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Abstract: Worldwide vaccination against SARS-CoV-2 has allowed the detection of hematologic
autoimmune complications. Adverse events (AEs) of this nature had been previously observed in
association with other vaccines. The underlying mechanisms are not totally understood, although
mimicry between viral and self-antigens plays a relevant role. It is important to remark that, al-
though the incidence of these AEs is extremely low, their evolution may lead to life-threatening
scenarios if treatment is not readily initiated. Hematologic autoimmune AEs have been associated
with both mRNA and adenoviral vector-based SARS-CoV-2 vaccines. The main reported entities are
secondary immune thrombocytopenia, immune thrombotic thrombocytopenic purpura, autoimmune
hemolytic anemia, Evans syndrome, and a newly described disorder, so-called vaccine-induced
immune thrombotic thrombocytopenia (VITT). The hallmark of VITT is the presence of anti-platelet
factor 4 autoantibodies able to trigger platelet activation. Patients with VITT present with thrombocy-
topenia and may develop thrombosis in unusual locations such as cerebral beds. The management
of hematologic autoimmune AEs does not differ significantly from that of these disorders in a non-
vaccine context, thus addressing autoantibody production and bleeding/thromboembolic risk. This
means that clinicians must be aware of their distinctive signs in order to diagnose them and initiate
treatment as soon as possible.

Keywords: COVID-19; vaccines; ITP; VITT; TTP; AIHA and Evans syndrome; antiphospholipid
syndrome; catastrophic antiphospholipid syndrome

1. Introduction

The exceptional scenario conditioned by the sudden outbreak of SARS-CoV-2 infection
all over the world prompted the search for vaccines that are efficient and easy to manufac-
ture at huge scale. Extensive research led to the production of more than 20 compounds
that successfully passed phase IlI trials and, thus, were deemed to be safe. Nevertheless,
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the extended use in the real-world of drugs that have successfully passed the test of clinical
trials often involves the emergence of adverse events (AEs). Although these are infrequent
and will not tip the balance towards product withdrawal, they can be serious and their
occurrence has to be envisaged. Indeed, this phenomenon occurred when COVID-19
vaccines started being administered throughout the world. Statements documenting AEs
started being reported. Although regular updates repeatedly demonstrate that the majority
of these episodes are mild and transient, serious AEs (SAEs) are occasionally described
that, albeit rarely, may be fatal. These SAEs are particularly of an autoimmune nature. This
is not unexpected, since humoral immune response to vaccination involves the production
of antibodies against foreign antigens that, occasionally, could mimic self-ones. Structures
often affected by autoimmune disorders include platelets, RBCs and blood vessels. Thus, it
is not surprising that hematologic autoimmune disorders are associated with SARS-CoV-2
vaccines, either the mRNA or adenoviral vector-based ones.

When a hematologic autoimmune disorder develops following vaccination, a prompt
and accurate diagnosis is essential to initiate the appropriate treatment and avoid bleeding
or thromboembolic complications that may sometimes be life-threatening. The main
autoimmune disorders of a hematologic nature that have been linked to SARS-CoV-2
vaccination are addressed herein. Commonly used therapies and outcomes are revised.
Where suggested, potentially involved mechanisms linking vaccines and autoimmune
pathology are described. Finally, guidelines to follow in order to promptly recognize and
manage these complications are provided.

2. Methods

In order to select the eligible studies whose results would be considered a compre-
hensive update about the AEs of hematologic autoimmune nature reported in the context
of COVID-19 infection, the authors searched the PubMed registry and the regular up-
dates of the European Database of Suspected Adverse Drug Reaction (EudraVigilance),
United Kingdom Medicines & Healthcare Products Released Regulatory Agency (MHRA),
Health-Infobase Government of Canada, and the Vaccine Adverse Events Reporting System
(VAERS). The search criteria consisted of considering all reports regarding phase III clinical
trials and the real-world use of vaccines, stating that any hematologic AE had occurred.
The latest search date included was 9 May 2022. Although some reports were limited to
enumerating AEs, the scarcity of available literature prompted us to consider all statements
addressing the occurrence of hematologic AEs, even if the information was incomplete.

The chosen keywords or word combinations to track the information of interest
were COVID-19, vaccines, ITP, VITT, TTP, AIHA, Antiphospholipid and Evans syndrome,
autoimmune disorder, thrombocytopenia, and anemia.

3. Commercially Available COVID-19 Vaccines

More than 100 vaccines have been developed against SARS-CoV-2, 26 of which have
been evaluated in phase III clinical trials according to the World Health Organization
(WHO) [1]. These can be stratified into up to five different categories according to how
they generate immunity. The classically used methods based on whole inactivated or live
attenuated virus, although effective, have always raised concerns. Incomplete viral inacti-
vation may not be discarded, and every batch needs to be checked [2]. The development of
antibody disease enhancement (ADE) syndrome due to non-neutralizing antibodies may
be a risk which, in the COVID-19 scenario, can increase lung pathology [3]. Furthermore,
there was a need for quickly available, massively produced vaccines. Nucleic acid-based
vaccines constituted an attractive alternative option. They are easier to manufacture, their
lipid nanoparticle-based platform is robust and efficient, and can be rapidly produced at
industrial scale. For these reasons, they are being widely used, at least in Western countries,
in spite of the challenge raised by the poor stability of mRNA-based products that limits
storage periods and may compromise in vivo activity [4].
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The aforementioned categories are inactivated-virus vaccines, mRINA vaccines, DNA
vaccines, viral vector vaccines and protein-based vaccines. Inactivated-virus vaccines
consist of whole viruses that cannot infect cells and replicate. Viruses can be inactivated
by formalin, heat irradiation or chemical treatment. Moderate immunogenicity can be a
drawback, and adjuvants and /or booster doses are required. mRNA vaccines [5] contain the
mRNA of the antigen of interest, which enters cells and is translated into the corresponding
protein to induce an immune response. DNA vaccines use a plasmid DNA vector to induce
response and they are easier to store and the route of administration may not be exclusively
intramuscular, but also intradermal or oral. Viral vector vaccines are based on viral delivery
systems that contain a nucleic acid which encodes the antigen of interest. Adenoviruses,
which are often employed, have also been used as non-enveloped double stranded DNA
(dsDNA) for gene therapy purposes, because the encoded gene can be delivered into human
cells without integrating in the human genome [6]. Finally, protein-based vaccines are
made of fragments of proteins or polysaccharides. The source can be either the target virus,
from which the protein is purified, a recombinant protein, virus-infected cells, or virus-like
particles. Low immunogenicity can be one disadvantage, and adding an adjuvant might be
needed [7]. Supplementary Table S1 shows which category each one of the 26 COVID-19
vaccines that have successfully passed phase III trials belongs to. Table 1 shows the main
features of the most widely used ones.

Table 1. Characteristics, mechanism of production, storage, efficacy, and adverse events of vaccines
against COVID-19.

Compound . Doses Storage Efficacy
(Trade Name) Manufacturer Mechanism Needed Interval ©C) (%)
BNT162b2 Pfizer/BioNTech mRNA 2 21d 70 95
(Comirnaty)
mRNA-1273 (Spikevax) Moderna mRNA 2 28d —20 94.5
ChAdOx1 nCoV-19 (Vaxzevria) AstraZeneca/Oxford AdV-vectored 2 4-12 wk 2-8 70
Ad26.CoV2.S Johnson & Johnson AdV-vectored 1 - 2-8 66.3
Gam-COVID-Vac (Sputnik V) Gamaleya Research Institute AdV-vectored 2 21d —18 92
AdS_pCOY CanSino AdV-vectored 1 - -20 65.7
(Convidecia)
NVX-Cov2373 Novavax Protein subunit 2 21d -20 89.3
(Covovax)
EpiVacCorona Vector Institute Protein subunit 2 21d 2-8 n.a.
(Aurora-CoV)
BBIBP-CorV (Covilo) Sinopharm (Beijing) Inactivated virus 2 21-28d 2-8 79
WIBP-CorV Sinopharm (Wuhan) Inactivated virus 2 14-21d 2-8 72.5
Vero cell (CoronaVac) Sinovac Biotech Inactivated virus 2 28 d 2-8 50-83.5
BBV152 (Covaxin) Bharat Biotech Inactivated virus 2 28d 2-8 81

AdYV, adenovirus; d, days; n.a., not available; wk, weeks.

Key concepts

e  There are currently many different ways of producing vaccines.
e  Obstacles or disadvantages may be storage, stability, or low immunogenicity.

4. International Reports of Adverse Events Associated with COVID-19 Vaccines

COVID-19 vaccination programmes are being rolled out globally. Nevertheless, the
need for ready availability prompted the approval of vaccines whose studies regarding
side effects and efficacy involved shorter than desirable follow-up periods. As time goes
on, cases of moderate to severe adverse events (AEs) associated to SARS-CoV-2 vaccines
in the real world are being documented. This information is being analyzed and updated
regularly, and reports are being made available via databases and agencies such as the
European Database of Suspected Adverse Drug Reaction (EudraVigilance), the United
Kingdom Medicines & Healthcare Products Released Regulatory Agency (MHRA), the
Health-Infobase Government of Canada, or the Vaccine Adverse Events Reporting System
(VAERS). AEs are always classified according to the Common Toxicity Criteria (CTC) cate-
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gories [8-11]. Between December 2020 and March 2022, 1,114,386,127 doses of four different
COVID-19 vaccines, two of them mRNA-based and the other two using adenovirus as
vectors, were administered in the European Union, United Kingdom and Canada.

Table 2 depicts the amount of doses administered up to March 2022, including fre-
quency and types of common AEs and serious AEs (SAEs) corresponding to each type of
vaccine, according to the information released by the aforementioned databases and articles
concerning clinical trials [8-15]. Global numbers of common AEs are not particularly
remarkable [12-15]. On the other hand, the incidence of SAEs is not different than that
expected in a worldwide campaign [8-11]. The SAEs reported so far include, among others,
autoimmune disorders, predominantly of hematologic origin, which are addressed in
detail below, venous or arterial thrombotic events, paroxysmal arrhythmias or anaphylactic
reactions [8-11]. Reports regarding other vaccines less used in Western countries, such as
Gam-COVID-Vac, Ad5-nCoV, NVX-CoV2373, EpiVacCorona, BBIBP- CorV, WIBP- CorV or
CoronaVac, identify flu-like illness, injection site pain, headache, asthenia, pain, soreness,
fatigue, headache, malaise, myalgia or fever among mild to moderate AEs. SAEs have not
been reported except in the case of Gam-COVID-Vac, whose use has been associated with
renal colic, deep venous thrombosis (DVT) or extremity abscess development [16].

Table 2. Adverse events associated with the most used vaccines in Western countries.

Number of Incidence of SAEs

Vaccine Administered Doses * (%) *+ Common AEs ¥ SAEs §
Local pain (>80%)
fever (>10%) .
headache (>50%) AT.E /V.TE’ ITI.)’ TTS, allerglc'
fatigue (>60%) reactions including an.aphylax1s,
BNT162b2 770,897,374 0.13 (0.05-0.21) N o paroxysmal ventricular
myalgia (>40%) hvthmi MIS
arthralgia (>20%), arrnyt mia, syncope, VLo,
1 hadenopathy (3%) myocarditis, pericarditis
ymphadenopathy
chills (>30%)
Local pain (92%)
fever (16%) headache (65%)
fatigue (70%) ATE/VTE, ITP, TTS, allergic
myalgia (61%) reactions including anaphylaxis,
mRNA-1273 203,315,870 018 (0.06-029) art}}llra;g:gia (46%), facial swelling, %ell’sppa}isy,
lymphadenopathy (20%) myocarditis, pericarditis
chills (45%)
nausea/vomiting (23%)
Local pain (58%)
fever (8%)
headache (53%) ATE/VTE, TTS, ITP, Guillain-Barré
ChAdOxX1 nCoV-19 120,953,207 0.42 (0.13-0.68) fatigue (53%) syndrome, CLS, CVST without
myalgia (44%) thrombocytopenia, capillary
arthralgia (27%) leak syndrome
chills (32%)
nausea/vomiting (22%)
Local pain (49%)
he:g‘;i;fé’g%) ATE/VTE, TTS, ITP, Guillain-Barré
Ad26.CoV2.S 19,219,676 0.26 (0.23-0.29) fatigue (38%) syndrome, capillary

myalgia (33%) leak syndrome

nausea/vomiting (14%)

* Until March 2022 in the European Union, United Kingdom and Canada [8-11]. ¥ AEs are expressed as median
(IQR). ¥ In >16 y.0. subjects in clinical trials [12-15]. § Information taken from post-authorization reports [8-11].
AEs, adverse events; ATE, arterial thromboembolism; CLS, capillary leak syndrome; CVST, cerebral venous sinus
thrombosis; ITP, immune thrombocytopenia; MIS, multisystem inflammatory syndrome; SAEs, serious adverse
events; TTS, thrombosis with thrombocytopenia syndrome; VTE, venous thromboembolism; y.o., years old.

Key concepts

e  AEs are generally mild or moderate.
o  Albeit very infrequently, there can be SAEs that need to be paid attention to.
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4.1. Autoimmune Hematologic Disorders Subsequent to COVID-19 Vaccination

Hematologic AEs subsequent to SARS-CoV-2 vaccine exposition are rare, and can
be categorized into three types: autoimmunity exacerbations, AEs secondary to allergic
reactions, and inflammatory syndromes triggered by complement activation (reviewed
in [17]). Hematologic autoimmune phenomena of new onset, especially those involving
platelets, are among the AEs that have been given more attention. Reports are being increas-
ingly made that document secondary immune thrombocytopenia (ITP), vaccine-induced
immune thrombotic thrombocytopenia (VITT), immune thrombotic thrombocytopenic
purpura (iTTP), autoimmune hemolytic anemia (AIHA), Evans syndrome, aplastic anemia,
antiphospholipid syndrome (APS), catastrophic APS (CAPS) or acquired coagulation disor-
ders, subsequent to COVID-19 vaccination. Table 3 shows the documented cases of some of
these entities in the European Union, United Kingdom and Canada up to March 2022 [8-10].
Their extremely low incidence prevents us from understanding completely whether autoim-
mune manifestations are merely coincidental or are caused by vaccines’ active components
or excipients [18]. What is known about the association between COVID-19 vaccines and
autoimmune hematologic disorders is reviewed below.

Table 3. Incidence of autoimmune hematologic AEs subsequent to COVID-19 vaccination until March
2022.

. Doses, ITP, TTP, ES, AIHA,
Vaccine . . . .
n n (inc) n (inc) n (inc) n (inc)
BNT162b2 770,897,374 424 (0.55) 89 (0.11) 10 (0.01) 124 (0.16)
mRNA-1273 203,315,870 24 (0.12) 38 (0.19) 7 (0.03) 46 (0.23)
ChAdOx1 nCoV-19 120,953,207 254 (2.10) 51 (0.42) 5 (0.04) 123 (1.02)
Ad26.CoV2.S 19,219,676 13 (0.68) 14 (0.73) 0(0) 4(0.21)

The number of autoimmune hematologic AEs corresponding to the European Union, United Kingdom and
Canada until March 2022 are shown [8-10]. AHAI, autoimmune haemolytic anaemia; ES, Evans syndrome; inc,
incidence per million doses; ITP, immune thrombocytopenia; TTP, and thrombotic thrombocytopenic purpura.

4.2. Risk of Secondary ITP
4.2.1. Historical Perspective

Vaccines activate immune-mediated mechanisms that induce protective immunity
but, as well as infections, they may trigger an autoimmune response that in some cases
leads to ITP. This is an autoimmune disorder that causes a decrease in platelet counts due
to their accelerated destruction and impaired production. A significant high risk of suffer-
ing ITP was found after hepatitis A, varicella, and diphtheria-tetanus-acellular pertussis
vaccination [19-21]. Moreover, several cases of ITP related to poliomyelitis and influenza
vaccines (reviewed in [20]), and after Gardasil 9 vaccination for human papillomavirus
(HPV) [22], have been published. The trivalent vaccine, containing attenuated strains of
measles, rubella, and mumps viruses (MMR), is also associated with ITP, although the risk
is smaller than that induced by natural infection with these viruses [23-25]. The temporal
relationship between vaccination and autoimmunity phenomena seems to be dependent
on the specific vaccine.

Vaccines may induce ITP by several mechanisms. The most likely one involves virally
induced molecular mimicry, although the participation of others such as those associated
with T cell immune-mediated pathways cannot be ruled out. Furthermore, not only the
main compound of the product, i.e., mRNA, viral vector, attenuated virus or viral protein,
may be involved in activating autoimmune pathways. Other constituents, such as yeast
proteins, adjuvants or preservative diluents, may also play a role. Nevertheless, it is
important to remark that the risk of ITP after vaccination is smaller than that of those
patients exposed to viruses after natural infection [26-30].

Subjects developing ITP after vaccination usually have a favorable outcome. The
presentation is acute and mild, and the percentage of remissions is high. It has been
shown to be close to 95% in the period of six months after new onset of ITP subsequent to
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MMR vaccination, with no long-term sequelae, although therapy with corticosteroids or
intravenous immunoglobulins (IVIG) may be required [19]. On the other hand, whether
or not vaccination can exacerbate thrombocytopenia in patients who already have ITP is
less understood, and remains a concern. Importantly, 65 children who had developed ITP
after receiving the first dose of the MMR vaccine did not have a recurrence upon receipt of
the second one. Nevertheless, it is advisable to delay vaccination until resolution of acute
ITP [31-33].

4.2.2. COVID-19, COVID-19 Vaccination and ITP

COVID-19 infection is associated with the generation of autoantibodies and the new
onset of autoimmune diseases, among which ITP has been reported [34-37]. Thrombocy-
topenia, albeit usually mild, has been identified in up to 36% of COVID-19 patients [37].
An important proportion of the infrequent cases of severe thrombocytopenia corresponds
to patients who develop ITP upon infection [38].

Although thrombocytopenia secondary to COVID-19 vaccination had not been re-
ported as a frequent AE in the clinical trials that led to the approval of vaccines [12,39], soon
afterwards, regular updates of databases highlighted occasional secondary thrombocytope-
nia appearance in previously healthy recipients when vaccines started being used widely
in the general population (Table 3). Several of these cases, which also included fatalities,
were reported [40—42]. One of the largest series was taking data from up to four different
sources: seventy-seven new cases of ITP were reported in March 2021. Thirty-seven and
40 of these subjects had been administered BNT162b2 and mRNA-1273, respectively. The
overall incidence was calculated to be ~1 case per million doses. Seventy-seven percent
of these subjects developed ITP after receiving the first dose of the vaccine, while 23%
developed it after the second one. The median (IQR) platelet count was 3 x 10%/L [1-9], at
a median (IQR) of eight days after vaccination [3-13]. Nevertheless, about 90% of subjects
responded to the usual first-line treatments [42].

The association between the use of BNT162b2 or mRNA-1273 with the sporadic on-
set of ITP may be explained by the fact that these are mRNA-based vaccines. mRNA is
known to be a potent activator of autoimmunity. mRNA is taken up by cellular RNA
receptors, which leads to the upregulation of toll-like receptors (TLR) 7 and 8, and the
subsequent activation and maturation of immune cells, as well as the secretion of cytokines
and chemokines. The lipid nanoparticle component of mRNA-based COVID-19 vaccines
further contributes to immune activation [43,44]. Nevertheless, non-mRNA vaccines might
also induce ITP, whose onset could be partly contributed to by residual traces from the
manufacturing process, whether adjuvants or preservatives [45,46]. In fact, a new syn-
drome has been described, so called autoimmune/autoinflammatory syndrome, which is
induced by adjuvants (ASIA). It is hypothesized that ITP onset after immunization may be
an epiphenomenon of such an entity [47]. In any case, the association of SARS-CoV-2 vacci-
nation with ITP of new onset should not constitute a concern. A study carried out in the
USA identified 15 and 13 cases of thrombocytopenia after administration of 18,841,309 and
16,260,102 doses of BNT162b2 and mRNA-1273 vaccines, respectively, which yields a rate
of thrombocytopenia of 0.80 per million doses for both of them. Since the annual incidence
rate of ITP is 3.3 cases per 100,000 adults, the observed number of thrombocytopenia cases,
which includes ITP, among those subjects administered mRNA-based COVID-19 vaccines
is not greater than the number of ITP cases expected [48].

Finally, the concern remains that patients with chronic ITP may suffer exacerbations
upon SARS-CoV-2 vaccination. Cases have been documented in several reports [33,42,49].
In a case-series that recruited 52 consecutive chronic ITP patients, thrombocytopenia exacer-
bations were documented in 12% of them, mainly within two to five days post-vaccination
and with new bleeding symptoms. ITP exacerbation occurred independently of remission
status, concurrent ITP treatment and, importantly, vaccine type [33]. More recently, the
analysis of more than 200 previously diagnosed ITP patients that were administered ei-
ther BNT162b2, mRINA-1273 or ChAdOx1 nCoV-19 vaccine, revealed ITP exacerbations
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in nearly 14% of cases, bleeding episodes being reported in 2% of patients. Apparently,
the type of vaccine did not influence the outcome, although the limited size of the cohort
precluded firm conclusions regarding this topic [49].

4.2.3. Management of ITP

Patients with ITP concomitant with COVID-19 infection whose platelet counts fall
severely should be administered IVIGs. Platelet transfusion should be given in cases of
critical bleeding. On the other hand, there is no evidence suggesting that early treatment
with corticosteroids worsens the course of COVID-19 infection. Treatment with dexam-
ethasone in case of severe COVID-19 illness should be given as appropriate. Nevertheless,
rituximab and other immunosuppressive agents could impair the ability of the patient to
generate their own anti-SARS-CoV2 antibodies. Thrombopoietic agents (TPO-RA) and
fostamatinib can also be used in this scenario, and their concomitant administration could
be considered. Finally, tromboprophylaxis should be initiated in hospitalized patients
with platelet counts above 20-30,000/ pL, or with lower counts in the case of a high risk of
thromboembolism [50].

Subjects with ITP subsequent to vaccination respond appropriately to canonical first-
line therapy. Figure 1 shows the main steps that may be recommended to follow in the light
of current knowledge. In one of the aforementioned studies, 26 out of 28 patients responded
to treatment with corticosteroids and /or IVIGs, and/or platelet transfusion. In the same
cohort, 19 out of 109 patients with preexisting ITP had exacerbations upon SARS-CoV-2
vaccination. Seven of them were administered rescue therapy with either corticosteroids,
TPO-RA, IVIG or a combination of IVIG, steroids, rituximab and cyclosporine, together
with the increased dosing of ongoing ITP treatment. All of them responded appropriately,
and platelets returned to prevaccination ranges within two to four weeks, with no major
bleeding events documented [42].

Key concepts

e Cases of ITP associated with SARS-CoV-2 infection have been reported. Although
infrequently, severe thrombocytopenia has been documented among these subjects.

o ITP onset subsequent to vaccination against SARS-CoV-2 has been documented. The
overall incidence is extremely low. Exacerbations have been observed in a low propor-
tion of previously diagnosed ITP patients.

e  Treatment of secondary ITP or ITP exacerbations subsequent to vaccination is es-
sentially similar to that used in patients with primary ITP. The outcome is usually
favorable.

4.3. Risk of VITT
4.3.1. Newly Described Autoimmune Disorder

VITT (vaccine-induced immune thrombocytopenia with thrombosis), also known as
thrombosis with thrombocytopenia syndrome (TTS) and vaccine-induced prothrombotic
immune thrombocytopenia (VIPIT), is a newly described disorder that has been associated
with the use of SARS-CoV-2 vaccines. Cases of thrombocytopenia accompanied by unusual
thrombotic events have been described to occur 5 to 20 days after vaccination, especially
with adenoviral vector-based vaccines. The first report in Europe identified 11 patients in
Germany and Austria who had received the ChAdOx1 nCoV-19 vaccine [51]. On the other
hand, 12 cases were documented in the USA after the administration of approximately
seven million doses [52]. Cases have also been described with mRNA-based BNT162b2
and mRNA-1273, albeit less frequently [53,54]. VITT has not been reported with other
adenoviral vectored COVID-19 vaccines such as Gam-COVID-Vac or Ad5-nCoV, although
available data are more limited with these compounds. The incidence rate of VITT ranges
between one in 125,000 to one in a million vaccinated people [55]. It is important to note
that the risk of development of VITT after vaccination against SARS-CoV-2 is lower than
the thrombotic risk caused by the disease itself [56].
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The vaccine-induced response against SARS-CoV-2 spike protein is not involved
in VITT development [57]. In fact, the hallmark of VITT is the presence of high-titer
immunoglobulin G (IgG) antibodies directed against the cationic platelet chemokine platelet
factor 4 (PF4), which is able to activate platelets. Thrombi are formed in atypical locations,
such as the cerebral and splenic vascular beds, and patients often show laboratory signs of
disseminated intravascular coagulation (DIC) with severe thrombocytopenia [51,58].

Not preexisting ITP Preexisting ITP

v

Platelet count control

. .

Normal levels Low levels

l v

v Consider

SARS-CoV-2 vaccination delaying
l 390 days vaccination

Active bleeding, platelet counts <30,000/uL

v

ITP suspected

v

If required, ADAMTS-13 testing to discard iTTP

v

If negative

v

ITP highly suspected
(may be confirmed by >
anti-platelet Abs testing)

v

Prompt treatment

|
CTCs and/or IVIGs
+ platelet transfusion if severe bleeding
If exacerbations, rescue with CTCs, IVIGs and/or TPO-RA

Consider suspending
second dose

Figure 1. Management of ITP in the context of COVID-19 vaccination; Abs, antibodies; CTCs, cor-
ticosteroids; iTTP, immune thrombotic thrombocytopenic purpura; IVIGs, intravenous immunoglob-
ulins; TPO-RA, thrombopoetin receptor agonists.

4.3.2. VITT and Heparin-Induced Thrombocytopenia

VITT shows similarities with heparin-induced thrombocytopenia (HIT), both disorders
being associated with the presence of autoantibodies against PF4, thrombocytopenia and
thrombosis. PF4 is a positively charged protein found in the x-granules of platelets, which
is released into plasma when platelets are activated. Although HIT also presents with
venous and arterial ischemic events, it differs from VITT in that it is triggered by a recent
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exposure to heparin, and the autoimmune component is not exactly the same [59]. When
PF4 binds to heparin, conformational changes in PF4 occur and a new antigen is exposed,
resulting in the development of IgG autoantibodies against the complex formed by heparin
and PF4. Once autoantibodies are incorporated into the complex, this crosslinks with
FcyRlIla receptors on platelets, resulting in intracellular signaling, platelet activation, and
aggregation. In turn, activated platelets degranulate and release more PF4 molecules
and procoagulant microparticles into the plasma, thus increasing thrombin generation.
The participation of neutrophil extracellular traps, red blood cells, von Willebrand factor,
and tissue factor generates a positive feedback loop which results in a hypercoagulable
state [60].

Patients with VITT have also high levels of circulating anti-PF4 antibodies that induce
variable degrees of platelet activation. However, unlike what happens in HIT, such activa-
tion has been shown to be inhibited by low-molecular-weight heparin. It is hypothesized
that PF4 would bind to an unidentified polyanion present in adenoviral vaccines. PF4 may
also bind to free nucleic acids, since the ability of DNA and RNA to form multimolecular
complexes with PF4 has been reported [61]. The formed complexes would be targeted by
autoantibodies [60].

4.3.3. Management of VITT

Basically, management should address modulation of the autoimmune phenomenon
and non-heparin anticoagulation [62]. Figure 2 summarizes the management of VITT
subsequent to SARS-CoV-2 vaccination, from first suspicion to treatment start. Treatment
should be promptly initiated in those patients with suspected or confirmed VITT. The
International Society on Thrombosis and Haemostasis Scientific Subcommittee (ISTH SSC)
on Platelet Immunology has provided recommendations on how to recognize, diagnose,
and manage these patients [63]. Early diagnosis and management is important to prevent
fatalities, especially when VITT presents with cerebral venous sinus thrombosis (CVST).
The documented mortality due to CVST with thrombocytopenia after vaccination with
adenoviral vector-based COVID-19 vaccines has experienced a relevant decrease over time.
A study carried out with information provided by the EudraVigilance database of the
European Medicines Agency involved 270 cases of CVST with thrombocytopenia occurring
after adenoviral vector SARS-CoV-2 vaccination. The reported mortality before and after
28 March 2021 was 47% and 22%, respectively, which suggests a positive effect of early
recognition and improved treatment on VITT outcomes [64].

The diagnosis procedure should start when the subject presents with thrombocytope-
nia and altered coagulation, with or without thrombosis, in the four weeks after vaccination.
In addition to determining blood cell count, prothrombin time (PT), activated partial throm-
boplastin time (aPTT), fibrinogen, and D-dimer (DD), the following guidelines should be
considered:

e all samples for testing for VITT must be collected prior to administration of any
treatment, especially IVIGs and danaparoid.

e  assessment of anti-PF4 antibodies should be performed by enzyme-linked immunosor-
bent assay (ELISA), since rapid tests and chemiluminescence immunoassays can yield
false negatives.
the ability of a patient 's serum to activate platelets must be tested.
the clinical picture of the individual must be taken into account:
thrombocytopenia, bleeding, and normal coagulation parameters may indicate ITP.
In this case, the bleeding risk has to be considered. High-dose IVIGs without anti-
coagulation is recommended, as well as testing for autoantibodies against platelet
glycoproteins via monoclonal antibody immobilization of platelet antigens (MAIPA),
monoclonal antigen capture ELISA (MACE), platelet antibody bead array (PABA), or
flow cytometry. Platelet-associated IgGs are not often measured because of the low
sensitivity of the usually available methods.
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thrombocytopenia and thrombosis may indicate VITT. An ELISA to detect anti-PF4
antibodies must be performed. If the PF4 binding assay is positive, or not available,
the sample’s ability to activate platelets should be determined using serotonin release
assay, platelet aggregation, P-selectin exposure, or others. A positive result in the
appropriate clinical context strongly supports a diagnosis of VITT.
thrombocytopenia without bleeding or thrombosis but abnormal coagulation param-
eters (at least one among PT, APTT, fibrinogen and DD) may indicate early VITT
syndrome.
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SARS-CoV-2 vaccination

15-28 days

Thrombocytopenia (+ anomalous CG and/or TE)

v

VITT suspected

v

Prompt VITT testing recommended
e ELISA anti-PF4/heparin abs
e INR, PT, aPTT, DD, Fgn

v

If positive anti-PF4/heparin abs and high DD

v

VITT highly suspected

v

Test of platelet activation by serum

(heparin at high/low concentration, IVIGs)

v

If platelet activation unaffected by heparin
and inhibited by IVIGs

v

VITT confirmed

v

Prompt treatment. Several options

|

{

[

[

[

X

High dose IVIGs || ACGs often Platelet VKA || Plasmapheresis
(1 g/kg for 2 days) || used in HIT || transfusions
v I I

T platelet counts, 4 hypercoagulability, { platelet activation by anti-PF4 abs

v

DOACs*, AT-dependent FXa inhibitors’

v

Avoid unless presence of bleeding (theoretical thrombotic risk)

v

Contraindicated during acute thrombocytopenia and DICH

v

Only if no response to others and condition is life-threatening

Figure 2. Management of subjects with suspected VITT after COVID-19 vaccination; * Direct

factor Xa inhibitors (apixaban, rivaroxaban), direct thrombin inhibitors (argatroban, bivalirudin).

t Danaparoid, fondaparinux. t Risk of microthrombosis associated with protein C depletion.
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Key concepts

e  VITT is a syndrome whose hallmark are anti-PF4 autoantibodies which may develop
after COVID-19 vaccination, especially with adenoviral vectored vaccines, at an ex-
tremely rare frequency.

e  VITT presents with thrombocytopenia and thrombosis at unusual locations, such as
cerebral and splenic vascular beds.

e  Early diagnosis and management according to ISTH guidelines is crucial to prevent
fatalities.

4.4. Risk of iTTP
4.4.1. Historical Perspective

iTTP is a thrombotic microangiopathy (TMA) presenting with microangiopathic
hemolytic anemia, thrombocytopenia, and organ impairment. The hallmark is a severe
deficiency in ADAMTS-13, the von Willebrand factor-cleaving protease, subsequent to the
onset of anti-ADAMTS-13 autoantibodies [65]. Before the pandemic era, development of
iTTP had been reported in adult subjects within the two weeks after vaccination, albeit
at extremely low frequencies: four cases with vaccines against influenza virus, and one
case each with vaccines against rabies virus and pneumococo. In all patients, circulating
ADAMTS-13 was below 10% of the normal level, and anti-ADAMTS-13 autoantibodies
were detected. The underlying mechanisms by which these vaccines may trigger iTTP are
presently unknown. In any case, it is important to remark that the outcome of patients was
favorable [66-72].

4.4.2. COVID-19, COVID-19 Vaccination and iTTP

Sporadic cases of iTTP concurrent with SARS-CoV-2 infection have been documented
in case series [73] and case reports [74-76]. Treatments consisted predominantly of plasma
exchange and corticosteroids [73-76], although rituximab and caplacizumab were also
used [73,75]. On the other hand, cases of iTTP secondary to vaccination against SARS-
CoV-2 have been regularly uploaded to databases (Table 3). Seventeen of these cases have
been described ([77-89], reviewed in [90]). Thirteen of them corresponded to the first
acute episode of iTTP [77,78,80-87], and the remaining ones were relapses of preexisting
iTTP [79,88,89]. In ten of the first acute episodes and all of the relapsed ones, the BNT162b2
mRNA vaccine had been administered. The remaining three patients received the ade-
noviral vectored vaccines ChAdOx1 nCoV-19 (two cases [85,86]) and Ad26.CoV2.S (one
case [83]). Symptoms appeared more frequently after the first vaccine dose (in 10 out of
13 newly diagnosed patients and three out of four relapsed patients) rather than after the
second one, at a median period of 13 days following administration (the earliest and latest
cases were at days five and 37, respectively). Confirmatory diagnosis was made in all cases
with the assessment of ADAMTS-13 activity, which was always <10%, and the presence of
anti-ADAMTS-13 autoantibodies. Most patients presented with hemorrhagic symptoms
along with asthenia.

The molecular mechanisms underlying the onset of iTTP after COVID-19 vaccination
are unknown, as it happens with those triggering iTTP following administration of other
vaccines. The risk seems to be somewhat higher with BNT162b2. A causal association be-
tween vaccination and subsequent iTTP is supported by the timing of events rather than the
identification of cross-reactive epitopes between antigens in these vaccines and ADAMTS-
13. Such timing is consistent with that corresponding to iTTP onset upon administration of
other vaccines [66-72]. Interestingly, in four subjects whose first dose of BNT162b2 induced
notably high titers of neutralizing anti-SARS-CoV-2 IgG antibodies, increased titers of the
ADAMTS-13 inhibitor accompanied by a marked decrease in ADAMTS-13 activity were
observed [78-81]. Indeed, further studies are needed to unveil the mechanisms underlying
the association between COVID-19 vaccination and iTTP.
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4.4.3. Management of iTTP

In all cases, plasma exchange and immunosuppressive therapy with corticosteroids,
were initiated immediately. Furthermore, caplacizumab was used in eight patients who
rapidly recovered platelet counts [77-79,89], and rituximab was given in eight cases to boost
immunosuppression [80-82,84-87,89]. The clinical outcome was good in most patients.
Nevertheless, one of them died two days after being diagnosed with iTTP, probably by a
sudden cardiovascular event [77].

Finally, the experience provided by these cases, albeit limited, allows for several
recommendations regarding the therapeutic approach to follow in scenarios where iTTP is
suspected in subjects who have been, or are going to be, administered a COVID-19 vaccine
(Figure 3):

Not preexisting iTTP Preexisting iTTP

v

ADAMTS-13 testing
b '

Normal levels Low levels

v

v v Consider
SARS-CoV-2 vaccination delaying
vaccination
' 5-40 days

Skin/mucous bleeding (+ fatigue, headache, neurological and/or small
vessel ischemia symptoms, fever, tachycardia, breathlessness)
v
iTTP suspected
v
Platelet counts and ADAMTS-13 testing
v
<150,000 platelets/uL, ADAMTS-13 <10%
v
iTTP highly suspected
v
Assessment of anti-ADAMTS-13 autoantibodies
v
If positive
v
iTTPconfirmed >
v
Prompt treatment
\
Plasma exchange + CTCs
(additional agents to prevent interaction
between vWF and platelets [caplacizumab]
or boost immunosuppression [RTX] may be used)

Consider suspending
second dose

Figure 3. Management of iTTP in the context of COVID-19 vaccination; CTCs, corticosteroids;
iTTP, immune thrombotic thrombocytopenic purpura; RTX, rituximab.
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e  Patients presenting with mucocutaneous bleeding signs and other clinical symptoms
such as fatigue, headache and others, after COVID-19 vaccination, should be encour-
aged to seek immediate medical attention and undergo cell count analyses. Indeed,
clinicians should be alert to the risk of developing iTTP.

e In patients who had already suffered an iTTP episode, the ADAMTS-13 circulating
activity should be assessed before COVID-19 vaccination in order to address relapse
risk.

e It may be advisable not to administer the second dose of the SARS-CoV-2 vaccine
to those patients who had an iTTP episode after the first one, although evidence
supporting this decision is scarce.

Key concepts

e  Extremely infrequent cases of newly diagnosed iTTP subsequent to COVID-19 vac-
cination, especially with BNT162b2, have been reported. Relapses have also been
documented.

e  Platelet cell counts and ADAMTS-13 levels have to be assessed if vaccinated patients
present with bleeding signs and fatigue and/or other clinical symptoms. A definitive
diagnosis is achieved when anti-ADAMTS-13 autoantibodies are detected.

e Management does not differ greatly from that of iTTP in other scenarios, plasma
exchange and corticosteroids being the gold-standard treatments. Outcomes are
usually favorable.

4.5. Risk of AIHA and Evans Syndrome
4.5.1. Historical Perspective

AIHA is an anemic disorder triggered by the generation of autoantibodies against
antigens of the red blood cell (RBC) membrane. AIHA is classified into warm antibody
hemolytic anemia (WAHA) and cold agglutinin disease (CAD), according to the tempera-
ture at which the antibodies interact with RBCs. The origin of AIHA is either idiopathic or
linked to immunoproliferative diseases, such as in the case of CAD. The clinical features
vary widely, ranging from mild symptoms associated with chronic hemolisis to icteric
signs, fever, shock, lumbar pain or dark urine in acute pictures [91]. Evans syndrome
is a rare entity, defined by the concomitant or sequential association of AIHA, ITP and,
occasionally, immune neutropenia. Evans syndrome is usually linked to other immune
disorders, immunodeficiencies, lymphoproliferative syndromes or infections [92]. Cases
of AIHA have been occasionally reported in association with oral poliomyelitis, tetanus,
diphtheria, pertussis, influenza or pneumococcal vaccines [93-98]. The association be-
tween vaccination and Evans syndrome is controversial, and only isolated cases have been
documented [99,100].

4.5.2. COVID-19, COVID-19 Vaccination and AIHA or Evans Syndrome

Cases of AIHA subsequent to COVID-19 infection have been described. Seven cases
of WAHA and CAD were reported within a timeframe compatible with that of the SARS-
CoV-2-caused cytokine storm. Interestingly, four out of the seven patients had indolent
B lymphoid malignancy [101]. An exacerbation was documented in a patient with a
previous history of WAHA, following a recent diagnosis of COVID-19 [102]. A recent
review identified up to 50 patients who developed AIHA (either cold, warm or other
subtypes) following COVID-19 diagnosis [103]. On the other hand, there are several
reports describing cases of newly diagnosed Evans syndrome in the context of COVID-
19. Although these are extremely infrequent, the consequences may be severe, since two
intracranial bleeding episodes and two venous thromboembolic events were documented
(reviewed in [104,105]).

AIHA has not been considered as an AE associated with SARS-CoV-2 vaccines. How-
ever, the VAERS database has already collected more than 200 statements regarding
episodes of AIHA subsequent to vaccination (Table 3). Some of the cases are reported in the
literature. Four patients developed new onset AIHA following mRNA-based SARS-CoV-2
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vaccination. In three of these cases, symptoms started at a median of five days after admin-
istration of the first dose (reviewed in [103]). Three new cases of patients who developed
symptoms after receiving the first dose of mRNA-1273, the second dose of mRNA-1273,
and the third dose of BNT162b2, respectively, have been reported recently [106-108]. The
mechanism underlying the association is not understood, although the molecular mimicry
between ankyrin-1, a red cell membrane protein, and SARS-CoV-2 spike protein might play
a role [109]. On the other hand, the number of statements documenting the association
between COVID-19 vaccines and Evans syndrome is remarkably low (Table 3). To the best
of our knowledge, only one of these cases is described in the literature, corresponding to a
female patient who also presented with systemic lupus erythematosus (SLE) after being
administered the BNT162b2 vaccine [110].

As far as patients with previous history are concerned, there is very little information
available. On the one hand, there is a prospective, observational study addressing post-
vaccination exacerbations of ITP in a cohort of patients among whom 10 of them presented
with associated AIHA. However, results concerning this subgroup are not provided [42].
On the other hand, in a cohort of 56 patients with a history of AIHA, four elderly patients
experienced a clinically significant hemoglobin reduction requiring treatment adjustment
after receiving mRNA-based vaccines BNT162b2 or mRNA-1273. The same report de-
scribed seven patients with autoimmune neutropenia who did not have exacerbations after
receiving mRNA-based vaccines [110].

4.5.3. Management of AIHA and Evans Syndrome

Figure 4 summarizes the actions that may be taken to manage AIHA in the context of
SARS-CoV-2 vaccination. Treatment of the reported patients who had AIHA subsequent
to COVID-19 infection consisted of corticosteroid administration and RBCs infusion in
five and two cases, respectively. The failure of corticosteroid treatment in a patient led to
additional rituximab treatment. At the time of last follow-up, this and the rest of the patients
were alive and had at least partly recovered from COVID-19 [101]. AIHA exacerbation
was initially treated with corticosteroids and folic acid, although additional rituximab and
RBCs transfusion had to be administered to prevent hemoglobin decline [102].

AIHA secondary to COVID-19 vaccination was managed with immunosuppressive
agents, especially corticosteroids and occasionally rituximab [103,106,107]. A young
woman whose case was particularly severe was transfused with 13 units of packed RBCs,
and administered corticosteroids, rituximab, mycophenolate mofetil, and immune globu-
lin [108]. Finally, the patient who presented with Evans syndrome and SLE after having re-
ceived the BNT162b2 vaccine was administered prednisolone to rapidly restore hemoglobin
levels and platelet count [110].

Key concepts

e Cases of AIHA subsequent to COVID-19 infection and COVID-19 vaccination, al-
though uncommon, may be severe and life-threatening.

e  Corticosteroids and, when required, RBCs transfusion is a usually successful combina-
tion to treat patients with AIHA in the context of COVID-19 infection or vaccination.
Additional boosts with agents such as rituximab may be occasionally needed.

e Evans syndrome is a rare entity, usually associated with other immune disorders or
infection. Information regarding new-onset or exacerbations subsequent to COVID-19
infection or vaccination is scarce. Corticosteroids are considered as the first-line therapy.
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Not preexisting AIHA Preexisting AIHA*
v

RBC count, Hb testing

v v

Normal Low
v
v v Consider
SARS-CoV-2 vaccination delaying
vaccination
i 5-90 days

Normocytic or macrocytic anemia; reticulocytosis,
increased indirect bilirubin and LDH; low haptoglobin

v

Hemolytic anemia

v

ATHA suspected

v

Direct Antiglobulin Test

v
If positive
v

AHAI confirmed —>
I

Prompt treatment

|
CTCs + RBCs
(additional immunosuppression [RTX] may be required)

Consider suspending
second dose

Figure 4. Management of AIHA in the context of COVID-19 vaccination; * In case of previous
history of Evans syndrome, platelet and neutrophil counts should also be assessed before vaccina-
tion. AIHA, autoimmune hemolytic anemia; CTCs, corticosteroids; Hb, hemoglobin; LDH, lactate
dehydrogenase; RBCs, red blood cells; RTX, rituximab.

4.5.4. Antiphospholipid Syndrome and COVID-19 Vaccines

Patients suffering from antiphospholipid syndrome (APS) have not been included
in SARS-CoV-2 vaccination clinical studies, there for little data regarding this population
is available [12]. Yu et al., showed that the SARS-CoV-2 spike protein, a key molecule in
COVID-19 mRNA vaccine immunogenicity, could be responsible for thrombotic manifes-
tations during COVID-19 disease since it directly activates the alternative complement
cascade [111]. Adenoviral vector-based vaccines can bind platelets and induce their de-
struction in the reticuloendothelial organs. Liposomal mRNA-based vaccines may instead
favour the activation of coagulation factors and confer a pro- thrombotic phenotype to
endothelial cells and platelets. Furthermore, both formulations may trigger a type I inter-
feron response associated with the generation of antiphospholipid antibodies (aPLs). They
may lead to aberrant activation of the immune response with the participation of innate
immune cells, cytokines and the complement cascade. NETosis, monocyte recruitment
and cytokine release may further support endothelial dysfunction and promote platelet
aggregation. These considerations suggest that aPLs may represent a thrombotic risk factor
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following COVID-19 vaccination [112]. These data could support mRNA vaccine as a
trigger for APS and catastrophic antiphospholipid syndrome (CAPS), although several case
reports of both conditions after SARS-CoV-2 vaccination have been published [113-116],
other serie do not confirm this hypothesis [117]. In this series of high risk APS patients
(triple-positive aPL confirmed 12 weeks apart), out of 161 patients interviewed, 18 (11%)
had COVID-19. All of them recovered fully without any progression to severe disease or
thromboembolic event. One-hundred-forty-six patients received the first (92%) and 129
(80%) received the second dose of vaccine and fifteen patients (9%) were unvaccinated.
The vaccines used by these patients were the mRNA-based vaccine by Pfizer-BioNTech
(BNT162b2) in 121 patients, the mRNA-based vaccine Moderna (mRNA-1273) in 20 of
them and the adenovirus-vectored vaccine produced by Oxford-AstraZeneca (ChAdOx1
nCoV-19) in the last five. No thromboembolic event was described and no increase in APLs
levels was detected. No other relevant adverse event has been communicated. Of the 15
(9%) unvaccinated patients, 13 refused vaccination and two were waiting for the booster
dose as they were recently affected by the SARS-CoV-2 infection. Among the 13 patients
who did not undergo vaccination, 10 refused vaccinations against SARS-CoV-2 due to fear
and vaccine disbelief, one patient with associated SLE followed the treating physician’s rec-
ommendation against vaccination, one refused vaccination because of high titre positivity
for IgM anti spike protein of SARS-CoV-2 despite having never got the infection, and one
refused because of the onset of a serious illness.

From a laboratory point of view, it is common that acute viral infections and some
vaccines induce false positivity in serologic assays. By now, there is little information
about vaccines against SARS-CoV-2 and serologic assays reactivity. In a serie of 35 subjects,
Korentzelos et al., described no change in reactivity of f2-glycoprotein IgA and IgG,
cardiolipin IgA and IgG for over the course of samples of patients before vaccination,
two weeks after each vaccine dose, and monthly thereafter for up to five months. The
used assays were Sure-Vue rapid plasma reagin (RPR) test, (Thermo Fisher Scientific,
Waltham, MA, USA) and Macro-Vue RPR test (Becton Dickinson) [118]. These data have
been validated by other groups, including no modification in previous positive intensity
before and after vaccination in patients suffering from APS [119,120]. Despite this, larger
longitudinal studies are needed to determine the incidence and window of false reactivity.

Key concepts:

e  Adenoviral vector-based vaccines can bind platelets, activate complement and
induce APLs.

e In patients suffering from APS, there has not been reported a worse evolution after
COVID-19 vaccination.

e  Phospholipid serologic assays seem to not be influenced by SARS-CoV-2 vaccines.
Despite this, in case of results that do not fit the clinical picture following SARS-CoV-2,
vaccination should be repeated.

5. Conclusions

Vaccines against SARS-CoV-2, like other ones, are able to induce antibodies against
vaccinated subjects self-antigens that trigger mechanisms leading to hematologic autoim-
mune disease development. Treatments indicated for secondary ITP, iTTP, AIHA or Evans
Syndrome are similar to those used when the vaccine is not the trigger, except for the
recommendation to avoid rituximab to warrant the proper immunization against SARS-
CoV-2. When a hematologic autoimmune disorder develops following vaccination, a
prompt and accurate diagnosis is essential to initiate the appropriate treatment and avoid
life-threatening bleeding or thromboembolic complications such as VITT. To go on working
on registries and the publication of case series, it is crucial to know the incidence of these
AEs, learn about their pathophysiology and plan a suitable vaccine schedule for the affected
patients.
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Supplementary Materials: The following supporting information can be downloaded at: https:
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