Disease Control and Prevention (CDC) v-safe mRNA COVID-

19 vaccine pregnancy registry to determine the cumulative risk

of spontaneous abortion from 6 to less than 20 weeks of

gestation. This study found among 2,022 participants with

ongoing pregnancies, a total of 165 spontaneous abortion (27).

Moreover, the cumulative risk of spontaneous abortion was

14.1% (95% CI 12.1–16.1) in the primary analysis and it was

in line with the expected risk range of two historical cohorts (27–

29). A case–control surveillance study of mRNA COVID-19

vaccination during pregnancy and spontaneous abortion

assessed the odds ratio of receiving the vaccine in the 28 days

prior to spontaneous abortion compared with that in the 28 days

prior to index dates for ongoing pregnancies. This study did not

find increased odds of exposure to a COVID-19 vaccine in the

prior 28 days compared with ongoing pregnancy (adjusted odds

ratio 1.02; 95% CI 0.96–1.08) (30). All of these studies focused on

the evaluation of mRNA COVID-19 vaccines probably because

they were mostly used in this subpopulation, also in accordance

with regulatory recommendation (31). Our results also showed

that most cases of spontaneous abortion (74.2%) reported an

mRNA COVID-19 vaccine. This highlights the paucity of data

on viral vector COVID-19 vaccines and that further information

is needed to complete the evaluation of pregnancy outcomes and

to allow definitive recommendations from regulatory agencies.

Among congenital-, neonatal-, or fetal-specific adverse

events, our findings did not indicate any safety concern among

COVID-19 vaccines. This result is comfortable also because to

date the regulatory agencies [e.g., EMA, US Food and Drug

Administration (FDA)] did not detect from observational
FIGURE 2

ROR of spontaneous abortion for the comparisons between COVID-19 vaccines. ROR, reporting odds ratio; CI, confidence interval; mRNA,
messenger RNA. *Mix vaccination was represented by the following combinations: Oxford-AstraZeneca/Pfizer-BioNTech, Moderna/Pfizer-
BioNTech, and Moderna/Oxford-AstraZeneca.
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studies and pharmacovigilance databases any signal of alarm

related to maternal exposure during pregnancy to COVID-19

vaccination both in mother and in unborn/newborn.

In our study, we found low reporting rates of congenital

abnormalities (1.14%) and stillbirth (0.20%). Accordingly, a

cohort study found that pregnancy and neonatal outcomes in

pregnant women who have received at least one dose of COVID-

19 vaccine were similar to a propensity score-matched cohort of

pregnant women who did not receive the vaccine. A total of 133

women had similar rates of adverse pregnancy outcomes, of which

stillbirth (0.0% vs. 0.3%) and fetal abnormalities (2.2% vs. 2.7%)

(32). Continuous monitoring is needed to further assess these

outcomes associated with maternal exposure to COVID-19

vaccines. Meanwhile, our results can be added to the available

evidence to facilitate informed decision-making about vaccination

in pregnant women. Moreover, considering the risks associated

with the onset of COVID-19 for the mother or fetus, COVID-19

vaccination is relevant and warranted in this subpopulation.

In our study, 5.8% of ICSRs reported a fatal outcome, of

which 0.5% was related to the mother, lower than that observed

in pregnant women with COVID-19 (1.6%) (33). Regardless of

COVID-19, using as data source the National Center for Health

Statistics and the CDC’s WONDER database, Howard et al. (34)

found that 9,532 pregnant women died from 2015 to 2019. The

pregnancy-related mortality rate was 27.5 per 100,000 live births

in 2019 (34). According to the Pregnancy Mortality Surveillance

System (PMSS)-CDC, the number of reported pregnancy-

related deaths (defined as the death of a woman while

pregnant) in the United States was 17.3 deaths per 100,000

live births (in 2017), and the main causes were other

cardiovascular conditions (15.5%), infection or sepsis (12.7%),

cardiomyopathy (11.5%), hemorrhage (10.7%), thrombotic

pulmonary or other embolism (9.6%), cerebrovascular

accidents (8.2%), hypertensive disorders of pregnancy (6.6%),

amniotic fluid embolism (5.5%), anesthesia complications

(0.4%), other non-cardiovascular medical conditions (12.5%),

and unknown cause (6.7%) (35). Despite rarity, thrombotic

events after viral vector-based COVID-19 vaccines have

initially alarmed the scientific and general community. We

identified six cases of thrombotic events, of which five were

related to Oxford-AstraZeneca and one to Pfizer-BioNTech. No

case was observed for Moderna and Janssen vaccines. Instead, in

the United States, cases have been previously reported with the

Janssen vaccine, leading the FDA to release a safety warning on

this potential risk (36).

Although a pharmacovigilance study cannot detect the exact

causes of death (if not openly declared) because of its data source

and applied methodology, the most clinically relevant events

related to maternal deaths and reported in our ICSRs were in

line with these data.

Although the percentage of fatal outcomes in fetal age was

high (4.4%), these cases were very heterogeneous and a relevant

part of them (49/171 = 28.6%) was characterized by fetal death
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without other information. Therefore, it is not possible to well

define if the codifying “fetal death” represented an early

pregnancy loss (abortion) or an advanced one for the reporter.

Additionally, the fetal and neonatal congenital malformations

represented a relevant part in these fatal cases (33/171 = 19.3%).

According to the estimates of the European network of

population-based registries for the epidemiological surveillance

of congenital anomalies (EUROCAT), congenital anomalies are

a leading cause of fetal death, infant mortality, and morbidity in

childhood worldwide (37). The EUROCAT reported that each

year in the European Union, approximately 125,000 fetuses and

infants of 5.0 million births (2.5%) have a congenital anomaly

(37). Another study reported that the incidence of congenital

malformations among 5,739 products of conception (weighing

over 500 g) was 7.5%; the rate was 7.0% among infants born alive

and surviving the neonatal period, 13.6% among antepartum

deaths, 23.3% among intrapartum deaths, and 29.6% among

neonatal deaths (38).
Strengths and limitations

To the best of our knowledge, the present study is the first

based on data from the European spontaneous reporting system.

It has several strengths. First and foremost, the EV is one of the

largest databases of spontaneous reports of ADR and AEFI and,

as shown also by other authors, this database offers the chance to

analyze very large numbers of adverse events across national

boundaries (39). Moreover, it allows us to take a picture of the

actual tolerability profile of widely used vaccines during the

pandemic. Lastly, this study focused on a special population that

is generally excluded from clinical trials and limitedly

investigated in observational studies, thus representing a

valuable source of real-world data.

Our study also has expected limitations related to the passive

surveillance (such as underreporting and poor quality of

information). Among them, the poor quality of information

limits our analysis from considering risk factors for pregnancy

outcomes, the time between the vaccination during pregnancy

and the onset of AEFI (relevant mostly for congenital anomalies

and neonatal events), and the number of vaccine dose related to

the AEFI. Furthermore, there are no available data on the

number of vaccinated pregnant women in Europe, which

hinders computation of reporting rates from EV data. Another

limitation of our study is related to the analyzed special

population because we often observed a common mistake in

filling out the reporting form. Generally, the reporter finds it

difficult to establish who should be the patient who is the subject

of the report (e.g., in the case of abortion if the patient is the

mother or the fetus).

Additionally, our study carries selection biases related to the

identification of the pregnancy status, which cannot be

automatically selected from EV but needs manual keyword
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selection strategies. Therefore, there is a chance that not all

pregnancy cases reported in EV were included. Finally, an

important consideration that should be stated for AEFI/ADR

retrieved from spontaneous reporting systems, with greater

attention for those fatal, is that we cannot be sure of their causal

relationship with a vaccine or a drug. Regarding this, it is important

to underline that in the pharmacovigilance field, spontaneous

reporting is driven by the suspect and not the certainty of an

AEFI/ADR associated with an administered vaccine or drug (40).
Conclusions

Using data from the EV, we carried out a descriptive analysis of

ICSRs in women exposed to COVID-19 vaccines during

pregnancy. Our results demonstrated that 0.25% (3,252/

1,315,315) of ICSRs reporting COVID-19 vaccines as suspected

vaccines described the occurrence of AEFI in pregnant women and

fetuses/newborns. Considering that the risks following SARS-CoV-

2 infection and especially the risk of mortality are much greater

than those associated with vaccinations in pregnant women, this

low reporting frequency highlights the multiple benefits of

COVID-19 vaccination programs also in pregnant women.

In conclusion, according to the actual positive opinion of

regulatory agencies for the use of COVID-19 vaccines in

pregnancy, we did not observe any strong insight of unknown

adverse events associated with COVID-19 vaccination in

pregnancy. However, we analyzed data related to 1 year (the

first) of vaccination program. Therefore, our experience also

highlights the need for continuing to monitor the safety profile

of COVID-19 vaccines and to identify long-term adverse events

following immunization.
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