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Abstract: COVID-19 vaccination, apart from the sanitary regime, is the most efficient strategy to limit
the spread of the SARS-CoV-2 virus and significantly reduce the severity of the disease following
infection. A cross-sectional survey was conducted during the fourth wave of the COVID-19 pandemic
among pregnant Polish women and women who have already given birth to evaluate the level and
attitude to vaccination. Briefly, 1196 women (256 pregnant and 940 mothers) participated in the
study; 68.0% of pregnant women and 66.2% of mothers declared that they had received COVID-19
vaccination. The most frequently stated reasons not to get vaccinated were possible adverse effects
on the mother, fetus or breastfed child, post-vaccination complications and limited scientific evidence
on the safety of the COVID-19 vaccine. The identified predictors of avoiding COVID-19 vaccination
are young age, residing in small cities or rural areas, cohabitation, low anxiety level regarding
SARS-CoV-2 infection, and little knowledge concerning maternal vaccine-induced immune protection
delivered to offspring. Despite the unlimited access to COVID-19 vaccination, the declared level of
vaccination is worryingly low. The knowledge concerning the benefits of vaccination to mothers and
their offspring is not satisfactory and requires urgent educational action, particularly among young
women living outside big cities and single motherhood.

Keywords: COVID-19 vaccination; SARS-CoV-2 infections; benefits of vaccination; pregnancy;
immune protection; public health; anxiety; specific anti-SARS-CoV-2 antibodies

1. Introduction

The worldwide COVID-19 pandemic continues to rapidly spread across the globe,
with substantial morbidity and mortality [1,2]. New variants of the SARS-CoV-2 virus are
a critical public health challenge. The sex-disaggregated data on clinical characteristics
and outcomes of hospitalized patients with COVID-19 suggest that men are more likely to
have poor outcomes than women [3,4]. Nevertheless, there are indications that, from an
economic and social point of view, the disease could disproportionately burden women [5].
These concerns are much more valid in relation to women in reproductive age, whose
COVID-19 infection may result in serious clinical consequences to the health of both the
mother and the child [6].

During the third wave of the pandemic, after the introduction of COVID-19 vaccines
in Poland, the willingness to receive the COVID-19 vaccine was declared by 55% [7];
however, (in mid-February 2021) only 5.34% of the Polish population was fully vaccinated.
During the fourth pandemic wave, 54.7% of the Polish population was vaccinated against
COVID-19 (data on 12 December 2021) [8], and it ranks 23rd in the European Union in
this respect. Although Poland has one of the highest death rates from COVID-19 in the
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world, unfortunately, at the beginning of the fifth wave of the pandemic, the percentage of
vaccinated Poles did not increase significantly (56.96% of vaccinated, data on 30 January
2022). So far, there are no detailed data on the vaccination level of pregnant women and
mothers who have already given birth in Poland, although the World Health Organization
(WHO) [9] and public health institutions, including the Polish Neonatal Society, the Polish
Society of Vaccinology, and the Lactation Science Center, recommend vaccination against
COVID-19 with the mRNA preparation of Pfizer/BioNTech (Comirnaty) to pregnant and
breastfeeding women [10,11].

Due to the pregnancy-related physiological changes in the immune, cardiovascular
and respiratory systems, expectant mothers are in the group at higher risk of respiratory
complications related to viral infections, including COVID-19. Pregnant women suffering
from COVID-19 infection are at a higher risk for pregnancy-induced hypertension, throm-
boembolism, and finally preterm birth [12]. Moreover, pregnant women, in comparison to
aged-matched non-pregnant patients, have an increased risk of intensive care unit admis-
sion, invasive ventilation, need for extracorporeal membrane oxygenation (ECMO), and
finally, death [13-17]; however, the severity and clinical picture for the general population
infected with SARS-CoV-2 and for infected pregnant women are at a similar level [18].

The mother’s immune system is crucial in the proper development and completion
of a pregnancy [19]. Placental transfer of maternal immunoglobulin G (IgG) to the fetus
is an important mechanism that provides protection to the child after delivery, while a
baby’s immune system is immature [20-23]. The knowledge concerning the presence and
level of SARS-CoV-2-specific Igs in blood and/or breast milk of pregnant and lactating
women increases significantly with the successive waves of the pandemic [14,24-28]. The
milk produced by mothers suffering from SARS-CoV-2 infection contains anti-SARS-CoV-2
specific antibodies, namely SIgA /IgA, IgG, and SIgM/IgM [29,30]. Transfer of neutralizing
antibodies as a result of the maternal response to COVID-19 infection and/or vaccination
may be crucial for neonates and infants, who, compared to older children, have a much
more severe course of COVID-19 infection [23,31,32].

Unlike the early waves of the COVID-19 pandemic, in the fourth wave, the age of those
infected fell sharply, including infants and young children. In addition, children below
2 years are at the greatest risk of developing acute symptoms [33] as well as long-term
consequences, including PIMS-TS (pediatric inflammatory syndrome temporally associated
with SARS-CoV-2) and MIS-C (multisystem inflammatory syndrome related to COVID-19).
Unfortunately, there are currently no available vaccines for children under 5 years of age. In
light of the above, the only effective and specific protection of newborns with an immature
immune system is specific antibodies against SARS-CoV-2 that can be delivered during fetal
development through the placenta, provided that the mother has been vaccinated before or
during pregnancy and by the convalescent mother. Moreover, the protection of newborns
and infants can also be continued after birth by consumption of milk produced by the
vaccinated and/or convalescent mothers. Moreover, at present, it is very hard to pinpoint
the health implications of the next wave of the pandemic for the health and wellbeing of
pregnant women, mothers, and their babies, as well as the reproductive rate. Nevertheless,
taking into account the data from 2020, namely the significant decrease in the birth rate of
about 1.8% and in-hospital fatality rate of about 8.3%, the trend is not optimistic [34-36].

Considering the above, the aim of this study was to evaluate the vaccination level,
attitude, and state of knowledge regarding COVID-19 vaccination during the fourth wave
of the pandemic in Poland among pregnant women and women who have already given
birth. Currently, there is a lack of reliable data that estimate women’s COVID-19 vaccination
level during pregnancy and the postpartum period, although that group constitutes a large
part of the population. Knowledge concerning the possible impact of sociodemographic
and obstetric variables on the main concerns of receiving a COVID-19 vaccination during
pregnancy and postpartum among Polish mothers is also lacking. Indication of areas with
an insufficient level of knowledge will allow the construction of dedicated educational
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programs that can be implemented in this group to improve awareness of the benefits of
vaccination, which in turn should translate into an increase in the vaccination level.

2. Materials and Methods
2.1. Study Design

As a research instrument, a questionnaire (https://forms.gle/ETxdQEWUvTfoC5VR9
(accessed from 15 November 2021 to 13 December 2021)) based on the research in the
field was used. The survey was carried out during the fourth wave of the COVID-19
pandemic in Poland and addressed women who were pregnant or delivered a baby during
the pandemic, i.e., from March 2020 to December 2021. Among the recruited responders,
six women did not fully complete the questionnaire or provided unreliable data, probably
due to inattention in completing the online survey (incomplete data/unreliable data) and
were excluded from the analysis (Figure 1).

Recruited respondents
N=1202

d
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» women who were pregnant Selected respondents £xclusion criteria:
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Figure 1. Flow chart of respondents included in the study.

2.2. Questionnaire Development

An online, observational, nationwide, and cross-sectional questionnaire to evaluate
COVID-19 vaccination among pregnant women and mothers who have already given
birth was adopted. As a research tool, an anonymous online survey assessing the level of
vaccinated women against COVID-19 as well as attitudes and knowledge concerning the
benefits of maternal vaccination for the fetus and newborn was used. The final question-
naire was divided into three main sections: (i) sociodemographic and (ii) obstetric variables,
and (iii) knowledge, attitude, and level of COVID-19 vaccination.

The questionnaire was initially tested and the feedback from 5 respondents was used to
modify the final version of the online survey. The respondents were asked to answer open,
single, and multiple-choice questions. The reliability of the questionnaire was estimated by
determining Cronbach’s alpha value, which obtained a level 0.56 (from 0.30 to 0.62).


https://forms.gle/ETxdQEWUvTfoC5VR9
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2.3. Data Source and Study Population

The study was conducted on the basis of a questionnaire approved by the Ethics
Committee at Wroctaw Medical University (No. KB-356/21). The women were recruited
from 15 November 2021 to 13 December 2021 using the online survey. The questionnaire
was administered using Google Forms, and potential respondents were recruited for
the study through various parenting communities that stay in touch via Facebook. The
randomly selected discussion groups, identified via Facebook, concerned the topics of
maternity in the perinatal and postnatal period, such as breastfeeding and parenthood, and
were visited by parents, especially mothers, who were sharing their experiences in the field
of preparation for childbirth and natural feeding.

Taking into account the total number of births (344,000) from July 2020 to June 2021,
and the level of vaccination of the Polish population with at least one dose of the COVID-19
vaccine (53.9%), the minimal estimated sample size was calculated using TIBCO STATIS-
TICA ver. 13.3 (StatSoft, Inc., Tulsa, OK, USA) as 381 participants, with a confidence interval
of 5% (absolute £ %) and a level of confidence of 95% (alpha = 0.05).

2.4. Data
2.4.1. Sociodemographic Data

The sociodemographic data such as age and pre-pregnancy body mass index (BMI)
were reported by the women participating in the study and collected as continuous vari-
ables. In the next step of data analysis, the ages of the participants were divided into five
groups, namely: 18-25, 26-30, 31-35, 36-40, and >41 years, while BMIs (calculated based on
the body weight and height provided by respondents and classified according to the WHO
guidelines [37]) were categorized as follows: (1) underweight (BMI below 18.5 kg/ m?),
(2) normal weight (BMI ranging from 18.50 to 24.9 kg/m?), (3) overweight (BMI ranging
from 25.0 to 29.9 kg/ m?), (4) class 1 obesity (BMI ranging from 30 to 34.9 kg/ m?), (5) class 2
obesity (BMI ranging from 35 to 39.9 kg/m?), and (6) class 3 obesity (BMI above 40 kg/m?).

The education level (university, high school, primary, and vocational), marital status
(married, cohabiting, single parent, and divorced), and the place of the respondents’ res-
idence (>100,000 inhabitants, 10,000-100,000 inhabitants, <10,000 inhabitants, and rural
area) were determined.

2.4.2. Obstetric Data

The obstetric data included: current obstetric state (pregnancy, a woman who gave
birth to a child), mode of delivery (vaginal birth, elective, or emergency cesarean section),
the course of pregnancy (with or without complications; yes, no), difficulties related to
becoming pregnant (yes, no), the use of modern techniques supporting procreation (yes,
no), and miscarriage in the past (yes, no).

2.4.3. Assessment of Women’s Knowledge Level concerning COVID-19 Vaccination

The details concerning the assessment of knowledge levels were adapted from pre-
vious studies [38,39]. The following evaluation scale of grading was used: poor (<60%),
moderate (60-79%), and detailed (80-100%).

2.4.4. Women’s Knowledge and Attitude concerning SARS-CoV-2 Infections and
COVID Vaccination
The questions in this section of the survey included: an assessment of the level of fear
of contracting COVID-19 in the perinatal period (from 1 to 5, where 1 is equivalent to the
statement ‘I was definitely not afraid’, and 5 is equivalent to the statement ‘I was definitely
afraid’) (Were you afraid of SARS-CoV-2 infection during pregnancy?), and whether they
had a COVID-19 infection (Did you suffer from COVID-19 during pregnancy or lactation?).
Moreover, the respondents were asked about their knowledge concerning the possibil-
ity of virus transmission through breast milk (is SARS-CoV-2 transmitted through breast
milk?), placental transport of specific antibodies against SARS-CoV-2 to the fetus after
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vaccination of pregnant women (do you think that immunity achieved after COVID-19
vaccination might provide immune protection to the fetus and newborn (placental trans-
fer)?) and protection of the newborn and infants through breastfeeding (do you think that
immunity achieved after COVID-19 vaccination might be transferred with human milk to
the newborns/infants?, and does breastfeeding protect children from COVID-19?).

2.4.5. COVID-19 Vaccine Preference and Attitude

In this section of the survey, respondents who confirmed that they were vaccinated
were asked with what preparation of the COVID-19 vaccine they were vaccinated (Pfizer/
BioNTech, Moderna, AstraZeneca, or Johnson & Johnson), the main reason why they
decided to get vaccinated and finally, the women were asked to qualify the level of concern
related to the occurrence of complications after vaccination against COVID-19 (where 1 is
equivalent to the statement ‘I was definitely not afraid’, and 5 is equivalent to the statement
‘I was definitely afraid’).

The unvaccinated women were asked to state the main reason why they did not get
vaccinated and to qualify the level of concern related to the occurrence of complications
after vaccination against COVID-19 (where 1 is equivalent to the statement ‘I was definitely
not afraid’, and 5 is equivalent to the statement ‘I was definitely afraid’).

2.5. Statistical Analysis

The statistical analysis was performed with TIBCO STATISTICA ver. 13.3 (StatSoft,
Inc., Tulsa, OK, USA). The manuscript contains continuous and categorical variables. The
continuous variables of the analyzed parameters, namely the age and BMI of respondents
(age, BMI), are shown as the median and the interquartile range, whereas the categorical
variables are given as frequency and percentage (% (n/N)).

The Shapiro-Wilk test was used to evaluate the normality of the data distribution in
relation to the variables. Due to the abnormal distribution of the data, the chi-squared test
was used to evaluate the differences between the groups in terms of categorical variables.
Additionally, the Kruskal-Wallis test was used for the continuous variables. A two-tailed
p-value lower than 0.05 was regarded as significant. Multivariate logistic regression was
used to determine the predictors of COVID-19 vaccination among women of reproductive
age, which showed p < 0.05, using the odds ratio (OR). The level of confidence, according to
the standards, was set at 95%, with a probability level indicated as statistically significant for
p < 0.05. For building a multivariate logistic regression model, the COVID-19 Vaccination
dataset contained 1196 observations and 10 variables, which were considered important
(p < 0.05) during the 1st stage of analysis. During the creation of the multivariate logistic
regression model, no variable selection method was used (“all effects” were selected), and
the following parameters were obtained: R2 Nagelkerke 0.587, 3 coefficient p < 0.05, and
p-value for Hosmer-Lemeshow’s test 0.324 (p > 0.05).

Moreover, the stratified analyses by vaccination and birth status (before or after giving
birth to a child) were performed.

3. Results
3.1. Sociodemographic and Obstetric Data

The median age of the women participating in the study was 31.0 years, with an
interquartile range of 28.0-34.0 years. Most of the women (765/1196; 64.0%) had a normal
pre-pregnancy BMI and underweight, overweight, and obese women constituted 7.0%,
18.3%, and 10.7% of the total analyzed cohort, respectively. Mothers living in cities with
a population of >100,000 (632/1196; 52.8%) constituted the most numerous group, while
18.9%, 6.4%, and 21.9% of the women reported that they lived in cities with a population
ranging from 10,000 to 100,000, below 10,000, and in a rural area, respectively. More than
three-fourths of participants (943/1196; 78.8%) reported having higher education. Married
women were dominant in the analyzed group (959/1196; 80.2%), and single parenthood
and divorced status were reported by only 1.9% of the respondents (23/1196) (Table 1).
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Table 1. Participants’ characteristics.

Data n/N 1196 %

18-25 131/1196 11.0

Age 26-30 461/1196 38.5

(years) 31-35 422/1196 35.3

36-40 164/1196 13.7

>41 18/1196 15

underweight (<18.5) 84/1196 7.0

normal weight (18.5-24.9) 765/1196 64.0

Pre-pregnancy BMI overweight (25-29.9) 219/1196 18.3
(kg/m?) obesity class 1 (30-34.9) 101/1196 8.4
obesity class 2 (35-39.9) 26/1196 22

obesity class 3 (>40) 1/1196 0.1

urban, above 100,000 residents 632/1196 52.8

urban, 10,000-100,000 residents 226/1196 18.9

Residence urban, <10,000 residents 76/1196 6.4
rural 262/1196 219

vocational and primary 30/1196 2.5

Education high school 223/1196 18.7
university 943/1196 78.8

married 959/1196 80.2

Marital status cohabiting 214/1196 17.9
single parent and divorced 23/1196 1.9

pregnant women in 1 trimester 16/1196 1.3

Currently obstetric pregnant women in 2 trimester 64/1196 54
state pregnant women in 3 trimester 176/1196 14.7
women after delivery 940/1196 78.6

vaginal birth 528/940 56.2

Mode of delivery elective cesarean section 215/940 22.8
emergency cesarean section 197/940 21.0

Yes 993/1196 83.0

Physiological pregnancy No 203/119 170
Difficulties in conceiving Yes 278/1196 23.2
a child No 918/1196 76.8
Medically assisted Yes 93/1196 7.8
procreation No 1103/1196 92.2
Yes 259/1196 21.7
Miscarriage in the past No 937/119 783

The table shows the percentage of respondents in the given subgroup (n) in relation to all respondents (N) for
whom the specific information was available.

Among all the women who completed the online survey, the highest percentage of
respondents were mothers after delivery, 78.6% (940/1196), and more than half of mothers
(528/940; 56.2%) reported that the pregnancy ended with vaginal delivery. Respondents
who were currently pregnant represented 21.4% (256/1196) (Table 1).
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The majority of respondents declared that they had no difficulties in conceiving a
child (918/1196; 76.8%), although less than a tenth of them (7.8%; 93/1196) used medically
assisted procreation, and nearly a quarter (21.7%; 259/1196) of the analyzed cohort had
experienced a miscarriage in the past (Table 1).

3.2. Sociodemographic and Obstetric Data in Relation to COVID-19 Vaccination

In the present study, 66.5% (796/1196) of the women reported COVID-19 vaccination.
The analysis of sociodemographic variables in relation to COVID-19 vaccination among
women (p < 0.001), resided in big cities (p < 0.001), had higher education (p < 0.001),
and were married (p < 0.001) (Table 2). In contrast, pre-pregnancy BMI did not differ
significantly between the analyzed groups (p = 0.95).

Table 2. Level of COVID-19 vaccination among women in relation to sociodemographic characteristics.

Vaccinated Unvaccinated
Sociodemographic Data N =796 N =400 x> Test  p-Value
% (n) % (n)
18-25 7.9% (63) 17.0% (68)
26-30 36.7% (292) 42.2% (169)
Age (years) 31-35 38.8% (309) 28.3% (113) 35.95 <0.001
36-40 14.6% (116) 12.0% (48)
>41 2.0% (16) 0.5% (2)
underweight (<18.5) 6.7% (53) 7.8% (31)
normal weight (18.5-24.9) 64.2% (511) 63.5% (254)
Pre-pregnancy BMI, kg/m? overweight (25-29.9) 18.3% (146) 18.2% (73) 106 0.95
obesity class 1 (30-34.9) 8.4% (67) 8.5% (34)
obesity class 2 (35-39.9) 2.3% (18) 2.0% (8)
obesity class 3 (>40) 0.1% (1) 0% (0)
urban, above 100,000 residents 60.0% (478) 38.5% (154)
Residence urban, 10,000-100,000 residents 17.6% (140) 21.5% (86) 5517 20,001
urban, <10,000 residents 4.8% (38) 9.5% (38)
rural 17.6% (140) 30.5% (122)
vocational and primary 1.6% (13) 4.3% (17)
Education high school 13.7% (109) 28.5% (114) 48.682 <0.001
university 84.7% (674) 67.2% (269)
married 84.1% (669) 72.5% (290)
Marital status cohabiting 14.4% (115) 24.8% (99) 22.36 <0.001
single parent and divorced 1.5% (12) 2.7% (11)
pregnant women 1 trimester 1.0% (8) 2.0% (8)
. pregnant women 2 trimester 5.3% (42) 5.5% (22)
Current obstetric state - 3.27 0.35
pregnant women 3 trimester 15.6% (124) 13.0% (52)
women after delivery 78.2% (622) 79.6% (318)
vaginal birth 53.9% (335) 60.7% (193)
Type of delivery elective cesarean section 23.6% (147) 21.4% (68) 4.32 0.11
emergency cesarean section 22.5% (140) 17.9% (57)
Physiological pregnancy Yes 82.7% (658) 83.8% (335) 0 063

No 17.3% (138) 16.2% (65)
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Table 2. Cont.

Vaccinated Unvaccinated
Sociodemographic Data N =796 N =400 x? Test p-Value
% (n) % (n)
Difficulties in conceiving Yes 23.7% (189) 22.3% (89) 0.33 0.56
a child No 48.5% (607) 77.8% (311) ' '
Medically assisted Yes 8.3% (66) 6.7% (27) 0.88 054
procreation No 91.7% (730) 93.3% (373) ' '
) .. Yes 22.0% (175) 21.0% (84)
Miscarriage in the past 0.20 0.69
No 78.0% (621) 79.0% (316)

The table shows the percentage of respondents in the given subgroup (n) in relation to all respondents (N) for
whom the specific information was available.

On the other hand, the analysis of obstetric data in relation to COVID-19 vaccination
among women (vaccinated, unvaccinated) showed no significant differences for: currently
obstetric state (p = 0.35), mode of delivery (p = 0.11), complications during pregnancy
(p = 0.63), difficulties in conceiving a child (p = 0.56), the use of modern techniques support-
ing procreation (p = 0.34), and miscarriage in the past (p = 0.69) (Table 2).

The analysis in relation to the obstetric status of women (pregnant and women after
delivery) additionally revealed significant differences in the unvaccinated group with
regards to body mass index (BMI) (p < 0.001), in the vaccinated group with regards to the
course of pregnancy (physiological or with complications) (p < 0.006) and in both groups,
namely vaccinated and unvaccinated, with regards to the place of residence (p < 0.005 and
p <0.001, respectively) (Table 3).

3.3. Women’s Knowledge concerning COVID-19 Vaccination

Among women vaccinated against COVID-19, 55.2% (440/796) were definitely afraid
of SARS-CoV-2 infection during the perinatal period, while only 4.9% (39/796) stated that
they were definitely not afraid of infection caused by the SARS-CoV-2 virus. In contrast, in
the group of unvaccinated women, only 22.5% (90/400) reported that they were definitely
afraid and 21.4% (86/400) did not fear SARS-CoV-2 infection, respectively (p < 0.001)
(Table 4). The majority of the analyzed cohort reported that they did not suffer from
COVID-19 infection, but the level was significantly higher (p < 0.001) in the vaccinated,
79.8% (635/796), compared to the unvaccinated, 63.0% (252/400), group.



Int. |. Environ. Res. Public Health 2022, 19, 6872 9 of 25
Table 3. Level of COVID-19 vaccination among pregnant and breastfeeding women in relation to sociodemographic and obstetric characteristics.
Vaccinated Women, Unvaccinated
Pregnant Women Women after Delivery Pregnant vs. after Women, Pregnant vs.
Delivery after Delivery
Sociodemographic Data
Vaccinated Unvaccinated Vaccinated Unvaccinated
N =174 N =82 N =622 N =318 x> Test  p-Value  x%>Test p-Value
% (n) % (n) % (n) % (n)
18-25 12.6% (22) 18.3% (15) 6.6% (41) 16.7% (53)
26-30 36.2% (63) 40.2% (33) 36.8% (229) 42.8% (136)
Age (years) 31-35 39.1% (68) 34.2% (28) 38.7% (241) 26.7% (85) 9.17 0.057 3.87 0.42
36—40 10.9% (19) 7.3% (6) 15.6% (97) 13.2% (42)
>41 1.2% (2) 0.0% (0) 2.3% (14) 0.6% (2)
underweight (<18.5) 4.6% (8) 11.0% (9) 7.2% (45) 6.9% (22)
normal weight (18.5-24.9) 66.1% (115) 53.6% (44) 63.7% (396) 66.1% (210)
Pre-pregnancy BMI overweight (25-29.9 20.1% (35 12.2% (10 17.8% (111 19.8% (63
k /11:12)5; v ght ( ) %) 10 (1) (69) 6.96 0.22 22.61 <0.001
& obesity class 1 (30-34.9) 7.5% (13) 17.1% (14) 8.7% (54) 6.3% (20)
obesity class 2 (35-39.9) 1.2% (2) 6.1% (5) 2.6% (16) 0.9% (3)
obesity class 3 (>40) 0.6% (1) 0.0% (0) 0.0% (0) 0.0% (0)
urban, above 100,000 residents 71.8% (125) 57.3% (47) 56.8% (353) 33.7% (107)
urban, 10,000-100,000 residents 10.3% (18) 18.3% (15) 19.6% (122) 22.3% (71)
Residence ; 13.93 <0.005 18.5 <0.001
urban, <10,000 residents 3.4% (6) 9.8% (8) 5.1% (32) 9.4% (30)
rural 14.4% (25) 14.6% (12) 18.5% (115) 34.6% (110)
vocational and primary 1.7% (3) 3.7% (3) 1.6% (10) 4.4% (14)
Education high school 12.1% (21) 29.2% (24) 14.2% (88) 28.3% (90) 0.50 0.77 0.11 0.94
university 86.2% (150) 67.1% (55) 84.2% (524) 67.3% (214)
married 79.9% (139) 61.0% (50) 85.2% (530) 75.5% (240)
Marital status cohabiting 17.8% (31) 37.8% (31) 13.5% (84) 21.4% (68) 3.13 0.20 2.37 0.12
single parent and divorced 2.3% (4) 1.2% (1) 1.1% (8) 0.6% (10)
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Table 3. Cont.

Vaccinated Women,

Unvaccinated

Pregnant Women Women after Delivery Pregnant vs. after Women, Pregnant vs.
Delivery after Delivery
Sociodemographic Data
Vaccinated Unvaccinated Vaccinated Unvaccinated
N =174 N =82 N =622 N =318 x?>Test  p-Value  x*Test p-Value
% (n) % (n) % (n) % (n)
hvsiol . Yes 89.7% (156) 89.0% (73) 80.7% (502) 82.4% (262)
Physiological pregnanc 7.60 0.006 211 0.14
ysiofoglcal Pegnancy o 10.3% (18) 11.0% (9) 19.3% (120) 17.6% (56) <
Difficulties in conceiving Yes 22.4% (39) 25.6% (21) 24.1% (150) 21.4% (68)
. 0.22 0.64 0.67 0.41
a child No 77.6% (135) 74.4% (61) 75.9% (472) 78.6% (250)
Medically assisted Yes 18.0% (14) 3.7% (3) 8.4% (52) 7.5% (24)
. 0.02 0.89 1.56 0.21
procreation No 92.0% (160) 96.3% (79) 91.6% (570) 92.5% (294)
N Yes 21.8% (38) 23.2% (19) 22.0% (137) 20.4% (65)
Miscarriage in the past 0.003 0.95 0.29 0.58
& P No 78.2% (136) 76.8% (63) 78.0% (485) 79.6% (253)

The table shows the percentage of respondents in the given subgroup (n) in relation to all respondents (N) for whom the specific information was available.
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Table 4. Level of COVID-19 knowledge in relation to COVID-19 vaccination among women.

Vaccinated Unvaccinated
COVID-19 Knowledge Level N =796 N =400 X2 Test p-Value
% (n) % (n)
1 4.9% (39) 21.5% (86)
2 3.6% (29) 14.3% (57)
W fraid of SARS-CoV-2
_ ereyouatraic o oV 3 14.7% (117) 25.5% (102) 197.04 <0.001
infection during pregnancy/lactation?
4 21.5% (171) 16.3% (65)
5 55.3% (440) 22.5% (90)
Yes 11.2% (89) 15.3% (61)
Did you suffer from COVID-19 during No 79.8% (635) 63.0% (252) 45.94 <0.001
pregnancy?
I do not know 9.0% (72) 21.8% (87)
Yes 4.5% (36) 7.5% (30)
Is SARS-CoV-2 transr.rutted through No 75.3% (599) 62.0% (248) 2275 <0.001
breastfeeding?
I do not know 20.2% (161) 30.5% (122)
Can breastfeeding after the mother has Yes 72.7% (579) 45.0% (180)
COVID-19 protect the baby from No 8.7% (69) 22.3% (89) 92.32 <0.001
SARS-CoV-2 infection? I do not know 18.6% (148) 32.8% (131)
Do you think that immunity achieved Yes 88.1% (701) 28.5% (114)
after COVID-19 vaccination might o o
provide immune protection to the fetus No 2.0% (16) 28.8% (115) 449.63 <0.001
and newborn (placental transfer)? I do not know 9.9% (79) 42.8% (171)
Do you think that immunity achieved Yes 79.6% (634) 24.5% (98)
after COVID-19 vaccination might be o o
transferred with human milk to the No 6.8% (54) 33.5% (134) 346.43 <0.001
newborns/infants? I do not know 13.6% (108) 42.0% (168)

The table shows the percentage of respondents in the given subgroup (n) in relation to all respondents (N) for
whom the specific information was available. Definitely not afraid—1 point on a five-point scale of fear. Definitely
afraid—o>5 points on a five-point scale of fear.

Both vaccinated and unvaccinated respondents were familiar with the fact that
COVID-19 is not transmitted through breast milk and represent a moderate level of knowl-
edge in this area, but the level was significantly higher for the vaccinated than for the un-
vaccinated group, 75.3% (599/796) and 62.0% (248/400) (p < 0.001), respectively (Table 4).

The knowledge concerning delivery of maternal antibodies to the fetus by placental
transport was significantly different; namely, vaccinated mothers showed detailed (88.1%
(701/796)), in contrast to unvaccinated women who represented a poor level of knowl-
edge (28.5% (114/400) (p < 0.001). A similar trend was observed for delivering maternal
antibodies to newborns and infants through breast milk. A high level of knowledge was
shown by vaccinated respondents independently of the way of immune system activation
for the synthesis of specific antibodies, e.g., due to SARS-CoV-2 infection or as a response
to vaccination, namely 72.7% (579/796) and 79.6% (634/796), respectively. In contrast, in
the unvaccinated group, women showed a significantly lower level of knowledge (45.0%
(180/400), and 24.5% (98/400)) (p < 0.001 and p < 0.001, respectively) (Table 4).

In addition, the anxiety and the knowledge levels concerning protection against
COVID-19 were related to the obstetric state. Vaccinated pregnant women reported a signif-
icantly lower (p < 0.001) level (29.3% (51/174) of concern about the possibility of contracting
SARS-CoV-2 in comparison to vaccinated women who have already become mothers (59.3%
(369/622)). Similarly, a significantly lower (p < 0.001) proportion of pregnant respondents
(60.9% (106/174)) were aware that SARS-CoV-2 is not transmitted through breast milk in
relation to vaccinated mothers (79.3% (493/622)). Moreover, vaccinated women who have
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already become mothers revealed a significantly higher level of knowledge in regard to
antibodies generated as a result of vaccination (82.8% (515/622)) or by COVID-19 infection
(74.9% (466/622)) in comparison to vaccinated women during pregnancy (68.4% (119/174))
and 64.9% (113/174), respectively) (p < 0.001 and p < 0.001, respectively) (Table 5).

3.4. Women’s Knowledge concerning COVID-19 Vaccination in Relation to Sociodemographic and
Obstetric Variables

Statistically significant differences were found between women’s knowledge con-
cerning COVID-19 vaccination in relation to age (significant differences for four out of
the six analyzed questions) but not to the BMI of the women who participated in the
study (Supplementary Materials Table S1).

Additionally, the women'’s knowledge concerning details related to COVID-19 vacci-
nation was dependent on sociodemographic characteristics such as the place of residence,
education, and the marital status of the respondents (Supplementary Materials Table S1).
The COVID-19 knowledge level was higher for vaccinated women residing in big cities
(significant differences for five out of the six analyzed questions) (p < 0.05), having a univer-
sity degree (significant differences for all analyzed questions) (p < 0.05), and being married
(significant differences for four out of the six analyzed questions) (p < 0.05).

Among obstetric data, the mode of delivery was statistically significant for three
out of the six analyzed questions concerning attitudes of women toward vaccination
against COVID-19 (p < 0.05). The course of pregnancy (normal or with complications) was
statistically significant only for one question about the transfer of antibodies generated after
vaccination with mother’s milk to the breastfed child (p = 0.03), while obstetric variables
such as difficulties in conceiving a child and miscarriage in the past revealed a statistically
significant correlation with the question concerning suffering from COVID-19 during
pregnancy (p = 0.02 and p = 0.04, respectively) (Supplementary Materials Table S2).

3.5. COVID-19 Vaccine Preference and Attitude

Among vaccinated respondents, the largest group constituted women who have
been vaccinated with products of Pfizer /BioNTech (77.7% of pregnant women and 73.6%
of women who had already given birth). The second group was women who received
the Moderna vaccine (10.3% of pregnant women and 13.0% of mothers), while vaccines
provided by AstraZeneca were received by 9.2% (16/174) of pregnant women and 4.5%
(28/622) of mothers, while the Johnson & Johnson vaccine was received by 6.9% (12/174)
and 4.8% (30/622) of vaccinated women during and after pregnancy, respectively (Figure 2).

- )71.7%
Pfizer/BioNTech

4.8%
Johnson & Johnson 6.9%

1 4.5%
9.2%

AstraZeneca —

J 13.0%

Moderna | 10.3%

73.6%

0% 10% 20% 30% 40%  50% 60% 70%  80%

Percentage

Mothers ®Pregnant women

Figure 2. COVID-19 vaccine.
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Table 5. Level of COVID-19 knowledge in relation to COVID-19 vaccination among women during pregnancy and after delivery.
Vaccinated Women, Unvaccinated Women,
Pregnant Women Women after Delivery Pregnant vs. after Pregnant vs. after
Delivery Delivery
Vaccinated Unvaccinated Vaccinated Unvaccinated
N =174 N =82 N =622 N =318 x? Test p-Value x? Test p-Value
% (n) % (n) % (n) % (n)
1 4.6% (8) 23.2% (19) 5.0% (31) 21.1% (67)
2 4.6% (8) 18.3% (15) 34% (21) 13.2% (42)
Were you afraid of SARS-CoV-2 infection 5 18.4% (32) 20.7% (17) 13.7% (85) 26.7% (85) 37.22 <0.001 291 0.57
during pregnancy/lactation?
4 31.6% (55) 18.3% (15) 18.6% (116) 15.7% (50)
5 29.3% (51) 19.5% (16) 59.3% (369) 23.3% (74)
Yes 7.5% (13) 12.2% (10) 12.2% (76) 16.0% (51)
Did you suffer from COVID-19 No 82.8% (144) 69.5% (57) 78.9% (491) 61.3% (195) 312 091 1.89 0.39
during pregnancy?
Idonotknow  9.8% (17) 18.3% (15) 8.8% (55) 22.6% (72)
Yes 9.8% (17) 7.3% (6) 3.1% (19) 7.5% (24)
Is SARS-CoV-2 transmitted No 60.9% (106) 61.0% (50) 79.3% (493) 62.3% (198) 2872 <0.001 0.07 0.96
through breastfeeding?
I do not know 29.3% (51) 31.7% (26) 17.7% (110) 30.2% (96)
Can breastfeeding after the mother has Yes 64.9% (113) 37.8% (31) 74.9% (466) 46.9% (149)
COVID-19 protect the baby from No 13.2% (23) 23.2% (19) 7.4% (460 22.0% (70) 64.03 <0.001 247 0.29
SARS-CoV-2 infection? Idonotknow  21.8% (38) 39.0% (32) 17.7% (110) 31.1% (99)
Do you think that immunity achieved after  Yes 92.5% (161) 32.9% (27) 86.8% (540) 27.4% (87)
COVID-19 vaccination might provide o o o o
immune protection to the fetus and No 1.7% (3) 28.0% (23) 2.1% (13) 28.9% (92) 451 0.10 1.06 0.59
newborn (placental transfer)? I do not know 5.7% (10) 39.0% (32) 11.1% (69) 43.7% (139)
Do you think that immunity achieved after _ ¢5 68.4% (119) 26.8% (22) 82.8% (515) 23.9% (76)
COVID-19 vaccination might be transferred  No 10.9% (19) 35.4% (29) 5.6% (35) 33.0% (105) 17.48 <0.001 0.77 0.68
) . . )
with human milk to the newborns /infants? "y 4 ' inow  20.7% (36) 37.8% (31) 11.6% (72) 43.1% (137)

The table shows the percentage of respondents in the given subgroup (n) in relation to all respondents (N) for whom the specific information was available.
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In our study, 22.4% (39/174) of pregnant women and 19.6% (122/622) of women who
had already given birth reported that they definitely did not fear (1 point on a five-point
scale of fear) post-vaccination complications. In contrast, 11.7% (13/174) of vaccinated
pregnant and 7.5% (73/622) of vaccinated mothers estimated their anxiety as 5 (definitely
feared) on a five-point scale of fear (Figure 3), although the level of perceived fear regarding
possible post-vaccination unwanted reactions did not differ significantly (chi? 3.59, p = 0.46)
between the analyzed groups of women in our cohort.

) 11.7%

S Y 7.5%

12.9%
4 —15.5%
22.3%
3 —m%
|33.4%
2 Y 32.27%

19.6%
1 — 22.4%

0% 5% 10% 15% 20% 25% 30% 35%

Percentage

after vaccination

Declared level of anxiety

Mothers ®Pregnant women

Figure 3. Declared level of anxiety of women after COVID-19 vaccination. Definitely not afraid—
1 point on a five-point scale of fear. Definitely afraid—>5 points on a five-point scale of fear.

3.6. Respondents’ Reasons for COVID-19 Vaccination

Among the vaccinated cohort for both subgroups, the most frequently mentioned
reason for COVID-19 vaccination was the overall protection against the severe course of
the coronavirus infection, indicated by 60.3% (105/174) of pregnant women and by 62.4%
(388/622) of mothers, respectively (Supplementary Materials Figure S1). As the main
reason for vaccination, a higher risk of getting seriously ill from COVID-19, particularly
during the perinatal period, was reported by 62.1% (108/174) of pregnant women, but only
by 31.2% (194/622) of women who had already given birth. The COVID-19 vaccination
during pregnancy as the reason for providing protection of the child during the first pe-
riod after birth was reported by 40.8% (71/174) of pregnant women and 23.2% (144/622)
of mothers, respectively. Detailed questions in this regard included immune protection
due to the transfer of specific antibodies to the fetus (due to the placental transport) and
breastfed child (due to the maternal milk). The protection of the fetus was indicated by
54.0% (94/174) of pregnant women and 28.1% (175/622) of mothers, while the protec-
tion of the child, due to the maternal milk, was reported by 20.1% (35/174) and 57.2%
(356/622) of women during and after pregnancy, respectively. COVID-19 vaccination due
to existing comorbidities was declared by 5.6% of pregnant women and 2.9% of mothers,
respectively (Supplementary Materials Figure S1).

In our analyzed cohort, the respondents’ reasons for COVID-19 vaccination dif-
fered significantly (chi? 105.37, p < 0.001) between the vaccinated pregnant women and
vaccinated mothers.
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3.7. Respondents’ Reasons to Avoid COVID-19 Vaccination

The avoidance of COVID-19 vaccination as the reason for possible overall post-
vaccination complications was indicated by 73.2% (60/82) and 69.9% (222/318) of women
during and after pregnancy, respectively (Supplementary Materials Figure 52).

In the area of detailed knowledge, as the most frequent reason to avoid COVID-19
vaccination among unvaccinated pregnant respondents, the possibility of adverse effects
of vaccination on the developing fetus (81.7%; 67/82)) was reported. In contrast, in the
subgroup of women who had already given birth, that reason was indicated by 55.7%
(177/318) of respondents. The second and third most frequent reasons to not take the
COVID-19 vaccination were possible adverse effects of vaccination on the mother and
breastfed child, which were indicated by 61.0% (50/82) and 26.8% (22/82) women during
pregnancy, and 60.7% (193/318) and (54.4%; 173 /318) of women who had already given
birth, respectively. Additionally, the pregnant respondents and mothers, as the reason not
to take the COVID-19 vaccination, mentioned the presence of comorbidities (9.8% (8/82)
and 14.2% (45/318), respectively) (Supplementary Materials Figure S2).

The most frequently self-reported reason to avoid COVID-19 vaccination indicated by
women during and after pregnancy was the lack of detailed studies confirming the safety of the
vaccine (2.4% (2/82) and 6.3% (20/318), respectively) (Supplementary Materials Figure S2).
Other reasons prompting women to avoid COVID-19 vaccination include convalescent
status, medical contraindications for vaccination, and the lack of trust (I do not believe in
it), which were reported by 8.5% of pregnant women and 6.0% of women who had already
given birth.

The factors mentioned by respondents as the main reason to avoid COVID-19 vac-
cination differed significantly (chi? 21.02, p < 0.002) between the analyzed groups of
unvaccinated women.

3.8. Predictors of a Lack of COVID-19 Vaccination among Women

For the analyzed cohort of women, the multivariate analysis identified that the re-
spondents from small cities and rural areas avoided COVID-19 vaccination (OR = 2.06;
95% CI = 1.05-4.02 and OR = 1.89; 95% CI = 1.25-2.87). The COVID-19 vaccination was much
lower for women in cohabitation than for married women (OR = 1.76; 95% CI = 1.15-2.70).
Similarly, answering “Yes” on the following question: “Is SARS-CoV-2 transmitted through
breastfeeding?” is a significant predictor of the lack of COVID-19 vaccination (OR = 2.32;
95% CI = 1.15-4.70). Moreover, the statement “No” or “I do not know” to the questions
“Do you think that immunity achieved after COVID-19 vaccination might provide immune
protection to the fetus and newborn (placental transfer)?” also significantly predicted
the lack of COVID-19 vaccination (OR = 23.86; 95% CI = 12.99-43.84 and OR = 10.77;
95% CI = 7.20-16.10, respectively).

In contrast, the age of respondents is a weak predictor (OR = 0.96; 95% CI = 0.92-1.00)
of opponents of COVID-19 vaccination among the analyzed cohort of women (Table 6).
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Table 6. Predictors of a lack of COVID-19 vaccination among women.

Odds Ratio (OR)

Data (95% Lower—Upper p-Value
Confidence Interval (CI))
Age (years) 0.96 (0.92-1.00) <0.06
Residence
urban, above 100,000 residents (ref)
urban, 10,000-100,000 residents 1.52 (0.98-2.37) 0.06
urban, <10,000 residents 2.06 (1.05-4.02) <0.04
rural 1.89 (1.25-2.87) <0.003
Marital status
married (ref)
cohabiting 1.76 (1.15-2.70) <0.009
single parent & divorced 1.00 (0.34-2.94) 0.99
Were you afraid of SARS-CoV-2 infection during pregnancy/lactation?
5 (I was DEFINITELY AFRAID) (ref)
4 1.90 (1.20-3.02) <0.007
3 4.31 (2.75-6.74) <0.001
2 7.21 (3.84-13.54) <0.001
1 (I was DEFINITELY NOT AFRAID) 5.84 (3.32-10.27) <0.001
Did you suffer from COVID-19 during your pregnancy?
No (ref)
Yes 2.32(1.43-3.77) <0.001
I do not know 2.67 (1.66—4.28) <0.001
Is SARS-CoV-2 transmitted through breastfeeding?
No (ref)
Yes 2.32(1.15-4.70) <0.02
I do not know 1.24 (0.82-1.88) 0.3
Does breastfeeding protect children from COVID-19?
Yes (ref)
No 1.86 (1.13-3.07) <0.02
I do not know 1.08 (0.70-1.67) 0.73
Do you think that immunity achieved after COVID-19 vaccination might provide immune protection to the fetus and newborn (placental transfer)?
Yes (ref)
No
I do not know 23.86 (12.99-43.84) <0.001
10.77 (7.20-16.10) <0.001

ref—reference category.
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4. Discussion

Based on a detailed search of the most valuable scientific databases, namely, PubMed,
Scopus, and Web of Science, the attitude and level of COVID-19 vaccination among Polish
women of reproductive age have not been analyzed before. In this study, an attempt was
made to fill the gap with missing data for women in the perinatal period. Obtaining such
detailed knowledge is necessary for the effective promotion of vaccination against COVID-
19 in this population group, especially since the successive variants of the SARS-CoV-2
virus are responsible for the increase in the incidence of COVID-19 in the youngest age
group. The detailed analysis of data collected during the fourth wave of the pandemic
allows for the identification of barriers to receiving vaccines by women during pregnancy
and mothers, namely the young women residing in medium-sized or small cities and rural
areas. Our results are in line with sociodemographic variables, which differentiate between
vaccinated and unvaccinated cohorts mentioned as important factors by other working
groups [40-45].

The first study concerning the attitude of pregnant women to COVID-19 vaccination,
when the preparation was not yet available, was carried out during the first wave of the
pandemic in 2020 on the female population of the reproductive age living in Switzer-
land and showed that only 29.7% of pregnant women and 38.6% of lactating mothers
declared a willingness to accept the vaccine against COVID-19 when the vaccine became
available [40]. As the pandemic has unfolded, attitudes towards COVID-19 vaccination
have changed [41-43]. At the end of 2020, when the vaccine was approved, the declared
acceptance rate of COVID-19 vaccination was relatively high, namely 52.0% of pregnant
women and 73.4% of mothers, but differed among analyzed populations [43]. Surprisingly,
the intention to receive the vaccine was generally lower in Australia, Russia, and the United
States than in India, the Philippines, and Latin America [43].

In early 2021 when the mass COVID-19 vaccination started but long-term studies on
the COVID-19 vaccine were not yet available, only 28.2% of Italian women expressed a
willingness to receive the COVID-19 vaccine during pregnancy [41]. In contrast, in the same
period, but for a larger cohort, the attitudes and beliefs about COVID-19 vaccine acceptance
among American women of reproductive age showed that pregnant respondents had
a significantly higher rate of vaccine acceptance (44.3%) [42]. On the other hand, the
willingness to receive the COVID-19 vaccine declared by pregnant women was lower than
that declared by women during the postpartum period, namely 55.2%. A similar low
acceptance rate to receive vaccination was indicated based on a cohort of Turkish pregnant
women; namely, during January 2021, only 37% declared willingness to receive the vaccine
if it is recommended for pregnant women, but the acceptance of vaccination was higher
during the first semester in comparison to the subsequent trimesters [15].

Our study was carried out from 15 November to 13 December during the most
dramatic period in Poland, when the number of deaths due to the COVID-19 was the highest
since the beginning of the pandemic. In parallel, a significant increase in hospitalization of
children under the age of two was recorded. Based on the survey, vaccination was declared
by 68.0% (174/256) of pregnant respondents and 66.2% (622/940) of women who had
already given birth. Surprisingly and optimistically, data turned out to be higher than the
level of vaccination for the adult Polish population during the fourth and fifth waves of the
pandemic, namely 56.96% and 57.7%, according to data provided by WHO, but it is one of
the lowest in Europe [8].

Among 796 vaccinated women who took part in the survey, more than half (55.3%)
declared the highest level of anxiety against SARS-CoV-2 infection, while this level of fear
against SARS-CoV-2 infection in the group of unvaccinated women was reported by only
22.5% of respondents. The anxiety levels regarding a possible infection caused by SARS-
CoV-2 have an impact on the decision concerning taking the COVID-19 vaccine. Similar
conclusions were also presented by Schaal and coworkers [44]. Moreover, our findings are
in line with the attitude regarding general vaccine acceptance and uptake presented by
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pregnant women in high-income countries; namely, women who evaluate the possible risk
of infection at the highest level were more likely to receive vaccination [46].

The assessment of women’s knowledge level in the field of COVID-19 vaccination,
including the transmission of the SARS-CoV-2 virus through breast milk, passive transport
of specific anti-SARS-CoV-2 antibodies generated as a result of vaccination or COVID-19
infection, and placental transfer of COVID-19 vaccine-induced immunity, revealed that
the vaccinated subcohort (66.6% of respondents) has a moderate (mean: 78.8%; range:
72.7-88.1%) while the unvaccinated (33.4% of respondents) subcohort has a poor (mean
40.0%; range: 24.5-62.0%) knowledge level in that respect (Tables 3 and 4). Identified by us,
differences in knowledge level in the field of COVID-19 vaccination between vaccinated
and unvaccinated women are in line with results presented by Duong and coworkers [47].
The lack of or poor knowledge level concerning the impact of COVID-19 vaccination on
women during and after pregnancy reveals educational gaps that must be filled in this
group of respondents.

In the group of women who had not chosen to be vaccinated, the fear of possible post-
vaccination complications was higher than the fear of infection caused by the SARS-CoV-2
virus. In line with the above, it is important that the obstetric staff must be constantly
educated in the field of the COVID-19 vaccination to be well prepared to impart reli-
able knowledge to women of reproductive age who are expecting a baby or are already
mothers [44]. Furthermore, as pointed out previously [48], the role of experts in the reliable
delivery of information on COVID-19 vaccines and also question-and-answer sessions by
different media channels should be substantially strengthened since a high acceptance of
vaccination is warranted by a good information policy [44].

The women’s knowledge concerning COVID-19 vaccination was related to sociode-
mographic and very few obstetric variables (Supplementary Materials Tables S1 and S2).
The lower level of women’s knowledge in the field of COVID-19 vaccination and prac-
tices towards COVID-19 is associated with younger age, lower education level, and sin-
gle motherhood (Supplementary Materials Table S1) and overlaps with factors identi-
fied previously by Saeed and coworkers [49]. Among obstetric data, the mode of de-
livery was associated with answers to some questions concerning COVID infection and
vaccination (Supplementary Materials Table S2).

The assessment of women’s knowledge level in the field of COVID-19 vaccination
among women during and after pregnancy revealed significant differences in relation to the
obstetric state in the vaccinated but not the unvaccinated cohort (Table 5). For the vaccinated
cohort, the highest level of anxiety against SARS-CoV-2 infection during pregnancy was
declared only by 29.3% of pregnant women, while in the cohort of women after delivery,
it was reported by 59.3% of respondents (p < 0.001). The low level of fear revealed in our
study clearly indicates educational gaps in the subgroup of women of reproductive age,
which require emergency intervention. Pregnant women should be aware that due to the
pregnancy-related physiological changes, they are in the group at higher risk of respiratory
complications related to viral infections, including COVID-19 [13-17].

On the other hand, a moderate level of knowledge has been found for issues concern-
ing possible transmission of the virus and transfer of specific anti-SARS-CoV-2 antibodies
generated as a result of vaccination or COVID-19 infection via breast milk; however,
for women after delivery, the declared knowledge in this field was significantly higher
than for pregnant women, namely 79.0% and 64.7%, respectively. The higher knowledge
level declared by women after delivery concerning the health benefits of breastfeeding
is understandable; however, due to the appearance of new coronavirus variants that
are more dangerous for children under two years old, the women’s awareness should
be higher and focused on delivering specific antibodies along with milk to prevent this
disturbing phenomenon.

During pregnancy, women must take care of their own and their offspring’s health.
Such a mindset was clearly reflected in the results of our survey, namely, a willingness to
protect a child reported by mothers was at a comparable level as self-protection against a



Int. J. Environ. Res. Public Health 2022, 19, 6872 19 of 25

severe course of COVID-19. The primary reasons for getting a COVID-19 vaccine named
by pregnant women included protection of oneself during the perinatal period (62.1%),
protection against a severe course of the disease (60.3%), and protection of the developing
fetus (54.0%). Similarly, mothers who have already given birth identified the main reasons
for receiving vaccination as protection against a severe course of the disease (62.4%) and
protection of newborns (57.2%). These reasons indicated by the women in our study during
the fourth wave of the pandemic for making the decision to get vaccinated are in line with
those indicated in a study conducted at the beginning of the pandemic on a group of Polish
adults, namely the protection of themself (64.2%) and relatives (60.6%) from infection [7].

A small fraction of the respondents, namely 4.0% of pregnant women and 4.5% of
mothers, indicated as reasons to get vaccinated willingness to receive a digital COVID-
19 certification (vaccine passport) and related benefits (e.g., better medical care and the
possibility of hospitalization with their child). Nevertheless, despite the occurrence of
successive waves of the pandemic, the attitude and the main reasons for willingness to
vaccinate against COVID-19 of the Polish population have not substantially changed.

Among vaccinated respondents, the largest group constituted women who have re-
ceived vaccines based on messenger RNA (mRNA) technology produced by Pfizer/BioNTech:
77.7% of pregnant women and 73.6% of women who had already given birth, while the
vaccines provided by Moderna were received by 10.3% and 13.0% of women during and
after pregnancy, respectively. These results are in line with previously reported preferences
and the highest level of trust for mRNA vaccines in the Polish adult population at the
beginning of vaccine implementation [7]; however, it must be taken into consideration
that the Pfizer /BioNTech vaccine was the first one approved for pregnant and lactating
women [9].

Women'’s lives during pregnancy and postpartum involve significant changes, not
only physiological but also psychosocial [50], which may be additionally affected by the
uncertain epidemiological situation related to the COVID-19 pandemic [51,52]. During
the first three months of the pandemic, postnatal mental distress seemed to be associated
more with the change in obstetric status and other personal factors than with the COVID-19
pandemic restrictions [53]; however, with the progression of the pandemic, the adverse
impact of COVID-19 on the mental health of women in the perinatal period has been
documented [51]. The frequency of occurrence of mental disorders, such as depression
and anxiety, including thoughts of self-harm [52], increased [54-56], and unfortunately, it
translated into the psychological and developmental disturbances of their children. So
far, the fear of COVID-19 vaccination among women in the perinatal period has not been
assessed in Poland. In our study, the majority of unvaccinated respondents, namely 73.2%
of pregnant women and 69.8% of mothers, among stated reasons to avoid COVID-19
vaccination, declared possible post-vaccination complications. Especially high concerns
about COVID-19 vaccines included the adverse impact of the vaccine on their own (61.0%
of pregnant women and 60.7% of mothers) and child’s health (81.7% of pregnant women
and 55.7% of mothers). The main factors indicated by women in our analyzed cohort, albeit
with varying frequency, were in line with those reported previously [7,15,44].

It should be emphasized that the lack of COVID-19 vaccination recommendations for
pregnant and breastfeeding women at the beginning of the implementation of the global
strategy of coronavirus vaccine had a crucial influence on the decision not to accept the
vaccine against SARS-CoV-2. Our results clearly indicate that despite the introduction of
COVID-19 vaccination recommendations for pregnant and breastfeeding women [9-11],
the main concerns of women have still not been overcome. Despite unlimited access
to COVID-19 vaccines in Poland, the level of vaccination is still one of the lowest in
Europe, clearly confirming that not availability but vaccine hesitancy is the main limiting
factor. Hirshberg and coworkers [57] drew similar conclusions based on a USA pilot study
conducted during the second quarter of 2021 on high-risk obstetrical patients. On the
other hand, when the respondents had the opportunity to indicate the reason for not
getting vaccinated, one of those most frequently self-reported was the lack of or limited
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studies confirming the safety of the COVID-19 vaccine (6.3% of mothers and 2.4% of
pregnant women) (Supplementary Materials Figure 52). Our findings clearly show that the
Polish population needs intervention via deep educational programs aimed at imparting
reliable knowledge about mRNA technology and COVID-19 vaccination [58], although such
vaccine technology has been known for 20 years and confirmed as safe [45,59]. Moreover,
as stated by world authorities, COVID-19 vaccination during pregnancy outweighs any
possible risks for pregnant women and their offspring and additionally delivers immune
protection for newborns of vaccinated mothers [60-66]. Recent research indicates [60-66]
that mRNA COVID-19 vaccination has no impact on pregnant women and their babies,
namely regarding the risk of miscarriages, preterm births, or side effects in unborn babies,
among others.

The first vaccines were available at the end of 2020 [9], and their appearance induced
a high concern about their safety and effectiveness; however, such a state of affairs also
accompanied the recommendation concerning influenza vaccination during pregnancy in
the past [67]. In fact, the morbidity and mortality of COVID-19 during the perinatal period
are closely related to the availability and acceptance of COVID-19 vaccination [9]; however,
despite easy access to such protection, the declared level of vaccination is not satisfactory
and requires urgent educational action. Knowledge of these areas translates into dedicated
activities that can change the attitude towards vaccination in the target group of women of
reproductive age.

As shown by the results of our analysis, despite the detailed data with regard to
COVID-19 vaccination based on evidence-based medicine, this knowledge is largely ig-
nored in Poland; therefore, action should be taken to identify areas that require urgent
intervention. The multi-logistic regression analysis revealed that unmarried women living
in small cities and rural areas belong to the group that needs special attention. Moreover,
a declaration of a low level of fear of SARS-CoV-2 infection and the lack of knowledge in
the fields of COVID-19 vaccine-induced immune protection of the fetus (placental transfer)
and newborns are indicated as the main predictors associated with avoidance of COVID-19
vaccination by the population of Polish women in reproductive age during the fourth wave
of the pandemic. The sociodemographic variables identified in our study are in line with
data provided by Stuckelberger and coworkers [40].

In this difficult and potentially dangerous situation for the population’s health, it seems
that a solution that may bring an increase in awareness and thus translate into increased
vaccination is the implementation of interventional educational campaigns. The high levels
of anxiety among pregnant women and mothers about infection caused by the SARS-CoV-2
virus might be decreased by providing dedicated education and encouraging vaccination.
For this reason, raising awareness in the population of women in the perinatal period and
emphasizing that women who vaccinate themselves, in fact, protect their offspring due to
the enhancement of their immune system by providing the set of specific antibodies against
SARS-CoV-2 via placental transfer and with breast milk, are extremely important.

Strengths and Limitations of Our Study

To the best of our knowledge, this is the first study in Poland that investigates the
COVID-19 vaccination level and attitude among women during pregnancy and after giving
birth, covering an important field of public health, since the level of vaccination in Poland
remains at one of the lowest levels among European countries. The analyzed cohort size,
as well as the demographic data, suggest that the obtained results are representative of
Polish women of reproductive age; however, we consider as a limitation of our study
the impossibility of comparing our data with the period when the first recommendations
regarding vaccination of pregnant women appeared, as no such data are available. Another
limitation that warrants a comment here is the comparison of our data with the statistics
published by the other countries due to the differences in restrictions introduced as well as
shifts in the dynamics of development of successive waves of the COVID-19 pandemic.
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Nevertheless, it should be noted that the use of an online survey may have an impact
on the sample towards those more familiar with using technology and, therefore, may
not be representative of some class of society who do not have access to the Internet
and social media; however, according to the Polish Central Statistical Office, in 2021 [68],
92.4% of households had Internet access. In fact, the lack of access to the Internet and
social media mainly concerns people above 60 years who were not included in the study
group. Additionally, in our study, more than three fourth of respondents had a university
education, while according to the Overview of the educational system (EAG 2021) [69], in
Poland, 53% of 25-34-year-old women had a tertiary qualification in 2020. In light of the
above, this survey included women who, in our opinion, were looking for information not
only about the perinatal period but also about the benefits of vaccination; therefore, the
analyzed cohort did not fully reflect the general population of Polish women and should
be pointed out as a limitation of our survey.

In the near future, it is worth evaluating whether there is progress in accepting the
vaccine when there is substantially greater access to additional and confirmed scientific
data, particularly when new variants of the coronavirus are identified as more dangerous
for children under two years compared to the beginning of the pandemic. Emerging reliable
results of research on larger analyzed cohorts and intensive information and promotion
activities undertaken over the world by the numerous societies and committees as well as
governmental institutions regarding the popularization of vaccinations bring the assumed
effect, i.e., an increase in vaccination of Polish women in reproductive age.

5. Conclusions

The results of our research clearly indicate that dedicated knowledge should be
provided for specific target groups. For women of reproductive age, one of the most
important tasks must be efficiently delivering information that confirms the safety of
the COVID-19 vaccination not only for pregnant women but also for the developing
fetus. Moreover, an insufficiently accentuated aspect of the vaccination for pregnant and
breastfeeding women is the protection of their offspring due to the transport of SARS-
CoV-2-specific antibodies by the placenta and transfer with breast milk, which translates
into indisputable health benefits for new generations. The dedicated information policy,
especially in the group of mothers, is particularly important also due to the decisive role in
terms of vaccination of their offspring.

In line with the general knowledge in this field, we found that declarations of a high
anxiety level as regards SARS-CoV-2 infection translate into the increased willingness of
women to be vaccinated and, finally, on the wellbeing of women of reproductive age. In the
light of the obtained data, the overriding goal should be to strengthen the national strategy
to support and promote vaccination among Polish women of reproductive age, especially
since the successive variants of the SARS-Co-2 virus are responsible for the increase in
the incidence of infections and an increase in the severity of the disease and post-COVID-
19 complications occurring with much higher frequency in the group of children under
two years old.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph19116872/s1, Table S1: Level of COVID-19 knowledge in
relation to sociodemographic variables; Table S2: Level of COVID-19 knowledge in relation to
obstetric variables; Figure S1: Respondents’ reasons for COVID-19 vaccination; Figure S2: Reasons
to avoid COVID-19 vaccination declared by analyzed cohort of respondents. The Questionnaire is
available online at https:/ /forms.gle/ETxdQEWUvTfoC5VR9 (accessed on 31 May 2022).

Author Contributions: Conceptualization, ].L.-K., M.B.-M. and M.O.-P.; methodology, J.L.-K. and
M.O.-P; data curation, ].L.-K. and M.O.-P,; writing—original draft preparation, J.L.-K. and M.O.-P.;
writing—review and editing, J.L.-K., M.B.-M. and M.O.-P.; supervision, M.O.-P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/ijerph19116872/s1
https://www.mdpi.com/article/10.3390/ijerph19116872/s1
https://forms.gle/ETxdQEWUvTfoC5VR9

Int. J. Environ. Res. Public Health 2022, 19, 6872 22 of 25

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee at Wroctaw Medical University (No
KB-356/2021; date of approval: 26 April of 2021).

Informed Consent Statement: The survey was anonymous and participation in it was voluntary.
Completing the questionnaire meant unequivocal consent to participate in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We would like to thank Wojciech Bombata from the Department of Statistical
Analysis Center, Wroclaw Medical University, for statistical consultation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Muralidar, S.; Ambi, S.V.; Sekaran, S.; Krishnan, U.M. The emergence of COVID-19 as a global pandemic: Understanding
the epidemiology, immune response and potential therapeutic targets of SARS-CoV-2. Biochimie 2020, 179, 85-100. [CrossRef]
[PubMed]

World Health Organization (WHO). Coronavirus Disease (COVID-19) Pandemic. Available online: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019 (accessed on 17 February 2022).

Pradhan, A.; Olsson, P.-E. Sex differences in severity and mortality from COVID-19: Are males more vulnerable? Biol. Sex Differ.
2020, 11, 53. [CrossRef] [PubMed]

Wang, M.; Jiang, N; Li, C.; Wang, J.; Yang, H.; Liu, L.; Tan, X.; Chen, Z.; Gong, Y.; Yin, X,; et al. Sex-disaggregated data on clinical
characteristics and outcomes of hospitalized patients with COVID-19: A retrospective study. Front. Cell. Infect. Microbiol. 2021,
11, 680422. [CrossRef]

Kotlar, B.; Gerson, E.; Petrillo, S.; Langer, A.; Tiemeier, H. The impact of the COVID-19 pandemic on maternal and perinatal
health: A scoping review. Reprod. Health 2021, 18, 10. [CrossRef] [PubMed]

Saadaoui, M.; Kumar, M.; Al Khodor, S. COVID-19 infection during pregnancy: Risk of vertical transmission, fetal, and neonatal
outcomes. J. Pers. Med. 2021, 11, 483. [CrossRef] [PubMed]

Rzymski, P.; Zeyland, J.; Poniedziatek, B.; Matecka, I.; Wysocki, J. The perception and attitudes toward COVID-19 vaccines: A
cross-sectional study in Poland. Vaccines 2021, 9, 382. [CrossRef]

World Health Organization (WHO). Situation by Region, Country, Territory & Area. Available online: https://covid19.who.int/
table (accessed on 17 February 2022).

World Health Organization (WHO). The Pfizer BioNTech (BNT162b2) COVID-19 Vaccine: What You Need to Know. Available
online: https:/ /www.who.int/news-room/feature-stories/detail /who-can-take-the-pfizer-biontech-COVID-19--vaccine-what-
you-need-to-know (accessed on 17 February 2022).

Stanowisko Fundacji Bank Mleka Kobiecego, Centrum Nauki o Laktacji i Polskiego Towarzystwa Wakcynologii w Sprawie
Szczepienia Przeciwko SARS-CoV-2 Kobiet w Okresie Laktacji. Available online: https://ptwakc.kylos.pl/wytyczne-i-
stanowiska/stanowisko-fundacji-bank-mleka-kobiecego-centrum-nauki-o-laktacji-i-polskiego-towarzystwa-wakcynologii-w-
sprawie-szczepienia-przeciwko-SARS-CoV-2-kobiet-w-okresie-laktacji/ (accessed on 17 February 2022).

Stanowisko Polskiego Towarzystwa Neonatologicznego ws. Szczepien Przeciwko COVID-19. Available online: https://www.mp.
pl/szczepienia/artykuly /wytyczne /256987, stanowisko-polskiego-towarzystwa-neonatologicznego-ws-szczepien-przeciwko-
COVID-19 (accessed on 17 February 2022).

Villar, J.; Ariff, S.; Gunier, R.B.; Thiruvengadam, R.; Rauch, S.; Kholin, A.; Roggero, P.; Prefumo, F; do Vale, M.S,;
Cardona-Perez, J.A.; etal. Maternal and neonatal morbidity and mortality among pregnant women with and without
COVID-19 infection: The INTERCOVID multinational cohort study. JAMA Pediatr. 2021, 175, 817-826. [CrossRef]

Allotey, J.; Stallings, E.; Bonet, M.; Yap, M.; Chatterjee, S.; Kew, T.; Debenham, L.; Llavall, A.C.; Dixit, A.; for PregCOV-19 Living
Systematic Review Consortium; et al. Clinical manifestations, risk factors, and maternal and perinatal outcomes of coronavirus
disease 2019 in pregnancy: Living systematic review and meta-analysis. BM]J 2020, 370, m3320. [CrossRef] [PubMed]

Atyeo, C.; Pullen, KM.; Bordt, E.A.; Fischinger, S.; Burke, ].; Michell, A.; Slein, M.D.; Loos, C.; Shook, L.L.; Boatin, A.A; et al.
Compromised SARS-CoV-2-specific placental antibody transfer. Cell 2021, 184, 628—-642. [CrossRef] [PubMed]

Goncu Ayhan, S.; Oluklu, D.; Atalay, A.; Menekse Beser, D.; Tanacan, A.; Moraloglu Tekin, O.; Sahin, D. COVID-19 vaccine
acceptance in pregnant women. Int. J. Gynaecol. Obstet. 2021, 154, 291-296. [CrossRef]

Abdelazim, I.A.; AbuFaza, M.; Al-Munaifi, S. COVID-19 positive woman presented with preterm labor: Case report. Gynecol.
Obstet. Reprod. Med. 2021, 27, 294-296. [CrossRef]

Martinez-Portilla, R.J.; Sotiriadis, A.; Chatzakis, C.; Torres-Torres, J.; Espino, Y.; Sosa, S.; Sandoval-Mandujano, K,
Castro-Bernabe, D.A.; Medina-Jimenez, V.; Monarrez-Martin, J.C.; et al. Pregnant women with SARS-CoV-2 infection
are at higher risk of death and pneumonia: Propensity score matched analysis of a nationwide prospective cohort (COV19MXx).
Ultrasound Obstet. Gynecol. 2021, 57, 224-231. [CrossRef] [PubMed]


http://doi.org/10.1016/j.biochi.2020.09.018
http://www.ncbi.nlm.nih.gov/pubmed/32971147
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://doi.org/10.1186/s13293-020-00330-7
http://www.ncbi.nlm.nih.gov/pubmed/32948238
http://doi.org/10.3389/fcimb.2021.680422
http://doi.org/10.1186/s12978-021-01070-6
http://www.ncbi.nlm.nih.gov/pubmed/33461593
http://doi.org/10.3390/jpm11060483
http://www.ncbi.nlm.nih.gov/pubmed/34071251
http://doi.org/10.3390/vaccines9040382
https://covid19.who.int/table
https://covid19.who.int/table
https://www.who.int/news-room/feature-stories/detail/who-can-take-the-pfizer-biontech-COVID-19--vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/who-can-take-the-pfizer-biontech-COVID-19--vaccine-what-you-need-to-know
https://ptwakc.kylos.pl/wytyczne-i-stanowiska/stanowisko-fundacji-bank-mleka-kobiecego-centrum-nauki-o-laktacji-i-polskiego-towarzystwa-wakcynologii-w-sprawie-szczepienia-przeciwko-SARS-CoV-2-kobiet-w-okresie-laktacji/
https://ptwakc.kylos.pl/wytyczne-i-stanowiska/stanowisko-fundacji-bank-mleka-kobiecego-centrum-nauki-o-laktacji-i-polskiego-towarzystwa-wakcynologii-w-sprawie-szczepienia-przeciwko-SARS-CoV-2-kobiet-w-okresie-laktacji/
https://ptwakc.kylos.pl/wytyczne-i-stanowiska/stanowisko-fundacji-bank-mleka-kobiecego-centrum-nauki-o-laktacji-i-polskiego-towarzystwa-wakcynologii-w-sprawie-szczepienia-przeciwko-SARS-CoV-2-kobiet-w-okresie-laktacji/
https://www.mp.pl/szczepienia/artykuly/wytyczne/256987,stanowisko-polskiego-towarzystwa-neonatologicznego-ws-szczepien-przeciwko-COVID-19
https://www.mp.pl/szczepienia/artykuly/wytyczne/256987,stanowisko-polskiego-towarzystwa-neonatologicznego-ws-szczepien-przeciwko-COVID-19
https://www.mp.pl/szczepienia/artykuly/wytyczne/256987,stanowisko-polskiego-towarzystwa-neonatologicznego-ws-szczepien-przeciwko-COVID-19
http://doi.org/10.1001/jamapediatrics.2021.1050
http://doi.org/10.1136/bmj.m3320
http://www.ncbi.nlm.nih.gov/pubmed/32873575
http://doi.org/10.1016/j.cell.2020.12.027
http://www.ncbi.nlm.nih.gov/pubmed/33476549
http://doi.org/10.1002/ijgo.13713
http://doi.org/10.21613/GORM.2021.1170
http://doi.org/10.1002/uog.23575
http://www.ncbi.nlm.nih.gov/pubmed/33320401

Int. J. Environ. Res. Public Health 2022, 19, 6872 23 of 25

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vassilopoulou, E.; Feketea, G.; Koumbi, L.; Mesiari, C.; Berghea, E.C.; Konstantinou, G.N. Breastfeeding and COVID-19: From
nutrition to immunity. Front. Immunol. 2021, 12, 661806. [CrossRef] [PubMed]

Mor, G.; Cardenas, I. The immune system in pregnancy: A unique complexity. Am. ]. Reprod. Immunol. 2010, 63, 425-433.
[CrossRef] [PubMed]

Gongalves, G.; Cutts, ET.; Hills, M.; Rebelo-Andrade, H.; Trigo, F.A.; Barros, H. Transplacental transfer of measles and total IgG.
Epidemiol. Infect. 1999, 122, 273-279. [CrossRef]

Munoz, EM.; Bond, N.H.; Maccato, M.; Pinell, P; Hammill, H.A.; Swamy, G.K.; Walter, E.B.; Jackson, L.A.; Englund, J.A;
Edwards, M.S,; et al. Safety and immunogenicity of tetanus diphtheria and acellular pertussis (Tdap) immunization during
pregnancy in mothers and infants: A randomized clinical trial. JAMA 2014, 311, 1760-1769. [CrossRef]

Martinez, D.R.; Fong, Y,; Li, SH.; Yang, F; Jennewein, M.F,; Weiner, J.A.; Harrell, E.A.; Mangold, J.F; Goswami, R,;
Seage, G.R., 3rd; et al. Fc Characteristics mediate selective placental transfer of IgG in HIV-Infected women. Cell 2019,
178, 190-201.e11. [CrossRef] [PubMed]

Beharier, O.; Plitman Mayo, R.; Raz, T.; Nahum Sacks, K.; Schreiber, L.; Suissa-Cohen, Y.; Chen, R.; Gomez-Tolub, R.; Hadar, E,;
Gabbay-Benziv, R.; et al. Efficient maternal to neonatal transfer of antibodies against SARS-CoV-2 and BNT162b2 mRNA
COVID-19 vaccine. J. Clin. Investig. 2021, 131, e154834. [CrossRef]

Béuerl, C.; Randazzo, W.; Sanchez, G.; Selma-Royo, M.; Garcia Verdevio, E.; Martinez, L.; Parra-Llorca, A.; Lerin, C.; Fumado, V,;
Crovetto, F; et al. MilkCORONA study team. SARS-CoV-2 RNA and antibody detection in breast milk from a prospective
multicentre study in Spain. Arch. Dis. Child Fetal Neonatal Ed. 2022, 107, 216-221. [CrossRef] [PubMed]

Juncker, H.G.; Romijn, M.; Loth, V.N.; Ruhé, E.J.M.; Bakker, S.; Kleinendorst, S.; de Groot, C.J.M.; Pajkrt, D.; Korosi, A.; van
Goudoever, ].B; et al. Antibodies against SARS-CoV-2 in human milk: Milk conversion rates in the Netherlands. J. Hum. Lact.
2021, 37, 469-476. [CrossRef]

Perl, S.H.; Uzan-Yulzari, A.; Klainer, H.; Asiskovich, L.; Youngster, M.; Rinott, E.; Youngster, I. SARS-CoV-2-Specific antibodies in
breast milk after COVID-19 vaccination of breastfeeding women. JAMA 2021, 325, 2013-2014. [CrossRef] [PubMed]

Flannery, D.D.; Gouma, S.; Dhudasia, M.B.; Mukhopadhyay, S.; Pfeifer, M.R.; Woodford, E.C.; Triebwasser, J.E.; Gerber, ].S.;
Morris, ].S.; Weirick, M.E; et al. Assessment of maternal and neonatal cord blood SARS-CoV-2 antibodies and placental transfer
ratios. JAMA Pediatr. 2021, 175, 594-600. [CrossRef]

Shook, L.L.; Atyeo, C.G.; Yonker, L.M.; Fasano, A.; Gray, K].; Alter, G.; Edlow, A.G. Durability of anti-spike antibodies in infants
after maternal COVID-19 vaccination or natural infection. JAMA 2022, 327, 1087-1089. [CrossRef]

Demers-Mathieu, V.; Do, D.M.; Mathijssen, G.B.; Sela, D.A.; Seppo, A.; Jarvinen, K.M.; Medo, E. Difference in levels of SARS-CoV-2
S1 and S2 subunits- and nucleocapsid protein-reactive SIgM/IgM, IgG and SIgA /IgA antibodies in human milk. J. Perinatol.
2021, 41, 850-859. [CrossRef]

Pace, RM.; Williams, J.E.; Jarvinen, K.M.; Belfort, M.B.; Pace, C.D.; Lackey, K.A.; Gogel, A.C.; Nguyen-Contant, P; Kanagaiah, P;
Fitzgerald, T.; et al. COVID-19 and human milk: SARS-CoV-2, antibodies, and neutralizing capacity. medRxiv 2020. [CrossRef]
Kim, L.; Whitaker, M.; O’'Halloran, A.; Kambhampati, A.; Chai, S.J.; Reingold, A.; Armistead, I.; Kawasaki, B.; Meek, J.; Yousey-
Hindes, K.; et al. COVID-NET surveillance team. Hospitalization rates and characteristics of children aged <18 years hospitalized
with laboratory-confirmed COVID-19-COVID-NET, 14 States, 1 March—25 July 2020. MMWR Morb. Mortal. Wkly. Rep. 2020,
69, 1081-1088. [CrossRef] [PubMed]

Dong, L,; Tian, J.; He, S.; Zhu, C.; Wang, J.; Liu, C.; Yang, J. Possible vertical transmission of SARS-CoV-2 from an infected mother
to her newborn. JAMA 2020, 323, 1846-1848. [CrossRef] [PubMed]

Hardelid, P.; Favarato, G.; Wijlaars, L.; Fenton, L.; McMenamin, J.; Clemens, T.; Dibben, C.; Milojevic, A.; Macfarlane, A.;
Taylor, J.; et al. Risk of SARS-CoV-2 testing, PCR-confirmed infections and COVID-19-related hospital admissions in children and
young people: Birth cohort study. medRxiv 2021. [CrossRef]

Elsaddig, M.; Khalil, A. Effects of the COVID pandemic on pregnancy outcomes. Best Pract. Res. Clin. Obstet. Gynaecol. 2021,
73,125-136. [CrossRef]

Gurzenda, S.; Castro, M.C. COVID-19 poses alarming pregnancy and postpartum mortality risk in Brazil. EClinicalMedicine. 2021,
36,100917. [CrossRef]

World Health Organization (WHO). Maternal, Newborn, Child and Adolescent Health and Ageing. Available online:
https:/ /platform.who.int/data/maternal-newborn-child-adolescent-ageing /indicator-explorer-new /mca/number-of-births-
(thousands) (accessed on 17 February 2022).

World Health Organization (WHO). Body Mass Index. Available online: https://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle /body-mass-index-bmi (accessed on 17 February 2022).

Ramli, N.; Rahman, N.A.A.; Haque, M. Knowledge, attitude, and practice regarding osteoporosis among allied health sciences
students in a public University in Malaysia. Erciyes Med. |. 2018, 40, 210-217. [CrossRef]

Lis-Kuberka, J.; Orczyk-Pawitowicz, M. Polish women have moderate knowledge of gestational diabetes mellitus and breastfeed-
ing benefits. Int. |. Environ. Res. Public Health 2021, 18, 10409. [CrossRef] [PubMed]

Stuckelberger, S.; Favre, G.; Ceulemans, M.; Nordeng, H.; Gerbier, E.; Lambelet, V.; Stojanov, M.; Winterfeld, U.; Baud, D.;
Panchaud, A.; et al. SARS-CoV-2 vaccine willingness among pregnant and breastfeeding women during the first pandemic wave:
A cross-sectional study in Switzerland. Viruses 2021, 13, 1199. [CrossRef]


http://doi.org/10.3389/fimmu.2021.661806
http://www.ncbi.nlm.nih.gov/pubmed/33897707
http://doi.org/10.1111/j.1600-0897.2010.00836.x
http://www.ncbi.nlm.nih.gov/pubmed/20367629
http://doi.org/10.1017/S0950268899002046
http://doi.org/10.1001/jama.2014.3633
http://doi.org/10.1016/j.cell.2019.05.046
http://www.ncbi.nlm.nih.gov/pubmed/31204101
http://doi.org/10.1172/JCI154834
http://doi.org/10.1136/archdischild-2021-322463
http://www.ncbi.nlm.nih.gov/pubmed/34417223
http://doi.org/10.1177/08903344211018185
http://doi.org/10.1001/jama.2021.5782
http://www.ncbi.nlm.nih.gov/pubmed/33843975
http://doi.org/10.1001/jamapediatrics.2021.0038
http://doi.org/10.1001/jama.2022.1206
http://doi.org/10.1038/s41372-020-00805-w
http://doi.org/10.1101/2020.09.16.20196071
http://doi.org/10.15585/mmwr.mm6932e3
http://www.ncbi.nlm.nih.gov/pubmed/32790664
http://doi.org/10.1001/jama.2020.4621
http://www.ncbi.nlm.nih.gov/pubmed/32215581
http://doi.org/10.1101/2021.12.17.21267350
http://doi.org/10.1016/j.bpobgyn.2021.03.004
http://doi.org/10.1016/j.eclinm.2021.100917
https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-births-(thousands)
https://platform.who.int/data/maternal-newborn-child-adolescent-ageing/indicator-explorer-new/mca/number-of-births-(thousands)
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://doi.org/10.5152/etd.2018.18103
http://doi.org/10.3390/ijerph181910409
http://www.ncbi.nlm.nih.gov/pubmed/34639709
http://doi.org/10.3390/v13071199

Int. J. Environ. Res. Public Health 2022, 19, 6872 24 of 25

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Carbone, L.; Mappa, L; Sirico, A.; Di Girolamo, R.; Saccone, G.; Di Mascio, D.; Donadono, V.; Cuomo, L.; Gabrielli, O.;
Migliorini, S.; et al. Pregnant women'’s perspectives on severe acute respiratory syndrome coronavirus 2 vaccine. Am. J. Obstet.
Gynecol. MFM 2021, 3, 100352. [CrossRef] [PubMed]

Sutton, D.; D’Alton, M.; Zhang, Y.; Kahe, K.; Cepin, A.; Goffman, D.; Staniczenko, A.; Yates, H.; Burgansky, A.; Coletta, J.; et al.
COVID-19 vaccine acceptance among pregnant, breastfeeding, and nonpregnant reproductive-aged women. Am. ]. Obstet.
Gynecol. MFM 2021, 3, 100403. [CrossRef]

Skjefte, M.; Ngirbabul, M.; Akeju, O.; Escudero, D.; Hernandez-Diaz, S.; Wyszynski, D.F.; Wu, ].W. COVID-19 vaccine acceptance
among pregnant women and mothers of young children: Results of a survey in 16 countries. Eur. |. Epidemiol. 2021, 36, 197-211.
[CrossRef] [PubMed]

Schaal, N.K.; Zollkau, J.; Hepp, P.; Fehm, T.; Hagenbeck, C. Pregnant and breastfeeding women'’s attitudes and fears regarding
the COVID-19 vaccination. Arch. Gynecol. Obstet. 2021, 27, 1-8. [CrossRef]

Blakeway, H.; Prasad, S.; Kalafat, E.; Heath, P.T.; Ladhani, S.N.; Le Doare, K.; Magee, L.A.; O’Brien, P.; Rezvani, A,
von Dadelszen, P.; etal. COVID-19 vaccination during pregnancy: Coverage and safety. Am. ]. Obstet. Gynecol. 2022,
226, 236.e1-236.e14. [CrossRef]

Qiu, X; Bailey, H.; Thorne, C. Barriers and facilitators associated with vaccine acceptance and uptake among pregnant women in
high income countries: A mini-review. Front. Immunol. 2021, 12, 626717. [CrossRef]

Duong, M.C.; Duong, B.T.; Nguyen, H.T.; Nguyen Thi Quynh, T.; Nguyen, D.P. Knowledge about COVID-19 Vaccine and
Vaccination in Vietnam: A Population Survey. J. Am. Pharm. Assoc. 2022; in press. [CrossRef]

Rzymski, P.; Borkowski, L.; Drag, M.; Flisiak, R.; Jemielity, J.; Krajewski, J.; Mastalerz-Migas, A.; Matyja, A.; Pyr¢, K,;
Simon, K.; et al. The strategies to support the COVID-19 vaccination with evidence-based communication and tackling misinfor-
mation. Vaccines 2021, 9, 109. [CrossRef]

Saeed, B.Q.; Al-Shahrabi, R.; Bolarinwa, O.A. Socio-demographic correlate of knowledge and practice toward COVID-19 among
people living in Mosul-Iraq: A cross-sectional study. PLoS ONE 2021, 16, €0249310. [CrossRef] [PubMed]

Bjelica, A.; Cetkovic, N.; Trninic-Pjevic, A.; Mladenovic-Segedji, L. The phenomenon of pregnancy—A psychological view. Ginekol.
Pol. 2018, 89, 102-106. [CrossRef]

Farrell, T.; Reagu, S.; Mohan, S.; Elmidany, R.; Qaddoura, F; Ahmed, E.E.; Corbett, G.; Lindow, S.; Abuyaqoub, S.M.; Alabdulla,
M.A. The impact of the COVID-19 pandemic on the perinatal mental health of women. |. Perinat. Med. 2020, 48, 971-976.
[CrossRef] [PubMed]

Takubo, Y.; Tsujino, N.; Aikawa, Y.; Fukiya, K.; Iwai, M.; Uchino, T.; Ito, M.; Akiba, Y.; Mizuno, M.; Nemoto, T. Psychological
impacts of the COVID-19 pandemic on one-month postpartum mothers in a metropolitan area of Japan. BMC Pregnancy Childbirth
2021, 21, 845. [CrossRef]

Ostacoli, L.; Cosma, S.; Bevilacqua, E; Berchialla, P.; Bovetti, M.; Carosso, A.R.; Malandrone, F.; Carletto, S.; Benedetto, C.
Psychosocial factors associated with postpartum psychological distress during the COVID-19 pandemic: A cross-sectional study.
BMC Pregnancy Childbirth 2020, 20, 703. [CrossRef] [PubMed]

Vesga-Lopez, O.; Blanco, C.; Keyes, K.; Olfson, M.; Grant, B.F; Hasin, D.S. Psychiatric disorders in pregnant and postpartum
women in the United States. Arch. Gen. Psychiatry 2008, 65, 805-815. [CrossRef] [PubMed]

Stein, A.; Pearson, RM.; Goodman, S.H.; Rapa, E.; Rahman, A.; McCallum, M.; Howard, L.M.; Pariante, C.M. Effects of perinatal
mental disorders on the fetus and child. Lancet 2014, 384, 1800-1819. [CrossRef]

Caparros-Gonzalez, R.A.; Ganho-Avila, A.; Torre-Luque, A. The COVID-19 pandemic can impact perinatal mental health and the
health of the offspring. Behav. Sci. 2020, 10, 162. [CrossRef]

Hirshberg, J.S.; Huysman, B.C.; Oakes, M.C.; Cater, E.B.; Odibo, A.O.; Raghuraman, N.; Kelly, ].C. Offering onsite COVID-19
vaccination to high-risk obstetrical patients: Initial findings. Am. J. Obstet. Gynecol. MFM 2021, 3, 100478. [CrossRef]

Dror, A.A.; Eisenbach, N.; Taiber, S.; Morozov, N.G.; Mizrachi, M.; Zigron, A.; Srouji, S.; Sela, E. Vaccine hesitancy: The next
challenge in the fight against COVID-19. Eur. J. Epidemiol. 2020, 35, 775-779. [CrossRef]

Laine, C.; Cotton, D.; Moyer, D.V. COVID-19 Vaccine: Promoting vaccine acceptance. Ann. Intern. Med. 2021, 174, 252-253.
[CrossRef]

Kachikis, A.; Englund, J.A.; Singleton, M.; Covelli, I.; Drake, A.L.; Eckert, L.O. Short-term reactions among pregnant and lactating
individuals in the first wave of the COVID-19 vaccine rollout. JAMA Netw. Open 2021, 4, €2121310. [CrossRef] [PubMed]
Zauche, L.H.; Wallace, B.; Smoots, A.N.; Olson, C.K.; Oduyebo, T.; Kim, S.Y.; Petersen, E.E.; Ju, J.; Beauregard, J.; Wilcox, A.].; et al.
CDC v-safe COVID-19 Pregnancy Registry Team. Receipt of mRNA COVID-19 vaccines and risk of spontaneous abortion. N.
Engl. J. Med. 2021, 385, 1533-1535. [CrossRef] [PubMed]

Magnus, M.C.; Gjessing, H.K.; Eide, H.N.; Wilcox, A.J.; Fell, D.B.; Haberg, S.E. COVID-19 vaccination during pregnancy and
first-trimester miscarriage. N. Engl. J. Med. 2021, 385, 2008-2010. [CrossRef]

Kharbanda, E.O.; Haapala, J.; DeSilva, M.; Vazquez-Benitez, G.; Vesco, K.K.; Naleway, A.L.; Lipkind, H.S. Spontaneous abortion
following COVID-19 vaccination during pregnancy. JAMA 2021, 326, 1629-1631. [CrossRef]

Wainstock, T.; Yoles, L; Sergienko, R.; Sheiner, E. Prenatal maternal COVID-19 vaccination and pregnancy outcomes. Vaccine 2021,
39, 6037-6040. [CrossRef]


http://doi.org/10.1016/j.ajogmf.2021.100352
http://www.ncbi.nlm.nih.gov/pubmed/33771762
http://doi.org/10.1016/j.ajogmf.2021.100403
http://doi.org/10.1007/s10654-021-00728-6
http://www.ncbi.nlm.nih.gov/pubmed/33649879
http://doi.org/10.1007/s00404-021-06297-z
http://doi.org/10.1016/j.ajog.2021.08.007
http://doi.org/10.3389/fimmu.2021.626717
http://doi.org/10.1016/j.japh.2022.01.014
http://doi.org/10.3390/vaccines9020109
http://doi.org/10.1371/journal.pone.0249310
http://www.ncbi.nlm.nih.gov/pubmed/33788835
http://doi.org/10.5603/GP.a2018.0017
http://doi.org/10.1515/jpm-2020-0415
http://www.ncbi.nlm.nih.gov/pubmed/32975206
http://doi.org/10.1186/s12884-021-04331-1
http://doi.org/10.1186/s12884-020-03399-5
http://www.ncbi.nlm.nih.gov/pubmed/33208115
http://doi.org/10.1001/archpsyc.65.7.805
http://www.ncbi.nlm.nih.gov/pubmed/18606953
http://doi.org/10.1016/S0140-6736(14)61277-0
http://doi.org/10.3390/bs10110162
http://doi.org/10.1016/j.ajogmf.2021.100478
http://doi.org/10.1007/s10654-020-00671-y
http://doi.org/10.7326/M20-8008
http://doi.org/10.1001/jamanetworkopen.2021.21310
http://www.ncbi.nlm.nih.gov/pubmed/34402893
http://doi.org/10.1056/NEJMc2113891
http://www.ncbi.nlm.nih.gov/pubmed/34496196
http://doi.org/10.1056/NEJMc2114466
http://doi.org/10.1001/jama.2021.15494
http://doi.org/10.1016/j.vaccine.2021.09.012

Int. J. Environ. Res. Public Health 2022, 19, 6872 25 of 25

65.

66.

67.

68.

69.

Bookstein Peretz, S.; Regev, N.; Novick, L.; Nachshol, M.; Goffer, E.; Ben-David, A.; Asraf, K.; Doolman, R.; Levin, E.G.; Regev
Yochay, G.; et al. Short-term outcome of pregnant women vaccinated with BNT162b2 mRNA COVID-19 vaccine. Ultrasound
Obstet. Gynecol. 2021, 58, 450-456. [CrossRef]

Rottenstreich, M.; Sela, H.Y.; Rotem, R.; Kadish, E.; Wiener-Well, Y.; Grisaru-Granovsky, S. COVID-19 vaccination during the third
trimester of pregnancy: Rate of vaccination and maternal and neonatal outcomes, a multicentre retrospective cohort study. BJOG
2022, 129, 248-255. [CrossRef] [PubMed]

Rodriguez-Blanco, N.; Tuells, J. Knowledge and attitudes about the flu vaccine among pregnant women in the valencian
community (Spain). Medicina 2019, 55, 467. [CrossRef]

The Central Statistical Office. GUS: Mobile Broadband is Growing in Importance. Available online: https://ictmarketexperts.
com/en/news/gus-mobile-broadband-is-growing-in-importance/ (accessed on 25 April 2022).

Education GPS. Poland. Overview of the Education System (EAG 2021). Available online: https://gpseducation.oecd.org/
CountryProfile?primaryCountry=POLé&treshold=10&topic=EO (accessed on 25 April 2022).


http://doi.org/10.1002/uog.23729
http://doi.org/10.1111/1471-0528.16941
http://www.ncbi.nlm.nih.gov/pubmed/34554630
http://doi.org/10.3390/medicina55080467
https://ictmarketexperts.com/en/news/gus-mobile-broadband-is-growing-in-importance/
https://ictmarketexperts.com/en/news/gus-mobile-broadband-is-growing-in-importance/
https://gpseducation.oecd.org/CountryProfile?primaryCountry=POL&treshold=10&topic=EO
https://gpseducation.oecd.org/CountryProfile?primaryCountry=POL&treshold=10&topic=EO

	Introduction 
	Materials and Methods 
	Study Design 
	Questionnaire Development 
	Data Source and Study Population 
	Data 
	Sociodemographic Data 
	Obstetric Data 
	Assessment of Women’s Knowledge Level concerning COVID-19 Vaccination 
	Women’s Knowledge and Attitude concerning SARS-CoV-2 Infections and COVID Vaccination 
	COVID-19 Vaccine Preference and Attitude 

	Statistical Analysis 

	Results 
	Sociodemographic and Obstetric Data 
	Sociodemographic and Obstetric Data in Relation to COVID-19 Vaccination 
	Women’s Knowledge concerning COVID-19 Vaccination 
	Women’s Knowledge concerning COVID-19 Vaccination in Relation to Sociodemographic and Obstetric Variables 
	COVID-19 Vaccine Preference and Attitude 
	Respondents’ Reasons for COVID-19 Vaccination 
	Respondents’ Reasons to Avoid COVID-19 Vaccination 
	Predictors of a Lack of COVID-19 Vaccination among Women 

	Discussion 
	Conclusions 
	References

