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COVID-19 was the most devastating 
public health crisis of the century. In 
the first two years of the pandemic 
( January 2020 to December 2021), 

nearly six million deaths were reported globally.1 The 
healthcare sector worldwide was stretched beyond 
limits. Under the leadership of the World Health 
Organization (WHO), countries and organizations 
around the world initiated organized strategies to 
slow down the spread of the virus, including imposing 
lockdowns, mask-wearing, and social distancing. The 
healthcare industry and scientists collaborated across 
national borders, sharing epidemiological data, and 
research findings.

As a result of such unprecedented collaboration, 
researchers from different countries and institutions 
were able to produce COVID-19 vaccines in 
record time, which helped control the pandemic.2 
The vaccines produced by Oxford-AstraZeneca, 
Moderna, Janssen, and Pfizer-BioNTech were 
reported to have > 80% effectiveness in preventing 
SARS-CoV-2 infections within 12–42 days post-
vaccination.3 Even though their effectiveness declined 
after around 112 days following vaccination, booster 
doses could extend for a longer period.4 A systematic 

review found that COVID-19 vaccine was cost-
effective in overcoming the pandemic.5 Despite the 
benefits of the COVID-19 vaccine, the spread of 
misinformation by social media increased vaccine 
hesitancy in a section of the world population.6

For vaccination programs to succeed, several 
measures need to be implemented. These include 
efficient leadership, vaccination workforce, service 
delivery, financing, and distribution.7 Apart from 
these, there is a need to address vaccine hesitancy 
among the public and a minority of medical 
professionals,7 which is especially difficult to 
tackle because it arises from the complex interplay 
of many psychosocial variables including cultural, 
psychological, and individual health beliefs, 
misinformation, trust in healthcare providers and 
the government, as well as the dilemma between 
the perceived risk of the disease versus that of the 
vaccine. A qualitative study conducted in Germany 
revealed that some individuals were hesitant to 
accept the COVID-19 vaccine because they believed 
it was developed in an unusually short period and 
insufficiently tested before being approved for 
emergency public distribution.8 A study in the 
Philippines also revealed similar perceptions.9
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A B S T R AC T
Vaccination is one of the most successful public health initiatives in human history, 
significantly reducing the incidence and severity of infectious diseases. The success of any 
vaccination program depends on several factors, including effective leadership, funding, 
distribution management, and addressing vaccine hesitancy. Vaccine hesitancy, the delay 
or refusal to be vaccinated despite the availability of immunization services, has always 
been prevalent in societies but has become more pronounced during the COVID-19 
pandemic. During the pandemic, anti-vaccine activists persistently promoted and 
increased vaccine hesitancy by using social media to spread rumors, propaganda, and 
conspiracy theories. The rising vaccine hesitancy among the public became a major 
challenge to the success of the COVID-19 immunization program. There are also 
indications that this hesitancy may have generalized against more traditional vaccines. 
This literature review explores the structure and evolving dynamics of COVID-19 vaccine 
hesitancy and the resultant generalized skepticism towards other vaccinations. It also 
suggests future strategies to address and mitigate the phenomenon of vaccine hesitancy.
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This literature review explored vaccine hesitancy 
during the COVID-19 pandemic and its impact on 
the vaccination campaign. Following the COVID-19 
era, vaccine hesitancy appears to have been increasing, 
mainly fueled by widespread misinformation and 
conspiracy theories. We will specifically discuss the 
reasons for COVID-19 vaccine refusal and explore 
strategies to address vaccine hesitancy in the future.

Definition and determinants of vaccine 
hesitancy
In 2014, the Strategic Advisory Group of Experts 
on Immunization (SAGE) Working Group defined 
vaccine hesitancy as a ‘delay in acceptance or refusal of 
vaccines despite availability of vaccination services’.10 
They found that people who have chosen to vaccinate 
themselves and their children could develop 
hesitancy due to different reasons, for example, 
a fear of potential adverse events.11 The Group 
developed a vaccine hesitancy model, known as the 
‘3C model’, based on three psychological variables: 
confidence, complacency, and convenience. Here, 
confidence relates to the perception of the safety and 
effectiveness of a vaccine. Complacency is influenced 
by the perception of whether an immunization 
program is successful. Convenience is affected by the 
accessibility and affordability of a vaccine.10

Further, the SAGE Working Group’s matrix 
identified three categories of determinants that 
could influence vaccine hesitancy: (1) contextual 
influences, (2) individual and group influences, 
and (3) vaccine- or vaccination-specific influences. 
Contextual influences are related to sociocultural 
issues. Individual and group influences modify 
knowledge and attitudes toward health. Vaccine- or 
vaccination-specific influences cover all aspects of 
vaccines, such as risk and benefit, schedule, and costs.10

An example of the third category determinant of 
vaccine hesitancy occurred in 1990 when there was 
widespread public anxiety regarding thimerosal, a 
preservative used in the measles, mumps, and rubella 
vaccine as the cause of autism. Subsequent studies 
found no evidence to support this claim. However, 
in 1999, the USA Public Health Services and the 
American Academy of Pediatrics bowed to public 
pressure and recommended removing thimerosal 
from childhood vaccines.12 Similarly, a recent study 
from Saudi Arabia reported that concerns about 
potential side effects as the most frequent reason for 
hesitancy regarding shingles vaccines.13

In some countries or regions, vaccine coverage 
is known to be influenced by religious and cultural 
beliefs. In the Bible Belt of the Netherlands, which 
is known for its conservative Protestant Christian 
community, there had been outbreaks of diseases like 
measles, mumps, rubella, and poliomyelitis in recent 
years. This was mainly because many people chose 
not to vaccinate their children due to their religious 
beliefs.14 In the Canadian Bible Belt, a mumps 
outbreak in 2008 was attributed to low vaccination.15 
In Pakistan, there is a conspiracy theory that polio 
vaccination is an attempt by Israel and the USA to 
eliminate Muslims, leading to attacks on healthcare 
worker (HCWs) participating in polio vaccination 
campaigns.16 In 2003, Muslim religious leaders in 
northern Nigeria banned polio vaccination among 
children due to a belief that the vaccine could lead 
to cancer and infertility, and spread HIV.17

Some Muslims in Guinea were reported to have 
refused to get vaccinated during Ramadan, due 
to their belief that nothing should enter the body 
during the fasting period. They were also concerned 
about any potential side effects of vaccination that 
might disrupt their fast.18

It is also suggested that the overall intensity of 
religious influence on vaccination intentions and 
practices may differ between religions. A study 
in Israel found that Jewish mothers were more 
likely to vaccinate their children against human 
papillomavirus than Muslim mothers.19 Nine of 
the Sub-Saharan African countries reported lower 
coverage of childhood immunization in Muslim than 
in Christian families. Such inter-religious differences 
could also be associated with higher health literacy in 
Jewish and Christian societies.20 In Indonesia, some 
parents refuse immunization, due to a suspicion that 
vaccines could contain pig-sourced substances.21 This 
led to a demand among Indonesian Muslims for halal 
certification for rotavirus vaccines.22 Accordingly, a 
vaccine manufacturer in Indonesia, Biofarma, has 
produced vaccines with halal certification. However, 
producing strictly halal vaccines is not easy because 
vaccine components are mostly produced by 
pharmaceutical firms in non-Muslim countries that 
may not fully understand halal requirements.23

Hesitancy toward COVID-19 vaccines
Vaccine hesitancy had a notable impact on the 
COVID-19 pandemic. Vaccine hesitancy and 
suboptimal public health interventions were 



Su c i  A .  Wi d ya n i n gs i h ,  et  a l .

estimated to increase the risk of mortality by about 
7.6 times.24 A regression model by Dhalaria et 
al,25 suggested that in India, a vaccine hesitancy of 
about 1% could lead to a decline of about 30% in  
vaccine coverage.

A 2021 study based on data from 23 countries 
reported that the actual availability of COVID-19 
vaccines was associated with a decline in vaccine 
hesitancy from 28.5% in June 2020 to 24.8% in 
June 2021.26 The exceptions were Russia, Nigeria, 
and Poland where people still retained high levels 
of vaccine hesitancy, about 48.4%, 43%, and 40.7%, 
respectively.26 However, in the USA, measures such 
as Food and Drug Administration approval of 
COVID-19 vaccines and widespread vaccination 
programs were able to decrease vaccine hesitancy 
in all demographic categories. This decrease was 
particularly reported among African Americans and 
Hispanic communities, who previously had lower 
COVID-19 vaccination acceptance rates.27

Vaccine hesitancy has also been reported in a 
minority of HCWs. One study found that 3295 
HCWs from 23 countries experienced vaccine 
hesitancy, with physicians having the lowest 
hesitancy levels.28 The side effects and safety of 
vaccines were the most common reasons for vaccine 
hesitancy among healthcare providers.29

The occurrence of adverse events could also differ 
between various vaccine types.30 Hence, this issue must 
be addressed strategically to cater to various populations' 
unique perceptions and vaccination experiences.

Studies about COVID-19 vaccine hesitancy 
began early in the pandemic before vaccines were 
developed. In March 2020, an anonymous cross-
sectional survey in China revealed that 91.3% of 
participants were willing to accept a COVID-19 
vaccine once it would become available, among 
whom 47.8% expressed an intention to wait until 
they could confirm that the vaccine was safe.31 During 
September-October 2020, an online survey in the 
UK using the Oxford COVID-19 vaccine hesitancy 
scale, found that among 5114 adult respondents, 
11.7% exhibited strong hesitancy. The main reasons 
were concerns about the potential side effects and the 
accelerated development of COVID-19 vaccines.32 
During the second wave of COVID-19 in Indonesia 
in 2021, a cross-sectional study found that 60.2% 
of 3014 adult participants had hesitancy towards 
COVID-19 vaccines. The primary reasons were: 
the speed of vaccine development and the potential 

side effects.33 A systematic review of observational 
studies in Nigeria reported that the acceptance 
rate of COVID-19 vaccines was below 60%, with 
concerns about vaccine safety and efficacy and 
sociodemographic factors playing significant roles.34

Several sociodemographic factors contribute 
to vaccine hesitancy, an important one being low 
education level.35 Women were more hesitant 
because they worried about side effects, safety 
towards breastfeeding and pregnancy, and the effect 
on fertility.36,37

In Nigeria, mistrust of the government was 
found to be an important component in COVID-19 
vaccine hesitancy.38 Some Nigerian respondents 
suggested that the government was using the 
vaccine to make money in collaboration with foreign 
companies.39 Some others believed that COVID-19 
vaccine could be a tool for population control by 
injecting ‘microchips’ into the body.39 Some believed 
that vaccines were meant to alter human DNA 
dangerously.39 In another Nigerian study, where 
the COVID-19 vaccine acceptance rate was 28.2%, 
the respondents exhibited a high level of mistrust 
of the government, which stood at 56.8%.40 Some 
respondents saw the COVID-19 pandemic as a 
punishment from God, portending ‘end times’.39

The Internet has played a major role in spreading 
rumors that promote vaccine hesitancy. Even as early 
as 2009, 24% of the search results on vaccination on 
American websites were reported to have brought 
up anti-vaccination sites. Among the allegations 
propagated by such websites was that vaccines contained 
toxic substances such as mercury and formaldehyde.41

The advent of Web 2.0 empowered the public to 
generate and manage their online content via blogs 
and social media. This led to further proliferation 
of anti-vaccination propaganda. Strategies of the 
anti-vaccination groups include supporting flawed 
research and conspiracy theorists who claim that 
vaccines are dangerous.42 The Center for Countering 
Digital Hate reported in 2020 that anti-vaccine 
accounts had widespread support, with 31 million 
Facebook followers and 17 million YouTube 
subscribers. Such propaganda led to people using 
the Internet, social media, and YouTube to become 
confused about the risk/benefits of vaccines and 
become increasingly vaccine-hesitant.43

In the past, anti-vaccine movements have used 
narratives such as, “vaccine is more dangerous 
rather than the disease itself ”, “vaccine is useless”, 
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or “vaccination causes fatal disease”.44 During the 
COVID-19 pandemic, many conspiracy theorists 
also began negating the existence of the disease 
itself (e.g. “COVID-19 is a big lie”, “COVID-19 is  
staged”, etc.).45

Misinterpreting adverse events
It is well known that all vaccines can cause adverse 
events in a tiny minority of recipients. COVID-19 
vaccines are also not free of rare adverse events. A 
cohort study by Global Vaccine Data Network 
identified rare safety signals for Guillain-Barré 
syndrome and cerebral venous sinus thrombosis 
after administration of viral vector-based vaccines 
(AstraZeneca). The study also identified rare cases 
of myocarditis and pericarditis following mRNA-
based vaccines (Pfizer and Moderna).46 Another 
study documented a possible association between 
acute disseminated encephalomyelitis (ADEM) 
and transverse myelitis with viral vector and mRNA 
vaccines.47 Such findings were exaggerated and 
misinterpreted by the proponents of anti-vaccination.

Successful conspiracy theories and fake news 
tend to contain a kernel of truth to make it seem 
scientific and believable, mixed with pseudoscience, 
misinterpretation of events, and connections. Such 
a powerful and persistent rumor began to spread 
in 2022, alleging that COVID-19 vaccines could 
induce severe liver hepatitis in children. We examine 
below how a kernel of scientific truth came to be 
misinterpreted and spread among the public.

Before the rollout of COVID-19 vaccines, 
Vojdani and Kharrazian predicted an increase in 
autoimmune diseases among COVID-19 patients.48 
In June 2022, WHO published a report on 930 
probable cases of severe acute hepatitis in children 
with unexplained etiolog y, reported from 33 
countries.49 The WHO’s report noted that a minority 
of these children were COVID-19 positive, but it 
did not imply any connection between vaccination 
and these cases. A 2023 study found a higher risk 
of autoimmune hepatitis (AIH) in infants, children, 
and adolescents and recommended administering 
COVID-19 vaccination.50

However, antivaccine activists and conspiracy 
believers disseminated misinformation that 
COVID-19 vaccines were the cause of the rise in 
hepatitis cases in children.51,52 Their evidence was 
quite peripheral and almost irrelevant to AIH child 
cases, and included a case report of an adult patient 

who contracted acute hepatitis twice, following the 
first and second doses of Pfizer’s BNT162b2 mRNA 
vaccine.53 While that particular case seems to have been 
associated with the vaccine, it was incorrect to use it 
to link pediatric cases with the vaccine. Unfortunately, 
many people unwittingly linked the outbreak of 
acute hepatitis (liver inflammation) in children with 
COVID-19 vaccination,51 potentially increasing 
popular reluctance to COVID-19 vaccine.54

In early 2021, a case report described the 
development of AIH in a 35-year-old woman 
following the administration of the Pfizer-BioNTech 
BNT162b2 mRNA vaccine.55 Subsequently, several 
case reports and case series illustrated AIH cases 
following COVID-19 vaccination using different 
platforms, including mRNA (Pfizer-BioNTech 
BNT162b2 and Moderna mRNA-1273) and 
adenoviral vector (ChAdOx1 nCoV-19 Oxford-
AstraZeneca) vaccines. These cases occurred in people 
with and without pre-existing medical conditions.56 
Another piece of evidence came from a case of AIH 
with a rapid onset of liver injury after the first dose of 
the Moderna vaccine. It led to acute, severe AIH after 
re-exposure during the second dose.57 Later, Boettler 
et al,53 hypothesized the involvement of SARS-
CoV-2-spike-specific CD8+ T cells in mediating the 
development of vaccine-associated AIH in an adult, 
based on a single case report.

A pre-pandemic systematic review and 
meta-analysis conducted in 2019 estimated the 
worldwide incidence and prevalence of AIH at  
approximately 1.37 and 17.4 per 100 000 people, 
respectively.58 Owing to this low background 
incidence, the risk of AIH did not feature in the 
clinical trials of various COVID-19 vaccines. After 
more than two years of vaccinations of hundreds of 
millions of people worldwide, a population-based 
pharmacovigilance analysis by Chen et al,59 found 
that from December 2020 to March 2022, only 53 
reports of AIH following COVID-19 vaccination 
were reported to the Centers for Disease Control 
and Prevention COVID Data Tracker and the 
Vaccines Adverse Event Reporting System. The study 
concluded that COVID-19 vaccine did not increase 
the risk of AIH.59

There was no evidence of genuine medical 
researchers withholding information regarding any 
potential adverse events following vaccination. This 
was shown by many studies and case reports in the 
literature that had documented cases of AIH that 
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occurred after COVID-19 vaccination. It is also the 
nature of science to question all conclusions. Thus, 
phase four post-marketing surveillance is needed 
to determine whether COVID-19 vaccines truly 
increase the incidence of any diseases, including AIH, 
above their previous background levels. As previously 
mentioned, Chen et al,59 showed that the COVID-19 
vaccines did not increase the risk of AIH.

In every scientific field including medicine, 
rigorous scrutiny, and continuous refinement are 
driven by the persistent skepticism of the scientific 
community, driven by a strong peer review process. 
This ensures that results and conclusions are always 
reexamined and corrected as required.

This contrasts with the approach of perpetrators 
of conspiracy theories whose claims tend to lack the 
support of proper research, peer review, or verifiable 
evidence.41 A frequent tactic of anti-vaccine activists 
is ‘skewing the science’. On the one side, they would 
reject scientific evidence showing the benefits of 
vaccination. They also seek to destroy the legitimacy 
and scientific integrity of organizations such as 
WHO, academic scientists, research organizations, 
pharmaceutical companies, and governments whose 
findings and recommendations do not match their 
beliefs systems and agenda.

Anti-vaccine activists also incorrectly promote 
any scientific evidence or hypothesis, that could 
be exploited to boost their ideas.42 A single adult 
case report by Boettler et al,53 was exaggerated and 
misrepresented to lend credence to their allegation 
that the COVID-19 vaccine causes AIH in children.

Based on the currently available clinical, 
epidemiological, and laboratory data, the leading 
hypothesis of the AIH outbreak in children is the  
infectious origin of an unidentified viral pathogen 
and immune dysregulation during acute hepatitis 
infection in children.60 Most importantly, those 
antivaccine activists covered up the fact that 
most affected children were unvaccinated against 
COVID-19 since they were not yet eligible.51 Thus, 
it is unscientific to blame COVID-19 vaccines as 
potential triggers for the upsurge in severe pediatric 
hepatitis cases.

The pediatric population is the target for 
COVID-19 vaccinations to acquire herd immunity 
against SARS-CoV-2. Conspiracy theories and 
misinformation about COVID-19 vaccines, 
together with the hepatitis outbreak, pose a threat 
to international efforts to combat the COVID-19 

pandemic. Of note, conspiracy theories are more 
likely to emerge during public health crises. We 
must also remember that even though the worst 
part of the pandemic is over, COVID-19 cases are 
still emerging and vaccination is also being given. As 
per WHO’s latest COVID-19 Vaccination Insights 
Report for the first quarter of 2024, globally, 9.8 
million individuals received a dose of COVID-19 
vaccine.61 Health experts and government agencies 
should dispel fears regarding the COVID-19 vaccine 
in children by providing the public with clear and 
evidence-based facts.

The impact of COVID-19 pandemic on 
vaccine hesitancy
Vaccine hesitancy has influenced the preventive 
measures to control COVID-19 cases through 
mass vaccination. Due to massive misinformation 
and propaganda of conspiracy theories during the 
pandemic,54 it is interesting to gather information 
on how it may influence vaccine hesitancy during 
and after the COVID-19 pandemic, not only to 
COVID-19 vaccines, but have generalized to other 
childhood vaccines.12 Analyses of Google searches 
showed that searches for common anti-vaccine 
terms such as ‘mercury’ and ‘autism’ significantly 
increased.62 Another evidence for this growing 
problem is a marked increase in scientific articles 
on vaccine hesitancy since the beginning of the 
COVID-19 pandemic.63

This is of particular concern as most vaccines are 
administered in early childhood. A meta-analysis of 12 
published studies showed that the pooled prevalence 
of hesitation towards childhood immunization 
throughout the COVID-19 pandemic was 18.5%.64 
A 2022 survey among 310 American parents with 
children aged 0–17 years, found a rising hesitancy 
to vaccinate their children.65 A significant minority 
of parents now believed that vaccines were less safe 
(11%), less important (12%), and less effective (13%) 
since the start of the COVID-19 pandemic.65 Not 
unexpectedly, parents who were not vaccinated 
against COVID-19 held significantly more negative 
beliefs than those vaccinated. In areas with poor 
COVID-19 immunization coverage, there was a 
greater prevalence of the perception that childhood 
vaccinations were less effective (17%), and 16% of 
parents had relatively less trust in health advice from 
the government (17%), health professionals (12%), 
and pharmaceutical firms (16%).65
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Three important factors that influence vaccine 
hesitancy are religiosity, ethnicity, and income level. 
A 2024 scoping review analyzed 14 studies that 
compared religiosity with vaccine hesitancy and 
found that one’s religious beliefs and religiosity were 
significant predictors of vaccine hesitancy.66 The 
influence of ethnicity and income was revealed by a 
survey conducted among 252 American adults with 
children.67 It was found that during the COVID-19 
pandemic, there was a small but significant rise 
in hesitancy towards vaccinating children. The 
hesitancy was higher among participants with 
lower household incomes and those belonging 
to Hispanic and African American ethnicities.67 
The above findings suggested that negative beliefs 
about childhood vaccination increased during the 
COVID-19 pandemic and were further influenced 
by parental religiosity, income, and ethnicity.

However, the above factors are subject to major 
variations between countries. For example, a study 
conducted in Saudi Arabia revealed that during 
the peak COVID-19 pandemic in 2021, 47.3% of 
2501 Saudi caregivers expressed their intention to 
vaccinate their children against influenza, up from 
29.8% in the previous year.68 A meta-analysis study 
also supported the considerable rise in parental 
enthusiasm to vaccinate their children against the 
seasonal influenza virus.64

Parents’ desire to vaccinate their children also 
depends on their perception of the severity of 
COVID-19. For instance, when an online poll was 
done during the COVID-19 pandemic, parents’ 
intentions to give their children an influenza 
vaccination increased by 15%. Fear that their child 
would get COVID-19 was a factor influencing their 
decision to switch to vaccinations.69

Strategies to address future vaccine hesitancy
As early as 2014, the SAGE Working Group 

recommended a multipronged approach, customized 
for each target population.10 Strategies to improve 
vaccine uptake should include increasing public 
awareness about vaccination, providing rural and 
marginalized areas better access to vaccination, 
involving religious and community leaders, and 
making vaccines mandatory.10

In 2021, Razai et al,70 proposed a five C strategy 
comprising confidence, complacency, convenience, 
communication, and context, to overcome vaccine 
hesitancy. The first three C’s were incorporated 

from the SAGE Working Group’s strateg y.10 
‘Communication’ refers to clear information about 
vaccines delivered to the community, and ‘context’ 
refers to the need to be mindful of the socio-
demography of the target group.70

Enlisting vaccine ambassadors could be a strategy 
to increase awareness, like in San Francisco, which 
used the ‘Motivate, Vaccinate, Activate’ campaign 
to promote the COVID-19 vaccine.71 A study in 
low- and middle-income countries found that most 
participants would trust healthcare providers to 
decide on getting the COVID-19 vaccine, indicating 
that in these countries, health professionals 
have a crucial role in helping people overcome  
vaccine hesitancy.72

One of the examples of improving vaccine access 
is the recommendation to provide COVID-19 
vaccines in jails. Yet, collaboration with health 
authorities was highly required.73 India successfully 
included religious authorities to increase COVID-19 
vaccine awareness and acceptance. The fact that 
brochures were distributed in local languages 
to various communities helped counter vaccine 
misinformation. Among Indian Muslims, the local 
imams facilitated educational sessions on vaccination 
in mosques after Friday prayers.74

Another way that governments could ensure the 
vaccination of adults and children is by mandating 
compulsory COVID-19 vaccine certification to 
improve vaccine uptake.75 However, this may be 
resisted in countries that place a high premium  
on individualism and personal freedom. A Twitter 
survey conducted after the announcement of 
mandatory COVID-19 vaccination in Austria in 
2021 found that 45.7% of 2545 respondents did 
not support that policy.76 Similarly, a study in the 
French population also revealed that 41.9% of  
3056 participants refused the mandatory  
COVID-19 vaccination.77

Social media can be used by the government to 
interact with the public and disseminate COVID-19 
information.78 Effective communication and 
counteraction to anti-vaccine sentiment should be 
conducted. For example, social media companies 
made efforts not to foster anti-vaccination in 2019. 
Ads were deleted on YouTube videos of anti-vaccine 
movements; thus, the account did not earn money. 
When searching for vaccine-related information 
on Twitter in the USA and the UK, the National 
Health Service and the Department of Health and 
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Human Services came up as the top results. Any anti-
vaccination profiles were not suggested by Facebook.43

Although social media companies address 
misinformation and provide accurate vaccine 
information, their actions are still falling short 
of what is needed. Misinformation remains 
widespread, undermining public confidence, 
and obstructing vaccination initiatives.79,80 To 
address these issues, social media platforms must 
strengthen their strategies. This includes refining 
algorithms to more effectively identify and curb 
false information, collaborating with public health 
agencies to disseminate accurate content, and 
improving transparency in their content moderation. 
Additionally, investing in educational campaigns to 
highlight the importance of vaccines and promoting 
community engagement to foster informed 
discussions are essential.81 By implementing these 
measures, social media companies can play a crucial 
role in combating vaccine hesitancy and safeguarding 
public health.

The root of the problem
The increase in vaccine hesitancy is not a standalone 
problem, but part of a growing trend of public to 
distrust science and scientific expertise. A 2021 
survey by Pew Research Center revealed a substantial 
decline in the U.S. adults who expressed ‘a great 
deal of confidence’ in medical scientists—29% 
compared to 40% in the previous year.82 The survey 
also indicated a 10% fall (29% in 2021 vs. 39% in 
2020) in the respondents’ belief that scientists acted 
in the public interest. Such mistrust extends to other 
scientific fields, one of which is the widespread 
and persistent climate change denial despite clear 
evidence and scientific consensus for human-caused 
climate change, which has also been ratified most 
countries of the world as per the Paris Agreement.83

The roots of this generalized mistrust may be 
factors such as information overload, increased trust 
in similarly thinking peer groups via social media, all 
of which contribute to cognitive biases and increase 
them. This suggests that humanity is subjected to an 
unprecedented information overload that overtaxes 
our cognitive capacity. The human mind seeks 
certainty and is uncomfortable with uncertainty. 
Therefore, many of us seek refuge in groups that 
share and accentuate our beliefs, hopes, and fears. 
Our desire to seek refuge from uncertainty increases 
during periods of crisis.

This is why the popularity of conspiracy 
theories—which tend to offer simplistic information 
that satisfies our emotional needs—multiply during 
times of public health crises and other emergencies.54 
Joining conspiracy theory groups offers us the 
comfort of believing in a set of few ‘certainties’ and 
causes us to distrust contrary data.

This represents a complex long-term challenge, 
of which vaccine hesitancy is only a symptom. This 
can only be tackled by long-term strategies. Among 
the potential remedies is to reform the education 
system from the current learning strategies based 
on memorizing facts to one focused on developing 
critical thinking and logical reasoning from 
childhood.84 If all countries could adopt this shift in 
public education, within a decade or two, humanity 
would be in a better position to handle the future 
tsunamis of misinformation of all types, including 
those against vaccinations.

C O N C LU S I O N
Vaccine hesitancy has been increasing worldwide 
during the COVID-19 pandemic, which impacted 
the rate of COVID-19 vaccine acceptance. The 
massive spread of misinformation and conspiracy 
theories were responsible for this. Even though the 
worst of the pandemic is behind us, vaccine hesitancy 
has become more generalized. The increased skepticism 
about all vaccinations is likely to impact children the 
most as most vaccinations are administered during 
early childhood. Some previously tamed pediatric 
infectious diseases are making a comeback in some 
societies, for example, polio.

Conspiracy theories are more likely to emerge 
during times of public health crises. Thus, health 
experts and government agencies should provide 
clear and succinct facts about vaccination. HCWs 
should be well-educated on addressing vaccine 
hesitancy in the general population. Social media can 
be used to interact with the public and disseminate 
vaccine information. Social media platforms must 
strengthen their strategies to address misinformation. 
Developing critical thinking and logical reasoning 
from childhood are also important aspects of 
tackling vaccine hesitancy. Thus, addressing vaccine 
hesitancy requires a multipronged approach. A 
strong and continuous collaboration between the 
government, international and national health 
authorities, academia, HCWs, and the community 
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is highly required to maintain successful vaccination 
programs after the COVID-19 pandemic.

Disclosure
The authors declared no conflicts of interest. No funding was 
received for this study.

r efer ences
1.	 COVID-19 Excess Mortality Collaborators. Estimating 

excess mortality due to the COVID-19 pandemic: a 
systematic analysis of COVID-19-related mortality, 2020-
21. Lancet 2022 Apr;399(10334):1513-1536. 

2.	 Rehman SU, Rehman SU, Yoo HH. COVID-19 
challenges and its therapeutics. Biomed Pharmacother 
2021 Oct;142(112015.

3.	 Wu N, Joyal-Desmarais K, Ribeiro PA, Vieira AM, 
Stojanovic J, Sanuade C, et al. Long-term effectiveness of 
COVID-19 vaccines against infections, hospitalisations, 
and mortality in adults: findings from a rapid living 
systematic evidence synthesis and meta-analysis 
up to December, 2022. Lancet Respir Med 2023 
May;11(5):439-452. 

4.	 Menni C, May A, Polidori L, Louca P, Wolf J, Capdevila 
J, et al. COVID-19 vaccine waning and effectiveness and 
side-effects of boosters: a prospective community study 
from the ZOE COVID Study. Lancet Infect Dis 2022 
Jul;22(7):1002-1010. 

5.	 Utami AM, Rendrayani F, Khoiry QA, Noviyanti D, 
Suwantika AA, Postma MJ, et al. Economic evaluation 
of COVID-19 vaccination: a systematic review. J Glob 
Health 2023 Jan 14;13(06001.

6.	 Kricorian K, Civen R , Equils O. COVID-19 
vaccine hesitancy: misinformation and perceptions 
of vaccine safety. Hum Vaccin Immunother 2022 
Dec;18(1):1950504. 

7.	 Wang Q, Qu Z, Tu S, Chen X, Hou Z. The whole-of-
society approach of mass COVID-19 vaccination in 
China: a qualitative study. Health Res Policy Syst 2022 
Dec;20(1):142. 

8.	 Fieselmann J, Annac K, Erdsiek F, Yilmaz-Aslan Y, Brzoska 
P. What are the reasons for refusing a COVID-19 vaccine? 
A qualitative analysis of social media in Germany. BMC 
Public Health 2022 Apr;22(1):846. 

9.	 Amit AM, Pepito VC, Sumpaico-Tanchanco L, Dayrit 
MM. COVID-19 vaccine brand hesitancy and other 
challenges to vaccination in the Philippines. PLOS Glob 
Public Health 2022 Jan;2(1):e0000165. 

10.	 World Health Organization. Report of the SAGE Working 
Group on vaccine hesitancy. Geneva: World Health 
Organization; 2014. [cited 2024 Mar 1]. Available from: 
https://www.asset-scienceinsociety.eu/sites/default/files/
sage_working_group_revised_report_vaccine_hesitancy.
pdf.

11.	 Salmon DA, Dudley MZ, Glanz JM, Omer SB. Vaccine 
hesitancy: causes, consequences, and a call to action. Am J 
Prev Med 2015 Dec;49(6)(Suppl 4):S391-S398. 

12.	 Larson HJ, Gakidou E, Murray CJ. The vaccine-hesitant 
moment. N Engl J Med 2022 Jul;387(1):58-65. 

13.	 AlMuammar S, Albogmi A, Alzahrani M, Alsharef F, 
Aljohani R, Aljilani T. Herpes zoster vaccine awareness 
and acceptance among adults in Saudi Arabia: a survey-
based cross-sectional study. Trop Dis Travel Med Vaccines 
2023 Oct;9(1):17. 

14.	 Ruijs WL, Hautvast JL, van der Velden K, de Vos S, 
Knippenberg H, Hulscher ME. Religious subgroups 
influencing vaccination coverage in the Dutch Bible belt: 
an ecological study. BMC Public Health 2011 Feb;11:102. 

15.	 Wielders CC, van Binnendijk RS, Snijders BE, Tipples 
GA, Cremer J, Fanoy E, et al. Mumps epidemic in 

orthodox religious low-vaccination communities in the 
Netherlands and Canada, 2007 to 2009. Euro Surveill 
2011 Oct;16(41):19989. 

16.	 Andrade GE, Hussain A. Polio in Pakistan: political, 
sociological, and epidemiological factors. Cureus 2018 
Oct;10(10):e3502. 

17.	 Jegede AS. What led to the Nigerian boycott of the polio 
vaccination campaign? PLoS Med 2007 Mar;4(3):e73. 

18.	 Peiffer-Smadja N, Ouedraogo R, D’Ortenzio E, Cissé PN, 
Zeggani Z, Beavogui AH, et al. Vaccination and blood 
sampling acceptability during Ramadan fasting month: A 
cross-sectional study in Conakry, Guinea. Vaccine 2017 
May;35(19):2569-2574. 

19.	 Ben Natan M, Aharon O, Palickshvili S, Gurman V. 
Attitude of Israeli mothers with vaccination of their 
daughters against human papilloma virus. J Pediatr Nurs 
2011 Feb;26(1):70-77. 

20.	 Costa JC, Weber AM, Darmstadt GL, Abdalla S, Victora 
CG. Religious affiliation and immunization coverage 
in 15 countries in Sub-Saharan Africa. Vaccine 2020 
Jan;38(5):1160-1169. 

21.	 Syiroj AT, Pardosi JF, Heywood AE. Exploring parents’ 
reasons for incomplete childhood immunisation in 
Indonesia. Vaccine 2019 Oct;37(43):6486-6493. 

22.	 Padmawati RS, Heywood A, Sitaresmi MN, Atthobari J, 
MacIntyre CR, Soenarto Y, et al. Religious and community 
leaders’ acceptance of rotavirus vaccine introduction in 
Yogyakarta, Indonesia: a qualitative study. BMC Public 
Health 2019 Apr;19(1):368. 

23.	 Biofarma. 2019 annual report. [cited 2024 March 1]. 
Available from: https://www.biofarma.co.id/en/annual-
report/download/34da2c751ea17dcbb9fd4edf20e8d3fb.

24.	 Olivera Mesa D, Hogan AB, Watson OJ, Charles GD, 
Hauck K, Ghani AC, et al. Modelling the impact of 
vaccine hesitancy in prolonging the need for Non-
Pharmaceutical Interventions to control the COVID-19 
pandemic. Commun Med (Lond) 2022 Feb;2:14. 

25.	 Dhalaria P, Arora H, Singh AK, Mathur M, S AK. 
COVID-19 vaccine hesitancy and vaccination coverage 
in India: an exploratory analysis. Vaccines (Basel) 2022 
May;10(5):739. 

26.	 Lazarus JV, Wyka K, White TM, Picchio CA, Rabin K, 
Ratzan SC, et al. Revisiting COVID-19 vaccine hesitancy 
around the world using data from 23 countries in 2021. 
Nat Commun 2022 Jul;13(1):3801. 

27.	 Daly M, Jones A, Robinson E. Public trust and 
willingness to vaccinate against COVID-19 in the US 
from October 14, 2020, to March 29, 2021. JAMA 2021 
Jun;325(23):2397-2399. 

28.	 Leigh JP, Moss SJ, White TM, Picchio CA, Rabin KH, 
Ratzan SC, et al. Factors affecting COVID-19 vaccine 
hesitancy among healthcare providers in 23 countries. 
Vaccine 2022 Jul;40(31):4081-4089. 

29.	 Gallant AJ, Harding A, Johnson C, Steenbeek A, Curran 
JA. Identifying H1N1 and COVID-19 vaccine hesitancy 
or refusal among health care providers: a scoping review. 
JBI Evid Synth 2023 May;21(5):913-951. 

30.	 Abdollahi A, Naseh I, Kalroozi F, Kazemi-Galougahi MH, 
Nezamzadeh M, Qorbanzadeh A, et al. Potential adverse 
effects of COVID-19 vaccines on Iranian healthcare 
workers: comparison of four available vaccines in Tehran: 
a retrospective cross-sectional study. Oman Med J 2023 
Mar;38(2):e486. 

31.	 Wang J, Jing R, Lai X, Zhang H, Lyu Y, Knoll MD, et 
al. Acceptance of COVID-19 vaccination during the 
COVID-19 pandemic in China. Vaccines (Basel) 2020 
Aug;8(3):482. 

32.	 Freeman D, Loe BS, Chadwick A, Vaccari C, Waite F, 
Rosebrock L, et al. COVID-19 vaccine hesitancy in the 
UK: the Oxford coronavirus explanations, attitudes, 
and narratives survey (Oceans) II. Psychol Med 2022 
Oct;52(14):3127-3141. 



Su c i  A .  Wi d ya n i n gs i h ,  et  a l .

33.	 Sujarwoto MA, Maharani A, Holipah, Andarini S, Saputri 
RA, Pakpahan E, et al. Understanding COVID-19 vaccine 
hesitancy: A cross-sectional study in Malang District, 
Indonesia. Front Public Health 2023 Jan;10:1030695. 

34.	 Babatope T, Ilyenkova V, Marais D. COVID-19 vaccine 
hesitancy: a systematic review of barriers to the uptake of 
COVID-19 vaccine among adults in Nigeria. Bull Natl 
Res Cent 2023;47(1):45. 

35.	 Moscardino U, Musso P, Inguglia C, Ceccon C, Miconi 
D, Rousseau C. Sociodemographic and psychological 
correlates of COVID-19 vaccine hesitancy and resistance 
in the young adult population in Italy. Vaccine 2022 
Apr;40(16):2379-2387. 

36.	 Steinmetz L. Sociodemographic predictors of and main 
reasons for COVID-19 vaccine hesitancy in eastern 
Oslo: a cross-sectional study. BMC Public Health 2022 
Oct;22(1):1878. 

37.	 Oliver J, Kaufman J, Bagot K, Bradfield Z, Homer 
C, Gibney KB, et al. Drivers of COVID-19 vaccine 
hesitancy among women of childbearing age in Victoria, 
Australia: a descriptive qualitative study. Vaccine X 2022 
Dec;12(100240.

38.	 Sato R . COVID-19 vaccine hesitancy and trust 
in government in Nigeria. Vaccines (Basel) 2022 
Jun;10(7):1008. 

39.	 Wonodi C, Obi-Jeff C, Adewumi F, Keluo-Udeke SC, 
Gur-Arie R, Krubiner C, et al. Conspiracy theories and 
misinformation about COVID-19 in Nigeria: Implications 
for vaccine demand generation communications. Vaccine 
2022 Mar;40(13):2114-2121. 

40.	 Olawa B, Lawal A, Odoh I, Azikiwe J, Olawole A, 
Odusina E, et al. Mistrust in government and COVID-19 
vaccination acceptance in Nigeria: investigating the 
indirect roles of attitudes towards vaccination. J Egypt 
Public Health Assoc 2023 Feb;98(1):1. 

41.	 Kata A. A postmodern Pandora’s box: anti-vaccination 
misinformation on the Internet. Vaccine 2010 
Feb;28(7):1709-1716. 

42.	 Kata A. Anti-vaccine activists, Web 2.0, and the 
postmodern paradigm–an overview of tactics and tropes 
used online by the anti-vaccination movement. Vaccine 
2012 May;30(25):3778-3789. 

43.	 Burki T. The online anti-vaccine movement in 
the age of COVID-19. Lancet Digit Health 2020 
Oct;2(10):e504-e505. 

44.	 Larsson P. COVID-19 anti-vaxxers use the same 
arguments from 135 years ago. [cited 2024 March 1]. 
Available from: https://www.history.ox.ac.uk/article/
covid-19-anti-vaxxers-use-the-same-arguments-from-135-
years-ago.

45.	 da Rosa Amaral A, Jung AK, Braun LM, Blanco B. 
Narratives of anti-vaccination movements in the German 
and Brazilian twittersphere: a grounded theory approach. 
Media Commun 2022;10(2):144-156 .

46.	 Faksova K, Walsh D, Jiang Y, Griffin J, Phillips A, Gentile 
A, et al. COVID-19 vaccines and adverse events of 
special interest: A multinational Global Vaccine Data 
Network (GVDN) cohort study of 99 million vaccinated 
individuals. Vaccine 2024 Apr;42(9):2200-2211. 

47.	 Morgan HJ, Clothier HJ, Sepulveda Kattan G, Boyd JH, 
Buttery JP. Acute disseminated encephalomyelitis and 
transverse myelitis following COVID-19 vaccination 
- A self-controlled case series analysis. Vaccine 2024 
Apr;42(9):2212-2219. 

48.	 Vojdani A, Kharrazian D. Potential antigenic cross-
reactivity between SARS-CoV-2 and human tissue with a 
possible link to an increase in autoimmune diseases. Clin 
Immunol 2020 Aug;217:108480. 

49.	 World Health Organization. Severe acute hepatitis of 
unknown aetiology in children - Multi-country. [cited 
2024 August 14]. Available from: https://www.who.
int/emergencies/disease-outbreak-news/item/2022-
DON394.

50.	 Bitar R, Elghoudi AA, Rawat D, Azaz A, Miqdady M, 
Narchi H. COVID-19-induced liver injury in infants, 
children, and adolescents. World J Clin Pediatr 2023 
Jun;12(3):57-67. 

51.	 The Expose. New study confirming COVID vaccine 
causes severe autoimmune-hepatitis is published days 
after WHO issued ‘Global Alert’ about new severe 
hepatitis among children. [cited 2022 May 9]. Available 
from: https://dailyexpose.uk/2022/04/28/new-study-
confirms-covid-jab-causes-hepatitis-kids/.

52.	 The Expose. Medicine regulators believe attenuated 
viruses in AstraZeneca & Janssen COVID vaccines are 
to blame for rise in deadly hepatitis among children. 
[cited 2022 May 9]. Available from: https://dailyexpose.
uk/2022/05/07/medicine-regulators-blame-covid-jabs-
hepatitis-children/.

53.	 Boettler T, Csernalabics B, Salié H, Luxenburger H, 
Wischer L, Salimi Alizei E, et al. SARS-CoV-2 vaccination 
can elicit a CD8 T-cell dominant hepatitis. J Hepatol 
2022 Sep;77(3):653-659. 

54.	 Hakim MS. SARS-CoV-2, Covid-19, and the 
debunking of conspiracy theories. Rev Med Virol 2021 
Nov;31(6):e2222. 

55.	 Bril F, Al Diffalha S, Dean M, Fettig DM. Autoimmune 
hepatitis developing after coronavirus disease 2019 
(COVID-19) vaccine: Causality or casualty? J Hepatol 
2021 Jul;75(1):222-224. 

56.	 Camacho-Domínguez L, Rodríguez Y, Polo F, Restrepo 
Gutierrez JC, Zapata E, Rojas M, et al. COVID-19 
vaccine and autoimmunity. A new case of autoimmune 
hepatitis and review of the literature. J Transl Autoimmun 
2022;5:100140. 

57.	 Zin Tun GS, Gleeson D, Al-Joudeh A, Dube A. 
Immune-mediated hepatitis with the Moderna vaccine, 
no longer a coincidence but confirmed. J Hepatol 2022 
Mar;76(3):747-749. 

58.	 Lv T, Li M, Zeng N, Zhang J, Li S, Chen S, et al. 
Systematic review and meta-analysis on the incidence and 
prevalence of autoimmune hepatitis in Asian, European, 
and American population. J Gastroenterol Hepatol 2019 
Oct;34(10):1676-1684. 

59.	 Chen C, Xie D, Xiao J. Real-world evidence of 
autoimmune hepatitis following COVID-19 vaccination: 
A population-based pharmacovigilance analysis. Front 
Pharmacol 2023 Apr;14:1100617. 

60.	 Matthews PC, Campbell C, Săndulescu O, Matičič M, 
Ruta SM, Rivero-Juárez A, et al; and ESCMID Study 
Group for Viral Hepatitis (ESGVH). Acute severe 
hepatitis outbreak in children: A perfect storm. What do 
we know, and what questions remain? Front Pharmacol 
2022 Nov;13:1062408. 

61.	 World Health Organization. COVID-19 epidemiological 
update – 17 June 2024. [cited 2024 August 12]. Available 
from: https://www.who.int/publications/m/item/covid-
19-epidemiological-update-edition-168.

62.	 Pullan S, Dey M. Vaccine hesitancy and anti-vaccination 
in the time of COVID-19: A Google Trends analysis. 
Vaccine 2021 Apr;39(14):1877-1881. 

63.	 Leonardelli M, Mele F, Marrone M, Germinario CA, 
Tafuri S, Moscara L, et al. The effects of the COVID-19 
pandemic on vaccination hesitancy: a viewpoint. Vaccines 
(Basel) 2023 Jul;11(7):1197. 

64.	 Wang Z, Chen S, Fang Y. Parental willingness and 
associated factors of pediatric vaccination in the era of 
COVID-19 pandemic: a systematic review and meta-
analysis. Vaccines (Basel) 2022 Sep;10(9):1453. 

65.	 Grills LA, Wagner AL. The impact of the COVID-19 
pandemic on parental vaccine hesitancy: A cross-sectional 
survey. Vaccine 2023 Sep;41(41):6127-6133. 

66.	 Tiwana MH, Smith J. Faith and vaccination: a scoping 
review of the relationships between religious beliefs 
and vaccine hesitancy. BMC Public Health 2024 
Jul;24(1):1806. 



O man    med    J,  vo  l  3 9 ,  no   4 ,  ju  ly  2 0 2 4

Su c i  A .  Wi d ya n i n gs i h ,  et  a l . Su c i  A .  Wi d ya n i n gs i h ,  et  a l .

67.	 He K, Mack WJ, Neely M, Lewis L, Anand V. Parental 
perspectives on immunizations: impact of the COVID-19 
pandemic on childhood vaccine hesitancy. J Community 
Health 2022 Feb;47(1):39-52. 

68.	 Salawati E, Alwafi H, Samannodi M, Minshawi F, Gari A, 
Abualnaja S, et al. Parents’ willingness to vaccinate their 
children against seasonal influenza after the COVID-19 
pandemic in Saudi Arabia: a retrospective cross-sectional 
survey. Patient Prefer Adherence 2021 Dec;15:2821-
2835. 

69.	 Goldman RD, McGregor S, Marneni SR, Katsuta T, 
Griffiths MA, Hall JE, et al; International COVID-19 
Parental Attitude Study (COVIPAS) Group. Willingness 
to vaccinate children against influenza after the 
Coronavirus Disease 2019 pandemic. J Pediatr 2021 
Jan;228:87-93.e2. 

70.	 Razai MS, Oakeshott P, Esmail A, Wiysonge CS, 
Viswanath K, Mills MC. COVID-19 vaccine hesitancy: 
the five Cs to tackle behavioural and sociodemographic 
factors. J R Soc Med 2021 Jun;114(6):295-298. 

71.	 Centers for Disease Control and Prevention. 12 
COVID-19 vaccination strategies for your community. 
[cited 2023 December 5]. Available from: https://www.
cdc.gov/vaccines/Covid-19/vaccinate-with-confidence/
community.html.

72.	 Solís Arce JS, Warren SS, Meriggi NF, Scacco A, McMurry 
N, Voors M, et al. COVID-19 vaccine acceptance and 
hesitancy in low- and middle-income countries. Nat Med 
2021 Aug;27(8):1385-1394. 

73.	 Ramaswamy M, Satterwhite CL, Lipnicky A, Emerson A, 
Griffin P, Ash D, et al. Recommendations for delivering 
COVID-19 vaccine in jails: evidence from Kansas, 
Iowa, Nebraska, and Missouri. Am J Public Health 2021 
Jun;111(6):1035-1039. 

74.	 Soni GK, Bhatnagar A, Gupta A, Kumari A, Arora S, Seth 
S, et al. Engaging faith-based organizations for promoting 
the uptake of COVID-19 vaccine in India: a case study of a 
multi-faith society. Vaccines (Basel) 2023 Apr;11(4):837. 

75.	 Mills MC, Rüttenauer T. The effect of mandatory 

COVID-19 certificates on vaccine uptake: synthetic-
control modelling of six countries. Lancet Public Health 
2022 Jan;7(1):e15-e22. 

76.	 Ritschl V, Eibensteiner F, Mosor E, Omara M, Sperl 
L, Nawaz FA, et al. Mandatory vaccination against 
COVID-19: twitter poll analysis on public health 
opinion. JMIR Form Res 2022 Jun;6(6):e35754. 

77.	 Gagneux-Brunon A, Botelho-Nevers E, Bonneton M, 
Peretti-Watel P, Verger P, Launay O, et al. Public opinion 
on a mandatory COVID-19 vaccination policy in France: 
a cross-sectional survey. Clin Microbiol Infect 2022 
Mar;28(3):433-439. 

78.	 Chen Q, Min C, Zhang W, Wang G, Ma X, Evans R. 
Unpacking the black box: How to promote citizen 
engagement through government social media during 
the COVID-19 crisis. Comput Human Behav 2020 
Sep;110:106380. 

79.	 Clark SE, Bledsoe MC, Harrison CJ. The role of social 
media in promoting vaccine hesitancy. Curr Opin Pediatr 
2022 Apr;34(2):156-162. 

80.	 Wilson SL, Wiysonge C. Social media and vaccine 
hesitancy. BMJ Glob Health 2020 Oct;5(10):e004206. 

81.	 Grosso FM, Baldassarre ME, Grosso R, Di Mauro F, 
Greco C, Greco S, et al. Do social media interventions 
increase vaccine uptake? Front Public Health 2023 
Jun;11:1077953. 

82.	 Pew Research Center. Americans’ trust in scientists, other 
groups declines. [cited 2024 August 12]. Available from: 
https://www.pewresearch.org/science/2022/02/15/
americans-trust-in-scientists-other-groups-declines/.

83.	 Stoetzer LS, Zimmermann F. A representative survey 
experiment of motivated climate change denial. Nat Clim 
Chang 2024 Feb;14:198-204 .

84.	 Lombardi L, Mednick FJ, De Backer F, Lombaerts K. 
Fostering critical thinking across the Primary School’s 
curriculum in the European schools system. Educ Sci 2021 
Sep;11:505 .


