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1  | INTRODUC TION

Coronavirus disease 2019 (COVID-19) is a still ongoing pandemic 
caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), originating in Wuhan, China, at the end of 2019 
and disseminating all over the world causing an unprecedented 
sanitary, social and economic crisis.1 As of April 20, 2021, the 
infection has already affected more than 130 million people and 
caused more than 3 million deaths worldwide, according to World 
Health Organization (WHO).2 More than a year after the pandemic 
outbreak, very few therapeutic weapons have been shown to be 
able to fight COVID-19, the most relevant including steroids and 
antibody-based therapies.3-5 The main progress of pharmaceuti-
cal research has been undoubtedly the development of COVID-19 
vaccines, available in Europe only 9 months after the first case of 

SARS-CoV-2 infection.6 Currently, four COVID-19 vaccines have 
been authorized in Europe by the European Medicine Agency 
(EMA): two using mRNA technology (Comirnaty by BioNTech 
Manufacturing GmbH and COVID-19 Vaccine Moderna by 
Moderna Biotech Spain, SL) and two using adenovirus vector-
based technology (Vaxzevria by AstraZeneca AB and COVID-19 
Vaccine Janssen by Janssen-Cilag International NV).7 Considering 
the public health emergency, EMA accelerated the procedures for 
COVID-19 vaccine evaluation, releasing a conditional marketing 
authorization and guaranteeing at the same time a continuous 
and rigorous safety monitoring through the European pharma-
covigilance system.8 While the post-authorization surveillance 
performed by national and international health authorities did not 
show particular safety concerns following the administration of 
more than 700 million of COVID-19 vaccine doses worldwide, very 
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rare cases of thrombosis at unusual sites, mostly cerebral or sinus 
vein thrombosis (CVT), associated with thrombocytopenia have 
been reported shortly after the administration of the AstraZeneca 
(ChAdOx1 nCov-19) COVID-19 vaccine.9

This paper summarizes the current knowledge on this rare but 
severe condition, named Vaccine-associated Immune Thrombosis 
and Thrombocytopenia (VITT) syndrome, focusing in particular 
on epidemiologic, pathogenic, clinical, diagnostic, and therapeutic 
issues.

2  | SE ARCH STR ATEGY

As a search literature strategy, the Medline and PubMed electronic 
database was searched for publications on VITT syndrome between 
November 2020 and April 2021 using English language as a restric-
tion. The Medical Subject Heading (MeSH) and key words used 
were: “COVID-19 vaccine,” “AstraZeneca,” ”Vaxzevria,” “ChAdOx1 
nCoV-19 vaccine,” “SARS-CoV-2,” “coronavirus,” “thrombosis,” “cer-
ebral sinus vein thrombosis,” “unusual sites,” “pulmonary embolism,” 
“immune thrombocytopenia,” “heparin-induced thrombocytope-
nia,” “thrombotic thrombocytopenia,” “adverse reaction.” We also 
screened the reference lists of the most relevant review articles and 
other publications for additional studies not captured in our initial 
literature search.

3  | THE BURDEN OF THE DISE A SE

The incidence of VITT appears to be between 1 in 125 000 and 1 in 
1 million of vaccinated cases.10 As of March 29th, 2021, a total of 
19 cases of CVT had been reported in Germany to the Paul Ehrlich 
Institute following approximately 2.2 million AstraZeneca COVID-19 
vaccine doses administered.11 Up to April 7th, 2021, 79 reports of 
thrombosis with thrombocytopenia (44 CVT and 35 thromboses in 
other major veins), out of a total of 20.2 million doses (incidence rate 
1:250 000) of COVID-19 vaccine AstraZeneca administered by that 
date, have been recorded in United Kingdom by the Medicines and 
Healthcare products Regulatory Agency (MHRA).12 Five suspected 
thrombosis cases out of 400  000 injections and 23 cases out of 
2.7 million injections have been recorded in The Netherlands and 
France, respectively. The incidence of VITT in Italy has not yet been 
established: A total of 11 suspected VITT cases, out of a total of 2.2 
million AstraZeneca COVID-19 vaccine injected doses, are currently 
under investigation by the Italian health regulatory agency (Agenzia 
Italiana del Farmaco, AIFA).13 The EMA'S Pharmacovigilance Risk 
Assessment Committee (PRAC) performed periodic reviews of the 
safety issues of COVID-19 vaccines. As of April 4th, 2021, a total 
of 222 CVT cases were reported to the European drug safety da-
tabase (EudraVigilance) out of 34 million AstraZeneca vaccinated 
people, with an estimated incidence of 1:150 000.14 Although EMA, 
in a statement dated April 7th, 2021, suggested a possible link be-
tween unusual blood clots with low blood platelets and AstraZeneca 

COVID-19 vaccine, it concluded that the overall benefits far out-
weigh the risks of side effects.9 Nevertheless, PRAC continued to 
monitor AstraZeneca COVID-19 vaccine safety and effectiveness 
as for all other vaccines.9 Although EMA did not restrict the use of 
AstraZeneca COVID-19 vaccine to particular categories of subjects, 
many European and non-European countries made decisions on their 
own: the Danish Health and Medicine authority decided to tempo-
rarily (3 weeks) suspend AstraZeneca vaccine, The Netherlands and 
Germany administered the vaccine only to subjects over 60 years 
of age, France and Canada only to over 55 years of age and Sweden 
and Finland only to over 65 years of age. The Italian AIFA left the 
prescription of the AstraZeneca vaccine free suggesting, however, a 
preferential use over the age of 60. In any case, the situation is con-
stantly evolving, depending on the number of VITT cases reported in 
relation to the number of vaccinations, and it is likely that at the time 
of publication it has changed again.

4  | PATHOGENESIS

While thrombotic events in VITT are preferentially, but not exclu-
sively, located in intracranial veins, the concomitant thrombocy-
topenia suggests an immunological cause of the hypercoagulative 
tendency.15 The pathogenic mechanism, which has been recently 
clarified by the German Greifswald Working Group under the lead-
ership of Andreas Greinacher, resembles that of heparin-induced 
thrombocytopenia (HIT),10 a prothrombotic disorder provoked by 
IgG-specific antibodies that recognize multimolecular complexes 
between the cationic platelet-factor 4 (PF4) and the anionic hepa-
rin and cause platelet activation through the FcγRIIA receptor.16,17 
However, the fact which renders unique this condition is that it 
occurs in COVID-19-vaccinated patients who did not receive any 
heparin treatment during their life. Thus, an anionic substance 
other than heparin must be involved to explain the genesis of this 
prothrombotic syndrome which has been called ‘spontaneous’ or 
autoimmune HIT.15,17,18 It has been, indeed, recently recognized 
that triggers other than heparin can cause a prothrombotic dis-
order with clinical and laboratory features that strongly resemble 
HIT. These include certain highly sulfated and highly negatively 
charged oligosaccharides, such as pentosan polysulfate, hypersul-
fated chondroitin sulfate and related molecules.19-21 In addition to 
exposure to polyanionic medications, a HIT-like phenomenon has 
also been observed after knee-replacement surgery and bacterial 
or viral and infections.21-24 These latter findings are in agreement 
with the antimicrobial, beyond procoagulant, suggested activity of 
PF4.25,26 In response to microorganisms, indeed, activated plate-
lets release PF4 contributes to the recruitment of neutrophils and 
facilitates neutrophil exocytosis to release myeloperoxidase and 
lysozyme.27 In addition, PF4 binds directly to bacteria thus creating 
a neoantigen which is targeted by anti-PF4/heparin or anti-PF4/
polyanion antibodies to form immune complexes that play a key 
role in antibacterial host defense.26 A similar mechanism could also 
be implicated in the antiviral response to SARS-CoV-2 infection, 
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considering that non-platelet-activating and platelet-activating 
anti-PF4/heparin antibodies have been detected by several inves-
tigators in COVID-19 patients.28-30

Regarding the cases of VITT syndrome observed after 
AstraZeneca COVID-19 vaccine administration, anti-PF4 antibodies 
might be elicited by the inflammatory stimulus of the vaccination 
or by the vaccine itself, which cross-reacts with PF4 and platelets. 
With this regards, Greinacher and colleagues found an enhanced 
reactivity of VITT patients' serum with platelets in the presence of 
AstraZeneca COVID-19 vaccine,11 suggesting that interactions be-
tween the vaccine and platelets or between the vaccine and PF4 
could play a role in pathogenesis. The adenovirus used as a vector 
in AstraZeneca vaccine could be involved in this pathway: It is well 
known, indeed, that adenovirus has a strong affinity for PF4 and can 
cause platelet activation.31,32

Finally, different polymorphisms in exon 4 of the FcγRIIA region 
could be implicated in the modulation of the immune-complex-
dependent thrombotic risk in VITT patients.33 Further experimen-
tal studies are required to elucidate the exact mechanism through 
which AstraZeneca COVID-19 vaccine triggers the generation of 
anti-PF4 autoantibodies.

5  | CLINIC AL AND DIAGNOSTIC A SPEC TS

The onset of moderate to severe thrombocytopenia and throm-
botic complications at unusual sites, particularly CVT, beginning ap-
proximately 1-2  weeks after vaccination against SARS-CoV-2 with 
AstraZeneca is strongly suggestive for VITT.15

To date, 40 cases of VITT have been published34-37 and their 
main characteristics are summarized in Table 1. Sixty-seven percent 
(27/40) of patients were females with a female/male ratio of 2.1. 
The median age was 40.5 years, ranging between 21 and 77 years. 
According to these literature data, the thrombotic complications oc-
curred after a median of 10  days (range 5-24  days) from the first 
dose of AstraZeneca COVID-19 vaccine. In the majority of the cases 
(27/39, 69.2%), the site of thrombosis was the cerebral veins, while 
splanchnic vein thrombosis and pulmonary embolism were present 
in 17.9% (7/39) and 23.1% (9/39) of cases, respectively. The median 
platelet count was 23,000/mm3 ranging from 7000 to 113  000 
mm3. A severe thrombocytopenia, defined as a platelet count below 
25 000/mm3, was present in 52.6% (20/38) of the evaluable cases.38 
Notably, a hormonal contraception or treatment was present in 
25.9% (7/27) of women, while a congenital or thrombophilic status 
was detected in 7 (17.9%) cases.

Many patients (10/15, 66.7%) received heparin (unfractionated 
or low molecular weight) as treatment for thrombosis, while only a 
minority (4/15, 26.7%) was treated with immunomodulatory/immu-
nosuppressive agents (ie, steroids and intravenous immunoglobulin). 
A 41.0% (16/39) mortality rate was reported.

Regarding the laboratory aspects, apart from thrombocytopenia, 
the diagnostic hallmark is the positivity of the HIT enzyme-linked 
immunosorbent assay (ELISA), which identifies antibodies to PF4 

and needs to be confirmed by a functional heparin-induced platelet 
activation assay (HIPA) or serotonin-release assay (SRA).15 The cur-
rent available data demonstrate that ELISA HIT assays have the most 
appropriate sensitivity for all pathophysiologically relevant anti-PF4 
antibodies. Other HIT assay methods have shown a low sensitivity.15 
Ninety-five percent (36/38) of valuable VITT cases reported so far 
resulted positive for ELISA HIT assay (Table 1). Figure 1 reports the 
diagnostic algorithm of VITT syndrome.

6  | MANAGEMENT OF VIT T SYNDROME

Summarizing the data reported in Table 1, it can be assumed that 
VITT is a very severe condition, which arises most frequently in young 
female individuals 1-2  weeks after the first dose of AstraZeneca 
COVID-19 vaccine and is almost invariably characterized by severe 
thrombocytopenia and CVT with a fatality rate higher than 60%.

Following the first VITT reports, several national and interna-
tional scientific societies and panel of experts released some rec-
ommendations on the management of patients with suspected VITT 
syndrome from diagnostic to treatment aspects.15,39-43 On the basis 
of such contributions, the results of the literature data and our per-
sonal experience, we report these issues on the practical manage-
ment of patients with suspected and confirmed VITT:

•	 Individuals with persisting symptoms (>3 days), including severe 
headache, dizziness, focal neurological symptoms, visual dis-
turbances, shortness of breath, chest, abdominal or extremities 
pain, arising 5-20  days following AstraZeneca COVID-19 vacci-
nation should be urgently investigated through laboratory tests 
(ie, complete blood count, blood smear, D-dimer and fibrinogen 
levels, activated partial thromboplastin time, and prothrombin 
time) and imaging-based screening (ie, depending on symptoms, 
cranial magnetic resonance imaging, and ultrasound or computed 
tomography of the chest/abdomen).

•	 In case of thrombosis and/or thrombocytopenia (< 150,000/
mm3), a screening enzyme immunoassay for HIT, based on the im-
munological detection of antibodies against PF4, is mandatory. In 
case of positivity for ELISA HIT assay, a HIPA or SRA should be 
performed as functional confirmatory test for VITT.

•	 Until VITT is ruled out, anticoagulation with unfractionated 
heparin (UFH) or low molecular weight heparin (LMWH) should 
be avoided and alternative HIT-compatible anticoagulants (ie, 
fondaparinux, danaparoid, and argatroban) should be admin-
istered. We also suggest the use of direct oral anticoagulants 
(DOACs), which have been shown to be safe for the treatment 
of HIT and do not require initial heparin therapy, for anticoagula-
tion treatment of presumptive and confirmed VITT cases.10 The 
administration of DOACs, however, may be difficult in critical pa-
tients often hospitalized in Intensive care Units. Platelet concen-
trates should not be transfused.

•	 In patients with confirmed VITT, administration of high-dose in-
travenous immunoglobulin (IVIG, 1 g/kg daily for 2 consecutive 
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days) or dexamethasone (40 mg days for 4 days) may be useful 
to interrupt the prothrombotic mechanism. In addition, Bruton 
tyrosine kinase inhibitors, which are able to block the FCγRIIA 
receptor-mediated platelet activation, have been proposed as al-
ternative treatment option for VITT.44

7  | CONCLUSION

The VITT syndrome is a very rare but often life-threatening throm-
botic condition associated with ChAdOx1 nCoV-19 vaccine. On the 
basis of the few cases reported, it seems that young females, par-
ticularly those under hormonal contraception, are those at highest 
risk of developing this vaccine-related adverse reaction. However, 
this finding could be an artifact due to the fact that this vaccine was 
registered until recently only for individuals under 55 years of age 
and that a consistent proportion of women take anti-conception pill 
during childbearing age. The situation is, however, rapidly changing 
with daily updates from national and international health authorities.

The current therapeutic management of confirmed VITT is based 
on treatment with IVIG and non-heparin anticoagulants. Further 

surveillance safety data in parallel with clinical and experimental 
studies are needed to definitely assess the incidence of VITT, its 
pathogenesis, and optimal management. Additional research is also 
required to identify, if possible, those individuals at increased risk 
of developing VITT syndrome in order to prevent this fearsome 
complication.
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