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Vaccination is considered to be one of the greatest achieve-
ments of public health and is the most effective method of 
preventing infectious diseases. Global vaccination programs 
have contributed to a decline in mortality and morbidity of 
various diseases. Widespread immunity due to vaccination is 
largely responsible for the eradication of smallpox the restric-
tion of polio measles tetanus and many other diseases. The 
effectiveness of vaccination has been widely studied and veri-
fied for example the influenza vaccine the HPV vaccine and 
the chicken pox vaccine. The World Health Organization 
(WHO) reports that vaccines are currently available for 25 
different preventable infections [1].

The terms vaccine and vaccination are derived from 
Variolae vaccinae (smallpox of the cow), the term devised by 
Edward Jenner to denote cowpox. He used this term in 
1798 in the title of his Inquiry into the Variolae vaccinae know 
as the Cow Pox, in which he described the protective effect of 
cowpox against smallpox [2].
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Sometime during the late 1760s, while serving his appren-
ticeship as a surgeon/apothecary, Edward Jenner learned of 
the story, common in rural areas, that dairy workers would 
never have the often-fatal or disfiguring disease smallpox, 
because they had already had cowpox, which has a very mild 
effect in humans. In 1796, Jenner took pus from the hand of a 
milkmaid with cowpox, scratched it into the arm of an 8-year-
old boy, and 6 weeks later inoculated the boy with smallpox, 
afterward observing that he did not catch smallpox [3, 4]. 
Jenner extended his studies and in 1798 reported that his vac-
cine was safe in children and adults and could be transferred 
from arm-to-arm reducing reliance on uncertain supplies 
from infected cows [2].

In 1881, to honor Jenner, Louis Pasteur proposed that the 
terms should be extended to cover the new protective and safe 
inoculations being developed at the time. Prior to the introduc-
tion of relatively safe vaccination with material from cases of 
cowpox, smallpox could be prevented by deliberate inocula-
tion of smallpox virus, a far more dangerous method known as 
variolation. The second generation of vaccines was introduced 
in the 1880s by Louis Pasteur who developed vaccines for 
chicken cholera and anthrax, [5] and from the late nineteenth 
century on, vaccines were considered a matter of national pres-
tige, and first compulsory vaccination laws were passed.

The twentieth century saw the introduction of several suc-
cessful vaccines, including those against diphtheria, measles, 
mumps, and rubella. Major achievements included the devel-
opment of the polio vaccine in the 1950s and the eradication 
of smallpox during the 1960s and 1970s. As vaccines became 
more common, many people began taking them for granted. 
However, vaccines remain elusive for many important dis-
eases, including herpes simplex, malaria, gonorrhea, and HIV.

There are different types of vaccines that have been devel-
oped and used in the community. Some of the types include 
inactivated, attenuated, toxoid, subunit, and conjugate vac-
cines. Inactivated vaccines contain inactivated, but previously 
virulent organisms that have been destroyed by chemicals, 
heat, or radiation [6]. Examples include the polio vaccine, 
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hepatitis A, and rabies. Attenuated vaccines contain live, 
active viruses that have been cultivated under conditions that 
disable their virulent properties, or use closely related but 
less dangerous antigens to produce a broad immune response. 
Examples include yellow fever, measles, mumps, rubella, and 
typhoid. Toxoid vaccines are made from inactivated toxic 
compounds that cause illness rather than the microorganism. 
Examples include tetanus and diphtheria. Protein subunit 
vaccines contain fragments of the inactivated or attenuated 
microorganism to create an immune response, and these 
include hepatitis B, HPV.

The efficacy of a vaccine is dependent on a number of fac-
tors including the disease itself, the strain of vaccine, whether 
the vaccination schedule has been properly observed. Assorted 
factors such as ethnicity, age, and genetic predisposition play a 
role as well. In 1958, there were 763, 094 cases of measles in 
the United States; 552 deaths resulted [7]. After the introduc-
tion of new vaccines, the number of cases dropped to fewer 
than 150 per year [8]. In early 2008, there were 64 suspected 
cases of measles. Fifty-four of those infections were associated 
with importation from another country, although only 13% 
were actually acquired outside the United States; 63 of the 64 
individuals either had been vaccinated against measles or 
were uncertain whether they had been vaccinated [8].

As long as the majority of people are vaccinated, it is much 
more difficult for an outbreak of disease to occur, let alone 
spread. This effect is called herd immunity. Polio, which is 
transmitted only between humans, is targeted by an extensive 
eradication campaign that has seen endemic polio restricted 
to only parts of three countries—Afghanistan, Nigeria, and 
Pakistan [8].

Vaccines also prevent the development of antibiotic resis-
tance. For example, by greatly reducing the incidence of 
pneumonia caused by Streptococcus pneumonia, vaccine 
programs have greatly reduced the prevalence of infections 
resistant to penicillin or other first-line antibiotics [9].

Vaccinations given during childhood are generally safe 
[10]. Adverse effects, if any, are mostly mild. The rate of side 
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effects depends on the vaccine in question. Some common 
side effects include fever, pain around the injection site, and 
muscle aches [11]. Some individuals may be allergic to par-
ticular ingredients in the vaccine. Severe side effects are, 
however, extremely rare. Varicella vaccine is rarely associated 
with complications in immunodeficient people and rotavirus 
vaccines are moderately associated with intussusception [10].

In order to provide the best protection, children are rec-
ommended to receive vaccinations as soon as their immune 
systems are sufficiently developed to respond to particular 
vaccines, with additional booster shots often required to 
achieve “full immunity”. This, in turn, has led to the develop-
ment of complex vaccination schedules. In the United States, 
the Advisory Committee on Immunization Practices, which 
recommends schedule additions for the Centers of Disease 
Control and Prevention, recommends routine vaccination of 
children against hepatitis A, hepatitis B, polio, mumps, mea-
sles, rubella, diphtheria, pertussis, tetanus, HiB, chickenpox, 
rotavirus, influenza, meningococcal disease, and pneumonia 
[12]. A large number of vaccines and boosters recommended 
(up to 24 injections by age 2) have led to problems with 
achieving full compliance. Various notification systems have 
been instituted and a number of combination injections are 
now marketed (e.g., pneumococcal conjugate vaccine and 
MMRV vaccine) to simplify schedule and improve compli-
ance. Besides recommendations for infant vaccinations and 
boosters, many specific vaccines are recommended for other 
ages or for repeated injections throughout life—most com-
monly for measles, tetanus, influenza, and pneumonia. 
Pregnant women are often screened for continued resistance 
to rubella. The human papillomavirus vaccine is recom-
mended in the United States (as of 2011) [13] and the United 
Kingdom (as of 2009) [14]. Vaccine recommendations for the 
elderly concentrate on pneumonia and influenza, which are 
more deadly to that group. Other countries may have vac-
cines in place to address diseases endemic to that area.

The principal challenge in further vaccine development is 
economic. Many of the diseases most demanding a vaccine, 
including HIV, malaria, and tuberculosis, exist principally in 
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poor countries. Pharmaceutical firms and biotechnology 
companies have little incentive to develop vaccines for these 
diseases, because there is little revenue potential. Even in 
more affluent countries, financial returns are usually minimal, 
and the financial and other risks are great. Most vaccine 
development to date has relied on “push” funding by govern-
ment, universities, and nonprofit organizations [15]. Many 
vaccines have been highly cost-effective and beneficial for 
public health. The number of vaccines actually administered 
has risen dramatically in recent decades. This increase, par-
ticularly in the number of different vaccines administered to 
children before entry into schools, may be due to government 
mandates and support, rather than an economic incentive.

Many vaccines need preservatives to prevent serious adverse 
effects such as Staphylococcus infection, which in one 1928 
incident killed 12 of 21 children inoculated with a diphtheria 
vaccine that lacked a preservative [16]. Several preservatives 
are available, including thimerosal, phenoxyethanol, and form-
aldehyde. Thimerosal is more effective against bacteria, has a 
better shelf-life, and improves vaccine stability, potency, and 
safety; but, in the United States, the European Union, and a 
few other affluent countries, it is no longer used as a preserva-
tive in childhood vaccines, as a precautionary measure due to 
its mercury content [17]. Although controversial claims have 
been made that thimerosal contributes to autism, no convinc-
ing scientific evidence supports these claims [18].

The development of new delivery systems raises the hope 
of vaccines that are safer and more efficient to deliver and 
administer. Lines of research include liposomes and ISCOM 
(immune-stimulating complex) [19]. Other notable develop-
ments in vaccine delivery technologies have included oral 
vaccines. An oral polio vaccine, for example, turned out to be 
effective even when vaccinations were administered by vol-
unteer staff without formal training; the results also demon-
strated increased ease and efficiency of administering the 
vaccines. Effective oral vaccines have many advantages; for 
example, there is no risk of blood contamination. Vaccines 
intended for oral administration need not be liquid, and as 
solids, they commonly are more stable and less prone to 
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damage or to spoilage by freezing in transport and storage 
[20]. Other promising, simplified approaches uses micronee-
dles or needle-free delivery via patches [21, 22].

Vaccination policy is another critical element in attaining 
immunity at the international or global level. Such policies 
are mostly prerogatives of national authorities and can vary 
across the world. Some international agencies such as WHO 
or EU also affect the immunization agenda. In the European 
Union, for example, The European Commission assists mem-
ber countries with the coordination of policies and programs 
and, in April 2018, it proposed a Council Recommendation to 
strengthen the EU cooperation on vaccine-preventable dis-
eases. The initiative aims to tackle vaccine hesitancy, improve 
coordination on vaccine procurement, support research and 
innovation, and strengthen EU cooperation on vaccine-
preventable diseases.

EU countries are encouraged to develop and implement 
national vaccination plans with initiatives to improve cover-
age and to introduce routine vaccination status checks. In 
addition, the Commission supports EU countries in maintain-
ing or increasing rates of vaccination by promoting seasonal 
flu vaccination to at-risk groups. Though European vaccina-
tion rates are high overall, measles continues to spread where 
vaccination rates have declined, the World Health 
Organization warned in 2016.

In the United States, there is a similar program, with indi-
vidual states creating their own individual schedules and 
requirements, and federal bodies, such as CDC, providing 
recommendations and guidelines. In the rest of the world, 
similarly, many countries rely on the guidelines and recom-
mendations provided by the WHO, but are free to set their 
schedules and regulate immunizations as they see fit.

�Vaccination in the Context of a Pandemic 
Outbreak

Vaccination, if available, will likely be a principal part of mul-
tifaceted public health response to the future emergence of a 
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pandemic illness. In addition to other measures designed to 
respond to and control a pandemic, such as surveillance, com-
munication plans, quarantine, and disease treatment, the 
deployment of effective vaccines has the biggest potential to 
protect lives and limit disease spread. Not all disease threats, 
however, have a corresponding vaccine, and for those that do, 
there are significant challenges to their successful use in a 
pandemic.

In the case of influenza viruses, for example, existing vac-
cines may not be effective against new strains. Though pro-
duction methods and infrastructure for influenza vaccines are 
well established, each new influenza strain requires a new 
vaccine. Thus, any new pandemic influenza vaccine will take 
about 4–6  months to produce in large quantities [23]. For 
other newly emerging threats without licensed vaccines, such 
as SARS, Marburg virus, Nipah virus, and the like, the time 
required to develop and produce a safe, effective vaccine is 
unknown and would depend on the nature of the threat and 
the state of current vaccine research for that threat. In almost 
all cases, several months would be needed to respond with the 
first doses of vaccines. Until a safe, effective vaccine was 
ready, other public health and medical measures, such as 
social distancing, quarantine, and use of antiviral medications, 
would need to be employed to try to limit disease spread.

A variety of US federal, state, and local agencies are 
involved in public health emergency preparedness and 
response. The US Congress funds the Centers for Disease 
Control and Preventions Office of Public Health Preparedness 
and Response (PHPR) to build and strengthen national pre-
paredness for public health emergencies caused by natural, 
accidental, or intentional events. Part of the CDC’s funding 
supports the Strategic National Stockpile, which manages 
stores of vaccines and drugs that may be deployed in national 
emergencies.

The US Department of Health and Human Services 
(HHS) includes several offices involved in pandemic and 
bioterror response. The Office of the Assistant Secretary for 
Preparedness and Response (ASPR) was created after 
Hurricane Katrina and is responsible for leadership in 
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prevention, preparation, and response to the adverse health 
effects of public health emergencies and disasters. ASPR 
conducts research and builds federal emergency medical 
operational capabilities. Within ASPR, the Biomedical 
Advanced Research and Development Authority (BARDA) 
is responsible for the development and purchase of the neces-
sary vaccines, drugs, therapies, and diagnostic tools for public 
health medical emergencies [24].

State and local health departments, as well as public and 
private hospitals and local law enforcement agencies, would 
also be involved in responding to a pandemic public health 
emergency. Their roles are outlined in national response 
plans as well as delineated by organization-specific plans. The 
US FDA is involved in establishing a research agenda pan-
demic response, and it controls the pathway to licensure for 
vaccines, treatments, diagnostic tests, and other tools for 
responding to biological threats. The regulatory requirements 
for the licensure of a vaccine are complex and apply to a mul-
tistep process of safety, immunogenicity, efficacy testing, and 
post-licensure surveillance [24].

In situations when a new vaccine is needed quickly, the 
FDA has developed alternative pathways to licensure. One is 
an accelerated pathway to approval that might apply in the 
case of life-threatening disease when a new process will pro-
duce a vaccine with a meaningful therapeutic benefit over 
existing options. In other, more drastic threats, the so-called 
animal rule might be used—if research toward a vaccine or 
treatment would necessitate exposing humans to a toxic 
threat, then animal studies may be sufficient for approval. To 
date, these two rapid pathways have not been invoked for 
vaccines.

The US Emergency Use Authorization (EUA) is an option 
in pandemic response. After a declaration of emergency by 
the Department of Health and Human Services secretary, this 
program allows for use of an unapproved medical product (or 
a product that has been approved but not for the specific use 
applicable to the situation at hand) that is the best available 
treatment or prevention for the threat in question. EUAs 
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were issued for antiviral treatments, a respirator, and a PCR 
diagnostic test during the 2009 A/H1N1 pandemic [25].

In all pandemic situations in which a vaccine is available or 
potentially available, a large supply of vaccine would be nec-
essary and would be needed quickly. Currently, the US 
Strategic National Stockpile includes several types of influ-
enza vaccines, including an H5N1 vaccine [26]. The stockpile 
also holds millions of doses of other vaccines, antibodies, 
antiviral medications, and other medical supplies. Should any 
of these stockpiled vaccines directly relate to an emerging 
pandemic, they would be deployed. Chances are, however, 
that an emerging pandemic illness will require a new vaccine 
and that will require time and resources to develop.

Another complicating factor to pandemic influenza vac-
cine production involves how the vaccine is made. Since the 
1940s, seasonal and pandemic influenza vaccines have been 
produced in chicken eggs. The virus is introduced in the allan-
toic fluid of the fertilized egg (this is the fluid that bathes the 
embryo and yolk sac), and it replicates in the membrane sur-
rounding the fluid. After about 3  days, the virus-containing 
fluid is harvested from each egg and the rest of the manufac-
turing process proceeds [27]. Dependence on egg-based vac-
cine production is, however, problematic even with 
non-pandemic seasonal influenza vaccine. First, eggs must be 
available in large quantities when vaccine production is to 
begin. Any disruption in egg supply—such as disease affect-
ing chickens, or bad weather interfering with the shipping of 
eggs—can mean a delay in vaccine production. Second, some 
influenza strains grow more slowly or less robustly than oth-
ers, which can result in delays or in lower yields of vaccine 
virus from each egg. Third, it is possible that some viral vac-
cine strains, given the origin of some influenza viruses in 
birds, may be toxic to eggs. In that case, egg-based influenza 
vaccine production methods would be useless. Even under 
the best of circumstances, the influenza vaccine production 
can provide vaccines for less than half the global population.

Other promising technologies are being explored for the 
development of a universal influenza vaccine, which is the 
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ultimate goal for many influenza vaccine programs, and would 
serve as a paragon for any future pandemic. Such a vaccine 
might need to be given only once, rather than every year as 
with current seasonal vaccines. Such a universal vaccine would 
ideally provide protection against all, or at least most, of the 
many strains of influenza capable of making people sick, 
including future pandemic influenzas. Plant-produced influ-
enza vaccines are in clinical trials and may prove to be a useful 
alternative to egg- and cell-based vaccines.

In the event of a pandemic, the public and private sectors 
will mobilize to produce and distribute the vaccine, if one is 
available, as quickly as possible. The CDC’s Advisory 
Committee on Immunization Practices and other govern-
mental and advisory groups will issue national guidelines 
prioritizing who should be vaccinated. State and local health 
departments will develop local modifications to the recom-
mendations as needed. These public health departments will 
need to make decisions about how to distribute the vaccine 
to providers within their jurisdictions equitably and effi-
ciently with the goal of reaching the priority groups first.

Methods for distributing the vaccine in a pandemic are 
outlined in the HHS Pandemic Influenza Plan, which details 
public sector pandemic response [28]. The plans are designed 
to provide guidance to public health coordinators, but also to 
be flexible enough to adapt to the unique conditions of the 
particular pandemic situation. For example, prior to the 2009 
H1N1 pandemic, the most recent pandemic influenza 
emergency response plans had been based on H5N1 influ-
enza. Planners accordingly projected that healthcare provid-
ers would be overwhelmed with caring for the sick and would 
not have the capacity to administer the vaccine. Distribution 
plans primarily relied on public entities, such as public health 
departments and hospitals, to receive the vaccine and vacci-
nate most of the targeted population. But because 2009 
H1N1 influenza did not cause such severe disease, public 
health authorities realized early on that providers would have 
the capacity to vaccinate patients. And so vaccine was, for the 
most part, shipped directly to providers based on the distribu-
tion system for the federal Vaccines for Children (VFC) pro-
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gram. This required a few changes to usual VFC procedures, 
most notably to include non-VFC providers, such as retail 
pharmacies, corporations with occupational health clinics, 
and non-pediatric healthcare providers, that received and 
administered vaccines.

Most aspects of vaccine distribution were executed smoothly 
in the 2009 H1N1 pandemic, especially considering that lim-
ited supplies of vaccines had to be allocated fairly and that 
initial demand was high [29]. The role of certain private vaccine 
providers attracted media attention and raised some public 
concern, especially when a few large high-profile private 
employers received the vaccine before some public entities did. 
No wrongdoing was alleged, but the situation drew attention to 
the mechanism of vaccine distribution when a variety of public 
and private provider types are included. However, public 
health authorities support the use of private occupational 
health clinics to vaccinate in a pandemic, since they are able to 
identify and reach many people in high-priority groups.

Reports by state health departments after the pandemic 
assessing the H1N1 vaccination program suggest a few areas 
of improvement in a future pandemic: two issues that sur-
faced frequently in the reports were the need for accurate 
supply forecasts to inform vaccine ordering and subsequent 
distribution, as well as the need for clear communication 
about priority groups for vaccination [30].

The US federal government conducts periodic simulations 
of biologic emergencies to assess the effectiveness of the pub-
lic health response and to identify areas where response 
needs to be improved.

The European Union currently has a tool to respond to 
pandemic influenza threats that the United States has not yet 
employed. Oil-in-water adjuvants have been used in the 
influenza vaccine in the European Union since 1997 and have 
an established safety record. But, while plans were made to 
use adjuvant in the US 2009 H1N1 vaccine, authorities aban-
doned those and instead approved only unadjuvanted vac-
cines. Even if the adjuvanted influenza vaccine were released, 
the US public might be reluctant to take the unfamiliar vac-
cine, in spite of its safety record in the EU.
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Vaccine acquisition, distribution, and uptake issues are 
substantially different in the developing world. Less wealthy 
countries typically do not widely use influenza vaccine for a 
variety of reasons, perhaps the most prominent of which is 
the need to devote health funds to more pressing concerns. In 
the event of a deadly influenza pandemic or other disease 
outbreak requiring mass vaccination, governments of devel-
oping countries will face significant challenges such as meet-
ing supply needs, funding vaccine acquisition and ensuring 
uptake of vaccine in places where influenza vaccination is not 
commonly practiced.

Under the guidance of the World Health Organization and 
with the support of various governments, many middle-
income and developing countries (Brazil, Egypt, India, 
Indonesia, Iran, Mexico, Republic of Korea, Romania, Serbia, 
Thailand, and Viet Nam) have established influenza vaccine 
manufacturing capacity, or are making progress to develop 
this capacity. The US and Japanese governments have funded 
influenza vaccine manufacturing capacity in several countries 
in Latin America and Asia in an attempt to build readiness in 
the event of an influenza pandemic. Efforts will help to estab-
lish seasonal influenza vaccine production that could then be 
harnessed in an influenza pandemic. WHO officials note that 
global seasonal influenza capacity has increased from 350 
million doses in 2006 to more than 800 million doses in 2011. 
Because the seasonal vaccine is trivalent (that is, it includes 
three strains of influenza virus), pandemic vaccine capacity 
should be roughly triple that of seasonal influenza capac-
ity—2.4 billion doses. This is still far short of total global need, 
but it is evident that global influenza vaccine production 
capacity is increasing.

�Mental Health Aspects of Immunization 
and Vaccination

Several claims about the neuropsychiatric adverse effects of 
vaccinations have been staked over the past two decades, 
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stirring considerable public debate and affecting the immuni-
zation rates in some communities [31].

One evidence-based study where some temporal relation-
ship was found was a pilot study, from Penn State and Yale 
University researchers, looking at medical private insurance 
claims in a large database and comparing children and ado-
lescents aged 6–15 years prior year’s vaccination records with 
the new diagnosis of a number of neuropsychiatric disorders 
over 5 years [32].

The temporal association was found for several diagnostic 
entities, the most relevant one for anorexia nervosa. Children 
who had been vaccinated within the prior 3 months had an 
80% elevated risk of getting a new diagnosis of the eating 
disorder that has been increasing in recent years, compared to 
controls. Less pronounced association was found between 
vaccinations and OCD, tic disorders, and anxiety disorders.

Incidentally, in the control group, children with broken 
bones were also slightly more likely to have received the 
influenza vaccine during the previous year, but by a much 
smaller percentage. Curiously, children with major depression 
and bipolar disorder were less likely to have received the 
influenza vaccine, but again with smaller hazard ratios.

The researchers found correlations for one vaccine in par-
ticular: the influenza vaccine, which was associated with 
higher rates of OCD, anorexia, anxiety disorder, and tic disor-
der. The study emphasized that there was no “proof of a 
causal role” in vaccines for any of the conditions.

A biological explanation for these correlations has not 
been found, but a potential mechanism could lie in the body’s 
immune response to vaccines, the study suggested. Cross-
reactivity has been explored as one of the hypotheses provid-
ing a possible connection. Cross-reactivity occurs when 
vaccine-induced antibodies react against not only the 
intended pathogen proteins but also against human proteins. 
For example, a 2015 study published in Science Translational 
Medicine discovered that antibodies elicited by the pandemic 
influenza vaccine cross-reacted with a human brain protein—
hypocretin receptor 2.
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Autoimmunity, in which antibodies attack human proteins, 
occurs independently of immunization and also may play a 
role in normal brain development and in early-onset psychi-
atric disorders [33]. Some authors (Leckman) hypothesize 
that, if children were experiencing inflammation—a process 
that promotes autoimmunity—at the time of vaccination, the 
combination of inflammation and vaccination could have 
deleterious effects on brain development [34].

In modern society, any potentially serious adverse event 
attributed to vaccination is likely to be snapped up by the 
media, particularly newspapers and television, as it appeals to 
the emotions of the public. Thus, for example, considerable 
attention was devoted to the publication of Andrew 
Wakefield’s article, which linked measles vaccination to per-
vasive developmental disorders and nonspecific colitis, [35] 
and to the case of Heather Whitestone, who was elected Miss 
America despite her deafness, which had erroneously been 
attributed to the diphtheria, tetanus, and pertussis vaccine 
[36]. The widespread news of the alleged adverse events of 
vaccination has helped to create the “urban myth” that vac-
cines cause serious neurological disorders and has boosted 
anti-vaccination associations. These movements and associa-
tions, however, are nothing new. They can be traced back to 
the nineteenth century, with the foundation of the National 
Anti-Vaccination League in 1896  in Britain and the Anti-
Vaccination Society of America in 1879 in the United States 
were established. By the end of the twentieth century, opposi-
tion to vaccinations had strengthened in most developed 
countries because diseases preventable by vaccinations had 
become increasingly rare. Thus, with regard to the subject of 
vaccinations, ethical, social, religious, and legal issues cannot 
be ignored.

When Mumps/Measles/Rubella (MMR) vaccines are con-
cerned, the British Medical Journal defined the main study 
that linked these vaccines to autism as a “deliberate fraud” 
[37]. This conclusion resulted from an investigation con-
ducted by the investigative journalist Brian Deer into the 
research originally published in 1998 by the journal the 
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Lancet, before being withdrawn in February 2010. The paper 
had associated the administration of MMR vaccine with a 
new syndrome characterized by autism and ileal lymphoid 
hyperplasia associated with nonspecific colitis. According to 
Fiona Godlee, the editor in chief of the BMJ, the article by 
Wakefield “was based not on bad science but on a deliberate 
fraud”. The US Institute of Medicine (IOM) also concluded 
that “The evidence favors rejection of a causal relationship 
between MMR vaccine and autism” [38].

When the relationship between vaccines and schizophre-
nia is concerned, no epidemiological studies have shown the 
existence of a causal link. In addition, Short et al. have dem-
onstrated that babies born to rhesus monkeys infected with 
the flu virus during pregnancy have both significantly smaller 
brains than normal and other brain abnormalities seen in 
schizophrenia [39]. These results are consistent with the find-
ings of Mednick et al. [40], who reported an increased risk of 
schizophrenia in persons who had been in the fetal stage in 
1957—the time of the pandemic known as the “Asian” pan-
demic—and with the study by Byrne et al. [41] Vaccination 
should therefore be considered a valuable tool, particularly 
during pregnancy, in that it may also help reduce schizophre-
nia. Indeed, the CDC recommends influenza vaccination in 
any period of gestation.

Acceptance of vaccines is a major driver of uptake, along 
with issues of access, affordability, and awareness. In the past 
decade, parents have been questioning the need for and 
safety of vaccines, and as a result, vaccination rates have 
fallen to dangerously low levels in certain communities. The 
effects of vaccine hesitancy are widespread. Community 
pediatricians who interact regularly with vaccine-hesitant 
parents report a higher level of burnout and lower levels of 
job satisfaction. Vaccine hesitancy has been linked to increased 
emergency department use, morbidity, and mortality. 
Nonacceptance of vaccination is a phenomenon that con-
cerns global agencies. In 2012, a World Health Organization 
(WHO), a working group, was formed to address vaccine 
hesitancy and its implications [42]. Vaccine hesitancy is best 
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viewed on a spectrum of parental beliefs and concerns. From 
the perspective of medical providers, vaccine hesitancy is 
demonstrated by increased requests for alternative vaccina-
tions schedules or by altogether postponing or declining vac-
cines. The percentage of parents who refuse all vaccines is 
small in comparison to alternative schedules.

Overall childhood vaccination rates remain relatively high in 
the United States. Rates of undervaccination in children younger 
than 2 continue to rise. In Oregon, for example, rates of alterna-
tive schedules have quadrupled. Poland and Jacobson point out 
that “since the 18th century, fear and mistrust have arisen every 
time a new vaccine has been introduced” [43]. Even amidst the 
deadly smallpox epidemic, increasing resistance to smallpox vac-
cine led to mandated vaccination in the United Kingdom. The 
United States dealt with its own opposition to mandatory small-
pox vaccinations, eventually leading to Supreme Court Case 
Jacobsen v. Massachusetts, 197, U.S. 1 (1905).

There is a broad spectrum of individuals who choose not to 
have themselves or their children vaccinated. They are most 
commonly referred to as “vaxxers” or “vaccine deniers.” These 
range from individuals who are solidly anti-vaccine, often 
termed “vaccine rejectors” (VRj), to those who may accept or 
even advocate for most vaccines but have concerns over 1 or 
more vaccines [44]. Hagood and Mintzer Herlihy suggested a 
3-category model, characterizing individuals as vaccine rejec-
tors (VRj), vaccine-resistant (VR), or vaccine-hesitant (VH) 
[45]. Vaccine rejectors are those who are “unyieldingly 
entrenched in their refusal to consider vaccine information,” 
prone to conspiracy theory thinking, and may eschew tradi-
tional medical providers altogether in favor of “complemen-
tary” or “alternative” medical practices. The VRs are those who 
may currently reject vaccination but are still willing to consider 
information, and they have a lower incidence of belief in con-
spiracy theories than VRj individuals. The VH individuals tend 
to have anxiety about vaccinations but are not committed to 
vaccine refusal. These groups correspond roughly to the “refus-
ers,” “late/selective vaccinators,” and “the hesitant.” 
Interventions targeted at changing minds or attitudes to 
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increase vaccine acceptance need to take into consideration 
the wide spectrum of beliefs regarding vaccines to be properly 
tailored to the individual, rather than assuming that all indi-
viduals with vaccine concerns have a single belief system.

The reasons for the increasing prevalence of vaccine hesi-
tancy are numerous. Vaccines have become, as many have 
described, “victims of their own success.” An article in The 
Economist further argues that “the risks of the vaccine are 
visible; its benefits are not” [46]. Vaccines have been seen as 
so highly effective and are no longer seen as necessary by 
many parents, because the diseases they prevent are virtually 
unknown to the general population. As rates of vaccine-
preventable diseases dwindle, caregivers may grow to fear the 
vaccine more than the disease it prevents, thus leading to 
decreased vaccination rates [47].

Additionally, highly publicized anti-vaccine arguments 
have caused a tremendous public backlash against vaccines. 
The best-known argument originated in an article in The 
Lancet, in which Wakefield falsified data to establish a link 
between MMR vaccine and autism. Although the article was 
later retracted, and Wakefield’s license was removed, the dam-
age to the public was already done. There has been no short-
age of celebrities, including Jenny McCarthy, Alicia Silverstone, 
Jim Carey, Kirstie Alley, and President Donald Trump who 
have expressed concern regarding vaccines, not directly 
opposing vaccines. As concerns for vaccines rise, there is grow-
ing popular interest in alternative remedies and products 
which has led many parents to question toxins in vaccines. 
Other parental concerns include multiple needlesticks, and 
too many vaccines for the immune system to handle [47].

Trust in institutional medicine has become lower than ever 
before, and medical providers’ relationships with patients are 
changing. More parents have come to value and expect a 
shared decision-making model with their pediatrician. These 
cultural shifts have occurred in the context of a vaccine 
schedule that has become more crowded with a substantial 
increase in the number of vaccines given to a child before age 
2 since 1994. Parental concerns regarding the number of 
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vaccines received at a single visit is a well-documented reason 
for delaying or refusing vaccines [47].

The Internet has played a pivotal role in enhancing paren-
tal concerns over vaccines in the last decade as well. Even if 
parents attempt to educate themselves about the risks and 
benefits of vaccines, they are often left feeling confused and 
frustrated due to mixed messages presented on social media 
and Internet sources. The Internet is filled with blogs, websites, 
and articles touting the dangers of vaccines, leaving parents 
uncertain of which sources to trust. A search of the term vac-
cination on the Internet can lead to more anti-vaccination 
materials than pro-vaccination materials, and even returns 
cerfully crafted YouTube videos as the top query results [48].

The proportion of parents who are vaccine-hesitant varies 
substantially across the United States and geographic cluster-
ing of nonmedical vaccination exemptions has been well 
documented. Although this clustering effect is not entirely 
understood, one may hypothesize that the culture of a local 
population, influenced by characteristics such as socioeco-
nomic status, race, ethnicity, and education level, may play a 
role. Data from the National Immunization Survey from 1995 
to 2001 demonstrated that unvaccinated children were more 
likely to be white, to have a married, college-educated 
mother, to belong to higher income households, compared to 
undervaccinated children [47].

The well-publicized 2014–2015 Disneyland measles out-
break was a stark reminder of the direct influence of vaccine 
hesitancy and refusal. However, we have seen the influence 
over the decades in the United States. In a nationally repre-
sentative survey, 48% of pediatricians and family doctors 
reported spending less than 10  minutes discussing vaccines 
with parents who had concerns about vaccines. Considering 
that the average well-child visit is 18 minutes long, families 
with concerns about vaccines are likely missing out on other 
anticipatory guidance [49].

Glanz et al. have done extensive work on direct risks of vac-
cine refusal on actual vaccination rates and the incidence of 
disease. Children whose parents refuse pertussis-containing 
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vaccines are 23 times more likely to be diagnosed with pertus-
sis, children whose parents refuse varicella vaccine are nine 
times more likely to be diagnosed with chicken pox, and chil-
dren whose parents refused the pneumococcal vaccine are 6 
times more likely to be hospitalized for invasive pneumococcal 
disease or lobar pneumonia. Numerous studies have shown 
that states and communities with higher rates of vaccine 
exemptions are more prone to outbreaks of vaccine-preventable 
diseases such as measles, mumps, and pertussis [50].

One of the factors that interrelate with individuals’ vaccine 
rejection is the use of complementary and alternative medi-
cine (CAM) Eve Dube et al. 2013. Katie Attwell et al. found 
with 20 parents who had refused or delayed some of or all of 
their children’s vaccines had a “do it yourself ethic” and per-
sonal agency enhanced by CAM use [51]. These parents 
viewed vaccines as being toxic, profit motive, and embraced 
CAM as a protective strategy for immune systems before, 
during, and after an illness. Parents were inclined to pursue 
CAM care due to their upbringings, or recommendations 
from within their social community, where vaccine questioning 
was prominent. Parents or their children experienced specific 
health problems (not necessarily vaccine related), whereby 
Western Medicine was viewed “to hit a wall,” and CAM filled 
the gap, generating questions about the vaccines. Parents who 
prefer CAM, an approach sometimes also euphemistically 
called “health-promoting” or “salutogenic,” tend to cluster in 
certain parts of the United States, such as rural northern 
Idaho, or urban pockets of Seattle, Spokane, Portland in the 
Pacific Northwest, as well as some other urban regions in the 
country [52].

Immunization hesitancy can also be identified among 
some religiously conservative populations in the United 
States that turned out to be receptive audiences for anti-
vaccine social media activists. In 2017, after being targeted 
with misinformation about vaccine risks which led to lower 
immunization rates, Somali-Minnesotan community experi-
enced a measles outbreak [53]. In 2018, a small measles out-
break was recorded among children in Orthodox Jewish 
communities in and around New York City [54].
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There have been extensive efforts to develop strategies to 
address vaccine-hesitant parents. To date, there are a few 
effective evidence-based strategies for communication with 
parents or for addressing vaccine hesitancy at the community 
level. There is robust literature showing that simply providing 
information often does not lead to people changing their 
views and may even create a dynamic in which a patient or 
parent is actually less receptive to information a provider 
may impart [55]. It is clear that medical providers play a cru-
cial role in influencing parents’ decision to vaccinate. A 
recent Cochrane Review revealed that parents wanted more, 
unbiased vaccine information than they had been receiving. 
The review also showed that poor communication and poor 
relationships with providers had the ability to negatively 
influence vaccine decisions. Building a trusting relationship 
with parents and patients can promote vaccine acceptance 
and also influence other important aspects of care [56].

To a rational healthcare provider, particularly in times of 
emergency, vaccine hesitancy may seem irrational and non-
sensical. As irrational, and unfounded as it may be, it must not 
be dismissed. Failure to address vaccine hesitancy may as well 
translate into a catastrophic failure to immunize, even in 
times of dire need. It is a serious issue that needs to be 
addressed in a serious manner.

There is no single intervention strategy that addresses all 
instances of vaccine hesitancy. Based on the Systematic Review 
of Strategies to Address Vaccine Hesitancy, the most effective 
interventions addressing the outcome of vaccination uptake are 
multicomponent interventions versus single component. These 
interventions should be dialogue-based and directly targeted at 
the unvaccinated or undervaccinated populations [57].

The interventions should address the specific determi-
nants underlying vaccine hesitancy, which may include the 
following:

–– Engagement of religious or other influential leaders to 
promote vaccination in the community

–– Social mobilization
–– Improving convenience and access to vaccination
–– Mandating vaccination/sanctions for non-vaccination
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–– Employing reminder and follow-up
–– Communications training for HCW
–– Non-financial incentives
–– Aim to increase knowledge, awareness about 

vaccination

Motivational interviewing has been a particularly helpful 
approach with hesitant parents. Motivational interviewing is 
the process of engaging in open-ended discussion with an 
individual to assess an individual’s readiness to change with 
the goal of drawing upon the person’s own desire and motiva-
tion to change, rather than the provider’s motivation. In the 
2016 Clinical Report on Countering Vaccine Hesitancy by the 
American Academy of Pediatrics, motivational interviewing 
is listed as a potential communication technique that may be 
helpful as pediatricians discuss vaccines with hesitant parents 
[58]. In a recent cluster randomized trial, motivational inter-
viewing was shown to be effective at increasing uptake of 
HPV vaccine [59].

Immunization hesitancy represents a considerable and 
growing obstacle toward achieving appropriate levels of 
immunization under everyday circumstances. It is virtually 
impossible to anticipate in what manner and to what extent 
immunization hesitancy would interfere with immunization 
rollout during a pandemic. In addition to paramount legal, 
ethical, and logistical challenges to mounting a response to a 
pandemic outbreak, immunization hesitancy may seem irra-
tional, unnecessary, and capricious. In case of an outbreak, 
however, it will not be trivial, and anyone who fails to take it 
seriously will jeopardize any success in fighting a deadly pan-
demic outbreak.
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