
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



European Journal of Internal Medicine 105 (2022) 1–7

Available online 8 August 2022
0953-6205/© 2022 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

Review Article 

Potential mechanisms of vaccine-induced thrombosis 

Marco Marietta a,*, Valeria Coluccio a, Mario Luppi a,b 

a Hematology Unit, Azienda Ospedaliero- Universitaria, Modena, Italy 
b Department of Medical and Surgical Sciences, Section of Hematology, University of Modena and Reggio Emilia, Modena, Italy   

A R T I C L E  I N F O   

Keywords: 
COVID-19 vaccines 
BNT162b 
ChAdOx1 nCoV-19 
Ad26.COV2.S 
Vaccine- induced immune thrombocytopenia 
and thrombosis 
Autoimmune heparin-induced 
thrombocytopenia 

A B S T R A C T   

Vaccine-induced immune thrombocytopenia and thrombosis (VITT) is a rare syndrome characterized by high- 
titer anti-platelet factor 4 (PF4) antibodies, thrombocytopenia and arterial and venous thrombosis in unusual 
sites, as cerebral venous sinuses and splanchnic veins. 

VITT has been described to occur almost exclusively after administration of ChAdOx1 nCoV-19 and Ad26. 
COV2.S adenovirus vector- based COVID-19 vaccines. 

Clinical and laboratory features of VITT resemble those of heparin-induced thrombocytopenia (HIT). It has 
been hypothesized that negatively charged polyadenylated hexone proteins of the AdV vectors could act as 
heparin to induce the conformational changes of PF4 molecule that lead to the formation of anti-PF4/polyanion 
antibodies. The anti-PF4 immune response in VITT is fostered by the presence of a proinflammatory milieu, 
elicited by some impurities found in ChAdOx1 nCoV-19 vaccine, as well as by soluble spike protein resulting 
from alternative splice events. 

Anti-PF4 antibodies bind PF4, forming immune complexes which activate platelets, monocytes and gran-
ulocytes, resulting in the VITT’s immunothrombosis. 

The reason why only a tiny minority of patents receiving AdV-based COVID-19 vaccines develop VITT is still 
unknown. It has been hypothesized that individual intrinsic factors, either acquired (i.e., pre-priming of B cells to 
produce anti-PF4 antibodies by previous contacts with bacteria or viruses) or inherited (i.e., differences in 
platelet T-cell ubiquitin ligand-2 [TULA-2] expression) can predispose a few subjects to develop VITT. 

A better knowledge of the mechanistic basis of VITT is essential to improve the safety and the effectiveness of 
future vaccines and gene therapies using adenovirus vectors.   

1. Background 

COVID-19 has so deeply impacted in every aspect of the human ex-
istence that most of us in the next years will reconsider its life as “before” 
and “after” the pandemic. At the time of writing, more than 6 million 
COVID-19-related deaths have been reported by the World Health Or-
ganization (WHO) [1], although the data are likely to be largely 
underestimated. 

Besides its devasting effects on world’s health and economy, as well 
as on the physical and mental wellbeing of billions of people around the 
world, starting from the healthcare workers, the COVID-19 pandemic 
left us something good. 

Indeed, the development and approval of safe and effective vaccines 
less than a year after the emergence of a new virus is a stunning scientific 
achievement, utterly unconceivable just three years ago. 

The first COVID-19 vaccine was approved in Europe in December 

2020; currently, in the European Community (EC) five vaccines are 
authorized for use, one has submitted marketing authorization appli-
cation and three are currently under rolling review (Table 1). Moreover, 
157 vaccines against SARS-CoV-2 are in clinical and 198 in pre-clinical 
development in Europe [2]. 

In USA, the FDA has approved or authorized for emergency use 
Comirnaty by Pfizer-BioNTech, Spikevax by Moderna and Janssen’s 
COVID-19 vaccines [3]. Moreover, as of 12 January 2022, three further 
vaccines have been validated by the WHO Emergency Use Listing pro-
cess and are currently authorized for the use in countries outside the EC 
and USA: Sinopharm, Sinovac-CoronaVac and Bharat Biotech BBV152 
COVAXIN vaccines [4]. 

At the end of July 2022, more than 300 COVID-19 vaccine candi-
dates have been developed or are still under development [5]. 

Many different technology platforms have been used, including 
messenger RNA (mRNA), viral-vectored, inactivated whole virus, 
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protein subunit, and plasmid DNA approaches [6]. Moreover, very 
recently, two further vaccines have been developed that use totally 
different approaches: a plant-based coronavirus-like particle vaccine, 
and a receptor-binding domain (RBD)–dimer–based vaccine [7,8]. 

Worldwide efforts to control the coronavirus SARS-CoV-2 have led to 

the most rapid and extensive vaccination program ever carried out: at 
this time, about 12 billion vaccine doses have been administered all over 
the world [1]. 

The vaccination of so many people in such a short space of time, so 
soon after the unparalleled rapid development of the vaccines, has saved 
a huge number of lives and can be considered as a historic achievement 
for science and research. 

Besides all its benefits, the COVID-19 vaccine, as any other vaccine, 
entails a very small risk of side effects, including autoimmune responses. 
Some of these adverse events, although extremely rare, can reach 
troublesome proportions because of the enormous numbers of in-
dividuals exposed to them in a short time frame. 

This review is aimed at addressing some relevant issues about the 
adverse effects of COVID-19 vaccination on the hemostatic system, with 
a special focus on the thrombotic ones. 

2. Vaccines and thrombosis: actual issue or glut of media 
attention? 

The overall incidence of thromboembolic serious adverse events 
after COVID-19 vaccination is reassuringly low, with an estimated rate 
of about 7 cases out of one million doses (OMD) reported in the USA [9]. 
However, such a picture contrasts with a cluster of cases of major 
thromboembolic events with concurrent thrombocytopenia reported in 
the UK following vaccination with AstraZeneca COVID-19 vaccine, with 
an estimated incidence, as of May 2021, of about 13.6 events/OMD after 
the first dose and 1.8 events/OMD after the subsequent ones [10]. 
Despite its still low incidence, such a peculiar adverse event displayed a 
worryingly high fatality rate of 18% with 79 deaths, six of which 
occurred after the second dose. 

The seemingly unexplainable paradox of the co-existence of throm-
bosis and thrombocytopenia and their devasting impact on the life of 
affected people [11] resulted very attractive for the media, which soon 
brought to the spotlight these adverse events also on the wake of a 
diffuse no-vax feeling. 

Moreover, the continuously changing advices about vaccine’s safety 
released by regulatory Agencies further affected vaccine confidence, so 
many patients who used to trust doctors’ recommendation felt reluctant 
to follow those regarding the vaccines safety, despite the fact that the 
expected side effects were orders of magnitude much rarer than those of 
normally prescribed drugs. 

On the other hand, the occurrence of thrombosis and thrombocyto-
penia following vaccination against COVID-19 aroused a massive and 
unprecedented scientific interested about the relationship of vaccines 
and thromboembolic events. 

Indeed, a PubMed search using the combinations of “vaccines” and 
“thrombosis “yielded 320 results from 1912 to 2020, as compared to 842 
from 2021 to June 2022. 

Although a substantial portion of these papers consisted of case re-
ports, narrative reviews or Scientific Societies statements based on 
expert opinions, a lot of them reported on new experimental data ob-
tained by several research groups all over the world, which allowed a 
very fast accrual of information about the pathophysiologic mechanisms 
underlying this new clinical entity. 

3. Vaccines and thrombosis or vaccine and thrombosis? 

The question is not trivial, as it addresses the core of the problem: 
does any kind of vaccine increase the risk of venous or arterial throm-
bosis, or is this adverse event an exclusive prerogative of the COVID-10 
ones? And in this instance, do all COVID-19 vaccines carry the same risk 
of developing thrombosis and thrombocytopenia? 

As listed above, prior to the development of anti-SARS-CoV-2 vac-
cines no increased thromboembolic risk was reported with any vacci-
nation, including that against influenza virus. 

Indeed, a population study carried out in Denmark using a self- 

Table 1 
COVID-19 vaccines authorized or under evaluation in Europe.  

Vaccine name Manufactory Date of 
authorizationor 
application 

Mechanism of action  

Authorized for use 
Comirnaty 

BNT162b2 
BioNTech and 
Pfizer 

21/12/2020 Single-stranded, 5′- 
capped messenger 
RNA produced using a 
cell-free in vitro 
transcription from the 
corresponding DNA 
templates, encoding 
the viral spike (S) 
protein of SARS-CoV- 
2 

Spikevax Moderna 06/01/2021 CX-024414 (single- 
stranded, 5′-capped 
messenger RNA 
(mRNA) produced 
using a cell-free in 
vitro transcription 
from the 
corresponding DNA 
templates, encoding 
the viral spike (S) 
protein of SARS-CoV- 
2) 

Vaxzevria 
ChAdOx1 
nCoV-19 

AstraZeneca 29/01/2021 ChAdOx1-SARS-COV- 
2 (AdV vaccine) 

Jcovden 
Ad26.COV2. 
S 

Janssen 11/03/2021 Adenovirus type 26 
encoding the SARS- 
CoV-2 spike 
glycoprotein (Ad26. 
COV2-S) 
(AdV vaccine) 

Nuvaxovid Novavax 20/12/2021 SARS-CoV-2 
recombinant spike 
protein  

Marketing authorization application submitted 
Vidprevtyn Sanofi Pasteur 30/03/2022 Protein-based vaccine 

that contains a 
laboratory-grown 
version of the spike 
protein of SARS-CoV- 
2.  

Under rolling review 
Sputnik V, 

Gam-COVID- 
Vac 

Gamaleya 
Institute 

04/03/2021 Adenovirus type Ad26 
and Ad5 encoding the 
SARS-CoV-2 spike 
protein; Ad26 is used 
in the first dose and 
Ad5 is used in the 
second to boost the 
vaccine’s effect (AdV 
vaccine) 

COVID-19 
Vaccine 
(Vero Cell) 
Inactivated 

Sinovac 04/05/2021 Inactivated SARS- 
CoV-2 virus 

COVID-19 
Vaccine 
HIPRA (PHH- 
1 V) 

HIPRA Human 
Health S.L.U. 

29/03/2022 Protein-based vaccine 
that contains two 
laboratory-grown 
versions of part of the 
spike protein of alpha 
and beta variant 

Modif. by Ref. [2]. 
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controlled case series method found no evidence of increased risk of 
venous thromboembolism (VTE) in the 10 days following influenza 
vaccination in adults ≥ 50 years old in 2007–2012, supporting the safety 
of this annual vaccine campaign [12]. Moreover, another recent paper 
reported an increased cumulative incidence of thrombotic events at 30 
days in subjects vaccinated with COVID-19 vaccines in comparison to 
patients vaccinated with influenza vaccine (respectively, 12 per 10,000 
for COVID-19 group vs. 6 per 10,000 for Influenza group, P = 0.022) 
suggesting that the COVID-19 vaccines could have a weak pro-
thrombotic effect [13]. 

On the other hand, the first reports about the safety of BNT162b2 and 
ChAdOx1-nCoV-19 AdV vaccines were reassuring, as they demonstrated 
that systemic and local vaccine-related side effects occurred at lower 
rates than that reported in phase 3 trials [14]. 

However, a few months after the starting of the vaccination program 
in UK and Europe a cluster of uncommon cases of venous thrombosis in 
unusual sites (i.e., cerebral sinus and splanchnic vein thrombosis) 
associated with thrombocytopenia and occurring 7–14 days after the 
vaccination against SARS-CoV-2 with the ChAdOx1-nCoV-19 vaccine 
raised the attention of the scientific community [15–17]. 

This led several European countries to decide to suspend its admin-
istration or to limit it to subjects over 60 years of age [18]. Meanwhile, 
the European Medicine Agency’s (EMA) Safety Committee (PRAC), after 
an in-depth review of 62 cases of cerebral venous sinus thrombosis 
(CVST) and 24 cases of splanchnic vein thrombosis (SVT) reported in the 
EU drug safety database, concluded on April 7, 2021, that “unusual blood 
clots with low blood platelets should be listed as very rare side effects of 
Vaxzevria”, although “the overall benefits of the vaccine in preventing 
COVID-19 outweigh the risks of side effects.” [19]. 

All these cases shared some uncommon clinical features, including 
thrombosis at unusual sites, mainly cerebral venous sinuses (CVCT) and 
splanchnic veens (SVT), but also arterial thrombosis, thrombocytopenia 
and disproportionately elevated D-dimer levels. 

Various names were given to this syndrome, including thrombosis 
with thrombocytopenia syndrome (TTS) [20], Vaxzevria-associated 
thrombocytopenia thrombotic syndrome (VATTS) [21], 
vaccine-induced prothrombotic immune thrombocytopenia (VIPIT) 
[22] or vaccine- induced immune thrombocytopenia and thrombosis 
(VITT) [15,23,24]. The latter term has gained widespread use, as it ac-
knowledges the pathogenic similarities of this syndrome with 
heparin-induced thrombocytopenia (HIT) [25]. 

Indeed, the earliest papers describing VITT found in affected in-
dividuals high titer IgG antibodies directed against platelet factor 4 
(PF4), even in the absence of heparin exposition, a picture resembling 
the already described autoimmune HIT [26]. 

The presence of these anti-PF4 antibodies in sera of VITT patients can 
be confirmed by anti-PF4/polyanion enzyme-immunoassays (EIAs) and 
by PF4-enhanced platelet activation assays using washed platelets [15]. 

Of note, VITT has been reported almost exclusively after the Astra-
Zeneca–Oxford and Johnson & Johnson adenoviral vaccines [27], 
mostly after the first vaccination, with only two case reports occurring 
after the Pfizer-BioNTech mRNA vaccine [28,29] and one after the 
Sinovac one [30]. Moreover, a case exhibiting clinical and laboratory 
features in line with the VITT diagnosis has been described 10 days after 
Gardasil 9 vaccination for human papillomavirus (HPV) [31]. 

However, as fairly recognized by the Authors, it is unclear whether 
these cases represent “true” VITT or spontaneous HIT, with the recent 
vaccine as the triggering event. For its part, such a thin distinction has no 
relevance from a clinical point of view, as the recommended treatment 
of VITT has been largely borrowed by that of autoimmune HIT [20–24]. 

A large, well conducted national prospective cohort confirmed that 
the exposure to first-dose of ChAdOx1 was associated with small 
increased risks of venous and arterial thromboembolic events in the age 
groups 16–39 and 40–59 years, whereas no positive associations were 
seen between BNT162b2 administration and these adverse events in any 
age group [32]. 

Of note, both vaccines were associated with a lower overall incidence 
of VTE as compared to unvaccinated in peopled aged 65 years or more. It 
is reasonable to assume that in this age group any vaccine provides 
effective protection from the high thrombotic risk associated with severe 
forms of COVID-19 disease. 

Further record-linkage studies confirmed this finding, pointing out 
that the increased risk of thrombotic events was mainly due to a higher- 
than-expected incidence of CVST [33–35] (Table 2). 

To sum up, VITT is a very rare event, with an estimated incidence of 
about 15.8 cases per million after first or unknown dose of ChAdOx1- 
SARS-COV-2 vaccine and 1.8 cases per million after a second dose 
[10]. The reported incidence is higher in the younger adult age groups 
after the first dose as compared to the older groups (21.5 per million 
doses in subjects aged 18–49 years vs 11.3 per million doses in those 
aged 50 years and over) [10]. As far as the Ad26.COV2-S vaccine is 
concerned, the Vaccine Adverse Event Reporting System (VAERS) of the 
Centers for Disease Control and Prevention reported 45 cases of 
thrombosis with thrombocytopenia syndrome after 18 million doses, 
with an estimated incidence of about 2.5 cases per million doses [36,37]. 

Clinical features of the VITT, very similar to those observed in HIT, 
and its association with AdV vaccines set the stage for the ensuing 
studies aimed at unraveling the pathophysiological mechanisms un-
derlying this syndrome. 

4. Potential mechanisms of vaccine-induced thrombosis and 
thrombocytopenia 

As reported above, very early after the first cases on VITT, three 
different groups reported the presence of high-titer antibodies to PF4 in 
affected patients, although they had never been exposed to heparin. The 
same groups did not find anti-PF4 antibodies in people vaccinated 
against SARS-CoV2 not displaying the clinical features of VITT [15–17]. 
Moreover, aggregation of healthy donor platelets by patient sera was 
demonstrated in the presence of buffer or ChAdOx1 vaccine and was also 
suppressed by heparin [38], suggesting that the adenoviral (AdV) vec-
tors could be guilty of this atypical immunological response. 

However, which could be the pathophysiological link between AdV 
vectors and the development of anti-PF4-antibodies? 

The most credited mechanisms involve the electronegative surface 
charge of the AdV hexon. 

Indeed, platelet factor 4 (PF4 and CXCL4) is a strongly positively 
charged tetramer released by activated platelets with a high binding 
affinity for heparin and other glycosaminoglycans (GAGs). Negatively 
charged heparin binds to PF4 and promotes PF4 aggregation, forming 
ultra large and antigenic PF4–heparin complexes, which become “neo-
antigens” and induce the formation of antibodies against them in a 
small, but non-negligible percentage of patients exposed to heparin. In 
autoimmune HIT, the same conformational change of PF4 monomers 
can be induced by some pre-existing high-avidity anti-PF4 antibodies 
[26]. 

Circulating PF4–heparin antibody complexes can bind to the Fc re-
ceptors on platelets, monocytes and neutrophils. The activation of 
platelets and neutrophils by HIT antibodies can activate the vascular 
endothelium, which switches toward a pro-thrombotic phenotype, 
leading a minority of patients to develop devasting arterial and venous 
thrombosis. 

In VITT, it has been hypothesized that following microvascular 
damage during vaccine administration, trace amounts of 50 billion virus 
particles in each dose come into contact with blood, bringing AdV DNA 
and polyadenylated hexone proteins the AdV vectors in contact with 
PF4. Either component of AdV could replace heparin as a scaffold of 
negative charges leading to the conformational changes of PF4 molecule 
already described in HIT and to the formation of anti-PF4/polyanion 
antibodies [39–42]. These VITT antibodies bind to PF4 epitopes which 
overlap with the binding site of heparin but differ from those recognized 
by anti-PF4 antibodies seen in HIT [43]. 
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Following the binding of anti-PF4 antibodies, PF4 tetramers cluster 
and form immune complexes, which in turn cause Fcγ receptor IIa- 
dependent platelet activation, monocytic activation, release of procoa-
gulant platelet microparticles (MPs) and production of neutrophil 
extracellular traps (NETs). The resulting immunothrombosis drives the 
clinical features of VITT [41]. 

Of note, the Ad26 and Ad5 AdV vectors used in the Ad26.COV2.S and 
Sputnik V COVID-19 vaccines have lower negative surface charges 
compared to ChAdOx1. This finding is consistent with the lower inci-
dence of VITT observed in recipients of these vaccines [44]. 

The induction of the anti-PF4 immune response requires a proin-
flammatory milieu, which can be elicited by several vaccine compo-
nents, such as human cell line proteins, free virus proteins, EDTA and 
AdV genetic material. Relevant to this, a higher proportion of host-cell 
proteins, active proteases and unassembled hexon proteins has been 
found in the ChAdOx1 nCoV-19 vaccine as compared to the Ad26.COV2. 
S [45]. This finding suggests that a different intensity of the inflamma-
tory response elicited by different AdV vaccines can play a role in the 
production of the functionally active PF4 antibodies involved in the 
development of VITT. 

Another postulated mechanism for the development of VITT takes 
into account the availability of soluble spike protein variants resulting 
from alternative splice events following administration of the ChAdOx1 
vaccine [46]. Soluble spike protein variants can bind to ACE2-expressing 
endothelial cells, thus triggering the immune-mediated endothelial cell 
damage and subsequent thrombosis. Moreover, the spike protein can act 
as superantigen, thus eliciting a polyclonal activation. This, together 
with the high immunogenicity of PF4-adenovirus complexes, may 
facilitate the induction of PF4-specific antibodies [47]. 

Moreover, besides their potential to elicit anti-PFA antibodies, AdV 
vaccines induce a more pronounced increase in thrombin generation, 
inflammatory (i.e., TNF-a, IL-1b and IL-8) and platelet activation (i.e., 
TGF-b and CD40L) markers compared to the mRNA ones [48]. 

We can conclude that AdV vectors, and peculiarly the ChAdOx1 one, 
can induce, in a very small faction of recipients, an immunopathological 
response leading to the production of high-titer anti-PFA antibodies that 
trigger the thrombotic phenomena characterizing the VITT. 

According to these models, mRNA vaccines do not develop VITT, as 

they do not contain the polyanionic molecules involved in the starting of 
this adverse event. 

5. Natural history of anti-PF4 antibodies in VITT 

Although most countries precautionally decided to stop the use of 
ChAdOx1 and Ad26.COV2.S vaccines, and to avoid re-exposure to an 
AdV vaccine of patients experiencing a VITT, the natural history of anti- 
PF4 antibodies in VITT has some relevance to learn more about this 
intriguing immunologic disease. 

It has been demonstrated that the temporal decline of anti-PF4 IgG 
antibodies in VITT is similar to the antibody dynamics seen in HIT, 
although the VITT ones tend to persist for a considerably longer time 
[49,50]. Schönborn et al., in a cohort of 65 VITT patients prospectively 
followed after VITT, found that the platelet-activation assay became 
negative in 73.8% of patients within a median follow-up of 25 weeks, 
with a median time to a negative test result of 15.5 weeks (range, 5–28 
weeks). However, seroreversion to a negative EIA optical density (OD) 
result (i.e., < 0.5 OD units) was seen in only 14 patients, although OD 
values decreased from median 3.12 to 1.52 (P < 0.0001). Five (7.5%) 
patients showed persistent platelet-activating antibodies and high EIA 
ODs for > 11 weeks [51]. 

Of note, 29 patients received a second vaccine shot with an mRNA 
vaccine; twenty-two of them still received therapeutic dose and one 
prophylactic dose anticoagulation. None of them developed either 
symptomatic new thrombotic events or recurrence of platelet-activating 
antibodies regardless of the results of the EIA test, thus demonstrating 
the safety of mRNA vaccines also in these patients. 

Relevant to the laboratory issues on the diagnosis of VITT, Craven 
et al., in a large cohort of 148 VITT patients from United Kingdom, re-
ported substantial differences between two different ELISA tests in terms 
of time to normalization of anti-PF4 antibodies [52]. They found a 
median duration of positivity of the PF4 assay of 87 days, with 72% of 
patients remaining positive after a median duration of follow up of 105 
days. However, 51% of patients diagnosed by the Stago assay had a 
persistently positive anti-PF4/polyanion levels 100 days post diagnosis, 
whilst 94% of patients monitored using the Immucor assay remained 
positive. This substantial difference is likely to be mainly due to the 

Table 2 
Risk of venous thromboembolic events in individuals vaccinated with ChAdOx1 and BNT162b2.  

Cerebral venous sinus thrombosis  
ChAdOx1 BNT162b2 

Age (years) Days from vaccination Risk 100.000 person/years Adjusted RI* P Risk 100.000 person/years Adjusted RI (95% CI) p  

15–39 
4–13 30.78 16.3 (9.9–27) <0.0001 2.68 NA NA 
14–27 11.25 6.1 (3.0–2.5) <0.0001 3.96 1.9 (0.5–8.0) 0.36 
þ28 12.34 6.6 (3.5–2.5) <0.0001 2.98 1.6 (0.6–4.5) 0.38  

40–64 
4–13 6.77 2.7 (1.6–4.6) 0.0032 2.34 0.8 (0.2–3.4) 0.79 
14–27 7.05 2.8 (1.7–4.7) 0.0001 2.46 0.9 (0.3–2.9) 0.86 
þ28 3.78 1.4 (0.7.2.7) 0.32 1.96 0.7 (0.3–1.7) 0.44  

≥65 
4–13 1.37 0.4 (0.1–1.7) 0.22 3.89 1.3 (0.4–3.4) 0.57 
14–27 6.42 1.9 (0.9–4.0) 0.10 4.04 1.3 (0.5–3.0) 0.59 
+28 1.89 0.5 (0.2–1.3) 0.15 2.04 0.6 (0.3–1.4) 0.25 

*Compared to baseline risk in unvaccinated people (100.000 person/years): 1.89 for 15–39 years; 2.42 for 40–64 years; 2.46 for ≥65 years. 
Other venous thromboses   

ChAdOx1 BNT162b2 
Age (years) Days from vaccination Risk 100.000 person/years Adjusted RI*  P Risk 100.000 person/years Adjusted RI p  

15–39 
4–13 80.03 2.2 (1.7–3.0) <0.0001 50.96 1.2 (0.7–1.8) 0.55 
14–27 77.48 2.3 (1.8–3.0) <0.0001 45.50 1.0 (0.7–1.6) 0.90 
þ28 52.21 1.9 (1.1–1.9) 0.016 40.30 1.0 (0.8–1.4) 0.82  

40–64 
4–13 140.71 1.3 (1.1–1.4) <0.0001 142.56 1.0 (0.9–1.2) 0.87 
14–27 125.48 1.3 (1.1–1.4) <0.0001 153.04 1.1 (1.0–1.3) 0.11 
þ28 134.49 1.2 (1.1–1.4) 0.0018 111.15 1.0 (0.9–1.1) 0.78  

≥65 
4–13 346.37 0.9 (0.8–1.0) 0.012 303.22 0.7 (0.7–0.8) <0.0001 
14–27 325.45 0.8 (0.7–0.9) <0.0001 300.18 0.7 (0.6–0.8) <0.0001 
þ28 280.66 0.8 (0.7–0.8) <0.0001 300.11 0.7 (0.6–0.7) <0.0001 

*Compared to baseline risk in unvaccinated people (100.000 person/years): 27.71 for 15–39 years; 109.13 for 40–64 years; 314.46 for ≥65 years. 
Adapted from Ref. [33]. 
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different technical characteristics of either test, although a little 
contribute by some difference in the clinical and demographic charac-
teristics of the two populations cannot be excluded. 

From a practical point of view, this means that clinicians have to be 
aware of the technical features of the PF4 enzyme-linked immunosor-
bent assay (ELISA) test available at their own institution, to ensure an 
appropriate clinical interpretation of results in the context of a suspected 
or confirmed VITT. In this study, despite the persistence of PF4 anti-
bodies in about three quarter of population, the rate of relapse was low 
(12.6%), and only in one case it was associated with extension of their 
thrombosis. 

To sum up, anti-PF4 IgG antibodies measured by ELISA are usually 
detectable for longer times than platelet-activating antibodies in func-
tional assays, and the duration of detectability is highly assay- 
dependent. Many factors can account for the variability in duration of 
the anti-PF4 antibodies between patients, including the titer of anti-
bodies produced at the time of acute VITT and the individual persistence 
of anti-PF4 antibody-producing B-cells. 

Nevertheless, neither subsequent vaccination with an mRNA vaccine 
nor re-exposure to adenoviral vector-based vaccines in a small subset of 
VITT patients have been associated with adverse reactions [49]. 

6. The core question: why me? 

If the AdV vectors are the culprits of VITT, why this syndrome is so 
rare, as it develops in a few cases out of millions of subjects receiving an 
AdV-based vaccine? 

This question, very compelling for both affected patients and re-
searchers, still remains unanswered. 

Anti-PF4/polyanion antibodies were detected by a PF4 IgG ELISA 
immunoassay only in 1.2% of Norwegian health care workers vacci-
nated with the first dose of ChAdOx1-SARS-COV-2, and none of them 
developed either thrombocytopenia or VITT [53]. 

Moreover, a post-hoc analysis of sera from subjects recruited in a 
phase 3 trial of ChAdOx1-SARS-COV-2 vaccine found no increased rate 
of detection of anti-PF4 IgG post- vaccination compared to placebo 
during the period of highest TTS risk. Indeed, 19/1727 (1.1%, ChA-
dOx1) vs 7/857 (0.8%, placebo) participants were anti-PF4-IgG- 
negative at baseline, but had moderate Day-15 levels (P = 0.676) and 
0/35 and 1/20 (5.0%) had moderate levels at baseline but high Day-15 
levels [54]. None of the participants to the trial experienced VITT 
following administration of vaccine or placebo. 

Thiele et al. found a slightly greater proportion of anti-PF4 anti-
bodies in health care workers who received either ChAdOx1 nCoV-19 or 
BNT162b2 vaccine [55]. In total, 6.8% of participants tested positive for 
anti-PF4/polyanion antibodies postvaccination (BNT162b2: 5.6%; 
ChAdOx1 nCoV-19: 8.0%). However, optical densities were mostly low 
(between 0.5 and 1.0 units; reference range, < 0.50), and none of the 
PF4/polyanion EIA+ samples induced platelet activation in the presence 
of PF4. The Authors concluded that positive PF4/polyanion EIAs can 
occur after COVID-19 vaccination with both mRNA- and AdV-based 
vaccines, but most of these antibodies have no clinical relevance. 

On the other hand, the same question can be asked regarding the 
development of HIT: why only a small proportion of people exposed to 
heparin develops this adverse event? 

It has been proposed that HIT may occur in susceptible individuals 
immunologically primed to produce PF4 antibodies, possibly as the 
result of exposures to other environmental factors (for example, bacte-
rial infection) that produce the same antigen as that produced by the 
heparin/platelet 4 complexes [56]. 

A similar individual predisposition could be involved also in the 
development of VITT, and the hypothesis of a previous priming by 
bacterial infections fits well with the peculiar sites of thrombosis in 
VITT, i.e. cerebral venous sinuses and splanchnic veins. These venous 
territories share the common feature of draining the nasal sinus and 
intestines, thus allowing access of microbiotal and viral products. 

The presence of high titer anti-PF4 autoantibodies in these tissue 
specific sites of susceptibility, coupled with the antigenic stimulus pro-
vided by AdV vectors, may start the sequence of events that lead to 
immunothrombosis and VITT. 

The hypothesis that VITT patients may carry a subset of B-cells 
already primed to produce anti-PF4 antibodies is coherent with the ki-
netics of this disease. Indeed, the typical time window of 5–20 days 
between the vaccine administration and the onset of symptoms in VITT, 
strongly recall the temporary pattern of a secondary, rather than pri-
mary, immune response. The inflammatory response associated to vac-
cine inoculation could provide an important co-signal that stimulates 
antibody production by preformed B-cells capable of producing anti-PF4 
antibodies, as occurs in the pathogenesis of classic HIT [42,57,58]. 

A genetic individual susceptibility can also be involved. Indeed, it 
has been demonstrated that platelet T-cell ubiquitin ligand-2 (TULA-2) 
is a negative regulator of FcgRIIA-mediated signaling in platelets. 
Platelets with low levels of TULA-2 strongly respond to immune com-
plexes, whereas high levels of TULA-2 protect from platelet aggregation 
in response to immune complex binding to FcgRIIA. Unidentified single 
nucleotide polymorphisms, epigenetic changes and protein turnover 
may affect the level of TULA-2 within individuals, thus contributing to 
their susceptibility to HIT and possibly to VITT [59]. 

Finally, an impaired NET degradation in VITT patients has been 
found, similar to that observed in patients affected by systemic lupus 
erithematosus. It can be speculated that individual endogenous mech-
anisms of NET regulation exist, which can elicit or aggravate auto- 
immunological mechanisms and induce a vicious cascade via inflam-
matory pathways and complement activation leading to immuno-
thrombosis [60]. 

However, despite this huge amount of data about the pathophysio-
logical mechanisms behind the VITT, summarized in Table 3, we are 
currently unable to predict which patient is at risk of developing VITT 
(or HIT, of course). 

The main measure so far adopted to minimize the risk of VITT (i.e., to 
simply avoid the use of AdV-based vaccines) is agreeable, since it has 
been taken according to the precautionary principle in an emergency 
setting, but nevertheless it poses some compelling questions in terms of 
global health [61]. 

7. Concluding remarks 

An ancient popular saying warns about the risk of “throwing out the 
baby with the bathwater”. 

This also applies to the issue of AdV vectors-based COVID-19 
vaccines. 

The COVID-19 pandemic strongly reminded us that in a global world 

Table 3 
Proposed pathophysiological mechanisms of VITT.  

Step Involved mechanism Refs. 

Conformational changes of PF 4 Polyanionic AdV hexon proteins [38–42] 
Process-related impurities [42,44] 
Soluble spike proteins variants [46,47] 

Development of anti-PF4 
antibodies 

Proinflammatory milieu [42,48] 
Marginal zone B cells 
(individually preprimed?) 

[39,42] 

PF4 tetramers clustering and 
immune complexes formation 

Fcγ- IIa receptor -dependent 
platelet activation 
Monocytic activation 
Release of procoagulant platelet 
microparticles (MPs) 
Production of neutrophil 
extracellular traps (NETs) 

[38–42] 

VITT High-titer anti-PF4 
Thrombosis in unusual sites 
Thrombocytopenia 

[15–17] 
[20–24]  

Adapted from Ref. [42]. 

M. Marietta et al.                                                                                                                                                                                                                               



European Journal of Internal Medicine 105 (2022) 1–7

6

‘nobody is safe until everybody is safe’. The hope of ending COVID-19 
pandemic relies in the possibility to ensure a safe and effective vacci-
nation also in countries where the cold chain delivery required for 
mRNA vaccines is unfeasible. A better knowledge of the mechanistic 
basis of VITT is therefore essential to develop safe, VITT-resistant AdV- 
based vaccines for rollout in such populations. 

Moreover, the information achieved on this field can substantially 
contribute to improve the safety and the effectiveness of future vaccines 
and gene therapies that will use adenovirus as vectors, because of the 
many advantages provided by these platforms. 

Last, but not least, the history of VITT teaches us to trust the phar-
macovigilance systems operating in high-income countries, such as USA, 
UK and Europe. 

Indeed, besides some initial problems in collecting reliable data and 
in effectively conveying them to the general population, the involved 
regulatory Agencies have been able to promptly detect even very small 
signals of an increased risk of adverse events in recipients of some 
vaccines, and to take timely measures to tackle this issue. 

More broadly, despite an anti-scientific feeling sometimes under-
scored by the media during the several waves of the disease, the history 
of COVID teaches us to trust science and the scientific method, which 
allowed to save a huge number of lives by an unparalleled rapid 
development of effective and very safe vaccines. 
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