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REVIEW

Vaccine-induced autoimmunity: the role of molecular
mimicry and immune crossreaction

Yahel Segal' and Yehuda Shoenfeld!?

Since the early 1800s vaccines have saved numerous lives by preventing lethal infections. However, during the past
two decades, there has been growing awareness of possible adverse events associated with vaccinations, cultivating
heated debates and leading to significant fluctuations in vaccination rates. It is therefore pertinent for the scientific
community to seriously address public concern of adverse effects of vaccines to regain public trust in these
important medical interventions. Such adverse reactions to vaccines may be viewed as a result of the interaction
between susceptibility of the vaccinated subject and various vaccine components. Among the implicated
mechanisms for these reactions is molecular mimicry. Molecular mimicry refers to a significant similarity between
certain pathogenic elements contained in the vaccine and specific human proteins. This similarity may lead to
immune crossreactivity, wherein the reaction of the immune system towards the pathogenic antigens may harm the
similar human proteins, essentially causing autoimmune disease. In this review, we address the concept of
molecular mimicry and its application in explaining post vaccination autoimmune phenomena. We further review
the principal examples of the influenza, hepatitis B, and human papilloma virus vaccines, all suspected to induce
autoimmunity via molecular mimicry. Finally, we refer to possible implications on the potential future development

of better, safer vaccines.
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INTRODUCTION (A BRIEF HISTORY OF MOLECULAR
MIMICRY)
In 1962, Melvin Kaplan released his revolutionary article
describing a case of an 11-year-old boy who died of heart failure
due to rheumatic fever. Pathology revealed immunoglobulin
deposits in the cardiac muscle of the patient, leading Kaplan to
explore the role of these antibodies. He examined the reaction of
sera from rabbits immunized with group A streptococcal cells to
samples of human heart tissue, conjuring the first established
description of what is today a well-accepted paradigm—that
structural similarity between bacteria and human protein may
lead to the development of cardiac injury in rheumatic fever.!
In another canonical article published that same vyear,
Rowley and Jenkin? described a novel theory, concerning a
possible immune crossreaction between infectious agents and
host antigens, causing the development of autoimmunity.

These two articles may be viewed as harbingers to a mass of
scientific publications that followed, all exploring the concept
of immune crossreactivity due to structural homology between
pathogens and self-proteins, a concept commonly termed
molecular mimicry.>=°

Molecular mimicry is a term originally referring to the ability
of an organism to evade detection by its predator through
assuming features of a non-edible object,” yet the concept was
expanded to address the significant homology between microbial
agents and the human host. Interestingly, the theoretical
consequences of such similarities may vary depending on the
interpreter. Thus, almost simultaneous with the publication by
Rowley and Jenkin,? a fundamentally opposite view of mole-
cular mimicry was presented by Damian.® Damian addressed
naturally occurring parasitic antigenic determinants that were
found to elicit little or no immune reaction. He attributed this
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feature to the similarity of these determinants to host proteins,
suggesting that molecular mimicry may facilitate immune
tolerance rather than immune autoreactivity.

Nevertheless, these two seemingly rivaling hypotheses may
actually coexist, explaining the ostensibly paradoxical induction
of autoimmunity in the unique setting created by vaccination.

During the past two decades, the similarity of viral and
bacterial proteins to the human proteome was extensively
researched. Noteworthy are the papers of Kanduc? and Kanduc
and colleagues'® who described a massive overlap of the
different proteomes, ranging up to 90% of viral pentapeptides,
as well as an astonishing 99.7% of bacterial heptapeptides,
which were shared by the human proteome. Kanduc!!
suggested that this massive overlap supports the notion that
microbial elements bearing similarity to human proteins would
likely not elicit an immune response, owing to tolerogenic
mechanisms inherent to our immune system. However, in the
setting of impaired tolerogenicity, exposure to those similar
elements may induce autoimmunity.

The importance of tolerogenic mechanisms in preventing
autoimmunity has been widely explored. A prominent illustra-
tion is the process of stimulation and clonal expansion of
lymphocytes upon exposure to antigens: both T cells and B
cells exposed to foreign antigens depend on a second signal to
generate an effective immune response. It is believed that the
goal of this duplicity is to minimize immune reactiveness
against self-antigens.'2

A crucial question is therefore, what factors are involved in
attenuating immune tolerance?

The answer, as may be expected, is comprised of two chief
pillars: environmental and genetic.

With regards to the role of genetics in predisposing
individuals to autoimmunity, the body of evidence is constantly
expanding. One central example is the association between
certain major histocompatibility complex (MHC) alleles and
autoimmune diseases.!»!* The mechanisms behind this asso-
ciation are poorly understood as yet. However, it was suggested
that aberrant presentation of antigens via MHC class II to
autoreactive T cells may lead to breakdown of immune
tolerance.'” In fact, it is hypothesized that this genetic suscept-
ibility to autoimmunity represents a natural evolutionary toll,
as it may have provided a survival advantage for those with an
overactive immune system, which would be more effective in
fighting infections.!®!

The second pillar in attenuation of immune response is
environmental effects. The role of environmental factors in the
pathogenesis of autoimmunity has supplied grounds to a vast
body of research, with data accumulating on the contribution
of various elements such as nutrition, sun exposure, exercise,
smoking and gut microbiota.!82! Nonetheless, attention is
rarely drawn to a significant environmental factor applied
regularly with the sole purpose of impairing immune tolerance
—Adjuvants.

The term adjuvant refers to a variety of compounds used to
stimulate immune response. In fact, research of immune
responses is dependent on these compounds since inducing
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Figure 1 Schematic illustration of the process leading to the
development of immune crossreactivity in genetically prone individuals
upon exposure to vaccines.
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a significant ‘researchable’ immune response to pathogenic
elements is possible almost solely when injecting these element
along with an adjuvant.!?

Kanduc!! suggested the need for adjuvants stems from the
inherent tolerance of the human immune system to many
pathogenic motifs, which are repeatedly shared with the human
proteome. Therefore, she offered that upon exposure of the
immune system to these shared motifs, while impairing
immune tolerance (by adding an adjuvant), a reasonable
outcome may be the development of crossreactivity and
autoimmunity.!!

This application of the molecular mimicry theory may serve
to explain potential development of autoimmune phenomena
post vaccination (as illustrated in Figure 1).

Herein, we present principle examples of vaccines associated
with autoimmunity, in which molecular mimicry has been
implicated as a plausible mechanism.

INFLUENZA (H1N1) VACCINES: WHAT PANDEMICS MAY
TEACH US

Since its initial isolation in the 1930s, the influenza A virus has
justly been an important target for vaccine designers. Respon-
sible for the Spanish flu in 1918, the HINI strain of the
influenza virus took an estimated toll of 50-100 million deaths.
No wonder then that as evidence began accumulating in mid-
2009 of a new strain of A(HINI) influenza virus rapidly
spreading, health agencies worldwide alongside with vaccine
manufacturing companies, enlisted to urgently develop suitable
vaccinations.”> Several vaccines were marketed; however,
the most prevalent vaccine, used across Europe as well as
North America, was the AS03-adjuvanted A(HIN1) pandemic
vaccine, with more the 30.5 million doses delivered.?3 Such
intense distribution of millions of doses over a rather short
time frame allows the isolation of relatively rare potential
adverse effects. And indeed, the 2009 influenza pandemic
served as ground for extensive research of the influenza vaccine
and its repercussions. Following the pandemic, a number of
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health concerns were raised regarding the vaccine, among those
were a possible association with narcolepsy and Guillain-Barre
syndrome.

Narcolepsy

Narcolepsy is a debilitating neurological disorder characterized
by uncontrollable rapid eye movement attacks, which are not
preceded by a non-rapid eye movement stage as occurs
normally. The disease classically manifests as excessive daytime
sleepiness, which may be accompanied by disrupted nocturnal
sleep, sleep paralysis, hallucinations and obesity.>#?> Narcolep-
tic patients are believed to suffer from selective destruction of
hypothalamic neurons, which are responsible for producing
Orexin, also termed Hypocretin (HCRT), a neurotransmitter
involved in regulating sleep-wake states.”® Although a specific
autoantigen has not been isolated yet, narcolepsy is highly
suspected to be an autoimmune disease, as it presents several
key autoimmune characteristics. Among those are the extre-
mely high association of narcolepsy with the HLA
DQB1*06:02, and perhaps most compelling—the induction
of narcoleptic characteristics in mice injected with antibodies
from narcoleptic patients.?+2>27:28

Following the 2009 HIN1 pandemic, reports surfaced of an
increase in narcolepsy diagnoses. Two rather distinct popula-
tions presented this rise in narcolepsy incidence: the first was
the population of Beijing, presenting with a threefold increase
in narcolepsy diagnosis in 2010,%° which returned to prepan-
demic rates by 2011.3° The second population was revealed in
various studies of children and adolescents vaccinated with the
European AS03-adjuvanted A(HIN1) pandemic vaccine,
reporting a significantly increased incidence of narcolepsy
among subjects receiving the vaccine.?'=3”

Remarkably, the only vaccine reported to significantly induce
an increase in narcolepsy incidence was the European Pan-
demrix—a vaccine containing inactivated split-virion particles,
and the ASO3 adjuvant—composed of pL-a-tocopherol, squa-
lene and polysorbate 80.2% This led to the suggestion that the
AS03 adjuvant may be the sole culprit responsible for the
induction of disease. In contrast, the Canadian Arepanrix
vaccine did not generate similar phenomena despite containing
the exact same adjuvant. Furthermore, the Chinese population
presented with increased disease incidence, although vaccina-
tion rates were extremely limited,®® eluding to a role of the
virus itself in the pathogenesis of the disease.

A recent publication presented a well-rounded hypothesis
elucidating the relationship between virus and disease’*—the
authors reported of similarity between a peptide sequence of
the surface-exposed influenza nucleoprotein A (NP A) and an
extracellular domain of the HCRT receptor, which may serve as
the basis to the development of crossreaction and autoimmu-
nity. Moreover, antibodies derived from vaccine-associated
narcolepsy patients were demonstrated to crossreact with both
NP and HCRT receptor 2. Interestingly, the authors report
significantly higher amounts of NP were found in the
Pandemrix and Arepanrix vaccines, compared to the Focetria
vaccine, which was not associated with narcolepsy. They
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suggest that the higher levels of NP enabled sufficient MHC-
binding and subsequent immune response and crossreaction.
With regards to the discrepancy between Pandemrix and
Arepanrix, they refer to the world distribution of the HLA
DQB1*06:02 allele, which is found in ~90% of narcolepsy
patients, and is believe to represent a significant genetic
component in disease pathogenesis. As the Arepanrix vaccine
was administered mainly in Canada, where the allele is rare,
they suggest this may explain the lower incidence of narcolepsy
among the Canadian vaccinated population.*

Guillain-Barre syndrome

Guillain-Barre syndrome (GBS) is the most common form of
acquired flaccid paralysis, believed to result from an auto-
immune assault to the peripheral nervous system. Patients
commonly present with antibodies for gangliosides, which are
important components of peripheral nerve fibers.*!*? Various
environmental triggers were suggested to be involved in the
pathogenesis, among them most notorious is infection with
Campylobacter jejuni, demonstrated to precede as many as 30%
of all reported GBS cases.*> Studies have demonstrated
molecular similarity between a component of C. jejuni and
GMI, one of the targets of the autoantibodies found in
patients, suggesting a role of molecular mimicry in the
pathogenesis of the disease.*3

Additional infectious potential triggers include Mycoplasma
pneumonia, cytomegalovirus, as well as influenza virus.#* It is
therefore of no surprise that various associations have been
reported between influenza vaccines and GBS.

The most staggering report of the relationship between the
influenza vaccine and GBS dates back to 1976—during the
mass influenza immunization in the United States prompted by
a swine flu outbreak, there was a significant increase in GBS
incidence among the vaccinated population, estimated later to
represent a 4-8-fold increased risk attributed to the vaccine.*>
The vaccination program was suspended, and nearly 30 years
later it was demonstrated that mice immunized with the
vaccine developed anti-GM1 antibodies, thus supporting the
hypothesis that molecular mimicry was the link between
vaccine and disease.*®

Naturally, these events led to extensive scrutiny of the
influenza vaccines produced during the 2009 pandemic, in
search of a rise in GBS reports. Data obtained of more than 70
million vaccinated subjects, from over 10 countries, were
analyzed and revealed a 2—-3-fold increased risk of GBS in the
42 days following recipient of the 2009 influenza vaccines.*’
The authors pointed out that despite the undeniable added risk,
these numbers confer to an excess of 1-3 GBS cases per one
million persons vaccinated. Since this risk is much smaller than
the estimated risk of GBS following influenza illness, they
concurred that vaccination is justified. However, these findings
accentuate the importance of meticulous appraisal of the safety
profile of new influenza vaccines as they emerge.



HEPATITIS B VIRUS VACCINES: POTENTIAL MIMICKERS
OF MYELIN COMPONENTS
Hepatitis B virus (HBV) infection is a significant cause of
morbidity and mortality, with an estimated 30% of world
population showing evidence of past or current infection.*3
Infection with HBV was linked to various extrahepatic man-
ifestations, among those several were believed to be
autoimmune.*” Thus, it stands to reason that concern was
raised of possible autoimmune repercussions of the HBV
vaccines. In fact, the first suggestion of autoimmune ramifica-
tions of a possible vaccine yet to be developed was published in
Nature as early as 1975, as a ‘note of caution’ urging for a
‘careful assessment of all vaccine effects on the immune
system’.>”
Indeed, HBV vaccines have stirred rigorous debates among
the scientific community regarding their potential role in the
development of autoimmunity. Of special note is the relation-
ship between HBV vaccines and various neurological symp-
toms, particularly symptoms representing a possible assault
to myelin, such as acute disseminating encephalomyelitis,
certain variants of GBS, transverse myelitis and multiple
sclerosis (MS).

MS and other demyelinating neuropathies
The first report of neurologic adverse events following HBV
vaccines was produced in a postmarketing surveillance issued
by the Center for Disease Control (CDC) and the
manufacturer.’! The authors could not detect a conclusive
association between any neurologic adverse event and the
vaccine. Nevertheless, they relate to their significant limitations
in calculating a precise relative risk for the various events
reported, due to variations in diagnostic classification of the
cases, estimates of the size of the vaccinated population,
background incidence of the diseases and the definition of a
hypothetical at-risk interval. They further refer to their inability
to assess underreporting of adverse effects. Following this
publication, several interesting case reports were published
regarding central nervous system demyelination arising after
HBV immunization. One noteworthy such report published in
the Lancet dates back to 1991, when Herroelen et al’?
described two patients developing central nervous system
demyelination 6 weeks after receiving the vaccine. In a similar
case report published 4 years later,”® the author points to an
intriguing common denominator of all three reported patients
—all possessed the HLA haplotypes DR2 and B7, which
represent genetic susceptibility to develop MS.>*> This obser-
vation corresponds to the concept of the mosaic of autoimmu-
nity devised by Shoenfeld and Isenberg,® Shoenfeld and
co-workers®’ and Shoenfeld et al>® suggesting that the
development of autoimmunity is a process resulting from a
complex web of attenuating factors—genetic (such as certain
HLA haplotypes) as well as environmental (such exposure to
infections as well as vaccinations).’®~>8

These three reports were followed by many others,
among them five cases reported in a comprehensive review
of major adverse reactions to HBV vaccines,®" and two

59-62

Molecular mimicry and crossreactvity due to vaccination
Yahel Segal and Yehuda Shoenfeld

additional cases reported in which peripheral nerve biopsies
demonstrated axonal degradation, suggesting an autoimmune
reaction against axonal components.®?

These case reports accentuate the need for large-scale studies
designed to ascertain whether HBV vaccination entails a risk
for autoimmune neurological adverse events.

In fact, a significant number of such studies were conducted,
yet the debate remains—while several large-scale studies found
no significant association between HBV vaccines and central
nervous system demyelinating conditions,®>%® others show a
significantly increased risk, with an odds ratio ranging from 3
to 5 for developing multiple sclerosis following HBV vaccines
compared with other vaccines.®>’® Two adamant articles by
Girard®®’! offer a thought-provoking explanation for these
contradicting findings. The author pointed to significant flaws
raised regarding some of the pivotal, which demonstrated no
association between vaccine and adverse events,”? and eludes to
substantial publication bias favoring studies that support
vaccine safety.®%’!

Regardless of the ongoing debate on the large-scale auto-
immune consequences of HBV vaccines, the vast number of
case reports evoked research into possible mechanisms for
vaccine-induced autoimmunity. One fundamental study in this
aspect set out to examine similarities between the small HBV
surface antigen (SHBsAg) contained in vaccines, to the MS
autoantigens myelin basic protein (MBP) and myelin oligo-
dendrocyte glycoprotein (MOG), which could serve as targets
of immunological crossreactivity.”> The authors reported five
peptides shared between the SHBsAg and MBP/MOG. They
tested these peptides against serum samples from 58 adults
before and after receiving the HBV vaccine to examine the
potential development of crossreactive antibodies, comparing
these samples to 87 samples of anti-SHBsAg antibody-negative
patients as controls. SHBsAg/MOG double reactivity was
reported on at least one occasion in 60% of the vaccinated
subjects, compared with none before vaccination, and 2% of
the controls (P-value was 0.001 for both). This initial finding
may provide a general proof of concept for the theory of
molecular mimicry leading to autoimmunity among HBV-
vaccinated subjects.

Additional preliminary evidence was provided in a simple
experiment examining sera from a young girl who developed
transverse myelitis 2 months following a HBV vaccine booster
injection. The girl presented with high titers of antinuclear
antibodies, and was diagnosed with neuro-lupus. Sera from this
patient was mixed with various concentrations of HBV vaccine.
ANA were completely absorbed at the highest level of HBV
vaccine, partially absorbed at intermediate dosage and were not
absorbed in the lowest concentration,”* suggesting that these
typical lupus antibodies may crossreact with components of the
HBV vaccine. This finding is of special interest as it potentially
links HBV vaccine, crossreactive antinuclear antibodies and
autoimmune myelitis, a possibility that should of course be
assessed though larger controlled studies.

Finally, a comprehensive review of the evidence regarding
significant molecular mimicry between HBV polymerase and
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MBP offers an additional possible culprit contained in various
HBV vaccines, which may be responsible for the induction of
immune crossreaction in susceptible individuals.”

The evidence supporting the possibility of molecular mimi-
cry, along with the epidemiologic data suggesting a link
between HBV vaccines and autoimmune phenomena, all imply
to the need for further exploration of the potential relationship
between the vaccines and autoimmunity. Considering the
current body of knowledge regarding the pathogenesis of
immune crossreactivity, it seems reasonable to assume that
the risk for autoimmunity is mainly relevant for those with
susceptibility for autoimmune diseases (such as individuals
with a family history of autoimmunity, subjects known to have
autoantibodies and those carrying a certain genetic profile).”®
These populations may benefit from a personalized risk
assessment before vaccination. However, research regarding
the involvement of the HBV vaccines in the induction of
autoimmunity should not diminish the importance of these
vaccines for their role in worldwide prevention of a life-
threatening infection.

HUMAN PAPILLOMA VIRUS VACCINES: A VEIL OF
CONCERN REMAINS UNSETTLED

Human papilloma viruses (HPV) are notorious for their ability
to infect human epithelial cells, leading, upon persistent
infection, to the development of carcinoma at the site of
infection.”” There are currently three available vaccines against
HPV, aimed to prevent infection and thus the development of
malignancies. While considered effective in preventing
infection,”3 89 the vaccines raised fervent debates across the
scientific community with regards to their safety profile, and
specifically their suspected association with the development of
autoimmune phenomena.?!"82 Whereas some studies present
no association between HPV vaccines and autoimmune adverse
events,3>8¢ others have addressed the significant limitations of
many of these analyses.?”88 The answer remains largely
disputed, yet the attention drawn to HPV may be responsible
for some intriguing discoveries regarding potential molecular
mimicry between HPV and human proteins. In two compre-
hensive analyses Kanduc et al.”® exposes vast peptide overlap
between peptides of HPV to the human proteome,”® thus
laying the grounds for further research regarding HPV and
autoimmunity. As with influenza and HBV, the potential for
immune crossreactivity upon infection led to concern of a
similar effect, which may be induced by vaccination with viral
particles. Following are two central examples of diseases
suspected to be associated with the vaccine, where molecular
mimicry is a suggested mechanism.

Systemic lupus erythematosus

The association between systemic lupus erythematosus (SLE)
and HPV infection has been widely demonstrated in several
studies.”>? This connection led to the conjecture that the
relationship may be one of cause and effect. In two recent
publications, Segal et al.”»* raised the hypothesis that HPV
may be an environmental trigger eliciting the development of
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SLE among genetically susceptible individuals. To assess the
possible role of molecular mimicry in the relationship between
virus and disease, viral peptides were examined for homology
to human proteins involved in the pathogenesis of SLE.
Significant overlap was found between viral and various
potentially SLE-relevant peptides. Most noteworthy is the
homology between certain HPV peptides and human peptides
belonging to compliment components as well as natural killer
cell receptors—both known to be dysregulated in SLE. Notably,
the viral peptides examined are all present in the three available
vaccines, suggesting that crossreactivity may follow HPV
vaccination as well as infection.

While some of the aforementioned studies report no
significant association between SLE and HPV vaccines, several
case reports have been published describing disease onset
following vaccination.”™” Although case reports describing
temporal association do not provide proof of causation, these
reports are complemented by more recent publications relating
to large-scale data.”®®® Of note, a case—control analysis of
reports submitted to the US Vaccine adverse event reporting
system compared 48 816 reports of SLE to 21998 controls
(reporting adverse events other than SLE). Subjects with SLE
were significantly more likely to have received the HPV
quadrivalent vaccine (odds ratio 7.626, 95% confidence inter-
val: 3.385-19.366), with a median onset of symptoms ranging
between 3 and 37 days post vaccination.”®

Postural orthostatic tachycardia syndrome
Postural orthostatic tachycardia syndrome (POTY) is a hetero-
geneous disorder of the autonomic nervous system character-
ized by an inappropriately significant increase in heart rate
upon changing from supine to upright position (defined as
30 b.p.m. within 10 min of standing or head-up tilt), accom-
panied by decreased blood flow to the brain, and leading to
orthostatic intolerance.!® While the exact etiology of the
disease is still largely unknown, findings suggest a significant
subset of patients suffer from small fiber neuropathy leading to
autonomic dysfunction.!?>192 In this aspect the disease resem-
bles fibromyalgia and complex regional pain syndrome, two
distinct clinical conditions that some claim may represent a
single spectrum alongside Postural orthostatic tachycardia
syndrome.'9*1%4 Although no specific autoantigen was discov-
ered yet, several clues denote POTS may be a result of an
autoimmune process.!0%10%106

The first report of the development of POTS after HPV
vaccination was published in 2010.'7 It was followed by
dozens of similar case reports of POTS following HPV
vaccination, all within 2 months of receiving the
vaccine.!®®-114 Among these were two case series, compiling a
total of 88 women, all presenting no more than 2 months
following vaccination, complaining of orthostatic intolerance,
with additional complaints such as nausea, palpitations, fatigue
and neuropathic pain. Out of the two series, a total of 49 (55%)
fulfilled the diagnostic criteria for POTS.!1®!!2 These reports
provided grounds for a more thorough, large-scale investiga-
tion of the possible association between HPV vaccines and



POTS. However, as mentioned, research regarding potential
adverse effects of the HPV vaccines is contradicting and
disputed.

Among the noted limitations of previous large-scale studies
was the complexity of diagnosing POTS, which commonly
presents with several months of nonspecific symptoms such as
dizziness and fatigue,'?”!%? and thus may not appear within the
evaluated time frame or adverse event definitions of many
studies.

Two noteworthy endeavors to overcome this limitation
suggest that the occurrence of POTS post HPV vaccination
may be higher than previously suspected. Both studies searched
large-scale adverse event reporting systems for reports of
various symptoms characteristic of POTS (such as syncope,
dizziness, headaches, nausea, fatigue and palpitations), in an
attempt to create a more accurate estimation of POTS
incidence following HPV vaccine. The first, an analysis of
reports from US Vaccine adverse event reporting system,
demonstrated increased incidence of such reports following
HPV vaccines compared with reports following Varivex.!%> The
second, a novel implementation of cluster analysis, conducted
on an international database for adverse drug reactions, showed
HPV vaccines to be associated with a significantly increased
proportion of reports clinically consistent with the POTS,
compared with other vaccines.'!?

These two publications stress the potential added value of
appreciating POTS in the context of similar entities with
substantial clinical overlap, such as chronic fatigue syndrome
and fibromyalgia. However, while these findings suggest a
possible association, which may have been missed due to
limitations in adverse event definitions, they cannot substitute
necessary future cohort studies.

Scant research is available regarding the potential mechan-
isms involved in vaccine-induced POTS; however, several
thought-provoking publications may delineate a process of
molecular mimicry as a possible explanation—an analysis of
sera from 14 POTS patients demonstrated the presence of
adrenergic receptor autoantibodies exerting agonistic effects,
serving as a possible mechanism for the characteristic excessive
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tachycardia of POTS.!'® The authors hypothesize that the
antibodies may be induced by molecular mimicry, as similar
findings were demonstrated in rats immunized with cardiac
myosin, thus developing anti myosin antibodies which cross
reacted with adrenergic receptors.!!” The potential missing link
to HPV is presented by Dahan et al,'® who proposes an
immune crossreaction in HPV-related POTS, ignited by
specific HPV peptides, Shown to mimic human proteins
potentially associated with arrhythmias, such as cardiac
myosin.! 18

DISCUSSION

The relationship between humans and potentially pathogenic
microorganisms is no doubt intricate and complex, with new
layers still unraveling. Such is our constantly evolving under-
standing of potential ramifications to the vast homology
between viral and bacterial elements and the human proteome.
While this affinity may exert protective effects, promoting
immune tolerance (as attributed to the role of helminths in
immunomodulation!!®), it may also serve to facilitate patho-
logic autoimmune processes. Molecular mimicry is a prototype
of such processes, wherein an immune reaction directed against
foreign pathogenic elements, bearing similarity to human
proteins, may evolve into an autoimmune process targeting
the homologous self-proteins.

Vaccines, perhaps the single most important contribution of
modern medicine, serve as an essential and effective means of
defense, protecting us of infectious diseases as well as potential
induction of autoimmunity due to infection induced
crossreactivity.

It seems somewhat ironic then that vaccines may induce the
very same immune crossreactivity they serve to prevent.
However, when considering the fact that vaccines inevitably
contain infectious particles, it is rather expected.

In this review, we have addressed principle examples of
vaccine-nduced molecular mimicry and autoimmunity (sum-
marized in Table 1). Most of presented examples are subject to
significant debate among the medical community, and unfor-
tunately high-quality scientific data regarding these adverse

Table 1 Examples of vaccines associated with immunological crossreaction and the suspected molecular elements implicated

Vaccine Autoimmune disease Suspected viral element implicated Suspected homologous human target References
HIN1 Narcolepsy NP HCRT receptor 39
GBS HA GM1 46
HBV MS SHBsAg MOG 73
HBV polymerase MBP 75
HPV SLE HPV L1 peptides NK receptors 93,94
Complement components
POTS HPV L1 peptides Cardiac myosin/adrenergic receptors 105,116,118

Abbreviations: GBS, Guillain-Barre syndrome; GM1, ganglioside M1; HA, hemagglutinin; HBV, hepatitis B virus; HCRT, hypocretin; HIN1, strain of the influenza virus;
HPV, human papilloma virus; MBP myelin binding protein; MOG, myelin oligodendrocyte glycoprotein; MS, multiple sclerosis; NK, natural killer cells; NP, influenza
nucleoprotein; POTS, postural orthostatic tachycardia syndrome; SHBsAg, small hepatitis B surface antigen; SLE, systemic lupus erythematosus.
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events is lacking more often than not. Suspected associations
are commonly deduced based on accumulating case reports
and large-scale analyses of adverse event databases (such as US
Vaccine adverse event reporting system). These are hardly
sufficient to determine with certainty the nature of suggested
correlations; however we believe such findings, viewed by some
as a threat to the invaluable practice of vaccination, should
instead serve as vital red flags, alerting for the need for constant
investigation.

As history teaches us, vaccines, instrumental as they are in
modern medicine, are subject to possible flaws in the same
manner that all man-made developments are. Such were the
cellular pertussis vaccine and the Rotashield vaccine—both
products which were discontinued due to a high incidence of
associated adverse events. Both were replaced by improved
versions, leading to a significant decrease in reported side
effects.

Indeed, the quest for safer vaccines in terms of immune
crossreactivity is not a new one. As early as 1995, a seminal
publication in Cell referred to the fact that ‘genetic modifica-
tions of viral vaccines that eliminate proven mimicry epitopes
could make viral vaccines safer’.!?’ Nearly two decades later,
Kanduc and Shoenfeld'?! outlined a potential design for such
vaccines, based on massive peptidome analyses and the
isolation of sequences which are unique to pathogens, thus
not bearing the potential for inducing immune crossreaction.

These suggestions represent a relatively recent and important
trend, towards developing more accurate vaccines, which will
potentially cause less adverse events, while still granting
sufficient immunity. As with any important medical interven-
tion, our duty as physicians is to eagerly advocate for
vaccinations while still keeping a vigilant eye for potential risk,
constantly striving to improve current medical practice and to
minimize harm.
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