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Abstract: Background: university students are believed to retain the highest levels of health literacy.
They are perceived as the opinion leaders within their communities; therefore, their health-related
beliefs and attitudes are deemed important for public health campaigns. This study aimed to
investigate the COVID-19 vaccine hesitancy drivers among university students in the Czech Republic.
Methods: a cross-sectional study using a self-administered questionnaire was carried out in the weeks
before the unrestricted vaccine deployment to Czech adults. The questionnaire had 21 multiple-
choice items stratified in 4 categories; demographic characteristics, COVID-19-related anamnesis and
influenza vaccine experience, attitudes towards COVID-19 vaccination, and the possible drivers of
COVID-19 vaccine hesitancy suggested by the WHO-SAGE. Results: out of the 1351 included students,
66.8% were females, 84.5% were Czech nationals, and 40.6% enrolled in healthcare programs. The
overall COVID-19 vaccine acceptance level was 73.3%, 19.3% of participants were vaccine-resistant,
and only 7.4% were vaccine-hesitant. Trust in the pharmaceutical industry, trust in healthcare
providers, and perceived knowledge sufficiency predicted higher odds of vaccine acceptance. In
contrast, media and social media, personal beliefs, immunity misconception, previous COVID-19
infection, and suspicions about novel vaccines and the local availability predicted higher odds of
vaccine hesitancy. Conclusions: The findings of this study predict a fair probability to achieve
community immunity (herd immunity) among the target population group. The primary prevention
strategies in the Czech Republic need to be culturally sensitive and inclusive for foreign nationals. As
one-quarter of the participating students are dependent on vaccine safety data, this study findings
support the call for independent studies evaluating the side effects of COVID-19 vaccines.

Keywords: COVID-19 vaccines; cross-sectional studies; Czech Republic; decision making; mass
vaccination; university students; vaccine hesitancy

1. Introduction

Immunization saves millions of lives every year. It presently counts for saving
2-3 million deaths from preventable infectious diseases globally [1]. Immunization is
an essential function of primary preventive care deemed easily obtainable and integrated
within universal health coverage (UHC) schemes [2]. University students are supposed
to retain the highest levels of health literacy, which is defined as “the degree to which
individuals have the ability to find, understand, and use information and services to in-
form health-related decisions and actions for themselves and others”, within their local
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communities where they are perceived as future opinion leaders [3]. Therefore, their health-
related beliefs and attitudes had been a topic of interest for epidemiology and public health
researchers [4-8]. The health literacy of university students can be influenced by several
socio-economic factors, e.g., gender, household income, field of study (as healthcare vs.
non-healthcare related discipline), etc. [9,10].

The coronavirus disease (COVID-19) caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) was declared a pandemic in March 2020, as a growing body of
evidence had emerged about its clinical manifestations, complications, and management.
COVID-19, as a syndromic disease, triggered the attention of all clinical specialties as
its pulmonary symptoms were not sufficiently prognostic for its presence or severity.
Therefore, extrapulmonary symptoms such as neurologic, gastrointestinal, dermatologic,
and oral symptoms led to large-scale debates and required further investigation to reveal
their pathophysiologic mechanisms that may help better understand the novel disease and
propose effective maneuvers for its management and prevention [11-24].

During the current COVID-19 pandemic, many essential routine vaccinations had
been cancelled due to the lockdown, which may lead to outbreaks of diseases that can be
easily prevented by immunization. The change in vaccination coverage could influence the
vaccine hesitancy levels even for longer after the pandemic. In the USA, measles vaccination
rates in 2020 were lower than in 2019, especially under the age of 2; consequently, the
vaccination rates became equal to the ones for children from 2 to 18, but even a 2-5%
decline in vaccination will have an impact due to the schools re-opening [25-27].

WHO defined vaccine hesitancy as the delay in acceptance or refusal of vaccines
despite the availability of vaccine services [28]. This can be caused by the spread of myths
about vaccines, stating, for example, that too many vaccines can overwhelm the immune
system or MMR vaccines cause autism [29]. Both of these false statements have been
proven wrong by studies. The statement regarding the safety of measles-mumps-rubella
(MMR) vaccines has been refuted since 1999 [30]. The study showed no rapid increase in
the number of cases of autism per individual after the introduction of the vaccine [30].

Parents’ attitude towards vaccination has been investigated over the last years, show-
ing that most questions regarding vaccination arise due to the doubts of safety and efficiency.
Such controversial thoughts are usually a result of disinformation or lack of knowledge of
the vaccination mechanism [29]. Doubting the efficiency of immunization also contributes
to vaccine hesitation. Still, vaccine hesitancy has been recognized by the World Health
Organization (WHO) as one of the 10 threats to global health since January 2019 [31]. One
of the most well-known vaccines that should be done at the age of 12-15 months and
4-6 years are MMR vaccines. In 2019, there was an outbreak of measles—1282 individual
cases in the USA, which is the greatest number reported in the USA since 1992 [32]. The
majority of cases were among people who were not vaccinated against measles [32].

As mentioned previously, the COVID-19 disease is a new challenge due to the un-
known comprehensive symptomology as well as in relation to vaccination. At the beginning
of 2021, less than 1% of the Czech population were vaccinated against COVID-19. The
first batches of vaccines were administered to priority groups of healthcare workers and
elderly people over 65. Currently (Summer 2021), over 35% have been vaccinated, without
differentiating the number of doses per person [33]. There is a lack of evidence on the
levels of COVID-19 vaccine hesitancy among young adults, especially university students.

This study aims to investigate the COVID-19 vaccine hesitancy among Czech univer-
sities” students. The primary objective is to estimate the prevalence of COVID-19 vaccine
hesitancy. The secondary objective is to determine the demographic risk factors and the
vaccine hesitancy drivers among the students in the Czech Republic.

2. Materials and Methods
2.1. Design

A nationwide cross-sectional survey-based study was carried out between 21 April
and 15 June 2021 to evaluate the COVID-19 vaccine acceptance levels among Czech uni-
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versity students prior to vaccine deployment to the <30 year-old group [34]. The study
utilized an online self-administered questionnaire (SAQ) adapted from previous studies
and developed through KoBoToolbox (Harvard Humanitarian Initiative, Cambridge, MA,
USA, 2021) [4,35-38].

After ethical clearance, non-random sampling with the snowballing technique was
used to recruit participating students from Czech universities for this study. The ques-
tionnaire was sent to the students” organizations, the students’ representatives of the
university’s academic senates, and the students’ representatives at the Council of Higher
Education Institutions [39]. The snowballing technique attracted a disproportionately
higher amount of participants from healthcare-related study programs; therefore, the
project investigators identified several faculties from other fields to disseminate the ques-
tionnaire among their students.

The pragmatic sample size for this study was calculated using Epi-Info™ version 7.2.4
(CDC, Atlanta, GA, USA, 2020) according to the total number of Czech university students,
which was 299,000 as of 31 December 2020 [40]. The sample size equation assumed 50% of
outcome probability with a confidence level (CI) of 95%, an error margin (E) of 3%, and 10%
of non-response rate; therefore, the required sample size of this study was 1169 students
from all Czech universities.

2.2. Participants

The target population of this study were the university students in the Czech Republic;
therefore, the inclusion criteria were:

to be enrolled at a Czech higher education institution, either a public or a private one;
to be enrolled as a full-time student in a degree program with Czech as the language
of instructions;

e tobe atleast 18 years old to be entitled to give their consent for participation in the
study independently;

Meanwhile, the exclusion criteria were:

e  to be already vaccinated among the priority group of frontline healthcare workers as
some students, especially the students of healthcare study programs, were part of the
healthcare volunteer teams;

e to be already vaccinated among the priority group of social and pedagogical workers
as some students were part of these groups;

e  to be already vaccinated among the priority group of people with chronic diseases;

Participation in this study was entirely voluntary, and the participants were able to
withdraw at any time without the need to justify their decision before the data submission.
The participating students did not receive any financial reward for their participation,
and they were not compensated by another means to limit the selection bias as much
as possible.

2.3. Instrument

This study’s instrument was SAQ adapted from previously conducted studies on
COVID-19 vaccine hesitancy among university students [4,36-38]. The content validity of
the proposed instrument was assessed by a panel of experts in public health, pedagogy,
and sociology. Consequently, nine students at Masaryk University were invited to answer
the online SAQ twice with a minimum patency period of one week between the first and
the second filling. The mean Cohen’s kappa coefficient of the test re-test was 0.83 £ 0.17
(0.52-1), indicating that the SAQ retained a perfect level of reliability, and no changes were
deemed required for the proposed items [41] (Table S1).

The SAQ was composed of 21 mandatory items and 3 conditional items that were only
mandatory in certain cases. All the items were multiple-choice questions (MCQ), and they
were stratified into four categories. The first category was for demographic information and
included gender, age, nationality, study field, university, and academic year. The second
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category was for COVID-19-related anamnesis and influenza vaccine-related experience.
The third category had only one item: a 5-point Likert scale evaluating the students’ level of
acceptance for the COVID-19 vaccine, and its answers ranged from Totally Disagree (1) to
Totally Agree (5). The fourth category was for the contextual, personal and vaccine-specific
drivers of vaccine hesitancy as suggested by the WHO Strategic Advisory Group of Experts
on Immunization (SAGE) [42].

The contextual drivers of vaccine hesitancy included (1) media and social media, (2)
personal beliefs, and (3) the pharmaceutical industry. The social drivers included (1) expe-
rience with the health system, (2) perceived knowledge, and (3) immunity misconception.
The vaccine-specific drivers include (1) novel vaccines, (2) safety surveillance, and (3) local
availability (Table S2).

2.4. Ethics

The study protocol was fully reviewed and approved by the Ethics Committee (EC)
of the Faculty of Medicine, Masaryk University on 20 January 2021, with reference num-
ber 3/2021. The study was conducted according to the Declaration of Helsinki, and it
was reported according to the Strengthening the Reporting of Observational Studies in
Epidemiology Statement (STROBE) [43,44].

All participating students provided their digital informed consent before filling in the
questionnaire. No answers were saved until the participants confirmed their willingness to
send out their answers by clicking “Submit”. No personal identifying data was collected
from the participants, which would not allow the retrospective identification of respondents.
As Masaryk University was the data controller, the whole data processing and analysis
procedure was conducted in line with the European General Data Protection Regulation
(GDPR) [45].

2.5. Statistics

The Statistical Package for the Social Sciences (SPSS) version 27 (SPSS Inc. Chicago,
IL, USA, 2020) was used to perform all the statistical tests [46]. Initially, Shapiro-Wilk
test was carried out to check the normality of data with a significance level (Sig.) of
<0.05. Descriptive analyses were performed for the demographic variables, COVID-19-
related anamnesis, influenza vaccine-related experience, willingness to take the COVID-19
vaccine, and the drivers of COVID-19 vaccine-related attitude represented by frequencies,
percentages, means, and standard deviations.

Inferential statistics were carried out to evaluate the difference in terms of anamnestic
variables and vaccine-related attitudes drivers across gender, nationality and study field
using Chi-squared (x?) test. The association of the COVID-19 vaccine acceptance level
and demographic and anamnestic variables was evaluated using the Mann—-Whitney (U)
test and the Kruskal-Wallis (H) test with a confidence level of 95% and significance value
(Sig.) <0.05.

Consequently, the students were classified according to their gender as female or male
(declared) or sexual and gender minority (SGM). Moreover, the healthcare students were
classified according to their academic year as pre-clinical medical and bachelor degree
students (PMBD) who are enrolled in their 1st, 2nd, and 3rd year versus clinical medical
and masters’ degree students (CMMD) who are enrolled in their 4th, 5th, and 6th year.
Regression analysis of the vaccine attitudes determinants and drivers was carried out with
a significance level (Sig.) of <0.05. In the logistic regression, vaccine hesitancy was defined
as a binary outcome (1 = Not Sure/0 = any other answer), and vaccine acceptance was
defined as a binary outcome (1 = Agree or Totally Agree/0 = any other answer).

3. Results
3.1. Demographic Characteristics

A total of 1932 students filled in the questionnaire properly. Only 1351 were included in
the final analyses because 581 students were excluded as they had already been vaccinated
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by the time they responded to the questionnaire. While 1342 (99.3%) students declared
their gender either as female (66.8%) or male (32.5%), there were 9 (0.7%) students who
preferred not to disclose their gender as SGM members. The median age of the participants
was 22 years old, and the vast majority of them (84.5%) were Czechs, followed by Slovaks
(13.8%), Russians (0.7%), and Ukrainians (0.6%).

The students from 23 Czech universities took part in this study; Masaryk University
in Brno (33.5%), Charles University in Prague (20.4%), and Brno University of Technology
(15.7%) were the most common universities. Across the academic year, most participants
were from the first three years (62.2%), while the fewest participants were doctoral stu-
dents (5.7%).

While 549 (40.6%) participants were healthcare students (HCS), the rest (59.4%) were
non-healthcare students (non-HCS), including the students of technical sciences (14.8%),
social sciences (9.3%), business and economics (7.8%), and natural sciences (7.7%). Across
medical and healthcare faculties, the Faculty of Medicine of Masaryk University (41.7%)
was the most contributing one, followed by the 2nd Faculty of Medicine of Charles Uni-
versity (28.1%) and the Faculty of Medicine of Charles University in Hradec Kralove
(21.3%). A total of 69.4% of the HCS were PMBD (1st-3rd Year), while 29.4% were CMMD
(4th-6th Year) (Table 1).

Table 1. Demographic characteristics of participating Czech university students (April-June 2021, n = 1351).

Variable Outcome Frequency Percentage
Female 903 66.8%
Gender Male 439 32.5%
Prefer not to say 9 0.7%
Age <22 years-old 726 53.7%
>22 years-old 625 46.3%
Czech 1142 84.5%
Slovak 187 13.8%
Russian 9 0.7%
Nationality Kk ) o1
Belarusian 1 0.1%
Bosnian 1 0.1%
Vietnamese 1 0.1%
Masaryk University 452 33.5%
Charles University 276 20.4%
Brno University of Technology 212 15.7%
Palacky University Olomouc 92 6.8%
Mendel University in Brno 81 6%
University of Defence 57 4.2%
Jana¢ek Academy of Music in Brno 57 4.2%
University Czech University of Life Sciences in Prague 38 2.8%
Silesian University in Opava 22 1.6%
Prague University of Economics and Business 20 1.5%
Technical University of Ostrava 18 1.3%
University of Chemistry and Technology in Prague 4 0.3%
Tomas Bata University in Zlin 4 0.3%
Czech Technical University in Prague 3 0.2%
University of Ostrava 3 0.2%

Other 12 0.9%
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Table 1. Cont.
Variable Outcome Frequency Percentage
Medical and Healthcare Sciences 549 40.6%
Technical Sciences 200 14.8%
Social Sciences 125 9.3%
Business and Economics 105 7.8%
Natural Sciences 104 7.7%
Field of Study Education and Social Care 102 7.5%
Agriculture, Forestry and Veterinary Sciences 54 4%
Arts and Humanities 52 3.8%
Military Sciences 33 2.4%
Law 13 1%
Not Specified 14 1%
Faculty of Medicine, Masaryk University 229 41.7%
1st Faculty of Medicine, Charles University 1 0.2%
2nd Faculty of Medicine, Charles University 154 28.1%
Medical and Faculty of Medicine in Hradec Kralove, Charles University 117 21.3%
Healthcare Faculties Faculty of Medicine, University of Ostrava 1 0.2%
Faculty of Medicine, Palacky University Olomouc 20 3.6%
Faculty of Pharmacy, Masaryk University 25 4.6%
Faculty of Pharmacy, Charles University 2 0.4%
1st Year 327 24.2%
2nd Year 265 19.6%
3rd Year 248 18.4%
Academic Level 4th Year (1st Year of Follow-up Masters) 165 12.2%
5th Year (2nd Year of Follow-up Masters) 191 14.1%
6th Year 78 5.8%
Doctoral Candidate 77 5.7%

3.2. Anamnestic Characteristics

In total, 400 (29.6%) students had been previously infected by COVID-19, and the
differences between female (28.5%) vs. male (32.1%), Czech (30.4%) vs. non-Czech (25.4%),
HCS (30.8%) vs. non-HCS (28.8%) were not statistically significant (x> = 1.894, 2.142,
and 0.613; Sig. = 0.169, 0.143, and 0.434 respectively). The students of law programs
were the least affected (15.4%), while the students of arts and humanities were the most
affected (36.5%).

However, there was no significant difference (x> = 1.056; Sig. = 0.304) between fe-
male (33.6%) and male (32.1%) students in terms of providing care to COVID-19 patients,
the Czech students (33.9%) and HCS (38.4%) were significantly (x? = 4.602 and 13.731;
Sig. = 0.032 and <0.001 respectively) more engaged with providing care than non-Czech
students (26.3%) and non-HCS (28.8%). Among HCS, the doctoral candidates (66.7%) were
the most engaged with providing care, followed by the 4th year students (59.2%) and 5th
year students (47.5%), while the least engaging were the 1st year students (25.1%). Con-
trarily, among non-HCS, the early years students (1st-3rd Year) were more engaged with
providing care than the senior years students (4th-6th Year), 31.4% vs. 25.4%, respectively.

Having COVID-19 patients or fatalities within the students’ social circles did not
significantly differ across gender, nationality, or study field. While 1335 (98.8%) of the
participants knew someone infected by COVID-19, only 472 (34.9%) knew someone who
died with COVID-19.

Regarding their influenza vaccine experience, 280 (20.7%) students reported that
they had received the influenza vaccine in the past, with 45% of them receiving it in
the last three years. Non-Czech students (31.6%) and HCS (24.2%) had a significantly
higher level of influenza vaccine uptake (x> = 17.727 and 6.897; Sig. < 0.001 and =0.009
respectively) compared to Czech students (18.7%) and non-HCS (18.3%). The difference
between HCS (63.6%) and non-HCS (28.1%) who received the vaccine in the last three years
was statistically significant (x? = 35.412; Sig. < 0.001). While the 6th year students (35.2%)
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had the highest level of influenza vaccine uptake among HCS, the 2nd year students (22.9%)
had the highest level of influenza vaccine uptake among non-HCS (Table 2).

Table 2. COVD-19-related anamnesis and influenza vaccine experience of participating Czech university students
(April-June 2021, n = 1351).

Non- Non-

Outcome Female Male Sig. Czech Czech Sig. HCS HCS Sig. Total
COVID-19 257 141 347 , 169 231 400
Tnfection 85%)  (21%) 019 (304 D3@A%) 01 gh000 ggu) 0% (296%)
- 303 135 387 \ 211 231 442
Providing Care (33.6%) (30.8%) 0.304 (33.9%) 55 (26.3%) 0.032 (38.4%) (28.8%) <0.001 (32.7%)
Knowing 893 434 1128 . 542 793 1335
Patient ©989%)  (989%) 997 (oggo)  20709%) 074l gemey 99wy 0777 (0g8%)
. 329 141 404 , 188 284 472
Knowing Dead 500 (3019 0120 (3540,  08(25%) 0428 qin0y 3540y 008 (3490,
. 177 100 214 . 133 147 280
Flu Vaccine 10w @bw 077 ey  66GLew <ot 5 (00w 00
Recent Flu

Vaccine 78 (44.6%) 46 (46%) 0.819 98 (46%) 27 (41.5%) 0.526 84 (63.6%) 41 (28.1%) <0.001 125 (45%)

HCS = Healthcare Students. Non-HCS = Non-Healthcare Students. Chi-squared test (x%) was used with a significance level (Sig.) of <0.05.

3.3. COVID-19 Vaccine-Related Attitudes

On responding to the statement “I will take COVID-19 vaccine once it becomes
available for me”, 261 (19.3%) students were found to be vaccine resistant, 100 (7.4%)
vaccine hesitant, and 990 (73.3%) were vaccine accepting. A 5-point Likert scale was used
to assess the acceptance level; vaccine resistance was defined by both answers “totally
disagree = 1 point” and “disagree = 2 points”, vaccine hesitancy was defined by the answer
“not sure = 3 points”, and vaccine acceptance was defined by both answers “agree = 4 points”
and “fotally agree = 5 points” (Table 3).

Table 3. COVID-19 vaccine-related attitudes of participating Czech university students (April-June 2021, n = 1351).

Outcome Female Male Sig. Czech Cl\i 22}-1 Sig. HCS gocr;- Sig. Total
Strongly 0, 0, 0, 0, 0, 0, 0,
Disagree (1 84(9.3%)  53(121%) 0116  122(10.7%) 17(8.1%) 0265  42(7.7%) 97 (12.1%) 0.008 139 (10.3%)

Disagree (2)  84(9.3%) 37 (8.4%) 0.600 107 (94%)  15(7.2%) 0309  38(69%)  84(105%) 0.025 122 (9%)
NotSure 3)  75(8.3%)  23(5.2%) 0.043 90 (7.9%)  10(4.8%) 0116  30(55%)  70(8.7%)  0.024 100 (7.4%)

Agree () 181(20%)  92(21%)  0.697  234(205%) 39(187%) 0545 94 (17.1%) (2;7390/) 0.019 273 (20.2%)
T"tau(ys)Agree 479(53%)  BEEEIN) 0929 5GLE%) 128(612%) 0010 345(28%) 42120/) <0.001 717 (53.1%)
Total (1-5)  398+135 395+142 0915 3934139 418+129 0008 421 +127 3'182; <0.001 3974138

HCS = Healthcare Students. Non-HCS = Non-Healthcare Students. Chi-squared test (x2) and Mann-Whitney (U) used with a significance
level (Sig.) of <0.05.

The mean acceptance levels of males and females were not significantly different;
however, the only significant difference between females (8.3%) and males (5.2%) was in
terms of vaccine hesitancy (x* = 4.103; Sig. = 0.043). Non-Czech students (79.9%) had
significantly higher levels of vaccine acceptance (x* = 5.543; Sig. = 0.019) compared to
Czech students (72.1%).

The non-HCS had significantly higher levels of vaccine resistance (22.6% vs. 14.6%)
and vaccine hesitancy (8.7% vs. 5.5%) and a lower level of vaccine acceptance (68.7% vs.
80%) compared to HCS (x? = 13.371, 5.065, and 21.104; Sig. < 0.001, = 0.024, and <0.001,
respectively) (Figure 1).
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Figure 1. Czech university students’ COVID-19 vaccine acceptance by nationality (April-June 2021, n = 1346).

The sixth year HCS were the most accepting of the COVID-19 vaccine (92.6%) and the
first year non-HCS were the most accepting of the COVID-19 vaccine (73%). Among the
non-HCS, the students of law (76.9%) had the highest level of vaccine acceptance followed
by technical sciences (76%), business and economics (74.3%), social sciences (73.6%), and
natural sciences (70.2%). On the other hand, the students of military sciences (21.2%) had
the highest level of vaccine hesitancy followed by agriculture, forestry, and veterinary
sciences (14.8%), and education and social care (12.7%) (Figure 2).

COVID-19 Vaccines Attitudes
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o]
—
k-
(53]
>
o
2
w
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Figure 2. Czech university students’ COVID-19 vaccine acceptance by study field (April-June 2021, n = 1337).
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Among HCS, the 6th-year students (0%) and 5th year students (1.7%) had the lowest
levels of vaccine hesitancy, while the first-year students (9.1%) had the highest level of
vaccine hesitancy. Contrarily, the first-year non-HCS (7.2%) had the lowest level of vaccine
hesitancy (Figures 3 and 4).

COVID-19 Vaccines Attitudes
W Vaccine Accepting

B Vaccine Hesitant

B Vaccine Resistant

Academic Level

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
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Figure 3. Czech healthcare students” COVID-19 vaccine acceptance by academic year (April-June 2021, n = 549).
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Figure 4. Czech non-healthcare students” COVID-19 vaccine acceptance by academic year (April-June 2021, n = 788).



Vaccines 2021, 9, 948

10 of 25

Across medical and healthcare faculties, the students of the 2nd Faculty of Medicine
of Charles University (89.6%) had the highest level of vaccine acceptance followed by the
Faculty of Medicine of Charles University in Hradec Kralove (76.9%). The students of the
Faculty of Pharmacy of Masaryk University exhibited the highest level of vaccine hesitancy
among all medical and healthcare faculties (16%).

3.4. COVID-19 Vaccine-Related Attitudes Drivers
3.4.1. Contextual Drivers

The vast majority of participants (81.3%) reported that mass media and social networks
had no significant impact on their decision regarding COVID-19 vaccination. Females
(13.6%), the students of social sciences (18.4%), and the students of education and social
care (16.7%) were reportedly the most influenced by media and social media. There was
no significant difference among early years students (1st-3rd Year) and their senior peers
(4th—6th Year) regarding the impact of media and social media.

Similarly, the vast majority of participants (87.4%) acknowledged that their personal
beliefs including cultural and religious values did not impact their vaccination decision.
The non-HCS (12.2%) were more likely to reject the vaccine due to their personal beliefs
than HCS (8.4%). The most susceptible non-HCS for being retained from vaccination due
to personal beliefs were the students of arts and humanities (25%), followed by agriculture,
forestry, and veterinary sciences (18.5%), education and social care (16.7%) and law (15.4%).
The difference between early years students (1st-3rd Year) and their senior peers (4th-6th
Year) was only significant among non-HCS-14.2% vs. 9.6%, respectively.

In general, most participants (74.7%) disclosed their confidence in the pharmaceutical
industry to provide safe and effective vaccines. The HCS (83.2%) and non-Czech students
(84.7%) had significantly (x? = 35.816 and 13.087; Sig. < 0.001 and <0.001 respectively)
higher levels of confidence in pharmaceutical industry than non-HCS (68.8%) and Czech
students (72.9%). Among the non-HCS, the students of arts and humanities (44.2%) had
the lowest level of confidence in industry, followed by agriculture, forestry, and veterinary
sciences (59.3%), education and social care (61.8%), and law (69.2%) (Table 4).

Table 4. COVID-19 vaccine-related attitude drivers of participating Czech university students stratified by gender, national-
ity, and field (April-June 2021, n = 1351).

Non- Non-

Variable Outcome Female Male Sig. Czech Czech Sig. HCS HCS Sig. Total
Contextual Drivers
717 379 916 182 454 644 1098
No©) o4  (863%) %092 (g02%)  @71%) 090 w7 803%) 7 (81.3%)
Mediaand =~ NotSure o5 mo 51480y 0120 79(69%) 6(29%) 0027 31(.6%) 54(67%) 0428  85(63%)
Social Media (1)
123 ) 147 5 64 104 168
Yes () (3,  39@9%) 0012 oo 21(10%) 0255 13%) 0474 (1) 400
777 399 999 182 493 688 1181
No©)  geo)  ©09%) O wrsuw)  @71%)  O87F (gosw)  (85.8%) 002 (g7.4%)
ngff‘sl Nozls)“re 23(25%) 2(05%)  0.008 22(1.9%) 4(19%) 0990 10(1.8%) 16(2%)  0.820 26 (1.9%)
103 . 121 . . 98 144
Yes () g4y S8E7%) 0123 ot 23(11%) 0860 46(4%) (00, 005 o
109 63 162 . . 137 176
No© (o100 (s O (apmy ME7%) 0003 3901%) T <0001 g
Pharmaceutical ~ Not Sure 123 o 148 o o 113 166
Inchustry O 136 H1O3%) 0025 azn  1BGER 0078 SO . 0015 %0
671 335 832 177 457 552 1009
Ys@ gazwy  763%) O 29w ez 000 g3ow)  essw) OO (7aze)
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Table 4. Cont.

. . Non- . Non- .
Variable Outcome Female Male Sig. Czech Czech Sig. HCS HCS Sig. Total

Social Drivers

185 82 245 25 79 192 271

No (0) 205%) (187%) °HC 15w (124%) 0% a4y 239%) O (0019

Health Not 164 71 197 40 83 154 237

System  Sure() (182%) (162%) 2% 73wy a9 9% asiw) 92w 093 (175%)

554 286 700 143 387 456 843

Yes ) g14%)  (651%) V7 (613%)  (684%) OP' @os%)  G69%) OO (62.4%)

289 115 359 46 123 282 405

No (0) 32%)  262%) OO0 graoy %) 9% (o9 @520%) PO (300

Perceived Not 104 57 135 28 66 97 163

Knowledge  Sure (1) (11.5%) (13%)  °%® 18w  @34%) %20 (2%  21%) %% q21%)

510 267 648 135 360 423 783

Yes ) ses) (608%) O sz eae%)  O0P (es6%) 27y 001 (5go

474 246 578 145 363 360 723

No (0) G25%)  G6%) U222 506%)  (694%) OV o1 aa9%) O (5359

Immunity Not 214 82 265 35 86 214 300

Misconcep-  Sure (1) (237%) (187%) 097 @32%) (67%) 9% sz @67 OO (2029

tion 215 111 299 29 100 228 328

Yes ) ongon)  (@53%) O 62w (139%) PO (1go9  savw) <0001 (2439
Vaccine-specific Drivers

597 290 730 161 403 488 891

No©) o100  (66.1%) 2% (@39%) @7e) OO gmaw)  e0s%) PO (g6

Novel Not 117 49 153 16 48 121 169

Vaccines Sure (1) (13%)  (112%) % azawy @z 01 @y asaw) Y00 259

189 100 259 32 98 193 291

Yes (2) 209%) (28%) M0 o7y @ss% 007 azowy  a1%) 0% (o159

480 301 649 135 343 441 784

No©) (5300  (68.6%) <CO  segw) (6a6%) 07 (625%) 5% 000 (58%)

Safety Not 173 47 196 26 84 138 222

Surveillance  Sure (1)  (19.2%)  (10.7%) <0.001 (17.2%)  (12.4%) 0.090 (15.3%)  (17.2%) 0.353 (16.4%)

250 91 297 48 122 223 345

Yes (2) @77%)  07%) 0% (269 @3%) 0 20w @7s%) 021 (255%)

422 207 555 81 265 371 636

NoO) 47y (a72%) B8 wsew) 88w 00 ussw)  @esw 47 (ariw)

Local Not 274 130 327 78 169 236 405

Availability  Sure (1)  (30.3%)  (29.6%) 0.784 (28.6%)  (37.3%) 0.012 (30.8%)  (29.4%) 0.593 (30%)

207 102 260 50 115 195 310

Yes (2) @29%)  @32%) 87 8w 9% %7 09%) (a3%) OM (299

HCS = Healthcare Students. Non-HCS = Non-Healthcare Students. Chi-squared test (x?) was used with a significance level (Sig.) of <0.05.

3.4.2. Social Drivers

The healthcare providers were trusted by 62.4% of the participants to provide reliable
information about vaccine safety. The differences between males (65.1%) vs. females
(61.4%) and early years students (61.9%) vs. seniors (63.2%) were not statistically significant.
The HCS (70.5%) and non-Czech students (68.4%) were more likely to trust healthcare
providers than non-HCS (56.9%) and Czech students (61.3%). The students of arts and
humanities (46.2%) had the lowest level of confidence in healthcare providers, followed by
agriculture, forestry, and veterinary sciences (50%), social sciences (52.8%), and business
and economics (53.3%).

Almost one third (30%) of the participants responded negatively to the item “do you
feel you have enough information about vaccines and their safety?”. Female students
(32%), Czech students (31.4%), and non-HCS (35.2%) were significantly (x* = 4.736, 7.479
and 25.270; Sig. = 0.030, 0.006 and <0.001 respectively) more likely to acknowledge that
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their perceived knowledge about vaccine safety was insufficient compared to male students
(26.2%), non-Czech students (22%), and HCS (22.4%). Among the non-HCS, the students
of agriculture, forestry, and veterinary sciences (48.1%) had the highest level of insufficient
perceived knowledge, followed by military sciences (42.4%), education and social care
(40.2%), and arts and humanities (34.6%).

In the HCS group, the CMMD students (72.2%) had a significantly higher level of
perceived knowledge (x? = 4.536; Sig. = 0.033) compared to their PMBD colleagues (62.7%),
on the other hand, the early years non-HCS (49.7%) had a similar level of perceived
knowledge to their senior colleagues (53.3%). The students who trusted their healthcare
providers (72.8%) had a significantly higher level of perceived knowledge (x? = 203.663;
Sig. <0.001) compared to the students who reported they did not trust healthcare providers
(33.3%).

About one-quarter (24.3%) of the participants demonstrated misconception regarding
the immunity system as they positively answered the item “do you believe that it is better
to develop immunity by getting sick than to get a vaccine shot?”. Male students (25.3%)
had a slightly higher level of immunity misconception than their female colleagues (23.8%),
while Czech students (26.2%) and non-HCS (28.4%) had significantly higher levels of
misconception (x? = 14.554 and 18.495; Sig. < 0.001 and <0.001 respectively) compared to
non-Czech students (13.9%) and HCS (18.2%). Among non-HCS, the early years students
did not have a significantly higher level of misconception, and the first-year students
(33.6%) had the highest level of misconception, followed by second-year students (31.9%),
and third-year students (30.1%). The students of agriculture, forestry, and veterinary
sciences (51.9%) had the highest level of misconception, followed by military science
(36.4%), education and social care (35.3%), and arts and humanities (32.7%).

The participants who had been infected by COVID-19 (30.3%) had a significantly
higher level of misconception (x? = 11.023; Sig. = 0.001) compared to the participants
who were not infected previously (21.8%). Similarly, the students with a history of in-
fluenza vaccine uptake (19.3%) had a significantly lower level of misconception (x? = 4.789;
Sig. = 0.029) compared to their peers without influenza vaccine history (25.6%). Addition-
ally, the students who reported insufficient knowledge (40.7%) were more likely to have
immunity misconception (x> = 85.265; Sig. < 0.001) than their peers who thought they
had sufficient knowledge (17.2%). The students who reported they trust their healthcare
providers (15.6%) demonstrated a significantly lower level of misconception (x? = 85.894;
Sig. = 0.001) compared to the students who did not trust their healthcare providers (45.4%)
(Table 4).

3.4.3. Vaccine-Specific Drivers

Regarding the vaccine-specific drivers; 21.5% of the participants thought that the
novel vaccines were not trialed as rigorously as normally prescribed drugs, 25.5% of the
participants agreed that their vaccination decision would be dependent on whether the
side effects were being tracked or not, and 47.1% of the participants were not sure that the
vaccine would be available for them when they need it.

Czech students (22.7%), non-HCS (24.1%), the students who do not trust their health-
care providers (50.9%), the students with perceived insufficient knowledge (37%), and
the students suffering from immunity misconception (41.5%) had significantly higher
levels of suspicion about novel vaccines (x> = 5.676, 7.447, 173.182, 82.196, and 101.744;
Sig. = 0.017,0.006, <0.001, <0.001, and <0.001 respectively) than non-Czech students (15.3%),
HCS (17.9%), the students trusting their healthcare providers (14.2%), the students with
perceived sufficient knowledge (14.9%), and the students without immunity misconcep-
tion (15.2%).

Female students (27.7%), non-HCS (27.8%), the students who are influenced by media
and social media (45.2%), the students who do not trust pharmaceutical industry (36.4%)
nor their healthcare providers (39.9%), and the students reporting insufficient knowledge
(89%), immunity misconception (33.8%), and suspicions about novel vaccines (36.1%)
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demonstrated significantly higher levels of dependence on safety surveillance data to
inform their vaccination decision (xz =7.542,5.343, 39.162, 12.475, 36.536, 55.235, 15.711
and 21.692; Sig. = 0.006, 0.021, <0.001, <0.001, <0.001, <0.001, <0.001, and <0.001 respec-
tively) compared to male students (20.7%), HCS (22.2%), the students not influenced by
media (22.7%), the students trusting pharmaceutical industry (23.9%) and their health-
care providers (21.9%), and the students with perceived sufficient knowledge (19.8%),
and without immunity misconception (22.9%), and without suspicions about novel vac-
cines (22.6%).

No significant differences were found between females (22.9%) vs. males (23.2%), HCS
(20.9%) vs. non-HCS (24.3%), and early years students (23.9%) vs. senior years students
(22.8%) in terms of their confidence of the vaccine’s availability. Non-Czech students
(37.3%) had a significantly higher level of suspicion about the availability of vaccines for
them locally (x? = 6.351, Sig. = 0.012) compared to Czech students (28.6%) (Table 4).

3.5. Distribution of COVID-19 Vaccine Acceptance Levels

The mean COVID-19 acceptance level ranged between 1 (totally disagree) and 5
(totally agree), and it did not vary significantly (U = 4890.5; Sig. = 0.283) between the
students who disclosed their gender either as female or male (3.97 £ 1.37) and the SGM
(3.33 £ 1.73). There was no statistically significant difference (U = 222175.5 and 181808.5;
Sig. = 0.473 and 0.934) between <22 years-old (4.02 £ 1.32) vs. >22 years-old students
(3.91 £ 1.44) nor the early years (3.98 £ 1.35) and senior years students (3.95 + 1.41).

Czech students (3.93 & 1.39) had a significantly lower level of acceptance (U = 106784.5;
Sig. = 0.008) than non-Czech students (4.18 = 1.29), where Slovak students (4.17 £ 1.30) and
Ukrainian (4.38 + 1.41) students had higher acceptance levels. The Technical University of
Ostrava had the lowest acceptance level (3.06 & 1.63), followed by the Czech University of
Life Sciences in Prague (3.21 = 1.55), Jana¢ek Academy of Music in Brno (3.40 & 1.51), and
Silesian University in Opava (3.41 & 1.47).

The medical and healthcare sciences students had the highest level of acceptance
(4.21 £ 1.27) among the Czech students of all other fields. Agriculture, forestry, and
veterinary sciences had the lowest acceptance level (3.20 £ 1.53), followed by arts and
humanities (3.38 £ 1.64) and education and social care (3.61 + 1.48); on the other hand,
technical sciences (4.03 £ 1.36) and business and economics (3.97 £ 1.39) had the highest
levels after medical and healthcare sciences. Among the HCS, the students of the 2nd
Faculty of Medicine of Charles University exhibited the highest level of vaccine acceptance
(4.52 & 1.09), followed by the Faculty of Pharmacy of Masaryk University (4.36 + 1.04),
and the Faculty of Medicine of Charles University in Hradec Kralove (4.13 & 1.25).

The first-year students (3.87 & 1.38) had the highest level of vaccine acceptance among
non-HCS, while the sixth-year students (4.54 £ 1.08) had the highest level of vaccine
acceptance among HCS. Moreover, the 6th-year students had the highest level of vaccine
acceptance among Czechs (4.17 =+ 1.39) and non-Czechs (4.57 & 1.09) (Table 5).

Table 5. Demographic and anamnestic determinants of Czech university students’” COVID-19 vaccine acceptance

(April-June 2021, n = 1351).

Variable Outcome n (%) Acceptance Level Sig.
Female 903 (66.8%) 3.98 £1.35

Gender Male 439 (32.5%) 3.95+1.42 0.558
Prefer not to say 9 (0.7%) 3.33 +1.73

Age <22 years-old 726 (53.7%) 4.024+1.32 0473

>22 years-old 625 (46.3%) 391 £144




Vaccines 2021, 9, 948 14 of 25

Table 5. Cont.

Variable Outcome n (%) Acceptance Level Sig.
Czech 1142 (84.5%) 3.93 +1.39
Slovak 187 (13.8%) 417 £1.30
Russian 9 (0.7%) 3.67 +£1.23
. . Ukrainian 8 (0.6%) 438 +1.41
Nationality Kazakh 2(0.1%) 540 0.066
Belarusian 1(0.1%) 5
Bosnian 1 (0.1%) 5
Vietnamese 1 (0.1%) 5
Masaryk University 452 (33.5%) 44134
Charles University 276 (20.4%) 436 £1.15
Brno University of Technology 212 (15.7%) 4.01 +£1.37
Palacky University Olomouc 92 (6.8%) 3.87 £145
Mendel University in Brno 81 (6%) 3.56 4= 1.50
University of Defence 57 (4.2%) 3.81 +1.33
Janaéek Academy of Music in Brno 57 (%4.2) 340 £1.51
University Czech University of Life Sciences in Prague 38 (2.8%) 3.21 +£1.55 <0.001
Silesian University in Opava 22 (1.6%) 341+ 147
Prague University of Economics and 20 (1.5%) 445+ 123
Business
Technical University of Ostrava 18 (1.3%) 3.06 + 1.63
University of Chemistry and Technology in 4(0.3%) 5
Prague
Tomas Bata University in Zlin 4 (0.3%) 45+1
Czech Technical University in Prague 3(0.2%) 3.67 £ 231
University of Ostrava 3(0.2%) 3.67 £ 1.53
Medical and Healthcare Sciences 549 (40.6%) 421 4+1.27 <0.001
Technical Sciences 200 (14.8%) 4.03 + 1.36
Social Sciences 125 (9.3%) 394 +1.26
Business and Economics 105 (7.8%) 3.97 +£1.39
. Natural Sciences 104 (7.7%) 3.86 +1.42
Field of Study Education and Social Care 102 (7.5%) 3.61+ 148
Agriculture, Forfzstry and Veterinary 54 (4%) 320 + 1.53
Sciences
Arts and Humanities 52 (3.8%) 3.38 + 1.64
Military Sciences 33 (2.4%) 3.73 £1.18
Law 13 (1%) 3.85 + 1.68
Faculty of Medicine, Masaryk University 229 (41.7%) 4.05+1.34 0.001
1st Faculty of Medicine, Charles University 1(0.2%) 5
2nd Faculty of Medicine, Charles University 154 (28.%) 4.52 £1.09
Medical and Faculty of Medicine ir'1 Hra'dec Kralove, 117 (21.3%) 413 4 1.5
Healthcare Charles University
Faculties Faculty of Medicine, University of Ostrava 1 (0.2%) 2
Faculty of Medicine, Palacky University 20 (3.6%) 3.85 4+ 1.66
Olomouc
Faculty of Pharmacy, Masaryk University 25 (4.6%) 4.36 £1.04
Faculty of Pharmacy, Charles University 2 (0.4%) 5
1st Year 327 (24.2%) 3.97 +1.34
2nd Year 265 (19.6%) 397 £1.34
3rd Year 248 (18.4%) 3.99 + 1.38
Academic Year 4th Year (1st Year of Follow-up Masters) 165 (12.2%) 3.87 £143 0.343
5th Year (2nd Year of Follow-up Masters) 191 (14.1%) 390+ 141
6th Year 78 (5.8%) 424 +1.34
Doctoral Student 77 (5.7%) 397 £145

Mann-Whitney (U) and Kruskal-Wallis (H) tests were used with a significance level (Sig.) of <0.05.
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3.6. Time Series Analysis of COVID-19 Vaccine-Related Attitudes

The participating students’ responses had been collected between 21 April and 15 June
2021, and they were clustered into five weeks corresponding to the invitations disseminated
among the target population. In the second week (28 April-4 May 2021), the highest
number of responses was received (46.9%); 71.7% were females, 83.6% Czechs, and 68.4%
HCS. There was a declining trend of the number of HCS over the five weeks of the study.
Contrarily, there was a growing trend of the number of Czech students. (Table S3).

The time series analysis of COVID-19 vaccine-related attitudes revealed that the
vaccine resistant level increased from the first week (18.7%) to the fifth week (29.5%). The
vaccine accepting students fell from the first week (74.7%) to the fifth week (59%), and the
mean acceptance level followed the same declining trend (Table 6).

Table 6. COVID-19 vaccine-related attitudes of Czech university students by week (April-June 2021, n = 1351).

Week Date Vaccine Resistant Vaccine Hesitant ~ Vaccine Accepting  Acceptance Level
1st Week 21-27 April 2021 84 (18.7%) 30 (6.7%) 336 (74.7%) 4.01 +1.38
2nd Week 28 Apzr(l)l;f May 116 (18.3%) 42 (6.6%) 475 (75%) 403 +£1.35
3rd Week 5-11 May 2021 13 (17.8%) 9 (12.3%) 51 (69.9%) 3.86 £1.26
4th Week 2-8 June 2021 30 (22.4%) 12 (9%) 92 (68.7%) 3.83 £1.46
5th Week 9-15 June 2021 18 (29.5%) 7 (11.5%) 36 (59%) 3.39 £1.43
Sig. 0.239 0.246 0.046 <0.001

Chi-squared test (x2) and Kruskal-Wallis (H) tests were used with a significance level (Sig.) of <0.05.

The sub-group analysis was carried out to control the effect of study field on the
vaccine acceptance level. In the non-HCS group, vaccine resistance and vaccine hesitancy
increased from the first week (21.8% and 7.4%) to the fifth week (29.5% and 11.5%), respec-
tively. In the HCS group, the mean acceptance level decreased significantly (H = 16.121;
Sig. < 0.001) from the first week (4.55 = 1.05) to the third week (3.80 £ 1.37) (Figure 5).

100.0%
80.0%
60.0%
COVID-19 Vaccines Attitudes
40.0% B Vaccine Accepting
B Vaccine Hesitant
B Vaccine Resistant
20.0%
0.0%

Fwst W” 1,200 seCO"d‘M s 7—021) rnnvd WE 207—1’ pouf‘h s 7_011) gfth Wee o)
a1 AF" (28 Ay G My~ (2 Jun COL

COVID-19 Vaccine Acceptance Level (%)

Academic Level
Figure 5. Czech university students” COVID-19 vaccine acceptance by week (April-June 2021, n = 1351).

3.7. Regression Analysis of COVID-19 Vaccine-Related Attitudes

The binary logistic regression of demographic variables revealed that females had
an odds ratio (OR) of 1.638 times (CI 95%: 1.012-2.652; Sig. = 0.045) more than their male
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Table 7. Logistic regression
2021, n = 1351).

colleagues to be vaccine-hesitant. The SGM students also had OR of 3.627 times (CI 95%:
0.743-17.694; Sig. = 0.111) to be vaccine-hesitant more than the students who selected their
gender as either female or male. The <22 year-old students had OR of 1.824 times (CI 95%:
1.185-2.808; Sig. = 0.006) more than the >22 year-old students to be vaccine-hesitant.

Czech students were 1.702 times (CI 95%: 0.871-3.329; Sig. = 0.120) more likely to be
vaccine-hesitant than non-Czech students. HCS were 1.818 times (CI 95%: 1.406-2.350;
Sig. < 0.001) more likely to accept the vaccine than non-HCS. Among the HCS, the PMBD
students were 2.774 times (CI 95%: 0.950-8.103; Sig. = 0.062) more likely to be vaccine-
hesitant than CMMD students.

The students with previous COVID-19 infection were 0.880 times (CI 95%: 0.678-1.143;
Sig. = 0.338) likely to accept the vaccine, while the students who knew someone who died
because of COVID-19 were 1.386 times (CI 95%: 1.069-1.798; Sig. = 0.014) more likely to
accept the vaccine. The influenza vaccine increased the OR of accepting the vaccine 1.510
times (CI 95%: 1.099-2.067; Sig. = 0.011), and the recent influenza vaccine was associated
with 1.157 (CI 95%: 0.642-2.085; Sig. = 0.627) odds of vaccine acceptance.

The students who depended on media and social media were 3.086 times (CI 95%:
1.928-4.941; Sig. < 0.001) more likely to be vaccine-hesitant, and the students who had no
personal beliefs to retain them from vaccination were 5.036 times (CI 95%: 3.602-7.039;
Sig. < 0.001) more likely to accept the vaccine. The students who trusted the pharmaceu-
tical industry and their healthcare providers were 11.828 times (CI 95%: 8.886-15.742;
Sig. <0.001) and 5.535 times (CI 95%: 4.265-7.183; Sig. < 0.001) more likely to accept the
vaccine, respectively.

The students who reported insufficient knowledge about vaccine safety were 6.061
times (CI 95%: 3.897-9.429; Sig. < 0.001) more likely to be vaccine-hesitant, and the students
who had misconception about immunity were 3.347 times (CI 95%: 2.212-5.064; Sig. < 0.001)
more likely to be vaccine-hesitant as well. The students who did not have suspicions about
novel vaccine manufacturing were 4.876 times (CI 95%: 3.772-6.302; Sig. <0.001) more
likely to accept the vaccine, while the students who depended their vaccination decision
upon the safety surveillance were 2.965 times (CI 95%: 1.961-4.483; Sig. <0.001) more likely
to be vaccine-hesitant. The students who were confident that they would be able to find
the vaccine in their local health centers were 1.362 times (CI 95%: 1.009-1.838; Sig. = 0.044)
more likely to accept the vaccine. Hosmer and Lemeshow (HL) tests indicated that the
vaccine hesitancy (x? = 0.091; Sig. = 1.000) and vaccine acceptance (x? = 14.794; Sig. = 0.063)
models have good fitness (Table 7).

of Czech university students’ COVID-19 vaccine attitude determinants and drivers (April-June

Variable Vaccine Hesitancy Variable Vaccine Acceptance
B (SE) OR CI95% B (SE) OR CI95%
Female (vs. 0.494 Male (vs. 0.060
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g ' ' 3.627 S on Declared ' 3.462 ore
=1
g (vs. >Declared) (0.809) 17.694 (vs. >SGM) (0.674) 12.965
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© <22 years (vs. 0.601 0.076
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Table 7. Cont.

Variable Vaccine Hesitancy Variable Vaccine Acceptance
B (SE) OR CI 95% B (SE) OR CI 95%
. Infection
No Infection (vs.  —0501 0.606  0399-0.921  (vs.no 0128 5880 0.678-1143
Infection) (0.213) . (0.133)
Infection)
. Providing
2 Not Providing 0.085 1089 0701-1691  Care(vs. 0029 1.037  0.801-1.342
g Care (vs. Care) (0.224) no Care) (0.131)
k= . :
£ Not Kn0w1ng Kn‘owmg 0.768
) Patient (vs. NV NV NV Patient (vs. 0.508 2.155 0.797-5.831
g Patient) nli)nlz):ivﬁier?gt) (0.508)
Q .
= Not Knowing 0.455 0.327
é Dead (vs. Dead) (0.235) 1.577 0.994-2.502 Dead (vs. (0.133) 1.386 1.069-1.798
£ no Dead)
T Flu Vaccine
S No Flu Vaccine 0.506 0.412
< (vs. Flu Vaccine) (0.296) 1.659 0.928-2.965  (vs. Nf) Flu (0.162) 1.510 1.099-2.076
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4. Discussion

Overall, 73.3% of the Czech universities” students participating in this study were
willing to receive COVID-19 vaccines whenever possible (vaccine accepting group); on the
other hand, 19.3% were unwilling to get vaccinated (vaccine-resistant group), and only
7.4% were hesitant about COVID-19 vaccination (vaccine-hesitant group). The current
acceptance level of Czech students is higher than what was reported in Qatar (62.6%),
France (58%), USA (50.6%), and Jordan (34.9%), and lower than what was reported initially
in Italy (86.1%) [47-51].

However, our sample was not equally distributed across gender, as the majority of par-
ticipating students were females (66.8%), and the latest report of the Czech Statistical Office
(CSU) revealed that 55.6% of public university students and 57.1% of private university
students were females [52]. According to the same report, 15.6% of the students enrolled
in Czech universities are non-Czechs, similar to the percentage of non-Czech students
in our sample of 15.5% [52]. While 12.4% of the public university students in the Czech
Republic are enrolled in medical and healthcare programs, this group was over-represented
in our sample, with 40.6%, due to the recruitment strategy used in this study which relied
primarily on students representatives from these programs [52].

Female students (8.3%) in our study were significantly more hesitant (x* = 4.103;
Sig. = 0.043) about COVID-19 vaccination than their male colleagues (5.2%). Riad et al.
2021 found that females within a global sample of 6639 dental students from 22 countries
were significantly more hesitant to receive COVID-19 vaccine (x? = 9.18; Sig. = 0.02) [4].
The same finding was reported by Patelarou et al. 2021 in seven European countries,
Tavolacci et al. 2021 in France, and Sallam et al. 2021 in Jordan [48,50,53]. Interestingly,
the acceptance levels were not different between our female and male students, consistent
with what was reported recently among medical students in Slovakia and dental students
globally [4,54].

Da Silva et al. 2021, found that mistrust of the healthcare system and vaccine-related
social stigma were the main barriers for men of SGM in the USA to accept COVID-19
vaccination [55]. Only 0.7% of our participants were SGM, even though they had OR of
3.627 times (CI 95%: 0.743-17.694; Sig. = 0.111) to be vaccine-hesitant than their colleagues.
This finding can be explained by the fact that SGM students in our sample had higher
mistrust of the health system (44.4% vs. 19.9%) and pharmaceutical industry (44.4% vs.
12.8%) than their colleagues who identified their gender as females or males.

Non-Czech students had a substantially higher level of COVID-19 vaccine accep-
tance (79.9%) compared to international students in China (36.4%) where the international
students were challenged by various barriers for getting vaccinated, including the poten-
tial side effects, vaccine availability, interrupting their routine activities, and insufficient
knowledge about vaccine safety [56]. In Qatar, citizens were 1.68 times (CI 95%: 1.30-2.16;
Sig. <0.001) more likely to be COVID-19 vaccine-hesitant than foreign expats [57]. This
trend was also found in our sample, as the Czech students were 1.702 times (CI 95%:
0.871-3.329; Sig. = 0.120) more likely to be vaccine-hesitant than non-Czech students.

On comparing the vaccine hesitancy drivers between Czech and non-Czech students,
the non-Czech students had better scores for all the proposed drivers that could predict
their higher level of vaccine acceptance except for the “vaccine availability” item, as
the non-Czech students (37.3%) had a significantly higher level of suspicion about the
availability of vaccines for them locally (x? = 6.351, Sig. = 0.012) compared to Czech
students (28.6%). The Ministry of Health (MoH) of the Czech Republic issued a press
release on 1 February 2021, indicating that only the foreign nationals who had access
to the public health insurance system would be entitled to receive COVID-19 vaccines
unrestrictedly, while the EU nationals who were entitled to essential care in their home
countries were required to perform a few steps in priori for vaccine registration, and the
third countries nationals were only able to get the vaccine through commercial insurance
companies [58]. This nationality-based prioritization policy might have adversely impacted
the non-Czech students’ confidence regarding their access to the vaccines locally.
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Al-Mulla et al. 2021 found that HCS (80.6%) in Qatar had significantly higher levels
of COVID-19 vaccine acceptance (x> = 5.40, Sig. = 0.02) compared to non-HCS (61%) [47].
Similarly, Polish HCS (91.99%), French HCS (50.8%), and Jordanian HCS (43.5%) were more
vaccine accepting than Polish non-HCS (59.42%), French non-HCS (32.3%) and Jordanian
non-HCS (24%) [37,48,50]. In our sample, non-HCS had significantly higher levels of
vaccine resistance (22.6% vs. 14.6%) and vaccine hesitancy (8.7% vs. 5.5%) and a lower level
of vaccine acceptance (68.7% vs. 80%) compared to HCS (x* = 13.371, 5.065, and 21.104;
Sig. <0.001, = 0.024, and <0.001, respectively).

Out of the 581 excluded students, 487 (83.8%) were HCS who were already vaccinated
due to their engagement with voluntary healthcare teams. Therefore, the overall vaccine
acceptance levels among HCS might have been underestimated in this study because a
considerable portion of HCS were already vaccinated and excluded from the final analysis.
The differences between HCS and non-HCS should not be attributed exclusively to the
type of education that those students receive, as the perceived knowledge (HCS: 70.5% vs.
non-HCS: 56.9%; Sig. < 0.001) and immunity misconception (HCS: 18.2% vs. non-HCS:
28.4%; Sig. < 0.001) may act as predictor variables for the vaccine acceptance, which could
be mediated by other drivers including trust in the pharmaceutical industry (HCS: 83.2%
vs. non-HCS: 68.8%; Sig. < 0.001), trust in the health system (HCS: 70.5% vs. non-HCS:
56.9%; Sig. < 0.001), suspicions about novel vaccines (HCS: 17.9% vs. non-HCS: 24.1%;
Sig. = 0.006), and dependence on side effects surveillance (HCS: 22.2% vs. non-HCS:
27.8%; Sig. = 0.021). The significance and interactions of these complex drivers are better
demonstrated by a statistical equation model (SEM) that can classify and combine all the
proposed variables predicting COVID-19 vaccine acceptance, including the study field, the
study program, and the academic year.

The HCS in our study demonstrated an acceptance level of 80%, which is lower
than what was reported in Poland (91.99%), India (89.41%), Slovenia (82%), Italy (>80%),
Portugal (>80%), USA (>80%), Canada (>80%), Indonesia (>80%), and Malaysia (>80%)
by HCS [4,37,59]. The PMBD students were 2.774 times (CI 95%: 0.950-8.103; Sig. = 0.062)
more likely to be vaccine-hesitant than CMMD students; this difference may support
the earlier proposition that healthcare curricula may play a key role in shaping students’
beliefs and attitudes towards vaccination. The clinical dental students were more vaccine
accepting than their pre-clinical peers globally [4]. The same finding was reported by Lucia
et al. 2020 in the USA among medical students [38].

On comparing the vaccine-related attitudes among HCS in the USA, Kelekar et al.
2021 found that medical students (23%) had significantly lower levels of COVID-19 vaccine
hesitancy than dental students (45%) [60]. In recent cross-sectional studies, medical students
had higher levels of hepatitis-B virus (HBV) vaccine coverage in Greece (88.1% vs. 81.4%)
and France (92% vs. 88%) than nursing students [61,62]. Therefore, our study is limited
because all medical and non-medical healthcare students were pooled in one group, thus
overlooking the differences between healthcare study programs.

Vecchia et al. 2020 found that lack of intentions to receive influenza vaccine and
high levels of COVID-19 vaccine hesitancy among the Italian adult population were both
expressed by less qualified workers [63]. Last summer, Gostin et al. 2020 called upon
health systems globally to be prepared for the co-epidemics of COVID-19 and influenza
that require expansion of influenza vaccine coverage [64]. While there is a lack of evidence
supporting Gostin’s recommendation’s effectiveness, we found that the students who re-
ceived the influenza vaccine were 1.510 times (CI 95%: 1.099-2.067; Sig. = 0.011) more likely
to accept the COVID-19 vaccine. Our findings may justify the multi-antigen vaccination
campaigns, not only in low-income settings but also in high- and middle-income settings,
especially in the context of respiratory infectious diseases to relieve the pressure on our
weakened healthcare systems in the post-COVID-19 era.

Previous COVID-19 infection decreased the Czech university students” acceptance
level of the COVID-19 vaccine, which might be caused by a false sense of protection
against the virus. The participants who had been infected by COVID-19 (30.3%) had a
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significantly higher level of immunity misconception (x> = 11.023; Sig. = 0.001) compared
to the participants who were not infected previously (21.8%). A recent study demonstrated
high levels of vaccine hesitancy (59.2%) among Italian patients who recovered from COVID-
19, which was associated with younger age and a milder clinical course of the infection [65].
In the USA, recovered COVID-19 patients were mainly resistant (54%) to getting vaccinated,
with the cardiac and diabetic patients being more likely to reject the vaccine [66].

The time-series analysis revealed that vaccine acceptance level was declining steadily
over the weeks of our study, 74.7% in the first week vs. 59% in the last week. The first
explanation for this decline is the high proportion of HCS during the first weeks of the
study that was not maintained in the last weeks. This proposition might not be accurate
because the subgroup analysis showed that this declining trend was observed among HCS
and non-HCS. The second explanation is that a considerable portion of the university
students were already vaccinated by the time the survey was sent to them, especially
in the later weeks, simply because they were engaged with voluntary health and social
care activities and frontline duties. The third explanation is attributed to the emerging
news about variants of SARS-CoV-2 that may escape the current vaccines and decrease the
effectiveness of mass vaccination efforts [67]. On 7 April 2021, the former Czech minister of
health, Jan Blatny, was dismissed from his post due to disputes over the Sputnik V vaccine
which the Czech prime minister incentivized to enter the Czech market even without the
approval of the European Medicines Agency (EMA) [68]. This incident, and other similar
incidents, are believed to have had impacted public confidence in COVID-19 vaccines and
the whole vaccination strategies. Although this finding is limited, it shows that vaccine
attitudes are most likely not stable, and they are probably sensitive to public opinions
and events.

In total, 81.3% of the participating students reported that their vaccination decision
was not influenced by the news they heard from mass media or social media. However,
this self-reported finding does not fully correspond with the time-series analysis discussed
previously; it is worth mentioning that fighting misinformation and raising digital literacy
are the core objectives of several non-governmental organizations and initiatives launched
recently in the Czech Republic [69-71]. The COVID-19-associated infodemic is a public
health threat that was warned against persistently by the WHO; therefore, transmitting
timely and high-quality information was an essential tool used by the Chinese government
to control the acute phase of the pandemic [72]. Recent discourse analysis revealed that
COVID-19 vaccine hesitancy tweets were associated with safety issues, mistrust of govern-
ments and the pharmaceutical industry, and insufficient knowledge about the vaccines [73].
This anti-vaccine content in Twitter increased significantly during the first half of 2020 [74].

One-quarter of the participants (25.5%) reported that their vaccination decision would
be influenced by the vaccine side effects being monitored closely by competent authorities.
A recent Polish study demonstrated that passive surveillance systems used widely by the
governments to monitor COVID-19 vaccine side effects were ineffective, thus bolding the
demand for active surveillance of COVID-19 vaccine side effects by independent (non-
sponsored) studies [75-81]. The students who reported to need this evidence the most
are mainly females, non-HCS, influenced by media and social media, mistrusting their
healthcare providers and pharmaceutical industry, and with immunity misconception and
insufficient perceived knowledge.

4.1. Strengths

To the best of the authors” knowledge, this is the first study to evaluate the COVID-
19 vaccine hesitancy in the Czech Republic and investigate the potential drivers of this
demanding public health challenge. The target population of this study, university students,
represent a unique subset of the general population that retains the highest possible levels
of health literacy and health-related knowledge, and they are perceived as the opinion
leaders within their communities; therefore, their health-related beliefs and attitudes affect
to a considerable extent their general population. This study managed to shed light on the
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differences across gender, study fields, and academic years regarding COVID-19 vaccine
hesitancy and its drivers, which are deemed required to synthesize evidence-informed
policy recommendations.

4.2. Limitations

The first limitation of this study is due to the snowballing technique that made some
groups underrepresented, such as SGM, non-Czech students, and non-HCS. The second
limitation is due to following the methodology of the Czech Statistical Office (CSU) for the
study fields categorization that is adapted from the International Standard Classification of
Education Fields (ISCED-F 2013) of the United Nations Educational, Scientific and Cultural
Organization (UNESCO), because it was unable to track the differences between medical
(e.g., general medicine and dentistry) and non-medical (e.g., nursing, midwifery, and
paramedic practice) healthcare programs [52,82].

4.3. Implications

This study calls for promotional interventions in the Czech universities to target non-
HCS as they were found to retain lower levels of vaccine acceptance and vaccine-related
awareness. Our findings warrant designing educational programs for high school students
in the Czech Republic to increase their understanding of vaccines and immunization
as most of those students will not pursue healthcare-related studies, while they will
still be responsible for vaccinating their children in the future. The primary prevention
dialogue in the Czech Republic needs to be culturally sensitive and inclusive for all foreign
nationals living in the Republic. Future studies of university students’ vaccine-related
attitudes should discriminate between medical and non-medical healthcare students. The
different healthcare study programs may impact the students’ beliefs and attitudes towards
preventive medicine differently. The findings of this study can be utilized to establish a
health belief model to predict students” attitudes towards vaccination in the Czech Republic.

5. Conclusions

The Czech university students demonstrated a substantial level of COVID-19 vaccine
acceptance (73.3%), a low level of vaccine resistance (19.3%), and a very low level of
vaccine hesitancy (7.4%) that predict a fair probability to achieve community immunity
(herd immunity) among this population group. Vaccine promotional campaigns should
target non-HCS as they were more reluctant to accept COVID-19 vaccination. The primary
prevention strategies in the Czech Republic need to be culturally sensitive and inclusive for
foreign nationals. As one-quarter of the participating students are dependent on vaccine
safety data, the findings of this study support the call for independent studies evaluating
the side effects of COVID-19 vaccines.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/vaccines9090948/s1, Table S1. The results of the test re-test reliability, Table S2. Vaccine
hesitancy drivers adapted from the WHO-SAGE compendium, Table S3. Distribution of Participating
Czech Universities Students by Week (April- June 2021, n = 1351).

Author Contributions: Conceptualization, A.R.; methodology, A.R. and M.K. (Miloslav Klugar);
validation, M.K. (Michal Kos¢ik) and M.K. (Martin Krobot); formal analysis, A.R.; investigation, N.A.,
M.K. (Michal Kos¢ik), and M.K. (Martin Krobot); writing—original draft preparation, A.R., N.Z. and
LS.; writing—review and editing, A.P., M.K. (Miloslav Klugar); project administration, A.R.; funding
acquisition, M.K. (Miloslav Klugar) and A.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was funded by Masaryk University, grant numbers MUNI/IGA /1543 /2020
and MUNI/A/1608/2020. The work of A.R., A.P., and M.K. (Miloslav Klugar) was supported
by the INTER-EXCELLENCE grant number LTC20031—"Towards an International Network for
Evidence-based Research in Clinical Health Research in the Czech Republic”.


https://www.mdpi.com/article/10.3390/vaccines9090948/s1
https://www.mdpi.com/article/10.3390/vaccines9090948/s1

Vaccines 2021, 9, 948 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 of the Faculty of Medicine, Masaryk
University Ref. 3/2021 on 20 January 2021.

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

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: This work is attributed to all civil society organizations concerned with digital
literacy and fighting against misinformation in the Czech Republic, especially the Masaryk University-
led initiative “Fakescape”. The authors would like to thank Zuzana Derflerova Brazdov4, for her
support in conducting this study and collecting data from the target population.

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

References

1. Vaccines and Immunization. Available online: https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
(accessed on 6 February 2021).

2. Gavi—The Vaccine Alliance. In Immunisation: Strengthening Primary Healthcare for Universal Health Coverage Immunisation-A
Platform for Strengthening Primary Health Care. Available online: www.gavi.org (accessed on 1 July 2021).

3. National Institutes of Health (NIH). Health Literacy. Clear Communication. Available online: https://www.nih.gov/
institutes-nih /nih-office-director/ office-communications-public-liaison / clear-communication /health-literacy (accessed on 20
August 2021).

4. Riad, A.; Abdulqader, H.; Morgado, M.; Domnori, S.; Kos¢ik, M.; Mendes, J.; Klugar, M.; Kateeb, E.; Iads-Score, O.B.O. Global
Prevalence and Drivers of Dental Students” COVID-19 Vaccine Hesitancy. Vaccines 2021, 9, 566. [CrossRef]

5. Alawia, R;; Riad, A.; Kateeb, E. Knowledge and attitudes among dental students about COVID-19 and its precautionary measures:
A cross-sectional study. J. Oral. Med. Oral. Surg. 2021, 27,17. [CrossRef]

6.  Alawia, R; Riad, A.; Kateeb, E. Risk perception and readiness of dental students to treat patients amid COVID-19: Implication for
dental education. Oral. Dis. 2020. early review. [CrossRef] [PubMed]

7. Yildiz, S.; Dogan, B. Self Reported Dental Health Attitudes and Behaviour of Dental Students in Turkey. Eur. J. Dent. 2011, 5,
253-259. [CrossRef]

8.  Astrem, AN, Jackson, W.; Mwangosi, .LE.A.T. Knowledge, beliefs and behavior related to oral health among Tanzanian and
Ugandan teacher trainees. Acta Odontol. Scand. 2000, 58, 11-18. [CrossRef] [PubMed]

9.  Vozikis, A.; Drivas, K.; Milioris, K. Health literacy among university students in Greece: Determinants and association with
self-perceived health, health behaviours and health risks. Arch. Public Health 2014, 72, 15. [CrossRef]

10. Juvinya-Canal, D.; Sufier-Soler, R.; Porquet, A.B.; Vernay, M.; Blanchard, H.; Bertran-Noguer, C. Health Literacy among Health
and Social Care University Students. Int. |. Environ. Res. Public Health 2020, 17, 2273. [CrossRef] [PubMed]

11. Riad, A.; Klugar, M.; Krsek, M. COVID-19-Related Oral Manifestations: Early Disease Features? Oral. Dis. 2020, 30. [CrossRef]

12. Hockov4, B.; Riad, A.; Valky, J.; gulajové, Z.; Stebel, A.; Slavik, R.; Be¢kovd, Z.; Pokornd, A.; Klugarova, J.; Klugar, M. Oral
Complications of ICU Patients with COVID-19: Case-Series and Review of Two Hundred Ten Cases. J. Clin. Med. 2021, 10, 581.
[CrossRef]

13. Riad, A.; Kassem, I.; Hockova, B.; Badrah, M.; Klugar, M. Tongue Ulcers Associated with SARS-COV-2 Infection: A case-series.
Oral. Dis. 2020, 25. [CrossRef]

14. Riad, A.; Kassem, I.; Hockova, B.; Badrah, M.; Klugar, M. Halitosis in COVID-19 patients. Spéc. Care Dent. 2021, 41, 282-285.
[CrossRef] [PubMed]

15. Riad, A.; Gad, A.; Hockova, B.; Klugar, M. Oral candidiasis in non-severe COVID-19 patients: Call for antibiotic stewardship.
Oral. Surg. 2020, 9. [CrossRef]

16. Riad, A.; Gomaa, E.; Hockova, B.; Klugar, M. Oral candidiasis of COVID-19 patients: Case report and review of evidence. J.
Cosmet. Dermatol. 2021, 20, 1580-1584. [CrossRef]

17.  Riad, A.; Kassem, I.; Badrah, M.; Klugar, M. Acute parotitis as a presentation of COVID-19? Oral. Dis. 2020. [CrossRef]

18. Riad, A; Kassem, I.; Badrah, M.; Klugar, A.M. The manifestation of oral mucositis in COVID-19 patients: A case-series. Dermatol.
Ther. 2020, 33, €14479. [CrossRef]

19. Riad, A.; Kassem, I; Issa, J.; Badrah, M.; Klugar, M. Angular cheilitis of COVID-19 patients: A case-series and literature review.
Oral. Dis. 2020, 23. [CrossRef] [PubMed]

20. Riad, A.; Kassem, L; Stanek, J.; Badrah, M.; Klugarova, J.; Klugar, M. Aphthous stomatitis in COVID-19 patients: Case-series and
literature review. Dermatol. Ther. 2021, 34, €14735. [CrossRef]

21. Al-Khanati, N.M.; Riad, A.; Sahloul, M.E.; Klugar, M. Aphthous-like stomatitis of COVID-19 patients. Braz. J. Oral. Sci. 2020, 19,

€201354. [CrossRef]


https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
www.gavi.org
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/clear-communication/health-literacy
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/clear-communication/health-literacy
http://doi.org/10.3390/vaccines9060566
http://doi.org/10.1051/mbcb/2020056
http://doi.org/10.1111/odi.13593
http://www.ncbi.nlm.nih.gov/pubmed/32767714
http://doi.org/10.1055/s-0039-1698889
http://doi.org/10.1080/000163500429370
http://www.ncbi.nlm.nih.gov/pubmed/10809394
http://doi.org/10.1186/2049-3258-72-15
http://doi.org/10.3390/ijerph17072273
http://www.ncbi.nlm.nih.gov/pubmed/32230985
http://doi.org/10.1111/odi.13516
http://doi.org/10.3390/jcm10040581
http://doi.org/10.1111/odi.13635
http://doi.org/10.1111/scd.12547
http://www.ncbi.nlm.nih.gov/pubmed/33249615
http://doi.org/10.1111/ors.12561
http://doi.org/10.1111/jocd.14066
http://doi.org/10.1111/odi.13571
http://doi.org/10.1111/dth.14479
http://doi.org/10.1111/odi.13675
http://www.ncbi.nlm.nih.gov/pubmed/33043573
http://doi.org/10.1111/dth.14735
http://doi.org/10.20396/bjos.v19i0.8661354

Vaccines 2021, 9, 948 23 of 25

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

Wollina, U.; Karadag, A.S.; Rowland-Payne, C.; Chiriac, A.; Lotti, T. Cutaneous signs in COVID -19 patients: A review. Dermatol.
Ther. 2020, 33. [CrossRef] [PubMed]

Wollina, U. Challenges of COVID-19 pandemic for dermatology. Dermatol. Ther. 2020, 33, e13430. [CrossRef]

Abrams, J.Y.; Godfred-Cato, S.E.; Oster, M.E.; Chow, E.; Koumans, E.H.; Bryant, B.; Leung, ].W.; Belay, E.D. Multisystem
Inflammatory Syndrome in Children Associated with Severe Acute Respiratory Syndrome Coronavirus 2: A Systematic Review.
J. Pediatr. 2020, 226, 45-54.el. [CrossRef] [PubMed]

Ackerson, B.K; Sy, L.S.; Glenn, S.C.; Qian, L.; Park, C.H.; Riewerts, R.].; Jacobsen, S.]. Pediatric Vaccination During the COVID-19
Pandemic. Pediatrics 2021, 148, €2020047092. [CrossRef] [PubMed]

Santoli, ].M.; Lindley, M.C.; DeSilva, M.B.; Kharbanda, E.O.; Daley, M.E,; Galloway, L.; Gee, ].; Glover, M.; Herring, B.; Kang,
Y.; et al. Effects of the COVID-19 Pandemic on Routine Pediatric Vaccine Ordering and Administration—United States, 2020.
MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 591-593. [CrossRef] [PubMed]

EurekAlert. Child Vaccination Rates Declined during COVID-19 Pandemic. Science News. Available online: https://www.
eurekalert.org/pub_releases/2021-04/kp-cvr041521.php (accessed on 1 July 2021).

MacDonald, N.E. Vaccine hesitancy: Definition, scope and determinants. Vaccine 2015, 33, 4161-4164. [CrossRef]

Geoghegan, S.; O’Callaghan, K.P,; Offit, P.A. Vaccine Safety: Myths and Misinformation. Front. Microbiol. 2020, 11, 372. [CrossRef]
Taylor, B.; Miller, E.; Farrington, C.P.; Petropoulos, M.-C.; Favot-Mayaud, I; Li, J.; A Waight, P. Autism and measles, mumps, and
rubella vaccine: No epidemiological evidence for a causal association. Lancet 1999, 353, 2026-2029. [CrossRef]

Ten Health Issues WHO Will Tackle This Year—World Health Organization. Available online: https://www.who.int/news-
room/spotlight/ten-threats-to-global-health-in-2019 (accessed on 1 July 2021).

Patel, M.; Lee, A.D.; Clemmons, N.S.; Redd, S.B.; Poser, S.; Blog, D.; Zucker, ].R.; Leung, J.; Link-Gelles, R.; Pham, H.; et al.
National Update on Measles Cases and Outbreaks—United States, January 1-October 1, 2019. MMWR. Morb. Mortal. Wkly. Rep.
2019, 68, 893-896. [CrossRef]

A Comprehensive Guide to Vaccination in the Czech Republic: Updated 5 May 2021—Prague, Czech Republic. Available online:
https:/ /www.expats.cz/czech-news/article/vaccination-in-the-czech-republic-all-you-need-to-know (accessed on 1 July 2021).
Ministerstvo Vnitra. Vaccination Timeline. Covid Portdl. Available online: https://covid.gov.cz/en/situations/register-
vaccination/vaccination-timeline (accessed on 20 June 2021).

KoBoToolbox.org. KoBoToolbox. Harvard Humanitarian Initiative. Available online: https:/ /support.kobotoolbox.org/welcome.
html (accessed on 15 August 2021).

Saied, S.M.; Saied, E.M.; Kabbash, I.A.; Abdo, S.A.E. Vaccine hesitancy: Beliefs and barriers associated with COVID-19 vaccination
among Egyptian medical students. J. Med. Virol. 2021, 93, 4280-4291. [CrossRef]

Szmyd, B.; Bartoszek, A.; Karuga, FE,; Staniecka, K.; Blaszczyk, M.; Radek, M. Medical Students and SARS-CoV-2 Vaccination:
Attitude and Behaviors. Vaccines 2021, 9, 128. [CrossRef]

Lucia, V.C.; Kelekar, A.; Afonso, N.M. COVID-19 vaccine hesitancy among medical students. |. Public Health 2020, fdaa230.
[CrossRef]

Masaryk University. Clubs & Associations at the Faculty of Medicine. Available online: https://www.muni.cz/en/students/
student-clubs-associations/contact-1/faculty-of-medicine (accessed on 20 June 2021).

European Comission. Czech Republic: Tertiary Education. EURYDICE. Available online: https://eacea.ec.europa.eu/national-
policies/eurydice/content/higher-education-21_cs (accessed on 20 June 2021).

McHugh, M.L. Interrater reliability: The kappa statistic. Biochern. Med. 2012, 22, 276-282. [CrossRef]

Strategic Advisory Group of Experts on Immunization (SAGE). Vaccine Hesitancy Survey Questions Related to SAGE Vaccine
Hesitancy Matrix. Available online: https:/ /www.who.int/immunization/programmes_systems/Survey_Questions_Hesitancy.
pdf (accessed on 14 March 2021).

World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving
human subjects. JAMA 2013, 310, 2191-2194. [CrossRef] [PubMed]

Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.].; Getzsche, P.C.; Vandenbroucke, J.P. Strengthening the reporting of observational
studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. Br. Med. J. 2007, 335, 806-808.
[CrossRef]

GDPR General Data Protection Regulation, Complete Guide to GDPR Compliance. Available online: https://gdpr.eu/ (accessed
on 1 July 2021).

SPSS Inc. IBM SPSS Statistics 27. Available online: https://www.ibm.com/support/pages/node/3006603 (accessed on 14
October 2020).

Al-Mulla, R.; Abu-Madi, M.; Talafha, Q.; Tayyem, R.; Abdallah, A. COVID-19 Vaccine Hesitancy in a Representative Education
Sector Population in Qatar. Vaccines 2021, 9, 665. [CrossRef] [PubMed]

Tavolacci, M.; Dechelotte, P.; Ladner, J. COVID-19 Vaccine Acceptance, Hesitancy, and Resistancy among University Students in
France. Vaccines 2021, 9, 654. [CrossRef]

Synnott, K. College Students” COVID-19 Vaccine Hesitancy. SSRN Electron J. 2020. [CrossRef]

Sallam, M.; Dababseh, D.; Eid, H.; Hasan, H.; Taim, D.; Al-Mahzoum, K.; Al-Haidar, A.; Yaseen, A.; Ababneh, N.; Assaf, A.; et al.
Low COVID-19 Vaccine Acceptance Is Correlated with Conspiracy Beliefs among University Students in Jordan. Int. J. Environ.
Res. Public Health 2021, 18, 2407. [CrossRef] [PubMed]


http://doi.org/10.1111/dth.13549
http://www.ncbi.nlm.nih.gov/pubmed/32390279
http://doi.org/10.1111/dth.13430
http://doi.org/10.1016/j.jpeds.2020.08.003
http://www.ncbi.nlm.nih.gov/pubmed/32768466
http://doi.org/10.1542/peds.2020-047092
http://www.ncbi.nlm.nih.gov/pubmed/33858983
http://doi.org/10.15585/mmwr.mm6919e2
http://www.ncbi.nlm.nih.gov/pubmed/32407298
https://www.eurekalert.org/pub_releases/2021-04/kp-cvr041521.php
https://www.eurekalert.org/pub_releases/2021-04/kp-cvr041521.php
http://doi.org/10.1016/j.vaccine.2015.04.036
http://doi.org/10.3389/fmicb.2020.00372
http://doi.org/10.1016/S0140-6736(99)01239-8
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
http://doi.org/10.15585/mmwr.mm6840e2
https://www.expats.cz/czech-news/article/vaccination-in-the-czech-republic-all-you-need-to-know
https://covid.gov.cz/en/situations/register-vaccination/vaccination-timeline
https://covid.gov.cz/en/situations/register-vaccination/vaccination-timeline
https://support.kobotoolbox.org/welcome.html
https://support.kobotoolbox.org/welcome.html
http://doi.org/10.1002/jmv.26910
http://doi.org/10.3390/vaccines9020128
http://doi.org/10.1093/pubmed/fdaa230
https://www.muni.cz/en/students/student-clubs-associations/contact-1/faculty-of-medicine
https://www.muni.cz/en/students/student-clubs-associations/contact-1/faculty-of-medicine
https://eacea.ec.europa.eu/national-policies/eurydice/content/higher-education-21_cs
https://eacea.ec.europa.eu/national-policies/eurydice/content/higher-education-21_cs
http://doi.org/10.11613/BM.2012.031
https://www.who.int/immunization/programmes_systems/Survey_Questions_Hesitancy.pdf
https://www.who.int/immunization/programmes_systems/Survey_Questions_Hesitancy.pdf
http://doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/pubmed/24141714
http://doi.org/10.1136/bmj.39335.541782.AD
https://gdpr.eu/
https://www.ibm.com/support/pages/node/3006603
http://doi.org/10.3390/vaccines9060665
http://www.ncbi.nlm.nih.gov/pubmed/34207012
http://doi.org/10.3390/vaccines9060654
http://doi.org/10.2139/ssrn.3753756
http://doi.org/10.3390/ijerph18052407
http://www.ncbi.nlm.nih.gov/pubmed/33804558

Vaccines 2021, 9, 948 24 of 25

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Barello, S.; Nania, T.; Dellafiore, F.; Graffigna, G.; Caruso, R. “Vaccine hesitancy’ among university students in Italy during the
COVID-19 pandemic. Eur. J. Epidemiol. 2020, 35, 781-783. [CrossRef]

Czech Statistical Office. Statistical Yearbook of the Czech Republic—2020. Yearsbooks. Available online: https://www.czso.cz/
csu/czso/statistical-yearbook-of-the-czech-republic-2020 (accessed on 1 July 2020).

Patelarou, E.; Galanis, P.; Mechili, E.A.; Argyriadi, A.; Argyriadis, A.; Asimakopoulou, E.; Brokaj, S.; Bucaj, J.; Carmona-Torres,
J.M.; Cobo-Cuenca, A.IL; et al. Factors influencing nursing students” intention to accept COVID-19 vaccination: A pooled analysis
of seven European countries. Nurse Educ. Today 2021, 104, 105010. [CrossRef]

Sovicova, M.; Zibolenova, J.; Svihrova, V.; Hudeckova, H. Odds Ratio Estimation of Medical Students” Attitudes towards
COVID-19 Vaccination. Int. |. Environ. Res. Public Health 2021, 18, 6815. [CrossRef]

da Silva, D.T.; Biello, K.; Lin, W.; Valente, P.; Mayer, K.; Hightow-Weidman, L.; Bauermeister, ]. COVID-19 Vaccine Acceptance
among an Online Sample of Sexual and Gender Minority Men and Transgender Women. Vaccines 2021, 9, 204. [CrossRef]
[PubMed]

Walker, A.; Zhang, T.; Peng, X.-Q.; Ge, J.-J.; Gu, H.; You, H. Vaccine Acceptance and Its Influencing Factors: An Online
Cross-Sectional Study among International College Students Studying in China. Vaccines 2021, 9, 585. [CrossRef] [PubMed]
Alabdulla, M.; Reagu, S.M.; Al-Khal, A.; Elzain, M.; Jones, RM. COVID-19 vaccine hesitancy and attitudes in Qatar: A national
cross-sectional survey of a migrant-majority population. Influenza Other Respir. Viruses 2021, 15, 361-370. [CrossRef] [PubMed]
Ministry of Health of the Czech Republic (MZCR). Vaccinating foreign nationals against COVID-19 in CZ. Aktudlni informace o
COVID-19. Available online: https://koronavirus.mzcr.cz/en/vaccinating-foreign-nationals-against-covid-19-in-cz/ (accessed
on 1 July 2021).

Jain, J.; Saurabh, S.; Kumar, P.; Verma, M.K,; Goel, A.D.; Gupta, M.K.; Bhardwaj, P.; Raghav, PR. COVID-19 vaccine hesitancy
among medical students in India. Epidemiol. Infect. 2021, 149, 1-28. [CrossRef] [PubMed]

Kelekar, A.K,; Lucia, V.C.; Afonso, N.M.; Mascarenhas, A.K. COVID-19 vaccine acceptance and hesitancy among dental and
medical students. J. Am. Dent. Assoc. 2021, 152, 596-603. [CrossRef]

Papagiannis, D.; Tsimtsiou, Z.; Chatzichristodoulou, I.; Adamopoulou, M.; Kallistratos, I.; Pournaras, S.; Arvanitidou, M.;
Rachiotis, G. Hepatitis B Virus Vaccination Coverage in Medical, Nursing, and Paramedical Students: A Cross-Sectional,
Multi-Centered Study in Greece. Int. J. Environ. Res. Public Health 2016, 13, 323. [CrossRef] [PubMed]

Loulergue, P.; Fonteneau, L.; Armengaud, J.-B.; Momcilovic, S.; Levy-Briihl, D.; Launay, O.; Guthmann, J.-P. Vaccine coverage of
healthcare students in hospitals of the Paris region in 2009: The Studyvax Survey. Vaccine 2013, 31, 2835-2838. [CrossRef]

La Vecchia, C.; Negri, E.; Alicandro, G.; Scarpino, V. Attitudes towards influenza vaccine and a potential COVID-19 vaccine in
Italy and differences across occupational groups, September 2020. Med. Lav. 2020, 111, 445-448. [CrossRef]

Gostin, L.O.; Salmon, D.A. The Dual Epidemics of COVID-19 and Influenza. JAMA 2020, 324, 335-336. [CrossRef]

Gerussi, V.; Peghin, M.; Palese, A.; Bressan, V.; Visintini, E.; Bontempo, G.; Graziano, E.; De Martino, M.; Isola, M.; Tascini, C.
Vaccine Hesitancy among Italian Patients Recovered from COVID-19 Infection towards Influenza and Sars-Cov-2 Vaccination.
Vaccines 2021, 9, 172. [CrossRef]

Olanipekun, T.; Abe, T.; Effoe, V.; Kagbo-Kue, S.; Chineke, I.; Ivonye, C.; Bakinde, N. Attitudes and Perceptions Towards
Coronavirus Disease 2019 (COVID-19) Vaccine Acceptance Among Recovered African American Patients. J. Gen. Intern. Med.
2021, 2021, 1-3. [CrossRef]

Sheikh, A.; McMenamin, J.; Taylor, B.; Robertson, C. SARS-CoV-2 Delta VOC in Scotland: Demographics, risk of hospital
admission, and vaccine effectiveness. Lancet 2021, 397, 2461-2462. [CrossRef]

Robert, M.; Jason, H.; Czech, PM. Names Fourth Health Minister Amid Sputnik Vaccine Strife. Reuters. Available on-
line: https:/ /www.reuters.com/article /us-czech-government/czech-pm-names-fourth-health-minister-amid-sputnik-vaccine-
strife-idUSKBN2BU110 (accessed on 1 July 2021).

Czech Civil Society Fights Back Against Fake News. DW. Available online: https:/ /www.dw.com/en/czech-civil-society-fights-
back-against-fake-news/a-53758412 (accessed on 1 July 2021).

NELEZ. Available online: https:/ /www.nelez.cz/en/home-eng/ (accessed on 1 July 2021).

Fakescape! Available online: https://www.fakescape.cz/ (accessed on 1 July 2021).

Hua, J.; Shaw, R. Corona Virus (COVID-19) “Infodemic” and Emerging Issues through a Data Lens: The Case of China. Int. |.
Environ. Res. Public Health 2020, 17, 2309. [CrossRef]

Griffith, J.; Marani, H.; Monkman, H. COVID-19 Vaccine Hesitancy in Canada: Content Analysis of Tweets Using the Theoretical
Domains Framework. J. Med. Internet Res. 2021, 23, €26874. [CrossRef] [PubMed]

Bonnevie, E.; Gallegos-Jeffrey, A.; Goldbarg, J.; Byrd, B.; Smyser, ]. Quantifying the rise of vaccine opposition on Twitter during
the COVID-19 pandemic. J. Commun. Health 2021, 14, 12-19. [CrossRef]

Riad, A.; Pokorna, A.; Attia, S.; Klugarova, 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.; Sagiroglu, D.; Ustiin, B.; Pokorna, A.; Klugarova, J.; Attia, S.; Klugar, M. Prevalence and Risk Factors of CoronaVac Side
Effects: An Independent Cross-Sectional Study among Healthcare Workers in Turkey. J. Clin. Med. 2021, 10, 2629. [CrossRef]
Riad, A.; Pokorna, A.; Mekhemar, M.; Conrad, J.; Klugarova, J.; Kos¢ik, M.; Klugar, M.; Attia, S. Safety of ChAdOx1 nCoV-19
Vaccine: Independent Evidence from Two EU States. Vaccines 2021, 9, 673. [CrossRef]


http://doi.org/10.1007/s10654-020-00670-z
https://www.czso.cz/csu/czso/statistical-yearbook-of-the-czech-republic-2020
https://www.czso.cz/csu/czso/statistical-yearbook-of-the-czech-republic-2020
http://doi.org/10.1016/j.nedt.2021.105010
http://doi.org/10.3390/ijerph18136815
http://doi.org/10.3390/vaccines9030204
http://www.ncbi.nlm.nih.gov/pubmed/33804530
http://doi.org/10.3390/vaccines9060585
http://www.ncbi.nlm.nih.gov/pubmed/34199331
http://doi.org/10.1111/irv.12847
http://www.ncbi.nlm.nih.gov/pubmed/33605010
https://koronavirus.mzcr.cz/en/vaccinating-foreign-nationals-against-covid-19-in-cz/
http://doi.org/10.1017/S0950268821001205
http://www.ncbi.nlm.nih.gov/pubmed/34011421
http://doi.org/10.1016/j.adaj.2021.03.006
http://doi.org/10.3390/ijerph13030323
http://www.ncbi.nlm.nih.gov/pubmed/26999171
http://doi.org/10.1016/j.vaccine.2013.04.004
http://doi.org/10.23749/mdl.v111i6.10813
http://doi.org/10.1001/jama.2020.10802
http://doi.org/10.3390/vaccines9020172
http://doi.org/10.1007/s11606-021-06787-5
http://doi.org/10.1016/S0140-6736(21)01358-1
https://www.reuters.com/article/us-czech-government/czech-pm-names-fourth-health-minister-amid-sputnik-vaccine-strife-idUSKBN2BU110
https://www.reuters.com/article/us-czech-government/czech-pm-names-fourth-health-minister-amid-sputnik-vaccine-strife-idUSKBN2BU110
https://www.dw.com/en/czech-civil-society-fights-back-against-fake-news/a-53758412
https://www.dw.com/en/czech-civil-society-fights-back-against-fake-news/a-53758412
https://www.nelez.cz/en/home-eng/
https://www.fakescape.cz/
http://doi.org/10.3390/ijerph17072309
http://doi.org/10.2196/26874
http://www.ncbi.nlm.nih.gov/pubmed/33769946
http://doi.org/10.1080/17538068.2020.1858222
http://doi.org/10.3390/jcm10071428
http://www.ncbi.nlm.nih.gov/pubmed/33916020
http://doi.org/10.3390/jcm10122629
http://doi.org/10.3390/vaccines9060673

Vaccines 2021, 9, 948 25 of 25

78.

79.

80.

81.

82.

Riad, A.; Schiinemann, H.; Attia, S.; Peric¢i¢, T.; Zuljevié, M.; Jurisson, M.; Kalda, R.; Lang, K.; Morankar, S.; Yesuf, E.; 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] [PubMed]

Jeskowiak, I.; Wiatrak, B.; Grosman-Dziewiszek, P.; Szelag, A. The Incidence and Severity of Post-Vaccination Reactions after
Vaccination against COVID-19. Vaccines 2021, 9, 502. [CrossRef]

Collaborating in response to COVID-19: Editorial and methods initiatives across Cochrane. In Collaborating in Response to
COVID-19: Editorial and Methods Initiatives Across Cochrane; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2020. [CrossRef]
Klugar, M.; Riad, A.; Mekhemar, M.; Conrad, J.; Buchbender, M.; Howaldt, H.-P; Attia, S. Side Effects of mRNA-Based and Viral
Vector-Based COVID-19 Vaccines among German Healthcare Workers. Biology 2021, 10, 752. [CrossRef]

Eurostat. International Standard Classification of Education (ISCED). Statistics Explained. Available online: https://ec.europa.
eu/eurostat/statistics-explained /index.php?title=International_Standard_Classification_of_Education_(ISCED) (accessed on 1
July 2021).


http://doi.org/10.3390/ijerph18157859
http://www.ncbi.nlm.nih.gov/pubmed/34360156
http://doi.org/10.3390/vaccines9050502
http://doi.org/10.1002/14651858.cd202002
http://doi.org/10.3390/biology10080752
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_Standard_Classification_of_Education_(ISCED)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_Standard_Classification_of_Education_(ISCED)

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Instrument 
	Ethics 
	Statistics 

	Results 
	Demographic Characteristics 
	Anamnestic Characteristics 
	COVID-19 Vaccine-Related Attitudes 
	COVID-19 Vaccine-Related Attitudes Drivers 
	Contextual Drivers 
	Social Drivers 
	Vaccine-Specific Drivers 

	Distribution of COVID-19 Vaccine Acceptance Levels 
	Time Series Analysis of COVID-19 Vaccine-Related Attitudes 
	Regression Analysis of COVID-19 Vaccine-Related Attitudes 

	Discussion 
	Strengths 
	Limitations 
	Implications 

	Conclusions 
	References

