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1 Department of Gynaecology and Obstetrics, Gynaecological Oncology Clinical Ward,
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Abstract: The tolerance and safety of vaccination in pregnancy should be assessed in local populations
based on ethnic differences across countries. Therefore, this study aimed to determine the tolerability
of the BNT162b2 mRNA vaccination in pregnancy in a Polish population. An online questionnaire
enquiring about the safety and tolerability of the BNT162b2 mRNA vaccine was distributed to
pregnant and non-pregnant female healthcare professionals who had voluntarily received one or
two doses of the COVID-19 vaccine in Poland. The two groups were compared simultaneously
considering the COVID-19 infection status before vaccination. Compared with that noted in the
control group, pregnant women in the COVID-19-free group were less likely to have fever (p = 0.002)
or gastrointestinal symptoms (p = 0.009) after the second dose. In the COVID-19-exposed group,
pregnant women were less likely to experience local skin reactions (p = 0.009), and myalgia (p = 0.003)
after the first dose. After the second dose, the only noticeable difference was a lower incidence of
myalgia (p = 0.001) in pregnant women. The tolerability of the BNT162b2 mRNA COVID-19 vaccine
was similar in both the groups. No severe local, generalised, or pregnancy complications related
to mother or foetus were observed. Good tolerability of the BNT162b2 mRNA COVID-19 vaccine
in pregnancy in the Polish population may facilitate the decision to vaccinate pregnant women
against COVID-19.

Keywords: COVID-19; vaccine; pregnancy

1. Introduction

Evaluations of the tolerability and safety of coronavirus disease 2019 (COVID-19) vac-
cination during pregnancy are crucial during the ongoing pandemic. COVID-19 infection
is significantly more likely to cause severe disease in pregnant women than in nonpregnant
women, with pregnant women being more likely to need oxygen support, respirators, or
extracorporeal membrane oxygenation [1–6].

A growing number of publications demonstrate the safety of COIVD-19 vaccination
during pregnancy [7–9], but it remains important for researchers to evaluate the safety and
tolerability of COVID-19 vaccination during pregnancy in local populations of women. The
American College of Obstetricians and Gynecologists, the US Centers for Disease Control
and Prevention, the UK Royal College of Obstetricians and Gynaecologists, and the Polish
Society of Obstetrics and Gynecology recommend vaccination of pregnant women against
COVID-19 [10–14].
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In the present study, we explored the tolerability of COVID-19 vaccination in pregnant
Polish healthcare professionals. To that end, we conducted an online survey that yielded
data from 180 female Polish healthcare professionals who received the BNT162b2 vaccine
against COVID-19 while pregnant. We compared their survey responses with those of
40 age-matched female Polish healthcare professionals who received the same vaccine but
were not pregnant.

2. Materials and Methods
2.1. Study Design and Setting

We developed an online questionnaire containing questions about the tolerability
and safety of the BNT162b2 mRNA COVID-19 vaccine. We then distributed the survey
by e-mail to pregnant healthcare professionals in Poland who voluntarily received one
or two doses of a COVID-19 vaccine between 1 May 2021, and 15 September 2021. The
minimum interval between doses was 21 days. We focused on healthcare professionals
because healthcare professionals and the elderly were the first groups to receive access to
the vaccine in Poland. All survey respondents were ethnically Polish.

All survey respondents gave their informed consent for inclusion before participating
in the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Com Bioethics Committee of the Medical College
of the University of Warmia and Mazury (approval No. 07/2021).

At the time of data extraction for this study, we had collected survey responses from
284 women who were vaccinated during pregnancy. In addition to the questionnaire
responses, we analysed data from the medical records such as age, height, weight, co-
morbidities, medications taken, course of pregnancy before and after vaccination.

We excluded 72 women who received the Moderna vaccine, 16 who received the
AstraZeneca vaccine, and 16 who received their first dose before pregnancy. These exclu-
sions left us with 180 women who had received one or two doses of the BNT162b2 mRNA
COVID-19 vaccine while pregnant. The control group comprised 40 female healthcare
professionals who were also vaccinated with the BNT162b2 mRNA COVID-19 vaccine, but
were not pregnant in an age range similar to that of the pregnant participants of the study.

2.2. Data Collection and Analysis

The data collected through the survey included basic demographic data, data concern-
ing histories of COVID-19 infection before vaccination (confirmed with polymerase chain
reaction [PCR] test results or the presence of antibodies against severe acute respiratory
syndrome coronavirus 2 [SARS-CoV-2]), and episodes of quarantine due to contact with a
person infected with SARS-CoV-2. These data were confirmed by analysing laboratory test
results and medical records.

The survey respondents were divided into groups based on their histories of exposure
to COVID-19. The first of these groups (the COVID-19-free group) included women who
had no history of laboratory-confirmed COVID-19 infection before vaccination and no
confirmed contact with a COVID-19 infected person. The second group (the COVID-19-
exposed group) included women with PCR- or antibody-confirmed histories of COVID-19
infection. The women not assigned to either the COVID-19-free group or the COVID-19-
exposed group were those who were quarantined after contact with an infected person but
had not tested positive for COVID-19.

A local reaction was defined as pain or local erythema at the site of vaccination.
Generalised symptoms included fever, headache, gastrointestinal symptoms, myalgia,
dyspnoea, and fatigue. Each symptom was also evaluated in terms of the time of onset
after vaccination with the first dose or second dose.

2.3. Statistical Analysis

Statistical analyses were performed using Statistica software (v13.3, StatSoft, Kraków,
Poland). Data expressed on a qualitative scale were presented as the number and percentage
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of the sample. The Chi-squared test (χ2) was used to compare the relationships between
variables expressed in the qualitative scale. Data expressed on a quantitative scale were
presented as the mean with standard deviation (SD) values. As the data were not normally
distributed (Shapiro–Wilk test), the Mann–Whitney test were used. Results were considered
statistically significant if p < 0.05.

3. Results
3.1. Characteristics of the Survey Respondents

The COVID-19-free group included 145 pregnant women and 19 non-pregnant women
(control group). There was no difference between pregnant and control subgroups in terms
of age (p = 0.242) and body mass index (BMI) values (p = 0.098) among those who were
COVID-19-free. Among them, 105 (72.4%) pregnant and 18 (94.7%) non-pregnant women
had received both doses of vaccine.

The COVID-19-exposed group included 24 pregnant (pregnancy group) and 16 non-
pregnant women (control group). In the COVID-19-exposed group, women in the preg-
nancy and control subgroups were similar in terms of age (p = 0.242) and BMI (p = 0.098).
Sixteen (66.7%) women in the pregnancy subgroup, and 15 (93.8%) women in the control
subgroup had received both doses. One woman in the pregnancy subgroup was carrying
twins, while the others were carrying singleton pregnancies.

3.2. Tolerability of the First Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Free Group

Table 1 summarizes the adverse events observed in the COVID-19-free group after
the first vaccine dose. In the COVID-19-free group, 138 (94.5%) pregnant women and
19 (100%) control women experienced local or generalised pain after receiving the first
dose (p = 0.271). The pregnancy and the control subgroups were similar in terms of the
percentages of women experiencing vaccine site pain (p = 0.271) and local cutaneous
reactions at the vaccine site (p = 0.464) after the first dose. They were also similar in terms
of the percentages of women experiencing headache (p = 0.608), myalgia (p = 0.420), fever
(p = 0.234), fatigue (p = 0.701), and gastrointestinal symptoms (p = 0.061) in the week after
the first dose. Nausea was the only gastrointestinal symptom reported.

Table 1. Tolerability of the first and the second doses of the BNT162b2 mRNA COVID-19 vaccine in
the COVID-19–free group.

Pregnant Women
COVID-19 −

Non-Pregnant Women
COVID-19 − p Total

COVID-19 −

Age, mean (SD) 31.4 (+/−2.6) y 33.1 (+/−3.6) y 0.242 # N/A
BMI, mean (SD) 22.75 (+/−3.59) kg/m2 21.7 (+/−3.38) kg/m2 0.098 # N/A
One dose of the vaccine administered, n (%) 145 (100%) 19 (100%) N/A 164 (100%)
Two doses of the vaccine administered, n (%) 105 (72.4%) 18 (94.7%) N/A 123 (75%)
Side effects after first dose
Vaccination site pain total, n (%) 138 (94.5%) 19 (100%) 0.271 ˆ 157 (95.7%)
Cutaneous reaction total, n (%) 14 (9.7%) 1 (4.8%) 0.464 ˆ 15 (9.1%)
Headache total, n (%) 16 (11.0%) 3 (14.3%) 0.608 ˆ 19 (11.6%)
On the first day, n (%) 13 (9.0%) 3 (14.3%) 16 (9.8%)
Between the second and seventh days, n (%) 3 (2.1%) None 3 (1.8%)
Fever 0.234 ˆ

On the first day, n (%) 2 (1.4%) 1 (5.3%) 3 (1.8%)
Between the second and seventh days, n (%) None None None
Myalgia 0.420 ˆ

On the first day, n (%) 2 (1.4%) 1 (4.8%) 3 (1.8%)
Between the second and seventh days, n (%) 3 (2.1%) 1 (4.8%) 4 (2.4%)
Fatigue up to the seventh day, n (%) 51 (35.2%) 6 (31.5%) 0.701 ˆ 57 (34.7%)
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Table 1. Cont.

Pregnant Women
COVID-19 −

Non-Pregnant Women
COVID-19 − p Total

COVID-19 −
Gastrointestinal symptoms up to the
seventh day 0.061 ˆ

Total, n (%) 3 (2.1%) 2 (9.5%) 5 (3.0%)
Nausea, n (%) 3 (2.1%) 2 (9.5%) 5 (3.0%)
Vomiting, n (%) None None None
Diarrhoea, n (%) None None None
Side effects after second dose
Vaccination site pain total, n (%) 93 (87.7%) 18 (100) 0.106 ˆ 21 (89.4%)
Cutaneous reaction total, n (%) 7 (6.7%) 1 (5.3%) 0.729 ˆ 8 (6.5%)
Headache total, n (%) 42 (31.4%) 8 (47.4%) 0.630 ˆ 50 (40.6%)
On the first day, n (%) 33 (31.4%) 8 (42.1%) 41 (33.3%)
Between the second and seventh days, n (%) 9 (8.6%) 1 (5.3%) 10 (8.1%)
Fever 0.019 *ˆ

On the first day, n (%) 17 (16.2%) 8 (42.1%) 25 (20.3%)
Between the second and seventh days, n (%) 2 (1.9%) 1 (5.3%) 3 (2.4%)
Myalgia 0.427 ˆ

On the first day, n (%) 29 (27.6%) 8 (41.1%) 37 (30.1%)
Between the second and seventh days, n (%) 11 (10.5%) 2 (10.5%) 13 (10.6%)
Fatigue up to the seventh day, n (%) 54 (51.4%) 8 (41.1%) 0.521 ˆ 62 (50.4%)
Gastrointestinal symptoms up to the
seventh day 0.009 *ˆ

Total, n (%) 9 (8.6%) 6 (31.6%) 15 (12.2%)
Nausea, n (%) 4 (3.8%) 3 (15.8%) 7 (5.7%)
Vomiting, n (%) 3 (2.9%) None 3 (2.4%)
Diarrhoea, n (%) 2 (1.9%) 3 (15.8%) 5 (4.1%)

* p < 0.05; BMI, body mass index; SD, standard deviation; # Mann–Whitney test; ˆ Chi-squared test.

3.3. Tolerability of the Second Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Free Group

Table 1 summarizes the adverse events observed in the COVID-19-free group after
the second vaccine dose. In the COVID-19-free group, 93 (87.7%) pregnant women and
18 (100%) control women experienced local or generalised symptoms after receiving the
second dose (p = 0.106). The pregnancy and the control subgroups were similar in terms of
the percentages of women experiencing vaccine site pain (p = 0.106) and local cutaneous
reactions at the vaccine site (p = 0.729). They were also similar in terms of the percentages
of women experiencing headache (p = 0.630), myalgia (p = 0.427), and fatigue (p = 0.521)
in the week after the first dose. However, the women in the pregnancy group were less
likely to experience fever (p = 0.019) and gastrointestinal symptoms (p = 0.009) during the
first week after the second dose. The reported gastrointestinal symptoms included nausea,
vomiting, diarrhoea, and abdominal pain.

3.4. Tolerability of the First Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Exposed Group

Table 2 summarizes the adverse events observed in the COVID-19-exposed group after
the first vaccine dose. Within the COVID-19-exposed group, 24 (100%) pregnant women
and 16 (100%) control women experienced local or generalised symptoms after receiving
the first dose (p = 1). All women in the COVID-19-exposed group experienced vaccine site
pain. Compared to the control women, pregnant women were less likely to experience
cutaneous reactions at the vaccine site (p = 0.009). The pregnancy and control subgroups
were similar in terms of the percentages of women who experienced headache (p = 0.134),
fatigue (p = 0.727), and gastrointestinal symptoms (p = 0.206) in the week after the first dose.
Compared to women in the control women, pregnant women were less likely to experience
fever (p = 0.013) and myalgia (p = 0.028) in the week after the first dose.
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Table 2. Tolerability of the first and the second doses of the BNT162b2 mRNA COVID-19 vaccine in
the COVID-19–exposed group.

Pregnant Women
COVID-19 +

Non-Pregnant Women
COVID-19 + p Total

COVID-19 +

Age, mean (SD) 31.25 (+/−1.9)) y 34 (+/−4.4) y 0.242 # N/A
BMI, mean (SD) 21.7 (+/−3.75) kg/m2 22.9 (+/−3.73) kg/m2 0.098 # N/A
One dose of the vaccine administered, n (%) 24 (100%) 16 (100%) N/A 40 (100%)
Two doses of the vaccine administered, n (%) 16 (66.7%) 15 (93.6%) N/A 31 (77.5%)
Side effects after first dose
Vaccination site pain total, n (%) 24 (100%) 16 (100%) 1 ˆ 40 (100%)
Cutaneous reaction total, n (%) None 4 (25.0%) 0.009 *ˆ 4 (10.0%)
Headache total, n (%) 1 (4.2%) 4 (25.0%) 0.134 ˆ 5 (12.5%)
On the first day, n (%) 1 (4.2%) 3 (18.8%)
Between the second and seventh days, n (%) None 1 (6.3%)
Fever 0.013 ˆ

On the first day, n (%) None 2 (12.5%) 2 (5%)
Between the second and seventh days, n (%) None 3 (18.8%) 3 (7.5%)
Myalgia 0.028 *ˆ

On the first day, n (%) 1 (4.2%) 5 (31.3%) 6 (15.0%)
Between the second and seventh days, n (%) 1 (4.2%) 2 (12.5%) 3 (7.5%)
Fatigue up to the seventh day, n (%) 10 (41.7%) 6 (37.5%) 0.727 ˆ 16 (40.0%)
Gastrointestinal symptoms up to the
seventh day 0.206 ˆ

Total, n (%) None 2 (12.5%) 2 (5%)
Nausea, n (%) None 1 (6.3%) 1 (2.5%)
Vomiting, n (%) None 1 (6.3%) 1 (2.5%)
Diarrhoea, n (%) None None None
Side effects after second dose
Vaccination site pain, n (%) 14 (87.5%) 13 (86.7%) 0.944 ˆ 27 (87.0%)
Cutaneous reaction total, n (%) None 2 (13.3%) 0.319 ˆ 2 (6.5%)
Headache total, n (%) 2 (12.5%) 4 (26.7%) 0.160 ˆ 6 (19.4%)
On the first day, n (%) 2 (12.5%) 1 (6.7%)
Between the second and seventh days, n (%) None 3 (20.0%)
Fever 0.170 ˆ

On the first day, n (%) None 1 (6.7%) 1 (3.2%)
Between the second and seventh days, n (%) None 2 (13.3%) 2 (6.5%)
Myalgia 0.011 *ˆ

On the first day, n (%) 1 (6.3%) 3 (20.0%) 4 (12,9)
Between the second and seventh days, n (%) None 5 (33.0%) 5 (16,13)
Fatigue up to the seventh day, n (%) 7 (43.8%) 8 (53.3%) 0.734 ˆ 15 (48)
Gastrointestinal symptoms up to the
seventh day 0.684 ˆ

Total, n (%) None 2 (13.3%) 2 (6.5%)
Nausea, n (%) None 1 (6.7%) 1 (3.2%)
Vomiting, n (%) None None None
Diarrhoea, n (%) None 1 (6.7%) 1 (3.2%)

* p < 0.05; BMI, body mass index; SD, standard deviation; # Mann–Whitney test; ˆ Chi-squared test.

3.5. Tolerability of the Second Dose of the BNT162b2 mRNA COVID-19 Vaccine in the
COVID-19-Exposed Group

Table 2 summarizes the adverse events observed in the COVID-19-exposed group after
the second vaccine dose. In the COVID-19-exposed group, 14 (87.5%) pregnant women and
13 (86.7%) control women experienced local or generalised after receiving the second dose
(p = 0.944). The pregnancy and control subgroups were similar in terms of the percentages
of women experiencing vaccine site pain lasting (p = 0.944) and cutaneous reactions at
the vaccine site (p = 0.319). The pregnancy and control subgroups were similar in terms
of the percentages of women experiencing headache (p = 0.160), fever (p = 0.170), fatigue
(p = 0.734), and gastrointestinal symptoms (p = 0.684) in the week after the second dose.
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Compared to the control women, pregnant women were less likely to experience myalgia
(p = 0.011) in the week after the second dose.

4. Discussion

Evaluations of the tolerability and safety of vaccination during pregnancy provide key
information for officials who decide whether pregnant woman should receive vaccinations
against COVID-19. This question is an important one, especially in light of the current
evidence that pregnant women are at an increased risk of developing severe COVID-
19 [1–6]. For obvious reasons, pregnant women are not a group in which clinical trials
evaluating the safety of vaccination are conducted, and they were not included in trials
of COVID-19 vaccines until phase III trials were completed [15]. It is therefore important
to collect and analyse data from women who voluntarily received vaccinations during
pregnancy. The evidence from the present study suggests that the BNT162b2 mRNA
COVID-19 vaccine is safe and tolerable for women during pregnancy.

There were no severe local or generalised complications or severe maternal or foetus
related pregnancy complications in our study’s pregnancy group. An increasing number of
studies have confirmed the safety of COVID-19 vaccination in pregnant women [16–18], and
other studies have also confirmed the good tolerability of the BNT162b2 mRNA COVID-
19 vaccine in the general population [19,20]. Our findings showed that the safety and
tolerability of COVID-19 vaccination during pregnancy holds true for the Polish population.

Side effects are natural responses to the injection of a foreign object and can involve
symptoms such as fever, muscle aches, and inflammation at the injection site. These
symptoms are triggered by the innate immune system. When the body’s neutrophils
or macrophages detect vaccine molecules, they release cytokines, which are chemical
messengers that induce immune responses in the form of fever, nausea, and muscle aches.
Such cytokine responses can be observed when a foreign agent is injected into the circulatory
system [21].

The survey respondents in this study were divided into two groups. The first group
consisted of women without histories of PCR- or antibody-confirmed COVID-19 infection
and without any known contact with a COVID-19–infected person. The second group
consisted of women with histories of PCR- or antibody-confirmed COVID-19 infection.
Knowing a survey respondent’s history of COVID-19 infection may be important in the
evaluation of vaccine tolerability during pregnancy because studies published to date have
shown poorer vaccine tolerability in individuals with a history of COVID-19 infection,
which mainly manifests in response to the first dose of the BNT162b2 mRNA COVID-19
vaccine [22–24].

In our COVID-19-free group, there was no statistically significant difference in the
reported adverse events after the first dose of the BNT162b2 mRNA COVID-19 vaccine
between pregnant and control women. In fact, pregnant COVID-19-free women were
less likely to develop fever or gastrointestinal symptoms after the second dose of the
vaccine. During pregnancy, many complex processes leading to immunotolerance occur,
including a shift in the T lymphocyte response toward Th1 cells, the generation of a
temporal subpopulation of natural killer cells, and the placental production of many
immunomodulatory substances such as neurokinin B, interleukin-10, and interleukin-
35 [25–27]. The purpose of these changes is to ensure the normal development of pregnancy
by inhibiting the graft-versus-host response while providing an anti-infective defence in
pregnant woman [26]. It is possible that these alterations influenced the aforementioned
diminished frequency of certain vaccine side effects during pregnancy. There are currently
no other publications available that similarly compare pregnant and nonpregnant women
in terms of side effects after the administration of mRNA vaccines.

Within our COVID-19–exposed group, pregnant women were less likely to experience
symptoms such as local skin reactions, and myalgia after the first dose than control women
were. After the second dose, the only observable difference was a lower frequency of
myalgia in pregnant women. No significant differences were observed in other symptoms.
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It is worth noting that in the COVID-19-exposed group, the tolerability of the first dose
was better than in the COVID-19-exposed non-pregnant group. No such difference in first-
dose tolerability was shown in the COVID-19-free pregnant group compared with controls.
As the first dose is less well tolerated after COVID-19 infection in the general population it is
likely that the mechanisms of immunotolerance are probably more responsible in reducing
the number of adverse events among COVID-19-exposed pregnant women than in the
COVID-19-free group [22–24,28]. There is a lack of information in the current literature
regarding the effect of COVID-19 infection on the immune system in pregnant women.

The pregnancy and control groups did not significantly differ in terms of the occurrence
of fatigue. None of the patients experienced bleeding or spotting per vaginum for up to
seven days after vaccination. One woman reported short-term dyspnoea after the second
dose, but she had a previous diagnosis of polyhydramnios, no one develops general
allergic reaction.

In the present study, we found no significant difference in the total number of adverse
reactions between pregnant and control groups. The tolerability of the second dose was
worse for both the pregnancy and control groups, with the rate of adverse events increasing
by 13.6% in the pregnancy group and by 10% in the control group. This finding is consistent
with the findings of previous studies comparing the frequency of side effects after the first
and second doses of the BNT162b2 mRNA COVID-19 vaccine [29,30]. However, these
studies did not include pregnant women.

In the present study, we found that tolerability of the BNT162b2 mRNA COVID-19
vaccine is similar in the study and control groups and that some adverse reactions were
less frequent in pregnant women than in nonpregnant women. These findings may help in
encouraging women to receive COVID-19 vaccination during pregnancy. Vaccination not
only reduces the risk of severe COVID-19 in pregnant women, but also reduces the risk of
infection in their infants through the placental transfer of antibodies [31–33].

The present study’s limitations include its small sample size, small control group and
its retrospective nature. Thorough evaluations of vaccine tolerability will require further
follow-up with a larger population of pregnant and non-pregnant women in Poland.

5. Conclusions

The tolerability and safety of COVID-19 vaccination for pregnant women are key
issues due to the ongoing pandemic, especially given the fact that pregnant women are
more severely affected by COVID-19. In our study, we demonstrated the tolerability of
the BNT162b2 mRNA COVID-19 vaccine for pregnant women in the Polish population.
Good tolerability of the BNT162b2 mRNA COVID-19 vaccine in pregnancy in the Polish
population may facilitate the decision to vaccinate pregnant women against COVID-19.
No severe local or generalised complications among either the mothers or the foetuses
were observed.
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