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HIGHLIGHTS

• Vaccines have significantly reduced infectious
disease burden in society, saving numerous lives
and improving people’s health.

• Aiming to increase vaccination rates among the
population, some policymakers have considered
instituting vaccine mandates.

• Vaccine mandates should be crafted carefully to
ensure that exemptions are given when necessary,
that they do not exacerbate societal inequities, and
that they do not provoke societal backlash.

Vaccination is a public health measure that is routinely
performed to reduce the risk of contracting a particular
infectious disease. Taking advantage of the body’s
immune system, vaccination can confer immunity against
disease-causing pathogens. Though vaccination generally
is not able to yield absolute immunity, the procedure has
nonetheless improved public health and reduced infectious
disease mortality globally, saving millions of lives each year
[1]. If a high enough proportion of a population obtains
immunity to a particular pathogen such that the spread
of the associated disease has slowed and members of
the population without immunity are also protected, then
herd immunity has been achieved. Consequently, there have
been a number of debates about using policymaking tools
to achieve this high population vaccination rate, including
policies of mandatory vaccination. Here, we discuss the
scientific background of vaccination, present frameworks
for understanding the arguments for and against mandatory
vaccination policies, and highlight data and a case study
in support of these arguments within the context of the
United States. We hope to better inform the policymaking
community of the factors that must be weighed when
considering a mandatory vaccination policy.

Scientific background of vaccination
How do vaccines work?
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Infectious diseases are caused by pathogens such
as bacteria, viruses, fungi, and parasites that

invade the human body. Typically, vaccines consist
of live attenuated or dead pathogens, no longer
able to cause disease, along with an adjuvant.
The body’s immune system recognizes the former
as a foreign substance and begins to mount an
immune response directed against the pathogen
through the production of proteins that protect cells
called neutralizing antibodies. Adjuvants are substances
used in vaccines to promote a robust immune
response. By training the immune system to recognize
and neutralize a particular pathogen, vaccination
substantially decreases a person’s risk of becoming
severely infected and/or ill upon exposure to that
pathogen (Fig. 1) [2]. Recent advances in biotechnology
have led to other types of effective and easy-to-produce
vaccines, e.g., messenger RNA vaccines and purified
antigen vaccines.

The efficacy of a vaccine is calculated from the
difference between the number of infections in a
vaccinated group and a control or placebo group (which
is not given the vaccine) in a randomized clinical
trial. Vaccine effectiveness is similarly calculated based
on how well the vaccine performs in the general
population. Different vaccines often have different
efficacies depending on what disease they are aimed
against, what delivery technology they use, and other
patient-specific factors such as age [3]. For example,
some vaccines are highly effective; the Centers for
Disease Control and Prevention (CDC) reports that the
polio vaccine is 99% to 100% effective with three doses
and the measles, mumps, and rubella (MMR) vaccine
is 97% effective with two doses [4, 5]. For measles, an
estimated 23 million lives have been saved since 2000
due to vaccines and the World Health Organization
(WHO) annual reporting illustrates the drop of measles
cases corresponding to the rise of vaccine coverage
(Fig. 2) [6]. Recently developed messenger RNA-based
vaccines by Pfizer/BioNTech and Moderna achieved
roughly 95% efficacy in protection against COVID-19
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Figure 1: Schematic illustrating how live-attenuated/inactivated vaccines lead to immunity. In response to a vaccine, the body’s
immune system produces antibodies against specific pathogens which neutralize them the next time a person is exposed to the same
pathogen, preventing severe disease.

and have been able to protect many lives [7, 8].
On the other hand, the influenza vaccine is updated
annually to account for changing influenza strains and
has varying effectiveness. In years when the vaccine
virus is matched with the circulating virus, the vaccine
effectiveness is in the range of 40%–60%, while in years
when there are vaccine mismatches, the effectiveness
can be as low as 13% as seen in the 2014–2015 season
[9].

What is herd immunity? Once a sufficient proportion
of the population is immune to a pathogen, the
population is said to have achieved herd immunity.
When most of the population is susceptible to infection,
then disease can rapidly spread between individuals
(Fig. 3A). In herd immunity, the pathogen cannot
efficiently spread between individuals as many are
already immune, slowing the rate of infection and
protecting those who do not have immunity (Fig.
3B). The level of immunity required to achieve herd
immunity is mathematically defined based on R0, which
represents the average number of new infections that
will arise from a single infected individual. Specifically,
the herd immunity threshold is defined as 1 − 1/R0

[10]. As R0 is a mathematical abstraction, estimates
of R0 for any particular disease often vary greatly and
can change depending on environmental conditions.
In developing pandemic planning scenarios, the CDC
estimates for the R0 value of COVID-19 range from
2.0 to 4.0, corresponding to herd immunity thresholds
of 50% to 75% of the population [11]. The threshold
proportion of the population that must be vaccinated
to achieve herd immunity also may vary as individuals
may become immune to a pathogen by natural exposure
rather than through vaccination. As different pathogens
spread at different rates, leading to different R0

values, there are different thresholds for achieving
herd immunity for different pathogens. Therefore,
the relationship between vaccination initiatives and
achieving herd immunity is complex and constantly
changing.

Figure 2: Number of measles cases (millions) versus
immunization coverage percentage, globally from years
1980–2019. Note that as immunization coverage increases,
disease cases decrease. Adapted from WHO [12].

Why are some people hesitant to be vaccinated?
One major challenge in achieving high vaccination
rates is countering disinformation and misinformation
regarding vaccine safety. There have been numerous
controversies regarding the safety of vaccines, most
notably around a purported relationship between the
MMR vaccine and autism, and the potential for
vaccine-induced Guillain-Barré syndrome (GBS), a
disease in which the body’s immune system mistakenly
attacks the nervous system. Consequently, vaccine
hesitancy is a major issue in many societies, including
the U.S., making it essential to contextualize or
debunk the supposed risks of vaccination. The report
suggesting a link between the MMR vaccine and autism
has been retracted due to ethical misconduct and
financial conflicts of interest. The scientific inaccuracies
and fraudulent research practices in this study have
led to widespread rejection by the scientific community
[13]. Also, numerous studies have since debunked this
proposed association. Vaccine-induced GBS became a
concern during the 1976 swine flu vaccination program
in the U.S. as the vaccine appeared to increase the risk
of developing GBS. This association has so far largely
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been limited to the 1976 swine flu vaccine. Moreover,
influenza infection has been found to be a greater
risk factor for GBS than influenza vaccination, making
vaccination preferable over natural exposure [14]. Some
religious groups also show hesitance towards certain
vaccines for many reasons, which are not further
elaborated on in this work [15]. Specifically in the case
of COVID-19 vaccines, some vaccine hesitancy also
arises from the novelty of the messenger RNA vaccines
and the speed with which the vaccines were developed
[16]. Numerous studies, however, have demonstrated
that the vaccines are safe and effective [7, 8].

Vaccines are not innocuous; they often lead to
side effects such as fever, fatigue, muscle pain, joint
pain, and headache. However, these side effects are
validation that the vaccine is eliciting an immune
response, and they are minor relative to the risks
of infection with the active pathogen. Conducting
randomized clinical trials and presenting safety and
efficacy results in a clear, transparent manner is key
to building public faith in vaccination programs. It
should be noted that this is not sufficient; effective
communication and other strategies discussed later
must complement transparent vaccine development to
encourage vaccine uptake. There are cases in which
vaccination may pose certain health risks, such as with
immunocompromised patients, whose immune systems
have impaired function. In these cases, caution must
be taken to fully understand the risks in order to
prevent undesirable events, for example, infection by
a live attenuated vaccine. While vaccines are not
entirely without side effects, the medical and scientific
communities should emphasize that minor side effects
are common in the general population and the benefits
of vaccination greatly outweigh the risks [17].

Figure 3: Illustration of how vaccination can lead to herd
immunity and slow the spread of disease. (A) Spread of
disease through a susceptible community. Everyone is exposed
to disease and infected over time. (B) Spread of disease through
a mostly vaccinated community. Immunity through vaccination
prevents infections by blocking off paths for infection to spread.

There are numerous other factors that can impede
vaccination campaigns including distribution to isolated
communities, availability of medical staff, vaccine
storage, and vaccine supply. As has been seen
with COVID-19, these factors are especially important
in the midst of an active pandemic when vaccine
demand often exceeds vaccine supply [18]. Successful
vaccination efforts depend on resolving each of these
factors in addition to encouraging vaccine uptake.

Ethical & legal frameworks for analyzing mandatory
vaccination

As vaccinating a large enough proportion of the population to
achieve herd immunity may encounter a number of potential
roadblocks, some policymakers have proposed mandatory
vaccination to accelerate the road to herd immunity. Before
outlining data and case studies regarding vaccination policy,
we discuss the ethical and legal frameworks for understanding
the arguments around mandatory vaccination.

Is mandatory vaccination ethical? In a utilitarian analysis,
the most beneficial policy option is one that maximizes
societal benefits while minimizing societal costs [19]. Under
this framework, some argue that vaccine mandates should be
used to increase vaccination rates, as the lives saved and the
public health benefits outweigh the loss of freedom for people
to make independent decisions about vaccination [20]. In a
contrary argument, some biomedical ethicists emphasize the
importance of patient autonomy - patients should be able to
make their own choices about whether or not to receive a
particular healthcare intervention [19]. By definition, a vaccine
mandate would infringe upon patient autonomy by financially
or legally penalizing those who choose not to receive a
vaccine, thus violating the clinician-patient relationship [21].

Is mandatory vaccination legal? In the U.S., vaccine
mandates have long existed in various forms. At the beginning
of the 20th century, the Commonwealth of Massachusetts
allowed “the board of health of a city or town if, in its
opinion, it is necessary for the public health or safety shall
require and enforce the vaccination and revaccination of all
the inhabitants thereof and shall provide them with the means
of free vaccination” (1). Healthy adults refusing the vaccination
would be fined. Henning Jacobson, who was fined under
this policy, argued that this was a violation of the Fourteenth
Amendment which states that “[n]o state shall make or enforce
any law which shall abridge the privileges or immunities of
citizens of the United States; nor shall any state deprive any
person of life, liberty, or property, without due process of
law; nor deny to any person within its jurisdiction the equal
protection of the laws” (2). In Jacobson v. Massachusetts, the
Supreme Court ruled that the vaccine mandate adopted by the
City of Cambridge and authorized by the Commonwealth of
Massachusetts was valid under the “police power of a State” to
enact regulations that protect public health (3). This ruling was
reaffirmed in Zucht v. King, in which the San Antonio school
district was being sued for excluding unvaccinated students
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(4). Since then, school immunization mandates have existed
across the U.S. and have been upheld numerous times in
courts [22].

Presently, all fifty states have some form of vaccination
requirement for enrolling in public schools. While all states
offer medical exemptions to this requirement, there are
differences in the non-medical exemptions (NMEs) offered.
Specifically, 45 states and Washington D.C. grant religious
exemptions to this requirement; 15 states also grant
philosophical (personal, moral, or other) exemptions to this
requirement (Fig. 4) [23]. Under the National Childhood
Vaccine Injury Act, federal law requires that medical providers
provide vaccine information statements prepared by the
CDC to patients or their legal representative for a number
of different vaccines (5). Parental consent for vaccination
is generally required under state laws, though there are
limited exceptions, such as for vaccination against sexually
transmitted infections, through minor consent laws [24]. Some
state legislatures have proposed bills allowing adolescents to
consent to certain vaccines with the goal of achieving higher
vaccination rates [24]. Policymakers considering vaccine
mandates should keep these legal frameworks in mind when
thinking about informed patient consent.

Case study of widespread vaccination health
outcomes

When analyzing the advantages and disadvantages of
mandatory vaccination, we can learn from past outbreak
experiences. Of the several outbreaks that occurred in the
U.S. in the last century, we highlight the case of measles. From
this case study, we see that high vaccination rates can lead to
significant disease reduction; however, undervaccination can
lead to resurgences.

Vaccines helped reduce measles cases in the U.S., but
undervaccination is leading to resurgences: Measles,

Figure 4: Map of non-medical exemptions from school
immunization requirements by state in 2020. White states
do not allow any non-medical exemptions; pink states allow only
religious exemptions; and red states allow exemptions due to any
personal belief. Adapted from [23].

caused by the measles virus, is an illness characterized by
a red flat rash preceded by runny nose, fever, coughs, and
inflamed eyes. Before the introduction of a vaccine, it has been
estimated that 3–4 million cases occurred per year with around
500 deaths reported annually [25]. A live attenuated, one-dose
vaccine introduced in 1963 helped quickly reduce the reported
incidence of the disease. Following some outbreaks among
school children, a second dose was added to the schedule
by the CDC’s Advisory Committee on Immunization Practices
in 1989 [26]. The U.S. has eliminated measles since 2000
according to WHO.

A resurgence of measles cases occurred between
2018–2019, largely due to gaps in vaccination coverage.
For example, in 2019, the U.S. had the largest case
number (1282 cases) of measles since 2000 which caused
states of emergency to be declared in some cities and
states. Several causes are attributed to this rise, namely,
clusters of undervaccinated individuals [27]. During this surge,
a number of states tightened their vaccine exceptions in
various ways. In New York City, Mayor de Blasio ordered
mandatory vaccinations in specific neighborhoods [28]. In an
alternative approach, Maine’s state government eliminated
the philosophical and religious exemptions for mandatory
childhood vaccines (6). This decision was upheld in a
2020 referendum vote. Similarly, in the state of Washington,
legislators put forth a law removing a parent’s vaccination
refusal due to personal/philosophical reasons, though they
kept medical and religious exemptions (7). Although it
originally applied to all mandatory childhood vaccines, it was
modified to just the measles vaccine, given as the MMR
vaccine, which protects against measles, mumps, and rubella,
when passed. Overall, vaccination efforts within the U.S.
significantly decreased the disease burden of measles.

Important considerations for devising mandatory
vaccination policies

In this section, we further discuss some of the key
points that must be taken into consideration when weighing
policymaking for vaccine mandates including (1) exemptions
to vaccine mandates, (2) the use of monetary incentives
and/or disincentives to encourage vaccination, and (3) societal
backlash to vaccine mandates and institutional distrust.

Who should be exempt from vaccines? Vaccine exemptions
are granted for medical, religious and/or philosophical
reasons. Medical exemptions exist because some individuals
may have legitimate medical risks associated with vaccination
such as severe allergic reactions or complications arising
from a compromised immune system. Removing this type
of exemption is considered an ethical violation. These
exemptions are infrequent, so they do not significantly impede
attainment of herd immunity through vaccination efforts. In the
2018–2019 school year, approximately 2.5% of kindergartners
had an exemption for one or more required vaccines, of
which only 0.3% were medical exemptions [29]. Religious
exemptions are given to those who have religious objections to
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vaccination, while philosophical exemptions are given to those
with objections based on personal or moral beliefs.

Policies around vaccination exemptions can be enacted
to minimize outbreak risk by increasing vaccination coverage.
Studies have found that states which have more lenient
exemption policies tend to have lower childhood vaccination
rates. For instance, from 2016–2018 on a state-aggregated
level, NME rates were negatively associated with vaccination
rates for three major childhood vaccine mandates: MMR,
varicella, and diphtheria, tetanus, and acellular pertussis. In
the analysis, spatial distributions of high rates of NMEs were
found to be important considerations when assessing the risk
of disease outbreaks [30]. Furthermore, states that enacted
policy changes which eliminated either a subset, or all, NMEs
corresponded to exemption rate reduction. One such state,
California, eliminated NMEs in 2016 through their enactment
of Senate Bill 277 following a measles outbreak in 2015 [31].
With its success in reducing vaccination exemption rates,
California provides a sound legal basis for other states to
also ban NMEs. However, a vaccination model that only has
medical exemptions is still debated in terms of acceptability
and enforceability. One alternative would be to eliminate
NMEs specifically for diseases often transmitted in school
settings in order to avoid bolstering anti-vaccine sentiments.

Another alternative to outright elimination proposes
that NMEs should be rigorously reviewed and made
administratively difficult to obtain. An argument against
eliminating NMEs is that the so-called inconvenience
approach is a more effective way to decrease exception
rates as exemplified by the policies found in Michigan, which
require education sessions and official state application forms
for NMEs [32]. Similar trends favoring the inconvenience
approach have been found in further studies, which show
that increased procedural requirements to obtain NMEs for a
mandated vaccination decreased the number of exemptions
[33]. Furthermore, there is evidence that elimination of NMEs
will not necessarily improve vaccination rates due to an
increase in claims for medical exemptions and religious
exemptions as well if only the philosophical exemptions
are removed [34]. It is thought that a similar increase in
medical exemptions could follow in response to increasing the
difficulty of NME obtainment. Nevertheless, eliminating NMEs
or making them harder to obtain are disputed in terms of
preferability from an ethical perspective.

Monetary incentives & disincentives: In mandatory
vaccination policies, monetary measures are often used
in a “carrot and stick” manner—financial incentives to be
vaccinated and financial penalties for not being vaccinated.
As stated before, across the U.S. there are laws requiring
students to be vaccinated to be enrolled in public schools,
and depending on the state, the laws allow religious and/or
philosophical exemptions to this policy. In order to make this
policy more stringent and prevent abuse of these exemptions,
some states have proposed to increase the administrative
burden of obtaining an exemption through processing fees
and additional reviews of exemption applications [35]. In

another study on welfare recipients in Georgia in the 1990s,
receiving benefit payments for preschool-age children was
tied to proof of up-to-date vaccination status for the children.
This monetary sanction was found to increase the proportion
of children who achieved vaccine series completion, from
60.6% to 72.4% [36]. While evidence shows that these
policies can have positive effects on vaccination rates, care
must be taken to ensure that these policies do not intensify
socioeconomic inequality by having disproportionate burden
on minority communities. Notably, the characteristics of
undervaccinated children (have received at least one vaccine
but are considered not up-to-date) are distinct from those
of unvaccinated children (have never received a vaccine),
with the former being associated with minority communities,
less education, and lower household income, while the latter
is associated with more education and higher household
income. These results suggest that interventions should be
tailored toward individual groups to address the specific
causes of vaccine access and/or vaccine hesitancy among
those communities [37]. Conversely, monetary incentives
may be used to incentivize vaccination and thus elevate
vaccination rates. A number of studies have analyzed whether
education and outreach or financial incentives are more
effective at incentivizing vaccination with varying results, again
suggesting that different communities may have different
reasons for vaccine hesitancy and interventions should be
individualized to achieve maximal effect [38].

Backlash & institutional distrust: Some potential dangers
of mandatory vaccination policies include triggering broad
societal backlash, strengthening groups opposing vaccination,
and exacerbating existing societal inequality. There are
historical examples, for instance, in England and Brazil,
where vaccine mandates led to large anti-vaccine movements
and riots [39]. Though mandatory vaccination has been
shown to enhance vaccination rates in high-income countries
such as the U.S., penalties for not adhering to this policy
may disproportionately affect minority communities who are
distrustful or lack the resources to be vaccinated [40].
This issue is especially visible in the current COVID-19
vaccine rollout. According to an analysis by the Kaiser
Family Foundation, by February 1, 2021, Black and Latinx
populations have been vaccinated at a significantly lower
rate than their respective proportions of the total case count,
total death count, and total population [41]. For example,
in Delaware, Black and Latinx populations account for only
9% of vaccinations while accounting for 42% of cases, 29%
of deaths, and 32% of the total population. This inequality
may be due to a combination of factors, including vaccine
access as well as vaccine hesitancy due to concern of
adverse effects. Policymakers should weigh these factors
heavily and note that mandatory vaccination policies may
backfire or result in detrimental societal consequences.
Accompanying policies should be crafted to ensure that all
communities have an adequate supply of vaccines available
to them and additional research should be conducted to
devise effective means of encouraging vaccination. Of note,
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vaccine messaging to ease concern about side effects may
occasionally have counterintuitive consequences; in a study,
researchers showed that only 45% of parents who received
information from the CDC that there is no evidence of a link
between the MMR vaccine and autism had intent to vaccinate
future children while 70% of a control group of parents who
did not receive this information would vaccinate future children
[42], illustrating the delicate balance that must be struck in
crafting vaccine messaging.

Success in vaccination uptake depends on a number of
factors including the underlying public confidence and trust
in medical, public health, and governmental institutions. In
the U.S., one’s attitude and trust in an institution is shaped
by the country’s racialized history. Historical oppression of
Black, Indigenous, Latinx, and other marginalized groups has
manifested in inferior healthcare quality which still persists
today [43]. When Black and White adults were asked about
their trust in vaccines, both groups distrusted pharmaceutical
companies while diverging on trusting federal institutions
[44]. White participants implicitly trusted the government,
while Black participants distrusted the government and
questioned its motives. The distrust among some Black
Americans is associated with historical oppression and
current care disparities [45]. For example, the “Tuskegee
Study of Untreated Syphilis in the Negro”, in which Black
individuals with syphilis were purposely not given treatment,
was conducted by the U.S. Public Health Service and remains
an example of unethical medical research [46]. Despite setting
human research protection standards in 1979 through the
Belmont Report, incidents of unethical medical research on
marginalized groups continue to be reported [45]. Institutional
skepticism is further reinforced with the performance of the
U.S.’s public health system and government response to the
COVID-19 crisis, as compared to other governments, in terms
of reducing the number of deaths caused by the disease
[47]. Some scholars have noted that, “to address distrust, it
is critical to recognize that the suspicions, fears, and roots
of distrust are logical responses to a history of inequity. It
is essential to consider, understand, and address why the
suspicion that underlies distrust exists with an individual,
practice, organization, or system and match the measurement
or intervention strategy to that level” [45]. It remains critical
for organizations to be precise and intentional about goals of
efforts to promote trust.

Responding to backlash and distrust—communication
& citizen participation: One axis of establishing and
maintaining trust that remains important to think through is
the communication around vaccines. In Michigan in 2015,
public health staff were required to implement vaccine waiver
education to those requesting NMEs. These educators initially
focused on persuading vaccine-refusing parents through
information-based communication, which did little to convince
committed vaccine refusers. Instead, the educators switched
to cultivating trust through non-adversarial communication
techniques such as building rapport and respecting autonomy,
finding this to qualitatively be a more effective strategy

[48]. Recently, U.S. participants were surveyed around
COVID-19 vaccine messaging and found that effective
messaging addresses individuals’ concerns, especially those
from vulnerable groups including communities of color and
low-income individuals, and is truthful and transparent [49].
Participants had the most trust in information coming from
healthcare professionals. Thus, thoughtful, culturally relevant
messaging coming from health professionals, in addition to
community engagement, can be crucial to both informing the
community about vaccines and building trust with them.

Advisory panels, task forces, or independent
representative bodies can engage local communities in the
decision making around vaccination. The COVID-19 pandemic
reinvigorated the discussions around human-centered public
health interventions, where policy is guided by the complex
contexts driven by the diversity of the U.S. population.
A “one-size-fits-all approach” of public health solutions
does not work for vaccination. Rather, “policymakers
need to understand this [societal] diversity and adopt
comprehensive local approaches that give communities a
voice, and the necessary resources to put ideas into action”
[50]. Community-led strategies allow for public ownership
and involvement over vaccination programs, help build
more robust trust between governance structures and the
community, and may allow for more equitable allocation.
The 23-person Working Group on Readying Populations for
COVID-19 Vaccines conducted a review of what successful
general public vaccine uptake would look like and included the
significance of community engagement in their conclusions.
Their suggestion specifically articulated the need for a
national panel convened by an entity like the National
Academies of Sciences, Engineering, and Medicine, to create
community engagement best practices, and to coordinate with
local governments on creating public oversight committees
for vaccination programs [51]. Further analysis is needed to
precisely quantify the impact of community participation.

Conclusions
In summary, the benefits to public health that come with
increased vaccine uptake are unmistakable; however, a policy
of mandatory vaccination may have drawbacks including
amplifying existing societal inequality. We have outlined the
scientific background of how vaccines are able to prevent
infectious disease, described the ethical and legal discussion
around mandatory vaccination, presented case studies of
vaccination improving public health, and highlighted a handful
of key considerations that must be addressed when crafting
a mandatory vaccination policy. While mandatory vaccination
appears to be the most direct way to improve vaccination rates
in the U.S., there may be backlash and distrust that cause this
policy to have unintended consequences with disparate effects
on certain minority communities. With the goal of reducing
infectious disease burden, additional programs beyond the
scope of this article must be considered including education
to ensure people understand the benefits of vaccination,
transparency in vaccine development and approval processes,
and equitable distribution and availability of vaccines.
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