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ABSTRACT 

The global health landscape has recently been challenged by two overlapping 

pandemics: COVID-19 and vaccine hesitancy. These dual crises have complicated each other, 

creating a vicious cycle that has necessitated timely and evidence-informed interventions. 

Vaccine hesitancy holds deep historical roots, with disputes arising since Edward Jenner 

introduced the first smallpox vaccine in the late 18th century; however, misinformation and 

complacency in the modern era have exacerbated this phenomenon. The COVID-19 outbreak 

has created a complex interplay with vaccine hesitancy, posing profound challenges for health 

systems worldwide. 

The present thesis explored COVID-19 vaccine hesitancy through seven cross-sectional 

studies spanning diverse population groups in the Czech Republic and internationally during 

primer vaccination campaigns (winter–summer 2021) and booster vaccination campaigns 

(winter–spring 2022). This thesis is divided into two sections. The first comprises three studies 

conducted in the Czech Republic among university students (study II), pregnant and lactating 

women (study III), and healthcare professionals (study IV). The second section comprises four 

studies undertaken among dental students in 22 countries (study I), German university students 

and academics (study V), Polish healthcare professionals and students (study VI), and the 

Algerian general adult population (study VII). In total, 13,966 participants were surveyed using 

validated instruments adapted from theoretical models, including the WHO-SAGE matrix 

model, socio-ecological model, and health belief model. 

The findings of this thesis revealed that vaccine hesitancy was higher among females, 

younger adults, and those distrusting vaccine safety/effectiveness evidence. However, altruism 

and collective responsibility emerged as significant motivators for acceptance. The studies 

advocate addressing knowledge gaps through compassionate communication, emphasising 

vaccine benefits while respecting diverse perspectives. They suggest vaccine mandates should 

be judiciously implemented based on transparent risk-benefit analysis and ethical 

considerations, as mandates could potentially harden hesitancy if imposed non-consensually. 

Overall, the findings underscore nuanced, multi-level strategies to foster vaccine acceptance. 

This thesis makes several original contributions. Firstly, the large sample provides 

robust, generalisable findings. Secondly, the timing during critical stages of primer/booster 

rollout offers policymakers timely evidence to navigate the pandemic response. Thirdly, using 

validated instruments and advanced statistical techniques, including machine learning, 

enhances analytic rigour. Fourthly, the diverse populations surveyed facilitate global 

comparisons of vaccine attitudes and associated sociodemographic factors. Lastly, adherence 

to reporting guidelines and ethical principles augments methodological strength. 

In conclusion, this thesis delivers pivotal insights into combatting two converging 

pandemics—COVID-19 and vaccine hesitancy. These lessons hold enduring relevance as 

public health continues to confront infectious diseases and vaccine hesitancy worldwide. This 

work underscores the importance of compassionate communication, community-focused 

motivators, and respect for personal healthcare choices in fostering vaccine acceptance.  
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Vaccine Hesitancy: A Pervasive Global Health Threat 

On January 10th, 2019, the World Health Organisation (WHO) released a list of the top 

ten threats to global health that need to be tackled alongside its new quinquennial strategic plan 

(2019 – 2023), which aimed to expand health coverage, increase health emergency protection, 

and enhance well-being [1]. One of these threats is vaccine hesitancy which is defined by the 

WHO's Strategic Advisory Group of Experts on Immunization (SAGE) as the "delay in 

acceptance or refusal of vaccination despite the availability of vaccination services" [2,3]. The 

WHO recognises vaccine hesitancy as a growing challenge that is limiting vaccine coverage 

and contributing to an estimated 1.5 million child fatalities annually from vaccine-preventable 

diseases [2,4]. 

I.I. Historical Footage 

Vaccine hesitancy is not a new phenomenon. It has been a recurring issue throughout 

the history of vaccination, dating back to the time when Dr Edward Jenner introduced the 

smallpox vaccine in the late eighteenth century [5]. Prior to Jenner's discovery, variolation, a 

method of inoculating with smallpox to prevent the disease, was practised by Chinese 

physicians for quite a long time but was neither safe nor consistent due to misdiagnoses and the 

risk of spreading other diseases, such as syphilis [5,6]. This was a pre-existing challenge for 

Jenner, which was coupled with his poor understanding of the mechanism of action and the 

optimal dose of his new cowpox-based product [6]. The first petition against Jenner's work 

came in 1797 from the Royal Society, which rejected his short communication about the 

innovative experiment he made on an 8-year-old boy who was protected against smallpox 

through the by-products of cowpox lesions [6]. Despite this initial disapproval, Jenner 

continued his experiments and included 23 volunteers before he published his results in a 

booklet titled "An Inquiry into the Causes and Effects of the Variolae Vaccinae" a couple of 

years later [7]. Jenner is also accredited for coining the term "vaccination", which he used to 

distinguish between his new cowpox-based product and the classic variolation procedure [6,7]. 

In the beginning, vaccination faced religious opposition, with 

critics arguing that it was an arrogant attempt to avoid divine 

punishment and that injecting animal materials into the human body 

was a direct violation of God's will [8,9]. This mirrored earlier debates 

about variolation, but vaccines were also challenged by the concerns 

that they would cause "Cow-Mania" [9]. In 1805, Dr William Rowley 

published a book titled "Cow-pox Inoculation: No Security Against 

Small-pox Infection", in which he detailed the adverse effects of the 

smallpox vaccine on children [10]. He highlighted the case of an 'ox-

faced boy' with distorted facial features and a girl covered in painful 

sores, attributing their conditions to Jenner's vaccine [10]. On the 

other hand, several physicians supported Jenner's vaccine and actively 

disseminated it among their patients [6]. Within this extensively 

polarised landscape, vaccines slowly gained popularity and became a 

scientifically proven method to control smallpox epidemics and 

gradually replaced variolation [6,8]. Figure 1 

The 1840 Vaccination Act, "An Act to extend the Practice of Vaccination", was the first 

legislative intervention in the United Kingdom (UK) to set up public vaccination services, 

primarily through the Poor Law medical practitioners [11,12]. This act outlawed variolation 

Figure 1. Illustration from 'Cow-Pox Inoculation No Security 
Against Small-Pox Infection' by W. Rowley. Image courtesy of 
the Wellcome Collection. Public Domain Mark. 

https://wellcomecollection.org/works/jnhsvwtk
https://creativecommons.org/share-your-work/public-domain/pdm/
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and made vaccination free of charge for everyone [12]. The 

second Vaccination Act that was passed in 1853 mandated 

compulsory vaccination for all infants within their first three 

months, with penalties for non-compliant parents, including 

fines or imprisonment. Therefore, this act was met with 

immediate resistance, inciting violent riots in various towns and 

leading to the formation of the first-ever anti-vaccination group, 

the Anti-Vaccination League (AVL), in London [13]. The third 

Vaccination Act of 1867 extended compulsory vaccination to 

the age of 14 and added new restrictions and penalties for non-

compliance [13,14]. In response to this new law, Richard Butler 

Gibbs established the Anti-Compulsory Vaccination League 

(ACVL) with a seven-point mission statement, "National Anti-

Compulsory Vaccination Reporter", asserting that parliament 

had overstepped its bounds by making good health a crime, 

punishable by fine or imprisonment, thereby infringing on the 

rights of parents to protect their children from the disease [13]. Moreover, Gibbs strongly 

criticised the parliament for significantly violating civil liberties by compromising them in the 

name of public health [11,13]. Figure 2 

During the Victorian era, the anti-vaccination movement spread to other European 

countries and crossed the Atlantic to North America. In 1879, the Anti-Vaccination Society of 

America was established following the visit of William Tebb, a vocal British anti-vaccinationist 

who held several positions in the UK anti-vaccination organisations [13,15]. The number of 

United States (US) anti-vaccination organisations increased rapidly between 1879 and 1900, 

including the New England Anti-Compulsory Vaccination League (1882) and the Anti-

vaccination League of New York City (1885) [15,16]. 

Following the 1902 smallpox outbreak in Cambridge, 

Massachusetts, all residents were mandated to be vaccinated. 

Henning Jacobson, a city resident, refused, arguing that the 

law violated his personal rights, which led to criminal charges 

and a local court battle that he lost and appealed to the US 

Supreme Court. In 1905, the Supreme Court ruled in the state's 

favour, marking the first Supreme Court case concerning state 

power in public health law [16]. Figure 3 

In Europe, the anti-vaccination movement flourished 

during the second half of the nineteenth century, with Stockholm serving as a notable example, 

where vaccination rates dropped to a mere 40% in contrast to the 90% coverage in rural Sweden, 

thereby disrupting herd immunity [17]. Despite persistent warnings from health authorities 

about the inevitable risks of vaccination rejection, these advisories were largely disregarded. 

Nevertheless, the advent of a new epidemic smallpox wave in 1874 rekindled the perception of 

risk among the city's population, thus leading to a resurgence in vaccination uptake and 

cessation of anti-vaccination activities [17]. In contrast to the UK, where vaccination was 

largely considered an individual decision, Germany, with its tradition of medical police and 

state responsibility for health, adopted mandatory vaccination early on, with the Kingdom of 

Bavaria introducing it as early as 1807 [18]. This early adoption sparked a robust debate in the 

mid-nineteenth century, fuelled by concerns about vaccines' waning effectiveness and potential 

Figure 3. Anti-Vaccination Society of America advertisement from 1902. Anti-Vaccination Society of 
America via The College of Physicians of Philadelphia. Public domain. 

Figure 2. Cover of 'The anti-vaccinator, and advocate of cleanliness.' 
Contributor: Alexander Milton Ross, 1832-1897. Published in 
Montreal, 1885. National Library of Medicine Digital Collections. 

https://web.archive.org/web/20150302065350/http:/www.historyofvaccines.org/content/blog/anti-vaccination-society-america-correspondence
https://upload.wikimedia.org/wikipedia/commons/a/a5/Anti-Vaccination_Society_of_America_advertisement_from_1902.jpg
https://collections.nlm.nih.gov/catalog/nlm:nlmuid-101235983-bk


COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics 

7 of 120 

side effects. Key figures in this debate included Michael Reiter, who defended the necessity 

and enforcement of vaccination, and Carl Nittinger, who viewed compulsory vaccination as a 

violation of individual liberty [18]. Despite this controversy, compulsory vaccination remained 

a cornerstone of public health policy in Germany throughout the century [18]. 

Between 1920 and 1970, the introduction of new vaccines for diseases such as 

tuberculosis, yellow fever, whooping cough, tetanus, and polio significantly reduced childhood 

mortality. However, several incidents during this period led to public concerns about vaccine 

safety and effectiveness [19]. The Cutter Incident in 1955, where several batches of the polio 

vaccine contained the active virus, resulted in over 250 polio cases and laid the basis for distrust 

in the pharmaceutical industry [20]. Additionally, between 1955 and 1963, it was estimated that 

10-30% of polio vaccines in the US were contaminated with Simian Virus 40 (SV40), suspected 

to cause human cancers [20]. In 1976, a campaign to encourage vaccination against swine flu 

led to a slight increase in Guillain-Barré Syndrome (GBS) cases [21]. The safety of the 

diphtheria, tetanus, and pertussis (DTP) vaccination program was also questioned in the mid-

1970s, leading to a rapid decline in immunisation rates and subsequent whooping cough 

outbreaks in the UK [22,23]. Moreover, in 1998, a Lancet report published by Andrew 

Wakefield alleging a link between the measles, mumps, and rubella (MMR) vaccine and autism 

sparked widespread media coverage and a drop in MMR vaccination, despite the lack of 

supportive evidence and subsequent retraction of the paper [24]. These controversies have 

shaped the public perception of vaccines and led to changes in vaccine manufacturing, 

regulation, and compensation programs for vaccine-related complications [25]. 

I.II. Global Burden of Vaccine Hesitancy 

The extensive burden of vaccine hesitancy, which affects both high-income and low-

and-middle-income countries, leads to the under-utilisation of effective vaccination services. 

This, in turn, results in gaps in immunisation coverage and triggers outbreaks of vaccine-

preventable diseases. Importantly, this issue is not confined to childhood vaccinations but also 

significantly impacts adult vaccinations [26]. 

Vaccine-preventable Diseases (VPDs) are infectious diseases for which immunisation 

can provide effective prevention. The WHO identifies 25 such VPDs globally that hold the 

potential for realistic control and even eradication. Despite this, these diseases continue to 

circulate at varying levels and significantly contribute to the global disease burden [27]. In 

2021, the global vaccination coverage declined to 81% compared with 86% in 2019, primarily 

due to the unprecedented pressure of the COVID-19 response; this led to 25 million children 

missing essential lifesaving vaccines [28]. Table 1 presents the most common VPDs, their 

clinical sequela, vaccination coverage levels in 2021, and global burden. 

Table 1. Summary of vaccine-preventable disease (VPDs) clinical sequela, vaccination coverage and global burden. 

Disease Sequela Vaccination Coverage ꝉ Global Burden 

Haemophilus 

influenzae 

type b (Hib) 

Causes meningitis and 

pneumonia. 

192 member states. 

Global coverage (3 doses): 

71% 

Global Hib incidence is 1.13/100k child-

years, with a case-fatality ratio of 11.21% 

[29]. 

Hepatitis B 
A viral infection that targets 

the liver. 

190 member states. 

Global coverage (3 doses): 

80%. 

HBV affects 296M globally, leading to 331K 

cirrhosis and 192K liver cancer deaths in 

2019 [30]. 
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Human 

papillomavirus 

(HPV) 

It causes cervical cancer in 

women, other types of 

cancer, and genital warts in 

both men and women. 

116 member states. 

Global coverage (first 

dose, girls): 15%. 

Global HPV prevalence is 11.7%, with high 

rates in Africa and Oceania, but most cases 

are asymptomatic and transient. 

Annually, HPV causes 630K cancer cases 

(4.5% of all cancer cases), with the majority 

(83%) being cervical cancer [31]. 

Meningitis A 

Often deadly infection that 

leaves 1 in 5 affected 

individuals with long-term 

devastating sequela. 

350M people in 24 out of 

the 26 countries in the 

African meningitis belt had 

been vaccinated with 

MenAfriVac. 

In 1990, meningococcus was the leading 

aetiology for meningitis deaths, with an 

estimated 193K globally. 

Meningitis A caused 85% of meningitis 

epidemics in the meningitis belt before mass 

vaccination introduction in 2010 [32,33]. 

Measles 

A highly contagious disease 

that can lead to blindness, 

encephalitis, or death. 

Global coverage (1st dose): 

81%. Global coverage (2nd 

dose): 71%. 

In 2021, measles caused 128K deaths, 

primarily in unvaccinated or under-vaccinated 

children under 5 [34]. 

Mumps 

A highly contagious virus 

that causes painful swelling 

at the side of the face under 

the ears, fever, headache, 

and muscle aches. 

123 member states. 

In 2021, 225K incident cases were reported, 

with more than half of them (53.4%) coming 

from China alone [35]. 

Pneumococcal 

diseases 

Including pneumonia, 

meningitis, and febrile 

bacteraemia, as well as 

otitis media, sinusitis, and 

bronchitis. 

154 member states. 

Global coverage (3 doses): 

51% 

In 2019, 2.5M deaths were caused by 

pneumococcal disease, with S. pneumoniae 

leading to 300K deaths, mainly among 

children under 5 [36,37]. 

Poliomyelitis 

A highly infectious viral 

disease that can cause 

irreversible paralysis. 

80% of infants received 

three doses. Coverage of 

infants receiving their first 

dose of inactivated polio 

vaccine (IPV): 79%. 

Wild poliovirus cases dropped by 99% since 

1988, from 350K to 6 cases in 2021. 

The COVID-19 pandemic delayed the global 

eradication of polio [38]. As of 2022, wild 

poliovirus type 1 persists only in Pakistan and 

Afghanistan [39]. 

Rotaviruses 

The most common cause of 

severe diarrhoeal disease in 

young children. 

118 member states. 

Global coverage: 49% 

Globally, 25M outpatient visits and 2M 

hospitalisations are attributed to rotaviruses, 

mainly among children under 5 [40]. 

In 2019, 19.11% of deaths from diarrhoea 

were caused by rotavirus [41]. 

Rubella 

A viral disease that can 

cause foetal death or 

congenital rubella 

syndrome if infection 

occurs during early 

pregnancy. 

173 member states. 

Global coverage: 66% 

In 2019, congenital rubella syndrome (CRS) 

incidence was highest in Africa (64/100K live 

births) and Eastern Mediterranean (27/100K). 

Global annual CRS cases significantly 

dropped from 121K in 1996 to 32K in 2019 

[42]. 

Yellow fever 

Acute viral haemorrhagic 

disease transmitted by 

infected mosquitoes. 

36 / 40 of high-risk 

regions. 

Coverage in high-risk 

regions: 47%. 

In 2013, yellow fever in Africa resulted in an 

estimated 130K cases and 78K deaths, with 

vaccination campaigns reducing cases and 

deaths by 27% [43]. 
ꝉ Vaccination coverage rates presented are extracted from the Global Health Observatory (GHO) 2021 reports [28]. 

The eradication of VPDs is a crucial public health target, yet it confronts numerous 

obstacles, with vaccine hesitancy standing as a paramount concern. As the incidence of VPDs 

declines due to successful vaccination campaigns, so too does the perceived susceptibility to 

these diseases. Paradoxically, this renders vaccines victims of their own success. When 

individuals weigh the potential side effects against the benefits of immunisation, the perceived 
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risk often overshadows the substantial advantages of vaccination, leading to an unfortunate 

decline in vaccine acceptance [44]. 

The assumption that vaccine hesitancy is less prevalent in low-income countries due to 

the high burden of VPDs is misleading. This resistance is often disease-specific and vaccine-

specific, as seen in northern Nigeria and parts of northern India, where communities refused 

polio vaccines despite low disease incidence [45]. Factors beyond epidemiology, such as local 

socio-political dynamics, demographic factors, and competing health problems, significantly 

influence vaccine acceptance [44]. 

In addition to the persistent burden of VPDs that is current and largely attributable to 

vaccine hesitancy, several modelling studies attempted to measure the cost of vaccine hesitancy 

on communities. Mesa et al. 2023 developed a compartmental metapopulation model of 

measles transmission to investigate the societal costs of vaccine hesitancy, using measles in 

England as a case study. Their findings revealed that even low levels of vaccine refusal could 

impose a significant societal burden, with an estimated societal loss of GBP 292 million and a 

disease burden of 17,630 quality-adjusted life-years over a 20-year period [46]. 

Another study by Mesa et al. 2022 explored the potential impact of vaccine hesitancy 

on controlling the COVID-19 pandemic by combining an epidemiological model of SARS-

CoV-2 transmission with data on vaccine hesitancy from population surveys. The study found 

that in countries with high vaccine hesitancy, mortality over a two-year period could be up to 

7.6 times higher compared to an ideal vaccination uptake if non-pharmaceutical interventions 

(NPIs) are relaxed [47]. Yakum et al. 2016 calculated the economic burden attributable to VPDs 

among US adults, estimating a total cost of approximately $9 billion in 2015 alone. The study 

found that unvaccinated individuals were responsible for almost 80%, or $7.1 billion, of this 

financial burden [48]. 

In the context of HPV vaccination, Simms et al. 2020 estimated the impact of vaccine 

hesitancy in Japan, where HPV vaccine coverage dropped to less than 1% following reports of 

adverse events [49]. The study found that the vaccine crisis from 2013 to 2019 could result in 

an additional 24,600–27,300 cases and 5,000–5,700 deaths over the lifetime of cohorts born 

between 1994 and 2007, compared to if coverage had remained at around 70% since 2013 [49]. 

I.III. Conceptualisation of Vaccine Hesitancy 

In a recent systematic review of Bussink-Voorend et al. 2022 that included 422 studies 

aiming to clarify the concept of vaccine hesitancy, three predominant conceptualisations of 

vaccine hesitancy emerged. These include cognitions or affect (expressing concerns, doubts, or 

questions and showing reluctance or unsureness about vaccination), behaviour (ranging from 

delay or refusal of vaccines to accepting all vaccines), and decision-making (describing 

individuals who are undecided or indecisive and those seeking more information to make the 

right decision about vaccination) [50]. The review also revealed that the concept of vaccine 

hesitancy is often intertwined with other concepts, such as confidence or trust, complacency, 

and convenience, which are usually identified as determinants of vaccine hesitancy [50]. 

The review also found that the conceptualisation of vaccine hesitancy varied according 

to the research field and vaccine type—conceptualisations focusing on decision-making 

predominated in public health and social science fields. In terms of cognitions or affect, terms 

like 'beliefs' and 'concerns' were used across all fields, while 'reluctance', 'doubts', and 

'questions' were mostly used in the public health field. On the other hand, conceptualising 

vaccine hesitancy as a behaviour occurred in all research fields. The review found no significant 
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differences in the conceptualisation of vaccine hesitancy between studies focusing on general 

vaccination and those specific to childhood vaccines [50]. 

I.IV. Theoretical Models of Vaccine Hesitancy 

Vaccine hesitancy is a complex psychosocial phenomenon that necessitates 

contemporary examination through validated models; therefore, behavioural models are pivotal 

in vaccine hesitancy research [51]. These models provide a streamlined understanding of the 

diverse reasons for vaccine hesitancy, including complacency, inconvenience, lack of 

confidence, and rational calculation. Identifying these determinants guides tailored 

interventions aiming to increase vaccine uptake. For instance, emphasising motivation for the 

complacent, removing barriers for those finding vaccination inconvenient, and incentivising the 

calculative can be more effective and economical than solely trying to persuade those lacking 

vaccination confidence [51]. 

The behavioural models used to examine vaccine hesitancy can be categorised into: 

i) generic models, which can be adapted to various health behaviours, including 

vaccination decisions, and 

ii) specific models, which are specifically designed for vaccination decisions. 

The generic models are based on a wide range of health promotion theories, including 

individual or intrapersonal-level theories, e.g., the Health Belief Model (HBM), the Theory of 

Planned Behaviour (TPB), the Stages of Change (Transtheoretical Model), and the Precaution 

Adoption Process Model (PAPM), interpersonal-level theories, e.g., the Social Cognitive 

Theory (SCT), community-level theories, e.g., the Diffusion of Innovations Theory (DOI), and 

Community Organisation and Other Participatory Models, and multi-level theories, e.g., the 

Socio-Ecological Model (SEM) [52]. Figure 4 

Figure 4. Health Promotion Theories Applicable to Vaccine Hesitancy Research. 
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a) Health Belief Model (HBM) 

Developed in the 1950s by social psychologists at the US Public Health Service, the 

HBM is one of the earliest and most commonly used models to explore health behaviour 

change. The HBM posits that people's beliefs about health problems, including 

perceived susceptibility, perceived severity, perceived benefits, perceived barriers, the 

presence of a stimulus or cue to action, and self-efficacy collectively determine their 

engagement in health-promoting behaviour [53,54]. Figure 5 

A recent systematic review by Limbu et al. 2022 was conducted on the COVID-19 

vaccine hesitancy studies that were based on the HBM [55]. The review included 16 

studies, mostly cross-sectional studies, with 30,242 participants, and found that 

perceived barriers and perceived benefits were the key constructs of the HBM 

significantly linked to vaccine hesitancy. Specifically, an increase in perceived benefits 

was associated with a decrease in vaccine hesitancy, while an increase in perceived 

barriers was linked to an increase in vaccine hesitancy. Other HBM constructs, such as 

perceived susceptibility, cues to action, perceived severity, and self-efficacy, were also 

inversely related to vaccine hesitancy [55]. 

In the context of measles vaccination, a study by Smith et al. 2011 using the HBM found 

a significant correlation between US parents’ beliefs about vaccines, including 

perceived susceptibility and perceived benefits, and their decisions to delay or refuse 

vaccines for their children, thereby affecting the children's vaccination coverage at 24 

months [56]. This study underscored the critical role of addressing parental perceptions 

about vaccine safety, susceptibility to diseases, and the benefits of vaccines in 

improving vaccination coverage [56]. Similarly, a study in Israel by Grinberg et al. 2021 

used the HBM to investigate the factors influencing mothers' decisions to vaccinate their 

children against measles. The study found that mothers' intentions to vaccinate were 

significantly influenced by their perceived benefits of the vaccine and the perceived 

severity of the disease [57]. 

Figure 5. Health Belief Model (HBM) Adapted to Vaccine Hesitancy Research. 
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Donadiki et al. 2014 conducted a cross-sectional study using the HBM to understand 

the reasons for the refusal of the human papillomavirus (HPV) vaccine among Kenyan 

female university students [58]. The study found that students who perceived high 

barriers to vaccination viewed no general or specific benefits to the vaccine and had 

high scores for 'general perceived barriers' were more likely to report being 

unvaccinated. The study concluded that the HBM constructs were useful in 

understanding vaccination intentions and uptake, highlighting the need for health 

promotion campaigns to enhance perceived benefits and reduce perceived barriers to 

HPV vaccination [58]. Following this, Mehta et al. 2013 designed and evaluated an 

intervention based on the HBM to increase the intent of HPV vaccination among US 

college male students [59]. This randomised controlled trial showed that the HBM-

based intervention was effective in increasing self-efficacy for taking the vaccine, 

reducing perceived barriers, and enhancing perceived severity, thus promoting positive 

attitudes toward HPV vaccination [59]. 

Additionally, in the context of influenza vaccination, Chen et al. 2011 surveyed 2,778 

Taiwanese caregivers using the HBM and found that the perceived susceptibility, 

perceived benefits, perceived barriers, and cues to action were the most significant 

predictors of vaccination [60]. Coe et al. 2012 conducted a cross-sectional survey-based 

study among US college students to understand their intentions to receive the novel 

H1N1 vaccine [61]. Perceived severity, perceived barriers, and cues to action through 

healthcare providers’ recommendations were the most significant predictors of the 

vaccination decision of the participating students [61]. When applying HBM in the 

context of the 2022 monkeypox outbreak, Riad et al. 2022 found that the cues to action 

and perceived susceptibility were the most important constructs to predict vaccination 

acceptance among Czech healthcare professionals (HCPs) [62]. 

b) Theory of Planned Behaviour (TPB) 

The Theory of Planned Behaviour (TPB) is a psychological framework that was 

proposed by Icek Ajzen in 1985 as an extension of the Theory of Reasoned Action 

(TRA), which Ajzen had developed with Martin Fishbein in the late 1970s [63]. The 

three components of the TPB are attitude (an individual's positive or negative evaluation 

of the behaviour), subjective norms (the perceived social pressure to perform or not 

perform the behaviour), and perceived behavioural control (the individual's belief about 

their ability to perform the behaviour) [63,64]. The theory has been applied to various 

domains, such as consumer psychology, social psychology, and health psychology, 

including vaccine hesitancy research [65,66]. Figure 6 

In a study by Yahaghi et al. 2021, the TPB, supplemented with fear of COVID-19 and 

perceived COVID-19 infectability, was used to explain the intention to get vaccinated 

among a representative sample of 10,843 participants in Qazvin, Iran. The study 

revealed that perceived behavioural control, subjective norms, attitudes, and perceived 

COVID-19 infectability significantly explained individuals' intention to get vaccinated 

[67]. Likewise, in a study by Dou et al. 2022, the TPB was used to examine the 

vaccination intentions of 405 Chinese citizens, where subjective norms and perceived 

behavioural control were positively related to vaccination intention for the whole 

sample [68]. Nonetheless, attitudes were only related to males' intentions, while 

subjective norms were only related to females' intentions, suggesting that gender-

specific strategies may be needed to boost vaccination intentions [68]. 

Additionally, Fan et al. 2021 conducted a cross-sectional survey-based study among 

3,145 students from 43 universities in mainland China to predict students' intentions to 

uptake COVID-19 vaccination using the extended TPB [69]. The study found that 
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students' knowledge and risk perception of COVID-19 positively influenced their 

attitude towards the uptake of the vaccine. However, subjective norms and perceived 

behavioural control were not significant predictors for the intention to uptake COVID-

19 vaccination [69]. 

Figure 6. Theory of Planned Behaviour (TPB) Adapted to Vaccine Hesitancy Research. 

 

In the context of HPV vaccination, Fisher et al. 2013 applied the TRA and TPB to 

understand vaccination intentions among Canadians in the vaccination age, where they 

found that both vaccination attitudes and perceptions of social support significantly 

influenced the intentions to be vaccinated in the coming semester [70]. Likewise, 

Askelson et al. 2010 conducted a study on a random sample of US mothers in rural areas 

to assess their intentions to vaccinate their daughters against HPV using the TPB [71]. 

The study revealed that attitudes were the strongest predictor of mothers' intentions to 

vaccinate, with subjective norms also influencing intention; however, mothers' risk 

perceptions, experience with STIs, and beliefs about the vaccine encouraging sexual 

activity were not related to intention [71]. Similarly, Catalano et al. 2016 found that 

attitudes and subjective norms were the most significant predictors of HPV vaccination 

intention among US college male students [72]. 

Addressing influenza vaccination, Chu et al. 2021 utilised the TPB to evaluate the 

vaccination intentions among US adults during the COVID-19 pandemic [73]. The 

study revealed that participants' attitudes towards the benefits of the vaccine and the 

influence of physicians’ recommendations, a component of subjective norms, 

significantly contributed to the intention to get vaccinated, emphasising the crucial role 

of healthcare professionals in shaping vaccination intentions [73]. Likewise, Agarwal 

2014 revealed that attitudes, subjective norms, and perceived behavioural control 

contributed to H1N1 vaccination intention among US university students [74].  

c) Transtheoretical Model (TTM) 

The Transtheoretical Model (TTM), or the Stages of Change Model, was created by 

Prochaska and DiClemente in the late 1970s to understand the process of intentional 

behaviour change [75,76]. The model was initially used to study smoking cessation but 
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has since been applied to a wide range of health behaviours, including physical exercise, 

alcohol consumption, and vaccine hesitancy [76–78]. It consists of several key 

constructs, i.e., stages of change, processes of change, decisional balance, and self-

efficacy. The stages of change constitute the core of the model and include 

precontemplation (not ready to make a change), contemplation (considering a change), 

preparation/determination (ready to make a change), action (actively making changes), 

maintenance (sustaining the change over time), and termination/relapse (no desire to 

return to unhealthy behaviours and sure they will not relapse) [75,76]. Figure 7 

The TTM is based on the assumption that people do not change behaviours quickly and 

decisively, but rather, change in behaviour occurs continuously through a cyclical 

process [76,79]. Therefore, the TTM is used in public health interventions to assess an 

individual’s readiness to act on new healthier behaviours and provides strategies or 

processes of change to guide individuals [79]. The model suggests that effective 

interventions need to be stage-matched; that is, they need to target the specific barriers 

and facilitators that are relevant to each stage of change. Nevertheless, it has also been 

criticised for its linear approach to behaviour change and the lack of clarity in the 

definition and measurement of the stages of change. Despite these criticisms, the TTM 

remains a valuable tool for understanding and promoting behaviour change [75,76]. 

Figure 7. Transtheoretical Model (TTM) Adapted to Vaccine Hesitancy Research. 

 
In a series of studies by Lipschitz et al. (2013) and Fernandez et al. (2016), the TTM 

was applied to understand HPV vaccination intentions among college students [80,81]. 

The studies validated TTM measures of decisional balance and self-efficacy for seeking 

the HPV vaccine, revealing that attitudes towards undergoing HPV vaccination and 

perceptions of social support for undergoing HPV vaccination contributed uniquely to 

the prediction of both women's and men's intentions to be vaccinated [80]. These 

findings underscore the value of TTM in vaccine hesitancy research, providing reliable 

and valid measures that can be used in TTM-tailored interventions to promote HPV 

vaccine uptake among college students [81]. In line with these findings, Stein et al. 2015 

conducted a cross-sectional study among undergraduate nursing students and found a 

moderate correlation between attitudes/beliefs about HPV vaccination and stages of 

change [82]. The students with more favourable attitudes/beliefs about HPV vaccination 
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were more likely to either be in the process of getting vaccinated or had already been 

vaccinated and while there was no statistical difference in attitudes/beliefs about the 

HPV vaccine between males and females, males were less likely to have made efforts 

to be vaccinated compared with females [82]. 

In the context of COVID-19 vaccination, Lachance-Grzela et al. 2022 conducted a study 

in New Brunswick, Canada, to identify determinants of vaccination intentions [83]. The 

individuals who intended to get vaccinated were more likely to report lower levels of 

mistrust toward authorities, higher perceived scientific consensus, and higher perceived 

severity of COVID-19, suggesting that addressing these factors could help move 

individuals from the contemplation stage to the preparation stage of change, thereby 

increasing vaccination uptake [83]. 

d) Precaution Adoption Process Model (PAPM) 

The Precaution Adoption Process Model (PAPM) is a psychological model developed 

by Neil D. Weinstein in 1988 and has since been widely used in public health research 

to understand health behaviours, including vaccine hesitancy [84,85]. The PAPM 

consists of seven stages: unaware of the issue, unengaged by the issue, deciding about 

acting, decided not to act, decided to act, acting, and maintenance [86,87]. Each stage 

represents a different point in the decision-making process, and individuals can move 

forward or backward through these stages. The model suggests that different 

interventions may be needed at each stage to move individuals towards action [86,87]. 

However, the PAPM also has some limitations, such as the lack of specific variables or 

mechanisms that explain the transition between stages, the possibility of stage 

regression or skipping, and the difficulty of measuring stage membership. Therefore, 

the PAPM should be used in combination with other theories and methods that can 

complement its strengths and address its weaknesses [88]. Figure 8 

Figure 8. Precaution Adoption Process Model (PAPM) Adapted to Vaccine Hesitancy 

Research. 

 

Building upon the utility of the PAPM, Lee et al. 2015 conducted a study to explore the 

factors influencing HPV vaccination adoption stages among female university students 

in South Korea [89]. They identified age, economic status, doctor's recommendation, 

and perceived severity of cervical cancer as key drivers in transitioning from 

unawareness to decision-making. Furthermore, perceived benefits and self-efficacy 

were crucial in progressing to the action stage, thus underscoring the necessity for robust 
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HPV vaccination campaigns and tailored strategies that emphasise health beliefs and 

self-efficacy [89]. Similarly, Barnard et al. 2017 employed the PAPM to examine HPV 

vaccine knowledge, attitudes, and uptake among college students in the US [90]. Their 

study found that while most students had a basic understanding of HPV, their 

perceptions of susceptibility to the virus were low, and the majority of unvaccinated 

students were in the early stages of decision-making related to vaccination, indicating 

the need for educational interventions and prompts from healthcare providers to increase 

HPV vaccination rates [90]. In Canada, Tatar et al. 219 employed the PAPM to examine 

HPV-related attitudes, beliefs, and knowledge longitudinally and to identify the 

psychosocial factors influencing HPV vaccine acceptability among parents [91]. The 

parents categorised as "flexible" hesitant (i.e., unengaged/undecided) showed changes 

over time in their HPV-related attitudes, behaviours, knowledge, and intentions to 

vaccinate, with factors such as greater social influence to vaccinate, increased HPV 

knowledge, higher family income, white ethnicity, and lower perception of vaccine-

related harms being associated with higher HPV vaccine acceptability [91]. 

In the context of COVID-19 vaccination, Meyer et al. 2023 applied the PAPM to 

understand decision-making about the COVID-19 booster vaccine in England [88]. The 

majority of the participants had decided to have the booster vaccine, while a small 

percentage were unengaged or undecided, with factors such as beliefs in their immune 

system, employment status, income, vaccine knowledge, previous vaccine experience, 

subjective norms, anticipated regret, and academic qualifications significantly 

associated with these stages of decision-making [88]. 

e) Social Cognitive Theory (SCT) 

The Social Cognitive Theory (SCT) is a psychosocial model developed by Albert 

Bandura in 1986 as an expansion of his 1960s works on the Social Learning Theory 

(SLT) [92]. According to the SCT, the likelihood of a person changing a health 

behaviour is influenced by three main factors: self-efficacy, goals, and outcome 

expectations [52]. Figure 9 

Figure 9. Social Cognitive Theory (SCT) Adapted to Vaccine Hesitancy Research. 
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Evolving from the SLT, the SCT integrates self-efficacy and combines cognitive, 

behaviourist, and emotional models, thereby creating a versatile framework for 

behaviour change across diverse scenarios, where the six key components of the SCT 

include [52,93] 

i) reciprocal determinism (the dynamic interaction between the person, the 

behaviour, and the environment), 

ii) behavioural capability (knowledge and skill to perform a given behaviour), 

iii) observational learning (learning by observing others' behaviours and the 

outcomes of those behaviours), 

iv) reinforcements (responses to a person's behaviour that increase or decrease the 

likelihood of recurrence), 

v) expectations (anticipated outcomes of a behaviour), and  

vi) self-efficacy (confidence in one's ability to take action and overcome barriers). 

The SCT has several limitations, including its assumption that environmental changes 

automatically lead to personal changes, which may only sometimes hold true. 

Additionally, the theory's loosely organised structure, based on the dynamic interplay 

between person, behaviour, and environment, leaves ambiguity about the extent of 

influence each factor has on behaviour, and its heavy focus on learning processes 

overlooks biological and hormonal predispositions that may impact behaviours. 

Furthermore, SCT does not sufficiently address emotion or motivation, and its broad 

scope can make it challenging to operationalise in its entirety [93]. 

In Canada, Catalano et al. 2016 applied the SCT to predict the intentions of unvaccinated 

college women to receive the HPV vaccine within the next six months [94]. The study 

revealed that self-control and situational perception were significant predictors of HPV 

vaccination intentions, suggesting that these SCT constructs could be targeted to 

increase HPV vaccination rates among this population [94]. Likewise, Priest et al. 2015 

found that situational perception and self-control were significant predictors of 

vaccination intentions among female university students in the US, accounting for 22% 

of the variance in behavioural intentions to get vaccinated within the next six months, 

indicating that these SCT constructs could be targeted to increase HPV vaccination rates 

among the university females [95]. 

In the context of COVID-19 vaccination, AlSaeed et al. 2021 found that significant 

predictors of vaccine rejection among Saudi adults were reciprocal determinism 

(nationality, income, and previous COVID-19 infection), behavioural capability 

(knowledge about vaccine safety), self-efficacy (registration for vaccination), and 

observational learning (vaccination uptake following friends and family members), thus 

highlighting the potential of SCT in developing strategies to increase COVID-19 

vaccine uptake [96]. Similarly, a study conducted in China by She et al. 2022 revealed 

that physical and self-evaluative outcome expectations, self-efficacy, norms, and job 

satisfaction were all significantly associated with the intention to get vaccinated, 

suggesting that health promotion interventions aiming to improve vaccine uptake 

among healthcare workers should focus on these factors [97]. In the US, Zhu et al. 2022 

used the SCT to understand parental attitudes towards vaccinating their children against 

COVID-19 [98]. The personal factors, such as having younger children and identifying 

as Republican, along with the behavioural factor of conservative news use, were 

significantly associated with negative attitudes towards health officials and lower 

vaccination intentions, highlighting the role of political polarisation and media use in 

vaccine uptake [98]. 
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f) Diffusion of Innovations Theory (DOI) 

The Diffusion of Innovations Theory (DOI) is a psychosocial theory developed by E.M. 

Rogers in 1962 that explains how new ideas or products spread through a population or 

social system over time [99,100]. The DOI identifies five stages of the diffusion process: 

awareness, persuasion, decision, implementation, and confirmation. It also categorises 

potential adopters into five groups based on their willingness to adopt an innovation: 

innovators, early adopters, early majority, late majority, and laggards [99]. Therefore, 

the theory suggests that different strategies are needed to reach different groups and to 

overcome barriers to adoption. Figure 10 

In the context of public health, DOI has been used to understand and promote the 

adoption of health behaviours, including vaccination intentions, especially with newly 

developed vaccines [101]. According to Rosen and Goodson, the DOI can be effectively 

applied to understand the role of school nurses as opinion leaders in promoting HPV 

vaccination among youth [102]. In line with this proposition, Cohen et al. 2013 

conducted 83 in-depth interviews with 18-26-year-old women to understand the 

disparities in knowledge, attitudes, and practices between HPV vaccine adopters and 

non-adopters according to the DOI framework [103]. The study underscored the 

importance of targeted risk communication strategies, supportive social influences, and 

interpersonal networks in accelerating the diffusion of the HPV vaccine while also 

highlighting the role of erroneous beliefs and safety concerns as barriers to vaccine 

uptake [103]. In Indonesia, the use of celebrities as opinion leaders in HPV vaccination 

campaigns has been found to significantly influence the millennial generation's 

acceptance of the vaccine, according to a study on the Indonesia Cervical Cancer 

Prevention Coalition's strategies [104]. The study highlighted that the celebrities' role 

in the social system makes the vaccination message more relevant, memorable, reliable, 

and trustworthy, although it also acknowledges the need for interpersonal 

communication [104]. Building on this, a study applied the DOI to examine correlates 

of HPV and cancer knowledge and intention to vaccinate against HPV among African 

American adolescent females, demonstrating that the DOI model effectively integrates 

all factors influencing HPV vaccine uptake and provides an optimal framework to 

explain HPV knowledge and vaccination intent in this population [105]. 

Figure 10. Diffusion of Innovations Theory (DOI). 

 
In the context of COVID-19 vaccination, Mo et al. 2021 used the DOI to understand 

vaccination intentions among university students in mainland China [106]. The 

perceived efficacy of the COVID-19 vaccine, use of social media for vaccine-related 

information, openness to experience, and descriptive norms were all positively 

associated with the intention to receive the vaccine, with the associations being stronger 

among those with lower levels of openness to experience [106]. Additionally, the study 
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by Hunter-Mullis et al. 2022 found that early adoption of the COVID-19 vaccine among 

adults in rural Indiana was significantly associated with the perceived attributes of 

trialability, relative advantage, and compatibility, as per the DOI [107]. The study also 

revealed that age and political ideology were significant moderators of complexity and 

relative advantage, respectively, suggesting that health education strategies should focus 

on building trust in vaccine safety, increasing the short-term benefits of vaccination, and 

promoting relatability to personal values [107]. 

Expanding further, Hensel et al. 2011 utilised the DOI to examine the adoption of new 

vaccination administration techniques among perinatal nurses, specifically the shift 

away from aspirating for blood return prior to intramuscular immunisation [108]. The 

majority of nurses were still in the knowledge phase regarding this change, with the 

primary barrier to adoption being a lack of knowledge, thus underscoring the importance 

of effective communication, organisational factors, and the nature of the innovation 

itself in promoting change [108]. 

g) Community Organisation Model (COM) 

The Community Organisation Model (COM) is a participatory decision-making process 

that empowers communities to improve their health through active participation of the 

community in identifying key health issues and strategies to address them [109,110].   

The COM, which includes the collective identification of problems and the development 

of strategies, is integral to health education and promoting preventive behaviours like 

vaccination [111]. Through fostering empowerment, individuals and communities can 

gain better control over their health, driving the adoption of preventive measures and 

promoting a more proactive approach to health outcomes [111]. According to 

Rothman's classification, community organising can be divided into three types: locality 

development, social planning, and social action. Locality development emphasises the 

process, focusing on group identity and capacity building, while social planning is task-

oriented and relies on expert problem-solving. Social action combines both elements, 

aiming to enhance the community's problem-solving capacity and effect tangible 

changes to address social injustices [112]. Table 2 summarises the common concepts 

that are present in the different approaches, which are referred to as community 

organisation [52]. 

Table 2. Summary of Community Organisation Model (COM) Common Features. 

Feature Description 

Empowerment 
A proactive process wherein individuals gain control and command over 

their personal lives and their communities. 

Community 

Capacity 

Traits inherent to a community which impact its ability to recognise, 

rally around, and tackle problems. 

Participation 

Involvement of community members as equivalent contributors, 

embodying the principle, "Never perform tasks for others that they can 

undertake themselves". 

Relevance 
Community organisation that commences "from the existing state or 

conditions of the people". 

Issue Selection 
Identification of immediate, specific, and attainable goals for 

modification that galvanise and reinforce community power. 

Critical 

Consciousness 

Understanding of the social, political, and economic dynamics that lead 

to societal challenges. 

In a recent scoping review of 38 studies conducted by Kadariya et al. 2023, it was found 

that community involvement significantly impacts various health outcomes, including 
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lifestyle habits, sexual and reproductive health, healthcare access and equity, and 

management of substance abuse and chronic diseases, although the models of 

community organising differed across the studies [113]. No single model or framework 

was shown to be universally superior in effecting positive social change in health 

through community organising. The review emphasised the necessity for 

standardisation in the implementation and evaluation of these programs and the vital 

role of partnerships between public and non-governmental sectors in sustaining 

community-driven health promotion efforts [113]. Additionally, Santilli et al. 2016 

demonstrated that employing a robust community organising approach in community 

health needs assessment resulted in reliable data, enhanced access to residents, and 

leverage of community-driven interventions, thereby underscoring the significance of 

community engagement in health needs assessment [114]. 

h) Socio-Ecological Model (SEM) 

The socio-ecological model (SEM), first introduced by Urie Bronfenbrenner in the 

1970s, is a multi-level framework used to understand the complex interplay of 

individual, interpersonal, community, and societal factors that shape behaviours, 

including health behaviours [115]. SEM's core tenet is that behaviour is affected by 

multiple levels of influence: individual or intrapersonal level (knowledge, attitudes, 

behaviours), interpersonal or social level (family, friends, peers), organisational level 

(institutions, structures, systems), community level (relationships among 

organisations), and public policy level (national laws and regulations). These levels are 

interconnected, meaning changes in one level can impact the others [116]. Figure 11 

In public health and health promotion research, SEM has been instrumental in designing 

interventions that target multiple levels of influence, thereby increasing their 

effectiveness. For example, interventions aimed at reducing tobacco use have targeted 

individual behaviours (smoking cessation aids), interpersonal influences (peer and 

family support), organisational policies (smoke-free workplaces), community norms 

(anti-smoking campaigns), and public policies (tobacco taxes) [117]. 

In a recent systematic review by Al-Jayyousi et al. 2021, it was found that the factors 

influencing public attitudes towards COVID-19 vaccines spanned the different levels of 

the SEM, including sociodemographic characteristics, individual factors, and social and 

organisational aspects, along with certain characteristics of the COVID-19 vaccines 

themselves [118]. Understanding these diverse elements that shape public attitudes is 

crucial for planning effective, evidence-based multilevel interventions to enhance 

global vaccine uptake [118]. Further cementing the importance of the SEM, a US-based 

study examined parents' intention to vaccinate their children against COVID-19 [119]. 

It revealed that factors such as parents' vaccination status, trusted information sources, 

and the age of children significantly influenced vaccination intentions, suggesting the 

need for dyadic programs promoting both child and parent vaccination and highlighting 

the potential effectiveness of peer diffusion strategies, particularly among parents 

expressing vaccination uncertainty [119]. Likewise, a study on pregnant and lactating 

women in Kenya used the SEM to explore the complex decision-making process 

concerning COVID-19 vaccination [120]. The study identified numerous factors 

influencing vaccination decisions, including contextual influences such as myths, 

interpersonal norms, and religion, individual and group influences like safety and risk 

perception, and vaccine-specific issues such as availability, accessibility, and eligibility 

[120]. Riad et al. 2021 applied the SEM in a multi-centre, multi-national cross-sectional 

survey-based study investigating factors influencing COVID-19 vaccination 

willingness among dental students. The machine learning analysis suggested five 
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important predictors: the economic level of the country where the student resides and 

studies, the individual's trust in the pharmaceutical industry, misconceptions of natural 

immunity, beliefs about the risk-benefit ratio of vaccines, and attitudes towards novel 

vaccines [121]. The country's economic level was a contextual predictor, with the 

remaining factors being individual predictors, emphasising the multi-level influences 

on vaccination willingness in accordance with SEM principles. These insights 

underscore the importance of tailored communication strategies to increase vaccine 

demand [121]. 

Figure 11. Socio-Ecological Model (SEM) Adapted to Vaccine Hesitancy Research. 

 

The specific models are particularly designed to explore the psychosocial determinants 

underpinning vaccination intentions, willingness, or behaviours. These models, limited 

to the intrapersonal and interpersonal levels, include the WHO-SAGE Matrix Model, 

the 3-C model (confidence, complacency, convenience), the 5-C model (confidence, 

complacency, convenience, calculation, collective responsibility), the 7-C model 

(confidence, complacency, convenience, calculation, collective responsibility, 

compliance, conspiracy), and the 5-A model (access, affordability, awareness, 

acceptance, activation) [122,123]. It is pivotal to differentiate these theoretical models 

from psychometric instruments such as the multi-dimensional vaccine hesitancy scale 

(MVHS) and parent attitudes about childhood vaccines (PACV). While these models 

serve as a source of inspiration and guidance for such instruments, they are not to be 

conflated with them [50,124]. 
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i) The WHO-SAGE Matrix Model 

In 2012, the WHO-SAGE was tasked to 

develop a definition and explanatory 

framework for vaccine hesitancy as a response 

from the WHO to the decaying levels of 

vaccine coverage globally [125–127]. The 

first-ever specific model developed to explain 

vaccine hesitancy was the WHO-SAGE 

Matrix Model, which comprises three core 

categories influencing vaccination behaviour 

[126]. The first category, "Contextual 

Influences", includes factors such as historical, 

sociocultural, environmental, health 

system/institutional, economic, or political 

elements. The second, "Individual and Group 

Influences", encompasses personal perception 

of the vaccine or influences that arise from 

social or peer dynamics. The final category, 

"Vaccine/Vaccination-specific Issues", deals with aspects directly related to vaccines or 

their usages, such as the mode of administration or the vaccination schedule. This matrix 

model provides a thorough framework for identifying and understanding the diverse 

elements contributing to vaccine hesitancy [126]. Figure 12 

j) The 3-C Model 

The 3-C model was developed by the WHO-SAGE in 2014 to simplify their initial 

matrix model [3]. This model delineates three primary factors contributing to vaccine 

hesitancy: Confidence, Complacency, and Convenience [127]. The 3-C model identifies 

"Confidence" as trust in vaccine effectiveness, safety, delivery systems, and the integrity 

of policymakers. "Complacency" arises when perceived risks of VPDs are low, 

diminishing the perceived need for vaccination. Finally, "Convenience" encompasses 

the accessibility, affordability, and comprehensibility of vaccines and their delivery 

services. The influence and interaction of these factors can vary between countries, 

within a country, and over time, creating a dynamic and complex environment for 

vaccine acceptance [127]. Figure 13 

Figure 13. The 3-C, 5-C, 7-C, and 5-A Models of Vaccine Hesitancy. 

 

Figure 12. WHO-SAGE Matrix Model of Vaccine Hesitancy [126]. 
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Research indicates a limitation of the 3-C model in its application to specific vaccines, 

as general vaccine confidence does not necessarily correlate with acceptance of 

particular vaccines like the influenza vaccine [128]. Therefore, the model may require 

vaccine-specific adjustments to account for unique factors such as strain variability and 

disease severity misconceptions [128]. 

k) The 5-C Model 

The 5-C model was proposed in 2018 by Cornelia Betsch and her team at the University 

of Erfurt, Germany, as an advancement over the preceding models like the 3-C model 

[129]. Betsch's team introduced two unique dimensions, “calculation” and “collective 

responsibility”, in response to the need for a more nuanced understanding of vaccination 

behaviours [129]. 

'Calculation' highlights the role of extensive information-seeking, particularly online, in 

an individual's vaccination decision-making process. This aspect acknowledges the 

influence of the digital age on health-related decisions and conflicting information 

sources. On the other hand, 'collective responsibility' encapsulates an individual's 

acknowledgement of the wider societal implications of their vaccination decisions. It 

encompasses the concept of herd immunity, underlining the role of individual 

vaccinations in protecting the broader community, particularly those who are unable to 

receive vaccinations themselves [129]. Figure 13 

By incorporating these new dimensions, the 5-C model serves as a valuable tool for 

crafting targeted interventions to enhance vaccine uptake [130]. Nevertheless, the 5-C 

model has limitations when applied to various vaccines. Notably, the “calculation” 

factor, indicative of extensive information-seeking behaviour, did not influence vaccine 

uptake for single-dose pneumonia and shingles vaccines. This suggests that the model's 

applicability may vary depending on the specific vaccine under consideration [131]. 

l) The 7-C Model 

The 7-C model, also known as Vaccination Readiness, was first developed in 2020, 

extending the 5-C model by adding two new components: compliance and conspiracy 

[123]. The model was developed by researchers including Mattis Geiger Cornelia 

Betsch, Robert Böhm, and others, and was funded by grants from the Lundbeck 

Foundation, University of Copenhagen and the German Research Foundation [132]. 

The model went through several iterations in its development to improve its 

psychometric properties and refine the definitions of its components based on empirical 

studies [123,133]. Figure 13 

"Compliance" refers to the support for societal monitoring and sanctioning of people 

who are not vaccinated, embodying the idea of enforcement of vaccination as a societal 

norm. Also, "Conspiracy" represents the tendency towards conspiracy thinking and 

belief in fake news related to vaccination, indicating the influence of misinformation 

and unfounded theories on vaccination readiness [123].  

m) The 5-A Model 

The 5-A model of vaccine hesitancy, also known as the 5As taxonomy, was developed 

by Angus Thomson in 2016. The model is structured around five core dimensions: 

Access, Affordability, Awareness, Acceptance, and Activation. The "Access" 

component refers to the availability and convenience of vaccination services. 

"Affordability" addresses the financial cost associated with obtaining vaccines. 

"Awareness" involves information and knowledge about vaccines and vaccination 

programs. "Acceptance" relates to the attitudes, beliefs, and perceptions about vaccines 
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and their importance, while "Activation" captures interventions that prompt or nudge 

people towards getting vaccinated, such as SMS reminders [134]. Figure 13 

The 5As taxonomy has already been used to facilitate mutual understanding of the 

primary determinants of suboptimal vaccine coverage within inter-sectorial working 

groups, serving as a valuable tool in developing targeted and effective solutions to 

improve vaccination rates [122]. 

I.V. Drivers of Vaccine Hesitancy 

Vaccine hesitancy embodies a multifaceted and context-dependent decision-making 

process; thus, identifying and understanding its determinants is an inaugural step for effective 

interventions in communities [135]. The WHO-SAGE Matrix Model of 2014 provides a list of 

potential drivers of vaccine hesitancy, which are summarised in Table 3. Based on this model, 

the WHO-SAGE developed a compendium of survey questions to scrutinize the root causes of 

vaccine hesitancy. However, there is still a need for these questions to be validated across low, 

middle, and high-income settings, with the findings subsequently disseminated to aid future 

refinement of such tools [125,126]. Additionally, the WHO EUR Guide to Tailoring 

Immunisation Program (TIP) emerges as a promising instrument. Primarily, TIP supports the 

identification and prioritisation of vaccine-hesitant populations, diagnoses the barriers to 

vaccination, and aids in designing context-specific, evidence-informed responses to vaccine 

hesitancy [135]. 

Table 3. The WHO-SAGE Matrix Model of Vaccine Hesitancy Determinants [125]. 

Level Determinant Description 

Contextual 

Influences 

Communication and Media 

Environment 

Media platforms shape perceptions about vaccines, either positively or 

negatively, while enabling influential individuals and groups to sway 

public sentiment. 

Influential Leaders, Gatekeepers, 

and Anti- or Pro-vaccination 

Lobbies 

Opinions of community figures like religious authorities or celebrities 

significantly impact attitudes towards vaccination, affecting acceptance 

or hesitancy. 

Historical Influences 

Past experiences, such as the Trovan trial in Nigeria, can erode public 

trust, influencing vaccine acceptance, especially when coupled with the 

influence of leaders and media. 

Religion/Culture/Gender/Socio-

economic 

Religious doctrines, cultural norms, and gender biases can interact to 

shape attitudes towards vaccination, contributing to vaccine hesitancy. 

Politics/Policies (Mandates) 
Government-imposed vaccination mandates can incite hesitancy, driven 

by opposition to enforced vaccination, independent of safety concerns. 

Geographic Barriers 
Despite trust in vaccines and health services, geographical inaccessibility 

to healthcare facilities can contribute to vaccine hesitancy. 

Pharmaceutical Industry 

Perceived prioritisation of profit over public health in the pharmaceutical 

industry, leading to distrust, can spur vaccine hesitancy, which can 

extend to government entities if they are viewed as influenced by 

industry interests. 

Individual 

& Group 

Influences 

Experience with Past Vaccination 

Previous interactions with vaccinations, either negative or positive, can 

sway vaccine hesitancy or acceptance. Personal or second-hand 

experience with Vaccine-Preventable Diseases (VPD) or Adverse Events 

Following Immunization (AEFI) can be decisive. 

Beliefs, Attitudes about Health and 

Prevention 

The notion that natural immunity is superior or that alternative health 

practices can substitute vaccination can induce vaccine hesitancy. 

Knowledge/Awareness 

Vaccination decisions are influenced by the level of awareness, accurate 

knowledge, or misinformation. Proper knowledge does not guarantee 

acceptance, and misperceptions can still result in acceptance, despite 

causing hesitancy. 
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Health System and Providers’ Trust 

and Personal Experience 

Trust in authorities and prior experiences with healthcare processes 

influence vaccine acceptance. Complicated procedures or unfavourable 

personal interactions can trigger hesitancy. 

Risk/benefit (Perceived, Heuristic) 

Perceptions of risk, or lack thereof, affect vaccine acceptance. 

Complacency arises when disease risk is seen as low, reducing the 

perceived need for vaccination. 

Immunisation as a Social Norm vs. 

Not Needed/ Harmful 

Social norms and peer influences significantly affect vaccine acceptance 

or hesitancy. 

Vaccine-

Specific 

Influences 

Risk/benefit (Scientific Evidence) 

Scientific data on risk/benefit, and a history of safety issues can induce 

hesitancy, even if these issues have been addressed. Incidents such as 

adverse effects from certain vaccines can evoke such responses. 

Introduction of a New Vaccine or a 

New Formulation 

Hesitancy may arise towards a new vaccine due to perceived insufficient 

testing or the belief that it is unnecessary. Conversely, a high perceived 

risk of the vaccine-preventable disease can promote acceptance. 

Mode of Administration 

The method of vaccine delivery can influence hesitancy, with 

convenience and fear factors playing a role. For instance, oral or nasal 

methods might be preferred over injections due to fear or distrust in 

healthcare worker's competency. 

Design of Vaccination Program / 

Mode of Delivery 

Hesitancy can be influenced by the delivery approach, such as door-to-

door campaigns or inconvenient healthcare center hours. 

Reliability and/or Source of Vaccine 

Supply 

Confidence in the vaccine supply system and its origin can impact 

vaccine acceptance. Hesitancy can occur if there is distrust in the 

continuity of the supply or the source's integrity. 

Vaccination Schedule 

Despite understanding the importance of preventing diseases, individuals 

may resist adhering to recommended schedules, due to factors like 

frequency or age of vaccination. 

Costs 

Financial constraints can cause hesitancy even if there is confidence in 

the vaccine and delivery system. Conversely, freely provided vaccines 

might be perceived as less valuable. 

Role of Healthcare Professionals 

Healthcare professionals serve as role models, and their hesitation due to 

lack of confidence in a vaccine's safety or necessity can influence 

patients' willingness to vaccinate. 

In May 2022, the WHO released its inaugural position paper on the behavioural and 

social drivers (BeSD) of vaccine uptake, introducing novel tools and indicators to assess these 

drivers for both childhood and COVID-19 vaccinations [136]. The BeSD of vaccination are 

defined as “beliefs and experiences specific to vaccination that are potentially modifiable to 

increase vaccine uptake”. However, these drivers often go unmeasured or, if measured, lack 

validity, conceptual clarity, and comparability across different contexts, limiting the ability to 

track trends and make cross-country comparisons [137]. Existing measures frequently 

oversimplify the issue, focusing on individual perspectives while overlooking social influences 

and practical matters associated with vaccination [136]. 

The BeSD framework of 2022 outlines four primary domains that influence vaccination: 

“Thinking and Feeling”, “Social Processes”, “Motivation”, and “Practical Issues”. Each domain 

is characterised by specific, modifiable, and measurable elements tied to vaccination. 

i) Thinking and Feeling: This domain encompasses individuals' cognitive and 

emotional responses towards vaccines and vaccine-preventable diseases. Key 

constructs within this domain include attitudes towards vaccines, beliefs about the 

safety and effectiveness of vaccines, and trust in the medical system. 

ii) Social Processes: This domain involves social norms and recommendations 

concerning vaccination. It can include the influence of one's community, family, or 



COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics 

26 of 120 

peer group on vaccination decisions, as well as the impact of broader social norms 

or cultural beliefs about vaccination. 

iii) Motivation: This domain refers to individuals' willingness, intention, or hesitancy 

to get vaccinated. Here, 'Vaccine Hesitancy' is defined as a conflicted or opposing 

attitude towards vaccination. This includes individuals who are unsure about getting 

vaccinated or who may refuse vaccination altogether. 

iv) Practical Issues: This domain concerns the logistical aspects of getting vaccinated. 

This could include barriers to access such as distance to the clinic, cost of transport, 

availability of vaccines, or the convenience and ease of the vaccination process. 

In this framework, significant constructs within each domain, such as vaccine 

confidence in “Thinking and Feeling” and vaccine hesitancy in “Motivation”, have been 

identified and defined. Vaccine confidence is described as the trust in the efficacy, safety, and 

reliability of vaccines, whereas vaccine hesitancy is characterised as a conflicted or opposing 

attitude towards vaccination, inclusive of intentions and willingness. This updated definition 

separates hesitancy from the resulting behaviour, in contrast to what was laid down earlier by 

the WHO-SAGE in 2014 when vaccine hesitancy was defined as the delay of vaccination, thus 

providing a more precise understanding and measurement of behaviours and their multiple 

influences [138]. Figure 14 

Figure 14. The Behavioural and Social Drivers (BeSD) of Vaccination Framework [137,138]. 

 

I.VI. Strategies to Address Vaccine Hesitancy 

Addressing vaccine hesitancy is an imperative task in today's global health landscape. 

Through understanding and implementing a multitude of strategies, we can confront this 

challenge and promote a broader acceptance of vaccination. 

In the systematic review of Jarrett et al. 2015, strategies implemented across diverse 

global contexts to address vaccine hesitancy were assessed. The review, encompassing both 

peer-reviewed articles from 2007 to 2013 and grey literature up to October 2013, found that 

few strategies had been evaluated for their impact on vaccination uptake or changes in 

knowledge, awareness, or attitude [139]. The review classified the interventions into three 



COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics 

27 of 120 

major categories: a) dialogue-based interventions, b) non-financial incentives, and c) reminder-

recall interventions. 

Dialogue-based interventions, including engagement of religious or traditional leaders, 

social mobilisation, and use of mass and social media, generally showed positive impacts in 

addressing vaccine hesitancy, although these varied in success and were notably dependent on 

proper targeting, understanding of the target audience, and effective management, as 

summarised in Table 4. 

Table 4. Dialogue-based Interventions for Vaccine Hesitancy [139]. 

Intervention Description 

Religious/Traditional Leaders' 

Involvement 

By engaging religious or traditional leaders, this intervention aims to 

eliminate misconceptions and build trust. Success hinges on 

understanding the target audience, fostering open discourse, and 

integrating with existing community structures. 

Social Mobilisation 

Aimed at specific vaccine-resistant populations, social mobilisation 

efforts can yield positive results through targeted, multi-level 

communication. 

Social Media 

Utilising social media platforms can encourage adherence among those 

already partaking in vaccination schedules. However, vigilant 

management is necessary to avoid exploitation and the approach may not 

reach the most hesitant or marginalized groups. 

Mass Media 

Mass media campaigns can raise health service awareness in under-

informed populations, but success may be constrained by underlying 

complexities that require more personalized interventions. 

Communication Tool-Based 

Training for Healthcare Workers 

Communication tools for healthcare workers can foster better vaccine 

uptake, especially for certain vaccines like EPI and DTP3. The strategy's 

effectiveness, often linked to one-way communication, varies depending 

on the level and nature of vaccine hesitancy. 

Information-Based Training for 

Healthcare Workers 

Despite often showing limited improvements in overall vaccination 

uptake, information-based training for healthcare workers has resulted in 

notable successes for specific vaccines such as HepB and DTP/OPV, 

possibly linked to increased healthcare worker confidence. 

Non-financial incentives like food supplies demonstrated a notable impact on vaccine 

uptake in low-income communities by addressing basic needs and fostering confidence. 

However, the singular use of reminder-recall interventions showed limited effectiveness due to 

the multifaceted nature of vaccine hesitancy. Thus, a multi-component approach employing 

multiple strategies and focusing on increasing knowledge and awareness of various vaccines 

was found to be more effective across different income settings [139]. 

Research indicates that health literacy also plays a vital role in shaping vaccination 

attitudes and behaviours. As evidenced by a recent study on HIV health literacy among Czech 

adolescents, school type and gender impacted knowledge levels, indicating certain groups may 

be more vulnerable to low literacy regarding infections like HIV [140]. Such findings underline 

the need to account for demographic factors and context when addressing knowledge gaps 

related to vaccine hesitancy. 

Healthcare providers play a critical role in combating vaccine hesitancy; and their 

attitudes, knowledge, and practices significantly influence their patients' vaccine acceptance; 

however, as the study by Agrinier et al. 2017 indicated, discrepancies can arise between their 

personal vaccine practices and the recommendations they make for their patients [141]. To 
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maintain the success of vaccination programs, it is essential to identify and understand vaccine 

hesitancy among healthcare providers and develop tailored strategies to address it [142]. 

In the context of COVID-19 vaccination, overcoming vaccine hesitancy—fuelled by 

rapid vaccine development, misinformation, polarised socio-political climate, and logistical 

challenges—was crucial to the success of vaccination programs [143]. Despite the evident value 

of vaccines during lethal COVID-19 surges, achieving widespread vaccination necessitated 

multilevel, evidence-based strategies to encourage behavioural changes. Survey research 

showed significant vaccine hesitancy in the US, indicating that an effective healthcare system 

response, in conjunction with policy and community initiatives, is crucial to ensuring vaccine 

uptake. Interpersonal, individual-level, and organisational interventions, guided by social, 

behavioural, communication, and implementation science, could play a vital role in bridging 

this gap and boosting population adoption of COVID-19 vaccination [143]. Table 5 summarises 

the evidence-based interventions suggested by Rutten et al. 2021 to address COVID-19 vaccine 

hesitancy, stratified according to the SEM structure (individual, interpersonal, organisational, 

community and policy) [143]. 

Table 5. Rutten’s Interventions Proposed to Address COVID-19 Vaccine Hesitancy [143]. 

Level Intervention Description 

Intrapersonal/ 

Individual 

Frame Messages in Terms of Gain 

By emphasizing the benefits of vaccination, a technique known as gain-

framing, patient education materials can effectively promote 

prevention. It focuses on the positive outcomes of vaccination, such as 

protection for oneself and one's family. 

Offer Novel Information about the 

Disease 

Offering unique insights about COVID-19, rather than explicitly trying 

to counter common misconceptions, can be more effective. This 

approach involves tailoring patient reminders and addressing common 

patient barriers and concerns. 

Appeal to Altruism and Prosocial 

Behaviour 

Communicating that vaccination is a way of protecting one's family or 

community can also effectively promote vaccination. Appeals to 

altruism and social responsibility have been found to be impactful. 

Address Patient Barriers and 

Counter Misperceptions 

Addressing patient concerns directly and providing factual alternative 

narratives can help overcome vaccine hesitancy. If correcting 

misconceptions about the vaccine is needed, it is crucial to frame 

messages in a way that resonates with the audience's values, and avoid 

repeating misinformation. 

Interpersonal 

Clinician Recommendations 

Clinician suggestions significantly boost vaccination rates, as 

healthcare providers are generally the most trusted sources of 

information, especially concerning COVID-19. 

Strong Recommendations 

The strength and quality of a clinician's recommendation influence 

vaccination rates, potentially enhancing vaccine confidence and 

reducing safety concerns. 

Presumptive, Announcement-style 

Language 

Observational studies and clinical trials suggest that using assertive 

language (e.g., "Today you will be getting your vaccine") rather than 

participatory language leads to higher vaccination acceptance. 

Organisational 

/ Institutional 

Standing Orders 

Standing orders enable nurse-led vaccinations without individual orders 

by clinicians. This method enhances vaccination accessibility and 

streamlines the process, overall increasing the vaccination rates. 

Audit and Feedback 

Audit and feedback interventions provide regular presentations of 

vaccination performance metrics to clinicians. This systematic appraisal 

of vaccination rates leads to improvements in coverage. The addition of 

peer performance or benchmark performance metrics can also promote 

normative behaviour among clinicians. 
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Reminders / Recalls 

This strategy involves direct communication with patients to inform 

them that a vaccination is due, coming due, or past due. Reminders and 

recalls have consistently shown effectiveness in boosting vaccination 

rates. 

Point-of-care Prompts 

Point-of-care prompts are alerts about recommended vaccinations 

during clinical encounters. These prompts can be based on the review 

of current vaccination records or through electronic clinical decision 

support, and they are proven to be effective in enhancing vaccination 

rates. 

Community & 

Public Policy 

Reducing Out-of-pocket Expenses 

This policy-level strategy decreases the patient's financial burden 

related to vaccinations, indirectly aiding in overcoming vaccine 

hesitancy by facilitating a positive context for additional clinical 

measures. 

Offering Vaccination Programs in 

Schools and Child Care Centres 

Implementing vaccination schemes in educational institutions improves 

accessibility, thus indirectly easing vaccine hesitancy by providing a 

supportive milieu for further clinical strategies. 

In conclusion, 

 Vaccine hesitancy is a major global health issue, leading to approximately 1.5 million child deaths annually 

from preventable diseases. 

 The roots of vaccine hesitancy can be traced back to the late 18th century, around the time of the smallpox 

vaccine's introduction. 

 Theoretical models of vaccine hesitancy are classified as general models that are adapted to vaccine hesitancy 

research, e.g., HBM, TPB, and SEM, and specific models that were designed particularly for the vaccination 

context, e.g., WHO-SAGE Matrix Model, 3-C, and 5-A. 

 The WHO's 2022 behavioural and social drivers (BeSD) framework identifies four key domains influencing 

vaccination decisions: Thinking and Feeling, Social Processes, Motivation, and Practical Issues. 

 Multi-component interventions are proven to be the most effective in addressing vaccine hesitancy. 
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Exploring Vaccine Hesitancy: Insights from the Czech 

Republic 

II.I. Vaccine Story: From Austro-Hungarian Empire to Today 

The history of immunisation in the Czech Republic, historic Bohemia, can be traced 

back to the reign of Maria Theresa in the 18th century when the practice of variolisation, a 

precursor to modern vaccination, was introduced to combat smallpox epidemics [144–146]. 

Following the contraction of smallpox by Maria Theresa in 1767, which also led to the death 

of her daughter Josefa and the wives of Joseph II, the inception of variolation trials in 1768 

demonstrated effectiveness, providing immunity to four imperial children. Despite these initial 

successes, the practice encountered considerable resistance due to public apprehension, medical 

malpractice, and the financial burden it imposed on local authorities. The commencement of 

the first structured variolation programme in 1800 in Brunn am Gebirge, precipitated by 

enhancements in variolation techniques and increased bureaucratic regulation, marked 

significant progress in public health within the region [144–146]. 

Initiated in 1821, compulsory smallpox vaccination was instituted under an imperial 

decree by the Austrian emperor, František І, representing the first legal mandate for vaccination 

in the region [147]. This extensive immunisation against smallpox persisted for the ensuing 160 

years until global eradication of the disease prompted the cessation of the vaccination 

programme in the Czechoslovak Socialist Republic (CSSR) in 1980 [147,148]. Figure 15 

Figure 15. Copy of smallpox vaccination certificate (1886) issued for a recently vaccinated 

three-month-old Jan Karasek [148]. 

Following Louis Pasteur's pioneering work on rabies vaccination in the 1880s, the 

practice of immunisation against the disease was first introduced in Bohemia in 1918 [147]. 

Additional compulsory immunisations were implemented in 1946 for diphtheria, 1947 for 

tuberculosis, 1952 for tetanus, 1958 for whooping cough, 1960 for cerebral palsy, 1969 for 

measles, 1986 for rubella, 1987 for mumps, and finally in 2001 for viral hepatitis B and 

Haemophilus influenzae B [149]. Table 6 summarise the compulsory vaccines in the Czech 

Republic (historic Bohemia) in chronological order [150]. 

Table 6. List of vaccines in the Czech Republic in chronological order [148,150]. 
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Vaccine Discovery Implementation in the Czech Republic 

Smallpox Vaccine 1796: Edward Jenner 
1821: Imperial Decree 

1919 – 1980: Mandatory 

Rabies Vaccine 1885: Louis Pasteur 1918: Prophylaxis 

Cholera Vaccine 1894: Waldemar Haffkine Unspecified 

Typhoid Vaccine 1896: Richard Pfeiffer and Almroth Wright Unspecified 

BCG Vaccine 1921: Albert Calmette and Camille Guérin 

1923: Introduced 

1953: Mandatory 

2010: Limited to high-risk groups only 

Diphtheria Vaccine 1923: Alexander Glenny and Gaston Ramon 
1946: Mandatory 

1958: DiTePe 

Pertussis Vaccine 1923: Thorvald Madsen 
1951: Mandatory 

1958: DiTePe 

Tetanus Vaccine 1927: Gaston Ramon and Christian Zoeller 1958: DiTePe 

Yellow Fever Vaccine 1932: Andrew Sellards and Jean Laigret Unspecified 

Influenza Vaccine 1937: Jonas Salk Unspecified 

Tick-born Encephalitis 

Vaccine 
1949: Smorodincev 1987: Introduced 

Inactivated Polio 

Vaccine 
1954: Jonas Salk 1957: Introduced 

Oral Polio Vaccine 1957: Albert Sabin 1960: Introduced 

Measles Vaccine 1960: John Enders 1969: Introduced / Mandatory 

Rubella Vaccine 1962: Meyer and Parkman 
1982: 12-year-old (mandatory) 

1986: 2-year-old (mandatory) 

Mumps Vaccine 1966 – 1968: Maurice Hilleman 1987: Introduced / Mandatory 

Meningitis C Vaccine 1968: Emil Gotschlich 1995: Introduced  

Meningitis A Vaccine 1971: Emil Gotschlich 1995: Introduced 

Varicella Vaccine 1973: Michiaki Takahashi Unspecified 

Hepatitis B Vaccine 1976: Philippe Maupas 1982: Introduced (risk groups) 

Human Papilloma 

Virus Vaccine 
1990: Ian Frazer and Jian Zhou 

2012: Recommended (13-14-years-old girls) 

2018: Recommended (boys) 

COVID-19 Vaccine 2020 - 2022 2020: Introduced 

Serological surveys in the Czech Republic, which started in the 1960s, were conducted 

annually until 1988, after which the frequency was adjusted to 5 to 12 years due to 

epidemiological and financial considerations [151]. These surveys have informed immunisation 

policies, enabled rapid disease elimination, like polio, and provided insights into population 

immunity and disease incidence to shape public health interventions [151]. 

Mass vaccination policies in the Czech Republic successfully eliminated the incidence 

of VPDs such as polio and diphtheria, dramatically reducing them from hundreds of cases in 

1955 to zero by 2005 [150]. Moreover, the comprehensive immunisation programs also led to 

a profound decrease in mortality rates for all VPDs, effectively reducing deaths from few 

hundreds in the mid-20th century to virtually none by the early 21st century [152]. Table 7 

Table 7. Number of Detected and Mortality Cases of VPDs in the Czech Republic (1945 – 2005) [150,152]. 

Number of Detected Cases of VPDs in the Czech Republic (1955 – 2005) 

Year Polio Diphtheria Pertussis Tetanus Measles Rubella Mumps Tuberculosis  

1955 133 1,232 30,402 27 42,246 0 0 1,683 

1965 0 21 657 1 22,591 8,763 47,559 198 

1975 0 1 16 0 17,998 3,059 100,553 58 

1985 0 0 35 0 26 68,024 58,063 46 

1995 0 0 14 0 1 420 5,303 67 
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2000 0 0 187 0 9 749 120 21 

2001 0 0 124 3 6 894 107 0 

2005 0 0 330 0 0 5 747 6 

Number of Mortality Cases of VPDs in the Czech Republic (1945 – 2005) 

Year Polio Diphtheria Pertussis Tetanus Measles Rubella Mumps Tuberculosis  

1945 16 828 433 85 160 0 3 749 

1950 13 139 166 57 179 0 1 306 

1955 3 81 46 18 42 1 2 53 

1960 1 13 4 1 48 1 0 11 

1961 – 1970 0 12 12 1 291 1 4 26 

1971 – 1980 0 0 0 0 0 0 3 3 

1981 – 2000 0 0 0 0 0 0 1 1 

2000 – 2005 0 0 1 0 0 0 0 0 

In the last few decades, the Czech Republic has witnessed an increase in anti-

vaccination sentiments, coinciding with the rise of freedom of speech that followed the 

dissolution of the Soviet Union. The internet, media, and social networks have contributed to 

the propagation of these views, with notable opponents including physician Ludmila Eleková, 

Tomáš Lebenhart, Jan Vavrečka, and natural scientist Anna Strunecká [153]. Their main 

arguments can be summarised in the following points: 

A) The incidence of childhood infectious diseases is extremely low. 

B) The post-vaccination complications rates of vaccines are high. 

C) Vaccination, they argue, poses a greater risk than the diseases themselves. 

D) In most developed Western countries, vaccination is voluntary and not compulsory. 

These arguments are presented to support their claim that mandatory vaccination should be 

abolished, despite the fact that in countries where vaccination is only voluntary, a decrease in 

the vaccination rate has been observed, which has led to reduced collective immunity and 

consequently the occurrence of smaller or larger epidemics of infectious diseases [154]. 

Organisations like Paracelsus and Rozalio have emerged to give structure to these views, 

both advocating for the end of compulsory vaccination [155–157]. Paracelsus, established in 

2002, draws from foreign sources and online materials to further their cause. Rozalio, on the 

other hand, founded in 2007, states they are not against vaccination per se, but against 

compulsory vaccination, championing the individual's freedom of choice [155]. Together with 

the League of Human Rights, they have proposed amendments to the law and have amassed a 

significant social network following [157]. However, the discourse has been complicated by 

concerns over the unavailability of monovalent measles vaccines, with some parents refusing 

the MMR vaccine, despite the established effectiveness and safety of combined vaccines [158]. 

Table 8 enumerates Rozalio organisation's twenty proposed changes to the vaccination 

policies in the Czech Republic, which span five categories: adjustments to the vaccination 

schedule, vaccination in educational institutions, a long-term strategy for safer vaccination, 

choice of vaccine suppliers and their availability and reimbursement, and changes to advisory 

bodies. These changes include recommendations such as delaying the initiation of vaccination, 

allowing for more flexibility in vaccine scheduling for children, expanding the list of 

contraindications, providing comprehensive health monitoring of vaccinated individuals, 

ensuring better vaccine availability, and optimising the composition of the National 

Immunization Commission (NIKO) [158]. 

Table 8. A list of 20 claims proposed by Rozalio [158]. 

Category Claim 
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Alterations to the 

Vaccination Schedule 

1) Suggestion to separate the administration of hexavaccine and pneumococcal vaccines. 

2) Proposal to delay the initiation of vaccination to the 12th week of a child's life. 

3) Advocacy against setting an upper limit of 18 months for MMR vaccination. 

4) Proposal to introduce a single-disease measles vaccine to ensure vaccine availability. 

5) Suggestion to delay hepatitis B vaccination to between 12 and 13 years of age, introducing 

the possibility of using specific combinations of vaccines in infancy. 

6) Proposal to adjust the vaccination rules for premature infants, shifting to a higher 

gestational age and a 2+1 scheme. 

Vaccination in 

Educational 

Institutions 

7) Advocacy for private kindergartens and children's groups to accept children without 

vaccination limitations. 

8) Proposal to eliminate the vaccination requirement for recuperation actions. 

Safer Vaccination - A 

Long-term Strategy 

9) Suggestion to expand the list of contraindications. 

10) Advocacy for vaccinating children only when they are in a favourable health condition. 

11) Proposal for comprehensive health monitoring of vaccinated individuals. 

12) Advocacy for expanding centres for vaccination of stigmatized children and adults. 

13) Suggestion to educate doctors about vaccination and potential adverse effects. 

14) Proposal to add a leaflet to each vaccination card with post-vaccination behaviour advice, 

potential adverse reactions, and a space for parents to note concerning reactions. 

Selection of Vaccine 

Suppliers, Their 

Availability, and 

Reimbursement 

15) Advocacy for better vaccine availability and more alternatives for compulsory 

vaccination. 

16) Proposal for vaccines to be reimbursed up to the price of the state-funded vaccine. 

17) Advocacy for greater state involvement in selecting vaccine suppliers. 

18) Proposal to ban advertisements for specific vaccines. 

Advisory Bodies 

19) Suggestion to optimize the composition of the National Immunization Commission 

(NIKO). 

20) Proposal to form a working group composed of laypeople and experts. 

II.II. Present-Day Vaccination Coverage in the Czech Republic 

As of April 2023, the vaccination calendar of the Czech Republic comprises nine 

mandatory vaccines for children including diphtheria, tetanus, pertussis, polio, hepatitis B, 

Haemophilus influenzae type b (Hib), measles, mumps, and rubella, while BCG for only high-

risk children. In addition, HPV, pneumococcal and meningococcal vaccines are only 

recommended [159]. Figure 16 

Figure 16. Vaccination Calendar of the Czech Republic, ECDC Vaccine Scheduler [159]. 

 
1. Vaccinations for specific risk groups are covered by health insurance. 

2. Mandatory measles vaccination for newly employed at infectious or dermatovenerological wards aged 18 and above. 
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4. At-risk babies receive specific vaccinations from 4 days to 6 weeks after birth. 

5. Certain vaccinations are only recommended and not funded by National Health system or insurance. 

6. Hexavalent vaccine's first dose is given end of 2nd month, with two months intervals for next, and the third at 11-13 

months of child's age. 

7. Booster dose given between 25-26 years of age, then every 10 - 15 years. 

8. Pertussis vaccination is recommended from the 27th gestational week of every pregnancy. 

9. Babies born to HBsAg-positive mothers receive first dose within 24 hours of birth by law. 

10. Mandatory 3 doses of a specific vaccine for certain at-risk groups with no history of vaccination. 

11. Any PCV or PPSV23 is recommended for various high-risk groups. 

12. Reference link 

13. MenB and MCV4 vaccines are covered by health insurance for immune-disordered individuals of all ages, and small 

infants. 

14. From January 2022, MenB and MCV4 vaccinations will be funded under certain conditions. 

15. Reference link 

16. 3rd dose of MenB. Vaccination rules are the same as point 13-14. 

17. Catch-up vaccinations for those newly admitted to infectious or dermatovenerological wards. 

18. Gender-neutral vaccination for 13-14-year-olds is covered by health insurance since September 2019. 

19. Vaccination for at-risk groups of any age is recommended and covered by insurance. 

20. Certain vaccinations are recommended and covered by health insurance. 

21. General recommendation for whole population: 2 doses if susceptible and no history of vaccination. 

22. Recommended vaccinations: 3 doses, re-vaccination every 3-5 years. Not funded by National Health system. 

According to the latest report of the Organisation for Economic Co-operation and 

Development (OECD), the level of diphtheria, tetanus, and pertussis (DTP) vaccination 

coverage of 2022 in the Czech Republic was 93.7% which is the lowest since 1991 (99%). 

Moreover, the level of measles vaccination coverage was 96.6% in 2022 as compared to 98% 

in 1991 [160]. Figure 17 

Figure 17. Diphtheria, Tetanus, and Pertussis (DTP) Vaccination Coverage in the Czech Republic [160]. 

Other mandatory childhood vaccinations exhibited a steady decline over the last two 

decades, such as Hepatitis B vaccine (HepB3) that declined from 99% in 2005 to 94% in 2021, 

and polio vaccine (Pol3) from 98% in 2000 to 94% in 2021. Figure 18  

The recent review of Chlíbek et al. 2021 demonstrated that insufficient vaccine imports 

in the Czech Republic have led to limitations in vaccination coverage, exemplified by the 

projected maximum coverage of 10.1% for influenza in the 2021/2022 season [161]. This 

coincides with a decrease in vaccinations among certain groups in 2020, including those aged 

65 and over and institutionalised persons, due to various factors such as the COVID-19 

pandemic. Coverage was also low among chronically ill patients. Comparatively, there was a 

decrease in tetanus vaccinations but a small increase in vaccination against tick-borne 

https://www.vakcinace.eu/data/files/downloads/ockovaci_kalendar_dospsdatem.pdf
http://www.szu.cz/ockovani-proti-meningokokovym-onemocnenim


COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics 

35 of 120 

encephalitis in 2020. However, nearly half of those vaccinated failed to complete the basic 

vaccination schedule [161]. 

In a study conducted across 29 European countries, it was found that mandatory 

vaccination policies were associated with higher vaccination coverage and lower measles 

incidence rates [162]. However, only the Czech Republic and Latvia offered options for 

nonmedical vaccination exemptions, requiring either receipt of vaccination information or a 

written refusal, a practice which can potentially undermine the effectiveness of such policies 

by opening avenues for non-compliance [162]. 

Smetana et al. 2017, discovered a potential gap in measles protection among adults in 

the Czech Republic, despite the country's implementation of measles vaccination in the 

National Immunization Program since 1969 [163]. The study found that measles antibody 

seropositivity decreases over time after vaccination, and this, coupled with a limited natural 

booster and an initially one-dose vaccination schedule, might leave adults born after the 

implementation of vaccination less protected against measles [163]. 

Figure 18. Hepatitis B (HepB3) and polio (Pol3) Vaccination in the Czech Republic [28]. 

Moreover, Duval et al. 2016 highlighted a considerable disparity in vaccination 

coverage between Roma and non-Roma children in Central Europe [164]. While the Czech 

Republic had a higher-than-average coverage at 95.3%, the likelihood of Roma children being 

vaccinated remained significantly lower. This underscores the need for in-depth understanding 

of vaccination factors among the Roma and policies enhancing their healthcare access [164]. 

In the review of Nguyen-Huu et al. 2020 on HPV vaccination, the Czech Republic was 

noted for its facilitative measures to boost vaccine uptake [165]. The country adopted a gender-

neutral vaccination strategy, providing the vaccine free of charge for the target groups. 

Furthermore, unlike many regions, parental consent was not mandated for vaccination in the 

Czech Republic, potentially easing access to the vaccine. Nevertheless, despite these measures, 

the Czech Republic maintained only a moderate VCR [165]. 

In 2017, coverage of HPV vaccination in the Czech Republic showed regional 

disparities, as the proportion of vaccinated 13-year-old females relative to the total female 

population varied across different regions. Olomouc region had the highest rate (82.7%), 

followed by Ústí nad Labem region (74.8%) and Central Bohemian region (69.1%), while Zlín 

region had the lowest rate (51.5%), followed by Prague the capital city (56.7%) and South 

Moravian region (57.2%) [166]. Figure 19 
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Figure 19. HPV Vaccination Coverage of 13-year-old Females in the Czech Republic [166]. 

 

Regarding seasonal influenza vaccination, Blank et al. 2018 observed a significant 

variation in vaccination coverage rates (VCRs) across Europe, with the VCR for HCPs in the 

Czech Republic being notably the lowest at 7% [167]. In addition, the VCR among those living 

with medical risk conditions in the Czech Republic was also on the lower end at 20% [167]. 

This pattern was noticed during the 2007/08 season, with those over 65 years in the Czech 

Republic presenting a notably low influenza vaccination coverage rate of 13.9%, likely 

influenced by the lack of full vaccine subsidy [168]. Considering the comparatively higher 

vaccination uptake among high-risk groups in other European countries, it becomes evident that 

enhanced efforts are necessary, especially in countries like the Czech Republic, where 

vaccinations are not fully subsidised or even partially so [168]. 

Kynčl et al.'s 2023 study highlighted an extremely low influenza vaccination coverage 

of less than 2% among pregnant women in a Prague maternity hospital, despite them being a 

priority group in the Czech Republic [169]. The researchers emphasised the need for increased 

awareness and implementation of vaccination recommendations in routine antenatal practice to 

boost vaccination rates [169]. 

II.III. Benchmarking Vaccine Hesitancy: A European Perspective  

To understand the dynamics of vaccine hesitancy more comprehensively in the Czech 

Republic, it is necessary to examine it within the broader European context. This cross-national 

comparison provides a robust framework for identifying patterns and deviations in vaccine 

attitudes. As an illustration of this broader context, the “State of Vaccine Confidence in the EU” 

project was launched in 2018 to monitor trends of public trust in vaccines across the EU member 

states and the UK [170]. Under the management of the Vaccine Confidence Project™ (VCP) 

at the London School of Hygiene & Tropical Medicine (LSHTM) and in collaboration with the 

Health and Food Safety Directorate-General of the European Commission, the project employs 

a broad array of methodologies such as large-scale surveys and in-depth analyses, aiming to 

intricately map out the landscape of vaccine attitudes [170]. 
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According to the “State of Vaccine Confidence in the EU” 2022 report, in the Czech 

Republic, higher levels of education correlated with increased agreement in the general 

importance, safety, and effectiveness of vaccines and their compatibility with beliefs [171]. On 

the topic of confidence in the seasonal influenza vaccine, the Czech Republic was among the 

countries with the lowest agreement that this vaccine aligns with personal or religious beliefs. 

Interestingly, Czech healthcare professionals also reported one of the lowest likelihoods of 

recommending the seasonal influenza vaccine and the COVID-19 vaccine to pregnant women, 

with only 60.5% and percentages under 90%, respectively [171]. 

In the 2020 report, the Czech Republic exhibited the most significant gender disparities 

in the EU, with females showing less overall confidence in vaccines compared to their male 

counterparts [172]. Also, general practitioners (GPs) in the Czech Republic were found to be 

among the least likely to recommend MMR (measles, mumps, and rubella), seasonal influenza, 

and HPV (human papillomavirus) vaccines to patients. The study revealed that only 68% of 

surveyed GPs in the Czech Republic would recommend the HPV vaccine, the lowest among all 

28 countries surveyed [172]. Additionally, 69%, 36%, and 42% of Czechs strongly agreed that 

vaccines were important, safe, and effective, respectively. This made the Czech Republic in the 

14th, 23rd, and 22nd position out of 28 countries, respectively [173].  Figure 20  

Figure 20. Public Confidence in Vaccines in 2020 in Europe [173]. 

 
a) vaccines are important; b) vaccines are safe; c) vaccines are effective 

The 2018 report revealed that the Czech Republic has witnessed a decrease in 

confidence in the safety of vaccines among its public and GPs populations since 2015 [174]. 

More specifically, 36% of Czech GPs surveyed did not agree that the MMR vaccine was safe, 

and 29% did not believe it was important. Furthermore, the report indicated a significant gender 

disparity in the Czech Republic, with females being less likely than males to agree that vaccines 

are safe. Lastly, only 25.2% of GPs in the Czech Republic stated that they were likely to 

recommend the seasonal influenza vaccine to pregnant women [174]. Additionally, 61% of 

Czechs strongly agreed that vaccines were important, safe, and effective. This put the Czech 

Republic in the 15th position out of 28 countries [174]. Figure 21 

Mascherini et al. 2022 analysed a survey of 29,755 participants from all 27 EU member 

states and found a significant correlation between heavy social media usage and increased 

COVID-19 vaccine hesitancy [175]. Within this pan-European assessment, the Czech Republic 

emerged as the sixth highest in terms of vaccine refusal rate (29.7%) after Bulgaria (59.6%), 

Latvia (45.7%), Croatia (41.2%), Slovenia (39%), Poland (32.5%), and Lithuania (31%), thus 

underscoring the urgency to address vaccine hesitancy within the Czech context [175]. 

In a recent study by Wester et al. 2022, frequent prayer was found to correlate with 

increased COVID-19 vaccine hesitancy among older adults in Europe [176]. Notably, the Czech 
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Republic was among the countries where this correlation was evident. However, in a contrasting 

scenario, Slovakia exhibited a different pattern, where frequent prayer was associated with 

lesser vaccine hesitancy, underlining the complexity of this issue across neighbouring contexts. 

Figure 21. Public Confidence in Vaccines in 2018 in Europe [174]. 

 

Another recent study evaluated the interplay of vaccine hesitancy and political populism 

across Europe, the Czech Republic, alongside Germany, Portugal, Belgium, and Hungary, 

exhibited a medium position in populism and medium-low levels of distrust [177]. The 

researchers noted that Eastern European countries such as the Czech Republic and Hungary, 

with a history of vaccine development dating back to the 1950s, showed higher perceived 

usefulness of vaccines, potentially influenced by their experiences during the Cold War [177]. 

The study by Agosti et al. 2022 found that vaccine hesitancy against SARS-CoV-2 

increased across 28 European countries during the early stages of the vaccine rollout due to 

concerns over the AstraZeneca vaccine's potential link to rare blood clot cases [178]. In 

particular, countries suspending AstraZeneca's vaccine saw a notable increase in vaccine 

hesitancy, and overall trust in institutions was negatively associated with vaccine hesitancy. In 

this context, the Czech Republic was one of the countries with the least percentage of 

respondents receiving at least one vaccine dose [178]. 

Drawing on data from the Flash Eurobarometer 494, conducted in May 2021, the study 

by Dimiter Toshkov identified substantial regional disparities in COVID-19 vaccine hesitancy 

across Europe [179]. The survey, carried out on behalf of the European Commission, involved 

quota-based nationally representative samples from 27 EU member states, including the Czech 

Republic, categorised as Eastern Europe. The findings revealed elevated levels of vaccine 

hesitancy in Eastern Europe, driven by increased distrust in national governments and medical 

professionals. These results highlighted the importance of context-specific strategies to address 

vaccine hesitancy [179]. 
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II.IV. Vaccine Hesitancy Literature in the Czech Republic  

The technical term “vaccine hesitancy” was formally introduced into the scientific 

lexicon only a decade ago. Additionally, considering the unquestioned adherence to mandatory 

vaccination policies during the CSSR era (1948-1990) due to Soviet-imposed restrictions, the 

research into public attitudes and opinions on public health policies, including vaccinations, 

within the Czech Republic has only recently commenced. 

Between November and December 2010, a cross-sectional survey-based study was 

conducted among medical students from two Czech universities (University of Ostrava and 

Masaryk University in Brno) to assess their attitudes towards seasonal influenza vaccination 

and the perceived risk of the H1N1 influenza pandemic [180]. The findings revealed a low 

proportion of students regularly vaccinated against seasonal flu (4%), and their interest in 

vaccination did not increase even during the pandemic, with only 5% expressing interest in 

vaccination. The study suggests that young people do not consider influenza vaccination as a 

significant anti-epidemic measure, and their opinions remained unchanged during the H1N1 

pandemic in 2009 [180]. 

During the 2010/2011 northern hemisphere influenza season, a study was conducted to 

assess the acceptability of the intradermal influenza vaccine among adult vaccinees and vaccine 

prescribers in the Czech Republic and Turkey [181]. The results showed high satisfaction 

among vaccinees, with 96.1% expressing satisfaction with the vaccine and a preference for 

receiving it again in the future. Vaccine prescribers also expressed satisfaction with the 

intradermal vaccine and a preference for it over intramuscular vaccination, suggesting that the 

intradermal influenza vaccine could contribute to increasing seasonal influenza vaccination 

rates in adults [181]. 

In 2011, a large mumps outbreak primarily affecting high school and university students 

occurred in Pilsen despite over 90% of the population having been vaccinated with 2 doses. 

While waning vaccine immunity over time was likely the main driver, the analysis of Pazdiora 

et al. 2015 suggested that delayed childhood vaccination schedules, such as postponing the 1st 

dose past 24 months and extended intervals between doses, may have increased the susceptible 

population and contributed to the scale of the epidemic [182]. 

Between September 1, 2020, and August 31, 2021, a prospective observational study 

was conducted in a large maternity hospital in Prague to determine the influenza vaccination 

coverage (IVC) among pregnant women in the Czech Republic [169]. The analysis of 

completed questionnaires from 4,617 participants revealed a concerning low IVC, with less 

than 2% of women reporting influenza vaccination during pregnancy. To enhance vaccination 

coverage among pregnant women, raising awareness of recommendations and integrating 

vaccination into routine antenatal practice are crucial [169]. 

In April 2019, Šálek et al. 2020 conducted an analytical cross-sectional survey-based 

study to explore vaccination attitudes among undergraduate students in medical and 

pedagogical programs at Charles University, Prague [183]. Their findings, from 722 

respondents, illustrated that pedagogical students displayed notably weaker vaccine confidence 

compared to medical students. The results also indicated the fear of infections as a significant 

factor in fostering positive vaccination perceptions. Notably, the impact of attitudes toward 

alternative medicine on vaccine confidence was substantial [183]. 

During the 2019 measles epidemic in the Czech Republic, Vochocová et al. 2022 

analysed the online debates on vaccination [184]. They found that pro-vaccination comments 

in online discussion forums were often offensive and uncivil, undermining the potential for 
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deliberation and contributing to polarisation. The study emphasised the importance of 

promoting more constructive communication strategies to facilitate productive discussions on 

vaccination [184]. 

Between 2020-2021, Liptaková et al. 2023 conducted an observational study in the 

Institute for Mother and Child Care in Prague to assess the pertussis vaccination coverage 

among pregnant women [185]. The study revealed a low vaccination coverage of 1.6% during 

pregnancy, with limited awareness of the possibility of vaccination. The study emphasised the 

need to increase awareness among the public and healthcare professionals about the 

recommendations and benefits of pertussis vaccination during pregnancy to improve 

vaccination coverage [185].  

Over the past two decades, there has been an increasing number of students' theses in 

bachelor’s and master’s degree programs in Czech universities that have focused on exploring 

public attitudes towards vaccination, employing various quantitative and qualitative research 

methods. Table 9 provides a summary of these studies, which provide valuable insights into the 

factors influencing vaccine acceptance or refusal, the sociodemographic characteristics of 

individuals with critical perspectives, and the discourse surrounding immunisation. 

Table 9. Summary of Students’ Theses on Vaccination Attitudes in the Czech Republic, 2008 – 2022. 

Author Year University Title Sample Location Ref. 

Jitka 

Strachoňová 
2008 

University of 

South 

Bohemia 

Současná právní úprava povinného 

očkování v České republice a 

důsledky vedoucí z jeho odmítnutí 

Parents 

(n = 207) 

České Budějovice 

and Liberec 

Regions 

[186] 

Monika 

Vokrouhlíková 
2008 

University of 

South 

Bohemia 

Informovanost veřejnosti o 

onemocnění klíšťovou 

encefalitidou 

High-risk groups 

(n = 141) 

Příbram and České 

Budějovice 

Regions 

[187] 

Martina 

Sýkorová 
2008 

University of 

South 

Bohemia 

Hodnocení prevence u cestovatelů 

do zahraničí 

Travellers 

(n = 50) 

České Budějovice 

Region 
[188] 

Irena 

Zemanová 
2011 

University of 

South 

Bohemia 

Analýza zájmu zdravotnických 

pracovníků o očkován proti chřipce 

v Nemocnici Rudolfa a Stefanie 

Benešov 

HCPs 

(n = 129) 

Benešov (Central 

Bohemian Region) 
[189] 

Marie Maxová 2013 

University of 

South 

Bohemia 

Studie proočkovanosti a vakcinační 

disciplíny u povinného očkování 

Children 

(n = 831) 

České Budějovice 

Region 
[190] 

Ilona Palátová 2014 

University of 

South 

Bohemia 

Odmítání očkování v kraji 

Vysočina v období let 2010 - 2013 

GPs of Children 

& Adolescents 

(n = 92) 

Vysočina Region [191] 

Barbora 

Chocholová  
2016 

University of 

South 

Bohemia 

Význam kontroly proočkovanosti u 

dětí 

Parents 

(n = 590) 

Příbram (Central 

Bohemian Region) 
[192] 

Petra Mejtská 2020 
Charles 

University 
Role otců při váhání o očkování Fathers  

Prague (Central 

Bohemian Region) 
[193] 

Martina 

Martinková 
2022 

Charles 

University 
Postoje rodičů k očkování dětí 

Parents 

(n = 11) 
All over the CR [194] 

Klára 

Dziadková 
2022 

Charles 

University 

Postoje rodičů k povinnému 

očkování dětí 

Parents 

(n = 105) 
All over the CR [195] 

In the context of COVID-19 vaccination, Štěpánek et al. 2021 conducted a cross-

sectional survey of all employees (n = 4553) at the University Hospital Olomouc to investigate 

the demand for COVID-19 vaccination [196]. They found the vaccination coverage to be 70% 
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after several weeks of vaccine availability. The most common motive for vaccination was 

family protection (84%), patient protection (69.7%), self-protection (50.2%), and exemption 

from anti-epidemic measures (48%), while key reasons for vaccine hesitancy were concerns 

about vaccine safety and side effects (49.4%), doubts about vaccine efficacy (41.1%), and 

history of COVID-19 infection (33.4%). The study concluded that to increase vaccination 

coverage, it is crucial to target information campaigns towards these primary motives for 

vaccine acceptance and hesitancy, with a particular emphasis on improving awareness about 

the safety, efficacy, and protective ability of COVID-19 vaccines [196]. 

Kupsová et al. 2022 conducted a cross-sectional study among University of Defence 

members in Hradec Králové to investigate the determinants of COVID-19 vaccine acceptance. 

Their findings revealed that concern about COVID-19 and history of COVID-19 were 

significant predictors of vaccine acceptance, while concerns about vaccine safety and efficacy 

were the main reasons for vaccine refusal [197]. Moreover, Kosarková et al. 2021 explored the 

role of religiosity and spirituality on COVID-19 vaccine acceptance within a Czech adult 

population [198]. Their study indicated that spirituality, particularly among individuals 

identifying as spiritual without a religious affiliation, was significantly associated with belief 

in conspiracy theories about vaccination, thereby contributing to higher rates of vaccine refusal. 

These findings highlight the importance of incorporating an understanding of spiritual beliefs 

in vaccination campaigns to address and mitigate the development of conspiracy theories and 

vaccine hesitancy [198]. 

Using data from an anonymous self-reported online survey conducted in the Czech 

Republic during the COVID-19 vaccination campaign in April 2021, Žídková et al. 2023 

investigated factors influencing vaccine refusal [199]. The findings revealed that 

sociodemographic factors, government trust, knowledge about COVID-19 vaccines, 

information sources, personal characteristics, and depression were associated with vaccine 

acceptance [199]. 

Šerek et al. 2023 assessed the effects of health worries and socio-political attitudes on 

COVID-19 vaccine uptake [200]. The findings revealed that individuals with higher health 

worries and lower distrust in politicians at the beginning of the vaccination campaign were more 

likely to receive the COVID-19 vaccine later on. Additionally, general trust in people was 

associated with a greater likelihood of vaccine uptake, while political submission did not 

significantly influence vaccine uptake [200]. 

In a study by Zapletal et al. 2022, a survey was conducted among pregnant women in 

November and December 2021 to assess their awareness and acceptance of COVID-19 

vaccination [201]. The study found that 58% of respondents were vaccinated with at least one 

dose, and 51% were fully vaccinated. Also, a high percentage of respondents (77%) recognised 

the higher risk of severe COVID-19 infection in pregnant women compared to non-pregnant 

women, and 71% were aware of the risk of fetal death associated with COVID-19 [201]. 
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In conclusion, 

 The history of immunisation in the Czech Republic dates back to the 18th century, with the introduction of 

variolation and the subsequent implementation of compulsory vaccination programs. 

 Anti-vaccination sentiments have emerged in recent decades, driven by concerns over disease incidence, 

post-vaccination complications, individual rights, and the influence of organisations like Paracelsus and 

Rozalio. 

 Vaccination coverage in the Czech Republic has seen a decline in certain vaccines over the years, and there 

are disparities in coverage among different populations, such as Roma children. 

 Within the European context, the Czech Republic has exhibited higher vaccine refusal rates, lower confidence 

in vaccine safety among healthcare professionals, and increased vaccine hesitancy during the COVID-19 

vaccine rollout compared to other European countries. 

 Limited evidence on vaccination attitudes in the Czech Republic due to historical adherence to mandatory 

vaccination policies during the CSSR era (1948-1990) and the recent introduction of the term "vaccine 

hesitancy". 
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COVID-19 Pandemic in the Czech and European Contexts 

III.I. Epidemiology of COVID-19 in Europe 

COVID-19 surveillance began in Europe on January 27th, 2020, following the 

identification of the disease in Wuhan, China in December 2019. Eurosurveillance, the official 

journal of the European Centre for Disease Prevention and Control (ECDC), published a report 

by Spiteri et al. 2020 documenting the first 47 confirmed COVID-19 cases across nine 

European countries as of February 21st, 2020 [202]. The report highlighted that 21 of these 

cases were linked to clusters in Germany and France, and 14 were contracted in China. The 

report acknowledged the delay in isolation efforts due to the late detection of initial cluster 

cases [202].  

According to an investigation that utilised a phylodynamic model with geographic 

structure to analyse viral genome sequences, it was postulated that the inaugural SARS-CoV-2 

outbreak in Europe was initiated in Italy, potentially following a transmission event in Hubei, 

China or Germany [203]. This study revealed that before the first European border closures, the 

rate of new cases from the within-country transmission was within or exceeded the estimated 

bounds of new cases from migration, shedding light on the early stage of the epidemic and 

migration patterns of the virus before border restrictions [203]. By March 5th, 2020, the case 

count had surged to 4,250. Notably, confirmation of all early cases was carried out using 

specific assays targeting separate genes, and although the majority of cases led to 

hospitalisations, these were mostly for isolation purposes rather than due to severe disease 

[202]. 

On March 11th, 2020, the WHO declared COVID-19 as a pandemic aiming to highlight 

the seriousness of the situation and mobilise global resources and efforts to combat the rapidly 

spreading virus [204]. Since then, COVID-19 epidemic waves in Europe had heterogeneous 

impacts across regions and over time. Western Europe has been the main driver of case rates, 

but the contributions from different regions have varied depending on population size and case 

rates [205]. The initial wave was broadly carried by all regions except Eastern Europe, but as 

the pandemic progressed, Eastern Europe became the main contributor to European mortality. 

The spread of the Delta and Omicron variants led to a significant increase in mortality, which 

has since decreased considerably post-spring 2022. The patterns of these waves and their 

impacts reveal a complex interplay of factors, including regional differences, variant spread, 

and public health responses [205]. 

As of July 5th, 2023, there have been a total of 767.73M COVID-19 confirmed cases 

globally, of which 248.96M (32.43%) were reported in Europe [206]. Figure 22 provides an 

overview of total cases and total deaths in Europe between January 8th, 2020 and July 5th, 2023. 

The ECDC provides a weekly overview of the COVID-19 situation in each country 

based on indicators, e.g., the 14-day notification rate, testing rate, positivity rate, hospitalisation 

rate and vaccination rate. As of July 2nd, 2023, COVID-19 trends across EU/EEA countries 

demonstrated either stability or decrease across all age groups. Of the 23 reporting countries, 

only one (Malta) exhibited a rise in overall case rates compared to the preceding week, while 

three (Lithuania, Malta, and Netherlands) showed increased test positivity. Notably, no 

escalation was recorded in hospitalisation or ICU metrics. Ensemble model forecasts suggest 

no uptick in COVID-19 cases, hospitalisations, or mortality through July 16th, 2023 [207]. 
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The hospitalisation rate was the highest in Greece (1.7 per 100K population), followed 

by the Netherlands (0.2), Italy (0.2), and Slovakia (0.1). Also, the hospital occupancy rate was 

the highest in Bulgaria (2.5 per 100K population), followed by Lithuania (0.6), Austria (0.5), 

the Netherlands (0.2) and the Czech Republic (0.1). The ICU admission rate was almost (0) in 

all countries, while it was 0.3 per 100K population in Bulgaria and 0.1 in Austria [207]. 

As of July 5th, 2023, there have been a total of 6.95M COVID-19 mortality cases 

globally, of which 2.07M (29.78%) were reported in Europe [206]. Figure 22 

Only Malta exhibited a rise in the 14-day death rate per million (5.8), while Portugal 

(4.9) and Slovenia (3.8) exhibited a declining trend compared to the previous week [207]. 

Overall, Cyprus, Lichtenstein and Lithuania had almost (0) cases for death rate per million. On 

the other hand, Malta (5.8) was the highest, followed by Portugal (4.9), Slovenia (3.8), Croatia 

(3.4), Greece (3.2), Poland (2.8), Bulgaria (2.5), and Latvia (2.1). The average death rate of the 

EU/EEA was 1.3 [207]. 

Figure 22. Overview of total COVID-19 cases and total deaths in Europe, Our World in Data [208] 

 

In terms of vaccination coverage, 75.6% of the total EU/EEA populations received at 

least one vaccine dose, 73% completed the primary course, 54.8% received the first booster, 

and only 14.3% received the second booster as of July 2nd, 2023 [207]. These percentages were 

significantly higher among the +60-year-old population: 92.4%, 91.2%, 84.9% and 35.6%, 

respectively. Likewise, these percentages were higher among HCPs except for the second 

booster; 95.3%, 90.4%, 67%, and 11.9%, respectively [207]. Figure 23 
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Figure 23. Cumulative COVID-19 Vaccine Uptake in Europe, July 2nd, 2023 [207]. 

 

III.II. Epidemiology of COVID-19 in the Czech Republic 

On March 1st, 2020, three cases of the novel coronavirus were reported in the Czech 

Republic, with two detected at a hospital in Prague and one in Ústí nad Labem, all with recent 

history of travel to Italy. The Czech Prime Minister, Andrej Babiš, proposed banning flights 

from Milan and Venice at the next Security Council meeting, to prevent further spread of the 

virus [209]. Ten days later, schools were closed and on March 11th, 2020, the state of emergency 

was declared nationwide (resolution no. 194) [210]. 

Since then, several epidemic waves were recorded by the Institute of Health Information 

and Statistics of the Czech Republic (IHIS-CR), leading to the development of a comprehensive 

portal to share open datasets detailing aspects of the COVID-19 epidemics, which have been 

widely used by the public, authorities, and scientists, garnering over 13 million API calls from 

its inception in March 2020 to December 2020, supporting transparency, decision-making, and 

research [211,212]. 

As of July 11th, 2023, a total of 4,642,836 confirmed COVID-19 cases were reported, 

of which 402,191 were re-infections (8.66%). Among the senior population (+65 years old), 

624,589 confirmed cases were reported, of which 31,259 were reinfections (5%) [212]. The 

highest number of new cases per day was 67,064 (February 1st, 2022), while the highest number 

of active infections during a single day was 438,383 cases (February 2nd, 2022). Figure 24 
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Tuček et al. 2022, analysed data from March 2020 to December 2021, revealing that 

out of the 2,483,219 officially confirmed COVID-19 cases, 27% were work-related, with the 

occupations of clerks, machinists, craftsmen, agency workers, managers, and food workers 

seeing an increased risk in 2021 compared to 2020, while health professions and social workers 

experienced a decreased risk; thus highlighting the significance of workplace anti-epidemic 

measures and personal protective equipment in controlling the spread of the disease [213]. 

Figure 24. Overview of Daily COVID-19 Active Cases in the Czech Republic [212]. 

 

The total mortality cases due to COVID-19 in the Czech Republic reached 42,811 by 

July 11th, 2023. The demographic breakdown of these cases reveals that 56.5% were males with 

a mean age of 76 ± 10.5 years, while 43.5% were females with a higher mean age of 79.7 ± 

10.7 years. This indicates a slightly higher vulnerability among the male population, and a 

longer life expectancy among females, which is consistent with general demographic trends. 

Furthermore, age proved to be a significant factor in COVID-19 related deaths, with 

93.7% of mortality cases occurring among individuals aged 60 years or above. This suggests 

that the virus has been particularly deadly for older age groups, which is likely due to a variety 

of factors, including the increased prevalence of comorbidities and a weakened immune 

response among the elderly. Figure 25 

Figure 25. Overview of COVID-19 Mortality Age Structure, Stratified by Sex in the Czech Republic [212]. 

 

Overall, 18,625,801 vaccine doses were administered as of July 11th, 2023, of which 

80.6% were Comirnaty (original), 8.8% Spikevax, 4.8% Vaxzevria, 2.3% Comirnaty (Bivalent 

BA.4/5), and 2.2% Janssen. While 6,893,442 received their primary vaccination doses, 

4,364,054 received the first booster dose (monovalent), 800,610 received the second booster 

dose (bivalent), and only 2,418 received the third booster dose (bivalent). 
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Figure 26 displays a timeline for total doses administered per day from January 2021 to 

July 2023. The Czech Republic's vaccination progression, marked by considerable daily 

throughput and cyclic oscillations, was influenced by logistical constraints, public holidays, and 

booster shot deployment. The vaccination rate surged in mid-2021, and waned year-end but 

rebounded with the 2022 introduction of the first boosters, causing a subsequent decline in daily 

vaccinations due to extensive primary dose coverage. 

Figure 26. Timeline of COVID-19 Vaccine Doses Administered Daily in the Czech 

Republic [212]. 

 

III.III. Government Responses and Public Health Measures 

 The European response to the COVID-19 pandemic was multifaceted and evolved over 

time as the situation developed. Table 10 provides a chronological summary of the key actions 

and strategies adopted at the European level between December 2019 and May 2022. 

Table 10. Summary of the European Union’s (EU) Actions Against COVID-19 Pandemic [214]. 

Date EU Action 

December 31st, 2019 Initiation of surveillance by the European Centre for Disease Prevention and Control 

February 2020 Delivery of first aid worth €232 million to support global efforts 

February 28th, 2020 Initiation of a joint procurement mechanism to secure masks and other equipment 

April 24th, 2020 Pledge of €15.9 billion for the Coronavirus Global Response 

June 16th, 2020 Adoption of the EU COVID-19 Vaccines Strategy 

August 2020 Signing of contracts for vaccine supply with Johnson & Johnson, AstraZeneca, and BioNTech-Pfizer 

August 31st, 2020 Joining the COVID-19 Vaccine Global Access Facility (COVAX) 
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October 19th, 2020 Adoption of the EU-wide system of contact tracing and warning apps 

November 11th, 2020 Adoption of the European Health Union for coordinated preparedness and response 

November 25th, 2020 Adoption of the Pharmaceutical Strategy for Europe 

December 2020 Identification of the Alpha variant of COVID-19 

December 27th, 2020 Commencement of vaccination in all EU Member States 

January 2021 Signing of a second contract with BioNTech-Pfizer for additional vaccine doses 

February 17th, 2021 Launch of the "HERA Incubator" as a European bio-defence preparedness plan 

April 14th, 2021 Administration of 100 million vaccine doses in the EU 

May 21st, 2021 Launch of a €1 billion Team Europe initiative in Africa 

August 4th, 2021 Signing of a contract for vaccine supply with Novavax 

August 31st, 2021 Achievement of full vaccination for 70% of the EU adult population 

September 16th, 2021 Creation of the Health Emergency Preparedness and Response Authority (HERA) 

September 22nd, 2021 Establishment of the EU-US Global Vaccination Partnership 

October 18th, 2021 Export of 1 billion vaccine doses to over 150 countries worldwide 

November 2021 Identification of the Omicron variant of COVID-19 

December 1st, 2021 Adoption of a coordinated EU approach to address the resurgence of COVID-19 

February 10th, 2022 Launch of a €1.3 billion work plan by HERA for response and preparedness 

 In parallel with EU actions, the ECDC has been instrumental in the fight against 

COVID-19. Their response was initiated on December 31st, 2019, when their Epidemic 

Intelligence team identified a cluster of pneumonia cases in Wuhan, China. This early detection 

led to the publication of their first risk assessment on January 9th, 2020 [215]. 

The ECDC's Emergency Operations Centre was activated on January 13th, 2020, to 

coordinate their response. They began publishing daily situation updates and weekly threat 

reports on January 29th and February 11th, 2020, respectively, providing crucial information to 

health authorities and the public. The ECDC also issued a series of guidelines and technical 

guidance documents on various topics, including health system preparedness, patient isolation 

management, surveillance, contact tracing, infection prevention and control, and physical 

distancing. These guidelines were vital in shaping the pandemic response across Europe [215]. 

Furthermore, the ECDC regularly published rapid risk assessments to provide timely 

information on the evolving situation, including the resurgence of reported cases and the 

situation in the EU/EEA and the UK. These assessments have been key in informing the public 

and health authorities about current risks and necessary mitigation measures. Overall, the 

ECDC's comprehensive and multifaceted response to the COVID-19 pandemic has 

significantly contributed to Europe's management of the ongoing situation [215]. 

Following the measures taken by the EU and the ECDC, the Czech government also 

implemented a comprehensive set of actions to combat the COVID-19 pandemic. A state of 

emergency was declared on March 12th, 2020, leading to the closure of educational institutions 

and the prohibition of large gatherings [216]. Retail operations were limited, with exceptions 

for essential services, and movement restrictions were imposed. The government mandated face 

coverings in public and designated specific shopping hours for seniors and disabled individuals 

over 50. These strategies aimed to mitigate virus spread and safeguard public health [216]. 

Table 11 provides a chronological summary of the anti-pandemic measures undertaken by the 

Czech government between March 2020 and February 2022. 

Table 11. Summary of the Czech Government Measures Against COVID-19 Pandemic [216]. 
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Month Measure 

March 2020 

State of emergency declared, education halted, public gatherings of more than 30 people banned, retail 

sales limited, free movement restricted, mandatory face masks in public, 'smart quarantine' project 

initiated. 

April 2020 
Individual outdoor sports allowed, certain shops and services reopened, church services with up to 15 

people permitted, social services operated online and via phone. 

May 2020 
Exemption for wearing masks approved, return to schools for final year students, masks mandatory in 

building interiors and public transport. 

June 2020 
Voluntary return to school for certain students, events with up to 500 people allowed, restaurant 

terraces could stay open past 11 pm. 

July 2020 Czech Armed Forces deployed in rescue work to protect population and prevent virus spread. 

September 2020 
Restrictions on public events with more than 1,000 people (outdoors) and 500 people (indoors), 

mandatory masks in indoor spaces and public transport. 

October 2020 

State of emergency declared, mass-attendance events restricted, restrictions on school attendance, 

further limitations on services, masks mandatory at mass transit stops and in cars with non-household 

members, prohibition of free movement with exceptions. 

November 2020 Extension of school operation restrictions. 

December 2020 
All shops and services allowed to open under certain conditions, remaining years of secondary school 

allowed to return to school under certain conditions. 

January 2021 
Exemption for shops selling remembrance goods, individual consultations for university students 

allowed, changes to visits to healthcare facilities and social care facilities. 

February 2021 
Visits to healthcare facilities in acute care wards banned again, state of emergency and valid crisis 

measures extended. 

March 2021 New state of emergency applied, existing crisis measures re-confirmed. 

April 2021 
Activity of children’s groups permitted in certain regions, testing launched at higher education 

institutions, secondary school pupils able to attend practical training. 

May 2021 
Body care services and animal care services permitted under certain conditions, individual tours 

permitted in museums, galleries, castles, chateaux and other historical or cultural structures. 

June 2021 
Uniform entry conditions for service establishments, sports, and cultural institutions implemented, 

rules for wearing respiratory protection relaxed. 

July 2021 Increase in the permitted capacity of establishments and the end of certain restrictions. 

November 2021 
Rules for visits to health and social care facilities tightened, state of emergency declared and additional 

restrictions implemented. 

December 2021 Rule on the use of respiratory protection in cable cars and PCR testing in schools clarified. 

January 2022 
Amendments to the gathering restrictions in certain establishments and services made, changes in 

school policies for positive test cases, testing in schools on Mondays and Thursdays implemented. 

February 2022 
Temporary ban on visits to prisons and detention facilities with specified exceptions implemented, 

restrictions and conditions on trade, services, and leisure activities lifted. 

 In summary, the Czech government imposed significant restrictions during peaks of the 

pandemic including business and school closures, limits on gatherings and movement, mask 

mandates, curfews, and mandatory testing. There was a phased reopening as case levels 

declined. 

III.IV. Impact of the COVID-19 Pandemic 

The COVID-19 pandemic has had profound non-health impacts across Europe, and the 

Czech Republic has been no exception. It has disrupted economies, particularly hit the 

hospitality and tourism sectors and increased unemployment rates [217]. The pandemic has also 

changed social interactions, leading to increased stress and mental health disorders [218]. 

Education has been impacted by the shift to remote learning, affecting educational quality and 

access [219].  
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The task of managing inflation and scaling back fiscal support has emerged as a critical 

issue. The process of rolling back the emergency spending measures initiated to bolster 

economies during the pandemic is intricate and fraught with the risk of replicating the sluggish 

growth that ensued in the 2008 financial crisis. It is projected that fiscal deficits of major 

advanced European economies will shrink by approximately 4% of GDP in 2022, largely due 

to the phasing out of pandemic-related support. However, apprehensions persist that the growth 

rate in advanced economies could dwindle to a mere 1% by the end of 2022, as opposed to the 

anticipated 2-3%. This could pose significant hurdles in achieving full employment and 

reintegrating people into the workforce [220]. 

On October 19, 2021, the European Commission reignited the public consultation on 

the EU's economic governance framework, a process that had been put on hold in March 2020 

due to the COVID-19 pandemic. The pandemic triggered a severe economic downturn, with 

the EU's real GDP plummeting by 6.1% in 2020, a steeper decline than during the global 

financial crisis. However, the EU's prompt and coordinated response, encompassing robust 

support for businesses and workers, substantial liquidity assistance for firms, and a wide range 

of monetary policy measures, helped to mitigate the economic fallout of the crisis [221]. 

The EU Recovery and Resilience Facility (RRF) is set to further bolster recovery by 

providing €338 billion in non-repayable support and up to €386 billion in loans by 2026. 

Despite the robust recovery, enduring structural challenges persist, including the impacts of an 

ageing population, sluggish productivity growth, accelerating climate change, and escalating 

inequality. The pandemic has intensified these challenges and introduced new ones, such as 

increased fiscal divergence between Member States and pressing investment needs [221]. Table 

12 provides a summary of the EU’s response to the economic fallout from COVID-19. 

Table 12. Summary of the European Union’s (EU) Response to Economic Fallout [217]. 

Initiative Description Amount (€) 

Next Generation EU 
A recovery effort designed to mitigate the 

pandemic's impact 
750 billion 

Long-term EU Budget (2021-2027) 
A budget allocation to foster digital and green 

transitions and resilience 
1,074.3 billion 

Recovery and Resilience Facility (RRF) 
Financial support to member states to address the 

socio-economic impact of the pandemic 
672.5 billion 

SURE (Support to mitigate Unemployment 

Risks in an Emergency) 

Provision of loans to member states to subsidise 

costs related to national short-time work schemes 
98.4 billion 

European Investment Bank (EIB) Group 

Guarantee Fund 

Provision of loans, with a focus on small and 

medium-sized enterprises (SMEs) across the EU 
Up to 200 billion 

European Stability Mechanism Pandemic 

Crisis Support 
Provision of loans to all Euro area member states Up to 240 billion 

Redirection of EU Cohesion Funds 
Redirection of cohesion funds to assist member 

states in tackling the pandemic 
37 billion 

European Institute of Innovation and 

Technology (EIT) Crisis Response Initiative 

Additional funding to innovators to address social 

and economic challenges 
60 million 

Temporary State Aid Rules 
Measures allowing member states to financially 

support struggling companies and citizens 
Not specified 

European Central Bank Pandemic Emergency 

Purchase Programme 
Monetary policy measures to support the economy 

Initial 750 billion, 

increased by 600 

billion later 
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The COVID-19 pandemic has had significant social impacts across Europe, particularly 

among the older population [222]. The pandemic and the measures taken to control it have led 

to changes in social interactions, with people avoiding medical treatment for fear of infection 

and experiencing social shocks such as isolation or lack of help. The Survey of Health, Ageing 

and Retirement in Europe (SHARE) was used to investigate these impacts, revealing that older 

Europeans with pre-existing health conditions were more likely to adopt precautionary 

behaviours but also faced increased feelings of depression and loneliness due to reduced 

personal contact. The pandemic has also increased economic, social, and health inequality 

among the older population, with those still economically active facing the risk of job loss and 

subsequent economic hardship [222]. 

Furthermore, the pandemic has disproportionately affected women's employment and 

economic resources, raising fears that the crisis may intensify existing gender inequalities. 

Policies like short-time working schemes, implemented across Europe, carry inherent gender 

biases that potentially increase women's economic vulnerability. Continued research is crucial 

to ascertain whether these policies would ultimately exacerbate or alleviate gender disparities 

in areas such as employment rates, wage gaps, and job quality for women [223]. 

Kovacs et al. 2021 conducted a study revealing the substantial effects of the COVID-

19 pandemic on children's physical activity and screen time in Europe, with only 19% meeting 

the WHO's physical activity recommendations and screen time exceeding two hours daily. The 

study advocated for structured routines, safe outdoor activities, and prioritising physical 

education during remote learning to help children maintain a healthy lifestyle during the 

pandemic [224]. In addition, Blaskó et al. 2022 argued that the pandemic has significantly 

exacerbated educational disparities worldwide. However, due to the lack of prompt educational 

outcome data, our understanding of the pandemic-induced learning losses at both national and 

international levels remained limited [225]. 

In conclusion, 

 COVID-19 surveillance began in Europe in January 2020, with the first major outbreak possibly originating 

from Italy; as of July 2023, Europe accounts for 32.43% (248.96M) of the global 767.73M confirmed cases. 

 As of July 2023, COVID-19 trends are stabilising or decreasing across EU/EEA countries, with 75.6% of the 

population receiving at least one vaccine dose and no predicted increases in cases, hospitalisations, or deaths 

through mid-July. 

 Since its first cases in March 2020, the Czech Republic has reported 4,642,836 confirmed COVID-19 cases 

and 42,811 deaths by July 11, 2023, with a notably higher vulnerability among males and individuals aged 

60 and above. 

 As of July 2023, the country has administered 18,625,801 vaccine doses, with considerable daily throughput 

influenced by logistical constraints, public holidays, and booster shot deployment. 

 The EU and the ECDC implemented comprehensive, evolving strategies from December 2019 to May 2022 

to combat the COVID-19 pandemic, which informed the Czech government's own extensive measures, 

including a state of emergency, restrictions on movement, and retail operations. 

 The COVID-19 pandemic has had significant non-health impacts across Europe and the Czech Republic, 

disrupting economies, exacerbating social and educational disparities, and increasing unemployment, stress, 

and mental health disorders; the EU has implemented numerous economic recovery initiatives, but concerns 

persist about enduring structural challenges and potential sluggish growth. 
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COVID-19 Vaccines: Types, Efficacy and Effectiveness, and 

Safety 

The development of diverse COVID-19 vaccines has been a significant step in 

addressing the global health crisis caused by SARS-CoV-2. These vaccines, including 

inactivated or weakened virus vaccines, protein-based vaccines, viral vector vaccines, and RNA 

and DNA vaccines, have all received authorisation from the WHO and other regulatory bodies. 

The WHO's Emergency Use Listing (EUL) process, which guarantees rigorous standards of 

safety and efficacy, was crucial in the approval of these vaccines. However, as of May 2023, 

new COVID-19 vaccines are no longer eligible for EUL, reflecting a significant milestone in 

the trajectory of the pandemic, which is no longer deemed a Public Health Emergency of 

International Concern (PHEIC) [226]. 

IV.I. COVID-19 Vaccines Types 

The WHO's COVID-19 Vaccine Tracker offers detailed updates on vaccine candidates' 

progress and characteristics, fostering transparency through regular, twice-weekly updates and 

inviting data contributions from various entities [227]. As of March 30th, 2023, there were 183 

vaccine candidates in the clinical development phase and 199 vaccine candidates in pre-clinical 

development. Out of the 183 vaccines in the clinical phase, protein-subunit vaccines were the 

most common (32%), followed by RNA-based (24%) and viral vector-based vaccines (14%). 

The majority (90%) were injectable (82% intra-muscular, 9% intra-nasal, 5% intra-dermal, and 

3% subcutaneous), and only 3% were orally administered. More than half (55%) of them 

consisted of 2 doses, 26% of one dose, and only 1% of three doses [227]. 

Heretofore, the EUL was granted to 11 vaccines representing four basic approaches of 

providing active immunisation, including the whole virus approach, the viral vector approach, 

the protein subunit approach, and the nucleic acid approach [228]. Table 13 provides an 

overview of COVID-19 vaccines mechanisms of action. 

Table 13. Overview of COVID-19 Vaccines Types [228]. 

 Whole Virus Viral Vector Protein Subunit Nucleic Acid 

M
ec

h
a

n
is

m
 o

f 
A

ct
io

n
 

Whole virus vaccines, either 

live attenuated or inactivated, 

trigger immunity by 

mimicking natural infection 

without causing disease, 

prompting a broad immune 

response. However, live 

attenuated vaccines may pose 

risks to individuals with 

compromised immune 

systems, while inactivated 

vaccines may stimulate weaker 

and less long-lasting 

responses. 

Viral vector vaccines use 

harmless viruses to 

deliver the genetic code 

for a pathogen's antigens 

into host cells, triggering 

an immune response. 

However, pre-existing 

immunity to the viral 

vector can potentially 

reduce the vaccine's 

effectiveness. 

Subunit vaccines containing 

fragments of the pathogen 

trigger immunity by inducing 

a targeted immune response, 

minimising side effects but 

potentially resulting in a 

weaker response. They are 

relatively cheap, easy to 

produce, and stable but may 

require adjuvants and booster 

doses. 

Nucleic acid vaccines use 

DNA or RNA encoding the 

antigen to trigger an 

immune response. The key 

challenge for DNA 

vaccines is ensuring the 

DNA enters the cells, while 

RNA vaccines, due to their 

transitory nature, pose no 

risk of integrating with our 

genetic material. 
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Whole virus vaccine 

production involves unique 

processes for different viruses, 

adding complexity. The 

subsequent steps of isolation, 

purification, and attenuation or 

inactivation require stringent 

procedures and specific 

resources, leading to increased 

costs. 

Viral vector-based 

vaccine manufacturing 

faces scalability 

challenges. Despite 

advancements with 

suspension cell lines, the 

complex assembly 

process and the need for 

extensive testing after 

each step result in higher 

costs. 

Subunit vaccine production, 

utilising living organisms, 

demands strict hygiene and 

specific growth conditions, 

making it costlier than 

chemically-synthesised 

vaccines like RNA ones. The 

process, varying by vaccine 

type, involves steps such as 

genetic code insertion, 

antigen harvesting, and 

component addition. 

Nucleic acid vaccines, 

produced post-pathogen 

genome sequencing, offer a 

quick and simple 

production process, making 

them ideal for combating 

rapidly evolving pathogens. 

Their production, especially 

RNA vaccines synthesised 

chemically in labs, can 

occur in the same facilities, 

reducing costs. 

A
d
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a
n
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Live-attenuated Vaccines: 

 Well-established 

technology. 

 Strong immune response. 

 Immune response involves 

B cells and T cells. 

 Relatively simple to 

manufacture. 

Inactivated Virus Vaccines: 

 Well-established 

technology. 

 Suitable for people with 

compromised immune 

systems. 

 No live components, so 

there is no risk of the 

vaccine triggering the 

disease. 

 Relatively simple to 

manufacture. 

 Relatively stable. 

 Well-established 

technology. 

 Strong immune 

response. 

 Immune response 

involves B cells and T 

cells. 

 Well-established 

technology. 

 Suitable for people with 

compromised immune 

systems. 

 No live components, so 

there is no risk of the 

vaccine triggering the 

disease. 

 Relatively stable. 

 Immune response 

involves B cells and T 

cells. 

 No live components, so 

there is no risk of the 

vaccine triggering the 

disease. 

 Relatively easy to 

manufacture. 

D
is

a
d

v
a
n
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Live-attenuated Vaccines: 

 Unsuitable for people with 

compromised immune 

systems. 

 May trigger disease in very 

rare cases. 

 Relatively temperature 

sensitive, so careful storage 

is necessary. 

Inactivated Virus Vaccines: 

 Booster shots may be 

required. 

 Previous exposure to 

the vector could 

reduce effectiveness. 

 Relatively complex to 

manufacture. 

 Relatively complex to 

manufacture. 

 Adjuvants and booster 

shots may be required. 

 Determining the best 

antigen combination takes 

time. 

 Some RNA vaccines 

require ultra-cold storage. 

 Never been licensed in 

humans. 

 Booster shots may be 

required. 

 

In December 2020, the European Medicines Agency (EMA) issued an emergency 

authorisation for the first vaccine to be used for mass vaccination in the EU against SARS-

CoV-2, Comirnaty (BNT162b2)  [229]. One month later, Moderna (mRNA-1273) was the 

second vaccine to be approved by the EMA [230]. Both vaccines belonged to the nucleic acid-

based vaccines category; therefore, this type remained the most prevalent in Europe till today. 

As of July 2023, there were eight COVID-19 vaccines authorised by the EMA, and they are 

summarised in Table 14. 
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 Table 14. Overview of COVID-19 Vaccines Approved by the EMA [231]. 

Brand Name Scientific Name Manufacturer First Approval Date Platform 

Comirnaty BNT162b2 BioNTech Manufacturing GmbH December 21st, 2020 Nucleic Acid 

Spikevax mRNA-1273 Moderna Biotech Spain S.L. January 6th, 2021 Nucleic Acid 

Vaxzevria AZD1222 AstraZeneca AB January 29th, 2021 Viral Vector 

Jcovden JNJ-78436735 Janssen-Cilag International NV March 11th, 2021 Viral Vector 

Nuvaxovid NVX-CoV2373 Novavax CZ, a.s. December 12th, 2021 Protein Subunit 

Valneva VLA2001 Valneva Austria GmbH June 24th, 2022 Inactivated Virus 

VidPrevtyn Beta VAT00002 Sanofi Pasteur November 10th, 2022 Protein Subunit 

Bimervax  HIPRA Human Health S.L.U. March 30th, 2023 Protein Subunit 

With the emergence of new viral variants 

that caused massive epidemic waves, e.g., Delta 

and Omicron, and the waning immunity induced 

by primer doses, manufacturers were urged to 

develop updated versions of their vaccines to be 

used as boosters [232,233]. Given the flexibility 

and timeliness of mRNA technology, 

manufacturers of Comirnaty and Spikevax were 

able to acquire EMA approval for their adapted 

bivalent vaccines (Omicron BA.1 and Omicron 

BA.4-5) in September 2022 [230,234]. 

For primary vaccination, Comirnaty, 

Spikevax, Vaxzevria, Jcovden, Nuvaxovid, and 

Valneva are recommended. On the other hand, 

VidPrevtyn Beta and Bimervax are exclusively 

recommended for booster doses. Also, bivalent 

Comirnaty and Spikevax are recommended for 

booster doses. 

While all EMA-approved vaccines are 

recommended for adults (≥ 18 years), only 

Comirnaty, Spikevax, Nuvaxovid and Bimervax 

are recommended for adolescents (≥ 12 years). 

Children aged 6 months or above are 

recommended to be vaccinated only by 

Comirnaty and Spikevax. Figure 27 

IV.II. COVID-19 Vaccines Efficacy and Effectiveness 

Vaccine efficacy and vaccine effectiveness both measure the proportionate reduction in 

cases among vaccinated persons, but they are used in different contexts [235]. Vaccine efficacy, 

gauged in controlled clinical trials, is the relative reduction in disease cases among vaccinated 

individuals compared to those given a placebo. For instance, a vaccine with an efficacy of 80% 

means that vaccinated individuals in the trial had an 80% lower risk of developing the disease 

than the placebo group, but it does not imply that 20% of the vaccinated group will fall ill [235]. 

Figure 27. COVID-19 Vaccines Authorised by the EMA [231]. 
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On the other hand, vaccine effectiveness measures how well vaccines work in real-

world conditions. It is assessed by observing the vaccine's ability to protect entire communities. 

Effectiveness can differ from trial-measured efficacy due to the larger, more diverse population 

and varying conditions in the real world [235]. 

Polack et al. 2020 conducted a multinational, placebo-controlled, observer-blinded trial 

to evaluate the efficacy of the BNT162b2 vaccine in individuals aged 16 and older [236]. The 

study revealed a 95% efficacy of the vaccine in preventing COVID-19, with consistent results 

across various demographic and health-related subgroups. The safety profile of the vaccine was 

marked by short-term, mild-to-moderate side effects, with a low incidence of serious adverse 

events comparable to the placebo group [236]. Figure 28 

Figure 28. Efficacy of COVID-19 Vaccines Approved by the EMA in 2020 – 2021 [236–239]. 

 

Baden et al. 2021 conducted a phase III clinical trial involving 30,420 participants to 

assess the efficacy of the mRNA-1273 vaccine. The study revealed that the vaccine had an 

efficacy of 94.1% in preventing COVID-19, including severe cases [237]. Apart from transient 

local and systemic reactions, no significant safety concerns were identified, with all severe 

COVID-19 cases occurring in the placebo group [237]. 

Voysey et al. 2021 evaluated the safety and efficacy of the AZD1222 vaccine through an 

interim analysis of four ongoing trials across the UK, Brazil, and South Africa [238]. The study found 

that the vaccine had an efficacy of 62.1% in participants who received two standard doses and 90.0% in 

those who received a low dose followed by a standard dose, with an overall efficacy of 70.4% across 

both groups. Despite ten cases of hospitalisation for COVID-19 in the control arm, including one death, 

the vaccine demonstrated an acceptable safety profile with 175 severe adverse events reported across 

168 participants [238]. 

In February 2021, the Janssen COVID-19 vaccine, Jcovden, was granted emergency use 

authorisation by the US Food and Drug Administration (FDA). The Advisory Committee on 

Immunization Practices (ACIP) supported its use for individuals aged 18 and older to prevent COVID-
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19 [239]. A phase III clinical trial with about 40,000 participants showed the vaccine had an efficacy of 

66.3% against symptomatic, lab-confirmed COVID-19 ≥ 14 days post-vaccination and 65.5% ≥ 28 days 

post-vaccination. The vaccine's efficacy was consistent across age, sex, race, and ethnicity and among 

those with underlying medical conditions. Efficacy was highest in the US (74.4%), followed by Latin 

America (64.7%) and South Africa (52.0%). The vaccine also demonstrated high efficacy in preventing 

COVID-19-related hospitalisations (93.1% ≥ 14 days post-vaccination and 100% ≥ 28 days post-

vaccination) and all-cause death (75.0%) [239]. 

The systematic review of Teerawattananon et al. 2022 aimed to consolidate the 

methodologies used in COVID-19 vaccine effectiveness studies, with a focus on their 

applicability in low- and middle-income countries [240]. The review, which analysed 42 

studies, revealed that most research was conducted in high-income countries, primarily 

assessing mRNA vaccines. Major limitations identified across these studies included short 

follow-up time and inadequate assessment and mitigation of potential confounders. The study 

underscores the scarcity of such research in low- and middle-income countries, emphasising 

the need for context-specific vaccine effectiveness data in these regions [240].  

Self et al. 2021 conducted a comparative investigation on 3,689 adults aged 18 years 

and above who were admitted to 21 hospitals across 18 states in the US from March 11th to 

August 15th, 2021. The study aimed to evaluate the effectiveness of the BNT162b2, mRNA-

1273 and Jcovden vaccines in preventing COVID-19 hospitalisations [241]. The results 

revealed that the mRNA-1273 vaccine had the highest effectiveness at 93%, followed by the 

BNT162b2 vaccine at 88% and the Jcovden vaccine at 71%, with the BNT162b2 vaccine 

showing a decline in protection four months post-vaccination [241]. 

Recently, the rapid review of Wallace et al. 2022 on BNT162b2 effectiveness revealed 

the vaccine's remarkable effectiveness across all predetermined outcomes (symptomatic 

COVID-19, hospitalisation, mortality, and asymptomatic SARS-CoV-2 infection) [242]. 

Moreover, this groundbreaking study expanded our understanding of the vaccine's advantages, 

shedding light on outcomes and populations not previously studied in randomised controlled 

trials (RCTs). As the prospect of incorporating additional COVID-19 vaccines into standard 

recommendations endorsed by the ACIP looms, this innovative approach holds significant 

promise [242]. 

Andrews et al. 2022 assessed the effectiveness of the BNT162b2, AZD1222, and 

mRNA-1273 vaccines against the Omicron and Delta variants [243]. They discovered that the 

vaccines were more effective against the Delta variant than the Omicron variant across all time 

frames and combinations of primer and booster doses. After receiving two doses of AZD1222, 

there was no observable effect against the Omicron variant after 20 weeks, while BNT162b2 

showed 65.5% effectiveness at 2 to 4 weeks, which declined to 8.8% at 25 weeks or more. A 

significant increase in protection was observed after BNT162b2 and mRNA-1273 booster 

following either the AZD1222 or BNT162b2 primer course, but this protection diminished over 

time [243]. 

Link-Gelles et al. 2023 conducted a case-control study, examining 82,229 emergency 

department encounters and 21,007 hospitalisations related to COVID-19-like illness and aiming 

to evaluate the effectiveness of first-generation COVID-19 mRNA vaccines during the 

prevalence of Omicron BA.4 and BA.5 sublineages [244]. The study revealed that the vaccine 
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effectiveness was 68% for those who had their third dose 7 to 119 days before hospitalisation, 

but this effectiveness dwindled to 36% for those vaccinated 120 days or more prior to 

hospitalisation. This suggested that while the first-generation COVID-19 mRNA vaccines 

offered some defence against COVID-19 during the Omicron BA.4/BA.5 sublineage-dominant 

periods, this protection diminished over time [244]. 

IV.III. COVID-19 Vaccines Safety 

Vaccine safety monitoring is an essential aspect of all clinical trial phases, including 

phase I, II, and III, which are conducted pre-authorisation. These stages rigorously evaluate the 

safety, immunogenicity, and efficacy of the vaccine in an increasingly larger group of 

volunteers [245,246]. Post-authorisation, phase IV studies, also known as post-marketing 

surveillance, continue to assess the safety and effectiveness of the vaccine in the wider 

population, identifying any uncommon or long-term adverse effects [245]. 

During phase IV, vaccine surveillance systems, categorised into active, passive, and 

hybrid types, are instrumental in monitoring vaccine safety [247]. Active surveillance involves 

systematic data collection on vaccine safety through regular follow-ups with vaccinated 

individuals, providing reliable but resource-intensive data. Passive surveillance, less resource-

intensive, depends on self-reporting of adverse events by healthcare providers or vaccine 

recipients, potentially leading to underreporting. Hybrid systems amalgamate elements of both, 

actively monitoring a subset of the vaccinated population whilst accepting broader population 

reports, striking a balance between data comprehensiveness and resource use [247]. 

Passive surveillance systems, such as the Vaccine Adverse Event Reporting System 

(VAERS) in the US, the European Union Drug Regulating Authorities Pharmacovigilance 

(EudraVigilance) in the EU/EEA, the Yellow Cards in the UK, and the Database of Adverse 

Event Notifications (DAEN) in Australia are dependent on the active participation of healthcare 

professionals, vaccine manufacturers, and the public, who are tasked with reporting any adverse 

events post-immunisation [246–249]. The collected data is then scrutinised to identify any 

potential safety concerns associated with the vaccines, thereby enabling timely interventions to 

mitigate risks. 

Gee et al. 2021 evaluated BNT162b2 and mRNA-1273 during the first month of mass 

vaccination in the US, utilising data from the VAERS database [250]. The findings of the study 

emphasised the reassuring safety profiles of these vaccines, characterised by typical local and 

systemic reactions, with severe allergic reactions being a rare anomaly. Crucially, no abnormal 

or unexpected reporting patterns were identified, thus instilling a sense of trust among 

healthcare professionals and vaccine recipients regarding the safety of these vaccines [250]. 

Shimabukuro et al. 2021 assessed the incidence of anaphylactic events during the first 

month of mass vaccination in the US. The initial estimated reporting rates for anaphylaxis were 

11.1 cases per million doses for BNT162b2 and 2.5 cases per million doses for the mRNA-1273 

[251]. Likewise, Boufidou et al. 2023 conducted a study to provide an updated evaluation of 

the incidence of anaphylaxis in the VAERS and EudraVigilance databases. The findings 

indicated a lower incidence of anaphylaxis associated with COVID-19 vaccination compared 

to previous estimates, with the majority of reported cases having a favourable outcome and 

extremely rare fatalities [252]. 
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Regarding active surveillance of COVID-19 vaccines, numerous epidemiologic studies 

were designed and conducted at local and multi-national levels in order to collect data on post-

vaccination side effects from the recently vaccinated individuals, e.g., COVID-19 Vaccines 

Safety Tracking (CoVaST) study [253]. 

In the Czech Republic, Riad et al. 2021 conducted a post-marketing (phase IV) survey-

based study among HCPs to independently evaluate the side effects of BNT162b2. The most 

common side effects reported were injection site pain (89.8%), fatigue (62.2%), headache 

(45.6%), muscle pain (37.1%), and chills (33.9%) which were more prevalent in individuals 

aged 43 and under and typically lasted between one to three days. The study also found a higher 

frequency of side effects in individuals who received two doses of the vaccine, and while the 

distribution of side effects was largely consistent with the manufacturer's data, the overall 

prevalence of some local and systemic side effects was higher [254]. 

Another study in the Czech Republic evaluated the side effects of mRNA-based 

COVID-19 vaccines among university students [255]. A substantial majority (95.2%) of the 

539 participants reported at least one side effect, with injection site pain (91.8%), fatigue 

(62.5%), headache (36.4%), and muscle pain (34.9%) being the most common. These side 

effects typically resolved within three days and were more likely to be reported by females and 

those who had received two doses of the vaccine [255]. 

In Slovakia, Riad et al. 2021 conducted a nationwide survey to assess the side effects 

of the BNT162b2 vaccine among HCPs [247]. The study, which included 522 participants, 

found that a significant 91.6% reported at least one side effect, with the most common being 

pain at the injection site (85.2%), fatigue (54.2%), headache (34.3%), muscle pain (28.4%), and 

chills (26.4%). These side effects were generally mild and resolved within three days and were 

more frequently reported by females and young adults [247]. 

In Poland, Dziedzic et al. 2021 conducted a survey among 317 healthcare professionals 

and medical students to evaluate the short-term adverse effects of BNT162b2, mRNA-1273, 

and AZD1222 [256]. The majority of participants reported at least one mild local or systemic 

adverse event, such as pain at the injection site (76.9%), fatigue (46.2%), headache (37.7%), 

and muscle pain (31.6%), which typically resolved within a day. The study confirmed the safety 

of these vaccines, although it noted that younger participants (under 29 years old) were 

generally more likely to experience side effects [256]. 

In conclusion, 

 As of March 2023, the landscape of vaccine development was marked by a significant number of candidates, 

with 183 in clinical development and 199 in pre-clinical stages. The most prevalent type was protein-subunit 

vaccines, closely followed by RNA-based and viral vector-based vaccines, reflecting the diverse strategies 

in the fight against COVID-19. 

 Clinical trials have shown high efficacy rates for various COVID-19 vaccines, including BNT162b2 (95%), 

mRNA-1273 (94.1%), AZD1222 (70.4%), and Jcovden (66.3%). 

 Real-world evidence demonstrated the high effectiveness of authorised COVID-19 vaccines in Europe and 

worldwide to the point that the pandemic status was relieved in May 2023. 

 COVID-19 vaccines have shown reassuring safety profiles in various studies, with common mild side effects 

including injection site pain, fatigue, headache, and muscle pain, typically resolving within a few days. 
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Thesis Blueprint: Structure and Objectives 

V.I. Structure 

This thesis set out to evaluate COVID-19 vaccine hesitancy among specific population 

groups in the Czech Republic and globally during the mass vaccination campaigns for primer 

doses (winter – summer 2021) and booster doses (autumn 2021 – spring 2022). Comprising 

seven cross-sectional, survey-based studies, three were undertaken during the primer 

vaccination phase and four during the booster vaccination phase. Figure 29 presents a timeline 

of these studies, with those related to primer doses marked in red and those related to booster 

doses marked in blue. 

Figure 29. Timeline of COVID-19 Vaccine Hesitancy Studies [121,257–264]. 

 

The findings of the thesis are organised into two sections. The first section comprises 

three nation-wide, cross-sectional, survey-based studies conducted in the Czech Republic 

among university students (spring 2021) [257], pregnant and lactating women (summer 2021) 

[258], and healthcare professionals (autumn 2021) [259]. The second section encompasses four 

cross-sectional, survey-based studies undertaken among dental students in 22 countries (winter 

2021) [121,260,261], German university students and academics (winter 2022) [262], Polish 

healthcare professionals and students (spring 2022) [263], and the Algerian general adult 

population (winter 2022) [264]. Table 15 

Table 15. Overview of COVID-19 Vaccine Hesitancy Studies [121,257–264]. 

Section ID Location Data Collection Campaign Target Population Sample (n) Ref. 

First 

II Czech Republic April – June 2021 Primer University Students 1,351 [257] 

III Czech Republic 
August – October 

2021 
Primer 

Pregnant & Lactating 

Women 
362 [258] 

IV Czech Republic November 2021 Booster Healthcare Professionals 3,454 [259] 
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Second 

I 22 Countries February 2021 Primer Dental Students 6,639 
[121,260,

261] 

V Germany December 2021 Booster 
University Students & 

Academics 
930 [262] 

VI Poland 
December 2021 – 

January 2022 
Booster 

Healthcare Professionals 

& Students 
443 [263] 

VII Algeria January – March 2022 Booster 
General Adult 

Population 
787 [264] 

A variety of theoretical models informed the studies included in this thesis. The WHO-

SAGE matrix model was applied in studies I and II, while the socio-ecological model (SEM) 

was employed to analyse the data from study I via machine-learning techniques. Studies IV, V, 

VI, and VII - the vaccine behaviour hesitancy (VBH) studies - utilised a custom instrument 

inspired by aspects of the health belief model (HBM), such as perceived susceptibility and 

benefit. Study III applied a custom instrument adapted from pre-existing tools used for pregnant 

and lactating women. 

Table 16 presents a diverse set of instruments employed in the studies, characterised by 

varying numbers of multiple-choice questions (MCQs) that focused on demographics, COVID-

19 and/or vaccine anamnesis, medical anamnesis, and psychological drivers. 

In the first section, the instrument for study II consisted of 21 MCQs, achieving 

validation of Cohen’s κ value of 0.83 ± 0.17. Study III incorporated a more extensive 32 MCQ 

instrument, validated through a panel of seven experts. A 19 MCQ instrument was utilised in 

study IV, yielding a Cohen’s κ value of 0.8 ± 0.19 for validation. 

In the second section, study I's instrument comprised 21 MCQs, validated with a 

Cohen’s κ of 0.81 ± 0.16. Studies V and VI implemented instruments with 19 and 17 MCQs, 

respectively, both obtaining validation of Cohen’s κ of 0.8 ± 0.19. Lastly, study VII utilised a 

more comprehensive instrument of 27 MCQs, also validated with a Cohen’s κ of 0.8 ± 0.19. 

Table 16. Theoretical Models and Instruments of COVID-19 Vaccine Hesitancy Studies [121,257–264]. 

Section ID Theoretical Model Instrument Validation Language Ref. 

First 

II 
WHO-SAGE Matrix 

Model 

21 MCQ (demographics, COVID-

19 anamnesis, psychological 

drivers) 

Cohen’s κ = 

0.83 ± 0.17 

(0.52–1) 

Czech [257] 

III Adapted from literature 

32 MCQ (demographics, medical 

anamnesis, COVID-19 anamnesis, 

psychological drivers) 

Expert panel 

(n = 7) 
Czech [258] 

IV 
Health Belief Model 

(HBM) 

19 MCQ (demographics, COVID-

19 anamnesis, COVID-19 vaccine-

anamnesis, psychological drivers) 

Cohen’s κ = 0.8 

± 0.19 (0.6–1) 
Czech [259] 

Second 

I 

WHO-SAGE Matrix 

Model & Socio-

Ecological Model (SEM) 

21 MCQ (demographics, COVID-

19 anamnesis, psychological 

drivers) 

Cohen’s κ = 

0.81 ± 0.16 

(0.55–1) 

English 
[121,260,

261] 

V 
Health Belief Model 

(HBM) 

19 MCQ (demographics, COVID-

19 anamnesis, COVID-19 vaccine-

anamnesis, psychological drivers) 

Cohen’s κ = 0.8 

± 0.19 (0.6–1) 
German [262] 
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VI 
Health Belief Model 

(HBM) 

17 MCQ (demographics, COVID-

19 anamnesis, COVID-19 vaccine-

anamnesis, psychological drivers) 

Cohen’s κ = 0.8 

± 0.19 (0.6–1) 
Polish [263] 

VII 
Health Belief Model 

(HBM) 

27 MCQ (demographics, medical 

anamnesis, COVID-19 anamnesis, 

psychological drivers) 

Cohen’s κ = 0.8 

± 0.19 (0.6–1) 

Arabic / 

French 
[264] 

All studies collected data using digital forms through KoboToolBox (Harvard 

Humanitarian Initiative, Cambridge, MA, USA), with the exception of study II [265]. This 

study adopted a hybrid approach, using both digital and paper forms to accumulate data from 

pregnant and lactating women attending outpatient clinics [258]. All studies were designed and 

reported according to the STrengthening the Reporting of OBservational studies in 

Epidemiology (STROBE) guidelines for cross-sectional studies [266]. 

In accordance with the Declaration of Helsinki for research involving human subjects, 

all studies were conducted with rigorous adherence to ethical standards [267]. Prior to initiation, 

ethical approval was procured from the respective institutional review boards. All participants 

(n = 13,966) provided informed consent prior to their involvement, and it was explicitly 

communicated that they retained the freedom to withdraw from the study at any time without 

repercussions. Neither incentives were offered, nor threats were imposed to enhance the 

response rate. 

Statistical analyses were conducted using the Statistical Package for Social Sciences 

(SPSS) and the R-based open software, Jamovi [268,269]. An array of statistical methods was 

deployed, incorporating both descriptive and inferential statistics. Descriptive statistics were 

employed to summarise qualitative variables through frequencies (n) and percentages (%) and 

quantitative variables using central tendency values, namely mean and median, along with 

dispersion values such as range, inter-quartile range (IQR), and standard deviation (SD). 

Inferential statistics were utilised at a significance level of < 0.05, incorporating chi-squared 

test (χ²), Fisher's exact test, correlation tests (parametric and non-parametric), Student's t-test, 

analysis of variance (ANOVA), Mann-Whitney (U) test, Kruskal-Wallis (H) test, and 

regression tests (logistic, multiple, and linear). 

The findings from the seven studies constituting this thesis were disseminated in nine 

original articles. All these articles were published in scholarly journals, which are indexed in 

both the Clarivate Analytics' Web of Science (WoS) and Elsevier's Scopus databases. The thesis 

author (Abanoub RIAD) emerged as the first author of 4/9 (44.4%), the last author of 4/9 

(44.4%), and the corresponding author of 6/9 (66.7%) of the published articles. The cumulative 

Impact Factor (IF) of the journals that published these articles is 47.61, as determined by the IF 

values corresponding to the respective years of publication. Table 17 

Table 17. Overview of the Published Articles [121,257–264]. 

Section ID Title Authors Journal Ref. 

First II 

Prevalence and Drivers of COVID-19 

Vaccine Hesitancy among Czech 

University Students: National Cross-

Sectional Study 

Abanoub RIAD*; Andrea 

POKORNÁ; Natália ANTALOVÁ; 

Martin KROBOT; Nutsa 

ZVIADADZE; Iryna SERDIUK; 

Michal KOŠČÍK; Miloslav 

KLUGAR 

Vaccines (2021 

WoS Q2; IF = 

4.96) 

[257] 
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III 

COVID-19 Vaccine Acceptance of 

Pregnant and Lactating Women (PLW) 

in Czechia: An Analytical Cross-

Sectional Study 

Abanoub RIAD*; Anna 

JOUZOVÁ; Batuhan ÜSTÜN; Eliška 

LAGOVÁ; Lukáš HRUBAN; Petr 

JANKŮ; Andrea POKORNÁ; Jitka 

KLUGAROVÁ; Michal KOŠČÍK; 

Miloslav KLUGAR* 

IJERPH (2021 

WoS Q1; IF = 

4.61) 

[258] 

IV 

COVID-19 Vaccine Booster Hesitancy 

(VBH) of Healthcare Workers in 

Czechia: National Cross-Sectional Study 

Miloslav KLUGAR; Abanoub 

RIAD*; Lekshmi MOHANAN; 

Andrea POKORNÁ 

Vaccines (2021 

WoS Q2; IF = 

4.96) 

[259] 

Second 

I 
Global Prevalence and Drivers of Dental 

Students' COVID-19 Vaccine Hesitancy 

Abanoub RIAD*; Huthaifa 

ABDULQADER; Mariana 

MORGADO; Silvi DOMNORI; 

Michal KOŠČÍK; José João 

MENDES; Miloslav KLUGAR; 

Elham KATEEB; IADS-SCORE 

Vaccines (2021 

WoS Q2; IF = 

4.96) 

[260] 

I 

Universal Predictors of Dental Students' 

Attitudes towards COVID-19 

Vaccination: Machine Learning-Based 

Approach 

Abanoub RIAD*; Yi HUANG; 

Huthaifa ABDULQADER; Mariana 

MORGADO; Silvi DOMNORI; 

Michal KOŠČÍK; José João 

MENDES; Miloslav KLUGAR; 

Elham KATEEB; IADS-SCORE 

Vaccines (2021 

WoS Q2; IF = 

4.96) 

[121] 

I 

Predictors of Willingness to Receive 

COVID-19 Vaccine: Cross-Sectional 

Study of Palestinian Dental Students 

Elham KATEEB; Mayar 

DANADNEH; Andrea POKORNÁ; 

Jitka KLUGAROVÁ; Huthaifa 

ABDULQADER; Miloslav 

KLUGAR*; Abanoub RIAD 

Vaccines (2021 

WoS Q2; IF = 

4.96) 

[261] 

V 

Prevalence and Drivers of COVID-19 

Vaccine Booster Hesitancy Among 

German University Students and 

Employees 

Sameh ATTIA*; Katharina 

MAUSBACH; Miloslav KLUGAR; 

Hans-Peter HOWALDT; Abanoub 

RIAD 

Frontiers in Public 

Health (2022 WoS 

Q2; IF = 5.20) 

[262] 

VI 

COVID-19 vaccine booster Hesitancy 

(VBH) of healthcare professionals and 

students in Poland: Cross-sectional 

survey-based study 

Arkadiusz DZIEDZIC; Julien ISSA; 

Salman HUSSAIN; Marta 

TANASIEWICZ; Robert 

WOJTYCZKA; Robert KUBINA; 

Marta DYSZKIEWICZ 

KONWINSKA; Abanoub RIAD* 

Frontiers in Public 

Health (2022 WoS 

Q2; IF = 5.20) 

[263] 

VII 

COVID-19 Vaccine Booster Hesitancy 

(VBH) and Its Drivers in Algeria: 

National Cross-Sectional Survey-Based 

Study 

Mohamed LOUNIS*; Djihad 

BENCHERIT; Mohammed Amir 

RAIS; Abanoub RIAD 

Vaccines (2022 

WoS Q1; IF = 

7.80) 

[264] 

The asterisk (*) denotes the corresponding authors. 

As of July 16th, 2023, the collective citation count for the thesis articles stands at 350 

according to WoS, 377 according to Scopus, and 508 according to Google Scholar. Bibliometric 

analysis revealed that among the documents citing these studies were policy documents from 

the OECD [270]. 

V.II. Objectives 

The overarching goal of this thesis was to evaluate the current status of COVID-19 

vaccine hesitancy among population groups in the Czech Republic and worldwide during the 

mass-vaccination campaigns in 2021 – 2022, in order to provide policymakers with timely 

evidence to better navigate the ongoing pandemic.  
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 The primary objectives included: 

1) To measure the prevalence of COVID-19 vaccine hesitancy among target population 

groups in the Czech Republic and worldwide during primer vaccination campaigns 

(winter–summer 2021) and booster vaccination campaigns (winter–spring 2022). 

2) To explore the demographic and anamnestic risk factors of COVID-19 vaccine 

hesitancy among the target population groups during primer and booster vaccination 

campaigns. 

3) To explore the psychological correlates of COVID-19 vaccine hesitancy among the 

target population groups during primer and booster vaccination campaigns. 

The secondary objectives included: 

1) To explore the systemic determinants of COVID-19 vaccine hesitancy utilising the SEM 

in a multi-country context. 

2) To develop a validated psychometric instrument for assessing COVID-19 VBH. 

3) To compare the psychological correlates of COVID-19 VBH among the Czech, 

German, Polish and Algerian populations.  
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COVID-19 Vaccine Hesitancy in the Czech Republic 

This section presents three studies conducted among various Czech population groups 

in spring 2021 (study II), summer 2021 (study III), and autumn 2021 (study IV). Studies II and 

III aimed to investigate vaccine hesitancy during the primer vaccination campaigns among 

university students and pregnant or lactating women, respectively. Conversely, study IV was 

designed to explore vaccine hesitancy during booster vaccination campaigns specifically 

targeting healthcare professionals. 

VI.I. COVID-19 Vaccine Hesitancy among Czech University Students (Study II) 

University students, often perceived as prospective opinion leaders possessing elevated 

levels of health literacy, epitomised a vital demographic group in the struggle against COVID-

19. Their attitudes towards vaccination could significantly mould broader societal trends, 

making the comprehension of the factors propelling vaccine hesitancy within this group 

paramount. 

The primary objective of this study was to estimate the prevalence of COVID-19 

vaccine hesitancy among Czech university students. While the secondary objective was to 

identify demographic risk factors and drivers of vaccine hesitancy within this population. 

This cross-sectional, survey-based study employed a digital self-administered 

questionnaire (SAQ) inspired by the WHO-SAGE matrix model of vaccine hesitancy. The 

questionnaire, disseminated to a sample of 1169 students from all Czech universities between 

April and June 2021, incorporated demographic information, COVID-19-related anamnesis, 

influenza vaccine-related anamnesis, level of acceptance for the COVID-19 vaccine, and 

potential drivers of vaccine hesitancy. 

Among the 1351 students incorporated into the final analysis, 73.3% accepted the 

COVID-19 vaccine, 19.3% demonstrated vaccine resistance, and 7.4% exhibited vaccine 

hesitancy. A temporal analysis of attitudes towards the COVID-19 vaccine indicated a rise in 

vaccine resistance, from 18.7% in the initial week to 29.5% by the fifth week. 

There was no significant difference in acceptance levels between males and females, 

but a slightly elevated vaccine hesitancy was noted amongst females (8.3%) compared to males 

(5.2%). Non-healthcare students (non-HCS) displayed higher vaccine resistance (22.6% vs. 

14.6%) and hesitancy (8.7% vs. 5.5%), and lower vaccine acceptance (68.7% vs. 80%) than 

healthcare students (HCS). Among non-HCS, students of law, technical sciences, business and 

economics, social sciences, and natural sciences indicated comparatively high vaccine 

acceptance, whilst students of military sciences, agriculture, forestry, veterinary sciences, and 

education and social care exhibited greater vaccine hesitancy. Figure 30 

Factors which predicted higher odds of vaccine acceptance encompassed trust in the 

pharmaceutical industry, trust in healthcare providers, and the perceived sufficiency of 

knowledge. Contrarily, factors that predicted higher odds of vaccine hesitancy included 

influence from media and social media, personal beliefs, misconceptions about immunity, 

previous COVID-19 infection, and suspicions about novel vaccines and their local availability. 
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Figure 30. Czech university students’ COVID-19 vaccine acceptance by study field (April–

June 2021, n = 1337*); Riad et al. 2021 [257]. 

 

* Out of 1351 participants, fourteen did not specify their study program. Therefore, the diagram 

represents 1137 students only. 

These findings advocated for promotional interventions and educational programmes on 

vaccines in Czech universities, specifically targeting non-HCS students due to their lower 

vaccine acceptance and awareness levels. Future prevention strategies ought to be culturally 

inclusive, ensuring international students are not overlooked. This study, the first of its kind in 

the Czech Republic, highlighted critical disparities across gender, academic fields, and years of 

study in vaccine hesitancy, providing necessary evidence for informed policy 

recommendations. 

The study's limitations included its reliance on self-reported data, which might have 

been subject to bias. Additionally, the snowballing technique used for participant recruitment 

might have resulted in a disproportionately higher number of participants from healthcare-

related study programmes. 

ATTACHMENT NO. 1 

Riad A, Pokorná A, Antalová N, Krobot M, Zviadadze N, Serdiuk I, Koščík M, 

Klugar M. Prevalence and Drivers of COVID-19 Vaccine Hesitancy among Czech 

University Students: National Cross-Sectional Study. Vaccines. 2021; 9(9):948. 

https://doi.org/10.3390/vaccines9090948  

https://www.mdpi.com/2076-393X/9/9/948/pdf
https://doi.org/10.3390/vaccines9090948
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VI.II. COVID-19 Vaccine Hesitancy among Czech Pregnant and Lactating Women 

(Study III) 

Pregnant and lactating women (PLW), due to their increased vulnerability to severe 

outcomes from COVID-19 and the potential implications for neonatal health, had been the 

target group of this study. Moreover, their initial exclusion from vaccine trials had led to a delay 

in providing evidence on the safety and efficacy of COVID-19 vaccines for them, contributing 

to vaccine hesitancy among PLW. Therefore, understanding their attitudes towards vaccination 

and the factors influencing vaccine acceptance had been deemed vital to optimising vaccine 

coverage in this group. 

The primary objective had been to gauge the level of COVID-19 vaccine hesitancy 

among PLW in the Czech Republic, whilst the secondary objective had been to determine the 

potential factors that might influence COVID-19 vaccine hesitancy among PLW. 

This cross-sectional study, conducted from August to October 2021, assessed COVID-

19 vaccine attitudes among unvaccinated Czech PLW. The participants, sourced from the 

outpatient gynaecologic clinic of the University Hospital Brno, had completed a SAQ designed 

with KoBoToolbox. The questionnaire, comprising 32 closed-ended items, included 

demographic data, medical and COVID-19-related anamneses, and attitudes towards COVID-

19 vaccination. Out of 401 responses, 362 (278 PW and 84 LW) had been deemed eligible and 

were included in the final analysis. 

Two-thirds of the participants (66.6%) were willing to receive the COVID-19 vaccine 

but preferred to delay it until after pregnancy or the weaning of their children. A small fraction 

(3.6%) had been ready for immediate vaccination, whilst a considerable proportion (29.8%) 

had rejected the vaccine outright. PW in their third trimester had shown a significantly higher 

acceptance level of the vaccine (80.7%) compared to those in their first trimester (41.7%). 

Education level and employment status emerged as significant factors in vaccine 

acceptance among PLW. Those holding a master’s degree or higher had shown an acceptance 

level of 85.3%, significantly higher than those with basic education at 42.9%. Employed PLW 

had also shown a higher acceptance level. However, pregnant healthcare workers had a slightly 

lower acceptance level (74%) compared to non-healthcare workers (80.7%). 

Both PW and LW had prioritised the safety of children (58.4% and 71.1%, respectively) 

and the mother (46.2% and 49.4%, respectively), followed by the effectiveness of children's 

immunisation (33.6% and 38.3% for PW, 39.8% and 50.6% for LW). The order of these 

priorities had been largely similar for both groups. Figure 31 

Trust in the pharmaceutical industry and healthcare professionals had significantly 

increased the odds of vaccine acceptance by 15.590 times and 4.355 times, respectively. PLW 

with a favourable risk-benefit ratio had an acceptance odds ratio of 15.518 times more than 

their counterparts. Interestingly, perceived knowledge had been associated with a decreased 

odds ratio of acceptance at 0.911. 

Figure 31. Top priorities of pregnant and lactating women (PLW) regarding COVID-19 

vaccines, University Hospital Brno, August–October 2021 (n = 362); Riad et al. 2021 [258]. 
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The findings highlighted the importance of promotional interventions targeting PLW, 

emphasising the benefits of COVID-19 vaccines and the potential risks of infection during 

pregnancy. Web-based interventions were recommended to increase PLW's knowledge of 

COVID-19 vaccine safety. Furthermore, the study evaluated the immediate impact of 

preliminary evidence on vaccine safety and explored several determinants of vaccine 

acceptance among PLW, helping to minimise bias due to the questionnaire's anonymous nature. 

The study called for further research to distinguish between perceived and factual knowledge 

to identify knowledge gaps and to include ethnic minorities and immigrant communities in 

public health planning. 

This study was limited by the absence of ethnic minorities, making its findings most 

relevant to the Czech-speaking population in the Czech Republic and a low number of LW that 

might have influenced the effect size of some risk factors. Additionally, vaccine-related 

knowledge assessment was based solely on perceived knowledge, precluding verification of 

knowledge gaps, and the cross-sectional design prevented causality determination, while self-

reported outcomes risked misreporting and bias. 
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VI.III. COVID-19 Vaccine Booster Hesitancy (VBH) among Czech Healthcare 

Professionals (Study IV) 

The emergence of novel SARS-CoV-2 variants that led to massive epidemic waves, 

such as Delta and Omicron, coupled with the waning effectiveness of primer vaccine doses, 

underlined the importance of investigating attitudes towards booster doses prior and amid the 

booster vaccination campaigns [271]. Healthcare professionals (HCPs) have been 

disproportionately affected by COVID-19 experiencing high levels of morbidity and mortality. 

Also, they play a pivotal societal role in promoting and recommending vaccines to the public. 

Therefore, their attitudes towards booster doses can significantly influence public perception 

and uptake of these doses. 

Conducted from November 3rd to 11th, 2021, this nationwide, cross-sectional study 

aimed to understand the attitudes of Czech HCPs towards receiving COVID-19 vaccine booster 

doses. An SAQ, inspired by the health belief model (HBM) and validated by a panel of public 

health, health policy, and healthcare management experts, was used to collect data from target 

participants online. The study aimed to reach a nationally representative sample of HCPs. While 

the sample size was calculated to be 2379, the study included 3454 participants in the final 

analysis after excluding those who did not consent and those with incomplete responses. 

Most participants were females (80.9%), and the study sample represented all fourteen 

administrative regions of the Czech Republic, with the most contributions coming from Prague 

(29.2%). The study found that 32% of participants had previously been infected with COVID-

19, with the most common clinical manifestation being fatigue (77.1%). The study also noted 

that there was no significant difference in COVID-19 onset or severity across professions, 

gender, or age groups.  

In terms of vaccination anamnesis, 95.2% of the sample had received primer doses of 

COVID-19 vaccines, with the most commonly administered vaccine being BTN162b2 (90.7%). 

Less than half of the sample (48.5%) had received a third dose at the time of the survey. The 

study found that male participants and those in medical professions were significantly more 

likely to have received three doses than their counterparts. 

When asked about their attitudes towards receiving COVID-19 vaccine booster doses, 

71.3% indicated acceptance, 12.2% were hesitant, and 16.5% rejected the idea. Notably, 

acceptance was higher among males, those in medical professions, and participants over 47 

years old, compared to their counterparts. The primary motivator for accepting the booster dose 

was the desire to protect their families, cited by 83.0% of participants, suggesting a strong sense 

of familial responsibility in healthcare decisions. Figure 32 

The study also explored the psychosocial drivers of attitudes towards booster doses. It 

found that 80.3% of participants agreed that the current booster dose could protect them from 

severe illness, while only 57.8% agreed that booster doses could prevent symptomatic infection. 

The study also found that 76.5% agreed that the current booster doses are as safe as the primer 

doses, while only 12.5% believe that the booster dose may impose more severe side effects 

compared to the primer ones. The study found that demographic variables, previous infection 

status, and previous vaccination status all had an impact on booster dose acceptance. 
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Figure 32. COVID-19 Vaccine Booster Dose-related Attitudes of Czech HCPs, November 

2021 (n = 3454); Klugar et al. 2021 [259]. 

 

The findings indicated that future COVID-19 vaccine booster hesitancy (VBH) research 

should have considered demographic factors like age and gender among general population 

groups. They also recommended that public health communication about COVID-19 booster 

doses should emphasise their effectiveness against severe illness, symptomatic infection, and 

community transmission, as well as their safety. The study also highlighted the need to address 

ethical conflicts related to vaccine justice and to adjust individual risk-benefit ratios of booster 

doses, particularly among frontline HCPs. Altruistic motivators for vaccine uptake should be 

prioritised over mandates. The study, the first to evaluate Czechs’ attitudes towards COVID-19 

booster doses, used an anonymous questionnaire to minimise bias and ensure a representative 

sample. It also provided insights into the COVID-19 infection rate, clinical severity, and 

vaccination rate among Czech HCPs. 

The study faced limitations such as missing data on the type of vaccine administered 

for each dose, participants' general medical history and BMI, underrepresentation of pregnant 

women, LGBTQ+ and other minority groups, and lack of detailed information on post-

vaccination side effects. 
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COVID-19 Vaccine Hesitancy Worldwide 

This section presents four studies conducted among various international population 

groups in winter 2021 (study I), winter 2022 (studies V and VI), and spring 2022 (study VII). 

Study I aimed to investigate vaccine hesitancy among an international sample of dental students 

representing 22 countries during the primer vaccination campaigns. On the other hand, studies 

V, VI and VII were designed to explore vaccine hesitancy during booster vaccination 

campaigns among German university students and staff, Polish healthcare professionals and 

students and the Algerian general adult population, respectively. 

VII.I. COVID-19 Vaccine Hesitancy among Dental Students Globally (Study I) 

The study targeted dental students due to their role as future healthcare providers, who 

can influence their patients' health behaviours, including attitudes towards vaccinations. Given 

that healthcare students, including dental students, often retain high levels of health-related 

knowledge and attitudes, they are perceived as opinion leaders of public health issues. 

Moreover, dental students are required to receive certain vaccines as part of their clinical 

training due to their increased risk of contracting infectious diseases, thus providing a unique 

perspective on vaccine acceptance or hesitancy. 

This global study was organised by the International Association of Dental Students 

(IADS), with the thesis author, Abanoub Riad, playing a key role in its design and coordination 

from his position as an advisory board member of the IADS. His role would have encompassed 

conceptualisation, development of the study's objectives and methodology, and coordinating 

efforts among national and local member organisations of the IADS. 

The study employed a cross-sectional design and was conducted between February 6th 

and 28th, 2021. The survey targeted undergraduate dental students in 22 participating countries, 

including recent graduates and those undergoing their compulsory training year. A digital SAQ, 

composed of 20 multiple-choice items and inspired by the WHO-SAGE matrix model, was 

used as the primary data collection tool. The SAQ focused on demographic data, COVID-19-

related anamnesis, willingness to receive the COVID-19 vaccine, and the potential drivers of 

vaccination willingness. Figure 33 presents the 22 participating countries. 

Out of 6639 included participants, 70.5% were females, 27.7% males, 0.8% non-binary, 

and 1% undisclosed, with an average age of 22.06 years; 7% were from low-income economies, 

18.6% from lower-middle-income, 45.7% from upper-middle-income, and 28.7% from high-

income economies, while regionally, 11.3% hailed from Africa, 11.1% from the Americas, 

19.6% from Asia-Pacific, 19.1% from the Eastern Mediterranean, and 39% from Europe. 

About 16.6% reported prior SARS-CoV-2 infection, with more infections in low and 

lower-middle-income economies (19.5%) versus upper-middle and high-income economies 

(15.6%), males (19.8%) compared to females (14.9%), and clinical students (17.6%) versus 

pre-clinical students (14.7%), with Albania and Iran recording the highest infection rates at 

43.9% and 34.3% respectively. 
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Figure 33. Participating Countries in the IADS Survey of Dental Students’ Attitudes Towards 

COVID-19 Vaccination, February 2021 (n = 22); Riad et al. 2021 [260]. 

 

When asked about their position on 

COVID-19 vaccination, 13.9% disagreed, 

22.5% were hesitant, and 63.6% were willing 

to get vaccinated. Students from low and 

lower-middle-income economies were 

significantly more hesitant to take the 

COVID-19 vaccine at 30.4% compared to 

their peers from upper-middle and high-

income economies at 19.8%, with the greatest 

hesitancy in low-income economies at 

37.5%, resistance in low-income economies 

at 18.6%, and the highest acceptance found in 

high-income economies at 81.6%. Figure 34 

Low and lower-middle-income 

students, influenced more by media (42%) 

and leaders (21.3%), had less confidence in government (27.1%) and pharmaceuticals (37%); 

vaccine acceptance varied among years (3.93 for fifth-year students, 3.59 for interns) and 

countries (4.7 in Italy, 3.62 in Estonia), with lower acceptance among the previously infected 

(3.57) and caregivers (3.68). 
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The sheer volume of responses collected in this global survey-based study warranted 

deeper examination to uncover underlying trends and associations. This led us to publish a 

companion paper, where we harnessed machine learning techniques to analyse the extensive 

dataset more thoroughly. This paper uncovered critical predictors influencing dental students' 

vaccine acceptance worldwide. Our comprehensive approach adopted the socio-ecological 

model (SEM) to analyse demographic and psychological variables. 

Initially, our study utilised a regression decision tree analysis to confirm variables 

associated with vaccination willingness. Using the R package 'rpart', we divided the sample into 

training and testing datasets, employing stringent rules to avoid overfitting. Following this, a 

multi-level regression model based on the socio-ecological theory was used to predict 

individuals' vaccination willingness. Considering the socio-ecological theory's guidelines, all 

significant predictors were categorised into individual or contextual levels, aiding us in 

constructing an accurate, slope-fixed linear multi-level model. 

The decision tree analysis 

identified five key predictors of 

individuals' willingness to be vaccinated: 

1) the economic level of the country, 2) the 

individual's trust in the pharmaceutical 

industry, 3) the individual's 

misconceptions about natural immunity, 

4) the individual's attitudes towards novel 

vaccines, and 5) the individual's views on 

the risk-benefit ratio of COVID-19 vaccines. This model could explain 27% of the variance of 

the dependent variable. Figure 35 

A bivariate correlation analysis was run using 

Pearson's correlation coefficient (ρ), showing 

significant associations (Sig. < 0.001) between 

vaccination willingness and the five important 

predictors. In the multi-level regression analysis, it 

was found that the trust in the pharmaceutical industry 

(β = 0.304; Sig. < 0.001), belief in the risk-benefit ratio 

(β = 0.285; Sig. < 0.001), and attitudes towards novel 

vaccines (β = 0.382; Sig. < 0.001) had a significant and positive effect on vaccination 

willingness. However, misconceptions about natural immunity showed a negative influence on 

vaccination willingness (β = -0.270; Sig. < 0.001). Based on the socio-ecological theory, the 

economic level of the country was seen as a contextual factor, and it was found that higher 

economic level predicted higher vaccination willingness. The final regression model explained 

30% of the variance. Figure 36 
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Given the diverse local contexts and the vast quantity of data gathered in this global 

study, there was a clear necessity for more detailed, granular analyses. This led to the 

development of a further research paper, focusing specifically on the data from Palestinian 

dental students. The aim was to identify specific predictors affecting their willingness to receive 

the COVID-19 vaccine, providing more focused insights that could potentially inform tailored 

health interventions in similar contexts. 

The analysis included 417 Palestinian dental students, with 86.1% of them aged 22 or 

below. The vaccination habits of these students were varied, with 53% (n=220) having never 

taken an influenza vaccine before and 14.9% (n=62) not willing to take the COVID-19 vaccine. 

The decision to receive the COVID-19 vaccine was influenced by social media for 47% (n=195) 

of the students and by celebrities and leaders for 31% (n=128). Trust issues were also evident, 

with 30% (n=123) not trusting government's vaccine decision-making and 21% (n=88) 

distrusting pharmaceutical companies' data on vaccine safety. 

Inferential analyses revealed significant associations between willingness to vaccinate 

and several factors. These included the influence of social media (H=11.97, p=0.003) and trust 

in both government's vaccine decisions (H=82.32, p<0.001) and pharmaceutical companies' 

data (H=106.6, p<0.001). Females were less willing to vaccinate (U-test=13,289, p<0.001) and 

a prior influenza vaccination significantly influenced the decision (U=13,684, p<0.001). The 

final model, explaining 46% of the variance, showed that attitudes towards new vaccines 

(β=6.23, p<0.001), favourable risk–benefit ratio belief (β=5.64, p<0.001), trust in the 

pharmaceutical industry (β=5.92, p=0.001), natural immunity preference (β=−4.24, p<0.001), 

and having enough vaccine information (β=4.12, p<0.001) influenced the willingness to 

vaccinate. Table 18 

Table 18. Model of Palestinian dental students’ attitudes towards COVID-19 vaccine, February 2021 (n = 417); 

Kateeb et al. 2021 [261]. 

Model Beta t Sig. 

(Constant)  9.736 <0.001 

In general, when a new vaccine is introduced, are you inclined to consent on your vaccination? 0.479 6.426 <0.001 

If “Yes”, do you agree with these people? −0.333 −4.450 <0.001 

Never −0.287 −3.751 <0.001 

Do you trust pharmaceutical companies to provide credible data on COVID-19 vaccine safety 

and effectiveness vaccines? 

0.190 2.519 0.014 

Do you feel you have enough information about COVID-19 vaccines and their safety? 0.248 3.219 0.002 

Do you trust that your government is making decisions in your best interest with respect to 

what vaccines are provided (e.g., your government purchases the highest quality vaccines 

available)? 

−0.182 −2.267 0.026 

Do you think that there are better ways to prevent diseases than using COVID-19 vaccines 

(e.g., developing immunity by getting sick and recovered)? 

−0.175 −2.193 0.031 
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VII.II. COVID-19 Vaccine Booster Hesitancy (VBH) among German University Students 

and Academics (Study V) 

University settings, characterised by close social interactions and international mobility, 

may be particularly susceptible to the transmission of infectious diseases such as COVID-19. 

Given their advanced educational attainment, university students and academics are likely to 

demonstrate distinctive perceptions and attitudes towards immunisation, thus constituting an 

interesting group for investigating vaccine hesitancy. As such, gaining insight into vaccine 

booster hesitancy (VBH) among this demographic can provide valuable information, assisting 

in the formulation of strategies to promote vaccine uptake in comparable cohorts. 

The study was designed as an analytical cross-sectional survey-based study, conducted 

between December 7th and 19th, 2021. A SAQ was developed and digitally circulated using 

KoBoToolbox to collect data from the target population, and it was adapted and translated from 

the one used in study IV among Czech healthcare professionals. The SAQ comprised of 19 

multiple-choice items divided into five sections. These sections covered demographic 

characteristics, COVID-19-related anamnesis, COVID-19 vaccine-related anamnesis, 

intentions to receive COVID-19 vaccine boosters, and psychosocial drivers of vaccine booster 

acceptance. The sample size was calculated to be 923 participants, and after exclusions, 930 

participants were included in the analyses. 

Most participants came from the German state of Hessen, with a mean age of 29.08 

years. Predominantly females participated in the study (73.3%), and a minor percentage (1.5%) 

were expecting. Only 5.9% of the participants had previously contracted SARS-CoV-2, with 

the most common clinical feature being headache (62.3%). In terms of immunisation, 95.7% of 

the participants had received at least one dose of a COVID-19 vaccine, with the BNT162b2 

vaccine being most commonly administered. 

The majority (87.8%) expressed their willingness to receive a COVID-19 vaccine 

booster (VB), with protection of personal health (95.6%) cited as the primary reason. Students 

were more inclined to decline the VB (9.9%) compared to employees (3.7%). Regarding 

perceived efficacy, 90.1% of participants agreed that VBs could mitigate severe illness, while 

only 63.4% and 60.3% concurred that VBs could prevent symptomatic infection and 

community transmission, respectively. Over one third of the participants expressed hesitancy 

in receiving VBs due to ethical considerations regarding global and national vaccine equity. 

The binary logistic regression confirmed the role of previous COVID-19 infection, 

receiving only one dose, hospital admission, and seeking medical care/treatment in decreasing 

the odds of accepting a VB. Agreement with the notion that VBs could prevent severe illness 

had an adjusted odds ratio (AOR) of 47.65 for VB acceptance. Similarly, agreement with the 

notion that VBs could prevent symptomatic infection and community transmission had AORs 

of 9.87 and 5.34 for VB acceptance, respectively. Agreement with equal safety and 

disagreement with severe side effects of VBs had AORs of 24.27 and 6.68 for VB acceptance, 

respectively. Table 19 

The highest AOR for VB acceptance was found in case of agreement with the risk-

benefit ratio notion, which was 104.55. Agreement with the self-prioritisation notion also had 

an AOR of 15.43 for VB acceptance. Ignoring the ethical dilemmas of vaccine justice globally 

and nationally had AORs of 6.65 and 8.65 for VB acceptance, respectively. Vaccine satisfaction 

and vaccine selectivity did not have a significant impact on VB acceptance. 
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Table 19. Regression analysis of COVID-19 vaccine-related acceptance among German university 

students and staff, December 2021 (n = 930); Attia et al. 2022 [262]. 

Predictor B (SE) Wald OR (CI 95%) Sig. 

Severe illness: agree 3.86 (0.36) 115.25 47.65 (23.65–96.49) <0.001 

Symptomatic infection: agree 2.29 (0.33) 49.17 9.87 (5.20–18.71) <0.001 

Community transmission: agree 1.68 (0.29) 32.56 5.34 (3.00–9.49) <0.001 

Mutations control: disagree 2.95 (0.30) 95.41 19.12 (10.57–34.55) <0.001 

Equal safety: agree 3.19 (0.32) 98.53 24.27 (12.93–45.56) <0.001 

Non-inferior safety: disagree 1.90 (0.29) 44.05 6.68 (3.81–11.71) <0.001 

Risk-benefit ratio: agree 4.65 (0.39) 143.04 104.55 (48.80–224.01) <0.001 

Self-prioritization: agree 2.74 (0.38) 53.13 15.43 (7.39–32.21) <0.001 

Global vaccine justice: agree 1.89 (0.53) 12.95 6.65 (2.37–18.65) <0.001 

National vaccine justice: agree 2.16 (0.60) 12.91 8.65 (2.67–28.07) <0.001 

Vaccine satisfaction: disagree 0.11 (0.26) 0.17 1.11 (0.67–1.86) 0.680 

Vaccine selectivity: disagree −0.06 (0.26) 0.05 0.95 (0.57–1.57) 0.831 

Binary logistic regression had been used with a significance level (Sig.) ≤ 0.05. The bold values indicate the significant values. 

The results of this study emphasise the crucial role of clear and effective communication 

regarding the benefits of COVID-19 vaccination, not only for personal health but also for 

safeguarding family members and the wider community. It further highlighted a research gap, 

suggesting future studies ought to actively include underrepresented demographics such as 

immigrants and other minority populations in Germany. Interestingly, the study suggested that 

enforcing mandatory vaccination might not be necessary in the German context. This 

conclusion was drawn from the observation that employer endorsement played a minimal role 

in influencing vaccine acceptance among study participants, indicating that personal health 

beliefs and community responsibility were more influential factors. 

This study, a pioneer of its kind, evaluated COVID-19 VBH among the German 

populace, mirroring key characteristics such as infection rate and vaccine type distribution. The 

study identified catalysts for vaccine acceptance and psychosocial predictors, with participant 

anonymity preserved to mitigate Hawthorne's effect and minimise information bias. 

The study's limitations include its cross-sectional design, which prevents longitudinal 

tracking of vaccination intentions. Moreover, the focus on a highly educated subset of the 

German populace, specifically university students and employees, might skew results regarding 

health literacy and vaccine intention. Also, the sample's imbalance in terms of gender and 

pregnancy status, absence of racial information, and overrepresentation of respondents from 

Hessen state may limit the applicability of the findings on a broader demographic and national 

scale. 
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VII.III. COVID-19 Vaccine Booster Hesitancy (VBH) among Polish Healthcare 

Professionals and Students (Study VI) 

Healthcare professionals (HCPs) and medical university students (MUSs) are influential 

in shaping societal attitudes towards vaccination due to their role as trusted health information 

sources. As they are at elevated risk of COVID-19 exposure, understanding their vaccine 

hesitancy is important to improving vaccine uptake. Their perspectives can inform targeted 

interventions to build public confidence and accelerate progress towards achieving herd 

immunity. 

The study primarily aimed to measure COVID-19 VBH among Polish HCPs and MUSs, 

and secondarily to investigate the factors driving vaccine booster acceptance and examine the 

relationship between acceptance and actual uptake. 

This study, carried out between December 2021 and January 2022, used an analytical 

cross-sectional survey design with a digital SAQ created on KoBoToolbox. The target 

participants were HCPs and MUSs in Poland, excluding those not in these categories or 

providing inadequate information. Participants were recruited through a non-random 

convenience approach across various channels in two leading academic centres (Katowice and 

Poznan), with participation being voluntary and anonymous. The SAQ was adapted from study 

IV and made up of 17 items split into four sections, capturing demographic data, COVID-19-

related anamnesis, willingness to receive the COVID-19 vaccine booster dose, and 

psychosocial influencers of vaccine booster hesitancy. 

Out of 443 participants, 52.6% were HCPs and 47.4% were MUSs. Females constituted 

76.3% of the population, males 22.8%, with diverse-gender individuals making up 0.9%. The 

average age was 31.1, with HCPs being significantly older than MUSs (38.8 vs. 22.6). 

Approximately one-third (31.8%) had experienced a COVID-19 infection, and 93.7% had 

received at least one dose of a COVID-19 vaccine. The Pfizer-BioNTech vaccine was the most 

common, received by 78.3% of participants, more so by HCPs (89.3%) than MUSs (66.7%). 

The AstraZeneca-Oxford vaccine was more prevalent among MUSs (22.9%) than HCPs 

(3.7%). Most participants had received three doses of vaccine (74%), with HCPs again showing 

higher rates (79%) than MUSs (68.7%). 

When exploring attitudes towards the COVID-19 vaccine booster dose (VBD), 74.5% 

of participants indicated acceptance, with 17.6% rejecting it and 7.9% expressing hesitancy. 

The rate of acceptance was significantly higher among those who were triple vaccinated 

(87.9%) compared to those who were not (44.1%). The primary reasons for accepting the 

booster included personal health protection (96.3%), family health protection (82.5%), and 

community health protection (65%). Figure 37 

The study found that 76.1% of participants believed the vaccine booster dose (VBD) 

could prevent severe infection, particularly among the triple vaccinated (87.9%). 73.6% of this 

group also thought the VBD could prevent symptomatic infection. A significant majority 

(68.4%) rejected delaying their VBD for more evidence on emerging variants, and 75% 

believed it was as safe as primer doses, while 66.6% expected no severe side effects.  

Regarding the safety of the VBD, 75.4% believed it was as safe as the primary doses, 

with this figure rising to 86.3% amongst those triple vaccinated. Meanwhile, 66.6% disagreed 

that the VBD would cause severe side effects. Most participants agreed that the benefits of the 
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VBD outweighed the risks (70.9%) and felt they should be prioritised for the VBD due to 

occupational risk (73.5%). However, views on the ethical implications of vaccine distribution 

were evenly divided. 

Figure 37. Determinants of COVID-VBH among Polish HCPs and MUSs, December 2021–

January 2022 (n = 443); Dziedzic et al. 2022 [263]. 

 

The study's strengths include being the first of its kind targeting this demographic in 

Poland and ensuring participant anonymity. However, limitations arise from a non-random 

sampling technique that may limit representativeness and result in selection bias. Additionally, 

the results might not be universally applicable as HCPs and MUSs generally have a better 

understanding of vaccines than the general public. Moreover, the study faced potential 

measurement bias due to its online format and disproportionate representation of certain 

professional groups. 
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VII.IV. COVID-19 Vaccine Booster Hesitancy (VBH) among Algerian Adult Population 

(Study VII) 

This study primarily targeted the vaccinated adult population of Algeria, to assess their 

attitudes towards vaccine boosters. Through understanding demographic, anamnestic, and 

psychosocial factors associated with vaccine booster acceptance or hesitancy, this study aimed 

to help devise strategies to increase vaccination rates in Algeria and similar developing contexts 

where vaccine uptake remained inadequate. 

Utilising a cross-sectional design, data was collected via a SAQ circulated online 

between January and March 2022. The target population groups comprised Algerian adults, 

with the recruitment process utilising non-random snowballing methods; prerequisites for 

participation included Algerian nationality, a minimum age of 18 years, fluency in either Arabic 

or French and prior vaccination against SARS-CoV-2. The survey instrument incorporated a 

27-item questionnaire divided into sections encompassing demographic information, medical 

anamnesis, COVID-19-related anamnesis, and attitudes towards COVID-19 vaccine booster 

doses. Out of an initial 790 responses, 787 were deemed suitable for evaluation after excluding 

entries deficient in data pertaining to attitudes towards vaccine booster doses. 

Most participants were female (61.6%), non-healthcare professionals (61.2%), aged 

between 31-40 (31.3%), married (61.1%), and urban residents (91.2%), with 48.2% holding 

postgraduate degrees. Medical history revealed that 27.8% reported having at least one chronic 

illness, while 24.3% had recently received the influenza vaccine, and 65.3% reported previous 

SARS-CoV-2 infection. Among COVID-19 vaccine-related anamnesis, the most commonly 

administered vaccines were Sinovac (66.1%), AstraZeneca-Oxford (12.6%), and Sputnik V 

(10.2%), with 58.2% feeling relieved after vaccination, 11.4% expressing regret, and 13.2% 

having received a booster dose at the time of the survey. 

A majority of the participants (51.6%) expressed willingness to receive COVID-19 

vaccine booster doses, while a quarter rejected them (25%), and 23.4% were hesitant. 

Healthcare professionals were less inclined (45.9%) to accept boosters than non-healthcare 

professionals (55.2%), with the primary reasons for acceptance being expert recommendations 

(24.6%) and the perceived necessity and efficiency of boosters (23.4%). The most preferred 

vaccine type was Sinovac (33.3%), and the leading reason for rejection was the belief that the 

primary doses were sufficient (15.5%). 

COVID-19 vaccine booster acceptance was found to be significantly higher among 

males (59.9%) compared to females (46.4%), and also higher in older age groups (>60 years at 

71.8% and 51–60 years at 66.3%) than in the 18–30 age group (43.9%). Individuals with lower 

education levels (college or school) exhibited the highest acceptance level (71.9%) compared 

to bachelor’s and postgraduate degree holders (47.1% and 52.2%, respectively). There were, 

however, no significant differences in booster acceptance between single and married 

participants, or between urban and rural residents. 

In the binary logistic regression, males (OR: 1.729), those over 60 years old (OR: 3.257), 

and individuals with chronic illnesses (OR: 1.394) showed higher odds for accepting COVID-

19 booster doses, while healthcare professionals (OR: 0.689) and those with postgraduate 

degrees (OR: 0.428) were less likely to accept. Multivariable logistic regression revealed that 

the belief in the necessity and efficiency of booster doses had the highest adjusted odds ratio 

(AOR: 28.112), followed by disagreement with the notion that primer doses were not sufficient 
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(AOR: 23.641), and having no breakthrough infections (AOR: 6.870). Expert recommendations 

(AOR: 4.801) and the desire to travel abroad (AOR: 1.804) were significant promoters of 

booster acceptance. Table 20 

Table 20. Regression Analysis of Demographic and Anamnestic Factors for COVID-19 VB Acceptance 

among Algerian Adults, January – March 2022 (n = 787); Lounis et al. 2022 [264]. 

Predictor B (SE) Wald OR CI 95% Sig. 

Sex: Male (vs. Female) 0.547 (0.149) 13.565 1.729 1.292–2.313 <0.001 

Age Group: 31–40 yo (vs. 18–30 yo) 0.263 (0.188) 1.950 1.301 0.899–1.881 0.163 

Age Group: 41–50 yo (vs. 18–30 yo) 0.247 (0.200) 1.520 1.280 0.865–1.894 0.218 

Age Group: 51–60 yo (vs. 18–30 yo) 0.924 (0.255) 13.178 2.520 1.530–4.152 <0.001 

Age Group: >60 yo (vs. 18–30 yo) 1.181 (0.382) 9.565 3.257 1.541–6.884 0.002 

Education: BA./BSc. (vs. College/School) −1.055 (0.298) 12.504 0.348 0.194–0.625 <0.001 

Education: MSc. or above (vs. College/School) −0.848 (0.296) 8.193 0.428 0.239–0.765 0.004 

Profession: Healthcare (vs. Non-healthcare) −0.373 (0.147) 6.427 0.689 0.517–0.919 0.011 

Chronic Illness: Yes (vs. No) 0.332 (0.160) 4.280 1.394 1.018–1.908 0.039 

COVID-19 Infection: No (vs. Yes) 0.297 (0.151) 3.882 1.345 1.002–1.807 0.049 

Post-vaccination Relief: Agree (vs. Disagree) 2.094 (0.259) 65.601 8.120 4.892–13.479 <0.001 

Post-vaccination Regret: Disagree (vs. Agree) 2.089 (0.302) 47.785 8.077 4.467–14.605 <0.001 

Binary logistic regression was used with a significance level Sig. < 0.05. Statistically significant differences are indicated with 

bold character. 

This study, the first to have assessed attitudes towards COVID-19 vaccine booster 

acceptance in Algeria, had limitations, including a non-random snowball sampling technique, 

potential exclusion of individuals without internet access, and reliance on self-reporting without 

a standard measure for acceptance or hesitancy. Furthermore, the cross-sectional nature could 

only provide a snapshot in time, and the lack of side effect data from primer doses also limited 

the findings. However, the strengths of this study lay in the use of an online survey reducing 

social and interviewer biases and its broad coverage across Algerian demographic sectors. 

These findings offered valuable insights for health authorities, particularly in developing 

nations with high vaccine hesitancy, to guide strategies promoting booster awareness and 

uptake. 
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Discussion 

The present thesis attempts to portray the superimposing nature of the two pandemics, 

"vaccine hesitancy" and "COVID-19". Vaccine hesitancy, a phenomenon with historical roots, 

dating back to the late 18th century with the invention of the first-ever vaccine in human history, 

the "smallpox vaccine", by the English physician Dr. Edward Jenner. This phenomenon has 

grown steadily over centuries, especially in western societies, contributing to sporadic 

outbreaks of vaccine-preventable diseases (VPDs) in both high- and low-income countries. The 

emergence of the COVID-19 pandemic has created a vicious cycle with vaccine hesitancy. 

Characterised by high levels of stress, uncertainty, and infodemic, the COVID-19 pandemic has 

provided the perfect environment to exacerbate vaccine hesitancy. On the other hand, the 

increased levels of vaccine hesitancy had complicated efforts to control the spread of COVID-

19, as achieving herd immunity requires widespread acceptance of the vaccine. The complex 

interplay between these two pandemics presents unique challenges for health systems; 

therefore, the title "COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics" was used to 

capture this complex relationship. The following discussion will further explore this narrative, 

placing my findings within the broader context of existing literature and implications for public 

health. 

VIII.I. Age as a Social Determinant of COVID-19 Vaccine Hesitancy 

Since the first epidemic wave of COVID-19 in the winter of 2020, it became clearly 

evident that age constitutes a risk factor for severe clinical outcomes and mortality [272]. 

Therefore, older adults have been prioritised in all public health strategies, including the rollout 

of vaccinations, with the aim of affording them the utmost protection [273]. 

Numerous studies have demonstrated that older adults had higher risk perceptions 

during the COVID-19 pandemic. For instance, a study conducted in the US in March 2020 

found that older adults perceived a higher risk of dying if they contracted COVID-19, but they 

perceived less risk of contracting the virus, being quarantined, or running out of money [274]. 

Another study from the US revealed that factors such as female gender, older age, poorer health, 

city residency, personal acquaintance with someone who had COVID-19, and correct 

knowledge of vaccine/treatment were significant predictors of higher risk perception among 

older adults. This higher risk perception was associated with increased preventive behaviour 

and/or avoidance of medical care, with knowledge having the strongest correlation with risk 

perception [275]. In Italy, Rosi et al. 2021 found that while older adults perceived a lower 

vulnerability to contracting COVID-19, they perceived a higher severity if they were to get 

infected, with self-reported anxiety over the pandemic being a key predictor of risk perceptions 

across all age groups [276]. 

In the Czech Republic, study II (of university students) found that the younger group of 

students (≤ 22 years old) had an odds ratio (OR) of 1.82 times (CI 95%: 1.19–2.81; Sig. = 0.006) 

of COVID-19 vaccine hesitancy compared to the older group (> 22 years old) [257]. Likewise, 

study IV (of healthcare professionals) demonstrated that younger participants (≤ 47 years old) 

had an OR of 1.42 times (CI 95%: 1.15–1.74; Sig. < 0.001) of COVID-19 vaccine booster 

hesitancy (VBH) compared to older participants (> 47 years old) [259]. Contrarily, study III (of 
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pregnant and lactating women) revealed that age had no significant association with COVID-

19 vaccination attitudes among pregnant and lactating women [258]. 

Kosarková et al. 2021, carried out a survey on a sample of Czech adults (n = 459) to 

explore the associations between religiosity, spirituality, and religious conspiracy theories 

about COVID-19 vaccination, as well as the connections of these factors with vaccine refusal 

and hesitancy. Vaccine refusal was notably higher amongst adults aged 65 and over (10.66%) 

compared to those aged between 18 and 34 (27.16%). Similarly, vaccine hesitancy was 

significantly more prevalent amongst adults aged 65 and over (12.30%) compared to those aged 

between 18 and 34 (28.40%) [198]. In another Czech study by Štěpánek et al. 2021, age was 

identified as a significant predictor of COVID-19 vaccine acceptance among employees of 

University Hospital Olomouc, with older employees more likely to accept the vaccine [196].  

As of July 2023, vaccination rates among adults in the Czech Republic showed a direct 

correlation with age. The age group 25-29 years had the lowest average number of doses 

received per person (1.39), followed by the 30-34 years group (1.55 doses/person) and the 35-

39 years group (1.61 doses/person). On the other side, the 75-79 years group had the highest 

average number of doses received per person (3.17), followed by those aged above 80 (3.03 

doses/person). Figure 38 presents the average number of COVID-19 vaccine doses 

administered per person in the Czech Republic; data was driven from the Czech Statistics Office 

(CZSO) and the Institute of Health Information and Statistics (IHIS-CR) [212]. 

Figure 38. COVID-19 Vaccine Doses Administered Per Person in the Czech Republic [212]. 

 

The phenomenon of higher COVID-19 vaccine uptake in older age groups compared to 

younger ones was not unique to the Czech Republic. A similar pattern was evident in several 

European countries. For instance, in Slovakia, the vaccine uptake was 69.8% and 62.5% for the 

age groups 60+ years and 50-59 years, respectively, compared to 54.2% and 55.6% for the 25-

49 years and 18-24 years age groups. Similarly, in Poland, the uptake was 76.1% and 69.5% 

for the 60+ years and 50-59 years age groups, respectively, compared to 61.2% and 58.6% for 
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the younger age groups. In Hungary, the figures were 81.9% and 74.8% for the older age groups 

compared to 66% and 54.8% for the younger ones [277]. Table 21 

Table 21. Cumulative COVID-19 Vaccine Coverage in the EU/EEA Stratified by Age Groups [277]. 

Country < 18 years 18-24 years 25-49 years 50-59 years ≥ 60 years 

Austria 31.5% 78.6% 78.7% 83.9% 92.0% 

Belgium 36.0% 82.9% 84.9% 91.5% 98.2% 

Bulgaria 2.3% 28.7% 33.6% 39.1% 38.5% 

Croatia 4.7% 46.8% 58.8% 71.7% 77.3% 

Cyprus 20.9% 74.7% 83.7% 86.7% 92.8% 

Czech Republic 20.3% 69.8% 66.4% 77.2% 86.0% 

Denmark 36.7% 84.0% 86.4% 93.9% 100.0% 

Estonia 16.8% 72.8% 68.2% 75.4% 81.6% 

Finland 35.7% 81.3% 84.0% 90.9% 95.4% 

France 28.1% 90.2% 89.2% 91.8% 91.1% 

Germany 30.6% - - - 91.4% 

Greece 25.3% 72.7% 78.2% 83.0% 89.8% 

Hungary 24.4% 54.8% 66.0% 74.8% 81.9% 

Iceland 43.4% 88.0% 86.4% 93.3% 100.0% 

Ireland 32.3% 88.7% 90.1% 100.0% 100.0% 

Italy 50.8% 90.5% 85.5% 90.0% 94.0% 

Latvia 21.4% 83.2% 80.9% 82.5% 77.4% 

Liechtenstein 22.7% 72.8% 71.0% 76.8% 86.6% 

Lithuania 16.7% 77.7% 80.1% 80.9% 78.2% 

Luxembourg 33.7% 74.8% 77.7% 84.8% 91.2% 

Malta 45.1% 92.8% 93.0% 90.4% 97.3% 

Netherlands 23.0% 66.1% 71.3% 83.4% 90.3% 

Norway 13.4% 87.9% 87.0% 94.3% 97.5% 

Poland 24.6% 58.6% 61.2% 69.5% 76.1% 

Portugal 48.6% 88.1% 91.3% 94.9% 99.0% 

Romania 6.9% 49.9% 51.4% 56.0% 46.8% 

Slovakia 12.1% 55.6% 54.2% 62.5% 69.8% 

Slovenia 10.9% 58.9% 57.2% 70.2% 77.3% 

Spain 47.2% 73.4% 79.2% 88.4% 96.7% 

Sweden 12.1% 79.6% 81.4% 90.5% 92.5% 

Looking at a different socioeconomic context, study VII (of the Algerian adult 

population) found that older age groups (over 60 years and 51-60 years) had significantly higher 

vaccine acceptance levels at 71.8% and 66.3%, respectively, compared to the 43.9% in the 18-

30 years age group (Sig. < 0.001 and = 0.002, respectively) [264]. Similarly, a study in Ethiopia 

by Erega et al. 2023 found that age played a significant role in vaccine hesitancy, with 

individuals aged over 49 years showing a higher likelihood of hesitancy towards COVID-19 

vaccination, alongside factors such as rural residency, fear of adverse effects, and myths about 

vaccine ineffectiveness [278]. 

Considering the lower risk of severe clinical outcomes in younger adults, it is 

conceivable that communication interventions focusing solely on an individual's perceived 

susceptibility, severity, and benefits may not be enough to motivate this demographic. Hence, 

the fifth C of the 5-C model, "Collective Responsibility", could play a crucial role in enhancing 

vaccination uptake among these groups. Living with elderly individuals was identified as a risk 
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factor for occupational stress among critical care nurses. This living situation was significantly 

associated with deterioration in their general health. The concern of potentially exposing 

vulnerable family members to the virus likely contributed to the increased stress and subsequent 

negative health impacts [279]. In a study of nurses in Saudi Arabia, living with an individual 

older than 60 years was found to have statistically significant relationships with increased levels 

of depression, anxiety, and the impact of events during the COVID-19 pandemic [280]. 

Building on this, a study conducted among nurses in Hong Kong emphasised the role of 

collective responsibility in shaping vaccination intentions. The study found that an increased 

sense of collective responsibility was positively associated with the intention to receive the 

COVID-19 vaccine [281]. In Italy, Barello et al. 2021 identified collective responsibility as a 

significant predictor of COVID-19 vaccine acceptance. The researchers advocated for public 

health communications that emphasise the altruistic aspects of immunisation, highlighting its 

role in communal protection to promote this sense of collective responsibility [282]. In the US, 

Rancher et al. 2023 found that in conjunction with demographic characteristics, collective 

responsibility played a significant role in influencing vaccine trust and intentions, emphasising 

the need to foster a sense of communal duty in vaccine uptake strategies [283]. 

VIII.II. Gender as a Social Determinant of COVID-19 Vaccine Hesitancy 

The role of gender as a social determinant of health-related behaviours has been widely 

recognised across a spectrum of behaviours; these range from preventive behaviours such as 

screening uptake and vaccination, to psychological coping mechanisms in response to illness, 

adherence to medical advice and treatment regimes, and even health-seeking behaviours [284]. 

In the Czech Republic, study II (of university students) revealed that despite similar 

mean acceptance levels for the COVID-19 vaccine among males and females, female students 

exhibited a statistically significant higher vaccine hesitancy (8.3%) compared to males (5.2%). 

Approximately one-third of female students (32%) acknowledged their lack of sufficient 

information about vaccine safety, compared to 26.2% of male students. Moreover, female 

students (27.7%) showed a significantly higher dependency on safety surveillance data to 

inform their vaccination decision than male students (20.7%) [257]. In line with these findings, 

study IV (of healthcare professionals) found that males had higher acceptance level of COVID-

19 vaccine booster doses (79.3%) compared with females (69.7%). More males (81.5%) 

believed in booster doses effectiveness against severe illness compared to females (73.9%). In 

terms of risk-benefit perception, more males (85.1%) viewed the boosters favourably than 

females (74.3%). Additionally, a smaller fraction of males (14.5%) hesitated due to vaccine 

justice dilemmas, in contrast to 23.7% of females. Females were 2.36 times more likely to 

exhibit booster dose hesitancy [259]. 

Recently, Žídková et al. 2023 found that female gender was one of the predictors for 

COVID-19 vaccine refusal among a nationally representative sample of Czech adults (n = 

1,401) [199]. Likewise, the study of Šerek et al. 2023 indicated that Czech males were more 

likely to get vaccinated than females [200]. In the study of Štěpánek et al. 2021 female 

healthcare professionals were more likely to be hesitant about getting vaccinated compared with 

their male peers [196]. On the other hand, the study of Kosarková et al. 2021, found no 

significant difference between Czech participants based on gender [198]. 
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From a global perspective, numerous studies showed males’ tendency to accept 

COVID-19 vaccination, including study I (of dental students worldwide) which found that 

female students were significantly less willing to get vaccinated compared with their male peers 

in Palestine [261]. Similarly, study VII (of Algerian adults) revealed that male participants had 

a significantly higher level of booster dose acceptance (59.9%) than females (46.4%) [264]. 

Contrarily, study V (of German university students and staff) demonstrated no significant 

difference between females and males in terms of booster dose acceptance [262]. Likewise, in 

Poland, study VI (of healthcare professionals and students) found no significant difference 

between gender groups in terms of booster dose attitudes or actual uptake [263]. 

Green et al. 2021 conducted a study investigating the differences in attitudes toward 

COVID-19 vaccines based on ethnicity, gender, and education in Israel. Their findings 

suggested that, regardless of ethnicity, male respondents were generally more willing to receive 

the vaccine than female respondents [285]. Specifically, 27.3% of Jewish men and 23.1% of 

Arab men expressed a desire to be immediately vaccinated, as opposed to only 13.6% of Jewish 

women and 12.0% of Arab women. Similarly, a higher proportion of females, across both ethnic 

groups, stated they would never want the vaccine compared to males. These findings persisted 

even after adjusting for age and educational differences [285]. 

In Japan, Horiuchi et al. 2021 assessed the factors that contribute to parental COVID-

19 vaccine hesitancy. The study found that mothers were more likely to exhibit vaccine 

hesitancy compared to fathers (adjusted odds ratio of 2.43) [286]. Additionally, the study noted 

an interaction between parental gender and level of satisfaction with social relationships; 

mothers with lower satisfaction in their social relationships were more hesitant to vaccinate 

their children compared to fathers, who showed consistent intention to vaccinate regardless of 

their level of satisfaction with their social relationships [286]. 

A recent systematic review of 519 studies with a total population of 7,990,117 analyzed 

global acceptance and uptake of COVID-19 vaccination, revealing gender-specific disparities. 

The review found that the COVID-19 vaccination acceptance rate among males (68.3%) was 

higher than females (64.7%), indicating that women were less likely than men to accept the 

vaccine [287]. Additionally, a systematic review by Yasmin et al. 2021, comprising 65 studies, 

investigated predictors of COVID-19 vaccine hesitancy and acceptance across various groups 

in the United States. The review revealed that vaccine hesitancy is particularly high among 

Black/African Americans and pregnant or breastfeeding women, but is relatively low among 

the male population, indicating a significant difference in vaccine uptake between men and 

women [288]. 

In a cross-sectional study of healthcare professionals (n = 2953) from 12 countries in 

Africa, Asia, Latin America, and Middle East, females had lower odds of COVID-19 vaccine 

acceptance compared with males [289]. Another global survey of adult populations (n = 10,491) 

from 83 low- and middle-income countries revealed that female gender was associated with 

lower odds of COVID-19 vaccine acceptance [290]. 

Based on two surveys conducted in 27 European countries in 2021, Toshkov attempted 

to explore the gender gap in COVID-19 vaccination attitudes [291]. The findings suggest that 

the gender gap is not due to concerns about pregnancy, fertility, breastfeeding, trust in internet 

and social networks for medical information, trust in health authorities, or perceived risks of 
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COVID-19 infection. Rather, women are more likely to view COVID-19 vaccines as unsafe 

and ineffective, leading them to perceive the risks of vaccination as outweighing the benefits. 

Despite these findings, the gender gap in vaccine hesitancy remains, indicating a need for 

further research [291]. In a US-based study, it was found that American women exhibited higher 

COVID-19 vaccine hesitancy than men, with this hesitancy [292]. The study also revealed that 

lack of a college education contributed to vaccine hesitancy in both genders, with women's 

hesitancy largely driven by safety concerns, while men's hesitancy was more linked to lower 

perceptions of COVID-19 dangers and belief in conspiracy theories [292]. 

Despite the scepticism towards COVID-19 vaccination found among females in various 

studies, real-world data from 2023 shows a contrasting trend, with women receiving more doses 

than men. As of July 2023, in the Czech Republic, the average number of doses administered 

per person was 1.74, with a slightly higher rate in females (1.76) compared to males (1.71) 

[212]. A similar disparity was observed in the US as of May 2023, with females receiving an 

average of 0.82 doses per person, compared to 0.78 in males [293]. It is important to note that 

these data are not adjusted for age and medical contradictions that may eliminate or enhance 

these gender disparities in vaccine uptake. Figure 39 

Figure 39. COVID-19 Vaccine Doses Administered Per Person in the US [293]. 
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Regarding sexual and gender minorities, the systematic review of Garg et al. 2021 

demonstrated that COVID-19 vaccine hesitancy in the LGBTQ+ community was largely driven 

by concerns about vaccine safety, effectiveness, and past negative healthcare experiences. The 

review emphasised the need for targeted efforts to build trust, address systemic discrimination, 

and include LGBTQ+ individuals in public health policies [294]. Recently, the scoping review 

of Balaji et al. 2023, highlighted the under-studied issue of COVID-19 vaccine uptake and 

refusal within the LGBTQIA+ community [295]. The review found that factors such as social 

stigma, discrimination, lack of access, and non-prioritisation in vaccine drives contributed to 

vaccine hesitancy, while HIV-affected individuals within this community showed a higher 

willingness to get vaccinated [295]. 

In New York, a cross-sectional survey-based study conducted from June to December 

2021 found that vaccination uptake among 1,032 LGBTQ+ participants was comparable to the 

general population [296]. However, socioeconomic factors, such as lower income and lack of 

health insurance, were significantly associated with vaccine hesitancy in this economically 

vulnerable group [296]. Similarly, in Australia, a national online survey conducted from April 

to June 2021 among 1,280 gay and bisexual men found that 28.0% of the respondents had been 

partially or fully vaccinated against COVID-19, and 80.0% of the unvaccinated were willing to 

be vaccinated [297]. The study identified that vaccination was associated with older age, 

university education, and HIV-positive status, while willingness to be vaccinated was linked to 

living in a capital city and being university educated, with those who had lost income or their 

job due to COVID-19 being less willing to be vaccinated. These Australian data confirmed that 

vaccine uptake and willingness were similar between gay and bisexual men and general 

population [297]. 

In the research carried out for this thesis, representation of sexual and gender minorities 

varied across studies. For instance, in study II (of Czech university students), 0.7% of the total 

participants identified as LGBTQ+. Interestingly, their level of acceptance of the COVID-19 

vaccine was on par with that of the female and male participants [257]. Contrarily, study I (of 

dental students worldwide) found out that vaccine acceptance was significantly lower among 

the LGBTQ+ participants compared to their female and male peers  [260]. Study V (of German 

university students and staff) revealed that LGBTQ+ participants who constituted 1.7% of the 

sample had a significantly higher level of booster dose refusal [262]. In Poland, study VI (of 

healthcare professionals and students), booster dose hesitancy was higher among the LGBTQ+ 

participants [263]. 

VIII.III. Safety Evidence: Promoter of Vaccine Hesitancy 

Clear and convincing evidence on COVID-19 vaccine safety is fundamental in shaping 

public attitudes towards vaccination, dispelling myths and fears that contribute to vaccine 

hesitancy. The majority of adverse events post-vaccination are mild and understanding this can 

build trust. However, cognitive biases can influence decisions, emphasising the necessity to 

consider and address these in health communication strategies [298]. 

In the Czech Republic, study II (of university students) found that students with 

insufficient knowledge about vaccine safety were 6.061 times more likely to be hesitant about 

getting vaccinated. Additionally, students who based their vaccination decisions on safety 

surveillance data were 2.965 times more likely to be hesitant. Despite 74.7% of students 
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expressing confidence in the pharmaceutical industry's ability to provide safe vaccines, 30% 

felt they did not have enough safety information. These findings highlight the critical role of 

accessible and clear vaccine safety information in shaping students' attitudes towards COVID-

19 vaccines [257]. 

The vaccine safety evidence was more critical for pregnant and lactating women (PLW) 

in the Czech Republic when considering COVID-19 vaccination as demonstrated by study III 

[258]. Safety for their children was the top priority for 61.5% of PLW, followed by their own 

safety (47%). However, trust in the transparency of pharmaceutical companies regarding safety 

data for pregnant women was low (15%), and only a minority of women (32.5%) felt they had 

sufficient knowledge about COVID-19 vaccines, further emphasising the importance of clear 

and reliable vaccine safety information for this population group [258] 

Study VI (of Czech healthcare professionals) revealed that perceptions regarding the 

safety of COVID-19 booster doses significantly influenced attitudes towards receiving these 

doses. The majority (76.5%) believed that the safety profile of booster doses was equivalent to 

that of the primary doses, and this belief was positively associated with acceptance of booster 

doses. Contrarily, a minority of respondents, only 12.5%, held concerns that booster doses 

might yield more severe side effects than primary doses. The perception of safety, whether 

positive or negative, thus proved pivotal in shaping attitudes towards booster dose acceptance 

among these healthcare professionals [259]. 

In Štěpánek et al. 2021’s study on healthcare professionals in Olomouc, concerns about 

vaccine safety significantly influenced attitudes towards COVID-19 vaccination. Almost half 

of the respondents, 49.4%, expressed hesitancy towards getting vaccinated due to fears about 

the vaccine's safety and potential side effects. These fears were especially pronounced among 

younger respondents, non-physicians, and individuals without a history of COVID-19 [196]. 

Globally, study I (of dental students worldwide) demonstrated that vaccine safety 

concerns greatly influenced dental students' acceptance of COVID-19 vaccines. These concerns 

were prominent among students from lower-middle-income countries, where only 27% felt they 

had enough information about vaccine safety compared to 33.1% from upper-middle-income 

countries students. Also, students who felt they lacked information about vaccine safety had 

significantly lower vaccine acceptance [260]. In Germany, study V (of university students and 

staff) exhibited a high acceptance rate (87.8%) for COVID-19 vaccine boosters, significantly 

influenced by their perception of vaccine safety and effectiveness. Participants who believed 

that the booster doses were as safe as the primary doses (89.1%) and those who disagreed that 

boosters would cause more severe side effects (70.2%) were significantly more likely to accept 

the booster, highlighting the crucial role of perceived safety in vaccine acceptance [262]. In 

Poland, study VI (of healthcare professionals and students) revealed that approximately 75.4% 

of participants believed the COVID-19 vaccine booster doses to be as safe as the primer doses, 

and 66.6% disagreed with the notion that booster doses would cause severe side effects. This 

perceived safety was a significant factor in vaccine booster acceptance, with those agreeing on 

equal safety showing an adjusted odds ratio (aOR) of 3.733 (95% CI: 1.622–8.592) for 

acceptance and an aOR of 2.323 (95% CI: 1.024–5.273) for actual uptake of the booster doses 

[263]. 
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In Portugal, Soares et al. 2021 discovered high levels of COVID-19 vaccine hesitancy, 

with 56% of respondents wanting to wait and 9% refusing vaccination, and this was linked to a 

lack of trust in the vaccine's safety [299]. The study found that those with little trust in the 

vaccines were much more likely to delay (aOR: 9.94, 95% CI: 7.48–13.20) or refuse (aOR: 

109.69, 95% CI: 57.38–206.69) vaccination, and respondents who answered before the release 

of vaccine safety and efficacy information also showed higher odds of delay (aOR: 2.05, 95% 

CI: 1.68–2.50) and refusal (aOR: 4.69, 95% CI: 3.21–6.86) [299]. Likewise in Italy, Reno et al. 

2021 found that 31.1% of the sample reported hesitancy towards COVID-19 vaccination, with 

54% voicing safety concerns [300]. Among hesitant respondents, the primary motivation to 

increase vaccine confidence was assurance that the vaccine could not cause immediate or long-

term injury (54.1%), and that its fast production did not compromise its safety (26.1%) [300]. 

A multi-country study of healthcare professionals in 23 countries, with a sample size of 

3,295, revealed that 15% of participants reported vaccine hesitancy, with safety and risk 

concerns acting as significant factors (OR: 9.07, 95% CI: 7.30–11.29). Particularly, among 

physicians, community health workers, and other healthcare providers, doubts about the science 

behind the vaccines and safety concerns were the most potent contributors to hesitancy [301]. 

Similarly, another multi-center study of 10 low- and middle-income countries including 44,260 

individuals from general populations demonstrated that concerns about vaccine side effects 

remained the primary cause for hesitancy, indicating the need for effective messaging about 

vaccine safety and efficacy, particularly delivered by trusted healthcare professionals [302]. 

Recently, Zhao et al. 2023 carried out a systematic review, identifying misinformation 

about COVID-19 vaccines as a significant factor contributing to vaccine hesitancy worldwide. 

Key sources of misinformation revolved around conspiracy theories and unfounded concerns 

about vaccine safety and effectiveness, noted in 77 and 63 studies, respectively, and this 

misinformation was more prevalent among younger, less educated, economically 

disadvantaged individuals, and those with right-wing or conservative ideologies [303]. The 

spread of such misinformation was found to foster fears about the safety profile of vaccines and 

even reducing the uptake of preventive behaviors like mask wearing and social distancing [303]. 

VIII.IV. Effectiveness Evidence: Promoter of Vaccine Hesitancy  

The compelling evidence of COVID-19 vaccine effectiveness has been a critical factor 

in shaping public attitudes, providing reassurance about the vaccines' ability to reduce virus 

transmission and severe illness. Despite this, surveys illustrate ongoing public concerns about 

the duration of immunity and potential side effects, and the rapid development of vaccines may 

intensify these apprehensions [143] 

In the Czech Republic, study II (of university students) exhibited that a majority (74.7%) 

expressed confidence in the pharmaceutical industry's ability to provide effective COVID-19 

vaccines, with significantly higher confidence levels among healthcare students (83.2%) and 

non-Czech students (84.7%), suggesting the crucial role of perceived vaccine efficacy in 

shaping attitudes towards vaccination [257]. Among pregnant and lactating women, safety for 

children (61.5%) was the first priority, followed by safety for the mother (47%), vaccine 

effectiveness for children’s immunisation (35.2%), and effectiveness for mother’s 

immunisation (41.4%), thus reflecting the impact of perceived vaccine safety and efficacy on 

their vaccination decisions [258]. Figure 31 
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Regarding booster doses acceptance, study V (of Czech healthcare professionals) 

showed that most participants believed in the booster doses' effectiveness against severe illness 

and community transmission, with 80.3% and 60.8% agreement respectively, leading to high 

booster dose acceptance [259]. However, the efficacy against circulating variants was less 

crucial to this group, indicating that while evidence of effectiveness in preventing severe illness 

and transmission is crucial in shaping attitudes, the vaccines' performance against specific 

variants is not as influential in their decision-making [259]. 

Štěpánek et al. 2021 found that distrust in the vaccine's efficacy (41.1%) was one of the 

main reasons for vaccine hesitancy among healthcare professionals in Olomouc, particularly 

amongst younger, non-physician staff and those without a history of COVID-19. The study 

emphasised that to improve vaccine uptake among healthcare professionals, increasing 

awareness around the safety and effectiveness of COVID-19 vaccines was pivotal [196]. 

Globally, study V (of German university students and staff) exhibited a strong belief in 

COVID-19 vaccine booster effectiveness and safety, with 90.1% of participants agreeing that 

booster doses could prevent severe illness, and 89.1% affirming that booster doses were as safe 

as the primer doses. Nevertheless, the study also revealed a significant contingent of 

respondents (7.6%) would not take booster doses until reliable evidence confirmed their 

effectiveness against emerging variants, highlighting the crucial role of scientific evidence in 

shaping vaccine attitudes [262]. In Poland, study VI (of healthcare professionals and students) 

demonstrated that majority (76.1%) acknowledged the effectiveness of COVID-19 vaccine 

booster doses in preventing severe infection, notably higher among triple-vaccinated 

participants (87.9%). This belief, along with acceptance of the vaccine's ability to prevent 

symptomatic infection (AOR: 5.502) and community transmission (AOR: 5.898), contributed 

to a 17.4 times greater likelihood (AOR: 17.407) of vaccine acceptance, underscoring the role 

of efficacy evidence in vaccination attitudes [263]. Study VII (of Algerian adults) found that 

belief in the effectiveness of COVID-19 booster doses played a vital role in shaping public 

attitudes towards vaccination, with an AOR of 28.112 for booster acceptance among those who 

believed in their necessity and efficiency [264].  

In Soares et al. 2021’s study of Portuguese adults, the report highlighted that individuals 

with little to no trust in the efficacy of COVID-19 vaccines were nearly 10 times more likely to 

delay and over 100 times more likely to refuse vaccination, while those who were surveyed 

before the release of efficacy information were twice as likely to delay and approximately 4.7 

times more likely to refuse the vaccine [299]. In France, Schwarzinger et al. 2021 demonstrated 

that the efficacy of COVID-19 vaccines influenced vaccine hesitancy, with acceptance rates 

dropping from 61.3% for a vaccine with 90% efficacy to 27.4% for one with 50% efficacy, the 

latter also being more hesitant if the vaccine was manufactured in China [304]. 

In the US, Shih et al. 2021 revealed that the efficacy of COVID-19 vaccines plays a 

significant role in vaccine acceptance, with 33% of respondents rejecting a hypothetical vaccine 

with 50% efficacy compared to only 12.8% rejecting a vaccine with 95% efficacy [305]. While 

general vaccine hesitancy and COVID-19 vaccine rejection show similar patterns across 

demographic factors, COVID-19 vaccine rejection rates are specifically influenced by the 

vaccine's effectiveness, thus indicating that vaccine efficacy evidence significantly shapes 

public attitudes towards COVID-19 vaccination [305]. Another hypothetical vaccine study 
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conducted in low- and middle-income countries across Asia, Africa, and South America among 

1,337 respondents demonstrated that COVID-19 vaccine acceptance varied notably with 

vaccine efficacy and safety; vaccines with 75% efficacy and 5% side effects received the 

highest acceptance rate of 80.1%, followed by a 95% efficacy vaccine with 20% side effects at 

74.0%, while vaccines with lower efficacy or higher side effects received lower acceptance 

rates (58.3% for a 50% efficacy, 5% side effects vaccine and 55.6% for a 75% efficacy, 20% 

side effects vaccine), underscoring the role of efficacy evidence in influencing public 

vaccination attitudes [306].  

Multi-centre studies confirmed the role of effectiveness evidence in shaping the public's 

attitudes towards COVID-19 vaccines, for instance, the study by Lazarus et al. 2021 surveyed 

23,000 participants from 23 countries and found a 3.7% increase in vaccine acceptance from 

the previous year, reaching 75.2% [307]. The study also identified trust in vaccine efficacy as 

a key factor in acceptance, with the statements "I trust the science behind the COVID-19 

vaccines," "The COVID-19 vaccines available to me are safe," and "COVID-19 can be 

prevented by vaccination" being significant negative correlates of vaccine hesitancy across all 

surveyed countries, demonstrating the impact of vaccine effectiveness communication in 

reducing vaccine hesitancy [307]. 

Khatatbeh et al. 2022 conducted a Middle Eastern multi-country study involving 3,744 

parents from eight countries, revealing that a parent's own vaccination status and their beliefs 

regarding the efficacy and safety of vaccines significantly impacted their willingness to 

vaccinate their children against COVID-19, as parents who had received the COVID-19 vaccine 

were about five times more likely to vaccinate their children, indicating the importance of 

effectively communicating vaccine efficacy to the public [308]. 

In Southeast Asia, a cross-sectional study involving 5,260 participants from six 

countries showed that 81.2% of participants believed vaccines could effectively prevent and 

control COVID-19, with 84.0% expressing willingness to accept a vaccine when available 

[309]. Despite this, around 50% of participants expressed hesitancy towards receiving a 

COVID-19 vaccine, revealing that factors such as age, residential area, education level, 

employment status, family economic status, and country of residence significantly influenced 

this hesitancy, thus illustrating the need for tailored approaches in communication about 

vaccine efficacy [309]. 

The recent systematic review of Zhao et al. 2023 revealed that misinformation 

surrounding COVID-19 vaccine safety and efficacy, present in 2.78% to 55.4% of the general 

population and 12.2% to 96.7% within anti-vaccine/vaccine hesitant groups, substantially 

contributes to vaccine hesitancy. It emphasised the need for debunking these misconceptions 

as an effective means of positively shaping public attitudes towards vaccination [303]. 

VIII.V. Are COVID-19 Vaccine Mandates Needed? 

Implementing mandates for COVID-19 vaccines could significantly increase vaccine 

uptake by making them an integral part of participation in certain societal activities, thereby 

indirectly addressing vaccine hesitancy. Nevertheless, these mandates might intensify 

resistance, especially among those who perceive them as an infringement of personal freedoms 

or among individuals with deep-seated vaccine hesitancy stemming from misinformation or 
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mistrust [310]. Despite these potential challenges, the data indicates a compelling case for 

vaccine mandates for healthcare professionals due to the increased morbidity and mortality rates 

of COVID-19 compared to influenza and the marked disruption it causes to healthcare services 

and workforce continuity [311]. 

In the Czech Republic, study IV (of healthcare professionals) suggested that rather than 

enforcing COVID-19 vaccination mandates, focusing on altruistic motivations such as the 

protection of family, patients, and community health might foster more acceptance and 

enthusiasm towards booster doses among healthcare workers [259]. Likewise in Germany, 

study V (of university students and staff) showed that acceptance of the COVID-19 vaccine 

booster was primarily driven by altruistic motives such as protection of personal health, family, 

and community health, rather than vaccine mandates, as only a small percentage of participants 

endorsed employer mandates as a reason for vaccination [262]. Study VI (of Polish healthcare 

professionals and students) revealed that COVID-19 vaccine booster doses acceptance was 

largely driven by factors such as protection from severe infection and community transmission, 

and the perception of a good safety profile and favourable risk-benefit ratio, with no significant 

impact of COVID-19 vaccine mandates on their willingness to get vaccinated [263]. 

Mayan et al. 2021 conducted a cross-sectional study involving 1,899 US medical 

students from 151 medical schools, revealing that 57.82% of these students approved of making 

the COVID-19 vaccine mandatory for healthcare professionals, while only 16.27% approved 

of the same for patients [312]. It was also noted that students who tested more knowledgeable 

about the vaccine (those answering all 5 questions correctly constituted 71% of the respondents) 

were less likely to approve making the vaccine mandatory for patients (66.67% vs 72.70%) and 

more likely to personally receive the vaccine (72.35% vs 62.99%), as opposed to less 

knowledgeable students who were less inclined to get the vaccine (4.12% vs 14.17%) [312]. 

In Australia, Smith et al. 2021 found that 66% of 1,200 surveyed Australians indicated 

willingness to take a COVID-19 vaccine, compared to 88% in 2017 who believed vaccines 

were safe and necessary [313]. It was observed that 70% of hesitant respondents were worried 

about the vaccine's safety if developed too swiftly, and 73% supported government mandates 

for COVID-19 vaccination for work, travel, and study, lower than the 85% support for the 2017 

childhood vaccine mandate but higher than those willing to personally take the vaccine [313]. 

The multi-country study of Lazarus et al. 2022 found that the vaccine-hesitant were 

highly resistant to vaccination requirements, with only 31.7%, 20%, 15%, and 14.8% approving 

mandates for international travel, indoor activities, employment, and public schools 

respectively, demonstrating the need to address these concerns to improve vaccination coverage 

[307]. In the following year, Lazarus et al. 2023 identified a downward shift in public attitudes 

towards COVID-19 vaccination mandates, with a decrease of 2.6% in support for employer 

vaccination requirements and a more significant drop of 6.9% in support for international travel 

vaccination proof. Despite the decline, the endorsement for vaccination proof for international 

travel remained high at 69.2%, thus indicating the persistent challenge in achieving broad public 

support for vaccination mandates [314]. 

Shah et al. 2023 conducted a systematic review and discovered that mandatory COVID-

19 vaccinations and potential booster requirements led to increased vaccination rates, especially 

in lower pre-mandate nations like France and Israel, with the most significant response from 
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younger age groups, under 20 and 20-29 years [315]. Despite an observed surge, uncertainties 

around mandates, varying compliance among different age groups, and concerns about long-

term safety data fostered a level of hesitancy, indicating that the success of any mandatory 

vaccination policy would depend on factors such as clear communication, evidence-based 

decisions, and the ethical implications of restricting personal autonomy [315]. 

Another systematic review by Peterson et al. 2022 which was concerned with healthcare 

professionals and vaccine hesitancy identified longstanding concerns surrounding vaccination 

safety, efficacy, and personal rights infringement, with these hesitations further increased 

during the COVID-19 pandemic [316]. Despite vaccination rates being as low as 31% during 

the H1N1 pandemic, the implementation of COVID-19 vaccination mandates increased 

compliance to 76% overall, and even higher for physicians (91%) and nurses (90%), but also 

sparked opposition, with up to 57% of healthcare professionals in certain surveys being against 

such mandates, indicating the powerful influence of COVID-19 mandates in shaping attitudes 

towards vaccination among healthcare professionals [316]. 

In conclusion, vaccine mandates can significantly boost vaccination rates, yet they 

encounter resistance over personal autonomy and safety concerns. Success lies in clear, 

evidence-based communication and respect for personal freedoms, striking a balance that could 

effectively lead us towards public health objectives. 

VIII.VI. Implications for Addressing COVID-19 Vaccine Hesitancy 

Table 22 presents a set of recommendations to address COVID-19 vaccine hesitancy among 

healthcare professionals, pregnant and lactating women, and young adults, including university 

students, based on the findings of this thesis studies. 

Table 22. Implications for Addressing COVID-19 Vaccine Hesitancy among Various Population Groups 

Group Implications / Recommendations 

Healthcare 

Professionals 

1. Emphasise altruistic motivations like protecting family, patients, and community health rather 

than enforcing mandates. This can increase enthusiasm and acceptance. 

2. Ensure safety evidence is clearly communicated as concerns over side effects are a major driver 

of hesitancy. Emphasise that boosters are as safe as primary doses. 

3. Communicate efficacy evidence effectively, focusing on prevention of severe illness and 

community transmission rather than performance against specific variants. 

4. Leverage their role as opinion leaders by having healthcare professionals share their positive 

vaccination experiences with colleagues and patients. 

5. Provide convenient access to vaccination, as situational barriers like lack of time contribute to 

hesitancy amongst busy healthcare professionals. 

Pregnant & 

Lactating 

Women 

6. Prioritise clear communication about safety evidence, as this is the top concern for pregnant and 

lactating women regarding vaccination. Address transparency issues. 

7. Emphasise benefits of vaccination for mothers and babies versus risks of COVID-19 infection 

during pregnancy and lactation. 

8. Increase accessibility to web-based interventions that provide reliable information on vaccine 

safety for pregnant and lactating women. 

9. Tailor messaging for different trimesters, as vaccine acceptance varies across pregnancy timeline. 

10. Partner with obstetricians and paediatricians to leverage pregnant and lactating women's high trust 

in healthcare providers for vaccine recommendations. 

11. Leverage sense of collective responsibility, emphasising vaccination's role in protecting 

vulnerable family and community members. 
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Young Adults 

(incl. University 

Students) 

12. Address misconceptions and knowledge gaps through social media campaigns and campus events 

led by student leaders. 

13. Highlight safety evidence from clinical trials and real-world data to alleviate concerns over novel 

vaccines. 

14. Share positive experiences of vaccination from influential young icons and peers over traditional 

health authorities. 

15. Increase access through convenient on-campus vaccination clinics and incentives like extra-

curricular credits or prize draws. 

Regarding COVID-19 vaccine booster doses, the studies included in this thesis highlight 

several key implications. Firstly, the perceived safety and efficacy of booster doses play a 

pivotal role in shaping acceptance, indicating a need for clear communication of emerging 

evidence on booster effectiveness and side effects. Trusted healthcare providers should take the 

lead in addressing misconceptions. Secondly, acceptance is driven more by altruistic 

motivations like protecting family and community rather than mandates or restrictions. 

Communication campaigns could leverage these motivators over coercion. Thirdly, those 

previously infected show more hesitancy, suggesting a need to communicate better that natural 

immunity wanes and boosters augment protection. As Šimánek et al. 2021 demonstrated, while 

antibodies from mild COVID-19 may persist around 18 months, vaccination remains vital to 

reducing transmission and severe outcomes [317]. Fourthly, hesitancy persists over ethical 

concerns regarding global vaccine equity, emphasising that authorities should transparently 

address justice arguments. Lastly, tailored strategies for hesitant groups like females, youth, 

and racial minorities are needed, taking into account cultural factors and knowledge gaps. 

Overall, addressing knowledge deficits and misconceptions with compassion could foster 

greater booster uptake. 

Additionally, the thesis findings suggest several key implications regarding COVID-19 

vaccine mandating. Firstly, vaccine mandates appear capable of driving substantial increases in 

uptake but still face resistance stemming from safety worries and infringement of autonomy. 

Thus, mandates should be judiciously implemented based on transparent risk-benefit analysis 

and ethical considerations. Secondly, healthcare professionals exhibit high booster acceptance 

without mandates, driven by altruism and occupational risk perception. Mandating vaccination 

for them should be carefully weighed, given existing goodwill. Thirdly, general populations 

show lower support for mandates compared to personally getting vaccinated, indicating 

mandates could harden hesitancy. Fourthly, high-risk groups like the elderly demonstrate 

greater acceptance, suggesting targeted rather than blanket mandating. Finally, success lies in 

clear communication of evidence, respect for diverse viewpoints, and shared responsibility 

appeals over coercion. Overall, vaccine mandates require nuanced implementation as one 

strategy among many to increase uptake. 

VIII.VII. Strengths and Limitations 

The strengths of the present thesis lie in its individual studies, their conceptualisation, 

design, and findings. They can be summarised in the following points: 

1. Diverse Population Groups: The thesis comprises seven cross-sectional, survey-

based studies, facilitating the collection of data from diverse population groups 

across different national and international contexts. The large sample sizes, that 

ranged from 362 to 6,639 participants with a collective sample of 13,966, also 
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augment the studies' comprehensive nature and statistical power. This enhances the 

generalisability of the findings.  

2. Timeliness and Phased Approach: The studies were conducted during the mass 

vaccination campaigns for primer doses (winter – summer 2021) and booster doses 

(autumn 2021 – spring 2022), a critical period in the global fight against the COVID-

19 pandemic.  

3. Use of Validated Instruments and Theoretical Models: The studies employed a 

variety of validated instruments and theoretical models, including the WHO-SAGE 

matrix model, the socio-ecological model (SEM), and the health belief model 

(HBM). These models and instruments have been widely used and validated in 

previous research, enhancing the reliability and validity of the findings.  

4. Advanced Statistical Techniques: Advanced statistical techniques were employed, 

including machine-learning techniques that were utilised in study I. These methods 

allowed for a robust examination of intricate relationships between predictors and 

vaccine hesitancy, providing deeper insights into the factors influencing vaccine 

acceptance and refusal. 

5. Alignment with Reporting Guidelines and Ethical Principles: The studies were 

conducted in strict alignment with the Strengthening the Reporting of Observational 

studies in Epidemiology (STROBE) guidelines and the Declaration of Helsinki for 

research involving human subjects. Ethical approval was procured prior to the 

initiation of the studies, enhancing the methodological strength of the research. 

The limitations also stemmed from the individual studies and can be summarised in the 

following points: 

1. Lack of Qualitative Data: The studies primarily utilised quantitative methods, and 

the absence of qualitative data restricted a deeper understanding of the determinants 

of vaccine hesitancy. 

2. Cross-Sectional Design: The cross-sectional design of the studies provided a 

snapshot of the situation at a specific point in time but did not permit the examination 

of changes over time. Cohort studies would have been needed to assess how vaccine 

hesitancy evolved as the pandemic progressed and as new information about the 

vaccines became available. 

3. Digital Data Collection: The use of digital forms for data collection, whilst 

efficient, might have excluded individuals without access to the necessary 

technology or those who were not comfortable using it. Also, the anonymous format 

precluded verification of data and introduced chance of duplicates. 

4. Cognitive and Selection Biases: The studies' use of self-reported data and voluntary 

participation might have introduced biases. Social desirability bias could have 

skewed results if participants responded in socially acceptable ways rather than 

reflecting their true beliefs. Also, self-selection bias, where the individuals who 

chose to participate differed significantly from those who did not, could have limited 

generalisability of the findings. 

 

 



COVID-19 Vaccine Hesitancy: A Tale of Two Pandemics 

95 of 120 

 

Conclusion 

In conclusion, this thesis explored the complex interplay between COVID-19 and 

vaccine hesitancy—two converging pandemics with profound public health impacts. Through 

seven timely cross-sectional studies spanning diverse demographics in the Czech Republic and 

abroad, the findings reveal valuable insights into the multi-level factors shaping vaccine 

acceptance, hesitancy, and refusal during the mass-vaccination campaigns in 2021 and 2022. 

The studies in this thesis highlighted the critical role of altruistic motivations, clear 

communication of safety and effectiveness evidence, and respect for diverse viewpoints in 

fostering vaccine acceptance. They also noted that mandates could potentially harden hesitancy 

if not judiciously implemented based on transparent risk-benefit analysis and ethical 

considerations. 

Certain sociodemographic characteristics, like younger age and female gender, emerged 

as recurring risk factors for vaccine hesitancy. The research emphasised the importance of 

compassionately addressing knowledge deficits and misconceptions to foster greater vaccine 

uptake. It advocated for tailored strategies for hesitant groups such as females, youth and racial 

minorities, considering cultural factors and knowledge gaps. Promoting public health 

communications that emphasise the altruistic aspects of immunisation was also suggested, 

highlighting its role in community protection to promote a sense of collective responsibility. 

These multi-country insights can inform policies worldwide; with COVID-19 

transitioning to an endemic disease, maintaining vaccine acceptance is critical and requires 

enduring vigilance—waning immunity and new variants could rekindle hesitancy. Moreover, 

the legacy of this pandemic may have permanently altered vaccination attitudes, necessitating 

rebuilding public confidence in routine immunisation. As vaccine hesitancy and infectious 

diseases persist, these lessons remain ever relevant in safeguarding public health. 
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