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ABSTRACT

In the light of the COVID-19 pandemic, anti-
vaccine sentiments have been on the rise, with a
recent seminal study on the development of
anti-vaccine views in social media even making
its way into Nature Communications. Yet, with
the current scientific consensus being in

overwhelming agreement over the safety and
efficacy of vaccines, many scientists lose their
grasp on the fears, concerns, and arguments
that the opposition may hold. This paper dis-
cusses and evaluates vaccine-hesitant individu-
als on a socioeconomic, historical, and
philosophical landscape. It also provides an
analysis of common argumentative patterns
and the psychological impact that these argu-
ments may have on undecided individuals. The
discussion also explores why anti-vaccine sen-
timents are on the rise, and how members of
the scientific and medical community require a
more structured approach to communicating
key arguments. This is particularly important if
vaccination rates and herd immunity are to be
sustained. No longer is it sufficient to win
arguments based on a factual and scientific
basis, but rather scientists and medical practi-
tioners have to focus on conveying confidence
and reassurance on both an informative and
emotional level to those with doubts and fears.
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Key Summary Points

The pro- vs anti-vaccine discussion has
gained traction in the light of the recent
COVID-19 pandemic.

In our discussion we review the anti-
vaccine movement in its current state,
including associated demographics,
argumentative patterns, and putative
developments.

We provide a discussion on the appeal of
anti-vaccine sentiments from a
psychological, historical, and
philosophical point of view.

For physicians and healthcare
practitioners we provide valuable
approaches to engaging in confrontations
with vaccine-hesitant individuals.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12927965.

INTRODUCTION

While many believe that the anti-vaccine (anti-
vax) movement is novel and a direct result of
the increase of immunizations available, anti-
vaccination sentiments are not a novel concept,
and have actually been present as long as
modern-day vaccines themselves [1, 2]. Vacci-
nation entered modern medical practice in the
1800s with the smallpox vaccine developed by
Edward Jenner. Early vaccinations were rudi-
mentary, as in the case of smallpox, where
lymph was harvested from cowpox blisters of
infected animals and injected subcutaneously
into a healthy patient. As a result of the per-
ception of danger as well as the use of animal
products, the vaccine met objections from the

clergy and those with a general distrust of
medicine [2]. As mandatory vaccination of
infants became codified into law with the Vac-
cination Act of 1853 and later 1867, some citi-
zens showed resistance to what was perceived as
interference into the medical decisions parents
could make for children [3]. Other concerns
included doubts of the safety and sanitation of
early vaccination methods.

Vaccine hesitancy is not just an American
phenomenon, however. Higher GDP countries
have been shown to have the lowest confidence
in vaccines, and countries like China (9%),
Austria (8%), and Japan (7%) have reported a
significant proportion of unvaccinated popula-
tion. Despite gaining significant traction [4],
anti-vaccine sentiments are still in the minority,
with estimates suggesting that about 80% of the
world population agree that vaccines are safe
[5]. Often, anti-vaccine viewpoints and argu-
ments are more compelling [6] and almost as
widespread in social media [4, 7, 8], relative to
their pro-vaccine counterparts, which could be
contributing to the movement’s rapid growth
[9].

The current scientific consensus is in over-
whelming support of the use of vaccines in
children and that their benefits greatly out-
weigh their risks [10]. This is not to say that
vaccines do not carry any risks. Adverse inci-
dents with vaccines have occurred and raised
serious concerns that brought about change. For
example, the ‘‘Cutter incident’’ described by the
Centers for Disease Control and Prevention
(CDC) involved batches of the polio vaccine
administered in 1955 that contained the live
polio virus and resulted in many cases of
paralysis [2, 11]. History reports many vaccine
safety issues, including the simian virus 40 in
the inactivated polio vaccine and oral polio
vaccine (1955–1963), Guillain–Barré syndrome
in the swine flu vaccine (1976), intussusception
and the RotaShield vaccine (1998–1999), glass
contamination in the HPV vaccine (2013), and
others [11].

Recent global struggles with COVID-19
infection have once again highlighted the
importance of this topic. With the Moderna
mRNA-1273 vaccine completing a phase 1
clinical trial with beneficial results in all 45
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patients [12] and currently starting a phase 3
trial [12], anti-vaccination sentiments and con-
spiracy theories have once again made their way
into the spotlight.

HISTORY OF THE MODERN ANTI-
VAX MOVEMENT

Safety concerns about vaccines have been
around as long as there have been vaccines and
many of these issues were valid and have led to
corrective actions. But there are also currently
still largely unfounded assertions from all over
the world [13, 14] that vaccines are associated
with autism spectrum disorder or neurological
disorders and that vaccines contain harmful
ingredients, such as thiomersal [15]. In the
developed world, there is a profound sense of
medical mistrust, along with concerns that
repeated immunization protocols may be
excessive, redundant, or profit-making enter-
prises rather than preventive medicine. Indeed,
in the USA, vaccination development and pro-
duction is transitioning more and more to the
private from the public sector [16].

The anti-vaccination proponents, often
called anti-vaxxers, are often caricatured in the
media as uneducated, unsophisticated laypeo-
ple from lower socioeconomic strata [17], but
demographic data find that those with vaccine-
hesitant thoughts and behaviors are more
likely to be educated, older mothers with
higher socioeconomic status [2]. The anti-vac-
cination proponents are a heterogeneous
group; some want to avoid all vaccination
while others want to avoid certain specific
vaccinations or reduce or delay the overall
number of vaccinations [2]. Benin and col-
leagues helped to define the subgroups of par-
ents with respect to their ideological position
on vaccination: accepters, vaccine-hesitant
parents, late-vaccinators, and rejectors.
Between the two extremes of accepters—who
do not question vaccinations—and rejectors—
who reject all vaccinations without discus-
sion—fall those who have serious concerns
about vaccinations which may cause them to
delay, postpone, or selectively vaccinate [18].
Benin’s model may be a reductionist approach

in that it does not offer a group for parents
who question vaccination but then arrive at
the decision to vaccinate based on their own
research and conclusions that the benefits of
vaccination outweigh the risks. Nevertheless, it
demonstrates that some anti-vaxxers are fol-
lowing the paradigm of shared decision-making
and weighing the risks and benefits, although
their own distrust of modern medicine or other
biases may come into play. Thus, the anti-
vaccine community is to a large extent the
product of educated individuals who have the
capacity for critical thinking and a desire to
discuss the subject with their physician. Yet,
the general attitude of the scientific literature
towards anti-vaxxers may appear hostile and
encourage their censorship [2, 19–21]. A possi-
ble explanation for the stark and sometimes
politicizing polarities between these two groups
may be related to the arguments advanced by
anti-vaxxers.

THE ROLE OF POST HOC ERGO
PROPTER HOC

Anti-vaccine arguments are often grounded in
anecdotal evidence [6, 15], which runs the
danger of leading to post hoc ergo propter hoc
fallacies [22] (literally translated to ‘‘after this,
therefore because of this’’). False correlations
can lead to arguments that can be propagated as
fact through anti-vaccine blogs, social media
pages [6], and even news outlets [22]. A com-
mon example of the post hoc fallacy in the anti-
vaccine community is the controversial link
between autism and the measles, mumps, and
rubella (MMR) vaccine [23]. By convention, the
first round of the MMR vaccine is administered
at around 12 months of age, which coincides
with the age at which behavioral symptoms of
autism are first noted [24]. This timing has led
some to draw a connection between vaccines
and autism that has yet to be scientifically
established. Similar associations between vacci-
nes and allergies [25] as well as vaccines and
asthma [26, 27] persist in the anti-vaccine
community, although they lack credible scien-
tific support.
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THE ROLE OF BIAS

There are several types of biases that can affect
judgment. There are biases of omission (believ-
ing something despite a lack or paucity of evi-
dence); confirmation bias (favoring arguments
that support one’s pre-established position);
false or imagined correlations between events;
the ‘‘availability heuristic’’ which gives undue
weight to certain events at the expense of oth-
ers; and cognitive dissonance, in which per-
ceived ‘‘conflicting evidence’’ may lead one to
resolve the internal conflict by selecting an
incorrect but seemingly less dangerous solution.
Parental vaccine hesitancy has been correlated
with information avoidance and omission bias
[28, 29]. There is also a naturalist bias in the
anti-vax community, which maintains that
vaccines are manmade and therefore unnatural,
so that they confer an immunity that is differ-
ent and inferior to natural immunity [30]. This
is not to say that naturally acquired immunity
has no special value; it may confer protection
against other diseases later in life, such as
mumps clearance possibly reducing the risk of
ovarian cancer [31]. This tendency to prefer
natural immunity over vaccines, even in the
absence of specific evidence, skews risk percep-
tion. Vaccines have been largely successful in
eradicating many diseases, leaving parents and
providers little direct experience with these ill-
nesses [32]. This provides the lay public and the
healthcare professionals with far more examples
of putative vaccine side effects than the disease
itself. Vaccine decisions can be affected by sin-
gle case experiences or very small samples of
alleged vaccination side effects [33].

THE ROLE OF MISTRUST

Mistrust of modern medicine, ‘‘big pharma,’’
and government institutions is another source
of vaccine hesitancy [34]. The ongoing COVID-
19 pandemic has itself generated conspiracy
theories about the origin of the virus, the nature
of the illness, and the objectives of a possible
vaccine [34]. Conspiracy theories may be
defined as the belief that multiple actors have
forged a secret agreement to achieve a hidden

and likely malevolent goal [35]. Among recent
anti-vax conspiracy theories are beliefs that Bill
Gates may be using the SARS-nCoV-2 virus
vaccination to microchip the population or that
the Gates Foundation is pursuing an agenda
aimed at population control [34].

The mistrust of pharmaceutical companies is
not entirely unfounded given the price-driving
efforts of drug companies in the USA and recent
findings about how oxycodone was marketed to
vulnerable populations and led to the opioid
crisis. The public’s feeling of being at the mercy
of larger well-funded organizational forces can
create profound distrust, feed disillusionment,
and fuel conspiracy theories. However, the anti-
vax movement may have more to do with
mistrust of institutions than specific conspiracy
theories. For example, a lack of trust between a
new mother and her child’s pediatrician may
play a major role in the decision-making process
about vaccination [18]. Distrust appears to be
stronger than trust, in that distrust in conven-
tional medicine more strongly predicts vaccine
hesitancy than trust in alternative or natural
health remedies [36]. The level of information
parents have about vaccines may play a large
role in winning patient trust [37], and the
availability of sound information, including
patient-initiated research efforts, can help
overcome doubts [38]. However, much of the
available information is generated and sup-
ported by avid anti-vaxxers. This means that
healthcare professionals must increase the
quantity and quality of reliable, scientifically
sound vaccine information online and accessi-
ble to patients. If this information was readily
available, plentiful, and easily digestible to
parents researching vaccinations, it would
eliminate the need for parents to have to take
‘‘leaps of faith’’ with the acting pediatrician or
other healthcare professionals [38].

DENIALISM

Denialism has been defined as rhetoric
employed in order to give the appearance of
legitimate debate where there is none, with the
goal of rejecting an argument for which there is
a consensus of expert opinion [39]. Pa Diethelm
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and Martin McKee assigned five qualities to
denialism: conspiracy theories, ‘‘fake’’ experts,
selective consideration (or exclusion) of evi-
dence, impossible expectations of research, and
misinterpretation of data and other logical fal-
lacies [39]. Many vaccine-hesitant individuals
can be placed somewhere on this spectrum. The
exceptions are what one might call fair-minded
skeptics, those individuals who out of a sense of
responsibility for their child demand a full and
complete presentation of data and objective
professional expertise before reaching a
decision.

The distinction between denialists and fair-
minded skeptics is important because these two
groups process information differently, ask dif-
ferent sorts of questions, and make different
types of arguments. A denialist, for example,
may misinterpret data and study results but
adamantly resist correction, while a fair-minded
skeptic may demand the data but will discuss it
openly and dispassionately. A fair-minded
skeptic would revise his/her position on the
basis of reliable information while a denialist
would not.

THE ROLE OF SOCIAL MEDIA

While the role of confirmation bias in vaccine
hesitancy and anti-vax sentiment remains dis-
puted [29, 33], social media tends to artificially
generate confirmation bias by its unilateral
presentation of certain viewpoints [40]. Such
bias may extend beyond user-generated social
media to mainstream and other news media
outlets [41]. Search engine algorithms and other
editing algorithms tend to filter a user’s internet
experiences on the basis of prior searches and
interactions. Thus, a person who has searched
for anti-vax topics may in future searches get
more or similar anti-vax information, creating a
bubble of artificial confirmation bias that limits
their exposure to alternative opinions [42].

A study of this sort of algorithm-driven social
media ecology was offered by Johnson and
colleagues about a burgeoning anti-vax ten-
dency on Facebook [4]. According to their

seminal study, anti-vaxxers are better posi-
tioned on Facebook to target clusters of vaccine-
neutral users and do so with greater efficiency
than pro-vax groups [4]. On the basis of math-
ematical models of the spread of anti-vax
information within the primary network patch,
the authors have speculated that anti-vax
viewpoints will predominate within the next
10 years [4]. This should not be surprising, as
evidence suggests that anti-vax information is
very attractive to vaccine-undecided individuals
and these individuals can be swayed to make a
lasting ideological change against vaccinations
in 5 to 10 min [9]. Vaccine-skeptic individuals
may lack the ability to critically assess online
medical information. In a study of 34 vaccine-
undecided students presented with 40 websites
containing varying degrees of factual medical
information about vaccinations, 59% of those
in the study believed all of the websites con-
tained accurate data when, in reality, only
18/40 were accurate [43]. These findings can be
contextualized to more open social media plat-
forms, such as Twitter, where it has been esti-
mated that about half of all tweets about
vaccines convey an anti-vax viewpoint [8]. A
similar analysis on YouTube found that 32% of
vaccine-related videos were anti-vax in orien-
tation in 2007 [7]. In 2019, YouTube demone-
tized anti-vax channels by removing their
advertising, although the content was allowed
to remain [44].

Some social media platforms have made
attempts to correct misinformation or limit its
spread. Since 2019, Pinterest no longer allows
searches on its site for ‘‘vaccines,’’ but this
drastic step initially disallowed all search results
including those offering high-quality informa-
tion [45]. More recently, a direct link has been
established with health authorities, such as the
World Health Organization and the Centers for
Disease Control and Prevention, for vaccine-re-
lated topics [46]. These measures and other
steps taken to circumvent anti-vax content may
have a direct effect on the model proposed by
Johnson et al. in reducing vaccination misin-
formation [4].
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DISCUSSION

Scientists are committed to truth and object to
false or misleading information, and this
necessitates a willingness to hold open discus-
sions with people who hold opposing points of
view. There is no other way to work through
information and reach valid conclusions based
on facts. For that reason, scientists must
encourage frank, open, and frequent discourse
with the anti-vaxxers, but it is important for
scientists to understand different anti-vax
viewpoints for the most productive and mutu-
ally beneficial conversations. This is especially
true for debates with healthcare professionals
with anti-vax tendencies, as their arguments
often stem from a scientific basis, as opposed to
a anecdotal approach. Healthcare professionals
are the interface in terms of sharing vaccination
information with patients, but there are few
studies about vaccine hesitancy in healthcare
providers. Vaccine hesitancy among patients
has been much more thoroughly investigated
and thus any subsequent recommendations by
the authors of this manuscript are primarily
focused on engagements with the general anti-
vaccine populous.

Denialists, a large subpopulation of the anti-
vax movement, are typically motivated by
greed, ideology, eccentricity, and idiosyncrasy
[39]. There are certain ground rules of scientific
debate: (a) the ability to critically evaluate one’s
own as well as the opposing viewpoints, (b) the
ability to consider all of the evidence rather
than just portions of it, and (c) the application
of logic to making arguments. Without these
ground rules in place, it is impossible to debate
a topic rationally [39]. However, denialists do
not employ this approach. Denialism, which
may have its roots deep in human nature, has
invaded our current culture to the extent that it
is difficult to fight against. Instead, Diethelm
and McKee suggest that pro-vaxxers change the
subject from vaccines to the tactics that are
being employed. If one could demonstrate that
the anti-vax argument is unfair, biased, lop-
sided, or distorting, it might help reveal that the
arguments are not valid. Furthermore, by dis-
cussing ‘‘how’’ the arguments are made rather

than the arguments themselves, it may gradu-
ally sensitize denialists to the nature of scien-
tific discussion. In other words, if denialists
could be made to see, for example, that they are
not considering all of the evidence but only a
portion of it, it might help facilitate a more
reasonable conversation. However, scientists
have always had to deal with flawed, illogical,
and prejudiced arguments; this is nothing new
to science. One trend that must be resisted is a
growing call for censorship or the silencing of
anti-vax voices [2, 19]. Even established, high-
caliber journals and well-published colleagues
have advocated ‘‘shutting down’’ the anti-vax
arguments [4]. This defeats the purpose of sci-
ence, which should be to promote ideas and
remove uncertainty in the minds of people
rather than silencing them.

The other concern is how the pro-vax com-
munity can present information in a fair, bal-
anced, but palatable way that opens the door for
discussion with both neutral parties and skep-
tics. The distrust of many for the medical
establishment has deep roots and is not entirely
unfounded; scientists should not be quick to
dismiss it. Creating narrative stories can be a
helpful tactic, as much as scientists tend to
prefer data and dry facts. The anti-vax narrative
is replete with anecdotal evidence and storyli-
nes [47] which have the tendency to be misin-
terpreted and liberally extrapolated. The
resulting narratives have broad appeal [14], as
they are more tangible to the general populous
[11]. Storytelling can be effective communica-
tion and there is no reason that it cannot be
used by pro-vaxxers without sacrificing scien-
tific soundness and accuracy. Vaccines protect
us against a variety of terrible and even fatal
diseases and there is no reason that storytelling
cannot be used to make the pro-vax arguments
more persuasive and more ‘‘human’’ than
merely clinical trial data. The more liberal use of
narrative stories to describe and defend the pro-
vax viewpoint should be encouraged.

Vaccine hesitancy is increasingly a global
phenomenon. Virtually unrestricted travel
enables vaccinated and unvaccinated individu-
als alike to get into contact with a myriad of
diseases and the animals that spread them. This
raises the question of the extent to which an
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individual’s liberty outweighs the collective’s
drive to contain, eradicate, and protect them-
selves from diseases, whose spread can be
quenched by inoculation. Unfortunately, there
is no consensus regarding this predicament. Yet,
answers to this ethical dilemma may well pro-
vide us with a new social standard reform that
can have implications on the employment,
education, and travel sectors; equally, it may
impact the perception of vaccinated and
unvaccinated individuals in the public eye.
Thus, mandatory vaccines would eliminate one
of the WHO’s ‘‘ten threats to global health in
2019’’ [48] and a major free-riding externality as
and in itself [49]. On the other hand, the
infringement on personal liberty and bodily
integrity that is associated with mandatory
vaccinations, as well as the public scrutiny that
may be associated with vaccination refusal may
border the transgression of some constitutional
and human rights.

Limitations

This commentary is an opinionated reflection
on the current state of the anti-vaccine move-
ment and the debate as a whole. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors.

CONCLUSION

The anti-vaccination movement is actually a
promising feature of human development, as it
demonstrates a widespread tendency of indi-
viduals to think critically and independently.
This is, however, not to say that the arguments
are correct, only that they indicate a desire on
the part of individuals to research and reach
independent conclusions about important
health-related topics. Johnson and colleagues
[4] present an excellent argument and mathe-
matical model showing how anti-vax ideas can
spread widely on social media. In order to sus-
tain global vaccination rates sufficient to
maintain herd immunity, scientists may have to
adapt their approaches to research, while public

health officials adapt their approaches to raising
awareness to address the anti-vax movement.
Specifically, scientists must learn how to expose
logical fallacies and other problems with
denialists, and public health experts must ele-
vate the use of storytelling over data presenta-
tion. It is fear, misinformation, and mistrust
that are driving the anti-vax movement and
scientists, the healthcare profession, and public
health must provide open discourse and fair,
balanced, accurate information that can assure
patients rather than reinforce their despair.
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