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Abstract
Introduction: Many devastating diseases have been largely controlled or eradicated,
especially in industrialized nations, due to the availability of safe, effective, and affordable
vaccines. The COVID-19 pandemic has resulted in a horrific toll on human life and is devastating
the global economy. To prevent the continued spread of COVID-19, efforts have begun to
develop a COVID-19 vaccine. However, recent public polls have demonstrated concerns with
the COVID-19 vaccine. To help understand these concerns, this review addresses the necessity
of vaccines, vaccine safety and development, and vaccine hesitancy.
Methods: This review contains a compilation of data from several sources, including peerreviewed journals, preprints, studies published in PubMed and the Cochrane Library, CDC
and WHO guidelines, and broader web searches to retrieve up-to-date information. Studies
selected were related to vaccine safety, production, and efficacy or COVID-19.
Results/Conclusion: To improve public acceptance of a COVID-19 vaccine, public health
officials and healthcare professionals need to work with community leaders to create specialized
strategies to overcome vaccine hesitancy. Such strategies could use both traditional and
social media platforms in addition to physician-patient interactions. To maximize the number
of individuals who receive the COVID-19 vaccine, these strategies should focus on dispelling
potential myths and emphasize the benefits and safety of vaccination.
Keywords: COVID-19, SARS-CoV-2, vaccine, vaccine hesitancy, vaccine safety/efficacy

Introduction
Before the advent and regular administration of vaccines, infectious diseases, such as measles, diphtheria,
polio, smallpox, and pertussis, were leading causes of
childhood mortality. These diseases regularly devastated families and communities, but fortunately many
of these illnesses have been contained through the
development and widespread distribution of safe, effective, and affordable vaccines.1 Despite the dramatic
reduction in morbidity and mortality afforded by vaccination, current vaccines provide little to no protection
against variant or novel strains of infectious viruses. In
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December 2019, the novel coronavirus (CoV) SARSCoV-2 emerged in Wuhan, China and soon spread
worldwide. This virus causes the condition referred to
as “coronavirus disease 2019 (COVID-19)”.2,3
Coronaviruses are enveloped, positive-sense
single-stranded RNA viruses ((+) ssRNA virus) belonging to the family Coronaviridae.4 Many coronaviruses
are known to infect humans. For example, 15–30%
of common colds are caused by human coronaviruses (HCoVs).5 However, many coronaviruses are
also zoonotic, which means that they primarily infect
various animals. These zoonotic coronaviruses may
be transmitted from animal reservoirs, such as bats,
through an intermediate host (e.g., civet cats, camels,
pangolins) to humans causing outbreaks, as seen during the severe acute respiratory syndrome (SARS) outbreak in 2002, the Middle East respiratory syndrome
(MERS) outbreak in 2012, and now during the current
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COVID-19 pandemic.6–10 When these zoonotic viruses
infect humans, particularly those in older age groups
with comorbidities or in patients with relevant risk factors (e.g., hypertension, allergic diseases, asthma,
COPD), they can cause severe respiratory illnesses,
such as acute respiratory distress syndrome (ARDS)
and pneumonia, leading to death.11–14
Since the onset of the COVID-19 pandemic,
numerous tactics, such as increased emphasis on
hand hygiene, social distancing, the donning of face
coverings and gloves by the general public, and government stay-at-home orders have been used to
reduce the spread of COVID-19.15–17 In spite of these
efforts, SARS-CoV-2 has continued to spread, and
as of July 14, 2020, it has resulted in over 13 million
confirmed cases of COVID-19 and more than 570,000
deaths worldwide.18 In addition to this toll on human
life, this disease has disrupted workplaces, schools,
and economies and strained healthcare systems with
severe consequences. The total number of cases and
fatalities from this deadly plague continues to climb
daily, and some models suggest a potential resurgence of SARS-CoV-2 during the winter. These models also warn that without appropriate measures, such
as intermittent social distancing, widespread surveillance, new therapeutics, and vaccines, critical care
capacity may again be exceeded, and healthcare systems overwhelmed.19,20 As there are no specific therapeutics or vaccines in place to control COVID-19,
attention has shifted toward preventing this disease
and other potential future resurgences of the virus
through the research and development of a COVID-19
vaccine.21 Currently, through the Accelerating COVID19 Therapeutic Interventions and Vaccines (ACTIV)
public-private partnership, numerous government
agencies, including the National Institutes of Health
(NIH), the Food and Drug Administration (FDA),
and the Centers for Disease Control and Prevention
(CDC), have partnered with representatives from academia, philanthropic organizations, and more than 15
biopharmaceutical companies to develop a safe and
effective COVID-19 vaccine.21,22
A poll recently conducted in the United States
reported that if a vaccine against COVID-19 were to
become available to the public, 49% of those surveyed
plan to receive it, 31% were unsure, and 20% said
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they would not.23 These results, combined with the
fact that an increasing number of people are requesting alternative vaccination schedules or declining
vaccination altogether, provide evidence that COVID19 vaccine hesitancy has already become an issue
that needs to be addressed.24
Since the general public may have questions and
concerns about the COVID-19 vaccine, this literature
review will provide information on vaccine immunology and typing and will then examine the need for
vaccines, vaccine safety and development, and vaccine hesitancy.22,25 To return to a semblance of previous normality, a COVID-19 vaccine is an absolute
necessity, and adequate preparation from healthcare
professionals, local communities, and government
organizations will be required to ensure the successful delivery of this crucial vaccine.21

Methods
This review contains a compilation of data from
several sources, including peer-reviewed journals,
preprints, studies listed in PubMed and the Cochrane
Library, CDC and WHO guidelines, and broader web
searches to retrieve up-to-date information. Studies
selected were related to vaccine safety, production,
and efficacy or COVID-19.

Vaccine immunology and typing
To understand how vaccines reduce the risk of
disease, it helps to first understand host defenses
against infections. Pathogens, such as bacteria and
viruses, cause infection when they invade the body. If
unopposed, these pathogens can replicate and cause
tissue damage and disease. The immune system
counters these invasions with white blood cells, such
as B and T lymphocytes.26
Following the first exposure to a pathogen, it can
take the immune system several days to weeks to
activate the cells of adaptive immunity required to
eliminate the pathogen. Before activation of antigen
specific immune cells, the pathogen can replicate and
cause damage to the host. To reduce further damage from subsequent reinfection, the body produces
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Figure 1. Different Types of Vaccines. Vaccines can be produced using different antigens. Vaccines may contain live
attenuated pathogens (usually viruses), inactivated whole pathogens, toxoids (an inactivated form of the toxin produced
by bacteria that causes the disease), or parts of the pathogens (e.g., natural or recombinant proteins, polysaccharides,
conjugated polysaccharide or virus-like particles).27 https://www.tandfonline.com/doi/full/10.1080/07853890.2017.1407035
long-living, antigen specific “memory” T cells and antibody secreting B cells. These cells quickly recognize
and eliminate the pathogen during reinfection.26
Essentially, vaccines contain attenuated versions
of these disease-causing pathogens or their components, and vaccination allows patients to build immunological memory without acquiring a natural infection.
Now the immune system is primed to quickly recognize and eliminate pathogens should they re-infect the
host.26
Principles of vaccine immunology provide a framework for understanding how various vaccine types
elicit a protective response. Although healthcare providers are aware of vaccine preventable diseases,
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many have not received adequate education about the
different vaccine types. A summary of commonly used
vaccine formulations is provided in Figure 1.27 In addition, many younger physicians have not encountered
patients with some vaccine-preventable diseases that
were prevalent in years past. This may account, in part,
for younger physicians being receptive to modified
vaccine schedules, whereas their older counterparts,
who have practiced for several decades and have witnessed vaccine-preventable diseases firsthand, tend
to advocate strongly for vaccinations according to
recommended schedules.28 Thus, the combination of
inadequate education on vaccines and inexperience
with diseases may contribute to vaccine hesitancy in
both healthcare providers and their patients.27,28
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Despite the proven track record for commonly
used vaccine types (e.g., live attenuated, inactivated,
toxoid), scientists believe that the wide geographic
diversity of the COVID-19 pandemic requires more
than one effective vaccine approach.29,30 Currently,
more advanced techniques, such as vectored vaccine and nucleic acid-based approaches, are being
studied by biopharmaceutical companies to meet this
need.2,21,27
A major target of COVID-19 vaccines is the spike
(S1) glycoprotein, which is a critical virulence factor that enables coronaviruses to bind the human
angiotensin-converting enzyme 2 (ACE2) receptor
and infect host cells.31 To promote recognition of proteins, such as the S1 glycoprotein, viral vector delivery vaccines can be used. Vector-based vaccines
use viruses that have been modified to express antigenic protein genes of the target pathogen and can
be derived from retroviruses, herpes simplex viruses
(HSV), adenoviruses, or poxviruses. The use of
vector-based vaccines can be limited by a patient’s
previous exposure to the viruses used as vectors,
leading to high prevalence of pre-existing antibodies against the vectors. These pre-existing antibodies may cause early vaccine clearance and result in
reduced immunogenicity.27 An example of this type of
vaccine is the recombinant adenovirus type-5 (Ad5)
vectored COVID-19 vaccine, which expresses the S1
glycoprotein. In one study, 108 participants received
this vaccine, and although over 75% of participants
experienced mild or moderate adverse reactions,
such as pain at the injection site (54%), fever (46%),
fatigue (44%), headache (39%), and muscle pain
(17%), no serious adverse events were reported. In
addition, at day 14 post-vaccination, neutralizing antibodies increased significantly, and rapid, antigen-specific T cell responses were noted, suggesting that the
vaccine has the potential to be highly effective.32
Nucleic acid-based vaccines are also being studied to prevent COVID-19 infections.2 These vaccines
work by inserting DNA or RNA that encode antigenic
proteins into host cells. This leads to presentation
of the antigen to T and B lymphocytes, triggering an
immune response.33,34 Several studies have attested
to the safety of both DNA- and RNA-based vaccines,
yet there is a theoretical risk that the integration of
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introduced DNA could result in insertional mutagenesis or induced autoimmunity.35,36 Despite the reported
safety record for nucleic acid vaccines, their shelf-life
and stability is uncertain; research generally indicates
that DNA vaccines are more stable than mRNA vaccines.36–38 Furthermore, DNA vaccines specifically
have been shown to generate protective immunity in
common laboratory animals but, with a few exceptions, have not been equally effective in humans.36 In
contrast, some pilot clinical trials showed that dendritic
cells transfected with mRNA vaccines encoding HIV-1
antigens, cellular molecules, or pp65 of human cytomegalovirus elicited antigen-specific CD4 and CD8
T cell immune responses, but no reduction in viral load
was observed.39–42 Another recently conducted clinical
trial of a protamine-complexed mRNA vaccine against
rabies virus showed that the vaccine induced a robust
humoral immune response in volunteers, as long as it
was administered with a needle-free device.43 These
successes with mRNA vaccines have led to the development of an mRNA vaccine that encodes the S1 glycoprotein of SARS-CoV-2, which has also entered the
clinical trial phases of development.2,27
Although vector and nucleic acid-based vaccine
types have shown promise in animal studies and
small clinical trials, it is essential that the producers
of the COVID-19 vaccine provide timely and accurate
information regarding their clinical trial results, so that
the general public and medical providers can have
confidence in the efficacy of these vaccines.21,44

The necessity of vaccines
Despite significant reductions in disease morbidity
and mortality credited to vaccines, some members of
the public continue to remain skeptical as to whether
vaccines, including a potential COVID-19 vaccine, are
actually needed. Although the arguments surrounding this topic are multifaceted, perhaps the simplest
approach is to determine if vaccines work and if they
are superior to the existing alternatives (e.g., immunity derived from natural infection).1
Vaccine effectiveness refers to “the protection
conferred by immunization in a defined population. It
measures both direct (vaccine-induced) and indirect
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(population-related) protection,” e.g., herd immunity.
Vaccine effectiveness is directly related to the efficacy
of the vaccine, but other factors, such as vaccine coverage, may also influence effectiveness.45
The direct effect of vaccination is “the reduction
in the probability of developing the disease, which is
determined by comparing vaccinated and unvaccinated persons belonging to the same population.”45 An
example of the direct effect can be observed through
the administration of the Hepatitis B vaccine to babies
born to mothers who were positive for the Hepatitis B
virus (HBV). Babies born to a mother with HBV have
a 70–90% risk of developing chronic HBV infection;
approximately 25% of these children may develop
severe liver disease later in life.46–48 However, a longitudinal study was performed in which children born to
mothers at high risk for HBV transmission were vaccinated with the HBV vaccine at birth and at 1, 2, and
12 months post-birth. Blood samples collected yearly for
20 years demonstrated that none of the study subjects
acquired chronic HBV infections or clinical Hepatitis B
disease, indicating a significant reduction in disease
risk.49 Similar reductions in incidence of disease have
been observed in studies involving the Hepatitis A and
Haemophilus influenzae (Hib) vaccines. This effective
reduction in risk and incidence of disease must be
determined with COVID-19 vaccination.21,45,50
The indirect effect measures risk reduction for an
individual who did not receive the vaccine.51 When most
of a population is immune to an infectious disease,
there is reduced transmission of the infection, which in
turn protects individuals who are still susceptible.45 This
concept is called “herd immunity.” The basic reproduction number (R0) is defined as the average number of
other individuals that each infected individual will infect.
In general, the higher the R0 value, the greater proportion of the population that will need to be immune, either
through natural infection or immunization, to reach the
protective herd immunity threshold.45 For example, the
R0 for whooping cough, a disease caused by the bacterium Bordetella pertussis, is 5.5, meaning that one individual infected with whooping cough would likely infect
5–6 other people.52 However, if 92–94% of the population is vaccinated against whooping cough, then the
herd immunity threshold is reached, and the infected
individual is significantly less likely to infect anyone
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Figure 2. Herd Immunity. Herd immunity in a mostly
vaccinated population slows the spread of disease and
reduces the number of susceptible individuals and can
confer protection to those who remain susceptible.45,53
Created by authors.

else. This ultimately means that the spread of the disease is, in theory, blocked (see Figure 2).
Indirect effects of vaccine administration have
been demonstrated through the rotavirus vaccine. In
Austria, a universal mass rotavirus vaccine campaign
began in 2007 and reached 87% coverage for children
between 3 and 20 weeks of age. Following this universal mass vaccination, there was a 74% reduction in
rotavirus gastroenteritis hospitalizations in the vaccinated age group, and rotavirus related hospitalizations
decreased by 22% in older children (32–60 months of
age) and by 47% in younger children (below 3 months
of age).54 Neither of these latter two age groups were
vaccinated against rotavirus, suggesting the attainment of herd immunity.45,54
The overall effect provides a broader perspective than either the direct or indirect effect alone, as
it measures the “effect of immunization programs on
the entire population, including both vaccinated and
unvaccinated individuals.”55 This overall effect has
been observed in the United States (Table 1), where
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Table 1. Impact of Vaccines in 20th and 21st Centuries
Disease
Smallpox
Diphtheria
Pertussis
Tetanus
Polio (paralytic)
Measles
Mumps
Rubella

20th Century
Annual Morbidity
29,005
21,053
200,752
580
16,316
530,217
162,344
47,745

2017 Reported Cases
0
0
18,975
33
0
120
6,109
7

% Decrease
100%
100%
91%
94%
100%
>99%
96%
>99%

Table 1 from Comparison of 20th Century Annual Morbidity & Current Morbidity: Vaccine-Preventable
Diseases.57,58 https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/appendices/e/impact.pdf

widespread vaccination efforts have significantly
reduced the number of cases of vaccine-preventable
diseases. Thus, the direct, indirect, and overall effects
of vaccination provide substantial evidence that vaccines are a highly effective method for protecting both
healthy and vulnerable populations from devastating
diseases.45,56–58
Vaccine hesitancy is a major barrier to vaccine
uptake and could prevent the achievement of reaching the COVID-19 herd immunity threshold. Some
researchers have suggested this threshold to be
anywhere between 55% to 82% of the population. A
vaccine refusal rate of greater than 10% from healthy
individuals could obstruct attainment of this threshold, as others may be ineligible for COVID-19 vaccination due to age, immunocompromised status, and
other preexisting medical conditions.21,22 Failure to
achieve this threshold, compounded by the fact that
pre-symptomatic carriers can affect the transmission of
SARS-CoV-2, would greatly increase the susceptibility of these vulnerable populations, endangering their
health.45,50,59,60–62
In addition to the benefits of vaccination in terms
of protecting individuals from disease, vaccines may
also provide great economic and societal benefits.
Take for example the rotavirus vaccine, which prevents many cases of infant diarrhea. Although the gastroenteritis associated with a rotavirus infection may
not require a visit to the doctor, a parent may have to

miss work to stay home and care for the sick child.
Considering that infant diarrhea caused by rotavirus
can occur in up to 40% of children under 5 years of
age during epidemic winter periods, this vaccine can
indirectly help working parents to remain engaged in
the workforce and provide for their families.45
Similar to the benefits illustrated by the rotavirus vaccine, the introduction of a COVID-19 vaccine
may positively impact not only patients, but families,
employers, and the economy. Since the outbreak of
COVID-19, almost every sector of the economy has
suffered, resulting in the United States’s unemployment rate increasing from just 3.5% in February 2020
to a staggering 11.1% in June 2020. The damage
done by COVID-19 extends beyond the job market.
Many schools have been closed, further widening
socio-economic disparities in education and placing
greater financial burdens on families. Healthcare systems, especially in large cities, have reached critical
shortages in personal protective equipment (PPE),
ventilators, and staff, putting both patients and healthcare providers at risk. In addition, concerns have
been raised that domestic abuse and mental health
disorders have increased due to lockdown and social
distancing measures. These sobering reports demonstrate the negative effects on the global economy and
society when left defenseless against COVID-19.
Nevertheless, the successful production of a COVID19 vaccine(s) could prevent much of the economic,
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educational, and social hardships seen in recent
months from reoccurring.63,64
Vaccine necessity is dependent on whether vaccines work in reducing disease burden, and if they
are superior to the alternative of natural immunization.
Immunity can occur when a susceptible individual is
exposed to a pathogenic agent and has a protective
immune response. This exposure can occur in one of
two ways, either naturally (from having the disease
itself), as is the case when a person is exposed to influenza, or through medical interventions, which occurs
when a person receives a vaccine. Some vaccinehesitant individuals may object to vaccines on the
grounds that natural immunization is better than immunization through vaccines. However, it is essential to recognize that although immunity can be obtained through
either natural immunization or through vaccination, only
vaccination allows the recipient to avoid exposure to diseases in a form that could cause disability or death.1,26
COVID-19 symptoms can be unpredictable, with
more mild forms causing fever/chills, cough, and
fatigue and more severe forms leading to acute respiratory distress syndrome (ARDS), pneumonia,
and death.2 Similar to COVID-19, many vaccinepreventable diseases can either cause mild symptoms
or severe complications depending on the individual
infected. Therefore, a major benefit of vaccination is
not just the buildup of immunity but also the reduction
in severe manifestations of disease.26,65
Although it is true that natural immunity usually
leads to better long-term immunity than vaccines,
this is not always the case, as some vaccines (e.g.,
the human papillomavirus [HPV] vaccine) have been
reported to induce a better immune response than
natural infections.66 In addition, vaccines, especially
when a booster regiment is followed, can generate
sufficient long-term immunity.67–70
Contrary to what one might expect, natural infection from COVID-19 may not generate a sufficient
long-term immune response, as a recent study found
that some patients recovered from COVID-19 have
insufficient levels of protective antibodies. However,
researchers were also able to sequence antibodies
that are specific to the SARS-CoV-2 spike protein
that possess high neutralizing capabilities. Thus, a
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vaccine designed to elicit these antibodies could be
broadly effective and provide greater immunity than
natural infection.71

Vaccine safety and development
Since the development of the first smallpox vaccines, vaccine hesitancy has existed due to concerns
over vaccine safety. These same concerns still exist
today. For example, allegations have been made that
vaccines are linked to autism and other learning disabilities.72 Although these claims have been proven
false, concerns over vaccine safety still remain, especially from parents.73,74 This section will address these
concerns by highlighting the methods vaccine developers implement to detect adverse effects before the
vaccine is available to the general public. It will also
outline the precautionary steps followed in the development of all vaccines that maximize both efficacy
and patient safety.1,62,75
The first step in the potential production of a
vaccine is determining whether or not the targeted
disease-causing pathogen warrants a vaccine and if
a suitable immunogenic target exists. Feasibility can
be determined by various factors, such as number of
strains of the target pathogen. This is part of the reason
a vaccine against rhinoviruses, which have over 200
known strains, has not yet been developed. In addition,
a pathogen, such as the rhinovirus, causes annoying
yet usually non-life threatening infections. Thus, a good
vaccine candidate would be one that causes significant
disease with a limited number of strains or conserved
immunogenic regions.24
After it has been determined that a vaccine is warranted and feasible, vaccine development undergoes
several stages of nonclinical and clinical testing followed by post-marketing surveillance. These phases
are summarized in Table 2.
As an additional note to the information provided
in Table 2, vaccines are held to a higher standard of
safety than many other medical products.80 However,
as with all medical products, no vaccine is perfectly
safe or entirely effective. Vaccines can cause minor
adverse events (AE), such as fever or local reactions
at the injection site, or, on rare occasion, they can
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Table 2. Clinical Trial Phases of Vaccine Development
Phase
Nonclinical Phase

Participants
Computer modeling
Cell line infectivity assays
Animals receive test vaccine76
Investigational New Drug (IND) Application sent to FDA
Phase I of Clinical 20–100 healthy human volunteers receive
Trials
test vaccine.

Phase II of
Clinical Trials

Several hundred human volunteers, many
of whom will have characteristics similar
to the target population for that particular
vaccine, receive either the test vaccine or
a placebo vaccine.39

Phase III of
Clinical Trials

Hundreds to thousands of at-risk human
volunteers receive either the test vaccine
or a placebo vaccine.

Vaccine licensed for administration to the public by the FDA.
Phase IV
The CDC and FDA investigate any
(Post-marketing
suspected correlations between vaccines
Surveillance)
and unknown side effects that emerge
after licensure. These suspected
correlations can be reported by the
general public via the Vaccine Adverse
Events Reporting System (VAERS) or by
health organizations through the Vaccine
Safety Datalink (VSD).
cause serious AEs, such as anaphylaxis.81 Of the 317
million doses of vaccine distributed in the U.S. each
year, the Vaccine Adverse Events Reporting System
(VAERS) receives approximately 40,588 reports of
AEs following immunization. Each of these reports is
accepted and entered without case-by-case determination of whether the AEs could have been caused by
the vaccine in question (e.g., AEs that occur coincidentally after vaccine administration). Of the U.S. primary reports received between 2012 and 2016, 94.6%
reported non-serious AE, 5% reported a serious nonfatal AE, and 0.4% reported death as the outcome.82

Purposes
Gauge vaccine safety and efficacy before
administration to human subjects.

Assess whether the vaccine elicits an immune response
in humans.
Determine optimal vaccine dosage and route of
administration.
Gauge vaccine safety in humans.24,77
Minimize confounding variables by administering
either the test vaccine or a placebo-control vaccine to
test subjects.
Identify side effects in population of interest.
Human subjects are often exposed to the pathogen
under controlled conditions to test vaccine efficacy.77
Detect uncommon side effects. Test vaccine efficacy
under natural conditions by monitoring volunteers
in their natural environments after receiving the test
vaccine.77
Allows for detection of extremely rare side effects.
Ensures continued safety even after licensure.78,79

With the current COVID-19 pandemic and the
drastic effects it has had on the lives of people around
the world, the push for development and distribution
of a vaccine is perhaps greater than ever.83 During
this increased push, some members of the public
have valid concerns as to how this process will be
sped up and whether this unprecedented acceleration
will compromise the safety of the COVID-19 vaccine.
Currently, the United States plans to shorten this process by accelerating vaccine manufacturing and distribution. Creating a vaccine to distribute worldwide
has many logistical challenges.84,85 Proper vaccine
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production machinery, protocols, and materials must
be distributed to multiple manufacturing sites. After
this step, much more time is required to produce the
millions of doses needed to distribute to the public.
Because these processes are extremely expensive,
the United States generally does not begin these
manufacturing steps until a viable vaccine candidate
has been identified and proven safe.29 However, to
accelerate COVID-19 vaccine production and distribution, the United States plans to begin these preliminary manufacturing steps while vaccines are still
undergoing clinical testing. This will allow distribution
to begin immediately following clinical trials, but will
be extremely costly should the vaccine end up failing in clinical trials. It may be worth noting, however,
that while speeding up development and distribution
in this manner is financially risky, it should not compromise the safety of the eventual vaccine.86

Addressing other factors contributing
to vaccine hesitancy

Misinformation
With the increased availability of medical information, many people are taking a more active role in their
treatment decisions. This increased patient involvement can lead to improved health outcomes, as
patients are more likely to follow treatment regimens
that they are a partner in creating. However, potential
setbacks can occur when patients acquire nonfactual
information and choose the misinformation over the
advice of their provider. This does not mean individuals should believe everything their doctor says without
question, but rather that people should be hesitant to
believe everything they read, especially concerning
vaccines, on the Internet. This is especially applicable to COVID-19 information, which often has little
validation. This has caused many to become wary of
treatments or vaccines, largely due to a falsified association between the MMR vaccine and autism.73,74,87,88
Misinformation regarding vaccines continues to spread
throughout developed nations via the Internet, particularly through blogs and social media platforms.28
With the current COVID-19 pandemic, numerous
organizations are working round-the-clock to develop
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a vaccine, and some state governors are threatening
the continuation of lockdowns until a vaccine is made
available. This urgency to produce the COVID-19
vaccine has raised concerns from the public that this
vaccine will not be safe and may account for some of
the hesitancy surrounding the COVID-19 vaccine.89,90
This unease is in part responsible for COVID-19 vaccine conspiracy theories on social media platforms.91
Thus, swift and prudent intervention is required to
correct misinformation and increase COVID-19 vaccine acceptance.50 The diverse American population
requires various platforms to effectively communicate
accurate information regarding the COVID-19 vaccine.
As social media can serve as a platform for both factual and false information, some experts have called
for the use of health campaigns that utilize traditional
and social media to counteract anti-COVID-19 vaccine messaging in real time. These public health campaigns should enlist the expertise of physicians and
other frontline healthcare workers to monitor, counter,
and prevent the spread of ill-conceived notions about
a future COVID-19 vaccine before dangerous myths
take root in the public psyche.22 However, healthcare
professionals should not restrict their efforts to merely
disproving vaccination myths, but emphasize the benefits of vaccination and the severity of the diseases
vaccines prevent.92,93

Mistrust
In general, there is a growing distrust of the government and the healthcare system, in part due to
subpopulations that have experienced historical and
contemporary mistreatment and disparities in care.94
Recent reports have demonstrated that long-standing
health and social inequalities have put some minority
groups, such as American Indian, African American,
and Hispanic or Latino populations, at increased risk
of COVID-19 infection or severe illness.95 One option
to rebuild public trust and promote health equity is
for public health officials and medical professionals
to work with community leaders outside of traditional
medicine to develop and spread educational content regarding vaccines that is both readily accessible and culturally relevant.22 Public health officials
should work with respected community leaders,
school nurses, disease survivors, and parents, as
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studies have demonstrated higher levels of trust in
these groups among minority populations.96 Working
together, healthcare professionals and community
leaders can educate and encourage the public to take
an active role in using a potential COVID-19 vaccine
to safeguard their individual health and the health of
the community.22,97

Concerns Regarding Mandatory
Vaccination Programs
For decades, all 50 states have required that parents vaccinate their children as a prerequisite to enrolling them in public schools.98 However, many states
do allow for religious, and in some cases, philosophical exemptions to mandatory vaccines to accommodate the small percentage of the population who
oppose vaccines due to personal beliefs.99 Mandatory
vaccinations and the use of exemptions have gained
considerable attention in the political sphere, and as
a result mandating vaccines has become a dividing
issue between those with different political ideologies.100–102 Some believe, as with many things in life,
that it should ultimately be the right of an individual to
determine what they put into their body and that the
government should not be able to dictate their medical decisions. Other groups, however, would argue
that government-mandated vaccination efforts are the
only way to ensure herd immunity. The enactment of
mandatory vaccination must be done with empathy
and careful consideration, as numerous studies have
shown that vaccination programs are much more successful when people willingly participate rather than
being forced to do so by government mandates. After
recent measles outbreaks in the US, some states
responded by removing the personal belief exemption from school immunization requirements.103,104 It
is worth noting that after California made this change,
the number of medical exemptions in the state more
than doubled. Additionally, children who are home
schooled are not subjected to government-mandated
vaccination, and thus it is unclear how many more
children were vaccinated after the removal of personal belief exemptions. With these ideas in mind,
public health officials may need to consider alternative methods to mandatory vaccination to increase
the number of COVID-19 vaccine recipients.105

Figure 3. Estimated Percentage of Kindergarteners Who
Were Exempt from One or More Vaccines 2013–2014
School Year.106

Figure 3 is a map of the United States showing
the estimated percentage of children enrolled in kindergarten who have been exempted from receiving
one or more vaccines and with <90% coverage with
2 doses of measles, mumps, and rubella (MMR) vaccine in the United States during the 2013–14 school
year. Among the 49 states and DC that reported
2013–14 school vaccination coverage, the median
2-dose MMR vaccination coverage was 94.7%
(range = 81.7% in Colorado to ≥99.7% in Mississippi);
23 reported coverage ≥95%, and eight reported coverage <90%. The percentage of kindergartners with
an exemption was <1% for eight states and ≥4% for
11 states (range = <0.1% in Mississippi to 7.1% in
Oregon), with a median of 1.8%. https://www.cdc.gov/
mmwr/preview/mmwrhtml/mm6341a1.htm.
For a society to function smoothly, citizens must
exhibit cooperation and a certain degree of respect
for one another. There are many occasions during
which individuals will take actions that have a greater
benefit for the community than for themselves. These
altruistic actions often lead to the success of communities. In times of danger those who are able are
called upon to defend those who cannot protect themselves. There are people who, through no fault of their
own, are unable to receive vaccinations due to biological factors or health conditions. When people choose
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to get vaccinated, they are not only protecting themselves but also indirectly protecting those who cannot be vaccinated through herd immunity. The recent
measles outbreaks are a reminder that if an increasing proportion of the population does not get vaccinated, then the disease can make a comeback.51 It
may encourage some people to know that by getting
vaccinated, they are not only protecting themselves,
but they are also protecting other vulnerable populations and contributing to eradicating certain preventable diseases.107

Limitations
The limitations of this review arose from the nature
of the virus described, which is unique. Vaccine development for the novel coronavirus is an ongoing process
involving a large network of government, charitable,
and biopharmaceutical organizations. This results in
a constant stream of new information regarding the
COVID-19 vaccine being published and updated.
Therefore, as it currently stands, the exact type, mechanisms of action, and projected availability of the vaccine is yet to be determined. In addition, since vaccine
hesitancy lies along a spectrum and misinformation
can be promoted through a variety of sources, it is difficult to determine what the specific nature of the concerns and oppositions to the vaccine will be.

Conclusions
Since their development, vaccines have proven
to be effective tools for the prevention of numerous
deadly diseases.1 Currently, there is no readily available vaccine for the novel coronavirus SARS-CoV-2,
and the disease it causes, COVID-19. To prevent the
continued spread of COVID-19, the ACTIV publicprivate partnership is working to safely develop and
eventually administer the COVID-19 vaccine.21 A
major obstacle to vaccine administration is vaccine
hesitancy, which is often due to concerns with the
necessity or safety of vaccines, although many other
concerns also exist.22 Based upon the principles of
direct, indirect, overall effect and health economics
there is a definitive need for the use of vaccines.45
When the need for a particular vaccine has been
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established, a rigorous series of trials and regulations
have been created to ensure safety and efficacy. Even
after licensure, the monitoring of approved vaccines
continues, and all adverse events can be reported
and tracked.77,78 Vaccine hesitancy lies along a spectrum and can vary greatly between individuals and
communities. Therefore, public health officials and
healthcare providers should work closely with community leaders to correct misinformation and promote
the benefits of life-saving vaccines. If healthcare workers can collaborate effectively with members of their
respective communities to create population-specific
strategies to overcome vaccine hesitancy, many lives
may be saved, and future shutdowns avoided.96,101
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