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Abstract: The aim of the study was to compare the safety profiles (prevalence of both local and
systemic side effects) of COVID-19 vaccines (Pfizer-BioNTech, Moderna, Oxford—AstraZeneca)
among healthcare workers (doctors, nurses, and pharmacists) administered with a first and a second
dose of the vaccines. Another goal of the research was to evaluate potential demographic and
clinical risk factors for the frequency and intensity of side effects. A post-marketing, cross-sectional
survey-based study was carried out on a sample of 971 respondents (323 doctors, 324 nurses, and
324 pharmacists), all more than 18 years old, who have taken two doses of the following SARS-
CoV-2 vaccines: BNT162b2 (Pfizer-BioNTech) (group 1), mRNA-1273 (Moderna) (group 2), and
ChAdOx1 nCoV-19 (Oxford-AstraZeneca) (group 3). A validated, self-administered questionnaire
was developed and delivered online to the target population group of healthcare workers. The survey
was conducted during the third wave of the COVID-19 (1 February 2021-1 July 2021) pandemic. It was
based on the CAWI (computer-assisted web interview) method. Questionnaires were disseminated
using selected social media. The BNT162b2 (Pfizer-BioNTech) vaccine was the most commonly
administered COVID-19 vaccine among healthcare professionals in Poland (69.61%). Side effects
following a SARS-CoV-2 vaccine were reported by 53.11% of respondents in group 1, 72% in group 2,
and 67.59% in group 3. The following were the most common side effects regardless of the type
of vaccine administered: pain at the injection site, headache, muscle pain, fever, chills, and fatigue.
The number and intensity of reported side effects following administration of a BNT162b2 (Pfizer—
BioNTech) vaccine were significantly lower than in the other two study groups (p < 0.00001). Risk
factors for side effects following administration of one of the SARS-CoV-2 vaccines subject to the
analysis included being female, young, and suffering from a diagnosed allergy. Our results clearly
show that the short-term safety profiles of the eligible COVID-19 vaccines (Pfizer-BioNTech, Moderna,
Oxford—AstraZeneca) are acceptable. Nevertheless, the two-dose COVID-19 vaccines available
in Poland differ significantly in the frequency of both local and systemic side effects and their
intensity. Women, young people, and patients diagnosed with allergies are particularly exposed
to the risk of side effects. Further studies are needed to determine the long-term safety profile of
COVID-19 vaccines.

Keywords: pharmacovigilance; COVID-19; Pfizer-BioNTech (BNT162b2) vaccines; Moderna (mRNA-
1273) vaccines; Oxford-AstraZeneca (ChAdOx1 nCoV-19) vaccines; SARS-CoV-2
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1. Introduction

The first patient with coronavirus disease 2019 (COVID-19) was identified in China in
December 2019 [1]. In December 2021, the cumulative number of confirmed COVID-19 cases
across the world had reached nearly 266 million with the death toll exceeding 5 million [2].
The number of illnesses and fatalities is continuously increasing during the COVID-19
pandemic [3]. If adequate preventive actions are not performed quickly, COVID-19 will
have serious and long-term medical, social, economic, and mental effects [4—6].

Effective vaccines are one of the most significant preventive measures to contain
infectious diseases [7]. COVID-19 is the first disease where hundreds of institutions and
companies are simultaneously engaged in research on producing effective vaccines from
multiple platforms. By the end of 2021, more than 135 vaccines had entered clinical trials,
with 13 in phase three clinical trials. Among those, mRNA vaccines (Pfizer-BioNTech and
Moderna), recombinant adenovirus vectored vaccines (AstraZeneca, Cansino, Gamaleya,
and Johnson Pharm), and inactivated vaccines (Sinopharm and Sinovac) have made the
fastest progress [8]. At of the end of 2020, nine candidate vaccines had been authorized for
human use in many countries [8,9]. On the last day of 2020, the WHO authorized Pfizer
vaccines for emergency use worldwide, opening the door for mass COVID-19 vaccination
programs [10].

Current evidence on the safety of COVID-19 vaccines relies mainly on data from phase
one-three randomized controlled trials and vaccine safety surveillance systems in several
countries [11]. In the opinion of many clinical researchers, additional post-authorization
studies and long-term population-level surveillance are strongly encouraged to further
define the safety profile of COVID-19 vaccines. An ideal vaccine should confer effective
protection for a long time, possess a good safety profile, and should be affordable and easily
accessible to all [12]. Based on the results of the published clinical reports for different
COVID-19 vaccines, we have found that the currently developed COVID-19 vaccines differ
significantly in their effectiveness and safety. Reports of suspected adverse drug reactions
for these different therapies are an obvious top priority [3]. One of the first meta-analyses
concerning the safety profile of COVID-19 vaccines was published by Wu et al. [13] in July
2021. They showed that the pooled rates of local and systemic reactions were significantly
lower among inactivated vaccines (23.7%, 21.0%), protein subunit vaccines (33.0%, 22.3%),
and DNA vaccines (39.5%, 29.3%), as compared with RNA vaccines (89.4%, 83.3%), non-
replicating vector vaccines (55.9%, 66.3%), and virus-like particle vaccines (100.0%, 78.9%).
Among local reactions, pain at the injection site was most frequently reported, while fatigue
and headache were the most frequently reported systemic reactions. The authors noticed
that the frequency of vaccine-related serious side effects was below 0.1% and balanced
between the analyzed groups.

In Poland, the national SARS-CoV-2 vaccination program includes the use of four
vaccines: BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), ChAdOx1-S (Oxford—
AstraZeneca), and Ad26.COV2.S (Johnson Pharm). The National Vaccination Program
in Poland, like other government programs in the European Union (EU), has decided to
prioritize healthcare workers in receiving the COVID-19 vaccine in the early stages of the
national immunization strategy. Therefore, Polish healthcare decision makers have tried to
ensure uninterrupted care and protect the most vulnerable patients. On 27 December 2020,
the first cohort of health professionals received the COVID-19 vaccine. The implementation
of the program began in Poland as a basic anti-COVID-19 strategy established by the
Ministry of Health of the Republic of Poland [14].

The long-term effect of mass vaccination programs and related reports on their safety
profile obtained from independent studies is also expected to positively impact many
healthcare aspects indirectly affected by the COVID-19 pandemic, such as diagnosis and
treatment of various conditions.
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Accordingly, the presented study aimed to evaluate the short-term side effects (both
local and systemic) experienced after a Pfizer-BioNTech (BNT162b2), a Moderna (mRNA-
1273), or an Oxford—AstraZeneca (ChAdOx1 nCoV-19) vaccine among healthcare profes-
sionals (doctors, nurses, and pharmacists). Another goal of the research work was to
identify selected clinical factors that have a significant impact on the risk of side effects
following a SARS-CoV-2 virus vaccination.

2. Materials and Methods
2.1. Study Population

This post-marketing trial was designed as a cross-sectional survey-based study. The
study group consisted of doctors, pharmacists, and nurses registered in the official database
kept by the Supreme Chamber of Doctors and Nurses and Chief Pharmaceutical Inspec-
torate. Three thousand e-mails were sent to the above healthcare workers with a request to
join the study voluntarily. The e-mail contained a link to the research questionnaire and
all necessary information about the study’s purpose and rules of participation. Moreover,
potential respondents were able to download the link to the study questionnaire from
the Poznan University of Medical Sciences website promoting our study project. The
recruitment process took place during February and March 2021 and was subsequently
extended to July 2021. A total of 1130 respondents (all who agreed to participate in the
study) were taken into consideration. However, based on the inclusion criteria of the study
and incomplete questionnaires by 159 healthcare workers, 971 respondents were finally
included in the study. The response rate, defined as the number of adequately completed
online forms, was 86% (Figure 1).

The study group consisted of 971 respondents (323 doctors, 324 nurses, and 324 pharmacists),
all more than 18 years old, who had taken two doses of the following SARS-CoV-2 vaccines:
BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), or ChAdOx1 nCoV-19 (Oxford-
AstraZeneca), within the priority groups from January—April 2021 [14]. A research ques-
tionnaire with a request to fill it in electronically was sent to healthcare workers inviting
them to take part in the study. Healthcare professionals meeting the following inclusion
criteria were qualified for the study: 18 years old or more; in the process of receiving two
doses of one of the following SARS-CoV-2 virus vaccines: BNT162b2 (Pfizer-BioNTech),
mRNA-1273 (Moderna), or ChAdOx1 nCoV-19 (Oxford—AstraZeneca); time from the sec-
ond dose of the vaccine not less than 4 weeks; and administration of two doses of one of the
following SARS-CoV-2 virus vaccines: BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Mod-
erna), or ChAdOx1 nCoV-19 (Oxford-AstraZeneca), according to a vaccination schedule.
If the inclusion criteria were not met, subjects were excluded from the study. The study
began after the Bioethics Committee at the Poznan University of Medical Sciences issued
an opinion (No. 25/22) confirming that the study had no features of a medical experiment.
Before starting the survey, each participant was informed about the purpose of the project
and that the study was safe, free, and anonymous, and consent to participate in the study
could be withdrawn at any time, without giving any reason.

Patients were divided into three groups:

Group 1 (n = 676): Respondents vaccinated with two doses of vaccine BNT162b2 (Pfizer—
BioNTech) against SARS-CoV-2 virus;

Group 2 (n = 150): Respondents vaccinated with two doses of vaccine mRNA-1273 (Mod-
erna) against SARS-CoV-2 virus;

Group 3 (n = 145): Respondents vaccinated with two doses of vaccine ChAdOx1 nCoV-19
(Oxford—AstraZeneca) against SARS-CoV-2 virus.
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971 respondents were finally included in the the study.

Figure 1. Recruitment process and applied research methods.

2.2. Study Technique

An anonymous questionnaire on Google Forms was constructed based on the scientific
literature. It was validated and then implemented with the use of the CAVI (computer-
assisted web interview) method. This method was chosen because of the pandemic and the
applicable restrictions, to avoid any potential risks to the survey subjects. The Poznan Uni-
versity of Medical Sciences website and social media (e.g., Facebook, scientists association)
were used to distribute questionnaires. Questionnaires were also distributed electronically
(by e-mail) throughout the country. The questionnaire was developed following a stan-
dardized protocol that consisted of a literature review [15], focused group discussions, and
an expert opinion. A pre-test procedure on a representative sample of 150 subjects (repre-
sentative sample: 50 doctors, 50 nurses, and 50 pharmacists) was used as a suitable method
for validation and for assessing the psychometric properties of the questionnaire. After
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the procedure, if necessary, the questions could be modified. However, the pre-test results
were included in the post-test because the pre-test showed no need to modify the study
tool. The internal consistency of the safety profile of COVID-19 vaccines questionnaire is
based on the extent to which the items are correlated and was determined by calculating
Cronbach’s .. Cronbach’s « was 0.79, which proves an excellent internal consistency. The
study questionnaire was accepted by a group of 5 national medical consultants specializing
in the field of infectious diseases.
The questionnaire comprised 25 questions divided into four categories:

1.  Demographic data (age, sex, height, weight, profession, and geographic region).
Medical anamneses (chronic illnesses, health status, smoking, and alcohol consumption).

3. COVID-19-related anamneses (type of vaccine, number of vaccine doses, dates of
vaccine doses, previous infection, and diagnosis date).

4. Vaccine side effects (local side effects, systemic side effects, onset, and duration).

The questionnaire inquired about the short-term side effects experienced follow-
ing both doses of a COVID-19 vaccine. The side effects were classified as local or sys-
temic, and their onset, duration, and intensity were self-assessed and self-reported by the
participating subjects.

The primary outcome was a safety profile assessment (e.g., local and systemic reactions
and side effects). Identification of selected clinical factors that have a significant impact
on the risk of adverse effects following the administration of a SARS-CoV-2 vaccine was a
secondary outcome.

All respondents who qualified for the study completed a safety profile assessment
questionnaire for the selected SARS-CoV-2 vaccines twice. The first time was after the
first dose of the vaccine and one day before the scheduled second dose of the vaccine.
The second time was at least 28 days after receiving the 2nd dose of the SARS-CoV-2
virus vaccine.

2.3. Statistical Analysis

The quantitative parameters were presented using mean value, median, and standard
deviation. Categorical data were presented as counts and percentages. A comparison of
more than two groups was performed using the Kruskal-Wallis test with the post hoc
Dunn'’s test. The chi-square test for independence was used to analyze categorical data.
In order to evaluate the potential demographic and medical predictors of side effects of
administering COVID-19 vaccines, binary logistic regression for the incidence of local
and systemic SRAEs was used. The inferential tests were done with the assumption for a
confidence interval (CI) of 95% and a significance level of (p) < 0.05. Analysis was carried
out using the TIBCO Software Inc. (2017) statistical package. Statistica (data analysis
software system), version 13. http://statistica.io (accessed on 5 October 2021). All tests
were considered significant at p < 0.05.

3. Results
3.1. Study Group Characteristics

A total of 1130 respondents were taken into consideration. However, based on the
inclusion criteria of the study and incomplete filled in questionnaires by 159 healthcare
workers, 971 respondents were finally included in the study. The study group consisted
of 971 respondents (323 doctors, 324 nurses, and 324 pharmacists), all more than 18 years
old, who had taken two doses of the following SARS-CoV-2 vaccines: BNT162b2 (Pfizer—
BioNTech), mRNA-1273 (Moderna) or ChAdOx1 nCoV-19 (Oxford—AstraZeneca).

The characteristics of the study respondents are presented in Table 1. Individuals vac-
cinated with the BNT162b2 vaccine were most common amongst the respondents (1 = 676,
69.61%), 150 respondents (15.48%) were vaccinated with the mRNA-1273 vaccine, while the
ChAdOx1 nCoV-19 vaccine was administered to 145 respondents (14.93%). The analyzed
groups of respondents did not differ in terms of gender, structure, age, health status, the
frequency of presence of comorbidities, the frequency of stimulants use, or the frequency
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of infection with the SARS-CoV-2 virus (p > 0.05). There were significantly more subjects
diagnosed with spine diseases in the group vaccinated with the ChAdOx1 nCoV-19 vaccine
(11.03%, p = 0.04605) compared with the other two groups (group 1—5.47%; group 2—7.33%).
Arterial hypertension was significantly more common in group 3 (13.10%, p = 0.04212),
while hypothyroidism was substantially more frequent in group 2 (9.33%, p = 0.03243)
(Table 1).

Table 1. Comparative characteristics of the surveyed respondents vaccinated against the SARS-CoV-2
virus (n = 971).

Type of SARS-CoV-2 Virus Vaccine

Variable BNT162b2 mRNA-1273 ChAdOx1 nCoV-19 p Value
(Group 1) (Group 2) (Group 3)
Group size 1 (%) 676 (69.62%) 150 (15.45%) 145 (14.93%)
Gender (%):
Women 78.25 78.00 78.62 0.99153 *
Men 21.75 22.00 21.38
Age (Mean =+ SD) 33.41 + 14.77 34.74 + 14.03 36.32 £ 15.08 0.06781 %
Self-estimated health
status (%):
Excellent 11.83 10.67 6.21
Very good 50.44 49.33 48.28 0.18675 *
Good 34.02 34.00 38.62
Not so good 3.25 4.67 6.90
Poor 0.44 1.33 0.00
Presence of .
comorbidities (%) 46.01 39.33 46.21 0.31541
Most common
comorbidity types (%):
Spine diseases 5472 7.33% 11.03° 0.04605 *
Heart failure 1.92 2.00 2.76 0.81208 *
Obesity 5.18 9.33 4.83 0.12380 *
Hashimoto’s disease 3.25 3.33 1.38 0.46709 *
Hypothyroidism 7.252 9.332 2.07° 0.03243 *
Depression 2.07 4.00 2.76 0.37660 *
Allergy 16.27 13.33 15.86 0.67027 *
Arterial Hypertension 9.76 2 4.67° 13.102 0.04212 *
Diabetes 4.44 3.33 2.76 0.58041 *
Respiratory system 3.11 133 3.45 0.45559 *
diseases
Previous infection with .
SARS-CoV-2 virus (%) 10.06 7.33 15.17 0.07648
Use of stimulants (%):
Alcohol 41.42 44.00 33.10 0.11724 *
Nicotine 13.31 14.00 12.41 0.92193 *

*—The chi-square for independence; a,b—groups followed by the same letter do not differ statistically significantly;
#—the Kruskal-Wallis test.

3.2. Safety Profile of COVID-19 Vaccines

As a result of the study, we found that the vast majority of respondents in each study
group experienced side effects following the administration of one of the three SARS-CoV-2
vaccines subject to analysis. This percentage was highest in group 2 (72%) and lowest in
group 1 (53.11%) (Table 2).
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Table 2. Assessment of the frequency of side effects of COVID-19 vaccines reported by Polish

healthcare workers. (n = 971).

Type of SARS-CoV-2 Virus Vaccine

ChAdOx1

Type of Side Effects (%) BNT162b2 mRNA-1273 2CoV.19 p Value
(Group 1) (Group 2) (Group 3)
General 53.112 72.00 ° 67.59 P <0.00001 *
S 1;2‘;3::; 49.932 69.33 b 53.102 0.00009 *
Prevalence Sfﬁfiﬁ?ff;ff 8472 19.33b 3452 <0.00001 *
Headache 28.89 2 50.00 4276 <0.00001 *
Muscle pain 25.002 4333" 46.90b <0.00001 *
Chills 19.67 2 39.33b 46.21P <0.00001 *
Fatigue 30.18 39.33 33.10 0.08993 *
Shortness of Breath 0.15 0.67 0.00 0.37552 *
lzgibcl(fﬂfa:;il 0.30 1.33 0.69 0.26254 *
Joint pain 9.202 14.67 P 24.14°¢ <0.00001 *
Systemic SE Fever 16.572 42,67 51.72°b <0.00001 *
Prevalence Dizziness 0.30 2 2.00° 138" 0.04945 *
Nausea 2512 10.67 © 11.72° <0.00001 *
Lymphadenopathy 4.88° 14.00 2.072 <0.00001 *
Diarrhea 0.302 0.002 2.07° 0.01620 *
Insomnia 0.44 0.67 1.38 0.42562 *
Sweating 0.15 0.00 0.69 0.35510 *
Anaphylaxis 0.00 0.00 0.00 N/A
Thrombosis 0.00 0.00 0.00 N/A
Thrombocytopenia 0.00 0.00 0.00 N/A
Skin-related SE Rash 222 400 0.00 0.06056 *

Prevalence

*—The chi-square for independence; a,b,c—groups followed by the same letter do not differ statistically signifi-
cantly; SE—side effects.

In the conducted study, no cases of anaphylaxis, thrombosis, and thrombocytopenia
were observed after administering any of the analyzed COVID-19 vaccines (Table 2).

The most common local side effects in each study group was pain at the injection site.
The above symptom was reported most frequently in the group following administration
of the mRNA-1273 vaccine (72%) and least frequently by the group of respondents who
had received the BNT162b2 vaccine (53.11%) (p < 0.00001). A total of 67.59% of subjects in
group 3 reported pain at the injection site.

The most common systemic side effects following the BNT162b2 vaccine were fatigue
(30.18%), headache (28.89%), muscle pain (25%), chills (19.67%), fever (16.57%), and joint
pain (9.20%) (Table 2).

The most common systemic side effects following the mRNA-1273 vaccine were
headache (50.00%), muscle pain (43.33%), fever (42.67%), fatigue (39.33%), chills (39.33%),
joint pain (14.67%), lymphadenopathy (14.00%), and nausea (10.67%) (Table 2).
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The most common systemic side effects following the ChAdOx1 nCoV-19 vaccine were
fever (51.72%), muscle pain (46.90%), chills (46.21%), headache (42.76%), fatigue (33.10%),
joint pain (24.14%), and nausea (11.72%) (Table 2).

Rash (skin-related SE prevalence) was reported only by 2.22% of respondents in
group 1 and by 4.00% of respondents in group 2, p = 0.06056 (Table 2).

Pearson chi-square comparative analysis on the incidence of side effects between
the three types of SARS-CoV-2 vaccines revealed statistically significant differences in the
incidence of the following side effects: pain at the injection site (p = 0. 00009), swelling
at the injection site (p < 0.00001), headache (p < 0.00001), muscle pain (p < 0.00001), chills
(p < 0.00001), joint pain (p < 0.00001), fever (p < 0.00001), dizziness (p = 0.04945), nausea
(p < 0.00001), lymphadenopathy (p < 0.00001), and diarrhea (p = 0.01620). Prevalence of
both local and systemic side effects was significantly lower in group 1 (BNT162b2 vaccine)
compared with the other two groups (mRNA-1273—group 2 and ChAdOx1 nCoV-19—
group 3). Details of the comparative analysis of the incidence of adverse reactions following
receipt of one of the three SARS-CoV-2 vaccines are shown in Table 2.

We used the Kruskal-Wallis test, to show that the SARS-CoV-2 vaccines analyzed
were significantly different in terms of the number of side effects experienced following
their administration (p < 0.00001). Group 1 respondents (BNT162b2 vaccine) reported
the least number of side effects—median: 2.00 (0-5). The number of side effects in the
other two groups was comparable: group 2—median: 5.00 (0-7); group 3—median: 5.00
(0-6) (p = 0.808387). The number of reported side effects following administration of a
SARS-CoV-2 vaccine in group 1 was significantly lower than in the other two study groups
(p < 0.00001).

On the basis of a chi-square test analysis, we found a correlation between the occur-
rence of side effects and the dose of a SARS-CoV-2 vaccine (p < 0.0001). Respondents
in group 3 were significantly more likely to report side effects after receiving only one
dose of the ChAdOx1 nCoV-19 vaccine (96.94%) compared with the other study groups
(26.32%—group 1, 28.70%—group 2). In contrast, respondents in both group 1 and group 2
were significantly more likely to report side effects after both the first and second dose of a
vaccine (42.94%—group 1, 46.30%—group 2) compared with group 3 respondents (3.06%)
(Table 3).

Based on the research carried out, we found that side effects occurred on the first
day after vaccination regardless of the type of vaccine in all the groups (group 1—84.17%,
group 2—90.74%, group 3—86.73%, p = 0.52475) (Table 3).

In the Kruskal-Wallis test, there were no statistically significant differences between
the type of SARS-CoV-2 vaccine and the mean duration of side effects (p = 0.6647). The mean
duration of side effects to one of the three vaccines analyzed was: 2.53 &+ 3.09—group 1,
2.31 &+ 1.39—group 2, and 2.40 £ 2.84—group 3 (Table 3).

Across all study groups, respondents most commonly assessed the nature of the
course of side effects as mild to moderate. Nevertheless, significant differences were
observed between the type of SARS-CoV-2 vaccine administered and the nature of the
severity of the experienced adverse reactions (p < 0.0001). Compared with the other
two study groups (16.67%—group 2, 20.41%—group 3), group 1 respondents were signifi-
cantly more likely to assess the severity of side effects as mild (37.40%). On the other hand,
in both groups 2 and 3, respondents were significantly more likely to assess the nature of
the course of side effects as moderate (71.30%—group 2, 66.33%—group 3) and severe
(12.04%—group 2, 13.27%—group 3) when compared with group 1 (55.68%—moderate,
6.93%—severe) (Table 3).

In the case of the respondents vaccinated against COVID-19 based on mRNA technol-
ogy (groups 1 and 2), a relationship between the duration of side effects and the confirmed
SARS-CoV-2 infection at baseline was demonstrated. In both study groups, the duration of
side effects after receiving the COVID-19 vaccine was significantly longer in people with
confirmed SARS-CoV-2 virus infection at baseline than those who did not have a previously
confirmed infection (4.8 & 3.0 vs. 4.0 & 3.1, p = 0.0364—group 1; 8.3 £ 2.5vs. 5.7 £ 3.4,
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p = 0.0052—group 2). However, no correlation was observed between the confirmed SARS-
CoV-2 infection at baseline and the number and intensity of side effects following the
administration of SARS-CoV-2 virus vaccines among all study groups (p > 0.005) (Table 4).

Table 3. Duration and nature of the intensity of side effects following the administration of
SARS-CoV-2 virus vaccines among healthcare professionals in Poland (n = 971).

Type of SARS-CoV-2 Virus Vaccine

ChAdOx1

Variable BNT162b2 mRNA-1273 L CoV-19 p Value
(Group 1) (Group 2) (Group 3)
Vaccine dose followed by side effects (%):
1 dose 26.322 28.70 2 96.94 .
2 dose 30752 25.002 0.00® <0.0001
1 dose and 2 dose 42942 46.302 3.06°
Time the side effects started to appear (%):
1 day after vaccination 84.17 90.74 86.73
2 days after vaccination 12.78 8.33 13.27
3 days after vaccination 1.39 0.00 0.00 0.52475 *
4 days after vaccination 1.11 0.00 0.00
5 days after vaccination 0.28 0.00 0.00
6 days after vaccination 0.28 0.93 0.00
Duration of side effects (days) #
(Mean + SD &) 2.53 £ 3.09 2.31 £1.39 240 4+ 2.84 0.6647
Nature of the intensity of side effects (%):
mild 37.402 16.67 © 20.41° .
moderate 55.68 2 7130° 66.33° <0.0001
severe 6.932 12.04° 13.27°

*—The chi-square for independence; a,b—groups followed by the same letter do not differ statistically significantly;
#__the Kruskal-Wallis test; *—standard deviation.

Table 4. Influence of the confirmed SARS-CoV-2 infection at baseline on number and intensity of side
effects following the administration of SARS-CoV-2 virus vaccines among healthcare professionals in

Poland (1 = 971).

Type of SARS-CoV-2 Virus Vaccine

Variable

BNT162b2 (Group 1)

mRNA-1273 (Group 2)

ChAdOx1 nCoV-19 (Group 3)

Confirmed SARS-CoV-2 Infection

at Baseline

Confirmed SARS-CoV-2 Infection

at Baseline

Confirmed SARS-CoV-2 Infection
at Baseline

Yes No p Value Yes No p Value Yes No p Value
Number of side effects . . .
6.3 +32 5.6 +3.8 0.2823 59+42 63+38 0.7269 5.6 +3.3 6.2+ 3.5 0.5807
(Mean =+ SD)
Duration of side effects
(days) 48+30 40+3.1 0.0364 * 83+25 57 +34 0.0052 * 46+34 57+34 0.1994 *
(Mean =+ SD)
Nature of the intensity
of side effects
n (0/0)1
mild 18 (40.0) 117 (37.0) 1(9.1) 17 (17.5) 4 (30.8) 16 (18.8)
moderate 23 (51.1) 178 (56.3) 0.751 # 10 (90.9) 67 (69.1) 0.278 # 8 (61.5) 57 (67.1) 0.551 #
severe 4(8.9) 21 (6.7) 0(0.0) 13 (13.4) 1(7.7) 12 (14.1)

*—The U Mann-Whitney test; #__the chi-square for independence; SD—standard deviation.
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3.3. Identification of Sociodemographic and Clinical Factors Influencing the Risk of Side Effects
Following the Intake of SARS-CoV-2 Virus Vaccines

A logistic regression model of the effect of selected factors on the risk of side effects
following administration of one of the analyzed SARS-CoV-2 vaccines showed that being
female (p < 0.0001), the presence of an allergy (p = 0.005), and respiratory diseases (0.039)
significantly influenced the risk of side effects following administration of the BNT162b2
vaccine. The risk of side effects after receiving the BNT162b2 vaccine was highest for
women and those with a diagnosed allergy or respiratory disease (Table 5).

Table 5. Logistic regression model for the risk of side effects following administration of SARS-CoV-2
virus vaccines among healthcare workers in Poland (n = 971).

Risk of Side Effects
BNT162b2 mRNA-1273 ChAdOx1-S
(Group 1) (Group 2) (Group 3)
. Coeff. Coeff. Coeff.
Variable (95% CI) p Value (95% CI) p Value (95% CI) p Value
Gender:
Female ref.
Male 0.47 (0.32, 0.69) <0.0001 0.42 (0.18, 0.96) 0.040 0.83 (0.36, 1.93) 0.681
Age 0.99 (0.97, 1.00) 0.056 0.96 (0.94, 0.99) 0.007 0.93 (0.90, 0.96) <0.0001
Self-estimated health status:
Excellent ref.
Very good 0.62 (0.37,1.01) 0.058 2.41(0.50, 11.63) 0.271 0.74 (0.16, 3.28) 0.697
Good 1.19 (0.85, 1.66) 0.310 0.75 (0.34, 1.66) 0.486 0.72 (0.33, 1.55) 0.410
Not so good 1.27 (0.53, 3.06) 0.585 0.46 (0.09, 2.24) 0.338 0.24 (0.06, 0.55) 0.086
Poor 1.13(0.91, 1.39) 0.256 2.89 (1.21, 2.41) 0.516 1.22(0.89, 1.66) 0.309
Most common comorbidity
types:
Hashimoto’s disease 2.41 (0.93, 6.25) 0.069 1.57 (0.17, 14.53) 0.688 0.47 (0.02, 7.75) 0.601
Allergy 1.84 (1.20, 2.82) 0.005 1.65 (0.51, 5.26) 0.396 6.13 (1.37,27.39) 0.017
Obesity 1.05 (0.53, 2.08) 0.886 1.47,0.39, 5.57) 0.567 2.99 (0.35, 25.66) 25.66
Heart failure 1.03 (0.34, 3.09) 0.957 0.77 (0.06, 8.76) 0.836 0.46 (0.06, 3.43) 0.456
Diabetes 0.87 (0.42,1.82) 0.727 1.57 (0.17, 14.53) 0.688 0.15(0.01, 1.49) 0.106
Hypothyroidism 1.56 (0.86, 2.86) 0.142 1.47 (0.39, 5.57) 0.567 0.95 (0.08, 10.84) 0.973
Respiratory system diseases  2.91 (1.05, 8.03) 0.039 0.88 (0.51, 1.96) 0.866 1.95(0.21, 18.01) 0.553
Spine diseases 1.06 (0.73, 1.89) 0.856 1.57 (0.87, 2.66) 0.155 1.86 (0.99, 2.01) 0.884
Use of stimulants:
Alcohol 1.05(0.77,1.43) 0.719 1.06 (0.51, 2.19) 0.860 1.08 (0.51, 2.27) 0.833
Nicotine 0.70 (0.45, 1.10) 0.124 0.96 (0.34, 2.68) 0.950 0.25 (0.09, 0.70) 0.008

In the group of subjects vaccinated with the mRNA-1273 vaccine, being female
(p = 0.040) and age (p = 0.007) were the two factors significantly affecting the risk of side
effects. The risk of side effects after receiving the mRNA-1273 vaccine was highest for
women and younger individuals (Table 5).

In the group of subjects vaccinated with the AZD1222 vaccine, the subject’s age
(<0.0001), the presence of allergies (p = 0.017), and nicotine consumption (p = 0.008) signifi-
cantly affected the risk of side effects. The risk of side effects after receiving the AZD1222
vaccine was highest for younger subjects and subjects with a diagnosed allergy and who
did not consume nicotine (Table 5).

4. Discussion

A pandemic and unpredictable course of COVID-19, mortality rate above 7% in the
60-80 age group and close to 20% in the over 80 age group, difficult-to-understand and
complex pathogenesis of the infection, lack of effective drugs, and the denial by certain
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communities of the existence of the SARS-CoV-2 virus are the basis and target for any
activity required to stop the spread of infections [16]. Therefore, stopping the spread of the
pandemic and preventing the associated deaths requires us to acquire population immunity
quicker through mass vaccination. The primary goal is to achieve population immunity,
which is guaranteed by patients who, for unknown, possibly genetic reasons, will never
become infected, patients who have survived COVID-19, and patients who were subjected
to vaccinations [17]. Vaccination is the safest way to acquire immunity to infection in a
controlled manner. A vaccine is a biological substance that introduces antigens against
which immunity is to be generated [13].

In Poland, the national SARS-CoV-2 vaccination program includes the use of four
vaccines: BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), ChAdOx1-S (Oxford—
AstraZeneca), and Ad26.COV2.S (Johnson Pharm). A fifth vaccine will soon be available
(NVX-CoV2373 by Novavax, an adjuvanted protein vaccine) for which the European
Medicines Agency (EMA) has issued a positive scientific opinion for conditional marketing
authorization on 20 December 2021 [14,18]. As of 4 February 2022, 58.31% of people in
Poland have been vaccinated with the first dose of a coronavirus vaccine. A total of 49.9%of
the total population is fully vaccinated [19].

During the COVID-19 pandemic, prompt research and simultaneous lack of follow-up
time post-vaccination aroused great public concern about the safety profile of vaccine
candidates. While rare and non-serious side effects should not derail mass vaccination,
a thorough risk-benefit analysis should be done [20]. EMA’s detailed assessments take
into account all available data from all sources to draw robust conclusions on the safety
of the vaccines. These data include clinical trial results, reports of suspected side effects,
epidemiological studies monitoring the safety of the vaccine, toxicological investigations,
and any other relevant information [21].

According to the survey the vast majority of healthcare workers in Poland are vac-
cinated with Pfizer-BioNTech’s BNT162b2 (69.61%). This is due to the fact that Pfizer—
BioNTech’s BNT162b2 vaccine was the first to be licensed in the EU, and the Polish gov-
ernment, as part of its strategy to implement a national COVID-19 vaccination program,
classified healthcare workers as group 0, i.e., priority in the vaccination order. Further-
more, out of all vaccines available in the EU, the Polish government purchased the most
doses of the Pfizer-BioNTech vaccine (42.9 million) [16]. The above figures are in line
with an EMA report dated 20 January 2022, which shows that about 545 million doses of
Comirnaty (Pfizer—BioNTech), 103 million doses of Spikevax (Moderna), and 69 million
doses of Vaxzevria (Oxford—AstraZeneca) were administered in the EU/EEA between
EU marketing authorization and 2 January 2022 [21]. These data are also consistent with
a previous study conducted in Poland by Dziedzic et al. [22] on a group of 317 Polish
healthcare professionals and students of the medical university where the safety profile
of two types of SARS-CoV-2 vaccines: mRNA-based (Pfizer-BioNTech and Moderna) and
viral vector-based (Oxford—AstraZeneca) were compared. In a study by Dziedzic et al. [22],
similarly, 24.5% of participants received a viral vector-based vaccine and 77.5% of them
received mRNA-based vaccines.

In this study, the occurrence of side effects following a SARS-CoV-2 vaccine administra-
tion was reported by 53.11% of respondents vaccinated with BNT162b2 (Pfizer-BioNTech),
72% of those vaccinated with mRNA-1273 (Moderna), and 67.59% of those vaccinated
with ChAdOx1-S (Oxford—AstraZeneca). The most common local or systemic side effects
regardless of the type of vaccine received were pain at the injection site (49.93%—BNT162b2,
69.33%—mRNA-1273, 53.10%—ChAdOx1-S), headache (28.89%—BNT162b2, 50.00%—
mRNA-1273, 42.76%—ChAdOx1-S), muscle pain (25.00%—BNT162b2, 43.33%—mRNA-
1273, 46.90%—ChAdOx1-S), fever (16.57%—BNT162b2, 42.67%—mRNA-1273, 51.72%—
ChAdOx1-S), chills (19.67%—BNT162b2, 39.33%—mRNA-1273, 46.21%—ChAdOx1-S) and
fatigue (30.18%—BNT162b2, 39.33%—mRNA-1273, 33.10%—ChAdOx1-S). These obser-
vations are in line with the results reported in phase three clinical trials and vaccine fact
sheets [23-29].
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In clinical trials evaluating the efficacy and safety profile of the BNT162b2 vaccine
(Pfizer-BioNTech), local and systemic reactions occurring within 7 days of an injection
were reported by 66% and 50% of subjects, respectively. The most common side effects in
participants aged 16 years or older were pain at the injection site (>80%), fatigue (>60%),
headache (>50%), muscle pain and chills (>30%), joint pain (>20%), and fever and swelling
at the injection site (>10%) [23]. More BNT162b2 recipients than placebo recipients reported
any side effects (27% and 12%, respectively) or related side effects (21% and 5%). This
distribution primarily reflects transient reactogenicity events that were reported as side
effects more commonly by vaccine recipients than placebo recipients. However, the in-
cidence of serious adverse events was low and was similar in the vaccine and placebo
groups [23]. In clinical trials evaluating the efficacy and safety profile of the mRNA-1273
vaccine (Moderna), local and systemic reactions were reported by 86% and 67% of subjects,
respectively. The most common side effects experienced by participants aged 18 years or
older after both the first and the second dose of the vaccine were pain at the injection site
(>87%), fatigue (>67%), and headache (>60%) [24]. Solicited side effects at the injection site
occurred more frequently in the mRNA-1273 group than in the placebo group after both
the first dose (84.2% vs. 19.8%) and the second dose (88.6% vs. 18.8%) Similarly, solicited
systemic side effects occurred more often in the mRNA-1273 group than in the placebo
group after both the first dose (54.9% vs. 42.2%) and the second dose (79.4% vs. 36.5%).
Serious adverse events were rare, and the incidence was similar in the vaccine and placebo
groups [24].

In clinical trials evaluating the efficacy and safety profile of the ChAdOx1 nCoV-19
vaccine (Oxford—-AstraZeneca), 60% of subjects reported the occurrence of local and sys-
temic side effects. The most commonly reported side effects were tenderness at the injection
site (63.7%), pain at the injection site (54.2%), headache (52.6%), fatigue (53.1%), muscle
pain (44.0%), malaise (44.2%), fever (33.6%), chills (31.9%), joint pain (26.4%), and nausea
(21.9%) [25]. A total of 175 severe adverse events occurred in 168 participants, 84 events
in the ChAdOx1 nCoV-19 group and 91 in the control group. Three events were classified
as possibly related to a vaccine: one in the ChAdOx1 nCoV-19 group, one in the control
group, and one in a participant who remains masked to group allocation [25].

In addition, the results obtained are consistent with previous observational studies
conducted in Poland and worldwide. In a Polish study mentioned above, 78.9% and
60.7% of the individuals reported at least one local and one systemic side effect after the
first and second dose of the COVID-19 vaccine, respectively [22]. There were observed
various side effects, including pain at the injection site (76.9%), and systemic-like fatigue
(46.2%), headache (37.7%), and muscle pain (31.6%). It must be pointed out that 35.2%
of local and 44.8% of systemic side effects subsided up to 1 day after inoculation with
both types of vaccines. Dziedzic et al. [22] evaluated that mRNA-based vaccines caused
a higher prevalence of local side effects, mainly pain at the injection site (81.3% vs. 71.7%;
p = 0.435), whereas viral vector-based vaccines caused mainly mild systemic side effects
(76.7% vs. 55.3%; p = 0.004) after both doses. Research conducted in the U.K. and Saudi
Arabia also confirms the obtained results [26,27]. Both studies aimed to evaluate the short-
term side effects experienced after receiving either a Pfizer—-BioNTech mRNA (BNT162b2)
or an Oxford-AstraZeneca (ChAdOx1 nCoV-19) vaccine in general populations. Both this
study and the studies by Alhazmi et al. [26] and Menni et al. [27] showed that the vast
majority of subjects reported side effects regardless of the type of vaccine received. The
most common local side effects included pain at the injection site. Systemic side effects
included headache and fatigue. Research carried out thus far around the world as well as
this report has shown that participants who were vaccinated with an Oxford—-AstraZeneca
vaccine are at a greater risk of systemic side effects, including fatigue and fever, compared
with those who received a Pfizer—BioNTech vaccine [22,26,27,30].

This study found that the majority of local and systemic side effects, regardless of the
type of vaccine received, were mild to moderate in severity and were usually resolved
within 2-3 days of their onset. The vast majority of side effects, irrespective of the type
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of vaccine, occurred on the first day after vaccination. For Pfizer and Moderna vaccines,
the highest proportion of subjects reported experiencing side effects after both the first
and second dose: 42.94% and 46.30%, respectively. For the Oxford—AstraZeneca vaccine,
however, side effects after the first dose were reported significantly more frequently than
after the second dose (96.94% vs. 0.00%). It was proved, both in clinical trials and in
the real-world data, that side effects associated with the COVID-19 vaccine are mild to
moderate [23-29]. In a phase three clinical trial for Pfizer’s vaccine, it was shown that in
general, local and systemic reactions were mostly mild-to-moderate in severity and were
observed within the first 1 to 2 days after vaccination and resolved within 1 to 2 days. The
proportion of participants reporting local and systemic reactions did not increase after the
second dose [23]. Moderna’s vaccine phase three clinical study showed that injection-site
events were mainly grade 1 or 2 in severity and lasted a mean of 2.6 and 3.2 days after the
first and second doses, respectively. The severity of the solicited systemic events increased
after the second dose in the mRNA-1273 group, with an increase in the proportions of grade
2 events (from 16.5% after the first dose to 38.1% after the second dose) and grade 3 events
(from 2.9% to 15.8%). Solicited systemic side effects in the mRNA-1273 group lasted a mean
of 2.9 days and 3.1 days after the first and second doses, respectively [24]. A phase three
clinical trial of the Oxford—AstraZeneca vaccine showed that it is tolerated and that the side
effects are less both in intensity and number in older adults, with lower doses, and after
the second dose [25].

The study found that being female, young, and suffering from a diagnosed allergy
are all risk factors for side effects following administration of one of the SARS-CoV-2
vaccines subject to analysis. The obtained results are consistent with both clinical and
observational studies [22-27]. For example, Menni et al. [27] recruited participants at the
mean age of 50 y, and most of them were above 55 y. Those individuals reported tiredness
less frequently (between 8% and 21% of the study group) and female subjects experienced
more side effects than male ones. Similarly, Dziedzic et al. [22] pointed out that the most
important factors predisposing to side effects after both an mRNA-based vaccine or a viral
vector-based vaccine were being female, young, presence of comorbidities, and systematic
use of medications (especially palliative drugs consumption). Moderna vaccine’s phase
three clinical trials further demonstrated that solicited adverse events were less common in
participants who tested positive for a SARS- CoV-2 infection at baseline than in those who
were negative at baseline [24]. Our study observed a relationship between the duration of
side effects and the confirmed SARS-CoV-2 infection at baseline only among respondents
vaccinated against COVID-19 based on mRNA technology (Pfizer, Moderna). In both study
groups, the duration of side effects after receiving the COVID-19 vaccine was significantly
longer in people with confirmed SARS-CoV-2 virus infection at baseline than those who
did not have a previously confirmed infection.

Similar to other medications, allergic reactions can occur during vaccination. While
most reactions are neither frequent nor serious, anaphylactic reactions are potentially
life-threatening allergic reactions that are encountered rarely but can cause serious compli-
cations. Reactions are more often caused by inert substances, called excipients, which are
added to vaccines to improve stability and absorption, increase solubility, influence palata-
bility, or create a distinctive appearance, and not by the active vaccine itself. The excipients
mostly incriminated for allergic reactions are polyethylene glycol, also known as macrogol,
found in the currently available Pfizer-BioNTech and Moderna COVID-19 mRNA vaccines,
and polysorbate 80, also known as Tween 80, present in Oxford—-AstraZeneca and Johnson
& Johnson COVID-19 vaccines [31]. Therefore, people suffering from allergies have a
greater risk of side effects following a COVID-19 vaccination.

Differences in the safety profiles of vaccines should always be discussed in the context
of their efficacy. Currently, efficacy data confirm that all available vaccines exceed the 50%
threshold set by WHO [17] and can significantly reduce the number of symptomatic cases,
hospitalizations, severe diseases, and death [32,33]. The effectiveness of mRNA-based
vaccines in reducing infection incidence of COVID-19 after the second dose, irrespective of
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prior infection with SARS-CoV-2, is comparable (95%—Pfizer-BioNTech; 94.1%—Moderna).
In turn, the clinical effectiveness of the analyzed adenovirus-vectored vaccine (Oxford-
AstraZeneca) in the prevention of COVID-19 is 70.4% among subjects receiving the two
recommended doses at any dosing intervals (between 3 and 23 weeks) [23-25,34]. Moreover,
many performed studies have shown that a number of factors can influence the observed
difference in efficacy and effectiveness of the COVID-19 vaccines. Vaccine effectiveness
can be affected by the following factors: population host factors (e.g., those who were not
included in clinical trials) and virus factors (e.g., variants), as well as programmatic factors
(e.g., adherence to dosing schedules or vaccine storage/handling) [35].

As of 28 December 2021, a total of 8,687,201,202 vaccine doses have been administered [2].
This mass vaccination should facilitate the identification of more uncommon and rare ad-
verse events following immunization (AEFI). On the basis of data from the Vaccine Adverse
Event Reporting System (VAERS) and the V-safe system of the U.S. Centers for Disease
Control and Prevention (CDC), the rates of non-serious AEFI after public administration of
BNT162b2 and mRNA-1273 were similar to the clinical trials [36]. Anaphylaxis occurs at
a rate of approximately 1 case per million doses for the majority of vaccines, whereas the
rates of anaphylaxis associated with BNT162b2 and mRNA1273 appear to be 4.7 times and
2.5 times higher, respectively [37,38]. Thrombosis and thrombocytopenia as a side effect of
adenoviral vector vaccines (ChAdOx1 nCoV-19 and Ad26.COV2.S) were noted, including
several deaths and severe outcomes [39-42]. Neither anaphylaxis following a BNT162b2
or a mRNA1273 vaccine, nor thrombosis and thrombocytopenia following a ChAdOx1
nCoV-19 vaccine were observed in this study.

There is some evidence that two COVID-19 mRNA vaccines (BNT162b2 and mRNA-
1273) are safe in certain populations such as pregnant women [43] immunosuppressive
patients [44], and HIV-positive subjects [45].

Further studies are needed to determine the long-term safety profile of COVID-19
vaccines. Further studies will also facilitate improved vaccine recommendations, vaccine
safety surveillance systems, monitoring of early COVID-19 vaccine recipients, standardized
reporting, and pharmacovigilance mechanisms. Safety issues noted for mass vaccination
may have a deleterious impact on the global vaccine supply and the already fragile con-
fidence in vaccines. Government agencies and scientists working on the development of
COVID-19 vaccines should widely present any safety issues noted in mass vaccinations in
order to reduce public vaccine hesitancy. Mass COVID-19 vaccination seems to be one of
the most important ways to allow a worldwide return to normal life.

Despite it being pioneering research in Poland to discuss the side effects related
to COVID-19 vaccines, there are some limitations. The primary weakness of this study
is related to self-reported data and information about COVID-19 vaccine side effects,
instead of objective information reported by healthcare workers following formalized,
unbiased assessments. The authors expected that healthcare workers were more likely
to be cautious about health issues, as compared with the general population, as this
group, by default, has adequate levels of health literacy, as well as scientific interest.
Another limitation was the predominance of respondents vaccinated by a BNT162b2
(Pfizer-BioNTech) COVID-19 vaccine, which resulted from phase one administration of
this vaccine among healthcare professionals in the first weeks of 2021. Such a procedure
was ordered by decision makers and public health officials. We decided to conduct this
research project as a web-based study to ensure maximum safety for all study participants
during the COVID-19 pandemic. Therefore, data were collected online in the form of a
self-assessment survey. This might have compromised the inclusion of healthcare workers
with limited internet access. However, the presented study is a good source of information
on the occurrence of short-term adverse events of the most frequently administered COVID-
19 vaccines. Therefore, the presented study meets the information needs of healthcare
policymakers and the whole medical community.
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5. Conclusions

Our results clearly show that the short-term safety profiles of the eligible COVID-19
vaccines (Pfizer-BioNTech, Moderna, Oxford—AstraZeneca) are acceptable. The incidence,
duration, and nature of the severity of side effects reported by the recruited subjects are
similar to those reported in clinical trials, indicating all three vaccines have safe profiles.
Nevertheless, the two-dose COVID-19 vaccines available in Poland differ significantly in the
frequency of both local and somatic side effects and their intensity. Women, young people,
and patients diagnosed with allergies are particularly exposed to the risk of side effects.
Further studies are needed to determine the long-term safety profile of COVID-19 vaccines.

Author Contributions: Conceptualization, A.P,, KH., T.Z,, EN., and K K; data curation, KH., M.M.,
AH.-W, DK, and PR, formal analysis, A.P, M.M., D.K,, EN., and K K, investigation, A.P. and T.Z,;
methodology, A.P.,, KH., WB., and E.N.; project administration, K.H., W.B., and K.K,; validation,
M.M.; writing—original draft, A.P. and K.H.; writing—review and editing, A.H-W., W.B.,, DK, T.Z.,
E.N., and K.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by Bioethics Committee of Poznan University of Medical Sciences
(No. 25/22; 5 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

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

References

1.

10.

11.

12.

13.

Malik, Y.S.; Sircar, S.; Bhat, S.; Sharun, K.; Dhama, K.; Dadar, M.; Tiwari, R.; Chaicumpa, W. Emerging Novel Coronavirus
(2019-Ncov)—Current Scenario, Evolutionary Perspective Based on Genome Analysis and Recent Developments. Vet. Q. 2020,
40, 68-76. [CrossRef] [PubMed]

World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. 2022. Available online: https:/ /covid19.who.int
(accessed on 15 January 2022).

Sharif, N.; Alzahrani, K.J.; Ahmed, S.N.; Dey, S.K. Efficacy, Inmunogenicity and Safety of COVID-19 Vaccines: A Systematic
Review and Meta-Analysis. Front. Immunol. 2021, 12, 4149. [CrossRef] [PubMed]

Sacharczuk, W.; Dankowski, R.; Marciniak, A.; Szatek-Goralewska, A.; Szyszka, A. Cardiovascular Imaging in the Acute Phase of
Coronavirus Disease 2019 (COVID-19). J. Med. Sci. 2021, 90, e532. [CrossRef]

Seostianin, M.; Neumann-Podczaska, A.; Wieczorowska-Tobis, K. Towards effective collaboration of physicians and pharmacists
for the care of older people (including COVID-19 perspective). |. Med. Sci. 2020, 89, e424. [CrossRef]

Pormohammad, A.; Zarei, M.; Ghorbani, S.; Mohammadi, M.; Razizadeh, M.; Turner, D.; Turner, R. Efficacy and Safety of
COVID-19 Vaccines: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Vaccines 2021, 9, 467. [CrossRef]
[PubMed]

He, Q.; Mao, Q.; Zhang, ]J.; Bian, L.; Gao, F.; Wang, J.; Xu, M.; Liang, Z. COVID-19 Vaccines: Current Understanding on
Immunogenicity, Safety, and Further Considerations. Front. Immunol. 2021, 12, 669339. [CrossRef] [PubMed]

Lurie, N.; Saville, M.; Hatchett, R.; Halton, ]. Developing COVID-19 Vaccines at Pandemic Speed. N. Engl. J. Med. 2020, 382,
1969-1973. [CrossRef] [PubMed]

Sharma, O.; Sultan, A.A.; Ding, H.; Triggle, C.R. A Review of the Progress and Challenges of Developing a Vaccine for COVID-19.
Front. Immunol. 2020, 11, 585354. [CrossRef] [PubMed]

Yuan, P; Ai, P; Liu, Y; Ai, Z.; Wang, Y.; Cao, W.; Xia, X.; Zheng, ].C. Safety, Tolerability, and immunogenicity of COVID-19
vaccines: A systematic review and meta-analysis. medRxiv 2022. [CrossRef]

Yan, Z.P.; Yang, M.; Lai, C.L. COVID-19 vaccines: A review of the safety and efficacy of current clinical trials. Pharmaceuticals
2021, 14, 406. [CrossRef] [PubMed]

Krause, P; Fleming, T.R.; Longini, I.; Henao-Restrepo, A.M.; Peto, R.; Dean, N.; Halloran, M.; Huang, Y.; Gilbert, P;
DeGruttola, V.; et al. COVID-19 vaccine trials should seek worthwhile efficacy. Lancet 2020, 396, 741-743. [CrossRef]

Wu, Q.; Dudley, M.Z.; Chen, X;; Bai, X.; Dong, K.; Zhuang, T.; Salmon, D.; Yu, H. Evaluation of the safety profile of COVID-19
vaccines: A rapid review. BMC Med. 2021, 19, 173. [CrossRef] [PubMed]


http://doi.org/10.1080/01652176.2020.1727993
http://www.ncbi.nlm.nih.gov/pubmed/32036774
https://covid19.who.int
http://doi.org/10.3389/fimmu.2021.714170
http://www.ncbi.nlm.nih.gov/pubmed/34707602
http://doi.org/10.20883/medical.e532
http://doi.org/10.20883/medical.e424
http://doi.org/10.3390/vaccines9050467
http://www.ncbi.nlm.nih.gov/pubmed/34066475
http://doi.org/10.3389/fimmu.2021.669339
http://www.ncbi.nlm.nih.gov/pubmed/33912196
http://doi.org/10.1056/NEJMp2005630
http://www.ncbi.nlm.nih.gov/pubmed/32227757
http://doi.org/10.3389/fimmu.2020.585354
http://www.ncbi.nlm.nih.gov/pubmed/33163000
http://doi.org/10.2139/ssrn.3746259
http://doi.org/10.3390/ph14050406
http://www.ncbi.nlm.nih.gov/pubmed/33923054
http://doi.org/10.1016/S0140-6736(20)31821-3
http://doi.org/10.1186/s12916-021-02059-5
http://www.ncbi.nlm.nih.gov/pubmed/34315454

Vaccines 2022, 10, 434 16 of 17

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

Serwis Rzeczypospolitej Polskiej. The National Vaccination Program. Available online: https://www.gov.pl/web/szczepimysie/
narodowy-program-szczepien-przeciw-covid-19 (accessed on 15 September 2021).

Riad, A.; Schiinemann, H.; Attia, S.; Perici¢, T.P; Zuljevié, M.E; Jurisson, M.; Kalda, R.; Lang, K.; Morankar, S.; Yesuf, E.A ; et al.
COVID-19 Vaccines Safety Tracking (CoVaST): Protocol of a Multi-Center Prospective Cohort Study for Active Surveillance of
COVID-19 Vaccines’ Side Effects. Int. |. Environ. Res. Public Health 2021, 18, 7859. [CrossRef]

Fal, A.F. COVID-19 Disease Characteristics, Symptoms and Health Effects. Recommendations and Experiences of Polish Clinicians.
Science against the Pandemic. 2021. Available online: https://naukaprzeciwpandemii.pl/ (accessed on 4 February 2022).
World Health Organization. Strategic Advisory Group of Experts on Immunization. WHO SAGE Roadmap for Prioritizing
Uses of COVID-19 Vaccines in the Context of Limited Supply. November 2020. Available online: https://www.who.int/
publications/i/item/who-sage-roadmap-for-prioritizing-uses-of-covid-19-vaccines-in-the-context-of-limited-supply (accessed
on 15 January 2022).

Characteristics of the Medicinal Product: Nuvaxovid Dispersion for Injection COVID-19 Vaccine (Recombinant, Adjuvanted).
Available online: https:/ /www.ema.europa.eu/en/documents/product-information /nuvaxovid-epar-product-information_
pl.pdf (accessed on 15 January 2022).

COVID-19 Vaccination Report in Poland. January 2022. Available online: https://www.gov.pl/web/szczepimysie/raport-
szczepien-przeciwko-covid-19 (accessed on 15 January 2022).

Hernandez, A.F; Calina, D.; Poulas, K.; Docea, A.O.; Tsatsakis, A.M. Safety of COVID-19 vaccines administered in the EU: Should
we be concerned? Toxicol. Rep. 2021, 8, 871-879. [CrossRef]

COVID-19 Vaccines Safety Update. 20 January 2022. Available online: https://www.ema.europa.eu/en/documents/covid-19
-vaccine-safety-update/covid-19-vaccines-safety-update-20-january-2022_en.pdf (accessed on 15 January 2022).

Dziedzic, A.; Riad, A.; Attia, S.; Klugar, M.; Tanasiewicz, M. Self-Reported Adverse Events of COVID-19 Vaccines in Polish
Healthcare Workers and Medical Students. Cross-Sectional Study and Pooled Analysis of CoVaST Project Results in Central
Europe. J. Clin. Med. 2021, 10, 5338. [CrossRef] [PubMed]

Polack, EP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.;
Zerbini, C.; et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N. Engl. J. Med. 2020, 383, 2603-2615. [CrossRef]
Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. ]. Med. 2021, 384, 403—416. [CrossRef] [PubMed]

Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, PM.; Aley, PK.; Angus, B.; Baillie, V.L.; Barnabas, S.L.;
Bhorat, Q.E.; et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An interim analysis of
four randomised controlled trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99-111. [CrossRef]

Alhazmi, A.; Alamer, E.; Dawas, D.; Hakami, M.; Darraj, M.; Abdelwahab, S.; Maghfuri, A.; Algaissi, A. Evaluation of Side Effects
Associated with COVID-19 Vaccines in Saudi Arabia. Vaccines 2021, 9, 674. [CrossRef]

Menni, C.; Klaser, K.; May, A.; Polidori, L.; Capdevila, J.; Louca, P.; Sudre, C.H.; Nguyen, L.H.; Drew, D.A.; Merino, J.; et al. Vaccine
side-effects and SARS-CoV-2 infection after vaccination in users of the COVID Symptom Study app in the UK: A prospective
observational study. Lancet Infect. Dis. 2021, 21, 939-949. [CrossRef]

Riad, A.; Pokorna, A.; Attia, S.; Klugarov4, J.; Kos¢ik, M.; Klugar, M. Prevalence of COVID-19 Vaccine Side Effects among
Healthcare Workers in the Czech Republic. J. Clin. Med. 2021, 10, 1428. [CrossRef] [PubMed]

Riad, A.; Hockov4, B.; Kantorova, L.; Slavik, R.; Spurna, L.; Stebel, A.; Havril’ak, M.; Klugar, M. Side Effects of mRNA-Based
COVID-19 Vaccine: Nationwide Phase IV Study among Healthcare Workers in Slovakia. Pharmaceuticals 2021, 14, 873. [CrossRef]
[PubMed]

Funk, C.D.; Laferriere, C.; Ardakani, A. Target product profile analysis of COVID-19 vaccines in Phase III clinical trials and
beyond: An early 2021 perspective. Viruses 2021, 13, 418. [CrossRef] [PubMed]

Kounis, N.G.; Koniari, I.; de Gregorio, C.; Velissaris, D.; Petalas, K.; Brinia, A.; Assimakopoulos, S.E.; Gogos, C.; Kouni, S.N;
Kounis, G.N.; et al. Allergic Reactions to Current Available COVID-19 Vaccinations: Pathophysiology, Causality, and Therapeutic
Considerations. Vaccines 2021, 9, 221. [CrossRef] [PubMed]

Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A.; Hernan, M. A ; Lipsitch, M.; Reis, B.; Balicer, R.D. BNT162b2
mRNA COVID-19 vaccine in a nationwide mass vaccination setting. N. Engl. . Med. 2021, 384, 1412-1423. [CrossRef] [PubMed]
Daniel, W.; Nivet, M.; Warner, J.; Podolsky, D.K. Early Evidence of the Effect of SARS-CoV-2 Vaccine at One Medical Center. N.
Engl. ]. Med. 2021, 384, 1962-1963. [CrossRef] [PubMed]

Ghazy, RM.; Ashmawy, R.; Hamdy, N.A.; Elhadi, Y.A.M.; Reyad, O.A; Elmalawany, D.; Almaghraby, A.; Shaaban, R.; Taha, S.H.N.
Efficacy and Effectiveness of SARS-CoV-2 Vaccines: A Systematic Review and Meta-Analysis. Vaccines 2022, 10, 350. [CrossRef]
Centers for Disease Control and Prevention. COVID-19 Vaccine Effectiveness Research. Available online: https://www.cdc.gov/
vaccines/covid-19/effectiveness-research /protocols.html (accessed on 15 January 2022).

Gee, J.; Marquez, P; Su, J.; Calvert, G.M.; Liu, R.; Myers, T.; Nair, N.; Martin, S.; Clark, T.; Markowitz, L.; et al. First Month of
COVID-19 Vaccine Safety Monitoring—United States, December 14, 2020-January 13, 2021. MMWR Morb. Mortal. Wkly. Rep.
2021, 70, 283-288. [CrossRef] [PubMed]

McNeil, M.M.; DeStefano, F. Vaccine-associated hypersensitivity. J. Allergy Clin. Immunol. 2018, 141, 463-472. [CrossRef] [PubMed]
Shimabukuro, T.T.; Cole, M.; Su, J.R. Reports of anaphylaxis after receipt of mRNA COVID-19 vaccines in the US-December 14,
2020-January 18, 2021. JAMA 2021, 325, 1101-1102. [CrossRef] [PubMed]


https://www.gov.pl/web/szczepimysie/narodowy-program-szczepien-przeciw-covid-19
https://www.gov.pl/web/szczepimysie/narodowy-program-szczepien-przeciw-covid-19
http://doi.org/10.3390/ijerph18157859
https://naukaprzeciwpandemii.pl/
https://www.who.int/publications/i/item/who-sage-roadmap-for-prioritizing-uses-of-covid-19-vaccines-in-the-context-of-limited-supply
https://www.who.int/publications/i/item/who-sage-roadmap-for-prioritizing-uses-of-covid-19-vaccines-in-the-context-of-limited-supply
https://www.ema.europa.eu/en/documents/product-information/nuvaxovid-epar-product-information_pl.pdf
https://www.ema.europa.eu/en/documents/product-information/nuvaxovid-epar-product-information_pl.pdf
https://www.gov.pl/web/szczepimysie/raport-szczepien-przeciwko-covid-19
https://www.gov.pl/web/szczepimysie/raport-szczepien-przeciwko-covid-19
http://doi.org/10.1016/j.toxrep.2021.04.003
https://www.ema.europa.eu/en/documents/covid-19-vaccine-safety-update/covid-19-vaccines-safety-update-20-january-2022_en.pdf
https://www.ema.europa.eu/en/documents/covid-19-vaccine-safety-update/covid-19-vaccines-safety-update-20-january-2022_en.pdf
http://doi.org/10.3390/jcm10225338
http://www.ncbi.nlm.nih.gov/pubmed/34830620
http://doi.org/10.1056/NEJMoa2034577
http://doi.org/10.1056/NEJMoa2035389
http://www.ncbi.nlm.nih.gov/pubmed/33378609
http://doi.org/10.1016/S0140-6736(20)32661-1
http://doi.org/10.3390/vaccines9060674
http://doi.org/10.1016/S1473-3099(21)00224-3
http://doi.org/10.3390/jcm10071428
http://www.ncbi.nlm.nih.gov/pubmed/33916020
http://doi.org/10.3390/ph14090873
http://www.ncbi.nlm.nih.gov/pubmed/34577573
http://doi.org/10.3390/v13030418
http://www.ncbi.nlm.nih.gov/pubmed/33807839
http://doi.org/10.3390/vaccines9030221
http://www.ncbi.nlm.nih.gov/pubmed/33807579
http://doi.org/10.1056/NEJMoa2101765
http://www.ncbi.nlm.nih.gov/pubmed/33626250
http://doi.org/10.1056/NEJMc2102153
http://www.ncbi.nlm.nih.gov/pubmed/33755374
http://doi.org/10.3390/vaccines10030350
https://www.cdc.gov/vaccines/covid-19/effectiveness-research/protocols.html
https://www.cdc.gov/vaccines/covid-19/effectiveness-research/protocols.html
http://doi.org/10.15585/mmwr.mm7008e3
http://www.ncbi.nlm.nih.gov/pubmed/33630816
http://doi.org/10.1016/j.jaci.2017.12.971
http://www.ncbi.nlm.nih.gov/pubmed/29413255
http://doi.org/10.1001/jama.2021.1967
http://www.ncbi.nlm.nih.gov/pubmed/33576785

Vaccines 2022, 10, 434 17 of 17

39.

40.

41.

42.

43.

44.

45.

Greinacher, A ; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic thrombocytopenia after ChAdOx1
nCov-19 vaccination. N. Engl. J. Med. 2021, 384, 2092-2101. [CrossRef] [PubMed]

Sadoff, J.; Davis, K.; Douoguih, M. Thrombotic thrombocytopenia after Ad26. COV2.S vaccination—Response from the manufac-
turer. N. Engl. J. Med. 2021, 384, 1965-1966. [CrossRef] [PubMed]

Schultz, N.H.; Servoll, .H.; Michelsen, A.E.; Munthe, L.A.; Lund-Johansen, F.; Ahlen, M.T.; Wiedmann, M.; Aamodt, A.H.; Skatter,
T.H.; Tjennfjord, G.E.; et al. Thrombosis and thrombocytopenia after ChAdOx1 nCoV-19 vaccination. N. Engl. J. Med. 2021, 384,
2124-2130. [CrossRef] [PubMed]

See, I; Su, J.R.; Lale, A.; Woo, E.J.; Guh, A.Y.; Shimabukuro, T.T.; Streiff, M.B.; Rao, A.K.; Wheeler, A.P,; Beavers, S.E,; et al. US case
reports of cerebral venous sinus thrombosis with thrombocytopenia after Ad26. COV2.S vaccination, March 2 to April 21, 2021.
JAMA 2021, 325, 2448-2456. [CrossRef] [PubMed]

Shimabukuro, T.T,; Kim, S.Y.; Myers, T.R.; Moro, P.L.; Oduyebo, T.; Panagiotakopoulos, L.; Marquez, P.L.; Olson, C.K,; Liu, R,;
Chang, K.T.; et al. Preliminary findings of mRNA COVID-19 vaccine safety in pregnant persons. N. Engl. . Med. 2021, 384,
2273-2282. [CrossRef] [PubMed]

Cohen, D.; Krauthammer, S.H.; Wolf, I.; Even-Sapir, E. Hypermetabolic lymphadenopathy following administration of BNT162b2
mRNA COVID-19 vaccine: Incidence assessed by [18F]JFDG PET-CT and relevance to study interpretation. Eur. |. Nucl. Med. Mol.
Imaging 2021, 48, 1854-1863. [CrossRef] [PubMed]

Frater, J.; Ewer, K.J.; Ogbe, A.; Pace, M.; Adele, S.; Adland, E.; Alagaratnam, J.; Aley, PK.; Ali, M.; Ansari, M.A,; et al. Safety and
immunogenicity of the ChAdOx1 nCoV-19 (AZD1222) vaccine against SARS-CoV-2 in HIV infection: A singlearm substudy of a
phase 2/3 clinical trial. Lancet HIV 2021, 8, e474-e485. [CrossRef]


http://doi.org/10.1056/NEJMoa2104840
http://www.ncbi.nlm.nih.gov/pubmed/33835769
http://doi.org/10.1056/NEJMc2106075
http://www.ncbi.nlm.nih.gov/pubmed/33861522
http://doi.org/10.1056/NEJMoa2104882
http://www.ncbi.nlm.nih.gov/pubmed/33835768
http://doi.org/10.1001/jama.2021.7517
http://www.ncbi.nlm.nih.gov/pubmed/33929487
http://doi.org/10.1056/NEJMoa2104983
http://www.ncbi.nlm.nih.gov/pubmed/33882218
http://doi.org/10.1007/s00259-021-05314-2
http://www.ncbi.nlm.nih.gov/pubmed/33774684
http://doi.org/10.1016/S2352-3018(21)00103-X

	Introduction 
	Materials and Methods 
	Study Population 
	Study Technique 
	Statistical Analysis 

	Results 
	Study Group Characteristics 
	Safety Profile of COVID-19 Vaccines 
	Identification of Sociodemographic and Clinical Factors Influencing the Risk of Side Effects Following the Intake of SARS-CoV-2 Virus Vaccines 

	Discussion 
	Conclusions 
	References

