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Foreword

“If you can bear to hear the truth you've spoken
Twisted by knaves to make a trap for fools,

Or watch the things you gave your life to, broken,
And stoop and build ‘em up with worn-out tools...”

Rudyard Kipling
“If,” 1895

As long as there has been scientific advancement, there has existed the possibility
that reports of its origins, safety, efficacy, and implementation would be twisted and
misunderstood—either intentionally or unintentionally—to further agendas that
reach far beyond the pure science of discovery itself.

The science of vaccination is one research area that has come to the forefront in
recent years. Vaccines are one of the most beneficial public health measures avail-
able. Smallpox, once a scourge of humanity that killed millions over the 12,000
years of its recorded existence, has been eradicated through the use of vaccination.
There are now a total of 17 vaccines that prevent infectious diseases across the
childhood/adolescent and adult immunization schedules. Two of these—the hepati-
tis B vaccine and human papillomavirus (HPV) vaccine—go even beyond the
microbes from which they are derived to prevent cancer caused by the diseases.

Despite these successes, real and perceived concerns about vaccines and the
immunization process have resulted in a subpopulation of “vaccine-hesitant” people—
those who delay or deny immunization for either themselves or their minor chil-
dren. Since concerns over vaccine hesitancy are multifactorial, approaches to these
concerns are equally complex. And the complexity is only heightened with the
advent of more vaccines and nuances in vaccine recommendations.

Lack of acceptance of vaccines may, in actuality, have less to do with minor and
uncommon adverse effects attributed to the shots and more to do with a lack of
knowledge and appreciation of the rigorous pre- and post-licensure testing of vac-
cines, the serious nature of the diseases they prevent, and a lack of scientific basis
upon which decisions should be made.
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viii Foreword

Vaccinophobia and Vaccine Controversies of the Twenty-First Century addresses
in an accessible manner the complicated facets of the vaccine hesitancy phenomenon—
one that is by no means new despite the uptick in recent mass media coverage.
Important considerations that fall under its aegis include issues with hesitancy and
fear of vaccines that date back to Jesty and Jenner. The successes of progressively
more refined inoculation in disease reduction have reduced drastically the potential
for parents in developed countries to experience the morbidity and mortality associ-
ated with vaccine-preventable illnesses that still persist in many other parts of the
world.

Vaccine development, approval, recommendation, and regulation processes are
detailed, including the safety testing mandates put in place both prior to and after a
vaccine is licensed by the United States Food and Drug Administration. While con-
tinued refinements of these processes have made new vaccines much safer than
older ones, safety does come at a price. Newer vaccines are costly, and some are less
immunogenic than their predecessors (i.e., acellular pertussis and conjugated
meningococcal vaccines), resulting in the need for additional doses in order to
maintain protection.

This book emphasizes the need for everyone from parents to pediatricians to gov-
ernment officials to make decisions based on science rather than emotion or unsup-
ported information that has proliferated throughout print and broadcast media as
well as on the Internet. Separate chapters examine misconceptions with which par-
ents will be confronted regarding the recommended vaccine schedules; thimerosal
and other additives; and even the notion that vaccines lie at the root of serious medi-
cal and behavioral complications. Even propagation and penetration of these notions
across various forms of media and socioeconomic groups are discussed in depth.

Each of the 11,000 infant births every day in the USA begins the cycle of immu-
nization over again. In each place in which that cycle is broken, there lies the pos-
sibility of intrusion by pathogens many practicing physicians and nurses have not
even seen manifest—due to the success of vaccines.

Rather than try to warn, debunk, or condemn, the overarching focus of
Vaccinophobia and Vaccine Controversies of the Twenty-First Century is on com-
munication—between physicians, health care organizations, government agencies,
the media, and parents. At the top echelons, among the policymakers, the burden of
communication lies in providing and disseminating consistent, correct, and acces-
sible information free of hype and hyperbole. This book also emphasizes the con-
comitant responsibility of those on the ground—the physicians, nurses, pharmacists,
parents, and more—to educate themselves using these verified sources. These pages
do not so much contain a solution to the problems of vaccinophobia and vaccine
hesitancy but provide a foundation for its development.

Larry K. Pickering, M.D., FA.A.P.

L. Reed Walton, M. A.

National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

Atlanta, GA, USA



Preface

A baby born today in most developed countries can look forward to an average life
span of nearly 80 years, almost 25 years longer than a baby born in 1900. While
improvements in nutrition, water quality, and sanitation as well as the introduction
and widespread use of antibiotics have all contributed to this increase in life expec-
tancy, vaccines have played a major role also in reducing the morbidity and mortal-
ity associated with a number of infectious diseases, especially among children. In
fact, vaccines have been counted among the greatest achievements in modern medi-
cine, leading to the eradication of smallpox and significant decline in many vaccine-
preventable diseases such as polio and measles. As these diseases have become less
common, particularly in developed countries, the morbidity and mortality associ-
ated with them has faded from the public’s memory and anxiety over vaccine-related
adverse events has been increasing. Even among healthcare workers, especially
those who have grown up in the vaccine era, knowledge of these deadly diseases is
limited and concern over vaccine-related adverse events is rising.

It is important to note that opposition to vaccination is not new. It has existed
from the time of Edward Jenner who was both lauded and also widely ridiculed for
his work on the smallpox vaccine in the late 1700s. Many of his critics, especially
the clergy, claimed that it was repulsive and ungodly to inoculate someone with
material from a diseased animal. A famous satirical cartoon of 1802 showed people
who had been vaccinated sprouting cow’s heads, illustrating popular eighteenth-
century fears about vaccination. The Anti-Vaccination Society of America was
founded in 1879, based on the belief that no one should ever be “complied to submit
to any surgical operation” including vaccination, and that vaccines caused ‘““corrup-
tion of the blood,” and spread diseases rather than preventing them.

It has been said that vaccines have become a victim of their own success. With
some parents and other caregivers refusing or delaying vaccines for their children/
wards, some vaccine-preventable diseases that were well-controlled have staged a
comeback. Outbreaks of these diseases have been reported from countries where
they were virtually unknown for many years. This situation is continuing to worsen,
despite efforts by public health agencies and others to curb the spread of
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X Preface

misinformation about the risks associated with these diseases and vaccine-related
adverse events.

While there are many articles and a few book chapters published in the medical
literature, to date, there is no authoritative textbook on the subject of modern-day
vaccine controversies. As such, this book is intended to fill a much-needed gap in
information, providing a comprehensive resource for information related to current
vaccine controversies. I am deeply grateful to the authors who have contributed
their expertise in the preparation of this book. It is my hope that this book will pro-
vide in-depth coverage of a topic that has only superficially been addressed so far.
I would also like to take this opportunity to acknowledge my mentors, colleagues, and
family members for their encouragement as I worked on editing this book.

Omaha, NE, USA Archana Chatterjee, M.D., Ph.D.
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Chapter 1
The History of Vaccine Challenges:
Conquering Diseases, Plagued by Controversy

Laura A. Jana and June E. Osborn

Introduction

For anyone familiar with the fact that vaccines have been deemed one of the ten
greatest public health achievements of the past century [1], it would be understand-
ably tempting (and accurate) to start a book about vaccines by simply stating that
vaccines are the most effective weapons ever developed for the prevention of seri-
ous infectious diseases. Yet to simply leave it at that and move on to a study of the
science and successes of vaccines would be a serious oversight. Any informed dis-
cussion of vaccines needs to acknowledge and address the fact that vaccines have
the very real potential to excite controversy, not only among potential beneficiaries
but even within the medical community itself. This phenomenon is certainly not
new. In fact, over the years, virtually every new vaccine has been met with a certain
degree of suspicion, if not outright hostility. The later half of the twentieth century
in particular—marked by a remarkable plethora of new, highly effective vaccines—
has also borne witness to a rising volume of public protests against their routine use.
Some of the forces, fears, and figureheads fueling these protests persist yet today—
in some instances to such a coalescing extent as to invoke the word “vaccinopho-
bia.” While true vaccine phobia of the sort that would qualify for a DSM-IV
diagnosis is technically quite rare, common vaccine fears and anxiety have persis-
tently plagued public health efforts throughout history to such an extent that they are
very deserving of the careful consideration they will be given throughout the many
chapters of this book.

L.A. Jana, M.D., EA.A.P. (>)
Practical Parenting Consulting, Omaha, NE 68116, USA
e-mail: laurajanamd @yahoo.com

J.E. Osborn, M.D.
Josiah Macy Jr Foundation, New York, NY, USA

University of Michigan, Ann Arbor, MI, USA

A. Chatterjee (ed.), Vaccinophobia and Vaccine Controversies of the 21st Century, 1
DOI 10.1007/978-1-4614-7438-8_1, © Springer Science+Business Media New York 2013
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Jenner’s Luck and the Era of Daring Vaccine Trials

To better understand fear of and opposition to vaccines, it helps to take a closer look
at the context in which they were first introduced. Modern medicine and evidence-
based science as we now know it did not exist until the twentieth century. That said,
progress within the medical world of vaccines did come quite a bit earlier, albeit for
some distinctly unscientific reasons. Pertinent scientific insight was almost nonex-
istent as the first steps toward smallpox vaccination initially unfolded in the 1770s.
When Edward Jenner seized the opportunity soon thereafter to publicly advocate on
a grand scale the use of crude cowpox scar material to proactively prevent smallpox,
the relative success of his risky inoculation experiment was primitive to say the least
(and a technique that it is safe to say would never pass any modern-day IRB review).
Epidemiology was not yet born as a discipline, and even the recognition of specific
microbes and the demonstration of submicroscopic viruses as biologic entities
(much less an understanding of the body’s reaction to these infectious agents) lay
far in the future. While Jenner’s observations that milkmaids who sustained mild
cowpox infections seemed impervious to smallpox were purely anecdotal and he
acted on them after testing only one human subject—a young boy at that—Jenner
(and the world) was lucky. The boy survived the challenge without evident damage,
Jenner’s later work was credited with having saved more lives than the work of any
other man, and a template of daring vaccine trials was created [2].

Interest in variolation against smallpox was also being augmented in the fledg-
ling United States by General George Washington, who in 1777 decided to apply
the crude practice to all American troops fighting under his command in the revolu-
tionary war [3]. British troops of the day were more likely to have had and survived
smallpox than were their American opponents, and their resultant immunity to
smallpox had been serving to their notable advantage as smallpox swept through
crowded American military camps. While the American rebels were a somewhat
unruly bunch, the fear of smallpox facilitated acceptance of the mandate to be vac-
cinated, and subsequent protection against the debilitating and sometimes deadly
disease worked well, except of course for the small percentage of troops who died
from it. There is little surviving record of the controversy that must have surrounded
this hotly contested (and sometimes lethal) immunization practice, but in the end,
the war against the British was won. The war against the ravages of smallpox, how-
ever, was not. Ongoing smallpox epidemics in subsequent decades continued to fuel
the desire to improve strategies for the prevention of smallpox and, by extrapola-
tion, other vaccine-preventable diseases.

The practice of using vaccinia virus (virologically similar to but distinct from
cowpox) to vaccinate against smallpox was made available to the public on an even
wider scale at the end of the nineteenth century. This resulted in dramatic decreases
in the occurrence of one of humanity’s worst killer diseases. Unfortunately, it also
led to vigorous, often political controversies. The story of what became a grand
march to total smallpox eradication has been well recounted in a careful history by
Donald Hopkins (1979) [4] and, notably, in a recent book by William H. Foege
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(2011) [3] who played a key role in the eradication program. As one of the earliest
in the history of vaccines and vaccine challenges, this grand march serves to exem-
plify critical factors with which one must grapple in order to understand the fre-
quent controversies surrounding vaccines—controversies that persist to this very
day. Public fear of disease is often replaced by fear of preventive intervention as
soon as the disease itself begins to fade from collective memory. Additionally, the
use of healthy human subjects continues to be both a necessary and mandatory
component of vaccine validation. Yet these core aspects of vaccine science predict-
ably and repeatedly raise troubling ethical issues—especially when threats from
vaccine-preventable diseases themselves wane.

While the smallpox vaccine was unquestionably saving lives and challenging
scientists to reach higher levels of scientific understanding, it was also causing con-
siderable discomfort at the site of inoculation, initiating rare but serious complica-
tions, and invoking controversy. As a result, public resistance, especially in
developed countries where smallpox had already disappeared, threatened the scien-
tific progress so crucial to the creation and improvement of other newly developing
vaccine programs. This was certainly true in the United States, where the decision
was made in 1964 to abandon routine smallpox immunization entirely; a decision
followed thereafter by the World Health Organization’s official proclamation in
1980 that smallpox as a human disease had been successfully eradicated.

While the world celebrated the dramatic (and unique) elimination of smallpox
as a human disease, there arose an understandable but troubling tendency toward
scientific neglect—in this case of poxvirus studies. It is important to remember
that until the 1940s when tissue culture was introduced as a medium for viral
propagation [5], the cultivation of viruses for study and attenuation was entirely
dependent on animals or embryonated eggs. Even after the advent of tissue culture,
the techniques used to make vaccines remained relatively crude. In the case of
smallpox, subsequent iterations of smallpox vaccines were duly purified using
modern virologic techniques; yet lymph taken directly from vaccinia-infected
calves was still used as the source of inoculum for smallpox immunization well
into the 1970s. In other words, while there remained great room for scientific
improvement, it was not until early in the twenty-first century that a renewed fear
of smallpox and new threats of bioterrorism reactivated belated interest in small-
pox virology, immunology, and critically important efforts to create a less reacto-
genic vaccine for mass use [6].

At the Crux of Controversy

With smallpox as a prime example, the first and most striking feature of all vac-
cine programs is that they involve doing something, most often by injection, to
healthy people. It is a curious and challenging fact that in many human societies,
medical treatment of ailments is often considered inadequate if not accompanied
by injection. Yet in the context of prevention, such intrusion on well-being, typically
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delivered by needle and syringe, often evokes fear that extends well beyond just a
fear of needles. This fear of vaccines is more likely to be evoked if the illness
being vaccinated against is not visible in the community, when its effects are no
longer vivid in the memory of recipients (such as long-vanished smallpox or para-
lytic poliomyelitis), or—in some modern instances—is only occasionally overt
(such as hepatitis B). It is especially true when children are the intended
recipients.

Vaccines as Their Own “Worst Enemy”’

In what is justifiably considered a paradox of public health and prevention, there is
no better example of this tendency for “out of sight” to transition to “out of mind”
than vaccine science. Simply put, when vaccines are successful, they become their
own worst enemy. No abstract tale of vanquished disease can conjure up the deep
dread of sickness and tragedy that once surrounded infectious illnesses, motivated
people to eagerly vaccinate themselves and their children, or served as the impetus
for vaccine creation in the first place. The history of public reaction to (and accep-
tance of) particular vaccines illustrates this point clearly.

Consider poliomyelitis, for instance. Polio was known to civilizations as far back
as ancient times. It was an epidemic disease of the twentieth century (especially in
developed countries), and escalated in its fearsomeness by the end of the Second
World War. Commensurate with an escalating public fear of the dreaded paralytic
disease, there was an initial joyous and widespread celebratory response to the
availability of an inactivated (or “killed”) poliovirus vaccine in the mid-1950s.
Accompanying Jonas Salk’s creation of this first polio vaccine were clamorous calls
for immediate and widespread access to it. In fact, so great was the fear of polio and
so urgent was the demand for the newly licensed vaccine that in one or two tragic
instances (such as the Cutter incident in 1955 [5]), inactivation of the vaccine virus
was incomplete. As a result, live virus persisted in early and hastily manufactured
batches of vaccine, resulting in the exposure of several thousand children to live
polio virus [5]. Despite being what would in this day and age be considered a phar-
maceutical disaster, dismay over the tragedy and public scrutiny of vaccine safety
was muted as mass immunization continued to be generally welcomed by a public
still deathly afraid of the disease of polio.

How long this relatively exuberant public acceptance of the Salk vaccine (with its
tragic potential to be ineffectively inactivated) might have lasted was made moot by
the rapid, subsequent introduction of Albert Sabin’s orally administered vaccine
only a few years later. This new, live attenuated polio vaccine had been tested widely
in Eastern Europe. The American public, while tolerant of being injected by the Salk
vaccine, was attracted by the lack of a need for injection with the new oral vaccine
and thus readily accepted the safety assurances from these overseas studies. Public
fear of the use of live attenuated viruses had not yet developed to the extent that it
exists today, while the ease of orally administering a vaccine on sugar cubes made it



1 The History of Vaccine Challenges: Conquering Diseases, Plagued by Controversy 5

possible (not to mention more palatable) to deliver a large number of doses to chil-
dren and others who flocked en masse to “Sabin-on-Sunday” clinics to receive it.

Outside of the experimental deployment of smallpox vaccine (as well as a few
others) within the military, and a few specific smallpox outbreaks (the last of which
had occurred in 1947), these public polio vaccination clinics were possibly the first
instance of efforts to reach entire populations through mass immunizations, and
they were enthusiastically embraced. It was not until the natural occurrence of para-
lytic disease succumbed to the effectiveness of these mass immunization efforts that
it gradually became evident that the Sabin vaccine could itself, on rare but serious
occasions, also cause paralysis in vaccine recipients or their contacts (on the order
of one in every ten million doses). The polio vaccine story might well be said to
mark the beginning of a new era of vaccine controversies.

Outsmarting the Microbes, Engaging the Profession

Whether summarizing the introduction of a smallpox vaccine, the concerted efforts
to combat poliomyelitis, or addressing any of a whole host of other tales of triumph
over vaccine-preventable diseases, there have clearly been several dynamics at play
at each step along the way to the present abundance of highly effective preventive
vaccines. Public fear of disease often drives an initially eager uptake of newly cre-
ated vaccines, as was strikingly the case with polio. Conversely, when the disease is
not perceived by the public to be serious (as was the case when both the rubella and
the chicken pox vaccines were introduced), protests against vaccine use arise more
quickly.

However, in order to accurately assess vaccine controversies of the past few
decades, it is also instructive to consider the medical and scientific advances that
took place in the years leading up to the modern era of vaccines. From an ages-old
starting point of fearful and helpless acceptance, active preventive immunization
against infectious diseases that carried off young children with special fury had a
long way to go to achieve widespread use and acceptance as an integral feature of
public health.

Yet public acceptance was not (and is not) the only challenge facing vaccines.
Doctors themselves often challenged the emerging pathogenic theory of medicine
and contributed to vaccine resistance as well. Even as the contagiousness of infec-
tious illness was becoming plain to see, the very notion that there were specific
pathogens that each caused distinctive disease was quite novel. When the germ
theory of disease was first put forward and validated toward the end of the nineteenth
century, acceptance of what is now a fundamental premise of modern medicine
continued to proceed erratically as the sciences of bacteriology, virology, epidemi-
ology, and immunology evolved. In the absence of firm medical understanding of
disease causality, paternalism was a prime component of physicians’ power in
designing care and treatment for their patients and newly evolving scientific
approaches were not routinely taught in medical schools until later in the twentieth
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century. Vaccines were therefore perceived by some practicing physicians not only
with suspicion and doubt but also as outright challenges to their authority. The fact
that lesser trained health professionals were often deployed to deliver vaccines only
added to their sense of threat. Each step along the professional path to accurate
diagnosis, treatment, and prevention was made additionally tortuous by public dis-
belief, fear of modern change, rebellion against mandated programs of immuniza-
tion, and/or controversies revolving around the propriety of interference with the
“natural order of things.”

The Beginning of the Dissent as We Know It

It is interesting to note that rumblings of unease about vaccines in the United
States began to increase in volume in the 1960s, just as many of the current and
effective vaccines came on line. Measles, rubella, and mumps were all yielding to
virologic efforts at attenuation through the use of improving tissue culture tech-
nology, and highly effective live virus vaccines for these previously fear-inducing
and epidemic diseases of childhood were being introduced during that decade.
This was also the period in which schools in some states began to require immu-
nization records for entry.

Around the same time, the need to pay closer attention to influenza epidemics
was underscored by new pandemic strains of influenza viruses that appeared in
1957 and 1968. In the former episode, no vaccine was available. In the latter, it was
too late to stem the ensuing epidemic tide. That is because influenza vaccines were
little changed from the early 1940s and still required virus isolates to be grown in
embryonated hens’ eggs for many months before being inactivated (“killed”) and
made available for use. Influenza viruses also posed a unique vaccine challenge, as
strains changed from year to year. This established characteristic of influenza
viruses resulted in the need to update the influenza vaccine each year—a process
that necessitated informed guess work each winter as to which circulating influenza
strain(s) halfway around the world would predominate in the United States during
the following fall’s “flu season.” As one might imagine, the fact that the develop-
ment of influenza vaccine continues to rely so heavily on informed guess work is
not one that is always well received by a public that has come to expect much more
definitive solutions to medical ailments.

Regulation and Resistance

In the period of time leading up to the attention-grabbing influenza epidemics, reg-
ulation of the growing number of immunologic products, including influenza vac-
cine and all its annual complexities, was the assigned task of the Division of
Biologic Standards at the National Institutes of Health. In the late 1960s, however,
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management troubles arose within the ranks of this division, in the wake of which
regulatory control of all vaccines and related biologic products was transferred to
the aegis of the US Food and Drug Administration (FDA)’s newly created Bureau
of Biologics. Such changes rarely occur quietly, and they received much public
attention [7], including high-visibility Senate hearings chaired by Senator Estes
Kefauver. These Kefauver hearings resulted in two significant changes that
expanded the scope of vaccine regulation considerably: first by solidifying the 1971
transfer of vaccine oversight to the FDA, and by also mandating for the first time a
fresh comprehensive review of all licensed biologics for not only safety and proper
labeling but also proof of efficacy. New leaders at the FDA assumed their evalua-
tion and oversight responsibilities, and in short order established a process [8] by
which a number of older products were either discontinued or brought into line with
modern technology. The FDA leaders were not, however, successful in their
attempts to placate the disaffected scientists involved in the inciting troubles at the
NIH. On the surface, this might all appear to have been bureaucratic restructuring
of little to no significance to the overall history of vaccine challenges, were it not
for the fact that the cry of “whistle blower” was newly in vogue, and strident claims
of improper or incompetent vaccine activities were made from within the health
profession that extended well into the public eye. After extensive review, the com-
plaints were found to be without merit and the chief instigator was dismissed.
However, the battlefield moved again to the Congress where five senators were
persuaded to demand further vaccine-related investigations (all subjects of which
had already undergone recent review). Only a subsequent uprising in support of the
new FDA management prevented what would have been a tragic attrition of excel-
lent scientists from the vaccine arena [9].

The Swine Flu “Fiasco”

Were that the end of the story it would be instructive although a bit sad in that valu-
able scientific time was lost in reiterative review. However, it was a big step forward
for anti-vaccine mobilization. Ongoing clamor about influenza vaccine coincided
with the worrisome advent of yet another new strain in 1976—the so-called swine
flu—that was indistinguishable from the influenza virus that had killed 50,000,000
people at the end of World War 1. The too-little/too-late experiences of 1957 and
1968 had demonstrated that several months of lead time would be necessary to pre-
pare enough influenza vaccine to immunize the whole population. As the many
advisory panels moved toward recommending massive efforts at production, most
advisors supported “warehousing” the vaccine until an actual epidemic began. Just
the task of producing sufficient amounts of effective vaccine alone would have been
daunting, even in the absence of any additional hurdles or controversies.

Then major political intervention occurred that would serve to put the public’s fears
about vaccines on heightened alert. In 1976, President Gerald Ford gathered a new
group of scientific advisors and, along with the help of Salk and Sabin (who had not



8 L.A. Jana and J.E. Osborn

been involved in “swine flu” efforts until then), declared a mass immunization campaign
of unprecedented scale against “swine flu” that was to reach “every man, woman, and
child.” As these efforts got under way in the fall of 1976, three elderly vaccine recipients
in Pittsburgh suffered heart attacks shortly after getting their influenza vaccine. Later
analysis concluded that these events were almost surely coincidental, but this epidemio-
logically based reassurance was also to prove too little, too late. The public’s collective
anxiety level had already been raised. Adding to the problems, an untoward increase in
the number of the relatively rare neurologic disease called Guillain—Barré syndrome
(GBS) noted in the 2 weeks after immunization only served to intensify the anxiety
about “swine flu” vaccine even further and, some might say, pose a challenge to vaccina-
tion practices in general. Both public and professional alarm at the possible association
between “swine flu” vaccination and GBS caused government officials to stop the pro-
gram entirely. In the end, the “swine flu” virus of 1976 never caused the feared pan-
demic. As a result, the public was understandably left with a greater fear of the vaccine
than of the virus itself, and the massive “swine flu” immunization effort of the 1970s
became known as “the swine flu fiasco” [10-12].

Public Dissatisfaction with DPT

Even as influenza controversies raged within the medical profession and in the pub-
lic eye, anti-vaccine groups began focusing their collective attention on the bacterial
vaccine, DPT. DPT was an old vaccine that contained a number of Bordetella per-
tussis antigens against whooping cough, combined with toxoids from both diphthe-
ria and tetanus bacilli. Since pertussis was (and still is) most deadly in early infancy
and maternal immunity was known to carry over less well to the fetus than for other
infectious agents, DPT vaccine was given routinely at 2, 4, and 6 months with sub-
sequent booster doses later in childhood. It was well known at the time that DPT
was more reactogenic than most other vaccines, but the local discomfort and mild
fevers that occurred on occasion were considered a reasonable price to pay for what
was demonstrable efficacy: all three diseases had been brought under remarkable
control. As attention focused on DPT, however, observers noted that some children
had prolonged episodes of crying after immunization and, rarely, some developed
neurologic disease such as infantile spasms. At this point it is important to note that
many rare but distressing neurologic disorders of childhood express themselves
early in infancy, and that many of them to date have continued to defy understand-
ing of causality. In any event, a group calling itself Dissatisfied Parents Together
chose pertussis vaccine as its target and took up a hue and cry against the DPT vac-
cine, asserting regulatory malfeasance or indifference.

A similar effort in the United Kingdom had, in the late 1970s, so thoroughly and
effectively alarmed the public that pertussis immunization rates plummeted. While
the reoccurrence of whooping cough disease did eventually restore higher levels of
immunity and subsequent protection against pertussis in the UK, it was not before
the outbreak resulted in significant disease and preventable deaths. In the United
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States, we did not learn our lesson from the effects of decreased vaccination in
Britain. Opposition to pertussis vaccine did vary in intensity, but in regions where
immunization rates fell markedly, the return of whooping cough was observed in the
United States as well. The role of media during this time period was quite notable,
as an enterprising news reporter who lacked scientific background took up the cause
of the Dissatisfied Parents. The results of the ensuing media attention were impres-
sive and widespread, with a marked increase in public distrust and the implication
that public health advocates were in some way self-serving.

Controversies Over Cause and Effect

While virtually all newly introduced vaccines encountered resistance to some
extent, the timing and nature of public response varied greatly. Certainly the degree
of “reactogenicity” (side effects such as fever or swelling after immunization)
played a role, and inconvenience contributed as well: a multi-injection regimen was
less readily accepted by the public than a single inoculation. However, the greatest
public outcry resulted from the occurrence of serious disease in close temporal
proximity to active immunization.

Such events in 1969 and 1971 complicated the story of polio prevention.' The
live attenuated (Sabin) vaccine was in widespread use by then, and in two instances
(out of millions) children who had received it subsequently developed paralytic
disease that was ascribed to the vaccine. In both cases parents sued and courts
decided in favor of the plaintiffs. While it was later shown that one case represented
Coxsackie virus infection and the other was caused by wild poliovirus rather than
the vaccine, the effect of the lawsuit outcomes took a great toll on the future devel-
opment of vaccines. With the settlements being over a million dollars in each case
(not so surprising these days but novel and alarming then), they served to quickly
and effectively chill the enthusiasm of vaccine manufacturers. An alarming attrition
of companies from the field of biologics production ensued—one that affected not
only poliovirus vaccine production but virtually every other generic vaccine. For
many vaccine manufacturers, lack of profitability coupled with justifiable concern
about corporate risk made the decision to abandon their vaccine enterprise easy.

Two results in particular exemplify the chilling effect that such legal controver-
sies had on the world of vaccines: when the FDA undertook the congressionally
mandated review of all vaccines in 1973, there were five licensed manufacturers of
measles vaccine in the United States. By 1977, when the review was completed and
the effects of the aforementioned lawsuits had settled in, only one licensed US vac-
cine manufacturer remained (see footnote 1). Similarly, the manufacture of poliovi-
rus vaccine was sufficiently fraught with concern that, for a brief but worrisome
while, there was no licensed US manufacturer [13].

'FDA Panel proceedings, see [8].
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Safeguarding Against Side Effects and Controversy

Congress moved relatively quickly to stabilize this dire situation, and by 1986 the
National Childhood Vaccine Injury Act (NCVIA) was passed that in essence
“immunized” vaccine manufacturers against such extreme litigious harm when
accepted production practices had been followed [14]. Furthermore, the FDA estab-
lished ongoing review groups to advise it on new and improved vaccines, and the
Centers for Disease Control and Prevention (CDC) monitored vaccine programs
and established vaccine adverse event reporting systems. The Department of Health
and Human Services created a National Vaccine Advisory Committee and a parallel
Advisory Committee on Childhood Vaccines—both of which were regularly con-
sulted and included nonscience members. However, the long-lasting effect was in
some ways pernicious. The very existence of Congress’s Childhood Vaccine
Compensation law and its protection aroused public suspicions. Simply put, the
mounting mistrust of government undercut the impact of the advisory structure, and
a growing tendency for the public to blame and to sue in matters of vaccines was
augmented. It was in this environment that anti-vaccine groups such as Dissatisfied
Parents Together thrived.

It is not an exaggeration to say that the agitation about pertussis and DPT created
by Dissatisfied Parents Together cast a pall over the entire immunization scene.
Efforts were intensified to find a variation of the pertussis vaccine that would be less
reactogenic, and the so-called acellular pertussis vaccine (DTaP) was substituted for
the earlier (“whole cell”) DPT vaccine. Rather than settling their concerns, however,
such responsiveness turned the attention of anti-vaccine groups to other facets of
vaccinology. New and markedly effective vaccines were quickly coming on line:
hepatitis B, Haemophilus influenzae type b, chickenpox, and multivalent pneumo-
coccal vaccines, all of which could be given in childhood, carried great promise of
further preventing disease. That meant that the number of injections recommended
in infancy increased, and efforts were made to combine several antigens in single
injections. While such combinations were always studied to be sure that potency
was not lost and/or new side effects did not arise, the anti-vaccine groups neverthe-
less proceeded to raise loud and sometimes contradictory complaints.

Over the past two decades, vaccine controversy has coalesced around a central
issue: autism. Like most neurologic illness in childhood, the emergence of autistic
signs in seemingly normal infants or toddlers is understandably distressing. Given
that the age group in which the first signs of autism were typically recognized was
also the time during which many vaccines were given, the worry was raised that
vaccines might play a causal role in the development of autism. In particular, stri-
dent groups focused on the measles/mumps/rubella (MMR) combination vaccine.
Later, the mercury-containing preservative thimerosal that was used in miniscule
amounts in some vaccines was subsequently added to their list of things to fear
about vaccines, despite the fact that the mercury in thimerosal was in a different
form from that associated with neurologic toxicity. Since its use was no longer
deemed essential for vaccine stabilization, thimerosal was dropped from all vaccine
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formulations except influenza as of 2002, but the imputation of its association with
autism persisted in organized protests and public perception.

As a final addition to a harmful brew of autism-related concerns, in 1998 British
physician, Andrew Wakefield, reported a study in which he claimed to document a
causative role for the MMR vaccine in children who developed autism under his
care. He was rapidly embraced by protesters and rode a wave of high visibility as he
persevered with his assertions. Even though the journal that had published his initial
paper subsequently called his claims into question and eventually retracted the arti-
cle altogether [15], and even though he was ultimately reprimanded for his false
assertions and stripped of his medical license [15], his loyal following remains yet
today. The net negative impact on immunization programs, both in the United
Kingdom and the United States, was massive. Even though immunization was
required for school entry in the United States for example, parents began pleading
conscientious (usually religious) objection with increasing frequency, and such van-
ished diseases as measles have since reappeared in isolated outbreaks and in news-
paper headlines across the country—serving as important reminders to the public of
what happens when vaccination rates drop. [16]

Spreading the Word

During the time since vaccines were first introduced, the emergence of mass media
has certainly provided support for combating unfounded controversies and enhancing
efforts at prevention. But mass media has also played an increasingly efficient part in
raising public alarm about untoward side effects and the spread of misinformation—
both factors that serve to fuel unfounded fears. As a result, public interest, but also
public concern surrounding vaccines, is being intensified like never before. Before
the 1950s, when newspaper and radio reporting prevailed, coverage of medical
advances such as vaccines was necessarily limited. As television coverage of health
and medicine came to the fore increasingly in the 1960s, the few reporters then avail-
able to deal with scientific issues often struggled to accurately present new and
increasingly complex medical information. They were joined only gradually by spe-
cifically trained medical journalists. Even then, a carefully crafted presentation of
new biomedical information could be readily undercut by the off-handed remarks of
local and/or untrained news reporters.

The entry of the Internet into such discussions has made it ostensibly easier to
educate the public on these matters. After all, the World Wide Web has made it
possible for ideas to spread as virally as viruses themselves. However, while
authoritative and clear communication is now technically widely available, the
task to inform both the public and health professionals has actually been made
more challenging. The elevation and easy accessibility of disinformation can eas-
ily confuse and often obscure admittedly complicated evidence-based messages.
With the advent of today’s ever-expanding options for mass communication, infor-
mation can “go viral” at alarming speed, even in the absence of scientific clarity.
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This has been particularly troublesome since the rise of anti-vaccine movements
(see Chaps. 6 and 10).

Finally, the “doctor knows best” paternalism of medical professionals that once
served to reinforce preventive messages has become almost counterproductive in
the Internet age, where information is ready at hand for a general public no longer
in need of medical knowledge dispensed at the sole discretion of the doctor. Indeed,
distrust of professionals has sometimes leant credibility to more questionable or
opinionated sources; and the lack of a filter for putative knowledge combined with
a dearth of public scientific background has in fact helped to render inflammatory
anti-vaccine messages easily accessible and truly dangerous.

Looking Forward and Lessons Learned

In case it seems that we are asserting that these issues contribute uniquely to matters
of vaccine controversy, it is important to point out that the same confluence of fac-
tors has characterized most biomedical advances in the past few decades, including
everything from antibiotic usage, cardiovascular medical and surgical interventions
to even such remarkable and bold developments as organ transplantation and in
vitro fertilization. All have carried the double-edge of success vs. controversy as
their initial novelty recedes. One could argue, in fact, that these components of con-
troversy affect most of the advances in the non-biomedical modern world as well.

What makes the vaccine context and controversy so distinctive gets back to the
two simple but perplexing challenges we discussed at the outset. First, that vaccina-
tion at its core involves doing intrusive things to healthy people—usually children.
Second, the clear irony that in achieving vaccine success, the diseases which once
served as compelling forces for ongoing preventive action become less and less
persuasive over time. And finally, in the face of such inherent challenges, the best
way to approach and arm oneself against both legitimate and irrational fears about
vaccines is to keep top of mind the many lessons learned while at the same time
committing to an even deeper understanding of modern-day fears. Doing so will be
crucial for the future success and acceptance of vaccines [17] as we look toward a
future that includes newly emerging infections, the challenge of sexually transmit-
ted diseases, and even vaccines against cancer.
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Chapter 2
Vaccine Development and Safety

Avinash K. Shetty and Yvonne A. Maldonado

Introduction

Development of vaccines to prevent infectious diseases has been one of the most
significant public health advances in the twentieth century [1]. Since the eradication
of naturally occurring smallpox in 1980 [2] and the near eradication of wild-type
poliomyelitis globally [3], significant advances have occurred in the development of
newer vaccines resulting in a dramatic reduction in many other infectious diseases
especially in many resource-rich countries [4]. In the USA the incidence of most
childhood VPDs is at historic lows while the number of diseases prevented by vac-
cines has increased steadily in the past few years [4].

In recent years, there has been a steady increase in vaccine refusal among the US
population resulting in several outbreaks of VPDs [5—7]. The problem of vaccine
refusal has been attributed to a number of factors including the relative rarity of
many VPDs coupled with the public perception that disease severity and suscepti-
bility is very low, and concerns related to vaccine safety [8]. Fear of vaccines has
been triggered by incorrect or biased information, not supported by scientific evi-
dence, provided over the Internet, television programs, newspapers, and magazines [9].
Strong opposition to vaccines by celebrities further complicates the issue [9]. In a
recent report, the Institute of Medicine (IOM) Committee strongly emphasized the
safety of commonly used vaccines [e.g., influenza (except 2009 HIN1), hepatitis B,
measles—mumps-rubella (MMR), varicella zoster, hepatitis A, human papillomavirus
vaccine, meningococcal vaccine, and vaccines that contained tetanus toxoid] [10].
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Health care providers play a critical role in communicating vaccine safety to parents
and patients by providing a strong, evidence-based recommendation [11].

Development and introduction of new vaccines is a multistep process requiring
collaborations between the federal government, academia, and industry, and can
take several years from concept to licensure [12—14]. Vaccine development has
evolved significantly over the last several decades. In the past, immunogenicity and
efficacy of vaccine was the primary focus in vaccine development targeted for infec-
tious diseases with high morbidity and mortality. In the current era, vaccine safety
is a major focus for patients and parents, health care providers, federal regulatory
agencies and the pharmaceutical industry [14—19]. Safety issues are examined at
every stage of vaccine development and monitoring for adverse events continues
during the post-licensure period via surveillance through a broad range of organiza-
tions, including government-funded and government-conducted programs [14—19].
Public perceptions of the adverse events associated with disease and vaccination,
health economics and cost-effectiveness of immunization programs also play an
important role in the introduction of new vaccines and are likely to increase in the
future [15, 18, 19]. Scientific, social, political and economic factors also influence
the development and implementation of new vaccines [20, 21].

In the past decade, the capacity for global vaccine production, distribution and
access has significantly improved in low and middle income countries (LMICs) due
to increasing investment in research and development, advocacy and policy, and
creative financing schemes [22-24]. Nongovernmental agencies such as the Global
Alliance on Vaccines and Immunizations (GAVI) have played a vital role in global
access to vaccines [25-27]. However, the global vaccination system face unique
challenges related to vaccine development including improved surveillance of
health outcomes and adverse events, sustained financing for universal access to all
vaccines, need to strengthen delivery systems, and the need for operations research
to determine the full economic benefits and optimize the vaccine schedule and
delivery [22].

In this chapter, we review the stages of vaccine discovery, development, and
evaluation in the USA, discuss the vaccine safety system with a focus on regulation
and testing of vaccines, draw attention to the current challenges for vaccine devel-
opment, and discuss novel approaches for new vaccine development and safety.

Development of Vaccines

Discovery, development, evaluation, and successful implementation of a vaccine is
complex, multifaceted, expensive and warrants a meaningful public—private col-
laboration [28-30]. Figure 2.1 depicts the multiple steps that are involved in the
development of a new vaccine that benefits public health and safety is addressed at
every stage of the vaccine-development pathway [14, 30].
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Estimation of Disease Burden

The first step in the complex, multifactorial vaccine development process is assessing
the infectious disease burden [20, 31, 32]. Estimation of disease burden is usually
accomplished by conducting surveillance studies that quantifies disease burden,
provides data on important serogroups or serotypes, monitors overall impact after
widespread implementation, and recognizes unusual adverse events after routine
use [20]. Disease burden determination, especially longitudinal population-based
studies provide crucial epidemiology data (e.g., incidence rates, geographic distri-
bution, age groups, seasonality, and risk factors). Other factors considered in the
introduction of new vaccines include the impact on quality of life (QOL), health
care resource use, implementation policy and cost-effectiveness, often assessed as
cost per quality-adjusted life years (QALYs) gained [33]. In practice, determina-
tion of cost-effectiveness is often limited due to lack of sufficient data regarding
the efficacy of the vaccine and other related factors, such as induction of herd
immunity [21, 34].

Determination of disease burden must also take into consideration the patho-
physiology of the disease, pathogenicity of the etiologic agent and the potential for
spread of infection in the community [12]. The role of the laboratory to identify the
etiology of infectious diseases is vital in vaccine targeting. Health burden determi-
nation is the primary responsibility of the federal agencies including the CDC and
the National Institutes of Health (NIH) [14]. Globally, special surveillance sites
have been established resulting in invaluable epidemiological data in well-defined
populations on various bacterial and viral pathogens in LMICs especially in sub-
Saharan Africa and Asia.

Basic Science Research

The vaccine development pathway begins with basic science research consisting
of studies that evaluate the pathogen biology and pathogenesis, host—pathogen
interactions, antigen development and evaluation of the host immune response
[12, 14]. Advances in new sciences and technology such as genomics, structural
biology, computational studies, and quantitative sciences can provide a more
detailed understanding of microbes and characterize their significant and critical
elements of survival in the host [35].

Basic research related to the discovery of a new vaccine candidate is sponsored
primarily by the NIH and may take place in academic settings, be industry-supported,
occur at foundations or governmental research institutions, or through collabora-
tions between these groups [14, 36]. The National Institute of Allergy and Infectious
Diseases (NIAID) is the lead agency at the NIH for basic science discoveries and
development of safe and effective vaccine candidates against emerging and reemerg-
ing infectious diseases. Investigators at NIAID have pioneered the discovery of
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many life-saving vaccines to prevent invasive diseases caused by Haemophilus
influenzae type b, pneumococcus, varicella, pertussis, influenza, and hepatitis A and
B. Several networks have been established at NIAID including the Vaccine and
Treatment Evaluation Units (VTEUs), HIV Vaccine Trials Network (HVTN) and
the Vaccine Research Center (VRC) to support vaccine research studies based pri-
marily at academic medical centers, public health departments and community clin-
ics across the nation [14].

Antigen Selection and the Host Immune Response

After pathogen identification, antigen selection is guided by understanding the host
immune response. In addition to the role of innate immunity, the protective role of
serum antibody and cell-mediated immune responses need to be elucidated. Every
vaccine exhibits unique characteristics depending on the pathogen biology, the
nature of the disease and the target population for immunization. In recent years,
advances in antigen discovery have resulted in more attention to the vital role played
by antigen-presenting cells and immunologic interplay between the innate and
adaptive immune systems. Antigen discovery is dependent on several factors such
as highly conserved antigens that are crucial for pathogen virulence and inclusion of
naturally immunodominant B/T epitopes depending on pathogen biology [37].

The immune correlates and mechanisms of protection induced by vaccine candi-
dates is an important step during the process of vaccine development [38, 39].
Besides antigen discovery, other key considerations relevant for the design and
development of a vaccine include the differentiation of relevant T helper (Th) subset
populations (Th1 vs. Th2 vs. Th17) that induce protective immunity, need for CD8+
T cells that enhance activity against intracellular pathogens, need for specific mem-
ory T-cell subsets required for long-term immune protection, and avoidance of
excessive regulatory T (Treg) cells (since Treg inhibits effector T-cell responses but
may be needed for inducing long-term memory) [37, 40—45]. Advances in immu-
nology, cellular, and molecular technologies are currently playing a vital role in the
development of safe and effective vaccines [37, 46—48].

Old Vaccine Development Approaches

Historically, vaccines (e.g., rabies, smallpox, poliomyelitis, diphtheria, tetanus,
pertussis, BCG, influenza) have been developed using empirical approaches
through isolation, attenuation, or inactivation of the etiologic agent, and use of
crude preparations that were associated with safety issues [21]. Traditional vac-
cines have comprised live-attenuated microorganisms, killed microorganisms,
purified microbial components, polysaccharide-carrier protein conjugates, or
recombinant proteins (Table 2.1). Application of recombinant DNA technology
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Table 2.1 Vaccine development technologies

Technology Developed vaccines

Animal pathogen Smallpox, BCG

Whole inactivated organisms IPV, hepatitis A, whole cell pertussis
Toxoids Diphtheria, tetanus

Live attenuated organisms OPV, MMR, varicella, RV1, YF
Polysaccharide MPSV4, PPS23

Polysaccharide conjugated to protein Hib, PCV7, MCV4

Purified protein Acellular pertussis vaccine

Purified protein vaccines through recombination Hepatitis B, HPV

Reassortment RVS5, LAIV

BCG Bacillus Calmette-Guérin, /PV inactivated polio vaccine, HPV human papillomavirus vac-
cine, LAIV live attenuated influenza vaccine, MCV4 meningococcal conjugate vaccine, MMR
measles mumps rubella, MPSV4 meningococcal polysaccharide vaccine, OPV oral polio vaccine,
PPS23 pneumococcal polysaccharide 23-valent, RV/ monovalent rotavirus vaccine, RV5 pentava-
lent rotavirus vaccine, YF yellow fever

resulted in the development of hepatitis B vaccine (1982) and covalent binding
(glycoconjugation) of polysaccharides to protein carriers resulted in the development
of effective vaccines against diseases caused by H. influenzae type b (1997),
Streptococcus pneumoniae (2000) and Neisseria meningitidis (2001) [49-52].
Compared to the unconjugated polysaccharide vaccines, polysaccharide-conjugate
vaccines offer significant beneficial effects such as providing immune protection in
children younger than 2 years of age, ability to induce immune memory, longer
duration of immunity, and herd protection especially noted after the introduction of
H. influenzae type b vaccines into routine practice [51]. Likewise, herd immunity
has been reported for pneumococcal conjugate vaccine and meningococcal C con-
jugate vaccine resulting in significant public health benefits [52-54].

New Technologies for Vaccine Development (Table 2.2)

Genetic Engineering

In the present era, vaccinology is moving towards the development of subunit (purified
protein or polysaccharide), genetically engineered and vectored antigens [55].
Developed through a genetic engineering approach, two recently licensed, recombinant
vaccines against human papillomavirus (HPV) are currently approved for clinical
use in the USA to prevent cervical cancer [56]. HPV virus-like particles (VLPs) are
prepared from recombinant HPV L1 major capsid protein and expressed in yeast or
in cultured insect cells. The expressed HPV L1 proteins self-assemble during the
purification process into icosahedral structures that are identical to the naturally
occurring virus particle but without viral DNA, RNA, or proteins that can propagate
infection and disease [56].
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Table 2.2 New approaches to advance vaccine Development

Approach Comments Current vaccine targets
Adjuvants Innate immune activation
MF-59 Oil-in-water emulsion Influenza/pandemic influenza
AS03 Oil-in-water emulsion Influenza/pandemic influenza
AS02 Oil-in-water emulsion Malaria vaccine containing MPL
and Q-21
ASO4 TLR4 agonist, combination of HPV, HSV
aluminum salts and MPL
CPG oligonucleotides TLR9 agonist HBYV, malaria, cancer
Vectors
Viral vectors rMVA HIV, TB, HPV, Cancer
Canarypox virus HIV
Adenovirus HIV, HCV, Malaria, TB
Yellow fever virus Dengue
Bacterial vector Salmonella typhi Typhoid, HBV, HIV, ETEC
Vibrio cholerae Cholera
Listeria monocytogenes HPV

Dendritic cell
vaccines

DNA vaccines

RNA vaccines

Reverse genomics

Systems biology

Antigen-loaded monocytes,
therapeutic vaccine
development

Potential application in therapeu-
tic vaccines

Use mRNA for antigen expres-
sion, mRNA vaccines
encoding TAA

Epitope-based vaccines

Use high-throughput technologies
(e.g., microarrays) and
computational modeling to
identify specific molecular
signatures of individual
vaccines

Therapeutic prostate cancer vaccine

Melanoma, AML, Alzheimer’s
disease, HIV, HBV, HCV
Cancer immunotherapy

Meningococcal serogroup B, group
A Streptococcus, group, B
Streptococcus, S. aureus,
Clostridium difficile

Predict vaccine efficacy and safety

AML acute myelocytic leukemia, ETEC, enterotoxigenic Escherichia coli, HBV hepatitis B virus,
HCYV hepatitis C virus, HIV human immunodeficiency virus, PV human papilloma virus, MPL
monophosphoryl lipid A, MVA modified vaccinia virus Ankara, TAA tumor-associated antigens,
TB tuberculosis, TLR toll-like receptor

Novel Adjuvants

Modern elements of vaccine development are diverse including advances in antigen
design, novel modes of antigen delivery and use of new adjuvants (e.g., lipids and
immune enhancers targeting the innate immune system) in order to enhance the
adaptive immunity with minimal toxicity [55, 57]. Historically, alum (aluminum
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salt-based adjuvant) was the most frequently used adjuvant in vaccines to boost the
immune response but the response has been suboptimal for many diseases [58]. In
recent years, newly licensed adjuvants (such as MF59, a squalene-based oil-in-
water emulsion and ASO04, a combination adjuvant composed of monophosphoryl
lipid A [toll-like receptor (TLR) 4 agonist] adsorbed to alum) with unique immuno-
logical characteristics have been introduced in modern vaccines in order to induce a
stronger and broader immune response and local proinflammatory effects with min-
imal safety concerns [59-62].

The impact of new adjuvant technology on vaccine efficacy has already been
demonstrated in influenza vaccines [63]. Other novel adjuvants in development
include TLR agonists (e.g., TLR9 agonist for the hepatitis B virus (HBV) vaccine
target) and oil-in-water emulsions (e.g., ASO3 for the influenza vaccine target) that
enhance T cells [21, 57]. Given the current trend in the development of purified
protein and peptide antigens, the role of innovative adjuvants is very important to
stimulate innate immunity that in turn augments B and T cell expansion and adap-
tive immunity. Development of safe and effective mucosal adjuvants is a high prior-
ity given the potential to induce effective immune responses at the mucosal portals
of pathogen entry and needle-free mode of delivery of the candidate vaccine to
mucosal inductive sites [64]. Development of mucosal vaccines against poverty-
related diseases is a significant advance in global health [65].

Reverse Vaccinology

In recent years, vaccine development has evolved from microbiological to sequence-
based approaches [66]. Considerable progress has been made in the improvement of
vaccine efficacy by use of reverse vaccinology, a genome-mining approach with the
use of computer-based algorithms to define more effective vaccine antigens that
cannot be identified with classic techniques [67, 68]. Reverse vaccinology technol-
ogy is currently being applied to develop new vaccines for several pathogens such
as Meningococcus serogroup B, group A Streptococcus, group B Streptococcus,
Staphylococcus aureus, Escherichia coli, Clostridium difficile [21, 67-69].

The application of pharmacogenomics and pharmacogenetics to vaccine design,
recently labeled “vaccinomics” is an emerging area of vaccine research [70]. In
conjunction with bioinformatics, innovative approaches are being explored for
developing novel peptide-based vaccines against hypervariable viruses such as the
human immunodeficiency virus (HIV), hepatitis C and emerging avian and swine
influenza [70]. One example of reverse vaccinology is the development of epitope-
based vaccines which use T-cell epitope mapping and prediction algorithms to iden-
tify potential peptide epitopes as vaccine immunogens. Given the extreme
polymorphism of the MHC molecules which represents a major hurdle to vaccine
development, poly-epitope technology can be applied to generate a synthetic pro-
tein carrying antigenic epitopes from multiple strains or pathogens [56]. Other next
generation technologies include the use of structural vaccinology, viral vectors,
DNA vaccines, RNA vaccines, and systems biology [21, 71-75].
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Structural Vaccinology

Structural vaccinology is a promising strategy for the rational design of specific
target epitopes for use as vaccine candidates [21, 69, 76]. This approach enables
atomic resolution of antigen structure and is based on the evidence that epitopes
inducing protective immune responses are restricted to specific domains within an
immunogenic protein [21, 76]. After identification, the domains can be expressed in
arecombinant form and used as potent immunogens. Structural vaccinology studies
have led to a better understanding of the various mechanisms by which paramyxo-
viruses use their attachment glycoproteins to hijack specific protein and glycan cell-
surface receptors to facilitate viral entry [77]. This approach could result in the
development of new vaccines for measles [21].

Vectors, DNA Vaccines, RNA Vaccines and Dendritic Vaccines

Candidate viral vector vaccines are being developed using a non-replicating virus
such as poxvirus and adenovirus (which can serve as DNA delivery systems) to
deliver pathogen-specific antigens that elicit robust and durable B- and T-cell
responses that mimic natural pathogen invasion strategies [71]. Viral vector vac-
cines can be easily engineered, may be applied to the mucosal surface facilitating
oral delivery, and offer promise for the development of preventive and therapeutic
vaccines. Examples include therapeutic cancer vaccines such as fowl-pox-virus vac-
cine that encodes a prostate-specific antigen [78]. Viral vectors are also being stud-
ied in the development of malaria vaccine [79]. Live vector approach can also utilize
live attenuated bacteria as carriers of macromolecules [80, 81].

DNA-based vaccines stimulate synthesis of antigens only in cells and elicit pre-
dominantly cell-mediated immunity [71, 73]. However, studies have been disap-
pointing given the challenges of establishing proof-of-principle and immunologic
potency [71, 82]. Application of heterologous prime-boost approaches that combine
DNA-based and viral-based vaccines with recombinant protein vaccines to induce
both T-cell responses and antibody responses has shown promise in a recently con-
cluded HIV vaccine efficacy trial (RV144) [83]. Studies are ongoing to evaluate
combining other vaccine platforms with DNA, enhanced methods of delivery, and
inclusion of molecular adjuvants. Clinical trials of second generation DNA vaccines
are currently underway for noninfectious disorders such as Alzheimer’s disease,
cancer, and infectious diseases caused by viral pathogens such as HIV, Ebola virus,
and West Nile virus [84-89]. RNA vaccines directly utilize messenger RNA for
antigen expression; mRNA vaccines encoding tumor-associated antigens (TAAs)
have shown promise, especially in the field of oncology [90]. mRNA transfected
dendritic cells (DCs) are potent antigen-presenting cells to T cells and can generate
a specific immune response [90]. DC vaccines offer an individualized approach to
therapeutic vaccine development by using monocytes harvested from the vaccine
recipient’s own blood; the autologous DCs can generate potent T-cell immune
responses [55]. Although expensive, DC vaccines offer promise for the treatment of
cancer, HIV and other chronic infections [55].
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Systems Biology

Systems biology offers a new, robust, integrated approach to vaccine design by
improving our understanding of the complex immune system and investigates how
changes in the expression of specific genes correlate with protective immune
response [74, 77]. Immunological networks or biomarkers can identify molecular
signatures associated with optimal immune response [37, 46—48]. Systems biology
approaches use high-throughput technologies (e.g., microarrays, RNA-seq, mass
spectrometry-based proteomics and metabolomics) and computational modeling to
identify specific molecular signatures of individual vaccines that predict vaccine
efficacy and safety [78].

Other New Approaches

Potential new strategies for development of attenuated vaccines include reverse
genetics, temperature-sensitive mutations and reassortment, control of replication
fidelity, microRNA insertion, and gene delivery by invasive bacteria [55, 91]. Other
key areas of antigen discovery include screening of pathogen peptide libraries, high-
throughput screening of peptides using T-cell stimulation to identify T-cell antigens
and methods to increase antigen purity, cross-protection and thermostability [55].
Other new vaccine pursuits include expansion of the immunization targets to
other special populations (e.g., pregnant women, healthy adults, elderly individuals)
besides infants and children, and exploratory vaccines against non-communicable
diseases such as autoimmune disorders, chronic diseases of ageing and cancer [21].

Advances in Preclinical Vaccine Safety Evaluation

Advances in the analysis of host innate and adaptive immune responses may help
create safer vaccines by the ability to study whole genome-wide expression patterns
in cells, isolation of individual, antigen-specific B and T cells using special reagents,
use of bioinformatics tools and systems biology [14, 37, 48]. These immunological
memory networks provide support to better understand the host immune response to
vaccines by detailed human immune phenotyping, and contribute to creation of
effective vaccines and identification of correlates of protection [14, 38, 39, 48].
Other approaches include the evaluation of cross-reactive antibodies or T cells
after vaccination in relevant animal models. Preclinical animal models can help
detect early immune gene activation profiles after the use of vaccine adjuvants using
microarray technologies and through analysis of cellular phenotypes at vaccine
injection sites and draining lymph nodes [61, 62, 92]. The immune systems of mice
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and humans differ in many key aspects such as TLR expression on DC subsets,
leading to delay in rapid vaccine development [93]. In 2010, the NIAID founded a
consortium consisting of several institutions across the USA with the goal of char-
acterizing the diverse human immune system in its steady state and in response to
immunizations and infections, or adjuvants that target a known innate immune sys-
tem receptor by using high-throughput approaches [14, 94]. Using a systems biol-
ogy approach, the technology of human immune phenotyping has been successfully
applied to the development of yellow fever vaccine [95].

Studies related to genetic variability in host immune responses to microbes and
vaccines is currently an important area of vaccine safety research [14]. Other new
approaches for preclinical safety assessments include the utilization of bioinformat-
ics technology to map promising pathogen vaccine targets and relevant epitopes and
compare them with human proteins to avoid homologies and potential risk of auto-
immunity [21]. Such approaches may be useful in evaluating polysaccharide anti-
gens that are known to mimic human cell-surface proteins (e.g., neural adhesion
molecules) [49].

Preclinical (Animal) Studies

Before testing investigational vaccines in clinical trials, the lead candidate vaccine
is identified through relevant in vitro studies and in vivo animal models to evaluate
its safety, immunogenicity, pharmacokinetics, and efficacy [12, 14]. Animal studies
help in evaluating dosing and schedules and assure no major adverse effects occur.
Candidate vaccines are subjected to three types of toxicity studies including acute
toxicity, in vivo pyrogenicity, and tolerability studies, typically in rabbits and/or
guinea pigs [16]. Toxicity studies must be performed in accordance with good labo-
ratory practices (GLPs). Before human use, safety studies are completed in rats and
primates in certain cases. These tests include studies of organ histology to screen for
potential safety concerns. If the candidate vaccine has unacceptable reactogenicity
in animal models or exhibits lack of immunogenicity, further development is not
pursued. Other specific preclinical studies include reproductive toxicology evalua-
tion in pregnant animals and in vivo testing of recombinant vaccines [16].

The Center for Biologics Evaluation and Research (CBER) of the FDA provides
regulatory guidance to sponsors throughout the multifactorial vaccine development
process. During the preclinical evaluation, dialogue between the sponsors and the
FDA is useful in clarifying the study design, the nature and extent of preclinical
studies needed and the requirements for preclinical toxicity data depending on the
risk—benefit of the vaccine candidate, the target population, available clinical stud-
ies from the use of related products, product characteristics, and the availability of
animal models. The FDA has published guidance for industry on the assessment of
reproductive toxicity studies of preventive vaccines for infectious diseases that are
indicated for women of childbearing age and pregnant females [96].
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Clinical Development and Pre-licensure Testing in Humans

The clinical development of a new vaccine candidate begins with the submission of
an investigational new drug (IND) application to the FDA by the sponsor. The IND
submission must detail the proper identity of the vaccine, manufacture, strength or
potency, quality and purity of the vaccine, control testing for release of the vaccine,
scientific rationale, available preclinical animal safety data, and a clinical study
protocol. The quality and safety of phase 1 material are controlled by establishing
appropriate quality assurance (QA) and quality control (QC) procedures and follow
current good manufacturing practices (cGMPs) and GLPs. This clinical testing
must minimally demonstrate acceptable safety and suitable protection in the popu-
lation that will ultimately be targeted for the vaccine in public health practice. Good
Clinical Practice (GCP) guidelines govern conduct of clinical trials. After receipt of
the IND application, the FDA has 30 days to determine if the clinical trial may begin
or be placed on clinical hold [17]. Clinical hold is reserved for safety concerns with
the vaccine candidate, unqualified investigators, inadequate information to evaluate
risk, deficiency in the investigator’s brochure or study design [17].

Some trials are conducted by the Division of Microbiology and Infectious
Diseases of the NIH through VTEUSs located primarily at major academic centers.
Other clinical studies are conducted by pharmaceutical companies (or clinical
research organizations contracted by pharmaceutical companies) at academic medi-
cal centers or private offices led by local principal investigators [97]. All studies
need approval by Institutional Review Boards or Human Studies Committees and
must follow strict federal guidelines related to human subject protection and poten-
tial conflicts of interest.

Clinical testing in humans begins after approval of the preclinical data package
by the US FDA. Pre-licensure clinical (human) studies are divided into three phases
and represent a crucial, very expensive and time-consuming component of vaccine
development [98]. The FDA monitors the clinical trials program with close
scrutiny [17]. Phase I trials are often conducted during the stage of vaccine discov-
ery and provide preliminary safety and immunogenicity data in small numbers of
subjects ranging from 20 to 80 vaccinees [99]. In the beginning, the study popula-
tion often consists of adults and then special target populations are studied such as
young children. If the vaccine candidate demonstrates promising data in preclinical
and phase I studies, vaccine development proceeds further and continues until such
a candidate vaccine gets licensure for routine use by the appropriate regulatory
agency [100].

Phase 1II trials evaluate the safety, immunogenicity proof-of-concept (and in
some instances, efficacy) and dose-range of a vaccine candidate in larger groups,
often involving several hundred vaccinees. Phase II (dose-ranging) studies are
divided into two types. Phase Ila studies and larger Phase IIb studies. Phase Ila stud-
ies are undertaken once the preliminary safety and immunogenicity are shown in
phase I trials. During this phase, the vaccine product is defined, the manufacturing
process well determined, and the most appropriate immunologic assays for clinical
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specimens are agreed upon. Larger Phase IIb trials can provide more information on
dose selection and intervals, and inform the design of phase III studies [31].

At the completion of the phase II studies, sponsors are encouraged to meet with
the CBER of the FDA to review the study design of the proposed phase III trial.
Before phase III studies can begin, technology transfer must occur from a research
facility making small lots of vaccine doses to the final vaccine manufacturing site
making several large consistency lots (each containing 10,000-20,000 doses or
more) in a facility in compliance with strict cGMPs [31]. The cGMP comprises
guidelines ranging from raw materials QA to record keeping, cleanliness stan-
dards, personnel qualifications, in-house testing, process validation, warehousing,
and distribution [97]. In addition, information related to storage and handling must
be provided.

Phase III pivotal studies are large, randomized, double-blind, placebo-controlled
trials, which may recruit thousands to tens of thousands of subjects depending on
the study design and the incidence of the disease to be prevented. Phase III trials
evaluate the efficacy of a vaccine candidate by measuring the decrease in the inci-
dence of clinical disease among vaccine recipients compared to placebo recipients.
Phase III trials may also include substudies evaluating immunogenicity of potential
vaccine candidates such as serum antibody titers that correlates with disease protec-
tion. Given the large number of study participants, phase III trials also allow a rigor-
ous investigation of vaccine safety for common adverse events, by comparing
vaccine and placebo recipients. In recent years, pre-licensure phase III vaccine trials
have recruited a large number of subjects to ensure vaccine safety; the two recently
licensed rotavirus vaccines manufactured by different pharmaceutical companies
had a sample size of over 70,000 children each to demonstrate that the vaccines
were safe and did not cause bowel intussusception [101, 102]. Participants are often
closely followed for adverse events following vaccination for up to 42 days. During
the course of phase III trials, independent Safety Monitoring Committees (SMCs)
and Data Safety-Monitoring Boards (DSMBs) are established to monitor and review
vaccine safety data. Based on the review of the safety data, the SMC or DSMB may
recommend that clinical trials be continued, modified, or stopped [14].

Vaccine Licensure

The vaccine licensing stage is initiated once the IND stage (clinical development) is
completed. The vaccine-licensing process in the USA is regulated by the CBER to
ensure safety, purity, and potency of licensed vaccines as defined in Title 21 Code
of Federal Regulation (CFR) 600 [17, 103, 104]. The FDA periodically publishes
guidance documents to clarify sections of the CFR and provide recommendations to
improve vaccine candidate development. The guidance documents pertain to manu-
facturing methods, product testing, compliance with cGMP requirements, clinical
studies, and toxicity assessments of vaccines [17, 105-109]. Other federal Acts and
regulations related to vaccine development include the Public Health Service Act;
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Food, Drug, and Cosmetic Act; Prescription Drug User Fee Act (PDUFA) of 1992,
2002, and 2007; Food and Drug Agency Modernization Act (FDAMA) of 1997; and
the Food and Drug Agency Amendments Act (FDAAA) [105-109]. The International
Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) is a collaborative organization of regulators
from the USA, Europe, and Japan. The ICH is charged with providing recommen-
dations related to harmonization and application of global regulatory requirements
and has published several documents pertinent to vaccine development [110]. For
global vaccine approval, the World Health Organization (WHO) publishes docu-
ments and formulates guidelines for vaccine products used internationally [111].

Biologic License Application

After completion of phase I, II, and III pivotal clinical trials, the vaccine manufac-
turer submits the Biologic License Application (BLA) to the Director of the CBER
Office of Vaccines Research and Review of the FDA [17]. The BLA is a request for
permission to introduce or deliver a biologic product into interstate commerce and
includes a dossier from the sponsor that contains all the clinical, safety and techni-
cal details that demonstrate that a vaccine meets accepted standards for safety,
purity, and potency. In the BLA, the sponsor must provide details regarding manu-
facturing methods, compliance with cGMP requirements, data depicting product
stability, samples representative of the product for introduction to interstate com-
merce, details pertaining to equipment and facility, and the process for large-scale
manufacturing [17]. In addition, the FDA requires documentation of raw materials
used in the creation of the master and working seeds, details of cell substrates used
in vaccine production, description of the production of the seeds and cell banks,
testing and characterization of viral vaccine seeds and cell substrates to ensure
safety and purity of the product without any extraneous infectious pathogens such
as bacteria, mycobacteria, fungi, or viruses [17].

The typical review of the BLA by a multidisciplinary CBER review team is
completed in 10 months, although there is a fast-track mechanism for approval of
products intended to treat serious illnesses that fill an unmet medical need [17].
Priority reviews are completed in ~6 months and may be undertaken if the product
has the potential for prevention or treatment of a serious or life-threatening illness
when no adequate therapy exists. At the end of the formal review period, the FDA
issues an action letter granting approval if all of the information contained in the
BLA is satisfactory; if approval is not granted, the sponsor must respond to CBER
formally and the application undergoes subsequent reviews every 4—6 months until
all issues related to vaccine manufacturing, testing, stability, safety and efficacy
are addressed.

In addition to the BLA submission, other regulatory review activities are involved
in vaccine licensure to ensure vaccine product safety and quality. After approval,
samples of each lot of vaccine must be submitted to the FDA and tested for safety,
potency and purity before it can be released for use. The review process includes
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a detailed inspection of the manufacturing facilities and processes, and the sponsor’s
compliance with cGMPs. In addition, bioresearch monitoring entails inspection of
the clinical research sites for compliance with GCPs in conjunction with a review
of the proposed vaccine product label [17].

Vaccines and Related Biologic Products Advisory Committee

Prior to approving most BLAs, the CBER of the FDA may recommend that the
sponsor present their product data to the Vaccines and Related Biologic Products
Advisory Committee (VRBPAC), especially if there is a concern regarding safety or
efficacy [17, 97]. VRBPAC consists of 12 core voting members appointed by the
FDA commissioner and comprises of clinicians and experts in vaccine science, con-
sumer representatives, and a nonvoting representative from the pharmaceutical
company. The committee reviews the data related to safety and efficacy of the vac-
cine product in the target population and makes recommendations to the FDA com-
missioner regarding vaccine licensure, indications and if any additional studies need
to be performed before licensure. In general, the FDA commissioner follows the
VRBPAC recommendations and licensure is often granted within a few months of
the application. The FDA also approves a product label/package insert.

Product Label/Package Insert (PI)

Vaccine manufacturing companies provide product-specific information with each
licensed vaccine. The product label/package insert must be compliant with the FDA
regulations detailing indications and usage, dosages, routes of administration, clini-
cal pharmacology, contraindications, and adverse events. The PI lists the vaccine
contents including preservatives, stabilizers, antimicrobial agents, adjuvants, and
suspending fluids. The PI is available in the Physicians’ Desk Reference published
annually and on the FDA Web site. New information related to licensed vaccines and
change in labeling is often posted on the Manufacturers’ Web sites. Physicians should
be familiar with product labels of the vaccines they administer in clinical practice.

Lot-Release Testing and Facility Inspections

After vaccine licensure, vaccine production activities are continually monitored
through lot-release testing, facility inspections, and postmarketing surveillance pro-
grams [17]. Lot-release tests include screening for bacterial and fungal contaminants,
general safety, purity, identity, potency, and sterility of constituent materials (e.g.,
diluents and preservatives). In general, vaccine manufacturing facilities are inspected
every 2 years; facilities that manufacture influenza vaccines are inspected annually.
Licenses may be suspended or revoked if the inspections reveal failure to meet prod-
uct standards or noncompliance with regulations or cGMP requirements [17].
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Development of Immunization Policy

Once the vaccine is licensed in the USA by the FDA, the Advisory Committee on
Immunization Practices (ACIP) of the CDC develops the US immunization pol-
icy [112]. The primary responsibility of the ACIP is to review the scientific evi-
dence surrounding new vaccines and offer evidence-based recommendations for
use of licensed vaccines in infants, children, adolescents, and adults. The ACIP
recommendations are often embraced by other professional organizations such as
the American Academy of Pediatrics with the goal of harmonization of the vac-
cine schedules [113, 114]. The Social Security Act (section 1928) established the
Vaccines for Children Program in 1994, which enable uninsured children and
children from poor socioeconomic strata to receive free vaccines as part of rou-
tine primary care [113].

Vaccine Safety

No vaccine is universally safe and some adverse events are expected, although seri-
ous adverse events are unusual [115]. As the number of cases of VPDs is at an all-
time low [4], vaccine safety concerns have emerged on the forefront [116, 117].
Regulatory issues are critical in the development of new vaccines with a special
focus on safety issues since vaccines are often administered to healthy individuals,
primarily infants and children. In the USA, vaccine safety is a shared responsibility
involving several federal agencies such as the US FDA, the CDC, and other federal
agencies working in close partnerships with vaccine resources in the public and
private sectors [17, 31, 118-124].

Historical Perspective and Important Milestones

True safety issues surrounding the use of vaccines have been recognized and empha-
size the importance of the vaccine safety net in early detection and quick remedial
action [116, 117, 125]. In 1955, 260 cases of polio were attributed to one manufac-
turer’s inadequately inactivated polio vaccine formulations (‘“‘Cutter incident”) [126].
Serious adverse events were associated with the use of the killed measles vaccine in
the 1960s [127]. In the late 1960s, studies of major adverse events following small-
pox vaccination led to end of routine smallpox vaccine use in the USA in 1972
[128]. In 1976-1977, the swine influenza vaccine was associated with an increased
risk of Guillain—Barré Syndrome (GBS), especially within 6 weeks after vaccination
[129]. In the 1990s, the current US vaccine safety infrastructure (Vaccine Adverse
Event Reporting System [VAERS], Vaccine Safety Datalink [VSD]) was formally
established. In 1999, the unexpected occurrence of intussusception following rou-
tine use of a rhesus-human reassortant rotavirus vaccine tetravalent was detected by
VAERS leading to withdrawal of this vaccine from the market [130].
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Post-licensure Federal Vaccine Safety Enterprise

Although vaccine safety is rigorously examined during clinical development,
inadequate sample size may not detect unusual adverse events, long-term adverse
events are not evaluated, and the study populations are not heterogenous [121]. The
current US vaccine safety monitoring system consists of several systems that vary
primarily by data collection method (active or passive), access to patient medical
records, and the underlying population size and characteristics [31].

The FDA/CBER monitor postmarketing vaccine adverse event surveillance
using a three-component toolbox approach including signal detection (hypothesis
generation), signal strengthening and verification, and signal confirmation (hypoth-
esis testing) [17]. General approaches for safety monitoring of new vaccines includ-
ing review of pre-licensure safety data, identified or uncertain risks from phase III
trials, post-licensure studies, passive surveillance via a VAERS monitoring plan,
active surveillance via Rapid Cycle Analysis through the VSD plan, availability of
standardized case definitions for vaccine adverse events, identification of candidate
Clinical Immunization Safety Assessment (CISA) Network protocols and identifi-
cation of the need to conduct special studies [120-124].

Phase IV Post-licensure Studies

Population-based post-licensure studies of new vaccines are important to measure the
impact and safety under real-life conditions; rare adverse events temporally associated
with vaccination may be detected during phase IV post-licensure studies that were not
previously detected during prelicensure clinical trials [131]. In addition, postmarket-
ing surveillance may detect an increase in known adverse events associated with a
particular vaccine. These studies may inform modifications in formulations, immuni-
zation schedules, and require sponsors to make safety labeling changes [17].

Industry Pharmacovigilance Program

After vaccine licensure, many pharmaceutical companies continue to monitor the
safety profile of vaccines by conducing large-scale clinical trials, enhanced passive
reporting, and active surveillance systems, which evaluate specific adverse events
and general safety.

The FDA has the authority to require postmarketing studies from the sponsor to
monitor vaccine safety issues [17]. Pharmacovigilance plans submitted by the spon-
sor as part of the BLA is carefully reviewed by the CBER using a diverse group of
individuals with expertise in epidemiology, clinical protocols, compliance and vac-
cine safety issues. Requirements for vaccine pharmacovigilance studies include an
understanding of background/baseline data of rare events, ongoing risk—benefit
assessment, and the collection and reporting of adverse events to the FDA in a timely
fashion [12]. Industry-sponsored post-licensure pharmacovigilance programs com-
plement those of the CDC and the FDA such as the VAERS and the VSD [16].
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Signal-Detection Methods Using Passive Surveillance Tools: VAERS

Established in 1990 in response to the National Childhood Vaccine Injury Act of
1986, VAERS is a voluntary, nationwide, passive, ongoing surveillance system to
detect rare, serious, and previously unrecognized adverse events after licensure of
vaccines [132-134]. The CDC and FDA co-manage VAERSs and review daily reports
and alerts of all serious adverse events (SAEs) from health care providers, vaccine
companies, and consumers. VAERS is a signal detection (hypothesis-generating)
program and allows near real-time, nationwide, lot-specific surveillance and can
detect rare or unexpected events using statistical data-mining techniques [134].
VAERS has detected signals including syncope, febrile seizures, GBS, and intus-
susception following vaccination [135-138]. However, VAERS has many limitations
including reporting bias, underreporting, variable data quality, lack of true denomi-
nator data and unvaccinated control group, all of which make VAERS data not suit-
able for causality assessments except in very limited instances [132]. In 2002,
Internet-based reports (IBRs) were added to VAERS to allow timely and complete
vaccine adverse event reporting [120]. Information about VAERS is available via a
24-h telephone contact (800-822-7967) or accessing the Web site (http://www.fda.
gov/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/
VaccineAdverseEvents/default.htm ).

Signal-Strengthening, Verification and Assessment of Associations
Using Active Surveillance Tools: VSD

Developed by the CDC in collaboration with large linked databases of eight man-
aged care organizations (MCOs), VSD is a real-time population-based active sur-
veillance system for vaccine safety [121]. Established in 1990, VSD remains the
most established and high quality federal vaccine active surveillance system in the
USA [122].

Over the last two decades, the VSD has enrolled 9.2 million individuals (3 % of the
US population), including all age groups, and an annual birth cohort of ~95,000 [121].

The eight collaborating MCOs in the VSD are Group Health Cooperative
(Washington State), Harvard Vanguard Medical Associated and Harvard Pilgrim
Health Care (Massachusetts), HealthPartners (Minnesota), Kaiser Permanente of
Colorado, Kaiser Permanente of Northern California, Kaiser Permanente of Southern
California, Marshfield Clinic (Wisconsin), and Northwest Kaiser Permanente
(Oregon and Washington). Demographic and vaccination data linked to outpatient
and inpatient diagnosis are updated each week.

Through a secure distributed data model followed by creation of data-dynamic
files, VSD can conduct near real-time post-licensure surveillance. Using rapid
cycle (real-time) analyses (RCA), the VSD can evaluate pre-specified outcomes
and associations. The VSD can be used to implement epidemiologic studies to
determine if the incidence rate of a given adverse event is higher among vaccine
recipients compared to non-vaccinees [31]. Besides research on vaccine safety and
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disease incidence, the VSD can conduct other studies related to vaccine coverage,
methodology, cost-effectiveness, and medical informatics [139-156].

There are several advantages of VSD for vaccine safety research including rapid
access to large and well-defined populations of large MCOs, with computerized
linked full electronic medical records to evaluate outcomes. However, VSD does
not capture all immunizations received outside the MCOs, and for rare adverse
events, the VSD’s population size may limit the speed at which safety problems
may be detected [157, 158]. In addition, quality assessment studies have noted that
there is variability in the accuracy of the computerized medical records to determine
outcomes [159]. Therefore, other methods such as medical chart review are under-
taken to validate data [121].

Postmarketing surveillance by VSD in collaboration with VAERS have exam-
ined possible associations of adverse events with newly licensed vaccines by com-
paring the number of VAERS reports versus the background rates for these events
from the VSD. Postmarketing monitoring of intussusception after RotaTeq® vacci-
nation and GBS after Menactra® vaccination are examples of this collaborative
effort [136, 160]. In recent years, VSD has invited outside experts to offer their
opinion related to design and implementation of high-priority vaccine safety studies
and also allowed external researchers to conduct analysis of existing VSD data sets
or create novel analytic data analysis through data-sharing and oversight [161].

In recent years, the FDA has collaborated with other federal agencies including
the Centers for Medicaid and Medicare Services (CMS), Indian Health Service,
Department of Veteran Affairs (VA), and the Department of Defense (DoD) in
developing vaccine safety surveillance in defined populations [162, 163]. The DoD
uses the Defense Medical Surveillance System (DMSS) to conduct medical surveil-
lance for the US armed forces comprising ~1 million personnel. The DMSS cap-
tures the DoD’s mandatory vaccination program and clinical data from the electronic
health records to investigate outcomes after vaccination. The Department of Defense
Serum Repository (DoDSR) serves as a central repository of sera drawn from ser-
vice personnel for medical surveillance purposes. The DMSS and DoDSR provide
population-based surveillance of the US armed forces and play an important role in
the vaccine-safety monitoring process unique to military personnel [164—166].
Since 2008, the FDA has collaborated with the VA to assess the safety of vaccines
including the 2009 HIN1 monovalent influenza vaccine [167]. In 2006, the FDA
and the CMS began a prospective pilot project to evaluate unusual vaccine adverse
events in the Medicare population (comprising ~45 million individuals aged >65
years and younger individuals with disabilities or end-stage renal disease) [167].
This collaboration has near real-time surveillance capability, like that used in the
VSD and recently applied to monitor HIN1 vaccine safety.

Clinical Immunization Safety Assessment Network

Launched in 2001, the CISA Network is an active collaboration between the CDC
Immunization Safety Office (ISO) and six academic centers, each with experts in
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vaccine safety to investigate the biologic mechanisms and risks of adverse events
following immunization (AEFI) and to provide evidence-based vaccine safety
assessments [123]. The goals of the CISA network are to study the pathophysiology
of AEFIs by using hypothesis-driven protocols, to identify host genetic and other risk
factors associated with developing an AEFI, to develop immunization algorithms
and clinical protocols for vaccinating individuals at high risk of AEFI and serve as an
expert resource to clinicians and policy makers for vaccine-safety issues [123].

Given the unique expertise in clinical, pathophysiologic and epidemiologic
aspects, the CISA network reviews cases of AEFI (though the Clinical Consult Case
Review (CCCR) working group), provides clinical guidance to health care provid-
ers for treatment of patients with AEFI, conducts special studies to evaluate the
pathogenesis of adverse events, investigates causal relationships between vaccines
and adverse events, and maintains a central archive for biological specimens and
adverse event clinical registry [123, 168]. Examples of important studies conducted
under the leadership of the CISA network include the following: active telephone
surveillance to evaluate adverse events among civilian smallpox vaccine recipients,
adverse events following receipt of trivalent inactivated influenza vaccine in children
aged 6-23 months of age, association of transverse myelitis and vaccination, and
the role of genetics in the immune response to varicella vaccine [169-172]. Besides
educational and outreach programs, a Vaccine Safety fellowship program has been
established by the CISA Network to train future generations of vaccine safety
experts [123].

Brighton Collaboration

Established in 2000, the Brighton Collaboration is a global collaboration of profes-
sionals and organizations focused on immunization safety standards [173]. The col-
laboration includes a diverse representation of health professionals and volunteers
in the fields of patient care, public health, industry, academia, and regulatory agen-
cies with the oversight of an elected steering committee, and with staff at the CDC
and the University Children’s Hospital, Basel, Switzerland [173, 174]. The aims of
the Brighton Collaboration include development of the standardized case defini-
tions for AEFI, formulation of guidelines for collection, analysis and presentation
of safety data, implementation and evaluation of these newly developed standard-
ized case definitions and guidelines [175]. The AEFI case definitions are intended
for use in the setting of clinical trials and surveillance programs to facilitate
comparability of data and interpretation. In collaboration with CISA Network
investigators, the Brighton Collaboration has developed case definitions for enceph-
alopathy, injection-site nodules, generalized convulsive seizures, and smallpox
vaccine-related adverse events [175-184]. Several regulatory and professional
organizations such as the FDA, the American Academy of Pediatrics (AAP), the
European Medicines Agency, and the WHO have endorsed or recommended the
case definitions of the Brighton Collaboration [175].
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Vaccine Injury Compensation Program

Established in 1986, the Vaccine Injury Compensation Program (VICP) is a federal
no-fault alternative system for individuals claiming vaccine injuries [185]. The VICP
is composed of three federal organizations including the US Department of Health
and Human Services (DHHS), the US Department of Justice, and the US Court of
Federal Claims (CFC). The public health goal of the VICP is to ensure adequate vac-
cine supply, stabilize vaccine costs, and to provide compensation to clients who can
show that a serious injury occurred with the use of a CDC-recommended vaccine.
The legislation mandates reporting of adverse events following vaccination; avail-
ability of vaccine-information materials that discuss vaccine benefits and safety; rec-
ommends studies led by the IOM investigating possible vaccine-related adverse
events; and the development of new and safe vaccines [186]. Since its inception, the
VICP is a resource for vaccine manufacturers and consumers to seek liability protec-
tion and compensation. All vaccines recommended by the CDC for routine use in
infants and children are covered, whether administered individually or as combina-
tion vaccines. There are no age restrictions for filing claims. Information about VICP
is available via a 24-h telephone contact (800-388-2382) or accessing the Web site
(http://www.hrsa.gov/vaccinecompensation) [185].

Ad-Hoc Groups, Taskforce and Committees
Taskforce on Safer Childhood Vaccines

The National Childhood Vaccine Injury Act of 1986 led to the establishment of the
Taskforce on Safer Childhood Vaccines (TFSCV) by the Secretary of DHHS at the
direction of the US Congress. The TFSVC includes the Director of the NIH,
Commissioner of the FDA, Director of the CDC, and several other representatives
of the Public Health Service. The charge of the Task Force Interagency Group is to
make recommendations regarding promotion of safe development of childhood vac-
cines and ensuring improvements in licensing, labeling, manufacturing, processing,
testing, storage, administration, adverse event monitoring, and research. Periodic
reports are published; the 1998 report emphasized the need to assess and address
public concerns about the safety of vaccines, conduct research on the biological
basis of vaccine adverse events, foster partnerships between various stakeholders,
enhance the ability to detect adverse events and improve coordination between
agencies [97].

Institute of Medicine: Immunization Safety Review Committee

The National Childhood Vaccine Injury Act of 1986 also led to the establishment of
the Immunization Safety Review Committee (ISRC) at the IOM. The ISRC is an ad hoc
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committee charged with the task of reviewing a list of adverse events associated
with 8 of the 12 vaccines covered by the VICP and to evaluate the scientific evi-
dence about the adverse event—vaccine relationship. Several important studies have
been published by the IOM providing insights on the adverse events associated with
childhood vaccines [10, 187, 188].

National Vaccine Advisory Committee Vaccine Safety Risk Assessment
Working Group

During the recent 2009 HIN1 pandemic, The NVAC Vaccine Safety Risk Assessment
Working Group (VSRAWG) was created by the National Vaccine Program Office
(NVPO) to establish a mechanism for independent assessment of the HIN1 vaccine
safety data from all NIAID-sponsored clinical trials as it became available [189].
Reports were made available to the public and posted on the National Vaccine
Advisory Committee (NVAC) Web site to ensure transparency [190].

Global Advisory Committee on Vaccine Safety

The Global Advisory Committee on Vaccine Safety (GACVS), established by the
WHO is an expert scientific and clinical advisory group charged to provide indepen-
dent, rigorous evaluation of vaccine safety concerns of potential global importance
[191, 192]. The GACVS reviews vaccine safety studies ranging from basic science
to epidemiology in close collaboration with experts from industry, academia, and
governmental agencies, from various disciplines, and makes a determination of
causal relationships between vaccines and adverse events. Additionally, through the
creation of ad hoc specialist teams, the GACVS monitors and investigates any safety
concerns related to vaccines and suggests future research [192].

New Approaches to Post-licensure Vaccine Safety

Enhanced Active Surveillance Programs

There are a number of limitations to the currently used methods for monitoring
post-licensure vaccine safety evaluation. Existing surveillance methods are based
on expert reviews of reported cases and statistical data mining algorithms (DMAs).
The current DMAs use a methodological approach focused on reporting associa-
tions disproportionally, which may not recognize all known associations in VAERS
[193]. Therefore, organizing multidimensional data to facilitate pattern recognition
by clinical experts remains a challenge [194]. Given recent advances in technology
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and research methodology, the FDA leadership has developed newer statistical,
epidemiologic and risk assessment approaches to evaluating vaccine safety
throughout the life cycle [119]. The use of computerized clinical data systems and
sophisticated disease-surveillance represent a significant advance in vaccine safety
surveillance. Examples include the active surveillance program for GBS through
the CDC Emerging Infections Program (EIP) and the use of network analysis (NA)
to visualize multidimensional patterns among vaccines and adverse events (AEs),
providing a structural framework for evaluating AE data in VAERS and other
safety databases [194].

Post-licensure Rapid Immunization Safety Monitoring Program

In 2009, the DHHS established the new post-licensure rapid immunization safety
monitoring (PRISM) program, an innovative active surveillance program to monitor
the safety of the HINTI influenza vaccine [124]. PRISM has access to data from
approximately 42 million individuals enrolled in three large national health insur-
ance plans and eight state and local immunization registries. In 2010, the FDA inte-
grated the PRISM program into the Mini-Sentinel pilot program to evaluate medical
product safety [124]. The PRISM program strengthens the federal vaccine safety
system by developing an operational framework by selection of health outcomes of
interest after vaccination for evaluation which is complementary to other existing
vaccine safety systems [195]. Recently licensed vaccines including HPV vaccine
(Gardasil®), and two rotavirus vaccines (RotaTeq® and Rotarix®) are currently being
evaluated by the PRISM surveillance program [124].

Vaccine Safety Education and Communication

Health care providers play a vital role in identifying and effectively communicating
vaccine-safety issues to parents [11]. Parents need to be educated regarding known,
trustworthy Web sites for finding reliable health information about vaccines and
VPDs [8, 196]. Examples include the AAP, CDC, NIH, WHO, The Tufts University
Child and Family WebGuide, The National Network for Immunization Information
(NNii), and The Immunization Action Coalition Web sites [197]. An excellent book
has previously been published related to vaccine safety [198]. In the current era of
complex media environments, effective public communication and engagement
regarding vaccine safety concerns is crucial. Therefore, the NVPO is using media
analysis and Influencer Network Analysis to better understand how to most effec-
tively communicate about vaccination and vaccine safety issues [199]. Besides edu-
cation, physicians should ensure proper storage and administration of vaccines by
following ACIP recommendations, identify contraindications, report and treat
adverse reactions, and refer and follow up as appropriate.
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Table 2.3 Challenges to modern vaccine development

Development of vaccines against persistent, highly variable, and complex pathogens

Antigenic drift and shift in pathogens and changing pathogen characteristics

Emergence of novel pathogens

New antigens, innovative approaches to antigen presentation, need for novel adjuvants and
vaccine delivery platforms, prime-boost regimens to improve efficacy, application of newer
vaccine technologies

Development of rational trial design

Improve preclinical vaccine safety through translational medicine and systems biology
approaches

Stringent regulatory and manufacturing requirements

Need for multidisciplinary collaboration

Vaccine financing, funding, and market incentive issues

Vaccines targeting populations with special needs (e.g., elderly, pregnant women, neonates,
immunocompromised individuals)

Vaccination of adolescents

Development of nontraditional vaccines (to prevent or treat cancer, Alzheimer’s disease, and
autoimmune disorders)

Development of vaccines to target diseases specific to LMIC (such as tuberculosis, typhoid fever,
malaria, and other neglected tropical diseases)

Global clinical trial capacity and surveillance

Effective public communication regarding vaccines and vaccine-preventable diseases

LMIC low and middle income countries; data taken from [21]

Challenges to Vaccine Development and Safety

There are many unique scientific and policy challenges to new vaccine development
as shown in Table 2.3 [22, 24, 200]. Despite the significant advances in the under-
standing of immune responses to infection, development of vaccines has been dif-
ficult for infectious diseases characterized by persistent or latent infections, complex
host—pathogen interactions, or pathogenesis (such as HIV), given the lack of
immune correlates of protection and limitations of immunological tools to measure
protective immunity (e.g., innate and adaptive) [12, 201]. Differences in immune
responses to vaccines in different populations pose a significant challenge and a
better understanding of the possible genetic mechanisms of immune responses and
adverse events may lead to insights for vaccine development. In the absence of defi-
nite immune correlates of protection, vaccine efficacy is best assessed through con-
duct of large, randomized, clinical trials that must include innovative trial design
and well-defined clinical end-points [12].

Other challenges to vaccine designers pertain to drift and shift in pathogens
subject to selective pressures, special populations (e.g., the elderly, pregnant women,
neonates, immunocompromised hosts), and the emergence of novel pathogens [55].
Therefore, discovery of suitable antigens, new and improved adjuvants and delivery
systems must be encouraged to ensure progress in the field. Application of new tech-
nologies to develop vaccines for diseases with substantial health burden (such as HIV,
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malaria, tuberculosis, respiratory syncytial virus, and meningococcal B disease) and
emerging new infections (such as Dengue) is a priority. Development of nontradi-
tional preventive and therapeutic vaccines against disorders such as cancer,
Alzheimer’s disease, and autoimmune disorders are being pursued. The current era
of global travel poses a serious threat of new, emerging infections warranting the
development of new epidemiologic, manufacturing, and regulatory frameworks [21].

To achieve the scientific objectives, sustained political support, more research
funding, incentives for scientific innovation, and effective collaboration from differ-
ent disciplines, such as systems biology, nanotechnology, genomics, proteomics,
and structural biology, will be crucial. Education and training of new investigators
in translational research is needed to accelerate vaccine development from concept,
antigen discovery, and early vaccine development in the laboratory to product
development in the market place.

Besides the scientific discovery barriers to vaccine development, regulatory,
technical, and manufacturing challenges are formidable and require tremendous
leadership, skill, determination, and patience. Process development must occur
simultaneously with development of advanced analytic methods for characteriza-
tion and determination of the potency of newer vaccines [202]. Other major issues
for the future of vaccine production include safety, vaccine financing, and adequacy
of supply. Additional stresses in the current immunization system include vaccine
safety, and delivery of vaccines to adolescents and adults [31].

There are unique scientific and real-world challenges to global vaccine develop-
ment and making new vaccines available to LMICs, especially in sub-Saharan
Africa and Southeast Asia [24, 30]. Antigenic diversity, naturally occurring muta-
tions and microbial selection under immunological pressure influence the global
epidemiology of microbial pathogens targeted by novel vaccination strategies. The
principal obstacle to new vaccines introduction in LMIC has been their expense.
The GAVI alliance reported a $3.7 billion funding gap recently indicating the dire
need for sustained financial support for global vaccine access [203]. New financing
and market incentive mechanisms are needed to support the delivery of new and
existing vaccines to LMIC. The introduction of new conjugate vaccines could dras-
tically reduce mortality caused by H. influenzae type b, S. pneumoniae and N. men-
ingitidis in sub-Saharan Africa and Asia. Accordingly, innovative global health
partnerships have been recently developed to accelerate new pneumococcal and
meningococcal vaccines at affordable prices to LMICs such as the Meningitis
Vaccine Project and the Advanced Market Commitment [30]. Vaccines targeted to
protect against diseases specific to LMICs such as tuberculosis, malaria, other
neglected tropical diseases, or diarrheal illness due to enteric bacteria, such as
Salmonella typhi, Shigella species, E. coli, and Vibrio cholerae should be developed
[20, 204]. Expansion of global infrastructure and developing surveillance programs
to monitor safety and efficacy of such vaccines will be challenging [21].

Public health systems and services must be strengthened in LMICs by address-
ing missed prevention opportunities, improving coverage, educating health care
workers and parents regarding the overwhelming benefits of vaccines and inte-
grating immunization services within comprehensive primary care services [24].
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Critical gaps in policy and advocacy must also be addressed by the WHO, UNICEEF,
the Bill & Melinda Gates Foundation, the Hilleman Institute, and other partners to
improve access to new and established vaccines in LMICs [24].

Improvement in global public health in LMIC is among the UN Millennium
Development Goals. High-resourced countries must contribute to implement new
vaccines against poverty-related diseases by greater mobilization of public and pri-
vate funds for research projects, including vaccine development. A global multidis-
ciplinary collaborative approach is required between the various stakeholders from
industry, academia, and governmental agencies from both resource-rich countries
and LMICs. Global health should be made a national priority in the developed coun-
tries, while development of new vaccines should be supported according to their
public health values.

Conclusions

Vaccines are considered one of the most effective public health achievements of the
twentieth century. Development of vaccines is a complex, multistep process requir-
ing the collaboration of multiple partners from basic science research through vac-
cine delivery and outcome monitoring. Vaccine safety remains an integral component
of any immunization program. A trusting relationship between patients, parents and
primary care providers is critical to effectively communicate vaccine risk—benefit
issues [205].
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Chapter 3
Known Vaccine-Associated Adverse Events

B.A. Pahud and C.J. Harrison

Adverse Event Following Immunization: Perspective

The benefits of vaccines rank them among the most successful interventions in the
twentieth century having saved hundreds of thousands of lives worldwide, with dra-
matic documented effects in the USA alone [1]. However, vaccine-induced protec-
tive immunity to the specific targeted pathogen can be accompanied by unwanted
adverse event following immunization (AEFIs). According to the US Food and
Drug Administration (FDA), a vaccine adverse reaction is defined as an undesirable
side effect that occurs after a vaccination [2]. AEFIs can be categorized for discus-
sion by frequency, seriousness, time of onset, duration, and/or sequelae. AEFIs can
be caused by vaccines or coincidentally occur after vaccination by chance alone
(Table 3.1). Most vaccine-caused AEFIs are mild and transient such as fever or local
reactions to injectable vaccines. On very rare occasions, vaccines can cause more
severe AEFIs, such as Guillain—Barré Syndrome (GBS) or anaphylaxis.

History shows, however, that vaccine benefits far outweigh the risks in terms of
overall public health and in most instances, the individual vaccine recipient.
Vaccines have been so successful in developed countries, that much of the public
has forgotten the morbidity/mortality from vaccine-preventable diseases when they
were endemic. The result is that segments of the public are more afraid of AEFIs,
caused by vaccines or rumored to be caused by vaccines, than of the diseases they
are designed to prevent. It is thus important to understand AEFIs and the subset that
are causally related, and put them in perspective, thereby helping parents, public
policy makers, and health care providers understand the risk versus benefit of vac-
cination. It is critical to remember that by definition AEFI is an all inclusive term.
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Table 3.1 Categories of adverse effects, classified by severity or causality, as utilized in this
chapter

Adverse event An unwanted or unfavorable event or medical occurrence (sign,
following symptom or disease) following one or multiple immunizations
immunization(s) (single or multiple antigens). Such an event, including serious
(AEFI) events, may be coincidental (temporally related—see below) while

others are truly vaccine related (causally related—see below)
Serious AEFI* An AEFI that results in any of the following outcomes:
Death

Life-threatening
Inpatient hospitalization or prolongation of existing hospitalization
A persistent or significant disability/incapacity
A congenital anomaly/birth defect
Temporally related ~ An inclusive term which includes all AEFIs that occur soon after
vaccination. Temporally related AEFIs may be either causally
related (i.e., anaphylaxis), or simply related to vaccination by
chance (i.e., it would have occurred regardless of vaccination)
Causally related A subset of AEFIs. This subset has been confirmed to be caused by
vaccine (e.g., oral polio vaccine-associated paralytic polio [ VAPP]).
Causally related AEFI may be temporally related (i.e., anaphylaxis),
or not (e.g., Herpes Zoster following varicella vaccine) (see section
“Causality”)

*21CFR312.32 & 314.80

The term AEFI includes all reported adverse effects occurring anytime after vaccines.
By definition AEFI includes those that are (1) causally associated, but not necessarily
temporally related, and (2) temporally related, but not necessarily causally related
(Table 3.1). For example, if a person dies in a tornado during the week after vaccina-
tion, by definition this death is an AEFL. It is obvious that the death-by-tornado is
not caused by the prior vaccine, but it could legitimately be listed in certain datasets,
e.g., in the VAERS, as a vaccine-associated death. VAERS is the spontaneous
reporting surveillance system in the USA designed to detect any signal indicating a
potential vaccine safety concern, but confirmation of causality is not required for an
AEFI to be listed. In addition, anyone can submit a report of an AEFI to VAERS,
e.g., medical provider, lawyer, a parent. The presence of these AEFIs that are not
caused by vaccines in certain official reports or on Web sites can produce confusion
for those who attempt to interpret or quote AEFI data, unless they have a clear
understanding of causality.

Common Adverse Events Following Immunization

While the ideal vaccine would generate complete immune protection in all recipi-
ents with no AEFIs, such a vaccine is impossible. So what are the most common
AEFIs and what is their severity? For discussion purposes, common AEFIs may be
categorized as local or systemic. Some are due to the local physical effects of the
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needle penetrating skin, subcutaneous tissue, muscle, nerves or vascular structures.
Examples of this would be a local hematoma or tissue injury due to the needle pass-
ing through a vein, or a superficial laceration-like injury if the child moves suddenly
as the needle is being inserted.

However, other AEFIs can result from the vaccinee’s immune system reacting to
either the vaccine or a component. These host reactions can be allergic or hypersen-
sitivity reactions or an aspect of the desired but evolving protective immunity [3].

By definition, effective vaccines must be immunogenic. To be immunogenic, the
host—vaccine interaction generates some local or systemic inflammation as part of
the initial innate and subsequent adaptive immune responses. This means that vac-
cines are bound to generate local (at site of vaccine injections or mucosal applica-
tion) and/or systemic signs or symptoms in some vaccinees. Despite the expectation
of some local or systemic reaction from practically any vaccine, nearly all AEFIs
are transient and lack long-term injury or sequelae.

Nevertheless, before administering any vaccine, providers should inform the
patient or caregiver about potential AEFIs and why they occur. The required
Vaccine Information Statement (VIS) for each vaccine can be a starting point. Pre-
vaccine counseling helps eliminate the element of surprise. If a patient or caregiver
is aware of the likelihood of a reaction and why that reaction may occur (i.e., the
vaccine is doing its job by getting the immune system to recognize the pathogen
and produce protective responses), a parent may feel more reassured and less con-
cerned that something unexpected or terribly wrong is happening post-vaccine.
What follows is a brief description for the most common AEFIs and aspects of their
pathogenesis.

Fever

Fever is a normal part of the immune response to invading organisms and some-
times foreign materials. It is partly due to direct pathogen effects, e.g., bacterial
toxins; and is partly due to cytokine/chemokine release from host cells, e.g., inter-
ferons. Because vaccines must contain modified pathogens or their components in
order to induce a protective response, fever is to be expected as an AEFI from many
vaccines. In fact, other than local injection-site reaction, fever is the most common
vaccine-caused AEFI. The proportion of recipients developing fever varies by vac-
cine and sometimes by age. Most vaccine-induced fevers begin within 24 h of dos-
ing and are of short duration, i.e., <36 h. Exceptions are the live attenuated measles,
mumps, rubella (MMR) and varicella (V) vaccines, which can cause fevers in a
timeframe similar to the incubation period of the targeted diseases, i.e., 5—14 days
post vaccine. Vaccine-caused fevers are troublesome to families but are rarely if
ever, dangerous. Fever should produce no long term sequelae, but can be associated
with seizures (see “Febrile Seizure” under sections “Common Adverse Events
Following Immunization” and “MMR-Containing Vaccines”). Fever alone is not a
contraindication to continuing the recommended vaccine schedule. Hyperpyrexia
(T =105 °F) is a precaution after pertussis-containing vaccines.
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Traditionally, routine use of antipyretics, even preemptively, was advocated for
vaccinees; however, this has been tempered by reports of somewhat lower antibody
titers (still in protective range however) in children who have received antipyretics
[4]. At present, routine, preemptive antipyretics are not advised, but can be consid-
ered for moderate to severe fever or discomfort post-vaccine after a discussion of
the pros and cons with the family.

Rash

Rashes after vaccines are often nonspecific and truncal in distribution, reminiscent
of “nonspecific viral rashes” with which clinicians are familiar. They generally occur
within 72 h of immunization but require no special therapy. Urticaria can occur and
suggests an allergic or hypersensitivity reaction (see section “Hypersensitivity”).
Antihistamines are commonly prescribed to alleviate symptoms such as pruritus.
Immersing in hot bathwater or even modest exercise can cause urticaria (and some-
times other rashes) to become transiently more prominent. Urticaria also can accompany
anaphylaxis (see section “Anaphylaxis’).

MMR vaccine produces a different rash and at a different post-vaccine time-
frame. The most recognized pattern is the maculopapular truncal rash that usually
starts 7—10 days after vaccine, lasting only a few days and requiring no specific
treatment. Less frequently, ecchymoses and/or petechiae can accompany thrombo-
cytopenia, for which there is a slightly increased risk after MMR vaccine (see sec-
tion “Idiopathic Thrombocytopenic Purpura”). Varicella vaccine can also cause
specific rashes. One form is a maculopapular to mildly vesicular rash within a lim-
ited area (usually <12 lesions) near the injection site. The second is the appearance
of similar lesions but distant from the injection site. On rare occasions, full-blown
varicella can result, usually in inadvertently vaccinated immunocompromised hosts,
e.g., T-cell or NK-cell deficient [5, 6]. There are also several reports of actinic rash
up to 32 days post vaccine, limited to the area of the sunburn [7, 8].

Crying

Some crying is expected with any child receiving an injection but also may tran-
siently accompany post-immunization fever or myalgia. Analgesics such as acet-
aminophen or ibuprofen can help alleviate some of these symptoms, but as noted
above, reports suggest that preemptive or even post-dose antipyretics may some-
what reduce the antibody response in infants [4].

There is another form of crying that is classified as “inconsolable.” Infants with
this AEFI are irritable and cry incessantly for periods of time ranging from less than
1 h up to 18 h. The specific cause of this condition is not known. These episodes
classically occurred after whole-cell pertussis vaccine (DTwP) and thus have
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decreased dramatically since introduction of the acellular pertussis (aP) vaccines.
There are no specific effective preventive measures or therapy for these episodes.
There appear to be no sequelae from these episodes and they are not a contraindica-
tion to future vaccination with the same vaccine.

Febrile Seizure

A febrile seizure is defined as a brief seizure associated with fever, lasting less than
15 min, seen in a previously neurologically normal infant or young child without
central nervous system infection [9, 10]. Febrile seizures result from a combination
of environmental triggers and genetic factors. While some are triggered by immuni-
zation, more often they accompany a nondescript febrile viral illness. Between 2
and 5 % of children will have a febrile seizure before 5 years of age [11].

A prominent genetic predisposition exists for febrile seizures. Epidemiologic
studies demonstrate that up to 25 % of children with febrile seizures have a family
history of febrile seizures, with heritability estimated at 75 % [12]. Febrile seizures
are overwhelmingly benign in that there are no expected sequelae after the initial
post-ictal period. Nonetheless, they are frightening to the family and are thus less
well tolerated as AEFIs. Despite this, benign febrile seizures can be acceptable for
both the family and public health when compared to the potential disease and its
sequelae. Uncomplicated febrile seizures following vaccination are not a contrain-
dication to future immunizations.

In some instances, however, there are satisfactory alternatives that decrease risk
of febrile seizures while still conferring protection. For example, when the combi-
nation MMR plus varicella vaccine (MMRV) was initially licensed, the ACIP rec-
ommended it preferentially over separate injections of MMR and V vaccines. This
harmonized with their 2006 general preference for combination vaccines [13].
However, an increased risk of febrile seizures (one additional febrile seizure per
2,300-2,600 children) was noted postlicensure among children 12-23 months of
age during the 5-12 days after their first dose of MMRV [14]. For this reason, in
2009 the ACIP listed personal or family history of seizures as a precaution for
MMRV. They recommended separate administration of MMR and V over combined
MMRYV for the first dose in the at-risk age group unless parents preferred the single
injection MMRYV [15]. Because no increased seizure risk occurs with the second
dose of MMRV at 4-6 years of age, the ACIP still preferentially recommends
MMRYV over separate MMR and V injections at this age.

Syncope

Syncope is a loss of consciousness from decreased blood flow to the brain. Its
pathogenesis varies with the precipitating event. Syncope following vaccination is
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usually due to a vasovagal reflex [16]. Although the pathophysiology is not fully
understood, it is believed to result from autonomically altered blood flow. Pain from
the injection stimulates the sympathetic nervous system, increasing the pulse and
arterial pressure [17]. A secondary signal from aortic arch baroreceptors via the
vagus stimulates a parasympathetic response. This causes a rebound decrease in
pulse and blood pressure reducing blood flow to the brain. Syncope results [18].
Thus, syncope is a reflex reaction to the injection procedure rather than to the spe-
cific vaccine components.

Syncope following immunizations is frightening to patients and family mem-
bers. It is more common in older children/adolescents and thus more frequently
reported with adolescent vaccines, i.e., Tdap, meningococcal vaccines. Although
syncope is usually benign, serious injury has been reported from head injuries, e.g.,
skull fractures or cerebral hemorrhages. The majority (63 %) of syncopal episodes
occur within 5 min of vaccination and 89 % of them occur within 15 min [13]. Thus,
“prevention by anticipation” is paramount. Patients should be observed for 15 min
post-immunization. In addition, falls can be prevented by ensuring that patients are
sitting or lying down during both vaccination and the observation period. The 2011
Institute of Medicine (IOM) report on AEFI found convincing evidence of a causal
relationship between the physical act of injecting a vaccine and syncope [10].
Adding this AEFI to the vaccine injury table has been proposed, with a risk window
of 1 h from vaccination.

Uncommon or Serious Adverse Events Following
Immunization

Individual practitioners have limited experience with uncommon and or serious
AEFIs. Serious AEFIs are defined as such based on criteria found in the Code of
Federal Regulations (21CFR§314.80). This definition states that an serious
adverse event (SAE) is one for which the report contains information that the
AEFI resulted in death, life-threatening illness, hospitalization, prolongation of
hospitalization, persistent or significant disability, or a congenital anomaly/birth
defect (Table 3.1) [19].

It is most important to assess as correctly as possible whether a serious AEFI is
causally related to the vaccine (see section “Causality”’). However, most serious
AEFIs are rare so that investigation does not always distinguish whether the event
was caused by the vaccine or would have occurred even in the absence of the vac-
cination. Because serious AEFIs may produce permanent disability or be life
threatening, they generate a great deal of concern and interest among medical prac-
titioners, the lay public and the media. This interest causes Internet activity with
postings that range from reliable to totally unscientific in regard to interpreting the
event and its true cause. It is also important to remember that serious AEFIs, even
in reliable databases such as VAERS, can include any event after immunization.



3 Known Vaccine-Associated Adverse Events 57

These datasets do not differentiate events that are causally related from events that
are only temporally related to immunization. These AEFIs are sometimes referred
to as “vaccine-associated,” but note that “vaccine-associated” also does not mean
vaccine-caused. The take home message is that vaccine-associated or temporally
related is not synonymous with causally related (Table 3.1) (see section‘“Causality”).

So the fact that a rare AEFI, whether serious or not, temporally follows vaccina-
tion does not prove vaccination was the cause. For this reason we discuss rare AEFIs
in more detail than might seem warranted based on their frequency to hopefully
help clinicians have a better idea of the causes and presentations.

Pyogenic and Sterile Abscesses

An abscess is a fluctuant or draining fluid-filled lesion occurring at the site of injec-
tion, which may present with or without fever. Pyogenic abscess formation (infected)
after injectable immunization is often due to Staphylococcus aureus, and is usually
a complication of the residual puncture, allowing skin pathogens entry through the
normally protective skin barrier. It may also be caused by contaminated material in
the vaccine or the injecting equipment, e.g., the needle [20, 21]. Single unit-dosing
and adhering to sterile technique when withdrawing vaccine from multidose vials
can reduce contamination. Swabbing the vaccine vial and diluent stopper (when
present) with an effective antiseptic also decreases the risk of pyogenic abscesses.

Sterile abscesses (not infected) are less frequent than pyogenic abscesses. They
likely result from a nonspecific inflammatory response to the vaccine antigen/s or
another vaccine component. Sterile abscesses are more frequently reported follow-
ing inactivated vaccines containing diphtheria—tetanus toxoid—pertussis and alumi-
num (alum) adjuvants [22, 23]. They are believed to be a hypersensitivity reaction
to the alum, so choosing formulations with less or no alum may be beneficial.
Whether other adjuvants such as MF-59 or ASO4 will have similar issues remains
to be seen.

Extremity Swelling

Mild local swelling is not uncommonly seen with conjugate polysaccharide vac-
cines, e.g., PCV7 or PCV13, and after diphtheria/tetanus/pertussis containing vac-
cines. It is less common, but still reported, during the primary series with diphtheria,
tetanus, and acellular pertussis vaccine (DTaP) compared to DTwP.

Since introduction of aP vaccines, however, the surprise has been an increase in
local reactions after the fourth and fifth doses, some (2-6 %) involving the entire
upper arm or thigh [24]. These reactions are thought to be due to high vaccine-
antigen-specific antibody titers at the time of the fourth or fifth dose induced by
multiple prior vaccine doses. Interestingly, such extensive swelling is also more
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common during the primary series of aP than DTwP. A small study evaluating safety
of revaccinating following extensive limb reactions suggests that while reactions are
more common if a child previously had such a reaction, they are usually well toler-
ated and resolve within 4-5 days without sequelae [25]. These reactions even when
involving a relatively large area of the extremity are thus not contraindications to
subsequent vaccination with the same product.

Arthus-type exaggerated reactions (see section “Delayed Type Reactions”) have
also been reported in adults, usually hours after administration of booster doses of
diphtheria—tetanus containing vaccine or pneumococcal polysaccharide vaccine.
These “whole arm swellings” from shoulder to elbow, are generally quite painful.
History of Arthus-type hypersensitivity reactions after a previous dose of tetanus
toxoid-containing vaccine is a precaution to further vaccination. Deferral of vacci-
nation until at least 10 years have elapsed since the last tetanus toxoid-containing
vaccine is recommended.

Deltoid Bursitis

Deltoid bursitis is an inflammatory process of the deltoid bursa causing shoulder
pain, stiffness and/or restricted range of motion. It may be idiopathic or secondary
to injury (e.g., local needle injection of a medication or vaccine) [10]. As with syn-
cope, it is an injection procedure-related AEFI, not an immune reaction to the vac-
cine antigen/s such as seen with whole arm reactions from direct physical injury
discussed above. It is most frequently reported in adults following influenza or a
tetanus-containing vaccine, likely because these have been the vaccines given most
often in the deltoid area. They have been reported when vaccine administration
occurs “too high” in the deltoid area. The plausible mechanism of injury is the
unintentional needle penetration and deposition of foreign material in the synovial
tissues associated with the subdeltoid bursa. This causes a local foreign body reac-
tion, and subacromial bursitis (contiguous to the subdeltoid bursa), bicipital ten-
donitis, and inflammation of the shoulder capsule [26, 27]. Patients with deltoid
bursitis as an AEFI generally have not had a history of prior shoulder dysfunction,
and commonly report rapid onset of pain and limited range of motion.

Unfortunately, symptoms in most of these patients persist in the form of pain,
limited range of motion, and pain on active or passive motion for months to years
following the injury. Use of correct injection technique and site when administer-
ing intramuscular vaccinations should reduce the risk of shoulder injury. The US
Department of Health and Human Services HRSA (Health Resources and
Services Administration) has defined this AEFI as “Shoulder Injury Related to
Vaccine Administration” or SIRVA. The 2010 IOM review ruled that convincing
evidence supports a causal relationship between vaccination and SIRVA, and
thus, adding this AEFI to the vaccine injury table has been proposed, with a risk
window of 48 h [10].
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Of course, to meet criteria for SIRVA, pain and reduced range of motion should
be limited to the shoulder in which the vaccine was administered, and other poten-
tial causes for the pain should be ruled out. Thus, no other condition or abnormality
can be present that would explain the patient’s symptoms (e.g., radiculopathy, bra-
chial neuritis, mononeuropathies, or any other neuropathy).

Complex Regional Pain Syndrome

Complex regional pain syndrome (CRPS) may seem similar to SIRVA but differs in
that not only is there pain, swelling, and decreased range of motion, but there is also
autonomic dysfunction affecting one or more extremities. CRPS also differs by
pathogenesis, i.e., being the result of nerve trauma, not synovial trauma, following
an injection. However, it is another injection procedure-related AEFI, and is not
related to the particular vaccine or antigen in the vaccine. Other accompanying fea-
tures of CRPS include skin discoloration, local edema, fluctuation in skin tempera-
ture in the affected extremity(s), allodynia (pain from stimuli that would not
ordinarily be painful), and abnormal local sweating [28]. Although not well under-
stood, proposed causes for the unusual clinical findings in CRPS include the follow-
ing: (a) altered skin innervation of sweat glands and hair follicles; (b) increase in the
expression of adrenergic receptors on pain fibers, thus dysregulating sympathetic
signals that then cause skin discoloration, temperature changes, increased sensitiv-
ity to pain; (c) increased proinflammatory cytokines that produce local third spacing
(localized edema); and (d) potential psychological factors which could impact all
other factors [28].

Neurologic Adverse Events

Most of the reported neurologic AEFIs are so rare that even if a true association
exists, it is difficult to distinguish from background rates of the disease. Neurology
and/or ophthalmology consultation is usual when considering these diagnoses.

Acute Disseminated Encephalomyelitis

Acute disseminated encephalomyelitis (ADEM) is an acute inflammatory demye-
linating disease of the central nervous system with variable symptoms postulated to
result from allergic or autoimmune response following an infectious disease or vac-
cination. ADEM has been reported following several vaccines, including influenza,
meningococcal, human papillomavirus (HPV), rabies, and DT, TT, or aP containing
vaccines. The latest IOM review confirmed that there is inadequate evidence to con-
clude that hepatitis A, hepatitis B, HPV, influenza, meningococcal, varicella, MMR,
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or DT, TT, or aP containing vaccines cause ADEM [10]. Neurology consultation is
important to decisions on therapy, including glucocorticoids.

Transverse Myelitis

Transverse myelitis (TM) is a rare spinal cord disease affecting both children and
adults. It presents with sudden onset of back pain followed by progressive weakness
in the lower extremities. It is postulated to be an autoimmune process with various
triggers, such as an infection or vaccination. As in the case of ADEM, sporadic TM
cases have been reported following many childhood vaccines, as well as rabies,
typhoid, oral polio, and most recently 2009 pandemic HINT1 vaccine. Despite these
anecdotes, the 2010 IOM review concluded there is inadequate evidence to con-
clude that TM is caused by any of the following vaccines: hepatitis A, hepatitis B,
HPYV, influenza, meningococcal, varicella, MMR, or DT, TT, or aP containing vac-
cines [10]. Further studies are ongoing to better define any associations.

Optic Neuritis

Optic neuritis (ON) is a demyelination of the optic nerve(s) with unknown patho-
genesis. There is rapid vision deterioration over hours or days. One or both eyes
may be affected. Some patients regain their vision, but others are left with perma-
nent vision loss. Some datasets list ON following various vaccinations, but the latest
IOM review concluded there is inadequate evidence that ON is caused by any of the
following vaccines: hepatitis B, influenza, MMR, or DT, TT, or aP containing vac-
cines [10].

Bell’s Palsy (Seventh Nerve Neuropathy)

This is an acute and usually idiopathic paralysis of the face due to injury/inflamma-
tion/compression of the seventh cranial nerve, producing distortion on one side of
the face. Anecdotal cases have been reported following trivalent inactivated influ-
enza (TIV) and hepatitis B virus (HBV) vaccines. Results of a recent study evaluat-
ing varied time-risk windows and different vaccines suggest no association between
immunization and Bell’s palsy in children [29]. In addition, the latest IOM review
concluded there is inadequate evidence that Hepatitis A, DT, TT, or aP containing
vaccines cause Bell’s palsy [10].

Guillain-Barré Syndrome

GBS is a rare neurological disease characterized by loss of reflexes and usually
temporary, ascending, symmetric paralysis [10]. A recent overall review of all
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published peer-reviewed data from 1950 to 2008 did not find evidence to support a
causal association between GBS and vaccines, with the exception of the 1976 influ-
enza vaccine [30].

However, the reported increase in GBS case reports following immunization
with the 1976 swine influenza vaccine [31] raised concern about the HIN1 vaccine
for the 2009 pandemic. An increased risk of GBS has been suggested in some but
not all 2009 H1NT1 studies of influenza vaccines [32-36].

Thus, only the 1976 pandemic swine influenza vaccine and older rabies vaccine
formulations (cultured in brain tissue) have been found to increase the risk of GBS.
The newer formulations of rabies and influenza vaccine do not appear to be associ-
ated with GBS, i.e., the rate is no greater after vaccine than is expected per the
background rate in those not receiving vaccine. The latest IOM review also con-
cluded there is inadequate evidence to conclude that current hepatitis A, hepatitis B,
HPYV, influenza, meningococcal, varicella, MMR, or DT, TT, or aP containing vac-
cines cause GBS [10].

Hypersensitivity

Allergic reactions to vaccines range from mild local swelling to severe life-
threatening shock. An allergic or hypersensitivity reaction is an immune-mediated
reaction to a substance (allergen) to which most people in the population do not
react [10]. Allergic reactions can be classified as immediate or delayed in relation to
the exposure, or symptomatically as local or systemic. The World Health
Organization (WHO) recommends categorizing by timing in order to increase rec-
ognition of immediate Type 1 reactions because reexposure to the allergen can
cause potentially life-threatening anaphylaxis.

Although the true incidence of allergic reactions to vaccines is not known, esti-
mates range from 1 per 500,000 to 1 per million doses for most vaccines [3].
Potential allergens in vaccines include components of the infectious agent itself
(antigens, toxoids, attenuated pathogens), but more likely the additives or excipients
(antibiotics, preservatives or stabilizers) or residuals from the manufacturing pro-
cess (vaccine components/excipients are listed at http://www.vaccinesafety.edu/
components.htm). These include culture media ingredients (serum, egg, monkey
kidney cells, etc.) or traces of biochemicals (casein, peptone). Some vaccines have
latex stoppers in the storage vial or dispensing instrument that may potentially cause
allergic reactions. Vaccines that have more allergens, such as egg proteins or gela-
tin, are more likely to have higher rates of hypersensitivity reactions. Even though
allergic reactions following vaccinations are rare, clinicians should be familiar with
them, given their potential severity. An algorithm to treat patients with suspected
hypersensitivity reactions has been developed by the Clinical Immunization Safety
Assessment (CISA) Network and is available online [37].
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Immediate Reactions

Immediate reactions usually occur within 15-30 min. They tend to be Type I reactions
mediated by immunoglobulin E (IgE), i.e., IgE-mediated hypersensitivity reactions.
Common skin findings include urticaria, flushing, or angioedema. Among gastroin-
testinal (GI) signs/symptoms are nausea, vomiting, abdominal pain, and/or diarrhea.
Respiratory signs include rhinoconjunctivitis, cough, stridor, bronchospasm
(wheezing), or shortness of breath. Cardiovascular signs include tachycardia, weak
pulse, vertigo, syncope, hypotension or, in extreme cases, shock. When severe, such
reactions may be classified as anaphylaxis.

Anaphylaxis

Anaphylaxis is a rare (0.65 cases/million vaccine doses) [38], but frightening, rap-
idly developing and potentially fatal systemic allergic reaction [39]. It is the most
severe Type I IgE-mediated hypersensitivity reaction and among the most serious
causally associated AEFIs, but there is no one specific confirmatory diagnostic test.

Because early recognition and initiation of treatment is needed for optimal out-
come, clinicians need awareness of its rapid onset and characteristic multi-system
involvement. Allergen-specific IgE antibodies induced by a previous allergen expo-
sure bind to high affinity receptors (CD23) on mast cells and basophils during aller-
gen reexposure. This rapidly activates cell-signaling and release of inflammatory
mediators, e.g., histamine, tryptase, leukotriene B4, prostaglandin D2. Thus,
patients present within minutes or at most hours post vaccination (sporadic reports
indicate rare delays up to 12-72 h) with various signs and symptoms, primarily
involving four systems (skin, cardiovascular, GI and respiratory) [40]. However,
not all four are involved in every case, even in some severe presentations (incom-
plete presentations). Skin findings (generalized urticaria, erythema, localized or
generalized angioedema, and /or pruritus) are not dangerous unless swelling occurs
in/near the airway. Cardiovascular manifestations include hypotension and/or shock
(indicated by tachycardia, decreased capillary refill, reduced central pulse volume
and decreased level of consciousness). Shock defines the most severe anaphylaxis.
GI findings are nonspecific, i.e., nausea, emesis, cramping, or diarrhea. Respiratory
manifestations include bronchospasm (wheezing), stridor, upper airway swelling
(lip, tongue, throat, uvula, larynx), and respiratory distress (i.e., tachypnea, cyano-
sis, grunting).

According to the two latest IOM reviews, evidence convincingly supports a
causal relation of anaphylaxis to MMR, hepatitis B vaccine (in yeast-sensitive indi-
viduals), diphtheria or tetanus toxoids, as well as varicella, influenza, and meningo-
coccal vaccines. The evidence also favors causality between HPV and anaphylaxis
[10, 41]. Vaccination-caused anaphylaxis is a contraindication to further doses of
that vaccine. Estimates of the incidence of anaphylaxis following common vaccines
can be found in Table 3.2.
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Table 3.2 Estimates for the incidence of anaphylaxis [3, 42-44]

Vaccine Anaphylactic reactions per 100,000 doses
Measles 0.68

Rubella 0.73

Mumps 0.44

Varicella 1.33

Hepatitis B Vaccine <1

HPV 2.60

Meningococcal polysaccharide vaccine 0.1

Delayed Type Reactions

Delayed type hypersensitivity (DTH) reactions classically present at 3-8 h post
exposure, but intervals of 12-72 h or even weeks after initial exposure to the vac-
cine have occurred. DTH can manifest as local reactions (arthralgias), various
rashes (urticaria, erythema multiforme), or fever [37]. Unlike immediate type reac-
tions, DTH less commonly involves multiple systems and is not always immune
mediated [3]. However, confusion can arise because DTH reactions may also pres-
ent with urticaria and/or angioedema, but are not IgE-mediated events. Most
delayed type reactions are actually Type III. They often result from IgG- or IgM-
related immune complexes and involve consumption of complement (C3a, C4a,
C5a). The most recognized forms of Type III reaction are serum sickness and
Arthus reactions.

Allergic Reactions to Egg-Related Antigens or Products

Egg allergy issues have been most problematic in relation to influenza vaccine
because influenza vaccine virus is grown in chicken eggs. However, recent data
caused a shift in official recommendations regarding egg allergy and influenza vac-
cines in 2011 [45], so that now egg allergic patients are candidates for influenza
vaccine when given by certain providers. These include an allergist or clinician
experienced in dealing with severe allergic reactions [46]. Some egg protein is also
found in yellow fever, MMR, and some rabies vaccines, although the amounts are
thought to be clinically significant only in yellow fever vaccine.

Special Concerns by Vaccine Type

In the following section we will review concerns associated with specific vaccine
types.
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Diphtheria, Tetanus, or Pertussis Containing Vaccines

It should not be a surprise that public concerns regarding vaccine AEFIs arose in the
1970s. By then DTwP vaccines had substantially reduced the burden of these dis-
eases, shifting public focus to vaccine AEFIs because fear of the diseases had
diminished. The DTwP vaccines were in the forefront because they were moder-
ately reactogenic. This created increasing negative publicity that peaked in the
1990s. Because of this, immunization rates were beginning to dwindle, so less reac-
togenic acellular pertussis vaccines were developed and replaced the DTwP in the
USA in the late 1990s. Even though DTwP vaccines are no longer used in the USA,
their use continues in other countries.

Despite being less reactogenic, acellular DTaP vaccines have also been purported
to cause a number of sequelae. Current aP vaccines, however, do not cause asthma,
autism, brain injury, sudden infant death syndrome (SIDS), or type 1 diabetes as
recently confirmed by the 2011 IOM review [10]. What follows is a brief review of
reactions causally related to DTaP vaccines.

Approximately 50 % of DTaP vaccinees will have mild reactions, e.g., local
injection site pain, fever, irritability, reduced appetite, fatigue, or emesis. Temporary
(1-3 days) swelling of the whole or nearly entire arm or leg, into which the DTaP
was injected, occurs rarely. Discussion of extremity swelling reaction can be found
earlier (see section “Extremity Swelling”). Approximately 1 % of DTaP recipients
can have one of the following: prolonged crying (inconsolable episodes), fever
>105 °F (hyperpyrexia), febrile seizures (see “Febrile Seizure” under section
“Common Adverse Events Following Immunization”), or HHE (see section
“HHE”). These reactions after DTaP produce no long-lasting sequelae. However,
they are precautions to further vaccination.

HHE

HHE is a rare AEFI most often seen prior to 1996 in the DTwP era. It has also been
reported, albeit less commonly, in postlicensure trials of PCV 13 and of DTaP con-
taining vaccines. HHE has been defined as an acute decrease in sensory awareness
or apparent loss of consciousness together with pallor and/or cyanosis and muscle
hypotonicity in patients <10 years old. It sometimes has been described as a “shock-
like” state with or without collapse.

HHE usually has its onset within 12—24 h after immunization. Median time inter-
val between immunization and HHE presentation was significantly different in chil-
dren less than 2 years old (5 min) compared to those older than 2 years (215 min)
[47]. Most patients are initially febrile and irritable, but then develop shallow
breathing, pallor, limpness and become less responsive. The episodes last from sev-
eral minutes to 36 h. A good review is available for those seeking more details [47].
The reported risk of HHEs after whole-cell pertussis vaccine has been estimated at
1/1,000-6,000 doses [48]. VAERS data in the USA show a decrease in HHE reports
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after introduction of acellular pertussis vaccines [49]. Other large reports from
Europe and Canada had similar findings [50, 51]. There are no apparent long-term
sequelae following HHE, and most children return to their prevaccination state
within a few hours. The pathophysiology of HHE is possibly in the severe end of the
spectrum of syncope (see section “Syncope”) although the exact cause is still
unknown. As mentioned, HHE can occurred following non-pertussis-containing
vaccines, in which cases the age of presentation tends to be higher with the median
age being 9.3 months versus 3.9 months of age with DTwP or 4 months of age with
acellular pertussis vaccine [49]. HHE within 48 h of a DTaP containing vaccine is a
precaution to further vaccination. However, data show that patients that have been
reimmunized have not reported further AEFIs [52, 53].

Acute Encephalopathy

Concerns that DTaP containing vaccines may cause encephalitis or encephalopathy
continue among the public and anti-vaccine groups based on a 30-year-old report
from 1981 by The National Childhood Encephalopathy Study group in Great
Britain. This report showed an apparently increased risk of encephalopathy with
permanent residua in DTwP immunized children. These cases were temporally
associated by virtue of symptom onset within 7 days of receiving DTwP [54].
Follow-up investigations in that cohort and others, however, found no evidence of
areal increased incidence of encephalitis following DTwP [55, 56]. In addition, the
most recent IOM report concludes that the evidence is inadequate to accept or
reject a causal relationship between diphtheria toxoid-, tetanus toxoid-, or acellular
pertussis-containing vaccine and encephalitis or encephalopathy [10].

Recently, a severe seizure disorder (Dravet Syndrome) due to mutations of the
sodium channel gene, SCN1A, has been shown to be responsible for some encepha-
lopathy cases previously thought to be caused by pertussis-containing vaccines [57,
58]. In these cases, it is possible that pertussis vaccine may have simply been a
nonspecific trigger that uncovered an underlying congenital abnormality that had
not yet been diagnosed. In these children, any inflammatory condition is capable of
being such a trigger, including common viral infections. Despite these findings,
encephalopathy not attributable to another identifiable cause within 7 days of
administration of previous dose of DTwP or DTaP remains a contraindication to
pertussis-containing vaccination.

GBS

Although there is no evidence to support an increased risk of GBS following immu-
nizations with tetanus toxoid-containing vaccines [59, 60], GBS within 6 weeks
after a previous dose of tetanus toxoid-containing vaccine is a precaution to further
vaccination.
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Table 3.3 Selected vaccine-caused adverse effects attributable to MMR vaccine

Other notable

MMR Rate Timing Duration facts
Fever 5-15 % 7-12 days  Lasts 1-2 days 103 °F or higher;
post related to the
vaccine measles
component
Rash 5 % 7-10 days  Transient Usually truncal
post and
vaccine maculopapular
Transient arthralgias 25 % Age Up to 3 weeks, rarely ~ Related to the
women, depen- can last for months rubella
less dent, to years component
often in see text
girls, and
even less
often in
males
than in
girls
Thrombocytopenia <1/30,000-  Within 2 Transient, often The risk during
40,000 months, diagnosed as ITP natural
doses highest (see section infection is
rates “Idiopathic much greater
noted Thrombocytopenic than the risk
2-3 Purpura”) after
weeks vaccination
post-
vaccine

MMR-Containing Vaccines

Only ~20 % of pediatric MMR recipients have AEFIs to the vaccine. Adult women
have a higher rate of joint AEFIs which are due to the rubella component. Most
AEFTs associated with MMR are due to the effects of the replication of one or more
of the three live, but attenuated viruses, coupled with the host immune response that
occurs usually at 5-12 days post vaccination (the usual incubation period for mea-
sles and mumps) [2]. Common vaccine-caused AEFIs after MMR are listed in
Table 3.3.

Idiopathic Thrombocytopenic Purpura

Infrequently, idiopathic thrombocytopenic purpura (ITP) may occur within 6 weeks
after MMR immunization, with a reported incidence ranging from 0.087 to 4
(median 2.6) cases per 100,000 vaccine doses [61]. The thrombocytopenia is self-
limited, severe bleeding manifestations are uncommon, and revaccination of patients
with prior ITP (associated with MMR or not) has not been associated with
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recurrence of thrombocytopenia [62-67]. Still, history of thrombocytopenia or ITP
is a precaution to further vaccination. A recent study showed no increased risk of
ITP after any vaccines in young children other than MMR and concluded ITP is
unlikely after childhood vaccines other than MMR [68].

Arthralgia/Arthritis

MMR is associated with transient joint symptoms with a higher incidence in adult
women (12-26 %) than in children (0-3 %). The duration and intensity of symp-
toms increase with increasing age, being the shortest and least notable in infants/
toddlers but most notable and longest in adult women. Joint complaints usually
persist 1-4 weeks, although symptom duration of several months or even years has
been reported. In the latest IOM review, the evidence favored a causal relationship
between MMR vaccine (rubella component) and transient, but not chronic, arthral-
gia in women and children. So a short duration arthralgia seems caused by the
rubella component of MMR, but any prolonged arthralgia may not be. No changes
to the vaccine injury table have been proposed. Nonetheless, when joint AEFIs
occur, they usually are reasonably well tolerated and respond at least somewhat to
NSAIDs. The affected girls or women can almost always go about their usual activi-
ties even while symptomatic.

Meningitis

Meningitis secondary to MMR vaccination is thought to be related to the mumps
component. The Merck MMR vaccine currently used in the USA contains the Jeryl-
Lynn strain that has not been associated with aseptic meningitis. The highest risk of
association with aseptic meningitis has been observed after doses containing the
Urabe-mumps strain of a vaccine used mostly in Europe. With this MMR vaccine,
aseptic meningitis occurs within the third week after immunization [risk ratio (RR)
14.28; 95 % confidence interval (CI) 7.93-25.71] [69]. The risk of aseptic meningi-
tis is also increased after use of the MMR vaccine that contains the Leningrad-
Zagreb (LZ) strain. This LZ containing vaccine has been used in South America,
e.g., Brazil [70]. With this LZ vaccine, aseptic meningitis is also most frequent in
the third week, [RR 22.5 (95 % CI 11.8-42.9)] but has added risk in the fifth week,
[RR 15.6 (95 % CI 10.3-24.2)], post vaccine [69].

Febrile Seizure

The 2011 IOM committee concluded that the evidence convincingly supports the
fact that MMR vaccine can cause febrile seizures. This association has been
known and reported for years. The risk of febrile seizure has been reported to be
increased versus controls among MMR vaccinees with an RR of 1.10 (95 % CI
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1.05-1.15), being highest within 2 weeks of immunization (RR 2.75; 95 % CI
2.55-2.97) [71]. Febrile seizures after MMR vaccine, however, have no reported
long-term sequelae nor have they been associated with subsequent neurodevelop-
mental disability or epilepsy risk. The rate of febrile seizures caused by MMR
vaccine is higher in younger than in older children, with overall number of febrile
seizures attributable to MMR estimated to be 6-9 per 100,000 children [72].
MMRYV vaccine increases this rate by one additional febrile seizure per 2,300—
2,600 children receiving a first dose of MMRV vaccine, when compared MMR
plus V injected at different body sites simultaneously. The increased seizure activ-
ity occurs 5-12 days after the first MMRYV dose but has not been seen after the
second dose (4-6 year olds) (see “Febrile Seizure” under section “Common
Adverse Events Following Immunization”).

Encephalitis

Since the formation of The National Vaccine Injury Compensation Program
(NVICP) in 1988, measles virus-containing vaccines are listed as presumed causes
of encephalitis, eligible for compensation if no other cause is identified [73]. In
order to be compensation eligible, encephalitis must occur in the biologically plau-
sible risk window of 5-15 days following measles virus-containing vaccines.
These criteria are meant to be as inclusive as possible and their use necessarily
means that some qualifying cases will not be causally related but only temporally
related to immunization, i.e., due to chance alone. Thus, before discussing enceph-
alitis as an adverse event following measles containing vaccines, one must under-
stand the varying forms of measles encephalitis after natural wild-type measles
infection.

Acute post-infectious measles encephalitis (APME) occurs at a rate of 1 case
per 1,000-2,000 following natural measles infections. Acute but delayed encepha-
litis (a.k.a. subacute measles encephalitis or immunosuppressive measles encepha-
litis) occurs after wild-type measles infection, and is designated as measles
inclusion body encephalitis (MIBE) due to histological findings. A third but lethal
form, subacute sclerosing panencephalitis (SSPE) occurs at a rate of 1 SSPE case
per 100,000 measles infections. APME usually presents during the convalescent
period in the second to fourth week following infection. MIBE presents within
months after acute measles infection whereas SSPE presents years after initial
infection.

Another factor in understanding the risk of potential encephalitis after measles
vaccine is that there is a background rate of acute encephalitis without a known
cause (one case per one million). So encephalitis cases following measles virus-
containing vaccines must be compared to the background rate of nonspecific
encephalitis that would occur even without vaccine. And the rate needs to be bal-
anced against the rate of three forms of encephalitis due to wild-type natural mea-
sles infections.
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Despite reports of temporal clustering of some encephalitis cases between days
5 and 15 [74] following MMR vaccine (temporally related), acute encephalitis post-
MMR is so rare that it has been impossible to distinguish from the background
encephalitis rate of 1 in one million in immune competent hosts [75]. An IOM sci-
entific review in 1994 concluded there was insufficient evidence that measles or
mumps cause encephalopathy or encephalitis but did acknowledge biologic plausi-
bility of such cause and effect [41]. A more recent 2011 IOM report confirmed that
the evidence is inadequate to accept or reject a causal relationship between MMR
vaccine and encephalitis or encephalopathy in immune competent hosts [10].

Measles Inclusion Body Encephalitis

MIBE is very rare even with wild-type infection, and reported only in immune
compromised hosts. The classic clinical presentation is that of difficult-to-control
seizures plus altered consciousness progressing to coma and death. The CSF is usu-
ally normal, but there may be mild pleocytosis and an elevated protein. Unlike
SSPE, measles antibody titers in the CSF are rarely elevated [76]. Diagnosis is most
definitive when supported by brain biopsy histopathology. This can reveal intranu-
clear and intracytoplasmic paramyxovirus particles by electron microscopy (the
source of the disease’s name). Immunohistochemical staining of tissue may also
reveal measles hemagglutinin and matrix proteins, or measles virus RNA may be
detected by RT-PCR. MIBE has mortality as high as 75 %. There is a high incidence
of neurological sequelae among survivors. There is no proven effective treatment
for MIBE [76].

Cases of MIBE have also been reported in immunocompromised patients follow-
ing MMR vaccine [77-79], some of whom had clinically disseminated measles [80,
81]. Evidence of measles virus has been found in CSF [81], and in one well docu-
mented post-vaccine case, measles-specific monoclonal antibody staining revealed
measles nucleoprotein and matrix proteins within neuronal cytoplasm [77]. Measles
virus was also detected by RT-PCR in brain tissue of immunocompromised patients
with MIBE [76, 77]. Based on four unique reference sequences differentiating
Moraten and Schwarz vaccine strains from wild-type measles [82], vaccine strain
was detected in tissues of an immune compromised child with a preexisting pro-
foundly depressed CD4 cell count and post-vaccine MIBE [77]. This is fairly con-
vincing evidence for vaccine-induced encephalitis. Recently, the IOM concluded
that evidence convincingly supports MMR (measles component) vaccine as a cause
of MIBE in immunodeficient hosts [10]. Current Centers for Disease Control and
Prevention (CDC) Advisory Committee on Immunization Practices (ACIP) and
American Academy of Pediatrics (AAP) recommendations for MMR exclude most
immune compromised hosts from vaccination, although HIV infected children can
be candidates if their immune status is adequate, i.e., if CD4+ T-lymphocyte count
is >15 % [2].
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Varicella

Pain and redness at the injection site occurs in approximately 20 % of children and
in ~30 % of adolescent varicella vaccinees. When combined in the same injection
with MMR (MMRYV), AEFIs are similar but not identical to MMR and V injected at
different sites. However, MMRYV recipients have somewhat higher rates of fever
(22 % vs. 15 %), rash at the injection site, and benign febrile seizures (~1: 1,000
more than children receiving MMR and V vaccine at different sites on the same day)
(see “Febrile Seizure” under sections “Common Adverse Events Following
Immunization” and “MMR-Containing Vaccines”).

Dermal Dissemination

Varicella-like lesions occur at the injection site in ~20 % of recipients. Such rashes
in the first weeks following varicella vaccination could be due to wild type virus or
vaccine strain, with differentiation between strains possible by PCR of material
from a lesion [83—85]. One to three weeks after vaccination, approximately 5 % of
patients develop a less focal rash usually with less than ten lesions, described as
maculopapular more than vesicular. Despite this, rashes within 2 weeks of vaccina-
tion and/or containing more than 20-30 lesions are more likely to be due to wild
type disease. Rashes due to vaccine virus are associated with rare transmission of
vaccine virus [86]. The IOM 2011 report supports a causal relationship between
varicella vaccine and dermally disseminated Oka VZV rash [10].

Organ Dissemination

Varicella vaccine Oka virus has very rarely disseminated to organs beyond the skin
following vaccination in immune compromised patients, causing pneumonia, men-
ingitis and/or hepatitis [6, 83, 85-88]. All of these are also sites of dissemination in
wild type infection. The 2011 IOM report concluded that mechanistic evidence con-
vincingly supports varicella vaccine as a potential cause of organ dissemination
resulting in meningitis, pneumonia or hepatitis in immunodeficient patients [10].
Thus, varicella vaccine should not be given to immune deficient patients.

Dermal Reactivation (a.k.a. Herpes Zoster)

Although the varicella Oka vaccine strain can reactivate in rare instances to cause
Herpes Zoster (HZ) both in immunocompromised and immunocompetent patients,
the exact incidence is not known. Surveillance data are not conclusive as to whether
HZ is more common in the post vaccine era due to vaccine virus or wild type virus
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reactivation [83-86, 89]. But HZ was reported less commonly in leukemics who
received varicella vaccine than those who suffered wild-type disease [90]. The IOM
report found enough clinical evidence to conclude a causal association between
varicella vaccine and HZ reactivation [10]. The Oka vaccine strain is susceptible to
acyclovir if treatment is needed.

CNS Reactivation

Only a few cases of vaccine-associated CNS disease have been described in the
literature, most of them presenting with meningitis and a few with encephalitis,
both in immunocompromised and immunocompetent hosts [91, 92]. It is interest-
ing to note that all vaccine-caused meningitis cases had HZ for a median of 5 days
prior to CNS symptoms. The reactivation time also varied widely, ranging from 3
months post-vaccination in an immunocompromised host to 11 years in an immu-
nocompetent patient. Based on these few cases, clinical presentation of vaccine
strain CNS disease does not appear to differ from wild type VZV CNS disease.
This makes diagnosing vaccine strain reactivation difficult based on clinical pre-
sentation alone, and highlights the importance of genotyping and strain surveil-
lance in distinguishing wild type from vaccine strain infections. According to the
2011 IOM report, the evidence convincingly supports a causal relationship between
varicella vaccine and vaccine strain reactivation with subsequent VZV meningitis
or encephalitis.

Polio

Oral Polio Vaccine
Vaccine Associated Paralytic Polio

Inactivated injectable polio vaccine (IPV) was introduced in the 1950s and dramati-
cally reduced paralytic cases. However, it was after the switch from IPV to OPV
that endemic polio was eliminated from the USA. The problem was that, while vac-
cine associated paralytic polio (VAPP) occurs rarely (4—6 VAPP cases annually or 1
case per 2.4 million doses); it occurs only after oral polio vaccine (OPV) and is as
clinically severe as paralytic disease due to wild type polio virus [93]. By the 1990s,
VAPP were the only non-imported paralytic polio cases in the USA. Thus, the ACIP
recommended switching back to exclusive IPV in 2000 in the USA, to eliminate
VAPP but maintain herd immunity against all three poliovirus serotypes. Since then
VAPP in the USA has been diagnosed only in returning travelers from countries still
using OPV [94].
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Inactivated Polio Vaccine

For the most part only local reactions and fever are seen with any frequency,
although allergic or hypersensitivity reactions may rarely occur after inactivated
polio vaccine (IPV) (see section “Hypersensitivity”’). No serious or unusual AEFIs
have been noted due to IPV since the increased use of IPV in mixed regimens start-
ing in1996 and the exclusive IPV use since 2000 [95, 96].

Influenza

The most common AEFI is local reaction to injectable TIV, which is expected in
15-20 % of recipients. Injection procedure-related reaction in the arm and shoulder
may rarely occur (see sections “Pyogenic and Sterile Abscesses,” “Extremity
Swelling,” “Deltoid Bursitis,” and “Complex Regional Pain Syndrome”). Less com-
mon reactions are noted below.

GBS

The incidence of GBS has not been detected in influenza vaccine recipients at above
expected background rates for the past 30 years. One vaccine nominally associated
with an increased risk was the 1976-1977 vaccine that was commonly called the
“swine flu vaccine.” Vaccines with swine influenza-derived strains since that time
have not had this issue, including the 2009 pandemic influenza vaccine (see section
“Guillain—Barré Syndrome”).

Mercury/Thimerosal

Thimerosal (also known as merthiolate) is a preservative in use since the 1950s to
prevent growth of inadvertently introduced bacteria/fungi into multi-dose vials of
injectable medications or vaccines, with influenza vaccine in multi-dose vials now
being the only routine vaccine containing thimerosal in the USA. Because thimero-
sal contains a compound with mercury as one element, there has been confusion
that it could contribute to mercury poisoning or toxicity. One source for the confu-
sion is that the form of mercury in thimerosal has been mistakenly misinterpreted as
having the same toxicity profile as that of methyl mercury or even elemental mer-
cury, but this is not true. Thimerosal is not retained for long in the body post-
immunization and is an organic ethyl mercury product that is quickly metabolized
and its breakdown products rapidly excreted [97]. As a parallel example, this differ-
ence in toxicity is similar to that between ethyl alcohol and methyl alcohol, where
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the human toxicity profile is very high for the methyl form but low for the ethyl
form of the alcohol.

Nevertheless, since the year 2000, no routine pediatric vaccines contain thimerosal
as a preservative. Some vaccines have trace levels of thimerosal left over from the
manufacturing process (less than 0.3 pg thimerosal per 0.5 mL dose of vaccine),
which is considered insignificant. The only pediatric vaccine with this trace is
Tripedia®. The timeline for FDA rulings and findings concerning thimerosal and
vaccines can be found on the CDC and FDA Web sites.

One misunderstanding about thimerosal in vaccines was the false theory of mer-
cury poisoning from amounts in the routine vaccines back in the 1990s. Another
false theory was that thimerosal increased the risk of autism. Neither is a true
sequela of vaccines [98, 99].

A true thimerosal-caused AEFI, although uncommon, is thimerosal allergy, at
times from topical exposure perhaps in the form of cosmetics. But not all such
allergic skin-sensitized persons react when thimerosal is injected under the skin
[100, 101]. Hypersensitivity to thimerosal has been postulated to be due to the thio-
salicylic acid part of the molecule and occurs in approximately 0.1-1.3 % of
multiply-exposed subjects [102]. Another true reaction to thimerosal is a delayed
hypersensitivity reaction (see section “Delayed Type Reactions”). These are usu-
ally minor reactions, e.g., redness and swelling at the injection site. However, large
>5 cm reactions can rarely occur.

Intranasal Live Attenuated Influenza Vaccine

In the week post vaccine, adult live attenuated influenza vaccine (LAIV) recipients
have nearly twice the rate of rhinorrhea as placebo recipients (44.3 % vs. 26.6 %)
with the duration averaging 2 days (range 1-7 days). Sore throat was more frequent
in LAIV than placebo recipients (26.6 % vs. 16.3 %) [103]. In pediatric LAIV
recipients (N=4,179), rhinorrhea occurred in 32 % compared to 21 % for TIV recip-
ients (N=4173). The duration ranged from 1 to 10 days. Because LAIV is more
protective than TIV, these mild AEFIs should not discourage providers from using
this vaccine.

There was no overall increase in medically significant wheezing in the 42 days
after LAIV compared to TIV. However, more wheezing was observed in children
receiving their first LAIV dose at less than 12 months of age versus first dose of TIV
prior to 12 months of age (3.8 % vs. 2.1 %, P=0.08) [104]. The investigators in this
study pointed out that wheezing occurred mostly in week 2—4 post-vaccine when
immune responses would be expected. Thus, it would not likely be the replicating
vaccine virus triggering the wheezing, but the vaccinee’s own immune system. The
apparent excess wheezing in the youngest vaccinees is the rationale for LAIV not
being indicated at less than 2 years of age and in those 2—4 years of age with a his-
tory of asthma.
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Oculorespiratory Syndrome

Oculorespiratory syndrome (ORS) was first described as an AEFI in 2001 in Canada
[105]. Clinical presentation includes bilateral red eyes plus respiratory symptoms
(cough, sore throat) or facial edema between 2 and 24 h post immunization but
resolving within 48 h [106]. Clinical manifestations of ORS vary with age, with a
more rapid onset of symptoms in younger individuals but longer duration for older
ones [107]. In one study, the risk of ORS in Canada was 6.3 % after influenza vac-
cine and 3.4 % after placebo injection, which yielded a significant vaccine-
attributable risk of 2.9 % (95 % confidence interval, 0.6-5.2) [108]. According to
the latest 2011 IOM report, there is a causal relationship between influenza vaccine
and ORS, but only for the two particular vaccines used in three particular years in
Canada [10].

Narcolepsy

Narcolepsy, an uncommon sleep disorder characterized by excessive daytime sleep-
iness (EDS) and cataplexy, is thought to be caused by the loss of hypocretin/orexin
neurons in the hypothalamus, presumed to be secondary to an autoimmune process.
Increased cases were reported following the HIN1 pandemic, raising the question
whether cases were secondary to HIN infection or vaccination [109, 110]. Recently
in Finland, narcolepsy has been associated with ASO3-adjuvanted HIN1 vaccine
(Pandemrix®) with various intervals from vaccination to onset of narcolepsy [111].
In this report, the incidence of narcolepsy was 9.0 in vaccinated versus 0.7/100,000
person years in unvaccinated recipients, translating into a rate ratio of 12.7 (95 %
confidence interval 6.1-30.8). This vaccine was not used in the USA. Investigations
are ongoing, and include search for a narcolepsy-susceptible gene. In another
Finnish report, 34 of the 54 narcoleptic children had the narcolepsy-risk allele
DQB1#0602/DRB1*15 [112].

Rotavirus Vaccine

Prolonged Shedding

Shedding of vaccine virus from the pentavalent bovine-based oral vaccine (RVS,
Rotateq®) occurs in 20-25 % of recipients of the first dose as early as post-vaccination
day 3 and as late as day 9, with the peak on post-vaccination days 6 through 8 [113].
Shedding is more frequent (53 %) in premature infants born at 26-34 weeks gesta-
tion and immunized with the first dose at 6-14 weeks of age [114].

In different preclinical studies, vaccine virus shedding from dose one of the mon-
ovalent attenuated human-rotavirus based vaccine (RV1, Rotarix®) ranged from 50



3 Known Vaccine-Associated Adverse Events 75

to 80 % on day 7, 20 to 65 % on day 15, 0-24 % on day 30, and 0 to 3 % on day 60
post-dose. For dose 2, shedding ranged from 4 to 18 % on day, 7 to 16 % on day 15,
and 0 to 1 % on day 30 [115].

In addition, reports of children with severe combined immunodeficiency who
developed vaccine-associated rotavirus infection caused a 2011 revision in the
package insert cautioning use in children with a severely immune compromised
patient in the household [116]. The concern is that there could be transmission from
vaccine virus in the stools of vaccinated infants [117, 118].

Intussusception

A temporal and likely causative relationship was determined for the rhesus-
rotavirus-based oral vaccine (Rotashield®) released in the late 1990s in regards to
the risk of intussusception. The vaccine was withdrawn later that same year. The
rate was estimated at 1 case per 5,000—10,000 vaccinated infants, with most cases in
the 3—14 days post dose, and most cases after the first dose of the series. Because of
this, very large clinical trials with >60,000 subjects per arm were required to license
the currently available bovine-based RVS5 and the attenuated human RV1. Neither
vaccine has been associated with increased risk of intussusception either in preclini-
cal or postlicensure studies [119—-121]. A recent suspicious signal for increased
intussusception in Mexican children receiving RV1 has not been confirmed upon
review of data from the USA, Canada, or Europe.

Quadrivalent (A, C, Y, W135) Meningococcal
Conjugate Vaccine (MCV4)

The most common vaccine-caused AEFI are mild local reactions lasting 1-2 days
in up to 50 % of recipients.

GBS

GBS received much attention in the lay press in 2005-2007 because of VAERS data
that appeared to have a signal of a potential relationship. The two dozen or so GBS
cases noted in the 6 weeks after MCV4 have not been causally related and appear to
represent the background rate of GBS (see section “Guillain—Barré Syndrome”) a
usually transient but serious nervous system disorder. There is insufficient evidence
to determine whether any of these cases were actually caused by the vaccine. As of
2012, there were approximately 25-30 million immunized 11-19 year olds. Given
that GBS has an estimated background rate of 1 case per 100,000 in 11-19 year
olds, it is feasible that most if not all reported post MCV4 cases could be by chance.
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However, the CDC and ACIP recommend continued watchfulness since data are not
sufficient to completely rule out a very small increased risk. The CDC and AAP
continue to recommend this vaccine because the risk of invasive meningococcal
disease is 0.3—1.5 cases /100,000 in the overall population and the highest mortality
(up to 50 %) occurs in teens and young adults.

HPV

Approximately 40 million doses of HPV vaccine had been administered as of March
2012. Most AEFIs following HPV vaccine have been minor, e.g., pain (80 %) and
swelling at the injection site (25 %), fever, headache (30 %), dizziness, and nausea.
Syncope has also been reported (see section “Syncope”). Anecdotally, girls have
complained that the pain from HPV vaccine is more intense than with other vac-
cines, e.g., concomitant Tdap. This may contribute to post-vaccine syncope. Fever,
usually low grade of up to 100 °F, occurs in ~10 %, but moderate fever, up to 102 °F,
can occur in 1-2 %. Reports in VAERS of GBS or deaths after HPV vaccination, as
of the first quarter of 2012, have not been found to be due to the vaccine.

Lymphadenopathy

There have been a few case reports of regional adenopathy after HPV vaccine [122].
No specific treatment is needed.

Vaccines for Special Populations

Rabies

The most common AEFIs after the human diploid rabies vaccine have been residual
pain, erythema, swelling, or pruritus at the injection site (30-74 %); headache
(20 %), nausea, abdominal pain, myalgia, or dizziness (5—40 %). A serum sickness
like illness (urticaria, arthralgia, fever) also can occur and is more frequent (6 %)
with booster doses than the primary series. GBS has been reported after rabies vac-
cine, but is so rare that current data do not allow differentiation as to whether this is
by chance or from the vaccine [123].

The old duck embryo derived rabies vaccine that is no longer in use and was
given subcutaneously in the abdomen was far more systemically and locally reacto-
genic and required more than twice the number of injections as the current vaccines
[124, 125].
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PPV23

Adults receiving a repeat dose of PPV23 had more arthralgia, fatigue, headache,
arm swelling, and limitation in arm movement than those receiving first doses [126].
The rate of these AEFIs in children is unclear but there were few systemic AEFIs in
one small study of revaccinated asplenic children [127, 128]. However, local reac-
tions are more frequent (~50 %) and there are anecdotal reports of large local reac-
tions in children with revaccination (~1 %) [129].

Causality

In assessing AEFIs, several questions need to be considered when trying to establish
a causal link [130-132]. First, does the AEFI occur within a reasonable time after
the vaccine? Second, is there scientific plausibility that the event could be due to the
vaccine? And finally, is there an alternative confirmed cause of the event?

AEFIs that are caused by vaccines usually occur in close temporal relationship
with vaccination, e.g., fever after DTaP, but may rarely occur years after inocula-
tion, e.g., herpes zoster after VZV vaccine. When the event is not closely related in
time to vaccination, linking the vaccine to the event is more difficult. Exceptions
include isolating Oka virus vaccine strain from a clinical specimen even if the zoster
AEFI occurred years after vaccine. In the zoster example, isolation or PCR detec-
tion of Oka vaccine strain virus, and not wild type virus, from zoster lesions con-
firms that vaccine caused the clinical zoster regardless of time since vaccination.

On the other hand, events that occur in close temporal relationship to vaccination
are not necessarily vaccine related, because temporality is not proof of causation.
These events may have occurred even without vaccination and therefore are merely
part of the background rate of the event that occurs at all times in non-immunized
populations. Fever is a good example of this. Because fever is such a common child-
hood event, it is practically impossible to be absolutely confident in any individual
case that a fever in the first few days post vaccine is caused by the vaccine. It is also
uncommon to have proof that the fever is due to another cause, e.g., a concurrent
viral illness. Thus, temporal proximity does not prove or disprove causation in the
evaluation of AEFIs. One could postulate that a child was incubating a viral illness
when the vaccine is administered so that the fever would, in this situation, have
occurred regardless of vaccine receipt. But to be sure would require laboratory con-
firmation, a test that is not routinely indicated clinically when a child presents with
an uncomplicated viral illness.

Febrile seizures following vaccines are another AEFI for which there is a known
background rate in children (immunized or not), for whom a febrile viral illnesses
is the trigger. So how do we establish that a febrile seizure was caused by a given
vaccine? Epidemiological data and background rates of febrile seizures have been
useful tools when a vaccine is suspected of causing febrile seizures. This same
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approach can be used for other AEFIs, e.g., the disproven theory that MMR vaccine
caused autism, to bring clarity to whether the rate after vaccine is greater than the
background expected rate in a similar cohort that has not received the vaccine. This
in fact is one aspect of how AEFIs nominally linked to vaccines are evaluated [133].
However, these data are not easily used in assessing causality at the individual case
level. Meticulous algorithms may be of use in such cases [130, 131]. In addition,
novel-case-centered or self-controlled methodologies have been recently used in the
assessment of vaccine AEFIs [14, 134, 135].

Biological or scientific plausibility also needs to be considered along with epide-
miologic evidence. For example, even if the number of deaths due to automobile
accidents is higher than background in a cohort of subjects who received an infant
vaccine, there is no scientifically plausible explanation for an infant vaccine causing
more automobile accident deaths.

In assessing causality, other recognized causes of the clinical event need to be
evaluated. For example, fainting spells in HPV vaccine recipients was determined to
be due to vasomotor events that can occur after any needle puncture in a cohort of
the same age. Thus, the syncope is not due to the HPV vaccine, but the injection
procedure itself [136]. However, in causality evaluation, a clinical investigation sur-
rounding an event may not always take place. It depends on if further diagnostic
tests are thought necessary by the provider for clinical care, if they would change
patient management, or if they are even attainable. In short, it can be difficult in any
individual case to determine causal association without considering a large number
of additional factors. Thus, a true association requires that the AEFI be scientifically
plausible and it occurs at a higher rate in vaccine recipients than the general popula-
tion in a cohort matched for age, underlying conditions, etc.

Genetic Predisposition to Adverse Event

It is a well established fact that some children more likely have AEFIs post-
vaccination (temporally related) than adults. This occurs for several reasons.

Children receive routine immunizations at ages when they are too young to have
shown signs or symptoms yet of a congenital immune deficiency. Those with
immune deficiencies are more likely to have complications with live virus vaccines
(which is why in some immune-deficient hosts live vaccines are contraindicated, or
the risk—benefit needs to be considered prior to administration).

There are also metabolic or genetic issues that may predispose a child to AEFIs
and these are often not diagnosed until ages beyond those when routine vaccines are
given. For example, a severe seizure disorder (Dravet Syndrome) associated with
mutations of the sodium channel gene SCN1A has been shown to be responsible for
a number of encephalopathy cases previously thought to be caused by pertussis-
containing vaccines [57, 58]. In these cases, the pertussis vaccine appears to have
uncovered this congenital underlying abnormality that had not yet been diagnosed.
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These children will inevitably develop the same symptoms even without immunization
due to other stresses, perhaps even a common viral illness. The genetic predisposi-
tion makes them particularly vulnerable to external insults, such as metabolic imbal-
ance, infections or vaccinations.

For selected other conditions, such as inborn errors of metabolism, recent studies
have actually demonstrated that recommended immunizations are not associated
with increased risk for serious AEFIs [137, 138]. As in these examples, many other
genetic or metabolic defects are being discovered as science links disease to gene
variations. Vigilance is needed to evaluate these individually as they are discovered
to determine whether or not the genetic abnormality predisposes those with the
abnormality to a worsening of or simply uncovering their condition.

Conclusion

There will not likely ever be a vaccine that is both effective and free of risk from any
AEFI. The clinician’s role is to understand this concept and constructively advise
families on the risks—benefits prior to administration. Further, when events occur
after vaccine administration, it is important to understand if any specific or just sup-
portive care is needed. The provider, as best as possible, also needs to decide
whether the event is caused by the vaccine/s or coincidental with recent vaccine
administration. Clinicians and public health or policy makers must be clear in state-
ments about AEFIs so that the public is not misinformed as to which AEFIs are truly
caused by vaccines. The information in this chapter adds a concentrated source of
information about expected and rare AEFIs and the ones that are known to be caused
by vaccines. This should hopefully reduce the difficulty of the task of advising fami-
lies about AEFIs, help with the decisions on whether the remaining vaccine sched-
ule needs to be modified, and assist in policy decisions about vaccines.
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Chapter 4
Communicating Vaccine Risks and Benefits

Clea Sarnquist and Yvonne A. Maldonado

Background

Parents of pediatric patients as well as adult patients themselves have many concerns
and sometimes, misperceptions, about vaccination. These concerns lead to under-
immunization in both pediatric and adult populations. Among children, a 2010
study showed that approximately 22 % of parents intentionally delay vaccinations
[1]. Among adults, only about 62 and 37 % of healthcare workers received, respec-
tively, a seasonal influenza vaccination and an HIN1 vaccine in 2009-2010 despite
the national attention to the HIN1 pandemic [2]. Insufficient vaccine coverage leads
to preventable cases of infectious diseases [3—5]. In addition, children and adults
who cannot be immunized, as they are too young (children) or have other contrain-
dications (either population), or those who have been vaccinated but had an insuf-
ficient immune response, are put at risk [6, 7]. Timely and complete immunization
coverage is thus of significant public health importance, and healthcare providers
are on the front line of ensuring such coverage.

Although many of the fears that both parents and adult patients have are
unfounded, some are realistic. In order to ensure that both evidence-based risks and
benefits are understood, it is essential that providers are prepared to communicate
effectively about vaccination. Many studies have shown that possibly the most
important component in the decision to immunize is the individual’s relationship
with their healthcare provider. In particular, trust in the provider, the provider’s
recommendation for vaccination, and the provider’s responses to questions and con-
cerns about immunization, are essential [1, 5, 8—12].

This chapter aims to briefly review barriers to vaccination (which are discussed
more in-depth in other chapters), to review communication practices to overcome
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these barriers, and to provide a set of practical best practices and resources, some of
which are updated regularly, that providers and educators can access to improve
vaccine risk—benefit communication.

Parent and Patient Barriers to Vaccination

Objections to vaccination by both parents and adult patients have been extensively
documented and are discussed in other chapters of this book. In brief, they include
the following: (1) beliefs that vaccines are unsafe (for example MMR causing
autism or the influenza vaccine causing flu) and/or ineffective [13, 14]; (2) fear of
real or perceived side effects, including mild side effects like pain and fever [8];
(3) beliefs that too many vaccines are given in one visit or the early years of life,
causing immune system overload [12]; (4) beliefs that the diseases vaccines are given
to prevent are mild (for example varicella) and/or uncommon [8, 15]; (5) mistrust of
healthcare providers, government and officially endorsed vaccine research [16];
(6) trust in nonofficial information sources (for example the Dr. Sears alternative
vaccine schedule [17]); (7) resentment of the perceived pressure to risk their own
or their child’s safety for public health benefit [18, 19]; and (8) concerns that vac-
cines are too new or insufficiently tested, for example the HIN1 and Human
Papilloma Virus (HPV) vaccines.

Effective Risk—Benefit Communication

Many of the aforementioned barriers can be overcome or mitigated by timely and
effective communication between the provider and patient or parent. As previously
discussed, most studies find that the leading source of trusted information on vac-
cination are healthcare providers.

There is considerably more literature available on risk—benefit communication
in medicine in general than specifically related to vaccines. Regardless of the
field, risk communication is a challenging topic since a person’s belief system,
values, and personal experiences all shape their perception of risk, often regard-
less of the available evidence [20, 21]. Furthermore, in medical risk communica-
tion, the beliefs and experiences of the provider shape the discussion [22]. It is
also rare that an individual seeks information from only one source, as family
members, friends, and the media provide many perspectives. Therefore, risk com-
munication becomes a complex process where the provider must understand the
patient’s background and values, as well as his/her own biases, and shape appro-
priate messages.

Several barriers to effective communication about vaccine risks and benefits in
both adult and pediatric populations have been documented, including (1) the
amount of time that sensitive and effective communication takes [23], (2) other
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health issues that take precedence, (3) the belief that a conversation is unlikely to
change the parent or patient’s mind about vaccination or that the parent/patient
would not understand risk and benefit information, and (4) lack of sufficient knowledge
about vaccine safety or how to communicate risk [23-26]. A variety of techniques
have proven to be effective in helping overcome many of the aforementioned barri-
ers for children and adults. Specifically, effective communication about risks and
benefits regarding vaccines includes some or all of the following:

1. Listening carefully to concerns, soliciting questions, and acknowledging risks
associated with vaccination [10, 27].

2. Providing a tailored mix of scientific information and anecdotes, both verbally and
via printed materials, to convey risks and benefits depending on individual patient
needs and literacy levels. This may also include providing the same information in
different formats or at different levels when providers are uncertain which format
will resonate with or be understandable to the patient or parent [20, 28, 29].

3. Preparing to respond to at least the most common concerns about vaccination,
such as MMR or thimerosal causing autism, there being too many vaccines in
one visit or early in life, vaccines being “too new” or insufficiently tested, or the
probability of serious adverse effects [27].

4. Encouraging dialogue and conversation to build trust around vaccination over
time [10, 19].

5. Clarifying risks associated with vaccine-preventable diseases in adults and chil-
dren, and managing those risks where possible [16, 19].

6. Providing information about the benefits of vaccination [23].

In addition, if providers give strong personal support to vaccination, for example
saying “I vaccinated (or intend to vaccinate) my children according to schedule and
believe strongly that this is important for your child,” or “I get my flu vaccine every
year and really believe it is important,” evidence suggests that patients and parents
are more likely to vaccinate [5, 11, 23]. Finally, the ideal communication strategy
includes providing information in small pieces over time, often starting at the first
well baby visit, rather than all at once at the same time parents have to make vac-
cination decisions [30]. Resources to help providers achieve all of the above, in a
limited time, during vaccine conversations are covered in the section below entitled
“Resources and Promising Practices.”

While the above principles are generally relevant in conversations with adult and
adolescent patients, as well as with parents of pediatric patients, there are of course
some important differences. Pediatric and adolescent vaccine risk communication is
both subject to legal requirements and, with older children, frequently involves both
a minor adolescent and one or more parents. Federal law, the National Childhood
Vaccine Injury Act (NCVIA) of 1986, requires that providers present, at the mini-
mum, a vaccine information statement (VIS) when administering each dose of cer-
tain childhood vaccines [31]. These statements may be a valuable jumping-off point
for vaccine-related conversations. Research suggests, however, that up to 31 % of
pediatricians and 28 % of family medicine specialists do not even provide that,
despite the federal mandate to do so [32, 33].
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Vaccination rates among adolescents are much lower than among children, yet
adolescents are at increased risks of some serious diseases, such as meningococcal
meningitis and HPV. Therefore, they may require additional attention at clinic visits
in order to convey the importance of vaccination to them and/or their parents. This
is especially important since it can be difficult to maintain adherence to recom-
mended clinic visits during the adolescent years.

Resources and Promising Practices

Despite the barriers to communication, there are many resources and educational
materials available to providers to facilitate and learn more about vaccine risks—
benefits communication.

Resources for Provider Education and Patient Materials

Several recent resources are available for providers to learn about how to educate
and interact with both adult patients and parents of pediatric patients. Most notably,
the Centers for Disease Control and Prevention (CDC), American Academy of
Family Physicians (AAFP), and the American Academy of Pediatrics (AAP)
recently collaborated to create a Web site (http://www.cdc.gov/vaccines/spec-grps/
hcp/conversations.htm) with materials both for provider reference and for providers
to give parents. This Web site includes written materials, videos, and reference
materials such as immunization schedules, and covers topics from suggestions for
preparing for conversations with parents to facts on vaccine safety to ways to
respond to vaccine refusers [34]. Providers can also opt-in to receive e-mails when
materials are updated. CDC also maintains a “Healthcare Provider Portal” with
up-to-date immunization information and patient education materials at: http://
www.cdc.gov/vaccines/hcp.htm.

There are also many online resources for providers and teachers of medical stu-
dents and residents to find self-education opportunities as well as teaching tools.
Ideally, training in risk—benefit communication related to vaccination would be
strengthened in medical school and residency programs [35], as a recent study
found that 85 % of primary care residents felt that such communication skills would
be “very” or “somewhat” important in their careers [36]. Continuing education
opportunities for practicing physicians across their careers are also important [37].

Examples of learning and/or teaching materials include:

1. A CDC clearinghouse for self-education and teaching materials at http://www.
cdc.gov/vaccines/ed/courses.htm. This resource includes webcasts and self-
paced modules covering adult, adolescent, and pediatric immunizations [38].
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2. The World Health Organization’s E-learning course on Vaccine Safety Basics at
http://www.who.int/vaccine_safety/initiative/tech_support/ebasic/en/index.
html. These resources cover risk communication as well as the origin and nature
of adverse events and the importance of pharmacovigilance. Resources are avail-
able in online format or as a downloadable PDF and CD-ROM.

3. The “Teaching Immunization Delivery and Evaluation (TIDE)” Project: This
resource, at http://www2.edserv.musc.edu/tide/menu.lasso has self-paced mod-
ules on pediatric and adolescent immunization, as well as more general vaccine-
related topics, and provides continuing medical education credits (CMEs) [39].

4. A resource for medical residents in pediatrics, family medicine, and internal
medicine, and those who teach residents, has recently (2011) been released by
AAP-California (http://vaccinecommunicationresource.wikispaces.com). It is
specifically aimed at teaching residents in pediatrics, family medicine, and inter-
nal medicine about how to communicate vaccine risks and benefits. It includes a
set of online cases that residents can review at their own pace, a set of written
cases for use by preceptors or in small group discussions, and a set of slides that
can be tailored or mixed and matched to create presentations on vaccine risk
communication [40]. Preliminary evaluation data suggest that residents found
this curriculum to be a good use of time, likely to be useful in their future prac-
tice, as well as increasing skills such as answering vaccine-related questions and
being more comfortable discussing vaccines [41].

5. Another resource for teaching medical residents and medical students about vac-
cination was created and tested by the “Teaching Immunization for Medical
Education (TIME)” Project. TIME consists of case-based modules for small
group and contextual learning. Pre-post testing showed that TIME significantly
increased immunization knowledge [42, 43].

Promising Practices

There are many models available in the literature that focus on improving commu-
nication in order to increase uptake of vaccines, although virtually none of them
quantify vaccine uptake as an outcome. Nonetheless, these models show promise in
improving communication, and may be able to be adapted and used by providers in
their own offices or by researchers or public health officials looking to improve vac-
cination rates in a community. Most of these are focused on simplifying the process
in order to communicate effectively in a limited amount of time. They are broken
into two categories:

Educating Healthcare Providers on Communication

A 2002 study involving a brief intervention with practicing pediatricians found that a
combination of a practice-based in-service and practice materials such as an
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examination room poster significantly increased VIS distribution, physicians and
nurse dialogue with parents, and parents asking questions [33]. Importantly, physi-
cians reported spending only an extra 20 s with patients in order to realize these gains.

A similar model from 2006 focused on public health nurses, also providing in-
service training and educational materials to nurses in public health clinics. This
intervention resulted in significantly more discussion of some, but not all, aspects of
vaccination (specifically severe adverse effects), and significantly increased both
parent questions about vaccines and parent satisfaction with vaccine risk-
communication [44]. Average vaccine communication time increased by 6 s, from
16t022s.

Improving Delivery of Information to Parents and Patients

Traditionally, vaccine risk and benefit communication with patients and parents by
providers has taken place entirely in the office setting. It is rare, however, that par-
ents are only looking for such information in the visit setting, and some parents who
report feeling rushed or that they were given insufficient information are less likely
to immunize. In addition, written materials such as the VIS may not be the ideal
method for communicating with parents who have low literacy levels and/or are
more accustomed to digesting information through other forms of media. The ideal
may be enhancing the information in the VIS with other sources. For example at
least one study has shown that videos can enhance parental understanding about
vaccines [45]. One such video can be found at the previously mentioned CDC
resource, http://www.cdc.gov/vaccines/spec-grps/hcp/conversations.htm.

Furthermore, modern communication options, such as e-mail, texting (SMS),
and directing parents to reliable Web-based sources of information may provide
new avenues for fast, efficient communication around vaccine risks and benefits
beyond just the VIS. As electronic medical records and appointment reminders
become more common, opportunities to use technology to enhance the information
transfer process will increase. For example, a 2008 study found that sending tar-
geted text messages describing the consequences of reduced vaccine coverage, but
not other vaccine-related topics, to mothers who previously reported vaccine safety
concerns resulted in these mothers reporting more positive opinions about vaccina-
tion compared to a control group [21].

As previously discussed, ideal vaccine-related communication is an ongoing pro-
cess and not something that only happens minutes before vaccines are given. For
example, a combination of proven materials can be offered [46], including a vaccine
information packet to be given at a visit before immunizations are given so that par-
ents have the opportunity to read and digest the information before making decisions.
Examples of materials a packet may include are (1) appropriate VIS, (2) an “open
communication” letter stating the physicians commitment to vaccines as well as
encouraging communication on the topic [47], (3) a list of discussion questions to
help parents think through the immunization discussion and start dialogue with the
provider, such as “Do you have any fears about vaccine safety that you’d like to
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discuss?”’ [48], and (4) a list of vaccine information sources that can be trusted, such
as the Web sites of the CDC (www.cdc.gov), the AAP (www.aap.org), and the
Immunization Action Coalition (http://www.immunize.org/) [49]. Sometimes com-
munication about vaccination begins even earlier than the well-baby visit, with obste-
tricians or prenatal care group classes at hospitals providing early information [50].

Conclusions

Effective healthcare provider communication and positive recommendations are
essential in encouraging patients and parents to follow recommended vaccination
schedules for themselves and their children. As vaccination is one of the most cost-
effective, simple ways to keep people and communities healthy, ensuring that pro-
viders have adequate resources to support their knowledge about vaccination
risk—benefit communication is essential. Therefore, this chapter focused on provid-
ing information on resources for learning about vaccine-related communication as
well as examples of successful vaccine communication interventions and strategies.
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Chapter 5
Vaccine Refusal: Perspectives from Pediatrics

Kody Moffatt and Clancy McNally

Introduction

Most histories of immunization cite the leadership of Lady Mary Montague, who in
1717, 2 years after her brother died and she herself was scarred by smallpox,
observed the practice of variolation (inoculation of infectious fluid from a lesion
from a mild case of smallpox to induce immunity) in Constantinople, Turkey [1].
Just 79 years later, in 1796, the work of Benjamin Jesty and Edward Jenner culmi-
nated in the vaccination of Jamie Phipps, and the rest is history. The scourge of
small pox was declared eradicated in 1980 [1, 2].

More than 70 bacteria, viruses, parasites, and fungi are serious human pathogens
[3, 4]. Vaccines are available against some of these agents and are being developed
against almost all the other bacteria and viruses and about half of the parasites [4].
Over the last four decades, routine childhood immunization in the USA has led to
the eradication or control of several vaccine-preventable diseases, including small-
pox, polio, diphtheria, Haemophilus influenzae type b (Hib), measles, mumps, and
rubella [5-8]. Vaccines have been described as the single most life-saving accom-
plishment of the twentieth century [9, 10]. Parents and many health care providers
of the twenty-first century, particularly in more developed areas of the world such as
the USA and WE, have limited or no experience with the devastating effects of these
diseases. In the US public health officials now recommend 28-31 vaccine doses
before the age of 18 years, many of which are administered together to provide pro-
tection early in life, for the convenience of families and health care providers, and to
decrease distress to the infant [9]. Public health experts recommend that 95 % of the
population be vaccinated to provide herd immunity and minimize the possibility of
resurgence of these deadly infections. However, parents in developed countries who
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have not seen these diseases or their disastrous consequences sometimes feel that
they are being pressured into immunizing their children involuntarily for public
good rather than personal benefit [9, 11]. Some parents even perceive a greater risk
to their children from vaccination than from the diseases themselves, not recogniz-
ing that the threat from these diseases is reduced simply because we do have effec-
tive vaccines to prevent them. Vaccination has thus regrettably become a polarizing
issue with some parents stressing their own child’s well-being at the one extreme
and health experts advocating for public health outcomes on the other [9].

Vaccine Refusal History and Parental Concerns

Historically, the first modern systematic review of the reasons for parents refusing
to vaccinate was published in response to parental actions during the polio epidemic
when researchers endeavored to learn why parents failed to vaccinate their children
with the Salk polio vaccine [12, 13]. Rosenstock et al. showed that there were four
psychosocial domains that influenced parents’ decisions to vaccinate their children:
(1) susceptibility—parents’ assessment of their child’s risk of contracting polio; (2)
seriousness—their assessment of whether polio was a sufficient health concern to
warrant vaccination; (3) efficacy and safety—their assessment of whether vaccinat-
ing their child can reduce the chance of their child’s contracting polio, and whether
the vaccine is safe; and (4) social pressures and convenience—the concerns and
influences that facilitated or discouraged their decision to get their child vaccinated.
These factors soon became the basis for the Health Belief Model which has been
used throughout public health to explain why people adopt behaviors that lead to
healthy lives [12].

Today, little has changed. A 1999 national telephone survey indicated that almost
one fourth of parents felt uncertain about the increasing number of childhood vac-
cines, and parents with alternative medical orientations had more concerns and were
more likely to have misconceptions about vaccines than parents with a conventional
medical orientation [14, 15]. Fredrickson et al. provide a thorough contemporary
review of the subject [14]. Their analysis showed several reasons for parent refusal
of child vaccinations, including erroneous beliefs about contraindications, not want-
ing to expose children to perceived dangers of vaccines, and not wanting to deliber-
ately expose healthy children to diseases. In addition, studies focusing on vaccine
decision-making have found that parents may prefer to make errors of omission
(bad outcomes due to lack of action; here, not vaccinating a child) rather than errors
of commission (bad outcomes due to action; here, vaccinating a child) and that they
may find it easier to accept “natural” risks rather than “man-made risks” [14].
Parents’ cognitive processes—specifically their perceived ability to control their
child’s susceptibility to the disease and the outcome of the disease, as well as doubts
about the reliability of vaccine information—have also been noted as reasons some
parents forgo some childhood vaccines [14]. Some parents disagree with the prac-
tices of conventional medicine, and of this group, some believe in “natural healing”
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and think it is better for children to be exposed to the diseases and get over them
naturally. Others refuse based on religious convictions, while others view compul-
sory vaccination as an unnecessary infringement on individual rights [14].

School immunization requirements have been one of the most useful tools in
increasing immunization rates in children. Laws requiring that children be immu-
nized before they begin school have contributed to a 98—-100 % reduction in the
incidence of most vaccine preventable diseases [16, 17]. All states permit exemp-
tions for individuals who have medical contraindications to vaccination. Nonmedical
exemptions are generally categorized as religious or philosophical. Forty-eight
states permit religious exemptions (all but Mississippi and West Virginia), and 19
permit philosophical or personal exemptions [17]. Some religious leaders from
faiths such as Islam, Christian Science, Mennonite, and Amish counsel against
some or all immunizations [18, 19]. Vaccines may be perceived as invasive, unnatu-
ral, immoral, or directly prohibited by God or another supreme authority [18]. Some
parents have expressed moral concerns regarding certain vaccines due to the acqui-
sition of the initial cell lines in which vaccine viruses are grown, from voluntarily
aborted fetuses. The specific vaccines are:

. Single-antigen vaccines against rubella

. Multiantigen vaccines against MMR

. Single-antigen vaccine against chickenpox
. Vaccines against hepatitis A [20, 21]

AW N =

In response to these concerns, the US Conference of Catholic Bishops has issued
statements relieving parents of the obligation to refuse these vaccines based on the
Catholic Church’s opposition to voluntary abortion. The Catholic Bishops have
noted that the source of the cell line for the vaccines was not the choice of the par-
ents and the only viable option to protect their child and the community from seri-
ous illness is to take the vaccine [20, 22].

Those who are “philosophically opposed” to vaccines often argue that parents’
civil rights, including the right to determine the liberty of their children, are being
violated, and that the government (which they view as including both public health
workers and other governmental officials) is misleading the public about the safety
of vaccines. These individuals oppose universal childhood immunization on the
grounds that vaccines are not safe. They question the leadership of the government
and public health agencies who they believe push for unquestioning acceptance of
childhood vaccines and argue that the government is being influenced by highly
profitable pharmaceutical companies [23].

Early in US history, compulsory vaccination was linked to school attendance.
Parents were required to have their children vaccinated in order for them to be
allowed in school. In protest, many parents refused to send their children to public
school. In a 1905 US Supreme Court case, Jacobson v. Massachusetts, the Court
upheld the right of the state to use penalties (such as exclusion from school) to pres-
sure people to be vaccinated [23].

There is considerable documentation of the relationship between exemptions and
increased risk of vaccine-preventable diseases. Feikin et al. showed exempt children
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in Colorado were 22 times more likely to contract measles and about 6 times more
likely to contract pertussis than vaccinated children [24]. Their study showed
schools that had pertussis outbreaks had a higher percentage of exempted children
than schools without outbreaks (4.7 % versus 1.3 %; p<0.001) [24]. At least 11 %
of children who developed measles after having received one dose of vaccine were
infected through contact with an exempted child [24]. Salmon et al. showed in a
national study, exempt children were 35 times more likely to contract measles than
vaccinated children [25]. Salmon was later quoted as saying choosing not to vacci-
nate has consequences because most vaccine preventable diseases “are still around
and reemerge when children are not vaccinated” [26]. Glanz et al. later found that
while unvaccinated children made up about 0.5 % of the examined population, they
accounted for about 12 % of the pertussis cases [S5]. Children who cannot be immu-
nized for medical reasons, children who are too young to be vaccinated, and the few
who do not respond to vaccines are at risk of contracting vaccine preventable dis-
eases from unimmunized or underimmunized children with exemptions.

Rooted in the social context of the individual, lay knowledge arises from
numerous sources of data, which may be viewed as illegitimate by the expert, but
are nonetheless considered valid by the lay person. Expert knowledge, in contrast,
is grounded in scientific evidence, in theories supported and disproved, in trends,
and objectivity [27]. Lay perceptions are based on personal experience and per-
sonal (i.e., nonscientific) information gathering [28]. As Johnston notes, specific
to anti-vaccination groups, “A theme that runs through all th