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Summary

Routine mass immunization programs have contributed greatly
to the control of infectious diseases and to the improvement of
the health of populations. Over the last decades, the rise of anti-
vaccination movements has threatened the advances made in this
field to the point that vaccination coverage rates have decreased
and outbreaks of vaccine-preventable diseases have resurfaced.
One of the critical points of the immunization debate revolves
around the level of risk attributable to vaccination, namely
the possibility of experiencing serious and possibly irrevers-
ible adverse events. Unfortunately, the knowledge about adverse
events, especially rare ones, is usually incomplete at best and the
attribution of a causal relationship with vaccinations is subject
to significant uncertainties. The aim of this paper is to provide a
narrative review of seven rare or very rare adverse events: hypo-

Introduction

In the last 10 years, great advances have been made in
developing and introducing new vaccines and expanding
immunization programs. More people than ever before
are being vaccinated and access and use of vaccines by
age groups other than infants is expanding. As a result
of immunization combined with other health care and
development interventions — including improved access
to clean water and sanitation, better hygiene and educa-
tion — the annual number of deaths among children un-
der five years of age fell from an estimated 9.6 million
in 2000 to 7.6 million in 2010, despite an increase in the
number of children born each year [1].

According to World Health Organization (WHO) da-
ta, vaccination prevents 2-3 million deaths every year
worldwide. At the same time, WHO warns that globally
22 million newborns do not receive basic immunization;
among them there are 700,000 newborns belonging to
the WHO European Region. Vaccination is perceived as
unsafe and unnecessary by a growing number of parents
in large part because diseases that were once the cause
of many outbreaks and loss of health and life are now
rarely seen, because they have been prevented by vac-
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tonic hyporesponsive episode, multiple sclerosis, apnea in pre-
term newborns, Guillain-Barré syndrome, vasculitides, arthritis/
arthralgia, immune thrombocytopenic purpura. We have selected
these adverse events based on our experience of questions asked
by health care workers involved in vaccination services. Infor-
mation on the chosen adverse events was retrieved from Medline
using appropriate search terms. The review is in the form of ques-
tions and answers for each adverse event, with a view to provid-
ing useful and actionable concepts while not ignoring the uncer-
tainties that remain. We also highlight in the conclusion possible
Sfuture improvements to adverse event detection and assessment
that could help identify individuals at higher risk against the
probable future backdrop of ever-greater abandonment of com-
pulsory vaccination policies.

cines. In this perspective, a rare potential for vaccine-
induced harm can loom large when people no longer
experience the targeted disease, a case of vaccines being
the victims of their own success. In fact anti-vaccination
movements have been implicated in lowered vaccine ac-
ceptance rates and in the increase in vaccine-preventable
disease outbreaks and epidemics. In large part, this is
caused by mistrust in the medical system and by fear of
adverse events (AEs) that doctors are unwilling to talk
about. On the contrary, research has shown that exposure
to scientific proof can be effective in boosting patients’
knowledge; in the USA, the Centers for Disease Con-
trol and Prevention (CDC) published information aim-
ing to educate the reader and dispel the most widespread
myths [2-5].

In spite of the fact that vaccines currently used in immu-
nization programs are safe, like all medicinal products
they have potential health risks and can cause adverse
events, defined as harmful and unintended effects fol-
lowing the use of a medicinal substance [6].

Regarding vaccines, an Adverse Event Following Im-
munization (AEFI) is any harmful clinical event that
occurs after vaccine administration and that does not
necessarily have a causal relationship with vaccine use.
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In this context an AEFI could be an unintentional unfa-
vorable sign, a laboratory test anomaly, a symptom or a
disease [7].

It is important to point out that in this definition of AEFI,
only a temporal association is considered and no causal
relationship is implied; indeed, much of the assessment
of AEFIs is devoted to ascertaining whether a causal
relationship actually exists (under different degrees of
likelihood, i.e. certainly, probably, possibly related or
unrelated).

The scientific knowledge about AEFISs is limited because
their notification is frequently overlooked by physicians
(under-notification) and because the available adverse
event data frequently show only temporal relationships
between vaccination and the onset of an AEFI. Indeed
the establishment of causality is challenging and re-
quires much time and labor. In fact, the largest review of
adverse events to date, published in 2012 by the Institute
of Medicine of the USA (IOM), explains in the Preface
that in the majority of cases, available scientific informa-
tion was not sufficient to conclude whether a particular
vaccine caused a specific rare AEFI [8, 9]. One of the
reasons is that even very large epidemiologic studies
may not be able to detect or rule out rare (or very rare)
AEFIs. An AEFI is conventionally considered rare if it
occurs in < 1/1000 but > 1/10000 individuals (very rare
if < 1/10000 individuals). There is a residual category
of AEFI for which frequency is unknown because they
were spontaneously reported after the vaccine was mar-
keted and therefore the denominator required to com-
pute frequency was unavailable [10].

There are many elements to be considered in assessing
the risk-benefit balance of vaccine administration. First
of all, the advantages of vaccine administration have to
be taken into account, in terms of benefits (protection)
afforded by each dose administered.

Next, the likelihood of contracting the disease must be
considered, which is itself related to the incidence of the
disease, to the vaccine coverage rate in the population
and to other factors that can increase risk, for example
exposure to a case, occupational risk or travels to highly
endemic areas.

A thorough assessment of the frequency, severity, and
causal relation of AEs (and their complications) is al-
so necessary, especially for Serious Adverse Events
(SAEs) [11]. A SAE is any adverse event that either re-
sults in death, or is life-threatening, or requires inpatient
hospitalization or causes prolongation of existing hospi-
talization, or results in persistent or significant disabil-
ity/incapacity, or is a congenital anomaly/birth defect, or
requires intervention to prevent permanent impairment
or damage [12].

The need to answer questions from patients and health
care workers (HCWs) and to choose whether to vac-
cinate an individual or not, based on a risk-benefit as-
sessment that takes into account the susceptibility of the
individual (a form of personalized medicine), forms the
basis of our review that aims to provide actionable an-
swers to doubts about a selection of rare, very rare or of
unknown frequency adverse events.

We focused on the issues regarding risk assessment, risk
communication and risk management for seven AEFISs:
* Hypotonic Hyporesponsive Episode (HHE);

e Multiple Sclerosis (MS);

* Apnea in the pre-term newborn (APTN);

e Guillain-Barré Syndrome (GBS);

e Vasculitides;

e Arthritis/Arthralgia (AA);

e Immune Thrombocytopenic Purpura (ITP).

Methods and search results

We performed a literature search on Medline using Pub-
Med up to August 26" 2016. We applied neither language
nor date of publication restrictions and we performed the
search using the following search terms individually and
in combination: vaccin®; immuniz*; immunis*; throm-
bocytopenia; apnea; hypotonic hyporesponsive; Guillain
Barré; multiple sclerosis; arthritis; arthralgia; vasculitis.

Tab. I. Search strategy and results.

Number retrieved
] (Numbers in brackets
Search item | Search terms (S) used in combined
searches)
51 Vaccin* (323853)
S2 Immuniz* (165606)
S3 Immunis* (11117)
sS4 Thrombocytopenia (64342)
S5 Apnea (46708)
Hypotonic
56 hyporesponsive 47
S7 Guillain Barre (8165)
S8 Multiple Sclerosis (70531)
S9 Arthritis (281729)
510 Arthralgia (13873)
S11 Vasculitis (97428)
512 S1 AND S$4 644
$13 $1 AND S5 125
14 S1 AND S7 615
515 S1 AND S8 999
$16 S1 AND S9 2057
S17 $1 AND $10 223
518 S1 AND 511 533
519 S2 AND S$4 878
520 S2 AND S5 82
S21 S2 AND S7 345
S22 S2 AND S8 1333
S23 S2 AND S9 2791
S24 S2 AND $10 63
S25 S2 AND 511 433
S26 S3 AND $4 42
S27 S3 AND S5 20
528 S3 AND S7 33
S29 S3 AND S8 59
S30 S3 AND S9 184
S31 S3 AND $10 9
S32 S3 AND 511 19




We also used the report of the Institute of Medicine [8]

for reference.

We have chosen to answer for each AEFI the following

frequently asked questions (FAQs) based on the requests

for information that HCWs routinely ask:

¢ definition and incidence of the adverse event;

* biological plausibility based on the existence of
pathophysiological mechanisms that lead to adverse
event onset, and causality assessment;

e risk factors for AEFI onset after vaccination;

* types of vaccines possibly associated with the ad-
verse event and AE management;

* special considerations in vaccine administration to
patients:

- who experienced the AEFI following a previous
immunization.

- who suffer from or have had episodes of the dis-
ease in question (In this context we use the term
“disease” when the AEFI corresponds to a well-
recognized disease and we consider the disease to
be a possible risk factor for its own exacerbation
after immunization).

For the AEFI, we used validated case definitions where

available and, as regards pathophysiology, we reported

the main hypotheses according to current scientific
knowledge. Selection of information on the vaccines po-
tentially implicated in the various AEFIs, on the main
risk factors and on the recommendations for immuni-
zation of individuals who previously experienced the

AEFI, was also performed based on the reports available

from the literature. The results obtained from the search

strategy are shown in Table 1.

Frequently Asked Questions (FAQS)

HyproTonic HyPORESPONSIVE ErPisODE (HHE)

How is a case of HHE defined and how frequent is it?
HHE is a clinical condition which has the following
features: reduced muscle tone, hyporesponsiveness and
change of skin color, in the absence of cardiologic (par-
ticularly of heart rhythm), electroencephalographic and
glycemic alterations [13]. Apart from the clinical triad of
signs there are no further investigations helpful in con-
firming the diagnosis of HHE [14-16]. The reported rates
following a whole cell pertussis vaccine ranges from 0
-291 per 100,000 doses [17, 18]. The median time to on-
set of signs after immunization is 3—4 h but ranges from
immediately to 48 h post-immunization, while the me-
dian duration of the triad signs is 630 min [16] (Fig. 1).
What are the pathophysiological mechanisms under-
lying HHE?

Pathophysiology of HHE is currently unknown. It was
hypothesized in the first studies about this AE, that the
pathophysiological mechanism could be an exaggerated
vagal response, but the timing of onset of HHE and the
lack of ECG, EEG and glycemic alterations led to refut-
ing this hypothesis and, at the present time, no new hy-
potheses have been put forward. The main efforts have
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FREQUENTLY ASKED QUESTIONS ON SEVEN RARE ADVERSE EVENTS
FOLLOWING IMMUNIZATION

Fig. 1. Time frame of attribution of selected AEs to vaccination.

AA VAERS Range

Vasculitides

0 24h 48h 7d 144 4w 6w 2m 3m O6m 10m years

Legend:

: Time frame of AE onset during which the AE is commonly attributed to vaccination

HHE: Hypotonic Hyporesponsive Episode [16].
MS:  Multiple Sclerosis; Dark grey box [27];
Black box: * trend identified only in a small sample of cases [27]:
Light grey box: ** trend identified by some authors but not confirmed [28]
APTN: Apnea in Pre-Term Newborns; Dark grey box: single episode [34-37.42.43];
Light grey box: recurrent episode [41,52]
GBS:  Guillain-Barré Syndrome; Dark grey box [28.67.78]:
Light grey box: *** extension of time window of onset suggested by some authors [60].
ITP:  Immune Thrombocytopenic Purpura; Dark grey box [127]:
Black box: range identified by US postmarketing surveillance [132].
AA:  Arthralgia and Arthritis; Black box: range identified by VAERS [104];
Dark grey box: [105];
Light grey box: **** extension of time window of onset suggested by some authors [90]
Vasculitides: Dark grey box [84,92].

been put into defining correctly HHE in order to avoid
mistakes in diagnosis and notification [16, 19, 20].
Which are the vaccines associated with HHE onset?
The first cases were reported in children under 5 years
of age following administration of whole-cell pertussis
vaccine [15, 16]. Over the last 20 years, cases of HHE
have been reported following administration of diphthe-
ria, tetanus, H. influenzae B, Hepatitis B Virus, 13-valent
pneumococcal, acellular pertussis vaccines. In the latter
case, the frequency appears to be lower than with the
whole-cell vaccine [13, 16, 21].

What are the risk factors for HHE and how can it be
managed?

No risk factors have been identified and so there are no
specific precautions to be taken.

According to studies based on the follow-up of HHE
relying on parental reporting and neurodevelopmen-
tal testing, HHE is a self-limiting event without long-
term sequelae [16], so it is important to reassure the
parents that it is an event that does not lead to com-
plications.

What is the recommended action regarding immuni-
zation in case of a previous episode of HHE?
According to a recent Polish study, in a group of 49
children who experienced HHE following diphtheria-
tetanus-whole cell pertussis vaccination (DTwP), 2
children experienced a second episode of HHE after
a second consecutive dose of DTwP [22]. According
to this study, it seems that HHE can recur more fre-
quently in children who have already experienced it
compared to the general population. In spite of this
observation, no contraindications to subsequent vac-
cination exist for these children.
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MULTIPLE SCLEROSIS (MS)

How is a case of MS defined and how frequent is it?
Multiple Sclerosis (MS) is an acquired chronic immune-
mediated inflammatory condition of the central nervous
system (CNS), affecting both the brain and spinal cord. It
is the most frequent cause of serious physical disability in
working age people. The person affected by MS typically
develops symptoms in their late 20s, experiencing visual
and sensory disturbances, limb weakness, gait problems
and symptoms which affect urinary and gastrointestinal
tracts. The clinical course is often characterized at the
beginning by a partial recovery, but over time MS tends
to evolve toward increasing disability [23]. In 2007, glob-
ally, the median estimated prevalence of MS was 30 per
100,000 while regionally, the median estimated prevalence
of MS was greatest in Europe (80 per 100,000), followed
by the Eastern Mediterranean (14.9), the Americas (8.3),
the Western Pacific (5), South-East Asia (2.8) and Africa
(0.3). The total estimated number of people diagnosed
with MS was approximately 1.3 million [24].

What are the pathophysiological mechanisms under-
lying post-vaccination MS?

Pathophysiology of post-vaccination MS is uncertain.
The first hypothesis was based on the discovery, in 1985,
of a molecular mimicry phenomenon between Hepatitis
B Virus (HBV) polymerase and myelin basic protein, but
in light of subsequent research, today this association
appears to be far less significant [25, 26]. Currently the
most plausible mechanism seems to be hyperstimulation
of the immune system that acts as an enhancer of a pre-
existing autoimmune vulnerability [27].

Which are the vaccines associated with MS onset?
According to a case-control study in France in a pediatric
population, it was observed that in the three years follow-
ing HBV vaccination the odds for developing an MS flare
were 1.5 but this result was not statistically (95%CI) signifi-
cant [28]. In a subsequent case-control study in California, a
possible increase in central demyelination risk in the first 30
days after any vaccination was reported in subjects under 50
years of age. A trend towards an association of MS and any
type of vaccination within 42 days (6 weeks) after immuni-
zation was identified (OR: 2.32; 95%CI: 1.18-4.57), but this
result was obtained in a small sample of cases and cannot be
generalized at the present time (Fig. 1). Moreover, since this
association has not been observed in the longer term in the
above study, it is hypothesized that vaccination could act as
a trigger for underlying MS [27].

Which are the risk factors for MS and how do they
affect immunization?

There are several risk factors (15-60 years of age, female
gender, family history, Epstein Barr Virus infection, etc.)
for MS but they do not affect routine immunization prac-
tice since the association between MS and vaccination
has not been demonstrated in spite of numerous studies
on this topic [8].

What is the recommended action regarding immuni-
zation in case of previous or ongoing acute episodes
of MS?

Inactivated vaccines are generally considered safe while
live ones can require further analyses of risk and benefit,

especially for patients on immunosuppressive agents in
whom usually live attenuated vaccines should be avoid-
ed. On the contrary, Varicella Zoster Virus (VZV) vacci-
nation is required before initiating treatment with certain
disease modifying treatments, such as glucocorticoids,
methotrexate and biologics [29]. Moreover, as far as tet-
anus vaccine is concerned, there is evidence that it can
reduce the probability of MS relapse [30].

APNEA IN PRE-TERM NEWBORNS (APTN)

How is a case of APTN defined and how frequent is
it?

An apneic episode is usually defined as a cessation of
breathing for 20 seconds or longer or a shorter breathing
pause accompanied by bradycardia (< 100 bpm), cyano-
sis or pallor [31].

It is a significant clinical problem manifested by an un-
stable respiratory rhythm reflecting the immaturity of
respiratory control systems. Anatomically the imma-
turity is manifested as decreased synaptic connections,
decreased dendritic arborization and poor myelination.
The condition should be considered a developmental
disorder rather than a disease state because it resolves
with maturation [32]. All infants born at < 28 weeks’
gestation were diagnosed with apnea, while 85% of
those born at 30 weeks and 20% of those born at 34
weeks were diagnosed with apnea [31].

Regarding post-immunization APTN, some authors esti-
mate an incidence rate of post-immunization cardiores-
piratory events (apnea, bradycardia and/or desaturation)
between 7 and 47% [33-35], whereas for apnea alone the
incidence varies between 10 and 20% [36, 37].

What are the pathophysiological mechanisms under-
lying APTN?

Pathophysiological hypotheses are uncertain and not re-
lated to a specific vaccine or to adjuvants. An increase
in systemic inflammatory response after immunization
interacting with an immature nervous system in the pre-
term newborn has been postulated. In support of this
hypothesis studies have shown that there is a temporal
correlation between immunization and an increase in in-
terleukin 6 (IL-6) and C-reactive protein (CRP) [38-41].
Which are the vaccines associated with APTN onset?
Vaccines associated with APTN are: diphtheria-teta-
nus-whole cell pertussis, H. influenzae b, Hepatitis B
Virus, Inactivated Polio Virus, Meningococcal C con-
jugate (DTwP, DTwP-Hib, DTwP-Hib-HBV-IPV and
MenC) [34-37, 42, 43]. As far as pertussis vaccine is
concerned, it has recently been shown that the incidence
of APTN post-diphtheria-tetanus-acellular pertussis
(DTaP) immunization is similar to the post-DTwP inci-
dence of APTN [44-46].

What are the risk factors for APTN and how do they
affect immunization?

Several risk factors have been identified: age [35, 43, 44],
weight [34, 37, 43], gestational age [44], previous mechani-
cal ventilation [34, 35], presence of chronic pulmonary pa-
thology [34], history of cardiorespiratory events [44, 46],
pre-immunization apnea episodes [47]. Some studies have
highlighted that the association between apnea and immu-
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Previous episodes of
post-immunization
apnea

Previous episodes of
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Fig. 2. Main factors affecting the need for cardiorespiratory monitoring after immunization.
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nization is significant if immunization occurred before 67
days of age, whereas significance disappears for immuniza-
tion after this time period [47, 48]. It is therefore advisable
to perform cardiorespiratory monitoring after vaccination
of all pre-term infants with risk factors [47].

What is the recommended action regarding immuni-
zation in case of previous episodes of APTN?

As with all preterm newborns, immunization is very im-
portant and should be performed according to chronolog-
ical age. If possible the first vaccination should be per-
formed before the discharge from the hospital [49-51].
It is advisable to perform cardiorespiratory monitoring
after vaccination particularly for those who experienced
pre-immunization apnea who are at 25-fold risk of devel-
oping post-immunization apnea compared to those who
did not [47]. In order to avoid recurrent episodes in pre-
term infants who experienced post-immunization apnea,
cardiorespiratory monitoring for at least 24 hours after
vaccination is recommended [41] (Fig. 1). However, the
episodes of post-vaccination apnea are self-limiting and
do not cause long-term sequelae [44, 52] (Fig. 2).

GUILLAIN-BARRE SYNDROME (GBS)

How is a case of GBS defined and how frequent is it?
Guillain-Barré syndrome (GBS) is a rare condition in
which a person’s immune system attacks their peripheral
nerves. The syndrome can affect the nerves that control
muscle movement as well as those that transmit feelings
of pain, temperature and touch, determining muscle weak-
ness and loss of sensation in the legs and/or arms. It is more
common in adults and in males; however, people of all ag-
es can be affected. Around 3-5% of GBS patients die from
complications like paralysis of the muscles of respiration,
blood infection, lung embolus or cardiac arrest [53, 54].
Etiology of GBS is still unknown, but infections from in-
fluenza, Cytomegalovirus, Zika Virus and C. jejuni can act
as triggers for the onset of GBS [55-59].

What are the pathophysiological mechanisms under-
lying GBS?

Mechanisms are uncertain, but thought to be immune
mediated and based on auto-immune reactions: immu-
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nological similarity [60-62], production of anti-mye-
lin or anti-axonal glycoproteins antibodies induced by
vaccine epitopes [63]. Alternatively it is also hypoth-
esized that vaccine components can interfere directly
with peripheral nervous system structures [64]. The
time frame of onset considered for possible vaccine-
induced GBS is commonly up to 6 weeks after vacci-
nation, but some authors consider a longer time-frame
(Fig. 1).

Which are the vaccines associated with GBS onset?
Several studies investigated the correlation between in-
fluenza vaccine and GBS occurrence, with mixed results
(Tab. II).

Over the last years cumulative evidence on the increased
incidence of GBS following HIN1 influenza vaccina-
tion in the 2009-2010 season was reported with a sig-
nificantly higher risk for non-adjuvanted vs adjuvanted
vaccine [68, 70]. A European multinational case-control
study on the same vaccine showed an increased risk of
GBS post-vaccination, but after adjusting for upper res-
piratory tract infections, influenza-like illness or influ-

Tab. Il. GBS incidence in different influenza seasons (vaccinated vs
non vaccinated subjects).

Influenza GBS incidence in vaccinated subjects
seasons (per million)
7.2 cases per million in the vaccinated
1976 (H1N1) group vs 0.79 cases per million in the non-
vaccinated group [64]
0.95 cases per million in the group
1991-1999 vaccin.at.ed ggainst influenza ys 0.22 ca;es
per million in the group vaccinated against
diphtheria-tetanus [65]
0.7 cases per million vaccinated
1990-2005 subjects [66]
0.86 cases per million vaccinated
2000 subjects (671
2001 1.21 cases per million vaccinated
subjects [68, 691
1.6 excess cases per million vaccinated
2009 (HIN) subjects [68, 691
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enza vaccination, the association was no longer signifi-
cant [68, 71].

In this regard, epidemiological data from the available
literature note that the relative risk (RR) of GBS follow-
ing vaccination is far lower than the one following an
infectious disease (RR 1.41 vs 7.35 [68, 72-75]), espe-
cially in the case of influenza [76].

According to a recent simulation, assuming a typical
influenza season and a typical vaccine effectiveness, in-
fluenza vaccination would reduce the individual risk of
GBS [77, 78] (Tab. II).

In 2011, the Institute Of Medicine (IOM) could not con-
firm nor refute the causal relationship between GBS and
anti measles, mumps, rubella, varicella, Hepatitis A Vi-
rus, Hepatitis B Virus, Human Papilloma Virus (HPV),
influenza, diphtheria, tetanus and acellular pertussis vac-
cines because of inadequacy of available data. In 2004
the IOM confirmed the causality between the 1976 in-
fluenza vaccine and GBS [8].

What are the risk factors for GBS and how do they
affect immunization?

Concerning risk factors for post-vaccination GBS, the main
one identified to date is the previous occurrence of GBS or
the presence of GBS at the time of immunization [79, 80].
Therefore it is important to collect an adequate clinical his-
tory asking for previous occurrences of GBS.

What is the recommended action regarding immuni-
zation in case of previous episodes of GBS?

In individuals with a history of GBS, the risk of recurring
GBS requiring hospitalization after vaccine administra-
tion is estimated at 1.18% in a study [81] and at 3.7% in
another [80]. At the present time, the ability of influenza
vaccination to cause GBS is not an established scientific
finding. However, as a precautionary measure, it is ad-
vised not to administer vaccines to individuals who have
experienced GBS in the previous 6 weeks unless they are
at high risk for severe influenza complications; alterna-
tively, the possibility of antiviral chemoprophylaxis can
be considered in these subjects [79, 80]. For all other
patients with a history of GBS outside of the 6 weeks
interval, the decision to vaccinate should be based on
risk-benefit balance assessment.

VASCULITIDES

How is a case of vasculitis defined and how frequent
is it?

Vasculitides are a group of related disorders character-
ized by inflammation of blood vessels leading to tissue
or end-organ injury with diverse and only partially un-
derstood etiology and with a wide spectrum of clinical
manifestations and prognoses [82].

Vasculitis in children is rare. The annual incidence is
estimated at about 53/100,000 subjects [83]. The type
of vasculitis depends primarily on age: in pediatric
populations the most frequent vasculitides are Henoch-
Schonlein purpura (annual incidence: 10-20/100,000)
and Kawasaki disease (annual incidence: 1-19/100,000;
around 1/100 in Japanese newborns); in adults the most
common is hypersensitivity vasculitis. Regarding the
epidemiology of the different forms of vasculitis, varia-

tions are found depending on ethnic and geographic fac-
tors: Microscopic Polyangiitis occurs more frequently in
Asia, Wegener’s granulomatosis in North America and
northern Europe, Takayasu arteritis in Japan and Hor-
ton’s arteritis in Europe and North America. Almost all
types of vasculitides have been tentatively implicated as
AEs but only in a few there is evidence supporting this
association [84].
What are the pathophysiological mechanisms under-
lying post-immunization vasculitides?
A causality relationship has not been established with
certainty; the main hypothesis rests on the concept of
molecular mimicry associated with circulating immune-
complex deposition [85].
Notwithstanding the uncertainty on the basic pathophys-
iological mechanism, in some cases of arthritis/arthral-
gia and vasculitides a mechanism can be found.
In 2011 the term Autoimmune/inflammatory Syndrome
Induced by Adjuvants (ASIA) [86] was coined to de-
scribe a group of autoimmune-derived clinical condi-
tions with similar symptoms, that occur after vaccina-
tion, supposedly induced by adjuvants [8§6-88]. Underly-
ing the onset of ASIA, an individual predisposition [89]
and an environmental triggering factor (endogenous or
exogenous) are necessary conditions. Molecular mim-
icry and overstimulation of the immune system are the
pathophysiological mechanisms thought to be responsi-
ble for ASIA occurrence [90].
Which are the vaccines associated with vasculitides
onset?
Over the last years several articles have been published
on the correlation between vaccinations and vasculitides.
The most frequently considered immunizations were in-
fluenza, Hepatitis B Virus, Bacillus Calmette-Guérin,
Human Papilloma Virus, Meningococcal C conjugate
and Hepatitis A Virus vaccines, while potentially cor-
related vasculitides were mostly cutaneous vasculitides,
Henoch-Schonlein Purpura (HSP), Kawasaki Disease
(KD). Fewer studies were performed on Systemic Lupus
Eritematosus (SLE), ANCA-Associated Vasculitides
(AAV), Giant Cell Arteritis (GCA) and Polyarteritis No-
dosa (PAN) [82].
At the present time the only associations that have not
been rejected in evidence reviews are the following [84]:
¢ influenza vaccine and cutaneous vasculitides [91];
¢ influenza vaccine and GCA [92];
* Hepatitis B Virus (HBV) vaccine and Polyarteritis
Nodosa (PAN) [85].
In particular, the association between vaccination and
Kawasaki Disease, which is the second most frequent
pediatric vasculitis [83] has been investigated in depth in
the last few years. However, this possible association has
been rejected based on assessments of Vaccine Adverse
Events Reporting System (VAERS) data in 2009 [93]
that demonstrated the absence of a temporal relationship
between any vaccination and onset of KD symptoms. In
spite of this evidence, the fear of an association of this
disease with vaccination has remained high and pushed
the Food and Drug Administration (FDA) to include it in
the pentavalent anti Rotavirus vaccine adverse events re-
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porting, following the occurrence of 5 cases out of over
36,000 vaccinated children during phase 3 research [94].
Another vaccination that has been associated with KD is
Meningococcal B vaccine for which regulatory authori-
ties have requested ad-hoc post-marketing safety stud-
ies [95].

Finally, in 2015 a multicentric study was unable to dem-
onstrate an association between specific vaccinations
and KD [96].

What are the risk factors for post-immunization vas-
culitides and how do they affect immunization?
Individual predisposition appears to be fundamental in
the onset of these disorders [84].

A personal or family history of autoimmunity can rep-
resent a risk factor for certain vasculitides [97]. For pre-
cautionary reasons, it is advisable to follow subjects at
risk for Giant Cell Arteritis (GCA) or Polymyalgia Rheu-
matica, depending on gender or age, for 2-6 months after
influenza vaccination [92] (Fig. 1).

What is the recommended action regarding immuni-
zation in case of previous or current episodes of vas-
culitides?

There is mounting evidence that some infections can
act as triggers for the onset of vasculitides, particularly
Hepatitis B and C (HBV and HCV) viruses for PAN and
respiratory tract infections for Henoch-Schonlein Pur-
pura (HSP). Infections have also been implicated in the
relapse of some vasculitides, so that influenza and pneu-
mococcal vaccinations are recommended in affected
subjects [98, 99], while in France a successful campaign
of vaccination against HBV was followed by a decrease
in the incidence of Polyarteritis Nodosa (PAN) [98].

ARTHRITIS/ARTHRALGIA (AA)

How is a case of AA defined and how frequent is it?
The term arthralgia is used in the medical literature to in-
dicate articular pain in general; in some cases arthralgia
refers to a non-inflammatory condition of the joint, but
this is not consistent in the literature. Among the causes
of arthralgia are traumatic injury, degenerative processes
of the joint, systemic inflammatory disorders, lupus,
rheumatoid arthritis and vaccinations [100].

The word arthritis is used by clinicians to specifically
mean inflammation of the joints, while it is used in pub-
lic health to refer more generally to more than 100 rheu-
matic diseases and conditions that affect joints, the tis-
sues that surround the joint, and other connective tissue,
and typically characterized by pain and stiffness in or
around one or more joints. The pattern, severity, loca-
tion of symptoms, involvement of the immune system
and other internal organs varies depending on the type
of disease [101]. In 2012 in the US 52.5 million adults
aged > 18 years had self-reported or doctor-diagnosed
arthritis, and 22.7 million reported arthritis-attributable
activity limitation [102].

What are the pathophysiological mechanisms under-
lying post-immunization AA?

Several models have been proposed: a direct mechanism
through polyclonal B cells activation and functional
alteration of immune-regulatory cells and an indirect
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mechanism through the production of cytokines, mo-
lecular mimicry and immune-complex formation [103].
However, pathophysiological mechanisms post-immuni-
zation remain uncertain, as well as the period of onset
(Fig. 1).
Possible mechanisms that have been postulated to cause
in some cases the onset of post-immunization AA are
the ones at the root of ASIA (See the section: “What
are the pathophysiological mechanisms underlying post-
immunization vasculitides?””)
Which are the vaccines associated with AA onset?
Many vaccines, such as anti-Hepatitis A and B Viruses,
measles, mumps, rubella, Varicella Zoster Virus and
Human Papilloma Virus (HAV, HBV, MMR, VZV and
HPV), have been implicated in the occurrence of AA as
they can function as an exogenous trigger for the devel-
opment of autoimmune disorders [100, 105]. However,
the role of vaccinations as possible causative agents of
AA has not been established with sufficient evidence.
In spite of this, many isolated cases or series of cases
of arthritis following vaccination have been reported.
These cases tend to be very infrequent and usually
only short-term outcomes are described [106]. In fact,
the occurrence of post-vaccination arthritis/arthralgia
(AA) is usually self-limiting and of moderate intensi-
ty [90, 104, 105].
What are the risk factors for post-immunization AA
and how do they affect immunization?
In the case of rubella vaccination, possible risk factors
are: advanced age, Human Leucocyte Antigens (HLA)
dependent predisposition and female gender. Further
studies however, found no evidence of increased risk for
chronic arthropathy among women vaccinated against
rubella.

However, in the absence of scientific evidence of the

causal relationship between vaccination and AA and

considering the overall risk-benefit balance, it can be
stated that vaccination for the overwhelming majority of
patients carries no risk of systemic autoimmune disease
and should be administered according to current recom-

mendations [105, 107, 108].

What is the recommended action regarding immuni-

zation in case of previous episodes of AA?

Previous occurrence of episodes of AA or the presence of

AA at the time of immunization is an important risk fac-

tor for the onset of post-immunization AA. However, for

individuals suffering from AA, vaccination is still rec-
ommended because natural infection can cause a relapse
of the AA symptoms. In order to give more information
on timing and vaccination type to be administered, sev-

eral studies were conducted in recent years [109-115]:

e vaccination should be performed during the remis-
sion phase of the disorder and can be done in patients
taking Disease Modifying Anti-Rheumatic Drugs
(DMARDs) and anti-Tumor Necrosis Factor (TNF)
drugs;

* vaccination should be performed before starting ther-
apy with anti-B cells drugs;
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* the administration of live attenuated vaccines, such
as BCG, should be avoided, particularly in immuno-
suppressed individuals;

* some studies have shown efficacy and safety of non-
live vaccines in subjects whose condition is under
pharmacologic control, even in those taking bio-
logic drugs; influenza and pneumococcal vaccines
are strongly recommended in these patients and the
choice of vaccine should be as personalized as pos-
sible since different Human Leucocyte Antigens
(HLA) genetic polymorphisms cause inter-individual
variation in terms of efficacy and toxicity.

It should be noted that, although vaccination is strongly

recommended in these subjects, post-immunization re-

lapse or symptoms exacerbations can occur, possibly
through a mechanism of polyclonal activation of B-cells

or through cross-reactivity [90].

IMMUNE THROMBOCYTOPENIC PURPURA

How is a case of Immune Thrombocytopenic Purpura
(ITP) defined and how frequent is it?

The term refers to an autoimmune disorder of unknown
etiology characterized by a platelet count < 100,000/ul
and by the presence of small areas of hemorrhage (pur-
pura).

Data from surveillance system reports indicate that
the frequency and severity of vaccine induced immune
thrombocytopenic purpura (VI-ITP) is much lower than
after natural infection from vaccine-preventable diseas-
es [116-119].

The incidence of VI-ITP is probably underestimated be-
cause mild to moderate and asymptomatic cases often do
not come to the attention of physicians and are therefore
not diagnosed and reported [120, 121].

What are the pathophysiological mechanisms under-
lying vaccine induced immune thrombocytopenic
purpura (VI-ITP)?

The occurrence of thrombocytopenia has been con-
vincingly related to the production of antibodies that
cross-react with platelet antigens that can be detected in
about 80% of cases [117-122]. In the case of thrombo-
cytopenia that occurs after anti measles-mumps-rubella
(MMR) vaccination, the presence of anti-rubella and an-
ti-measles IgG antibodies that cross-react with platelet
antigens has been consistently detected [123-125]. For

these reasons the pathophysiological mechanisms un-
derlying VI-ITP can be considered certain.

Which are the vaccines associated with VI-ITP on-
set?

Specific studies have been performed to assess VI-ITP as-
sociated with measles-mumps-rubella (MMR) and Hep-
atitis B Virus (HBV) vaccination, since the occurrence
of immune thrombocytopenic purpura (ITP) is a possi-
ble complication of measles and HBV infection. Regard-
ing HBV vaccine, VI-ITP can occur after any dose of the
vaccine and, in case of recurring episodes, the clinical
picture tends to worsen, thus requiring specific treat-
ment [126]. VI-ITP that occurs after MMR vaccination
has an onset within 6 weeks of vaccine administration
and presents with a higher platelet count than ITP after
natural infection [127] and with clinical manifestations
such as petechiae of moderate severity [128], although
rarely there have been reports of gastrointestinal (GI)
and/or pulmonary hemorrhage [129], hematuria [130]
and the need for splenectomy [131] (Fig. 1). The forms
of VI-ITP that require hospitalization have a lower av-
erage duration of hospitalization than those caused by
natural infection (3 vs 5 days) [133-135] and no deaths
strictly correlated with VI-ITP after MMR vaccination
have been reported, unlike in the case of natural infec-
tion [117-121]. In the majority of cases (about 90%),
VI-ITP is self-limiting within 6 months of diagnosis
and only 10% turns into a chronic condition [127-128],
whereas ITP after viral infection can become chronic
in about 25% of cases on top of having a more severe
clinical course [136]. A study performed on a cohort of
1.8 million children and adolescents (age range: 7 weeks
to 17 years of age) investigated the correlation between
all vaccinations and the onset of ITP, considering a time
frame from the date of immunization to 6 weeks after
immunization. The results indicate an increase in risk
after Hepatitis A Virus and Varicella Zoster Virus vac-
cinations performed between the 7" and 17" year of age
and the 11" and 17" respectively [137] (Tab. IIT).

What are the risk factors for VI-ITP and how do they
affect immunization?

The main risk factor for the onset of an episode of VI-
ITP is a previous episode of Immune Thrombocyto-
penic Purpura (ITP) or VI-ITP or the presence of ITP/
VI-ITP at the time of immunization [117-121] (see
below).

Tab. llI. Increase of cases of Immune Thrombocytopenic Purpura (ITP) and their clinical course by selected vaccines.

i Age range during which an increase in cases after L

Vaccine vaccination occurred Clinical course

) " Usually moderate severity, in exceptional cases Gl and/
MMR 1371 gétsr; 51(?1 ?88;? ggacghea’ n’lggggﬁcr)]n,\jl’wc\a/s'?eues\/eery 40,000 or pulmonary hemorrhage. If hospitalization required,

- ! hospital stay shorter than in post-infection ITP
HAV [1371] 7th-17th year of age (p = 0.001) *
VZV [137] 11th-17th year of age (p = 0.04) *
) Lack of guidelines; episodes appear to recur and become

HBV [126] Inadequate evidence more severe after each vaccine administration

*Number of cases is insufficient to describe a typical clinical course.



What is the recommended action regarding immuni-
zation in case of previous episodes of ITP or VI-ITP?
In subjects with a history of ITP or post-measles-mumps-
rubella (MMR) vaccine VI-ITP, with a normal platelet count
at the time of immunization, MMR vaccine appears to be
safe and well tolerated [117-121], although relapse of ITP
can occasionally occur [138, 139]. Recent studies claim
that the first MMR dose does not normally trigger a relapse
of ITP and that the booster dose is not followed by relapse
within 6 weeks of administration [117-121]. However, the
assessment of antibody titer against measles, mumps and
rubella is recommended in patients with chronic I'TP or with
previous post-MMR VI-ITP to avoid further vaccine doses
if the antibody titer is protective [119, 140, 141].
International guidelines on immune thrombocytopenia
management recommend vaccination against S. pneu-
moniae, H. influenzae B and N. meningitides before
splenectomy [142].

Commentary and conclusions

As shown in this review, the issue of adverse events in
the field of immunization is subject to a lot of uncer-
tainties, especially as regards rare and very rare ones;
indeed, it is often not possible to conclude with suffi-
cient scientific rigor on causal relationships (or the lack
thereof) between vaccines and adverse events [8]. This
poses a significant problem in risk communication and
risk management as health care workers need to provide
fair and balanced information to patients while at the
same time not discouraging immunization. Unfortunate-
ly, the asymmetry between the knowledge about benefits
and the knowledge about risks is common throughout
medicine.

It is important to keep in mind that the adverse events we
have covered occur rarely or very rarely but that, at the
same time, the benefits are not directly experienced by
the individual who is vaccinated and that the tolerance
for risks (real or perceived) in our societies is relatively
low [143].

With many additional vaccines being developed and
introduced in vaccination schedules, and with the re-
quirement to be immunized in order to be able to attend
kindergarten and schools increasingly introduced or sug-
gested to fight vaccine hesitancy [144], the emphasis on
vaccine safety and adverse event monitoring becomes
increasingly important. It is also crucial to correctly
identify, as far as possible, those individuals who are at
higher risk for adverse events and require the adoption
of additional precautions and follow-up after immuniza-
tion, and the few who need to be exempted for medical
reasons. On the other hand, the current trend is against
compulsory immunization (also on the basis of new evi-
dence showing poor results obtained where both com-
pulsory and voluntary vaccinations are simultaneously
present in vaccine schedules) [145], while it is advised
to counsel individuals in order to provide correct infor-
mation on benefits and risks, thus empowering them to
make an informed choice.
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For these reasons, as some important scientific bodies
have suggested, it would be vital to obtain greater knowl-
edge on adverse events, possibly through the widespread
use of electronic medical records that would enable a far
higher sensitivity in epidemiologic assessments of rare/
very rare adverse events. Collecting evidence that fulfills
causality criteria [146] will help both risk communica-
tion and decision making.

Furthermore, the additional knowledge accumulated
through “mechanistic” biomedical research can help
elucidate in greater detail the pathophysiological mecha-
nisms of vaccine induced harm and possibly help identi-
fy in advance the subjects at risk for harm, moving more
and more towards tailored medicine.

Since there is no gold standard in risk communication
in the field of vaccination, it is advisable to perform
studies aimed at determining a more effective medi-
um of communication [147]. It is important to bear
in mind that vaccination risks should not be omitted
both because it is unethical, and because considering
a vaccine unsafe does not necessarily imply having
doubts on its efficacy, therefore perceptions of vac-
cine importance may mitigate losses in vaccination
uptake [148].

Trust in institutions such as Public Health and Gov-
ernment has effects on trust in immunization, and
vice-versa [147, 148]; it is necessary to develop a
new strategy of risk communication that, rather than
showing lists of adverse events, disease complications
and their incidence, makes use of widely intelligible
instruments and language, in order to clearly answer
the questions of both Health Care Workers and Public
Health services users.
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