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Introduction

“The Autoimmune/Inflammatory Syndrome Induced by Adjuvants (ASIA)” is a term introduced
by one of the editors of this book, Prof. Yehuda Shoenfeld, to characterize a cluster of autoimmune
and inflammatory disorders incited by exposure to various adjuvants [1]. These adjuvants can be
encountered in diverse contexts, including vaccinations, silicone implants, and other materials,
culminating in a spectrum of symptoms and medical conditions [2]. Given its relatively recent
emergence in the medical landscape, with its introduction in 2011, ASIA remains a complex and
evolving syndrome, with many facets yet to be fully elucidated. However, an accumulating body
of evidence underscores the potential of specific adjuvants to incite autoimmune and inflam-
matory responses in susceptible individuals, often associated with HLA-DRB1 genetic factors [3].
Consequently, growing apprehension surrounds the safety of adjuvants integrated into certain
vaccines and medical products. It is imperative to underscore that vaccines play a pivotal role in
safeguarding public health. Over the years, they have played an instrumental role in eradicating
lethal diseases such as smallpox, significantly reducing the prevalence of maladies such as mea-
sles and polio. Vaccines operate by invigorating the immune system to mount a defense against
specific pathogens, all while sparing the individual from the disease itself. This herd immunity
not only extends protection to vaccinated individuals but also shields the broader community,
including those who cannot receive vaccines themselves. While vaccines can indeed elicit rare side
effects, the immense benefits they confer decisively outweigh the associated risks, making them
an indispensable tool in the preservation of public health. This book serves as a comprehensive
exploration of ASIA and the diverse adjuvants capable of inciting autoimmune and inflammatory
responses. We embark on a journey to decipher the substances implicated in ASIA syndrome, the
array of symptoms and conditions it encompasses, and the current state of research in this realm.
Our narrative commences by delving into the role of adjuvants in vaccines and the controversies
regarding their safety. Though infrequent, some individuals exhibit heightened susceptibility to
autoimmune and inflammatory reactions prompted by adjuvants in vaccines, culminating in an
array of conditions including Guillain—Barré syndrome, multiple sclerosis, and lupus. We further
scrutinize the involvement of silicone implants in the initiation of autoimmune and inflammatory
responses. For years, silicone has been a cornerstone of breast implants [4], and though the safety
of these implants has been subject to scrutiny [5], the connection between silicone and autoim-
mune maladies remains enigmatic. Nevertheless, a mounting body of evidence underscores that
silicone exposure can incite autoimmune and inflammatory reactions, giving rise to conditions
such as silicone implant syndrome, which can manifest with symptoms including fatigue, joint
pain, and more. Beyond vaccines and silicone, we cast a spotlight on other adjuvants capable of
inciting autoimmune and inflammatory reactions, encompassing commonly employed materials
such as aluminum, prevalent in vaccines, and additional substances such as mesh and metals. We
also conduct an exploration of autoimmune dysautonomia, a condition that has garnered substan-
tial attention in recent years. Finally, we engage in a comprehensive discussion surrounding the
diagnosis and treatment of ASIA as well as the prevailing controversies that encircle this syndrome.
It is important to note that skepticism still pervades some medical circles regarding the existence
of ASIA, with its symptoms and linkage to adjuvants often escaping recognition. Nonetheless,
with an escalating awareness and an expanding body of research, the reality of ASIA as a genuine
phenomenon affecting numerous individuals is becoming increasingly evident. In summation,

xiii



Introduction

this book aspires to provide an exhaustive overview of ASIA and the manifold adjuvants capable
of triggering autoimmune and inflammatory responses. Our hope is that this volume will raise
awareness about this intricate syndrome and empower individuals to make informed decisions
regarding their health and the medical products they encounter.
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Hadas Hodadov' and Abdulla Watad™234>

'Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

2Department of Medicine ‘B’, Sheba Medical Center, Tel-Hashomer, Israel
*Rheumatology Unit and Zabludowicz Center for Autoimmune Diseases, Sheba
Medical Center, Tel-Hashomer, Israel
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Background

The immune system safeguards living organisms against constant assaults from both external and
internal environments, detecting a wide variety of pathogens, cancer cells, and drugs (i.e., "non-
self") and distinguishing them from the organism’s own healthy tissue ("self") [1]. Two main
subsections constitute the immune system: innate immunity, which provides immediate though
incomplete protection against intruders and, at best, has only short-term memory; and adap-
tive immunity, offering a tailored response to each stimulus by learning to recognise previously
encountered molecules [2]. Dysfunction of the immune system can lead to autoimmune diseases,
autoinflammatory disorders, and cancer. Autoimmunity results from a complex interplay between
genetic predisposition and environmental factors [3]. Adjuvants are molecules capable of trigger-
ing an immune response against specific or nonspecific antigens [4]. Biomaterials are routinely
employed to address various conditions in nearly every medical specialty. However, certain sub-
stances within this category have been reported to possess adjuvanticity, thereby potentially accel-
erating or initiating autoimmune phenomena [5].

Biomaterials that are lined to hyperstimulation of the immune system
(silicone, mesh and heavy metals)

Biomaterials play a pivotal role in addressing various healthcare issues, including tissue engineer-
ing, drug delivery, and medical implants. Their significance lies in the broad potential of these
materials to offer support (i.e., scaffolds), allow modifications of chemical properties, and protect
biologically active products (i.e., cells, proteins, and chemicals). Biomaterials encompass a diverse
range of compounds with varying functions and structural features, ranging from naturally occur-
ring biological macromolecules to fully synthetic coatings [6]. However, a noteworthy aspect,
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though rare, is that certain biomaterials can chronically stimulate the immune system, resulting
in excessive inflammation, fibrotic encapsulation, impaired healing, tissue destruction, or even
rejection of medical devices [5]. The implantation of biomaterial elicits a host reaction that deter-
mines the integration outcome and the biological response of the implant. Upon implantation, the
material interacts with the blood, causing protein adsorption to the biomaterial surface and the
development of a temporary matrix that forms on and around the biomaterial. This matrix serves
as the initial thrombus at the tissue-material interface. Protein adsorption and fibrin-predominant
temporary matrix formation are closely linked in their mechanistic responses [7]. Injury to vascu-
larized connective tissue initiates inflammatory responses by the innate immune system, leading
to thrombus formation. The temporary matrix contributes components to foreign body reactions
and wound healing. Cytokines, growth factors, mitogens, and other bioactive materials within the
matrix create a rich environment of activating and inhibiting substances capable of modulating
macrophage activity, along with the proliferation of other cell populations involved in inflamma-
tory and wound-healing responses. Following the initial blood-material interactions and tempo-
rary matrix formation, both acute and chronic inflammation responses ensue [8].

Hyperstimulation syndrome induced by silicone breast implants

One significant biomaterial is silicone, a polymeric compound forming rubber-like materials used
in various applications, including dental procedures, medical implants, and insulation. Silicone
breast implants (SBIs), introduced in 1962, have been widely implanted in millions of individu-
als [9]. While there was an earlier perception that silicone is a biologically inert material, this
notion has been refuted, with reported immunological effects induced by silicone. Silicone gel par-
ticles can migrate outside the outer shell post-rupture, and even migration through an intact shell
has been demonstrated, known as "gel bleed" [10]. Silicon-containing particles captured by mac-
rophages induce the release of IL-1, activate the NALP3 inflammasome and B cells, leading to an
imbalance of regulatory T cells, responder T cells, and Th17 cells [11]. Animal studies have dem-
onstrated that SBIs induce an adjuvant effect, increasing susceptibility to autoimmune/rheumatic
disorders. The mechanisms by which SBIs induce autoimmune phenomena are numerous, involv-
ing dysregulation of both innate and adaptive immunity in individuals genetically predisposed
to autoimmunity [9]. In recent years, inconsistent findings on the safety of SBIs have emerged.
A large population-based study involving over 24,000 women with SBIs and approximately
100,000 age-matched controls revealed a significantly increased risk of autoimmune disease in
women with SBIs, with an adjusted odds-ratio (OR) of 1.22 ([95% CI 1.18-1.26], p <0.001).
The risk was even higher (OR>1.5, p <0.05) in specific conditions such as sarcoidosis, systemic
sclerosis, and Sjogren’s syndrome [11]. Other studies have linked carrying SBIs with systemic
clinical symptoms suggestive of rheumatic disorders, including fatigue, weakness, musculoskeletal
pain, morning stiffness, and dry eyes and mouth [12]. Plausible mechanisms explaining the link
between SBIs and autoimmune phenomena have been proposed, as supported by animal model
studies. For example, injecting silicone gel in NZB mice induced proteinuria and autoimmune
hemolytic anemia [13], while implanting silicone gel or silicone oil in MRL Ipr/lpr mice increased
anti-Ds-DNA antibodies [14]. In a rat model study, five genes (Fes, Aifl, Gata3, Tlr6, and TIr2)
were identified as hub genes likely linked to the immune responses induced by silicone. Four of
these genes (Aifl, Gata3, Tlr6, and Tlr2) have been associated with autoimmunity as target genes
or disease markers [15]. Thus, SBIs may trigger immune responses, with various immune reac-
tions detected after silicone implantation.

Hyperstimulation syndrome induced by mesh

Mesh, a loosely woven sheet, constitutes another crucial biomaterial, with the commonly used
polypropylene (PP) mesh being a strong yet flexible synthetic implant. PP, the second most widely
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manufactured type of plastic globally, finds application in various products such as furniture, elec-
tronic components, and medical devices [16]. Utilized since the 1960s for hernia repair surgeries
and since the 1990s for urinary incontinence and pelvic organ prolapse, PP implants have enhanced
surgical outcomes and reduced recurrence risks. Initially considered an inert plastic, chemically inac-
tive to minimize patient complications, a contrasting notion has emerged, suggesting mesh-related
complications, particularly the body’s immunological reaction to the implanted material [17]. Some
researchers propose that PP mesh may induce a systemic autoimmune inflammatory disorder, akin
to women with SBIs induced by adjuvants. PP implants elicit a rapid and effective acute inflam-
matory response followed by a chronic body reaction. Local inflammatory reactions after mesh
insertion may lead to systemic upregulation of inflammatory mediators, primarily regulated by
monocytes and macrophages at the implant tissue interface. These cells, known to produce various
cytokines, particularly IL-6, play a crucial role in the acute phase of the inflammatory process, regu-
lating local and systemic responses [18]. One theory explaining the chronic foreign body response
to mesh involves oxidative processes, with oxidation causing PP degradation, resulting in chronic
inflammation and a subsequent systemic autoimmune inflammatory disorder. Supporting evidence
for mesh acting as an adjuvant includes the appearance of systemic autoimmune symptoms shortly
after mesh placement and the remission of symptoms after mesh removal [19]. A recent study
evaluated patients with implanted PP for the development of systemic illness. Thirty-nine out of 40
patients presented with chronic fatigue, and 38 of 40 patients had myalgia, both occurring shortly
after surgery. All patients fulfilled the diagnostic criteria for ASIA syndrome. In 45% of patients,
there was a diagnosis of a well-established autoimmune disease, suggesting that PP mesh implants
increase the risk of developing autoimmune diseases by acting as an adjuvant [20].

Hyperstimulation syndrome induced by metals

Metals and metal alloys, combinations of metal elements, have been widely utilized as medical
implants for over a century across various medical specialties. They find application in a diverse
range of medical devices, from solid metal implants in orthopedics to bioelectronics such as
pacemakers or neurostimulators [21]. These metal implants are chosen as biomedical materials
due to their numerous advantages over other materials, including high mechanical strength,
good electrical conductivity, durability, and excellent biological compatibility. Ideally, metal
implants should not cause any undesired reactions; however, interactions between the implant
and the surrounding tissue can lead to complications, including infection, inflammation, and
foreign body response. While heavy metals and their salts have previously been demonstrated
to play a role in causing allergic diseases, recent evidence suggests their key involvement in
the induction or exacerbation of autoimmune diseases [22]. The mechanism by which heavy
metals trigger autoimmunity is not fully understood, but its comprehension is not necessary
for establishing an association between them. Manifestations of autoimmunity may include the
production of autoantibodies, an increase in serum IgG and IgE, polyclonal activation of B and T
lymphocytes, infiltration of destructive inflammatory cells into different target organs, and the
deposition of immune complexes in vascular sites [22]. Another suggested mechanism is that
metal compounds may exert toxic effects on the immune system, leading to the malfunctioning
of the system as a whole. Despite an incomplete understanding of the mechanism, there is a
growing notion supported by extensive research that the interaction of metals with the immune
system may lead to immunodysregulation, resulting in autoimmune diseases [23].

Link among foreign bodies, chronic stimulation, and
lymphoproliferative disorders

Following acute inflammation, chronic inflammation at the implant site is characterized by the
presence of mononuclear cells, including monocytes and lymphocytes. An implant may continue
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to elicit a chronic inflammatory response lasting for months or longer, marked by a broader
immune cell infiltration, encompassing both myeloid and lymphoid cells. After the resolution
of acute and chronic inflammatory responses, granulation tissue, identified by the presence of
macrophages, infiltration of fibroblasts, and neovascularization, is observed in the new heal-
ing tissue [5]. It is hypothesized that any breast implant, whether saline or silicone, may release
silicone corpuscles over time. Factors such as trauma causing microfractures, exposure to tem-
perature or pressure, ultraviolet radiation, oxidation, and chemical reactions can accelerate this
process. When the permeability of the elastomer is impaired, the physiological seroma in the space
between the elastomer surface and the fibrous capsule reacts and transports the resulting polydi-
methylsiloxane compound from the implant surface, encountering the fibrous capsule [24]. The
fibrous capsule acts as a physiological protective barrier against products from the intracapsular
environment. If met with silicone particles, regardless of the mechanism, an immune response
may be generated, potentially leading to a silicone-induced granuloma. If the fibrous capsule rup-
tures and exposes its contents to the extracapsular space, the immune reaction can trigger a sys-
temic immune response [24]. Some patients may develop an autoimmune reaction to silicone
components. A common finding related to silicone implant complications is a silicone-induced
granuloma of the breast implant capsule (SIGBIC). Histologically, SIGBIC is formed by extracel-
lular and/or intracellular silicone, numerous histiocytes, chronic granulomatous inflammatory
infiltrate with multinucleated giant cells, and an infiltrate of mixed lymphocytes — T and B without
atypia [25]. Another rare but serious complication is anaplastic large cell lymphoma (ALCL), a
subtype of non-Hodgkin lymphoma of T cells [26]. An association between ALCL and saline and
silicone implants exists. The first case of ALCL associated with breast implants was published in
1997 [27], and by 2011, the Food and Drug Administration published a statement confirming 60
cases of ALCL associated with prostheses. ALCL affects the fibrous capsule around the implant,
rarely appears as a solid mass, and does not involve the breast parenchyma. As in SIGBIC, the
mechanism of ALCL may involve an immune response induced by the silicone material in the
implant, leading to an immune overreaction and monoclonal neoplasia with activated T lympho-
cytes. Additionally, in saline or silicone implants, the capsules may be responsible for chronic local
inflammation with T-cell activation and clonal expansion [28]. Furthermore, in case of capsular
disruption, silicone-containing particles are transported to the regional lymph nodes, causing a
marked adjuvant effect. Silica particles induce a type-2 inflammatory response characterized by an
increase in IgE and IgG1 and chronic activation of T cells [25]. The pathophysiology of ALCL and
SIGBIC is very similar, with the only difference being the monoclonal neoplasia induced by the
activation of T lymphocytes in ALCL, prompting consideration of whether ALCL is an evolution
of SIGBIC. Clinically, ALCL may present as fluid filling within the intracapsular space (seroma),
while SIGBIC is most often present as an intracapsular mass. Both conditions usually have an
excellent prognosis once the fibrous capsule is excised and the implant is removed [28].

Studies on silicone, metals, and the risk of lymphoma

Due to evidence on breast implant-associated ALCL, some reports propose a possible development
of ALCL in relation to other implants, such as metal. Examples include ALCL associated with a
stainless-steel fixation plate for tibial fracture repair or after the placement of dental implants [29,
30]. Chronic inflammation and antigenic stimulation caused by the presence of implants (such
as silicone, metal, or others) are suggested as possible neoplastic triggers. Resembling lympho-
mas associated with other inflammatory conditions, implant-associated lymphomas are believed
to share similar features, including development after prolonged inflammation, localization to a
confined body space, and a latency period until the development of lymphoid malignancy. This
can be attributed to ongoing inflammation and chronic stimulation of adaptive immune cells with
polyclonal activation, which may result in monoclonality and ultimately lead to the development
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of lymphoma in genetically susceptible hosts [21]. The relationship between SBIs and lymphoma
can be demonstrated by the well-established link between Epstein-Barr virus (EBV) infection
and the risk of lymphoma. The pathogenesis of EBV-associated lymphomas involves dysregula-
tion between inflammatory and inflammation-neutralizing processes, leading to the production
of radical oxygen species that can cause the impairment of critical oncogenic pathways, such as
p53, promoting lymphomagenesis and eventually lymphomas [31]. As mentioned, silicone par-
ticles are capable of infiltrating lymph nodes, not only local but also distal ones, and enhancing
antigen-specific immune reactions. Thus, the presence of SBIs is comparable to latent infection,
with EBV leading to chronic nonspecific stimulation of adaptive immunity, polyclonal activation,
monoclonal activation, and eventually, the development of lymphoma.
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Introduction

Shoenfeld and Agmon-Levin in 2011 coined the term “ASIA — Autoimmune/inflammatory Syn-
drome Induced by Adjuvants” [1] to describe several clinical conditions, namely siliconosis, Gulf
War Syndrome (GWSy), Macrophage Myofasciitis (MMF) syndrome, sick building syndrome
(SBS), and postvaccination phenomena, which share similar signs or symptoms [2] and that
have as a common denominator the presence of an adjuvant that triggers a disreactivity of the
immune system.

Clustering of autoimmune diseases (AID) in families is well recognized, supporting a common
genetic background [3]. Environmental factors (infectious agents, dust, vaccines, etc.) or other
agents acting as adjuvants (dust, silicone, aluminum salts, etc.) cooperate on a genetically prone
individual triggering autoimmune phenomena [4-9]. Enhanced immunogenicity might lead to
reactogenicity in a process that does not always begin involving pathological stimulation [10].
Interestingly, several autoimmune conditions, such as Sjogren’s syndrome [11], undifferentiated
connective tissue disease [12], and silicone implant incompatibility syndrome [13], share patho-
genetic aspects with ASIA syndrome. The mechanisms that have been proposed as instrumental
in ASIA are different (Table 2.1).

Genetic background

The presence of a favoring genetic background as a prerequisite for the development of such
conditions may explain their rarity [14]. Notably, loci in the human leukocyte antigen (HLA),
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Table 2.1 Mechanism of adjuvant-induced autoimmunity.

Mechanisms of adjuvants-induced autoimmunity

e Alteration of the host’s immune system
¢ Polyclonal activation of B cells

e Activation of autoreactive T cells

e Effects on immune regulatory cells
e Effects on virus-induced antibodies
e Molecular mimicry

e Bystander activation

¢ Epitope spreading

e Anti-idiotypic network

e Changing the host's antigens

e Expression of HLA family antigens
¢ Modification of surface antigens

¢ Induction of novel antigens

¢ Interaction with TLRs

® Antigens translocation

e Release of inflammatory cytokines

HLA, Human leukocyte antigen; TLRs, Toll-like receptors.

which have been shown to be associated with the development of AID, have been suggested to
be associated with the classical ASIA syndrome conditions [3]. An in silico study has shown that
six genes (TGFB1, interferon-y, CD4, FCGR3A, FCGR2A, and HLA-DRB1) and 33 pathways seem
to be common to Guillain-Barré Syndrome (GBS), Rheumatoid Arthritis (RA), Systemic Lupus
Erythematosus (SLE), and Idiopathic (or immune) Thrombocytopenic Purpura (ITP) [15]. Not
surprisingly, all these genes are well-known participants to the immune response: for instance,
CD4 and interferon-y implicate the response mediated by Th1 lymphocytes, TGFB1 suggests a role
for T-regulatory cells, the two IgG FC receptors suggest an antibody-mediated immunopathology
or immunomodulation, and finally, HLA-DRB1 suggests antigen processing for presentation to T
cells [15].

GWSy has been associated with two genetic polymorphic sites of the enzyme paraxonase,
involved in the hydrolysis of organophosphate pesticides and nerve gases, influencing their toxic-
ity to mammals and man [16, 17], while MMS has been associated with the HLA class II allele
DRB1*01 [18]. Indeed, HLA-DRB1*01 allele was highly represented in people with MMS who had
received in the previous decade immunization against hepatitis B or A viruses or tetanus toxoid,
all containing aluminum hydroxide as adjuvant. Kappel et al. evaluated three sisters carrying
the BRCA-1 gene mutation who had a preventive mastectomy and were reconstructed with sili-
cone breast implants. In all sisters within a period of four years, symptoms suggesting ASIA were
observed, suggesting a possible common genetic background [19].

Young et al. reported that silicone breast-implanted women with autoimmune symptoms were
more frequently displaying HLA-DR5 and HLA-DQ2 when compared to asymptomatic women
with silicone implants [20]. This raises the possibility that HLA genotype might serve as a marker
for women who are predisposed to develop autoimmune symptoms following exposure to silicone
gel breast implants.

Postvaccination phenomena are more likely to occur in patients with genetic predisposition.
A recent study suggested that giant cell arteritis/polymyalgia rheumatica can represent a very
rare event developing postinfluenza vaccination, especially in persons at higher spontaneous risk
such as those carrying DRB1*13:01 haplotype [21]. Narcolepsy is a chronic disabling neurologic
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disorder characterized by severe irresistible daytime sleepiness and abnormal sleep-wake pat-
terns [22]. The disorder is uncommon in children younger than five years. However, in 2010, an
increased incidence of narcolepsy was observed in Finland and Sweden in children and adoles-
cents immunized with the HIN1 ASO3-adjuvanted pandemic influenza vaccine. The European
Medicines Agency confirmed the existence of this association, which has since been detected in
England, Ireland, France, and Norway [23]. In these cases, narcolepsy appeared associated with
HLA DQB1*%0602, which is more common in Northern countries than elsewhere [24].

Post-SARS-CoV-2 vaccination autoimmune phenomena are extremely rare, strengthening the
safety of the vaccines. Following vaccination, the most commonly reported diseases associated
with new-onset events were immune thrombocytopenia, Guillain-Barré syndrome, and myo-
carditis. Immune thrombocytopenia, psoriasis, IgA nephropathy, and SLE, on the other hand,
were the most reported illnesses associated with relapsing episodes. Both occurrences were widely
linked to the mRNA-1273 SARS-CoV-2 vaccine, which was followed by Sinovac-CoronaVac and
ChAdOx1 nCoV-19 vaccine (AZD1222). Germano et al. described cases of Guillain-Barre syn-
drome following SARS-CoV-2 vaccination [25] usually presenting as an acute inflammatory demy-
elinating polyradiculoneuropathy and occurring after the first vaccine dose. Ramdas et al. reported
seven cases of new-onset myasthenia gravis in timely association with SARS-CoV-2 vaccination,
including a pediatric case [26]. Sendur et al. [27] suggested that the frequencies of HLA-B*35 and
HLA-C*04 alleles could be higher in SARS-CoV-2 vaccine-induced subacute thyroiditis compared
with controls [HLA-B*35: 13 (93%) versus 40 (40%), p<0.001; HLA-C*04: 13 (93%) versus 43
(43%), p<0.001, respectively]. Moreover, more severe thyrotoxicosis was seen in patients hav-
ing HLA-B*35 and HLA-C*04 homozygous alleles [free thyroxine: 4.47ng/dL (3.77-5.18) versus
1.41ng/dL (1.22-2.63), p = 0.048]. Interestingly, already in 2011, an association among influenza
vaccine, HLA-B*35, and subacute thyroiditis was suggested [28].

Thus, vaccination effects may clearly differ substantially due to the genetic background of the
recipient individual, and the vaccination schedule would be better if personalized [29]. Thomas
et al. have revised this issue gathering a number of examples of genotype/gene polymorphisms
mainly in the HLA gene family, related to interindividual variation to vaccination [30]. The
advances in the fields of immunology, genetics, molecular biology, bioinformatics, and the Human
Genome Project have allowed for the emergence of the field of vaccinomics that encompasses the
fields of immunogenetics and immunogenomics as applied to understanding the mechanisms of
heterogeneity in immune responses to vaccines [31].

Hence, it is imperative to pursue the aim of implementing the tools of genomics and proteom-
ics to allow the prediction of those population sets more likely to be nonresponsive or develop
adverse reactions to vaccines.

Immunity

The trigger of a dysregulated immune response is different according to the agent serving as “adju-
vant.” Noteworthy, those vaccines that are associated with postvaccination phenomena are usually
targeted toward an infectious agent that is per se capable of triggering that specific phenomenon.
This suggests similar immunopathogenic mechanisms between vaccines and infectious agents as
triggering factors of autoimmune diseases (ADs). Usually, the phenomena occur much more fre-
quently following the infection than following vaccination [32]. For instance, this is the case of the
recently described myocarditis following anti-SARS-CoV-2 vaccines that occurs at a much lower
frequency than in patients atfected by COVID-19 [33]. At the same extent, Guillain-Barré occurs
at a greater frequency after influenza virus infection than it does after vaccination [34].

The anti-idiotype immune response can explain the common increased prevalence of certain
reactions to vaccines and the infectious agent. Indeed, a specific antigen can trigger the production
of second particular antibodies against the first ones [35]. Surprisingly, these second antibodies
may be capable of binding to receptors that the initial antigen may attach to. This is significant



Carlo Perricone et al.

since many autoimmune or -inflammatory reactions elicited by COVID-19 vaccinations have
previously been reported with vaccines, whose principal immunopathogenic mechanism is the
anti-idiotype immune response [36, 37].

Another possible mechanism by which an altered immune response may occur is due to molec-
ular mimicry. This refers to the concept that an immune response, initially directed at bacterial
or viral antigens, can target host molecules that share sequence homology or structural simi-
larities with microbial epitopes [38]. Adjuvants accomplish this task by mimicking specific sets of
evolutionarily conserved molecules (liposomes, lipopolysaccharides (LPSs), unmethylated CpG
dinucleotide-containing DNA, etc.). On the other hand, the adjuvant may induce autoimmunity
through the polyclonal activation of B cells [39], through an enhanced cytokine production and
the expansion of autoreactive T cells [40].

For instance, SARS-CoV-2 might trigger AIDs [41] through molecular mimicry [42, 43].
Moreover, the history of past infections can alter the reactogenicity of mRNA vaccines through
a cross-reactivity mechanism [44]. A greater reactogenicity may confer higher protection but
could generate more adverse events. It is relevant to underline that patients with AIDs are not
at increased risk of adverse events associated with vaccination [45], possibly due to the effect of
immunomodulatory drugs on vaccine immunogenicity.

Concerning the case of narcolepsy, it is possible that molecular mimicry involving cross-reactivity
of H1N1-specific T cells and hypocretin-producing neurons is the key pathogenic mechanism.
Cross-reactive CD4* T cells that recognize both a foreign HIN1 epitope and an epitope present on
hypocretin-producing cells and presented by HLA-DQB1*06:02 by antigen presenting cells could,
however, be involved with a major overall alteration of T-cell subsets [46].

Other mechanisms that may be involved in postvaccination phenomena include neutrophil
activation facilitated by NETosis and platelet activation especially in vaccine-induced immune
thrombotic thrombocytopenia (VITT) [47]. VITT has also been related to the activation of the NF-
kB pathway in which plasminogen activator inhibitor-1 (PAI-1) plays a relevant role in thrombotic
events. The NF-kB may exert a direct effect on monocytes, leading to the production of cytokines,
such as interleukin 1, that in turn generate a procoagulant state [48, 49].

Autoimmunity

A full-blown autoimmune disease has been occasionally described following exposure to adjuvants,
and several autoimmune conditions including Sjogren’s syndrome and undifferentiated connec-
tive tissue disease seem to share pathogenetic aspects with ASIA syndrome. Despite debated [50],
pollution dust seems to be capable of eliciting an autoimmune response in people experiencing
the terroristic attack at the World Trade Center in New York on 11 September 2001 [51-53]. The
debris and dust were composed of an amalgam of glass fibers, silica, asbestos, polycyclic aromatic
hydrocarbons, dioxin, furans, and polychlorinated biphenyls, and the firefighters and the police-
men who worked at the site of the attack later developed autoimmune diseases at an increased
incidence than general population.

VITT is a thrombotic thrombocytopenia developing in a very small proportion of patients after
exposure to ChAdOx1 and Ad26.COV.2 vaccines anti-SARS-CoV-2 [54]. In these patients, mostly
females <50 years old, the presence of platelet-activating antibodies directed against platelet factor
4 (PF4) has been documented, suggesting a similarity to Heparin-associated thrombocytopenia,
which is characterized by the presence of antibodies against the heparin/(PF4) complex, generat-
ing thrombocytopenia and thrombosis due to platelet activation. Indeed, the binding of PF4 with
endothelial cells and platelets facilitates platelet aggregation and thrombus formation [55]. PF4
can interact with the double-stranded DNA of the vaccine vector, and the PF4/DNA vector com-
plex recognized by the antigen-presenting cells allows in some patients the production of antibod-
ies against PF4 [56].
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SARS-CoV-2 infection and vaccines have represented an interesting model for the possible
development of autoimmunity. In this context, Garcia-Bravo et al. [57] have shown that myositis-
related autoantibodies were more frequent during the pandemic, in particular anti-MDAS5. In
contrast, in 2021, after the vaccination campaigns, the most common antibodies were anti-PL7
and/or anti-PL12.

Other evidence of increased reactogenicity in patients with chronic inflammatory diseases vac-
cinated with anti-SARS-CoV-2 vaccines have been aroused. These patients may report more myal-
gia and fatigue after exposure to vaccines [58].

A recent study suggested that SARS-CoV-2 vaccines may trigger neurological autoimmunity
including central nervous system demyelinating diseases, inflammatory peripheral neuropathies,
myositis, myasthenia, limbic encephalitis, and giant cell arteritis, usually with a favorable outcome
and good tolerance to revaccinations [59].

Conclusion

The panorama that we are now facing has dramatically changed. Vaccines save millions of lives
each year, improving the quality of life, and this has proved even more true in these times of
COVID-19 pandemic. If we consider the billions of doses of anti-SARS-CoV-2 vaccines adminis-
tered, these can be considered extremely safe, as well as all the vaccines that are recommended in
the general population. The novel vaccines technology, including the mRNA-based vaccinations,
has significantly contributed to this generational leap in terms of vaccines safety, even in patients
already suffering from an autoimmune disease [60].

Still, in the view of personalized medicine, a better knowledge of the relationships among a
specific vaccine, the genetic background, and the immune milieu would even allow to avoid the
occurrence of any autoimmune-rheumatic adverse events. At the same extent, although silicone
implants are safe for the vast majority of subjects, screening for preexisting autoimmune phenom-
ena and genetic testing appear useful tools for risk stratification before the implantation in pre-
disposed subjects to dodge autoimmune phenomena and subsequent explanation surgeries [61].
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