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Vaccine-induced immune thrombotic thrombocytopenia (VITT) (also termed thrombosis with thrombocytopenia syndrome or vaccine-
induced thrombotic thrombocytopenia or vaccine-induced immune thrombocytopenia) is characterized by (i) venous or arterial throm-
bosis; (ii) mild-to-severe thrombocytopenia; (iii) positive antiplatelet factor 4 (PF4)–polyanion antibodies or anti-PF4–heparin antibodies
detected by the HIT (heparin-induced thrombocytopenia) ELISA; (iv) occurring 5–30 days after ChAdOx1 nCoV-19 (AstraZeneca) or
Ad26.COV2.S (Johnson & Johnson/Janssen) vaccination. VITT’s incidence is 1 per 100 000 vaccinated people irrespective of age and up
to 1 in 50 000 for people <50 years of age with the AstraZeneca COVID-19 vaccine. The exact mechanism by which adenovirus-
vectored COVID-19 vaccines trigger this syndrome is still unclear, as for the increased risk for acute cerebral sinus venous thrombosis
and splanchnic vein thrombosis as compared to other locations of venous thrombotic events. VITT is associated with the detection of
anti-PF4 antibodies, unrelated to previous use of heparin therapy. PF4 antibodies are thought to activate platelets via the platelet FccRIIA
receptors leading to further platelet activation that causes thrombosis and thrombocytopenia.
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More than a year after the onset of the COVID-19 pandemic, most of
countries worldwide are still struggling with a surge of infections and
thigh restrictions, as vaccination campaigns have been slower than in
other countries such as Israel, the UK, and the USA. Making matters
worse, doubts and scepticism about AstraZeneca and Johnson &
Johnson/Janssen COVID-19 vaccines have been voiced following
reports of unusual thrombotic events that amplified and reinforced
vaccine hesitancy. Both transatlantic drug regulators and expert panels
promptly encouraged patients to proceed with vaccination as the inci-
dence was extremely rare and the vaccine’s benefits outweighed the
risks. However, major discrepancies among European government
and vaccine policies have emerged over the past few weeks. French
heath authority restricted Oxford/AstraZeneca’s COVID-19 vaccine
for people aged 55 years and over; the UK advised on 7 May 2021
that under 40 should be offered an alternative when possible and final-
ly Germany, that first banned AstraZeneca for the elderly due to a
lack of trial data, relaxed on 6 May 2021 previous age restriction, and
said it would give the shot to anyone who wants it.

Many questions remain unanswered as more evidence is needed to
assess phenotypes, risk factors, natural history, and both early detection

and management of the vaccine-induced immune thrombotic thrombo-
cytopenia (VITT) syndrome. Gaps in knowledge include the exact
mechanisms by which adenovirus-vectored COVID-19 vaccines trigger
VITT, the mechanisms responsible for an increased risk of thrombosis
in unusual locations such as acute cerebral sinus venous thrombosis
(CSVT) and splanchnic vein thrombosis, length of treatment and specific
risk factors other than previous adenoviral vaccine exposure. The me-
dian age in Africa is 19.7, Asia is 32, and Latin America 31, while it is 42.5
and 38.6 in Europe and North America, respectively.1 In the race to
control the pandemic and reach herd immunity, are age restrictions
based on policies in Western countries applicable to other areas of the
world that suffer from deadly new surges?

Vaccine-induced immune
thrombotic thrombocytopenia:
definition

COVID-19 vaccine-related thrombotic and haemorragic adverse
events include two distinct entities: (i) VITT with antiplatelet factor 4
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(PF4)–polyanion antibodies and (ii) vaccine-induced immune
thrombocytopenia (VIITP) or immune thrombocytopenia (ITP)
defined as a secondary post vaccine immune thrombocytopenia and
usually without antibodies to PF4.2,3 An algorithm for the manage-
ment of this syndrome was proposed on the basis of immunoassays
detecting anti-PF4–heparin antibodies.4

VITT (also termed thrombosis with thrombocytopenia syndrome
by the CDC and FDA or vaccine-induced thrombotic thrombocyto-
penia or vaccine-induced immune thrombocytopenia) is character-
ized by (i) venous or arterial thrombosis; (ii) mild-to-severe
thrombocytopenia; (iii) positive anti-PF4–polyanion antibodies or
anti-PF4–heparin antibodies detected by the HIT (heparin-induced
thrombocytopenia) ELISA; (iv) occurring 5–30 days after ChAdOx1
nCoV-19 (AstraZeneca) or Ad26.COV2.S (Johnson & Johnson/
Janssen) vaccination.5 This definition stands for the classical and typ-
ical VITT syndrome described in initial reports6–13 (Table 1). Apart
from the ‘typical VITT syndrome’ that associates CSVT and low plate-
let count, healthcare professionals should be aware of the high fre-
quency of other thrombosis sites such as jugular vein thrombosis and
splanchnic vein thrombosis (Table 1). Concomitant or secondary
bleeding and intracerebral haemorrhage in particular, is a frequent
feature observed in VITT patients.

The whole spectrum of the VITT syndrome is not yet fully eluci-
dated as this may include haemorragic events only,8 thrombotic
microangiopathy,12 thrombocytopenic purpura,14 thrombocytopenia
only, mildly elevated D-dimer, >30 days post vaccine events, specific
second dose phenotypes, etc. The pathognomonic factor in VITT is
positive anti-PF4–polyanion antibodies and functional assays confirm-
ing a PF4-dependent platelet activation should be performed in case
of thrombotic and/or bleeding events after COVID-19 vaccination.
Comparing 43 samples tested for VITT using 10 different assays
Platton et al.15 showed that a HIT ELISA should be used in the diag-
nostic testing of VITT. The authors emphasized the fact that (i) ELISA
are not widely available in diagnostic laboratories; (ii) no single ELISA
method detected all possible/probable VITT cases; and (iii) if a single
ELISA test is negative, a second ELISA or a platelet activation assay
should be considered in case of strong clinical suspicion. As these
assays may not be specific for VITT-related antibodies,16,17 Handtke
et al.18 proposed a widely applicable and rapid functional whole-
blood flow cytometry test for the detection of platelet-activating
anti-PF4 associated with VITT after ChAdOx1 nCov-19 vaccination.

The CDC COVID-19 Vaccine Task Force released on 12 May
2021, its own definition of thrombosis with thrombocytopenia syn-
drome (TTS) that better depicts the typical/atypical sites of throm-
bosis.19 Tier 1 TTS case include (i) thrombosis in an unusual location
including cerebral venous sinuses, portal vein, splenic vein, and other
rare venous and arterial thromboses, (ii) thrombocytopenia (platelet
count <150 000 per microliter), and (iii) while positive heparin–PF4
ELISA HIT antibody is only supportive, but not required. Tier 2 TTS
case includes thrombosis in a common location only (e.g. venous
thromboembolism, axillary vein thrombosis, deep vein thrombosis,
and pulmonary embolism) and excludes isolated acute myocardial in-
farction or ischaemic stroke, (ii) thrombocytopenia (platelet count
<150 000 per microliter), and (iii) positive heparin–PF4 ELISA HIT
antibody.

Finally, The Platelet Immunology Scientific and Standardization
Committee of the International Society on Thrombosis and

Haemostasis launched on June 2021, an online registry collecting data
for the purposes of understanding the range of presentations of
patients suspected of COVID vaccine-related thrombosis and/or
thrombocytopenia.20

Vaccine-induced immune
thrombotic thrombocytopenia:
incidence

VITT’s incidence rate has been a matter of ongoing updates with fluc-
tuating estimates since the number of events is small. Furthermore
the number of cases may be underreported, varies between coun-
tries, adenovirus-vectored vaccine type and age groups and finally
increasing volumes of data being released from drug-safety regula-
tors. Smadja et al.21 reported 639 thrombotic events [334 venous
thrombotic events (VTE), 308 arterial thrombotic events (ATE), and
4 concomitants ATE, and VTE] for the Oxford/AstraZeneca’s
COVID-19 vaccine until 16 March 2021, using the VigiBase databank.
Six patients experienced unexpected CSVT with further five cases
associated with thrombocytopenia. On 13 April 2021, the FDA and
CDC reported six cases of rare and severe VTE with thrombocyto-
penia out of more than 6.8 million J&J doses administered with a fur-
ther press release on 23 April 2021, announcing 15 cases of VITT on
top of the original six reported cases.22 All these cases occurred in
women between the ages of 18 and 59 years, with a median age of
37 years. Data from Denmark and Norway evidenced 59 VTE and 7
cerebral venous thrombosis among 281 264 people in the first
28 days after a first vaccination with ChAdOx1-S from 9 February
2021 to 11 March 2021.23 Altogether, 11 excess VTE per 100 000
vaccinations and 2.5 excess cerebral venous thrombosis events per
100 000 vaccinations were evidenced. This translates to one excess
case of VTE every 9090 vaccinations and one excess case of CSVT in
every 40 000 people vaccinated. Data from the MHRA in the UK on
9 July 2021 reported 405 cases (208 women, 195 men, and 2 un-
known) of major thromboembolic events and the overall case fatality
rate was 18% following vaccination with COVID-19 Vaccine
AstraZeneca.24 The MHRA reported on 9 July 2021, an overall inci-
dence of VITT after first or unknown doses of 1.48 per 100 000 doses
and emphasizes a higher reported incidence rate in the younger adult
age groups compared to the older groups. As of 7 July 2021, the risk
of VITT in Australia is estimated at around 2.6 per 100 000 in those
<60 years; and 1.6 per 100 000 in those >_60 years.25 Published esti-
mate of the incidence of VITT is 1 per 100 000 vaccinated with the
AstraZeneca COVID-19 vaccine in Canada.26 The European
Medicines Agency confirmed that VITT occurs in 1 in 100 000
AstraZeneca-vaccinated people irrespective of age27 and up to 1 in
50 000 for those under 50 years of age.28

Using the data from the MHRA (UK) and the US CDC, Bikdeli
et al.29 reported the rate of CVST associated with AstraZeneca and
Johnson & Johnson vaccines vs. those occurring after COVID-19, and
the estimated incidence rates in the US population. As of 14 April
2021, the weighted average rate of CVST in the US population for
the months of March and April 2018 was 2.4 per million (99% CI:
2.1–2.6 per million), 207.1 per million in COVID-19 patients (99% CI:

Vaccine-induced immune thrombotic thrombocytopenia 3
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23.3–757.7 per million), and 3.6 per million (99% CI: 2.7–4.8 per mil-
lion) for vaccine recipients.

Vaccine-induced immune
thrombotic thrombocytopenia:
pathophysiology

The exact mechanism by which adenovirus-vectored COVID-19 vac-
cines trigger VITT is still unclear, as for the increased risk for acute
CSVT as compared to other VTE topography (Figure 1). VITT is asso-
ciated with the detection of anti-PF4 antibodies, unrelated to previ-
ous use of heparin therapy and face high similarities with
autoimmune heparin-induced thrombocytopenia (aHIT). AHIT is a
heparin-independent platelet activation process previously described
in patients with positive anti-PF4–polyanion antibodies.30 The hall-
mark of aHIT is antibodies to the PF4 complex that cause thrombo-
cytopenia and thrombosis through platelet activation. The
pathogenesis of VITT is thought to involve a FccRIIA receptors path-
way with circulating PF4 antibodies complexes binding platelets but
also monocytic cells.31 Huynh et al. published on July 2021 further
evidence regarding VITT-mediated platelet activation. VITT patients
had anti-PF4 antibodies that bounded to a highly restricted site on
PF4 (eight surface amino acids) corresponding to the heparin-binding
site.32 These data confirmed that VITT antibodies can mimic the ef-
fect of heparin by binding to a similar site on PF4, allowing PF4 tet-
ramers to cluster and form immune complexes, which in turn cause
FccRIIa-dependent platelet activation. Activation of FccRIIA recep-
tors is known to cause cell monocytic activation, platelet activation,
plasma membrane remodelling, phosphatidylserine exposure, P-
selectin’s platelet expression, secretion of alpha granules containing
PF4 and release of procoagulant microparticles (MPs), leading to fur-
ther platelet activation that causes thrombosis and thrombocyto-
penia.31 Increased levels of platelet-leukocyte aggregates were
observed during COVID-19 infection, and this emphasized the key
role of activated platelets in the direct stimulation of inflammatory
cell function.33 Platelet-leukocyte aggregates form via platelet surface
expression of P-selectin, contained within a-granules that fuse
with the cell membrane following platelet stimulation, binding to
leukocyte P-selectin glycoprotein ligand-1. Previous works have
demonstrated that the swift accumulation of tissue factor (TF)
into developing thrombi in vivo is dependent upon MP P-selectin
glycoprotein ligand 1 and platelet P-selectin.34 Moreover, FccRIIA
could also contribute to endothelial cell activation and the acquisition
of prothrombotic, proadhesive, and proinflammatory properties by
the endothelium layer.

McGonagle et al.35 proposed that local tissue microtrauma, local
microbleeding and immune cell activity at the site of adenovirus injec-
tion may bring viral DNA and PF4 together. Antigen-presenting cells
uptake, then memory B-cell engagement in the regional lymphnodes,
with substantially increased PF4 autoantibody production may lead in
rare cases to autoimmune disease, especially in younger subjects.
Greinacher et al. recently advocated the following sequence of events
to mediate VITT: (i) ChAdOx1 nCoV-19 vaccine constituents form
antigenic complexes with PF4, (ii) EDTA increases microvascular per-
meability, and (iii) vaccine components cause acute inflammatory
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.reactions. Antigen formation in a proinflammatory milieu offers an
explanation for anti-PF4 antibody production. High-titer anti-PF4
antibodies activate platelets and induce neutrophil activation and
NETs’ formation, fuelling the VITT prothrombotic response.36

The potential for multimodality pathways in VITT pathogenesis
remains to be addressed. Furthermore, the reason for an increased
risk for acute CSVT as compared to other VTE topography has not
been yet elucidated.

Several hypotheses deserve further investigations (Figure 2):

i. The precise pathogenesis for the immune response and which com-
ponents (adenoviral sequence, spike protein, other components) of
the Ad26.COV2.S and ChAdOx1 nCoV-19 may be held responsible
for the production of anti-PF4 antibodies remain largely unclear.

ii. VITT is an age-related process with predisposing risk factors still to
be determined.

iii. The role for MPs in VITT. We recently formulated the hypothesis
that the pathogenesis of VITT and high incidence of CSVT may be
explained by the key role of platelet and leukocyte-derived MPs37

released upon drastic cell stimulation as witnessed during SARS-
Cov2 infection.33,38 Indeed, previous reports acknowledged an
increased level of procoagulant circulating MPs and a distinct pheno-
type of circulating PF4-bearing MPs and TF-bearing MPs in HIT.39–41

Such hypothesis deserves to be tested by measuring MPs in the
plasma of VITT patients.

iv. The role for a TF-dependant pathway. Indeed, TF exhibits a nonuni-
form tissue distribution and is highly expressed in the brain.42

Cerebral microvascular thrombogenesis was further evidenced as an
endothelial cell-associated TF response in venules, but not arterio-
les,43 and platelet–neutrophil interaction triggered by HIT antibodies
is known to activate vascular endothelium.44 TF activates factor VII
and therefore the extrinsic pathway of the coagulation cascade,
resulting in the generation of thrombin that cleaves soluble fibrinogen
to insoluble fibrin and activates platelets via protease-associated
receptors 1 and 4.45 Altogether, these data support a close interplay
between a TF-dependant pathway and VITT-induced CSVT.

v. VITT is likely to result in a pancellular activation with platelets’
activation, monocyte activation via Fc receptors, endothelial
activation with TF expression, and neutrophil activation (NETs)
and burst.36

Anti-PF4/heparin antibodies are detected in 3.1–4.4% of healthy
subjects, in 8–17% of medical and surgical patients treated with hep-
arin, and up 27–61% after cardiac surgery.31 It is estimated that only
5–30% of patients with anti-PF4/heparin antibodies develop HIT.46

To date, the precise incidence of post vaccine anti-PF4 antibodies
remains unknown as for the incidence of patients with positive aHit
complex that will develop VITT. Pre-existing antibodies may be part
of the foundation, but not enough to determine who will and who
will not experience VITT.

Figure 1 Model for VITT. We postulate a simplified model for the pathogenesis of VITT according to current evidence. One, adenovirus-
vectored COVID-19 vaccines trigger the production of antiPF4–polyanion antibodies. The precise pathogenesis for the immune response and which
components (adenoviral sequence, spike protein, other component) of the Ad26.COV2.S and ChAdOx1 nCoV-19 may be held responsible for the
production of anti-PF4 antibodies remain unknown. Two, circulating PF4 antibodies complexes bind platelets and monocytic cells. Three, activation
of FccRIIA receptors causes cell monocytic activation, platelet activation, plasma membrane remodelling, phosphatidylserine exposure, P-selectin’s
platelet expression, secretion of alpha granules containing PF4 and release of procoagulant microparticles, leading to further platelet activation that
causes thrombosis and thrombocytopenia. Healthcare professionals should be aware of the high frequency of other thrombosis sites most likely to
include jugular vein thrombosis, pulmonary embolism, deep vein thrombosis and splanchnic vein thrombosis. Concomitant or secondary bleeding
and/or intracerebral haemorrhage is a frequent feature observed in VITT patients. PF4, platelet factor 4; VITT, vaccine-induced immune thrombotic
thrombocytopenia; VTE, venous thrombotic events.
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..Based on the current evidence, VITT events are a rare condition.
What about post-vaccine thrombocytopenia and/or anti-PF4/polyan-
ion antibodies? Sørvoll et al. reported low prevalence of both
thrombocytopenia and antibodies to PF4/polyanion complexes
among 492 health care workers recently vaccinated with the first
dose of AstraZeneca COVID-19 vaccine.47 Anti-PF4/polyanion anti-
bodies without platelet-activating properties were only detected in 6
individuals, all with normal platelet counts. While recent guidelines
addressed both diagnostic and therapeutic algorithm in patients with
thrombocytopenia/thrombosis following vaccination,4,48 there is no
recommendation of specific testing in case of mild-to-moderate gen-
eral post-vaccine symptoms. Even with 60% of the subjects reporting
side effects (e.g. fever, headache, and fatigue) and up to >40% report-
ing moderate to severe symptoms, the report by Sørvoll et al. con-
tests extensive laboratory testing for thrombocytopenia and/or anti-
PF4 antibodies in case of inflammatory symptoms with regard to the
low probability for anti-PF4 antibody detection and the occurrence
of VITT. Thiele et al. determined the frequency of anti-PF4/polyanion
antibodies in healthy vaccinees and platelet-activating properties after
vaccination with ChAdOx1 nCoV-19 (AstraZeneca) or BNT162b2
(BioNTech/Pfizer).49 Only 19 of 281 participants tested positive for

anti-PF4/polyanion antibodies and none had platelet activation.
Positive PF4/polyanion can occur with both mRNA- and adenoviral
vector-based vaccines, but the majority of these antibodies have ei-
ther no or minor clinical relevance.

Vaccine-induced immune
thrombotic thrombocytopenia:
management

Given its similarities with HIT, the current management of VITT in-
clude (i) avoidance of platelet transfusions and heparin products, (ii)
intravenous immunoglobulin (IVIg) 1 g/kg body weight for
2 days,48,51–53 and (iii) anticoagulation with non-heparin anticoagu-
lants such as argatroban, fondaparinux, or direct oral anticoagulants.
Mimicking HIT management,54 current guidelines regarding platelet
transfusion in VITT recommend that prophylactic platelet transfu-
sions should be avoided due to the risk of progression of thrombotic
symptoms.5,55 In case of intracerebral haemorrhage, perioperative
transfusion to correct hypofibrinogenemia and thrombocytopenia

Figure 2 Future research in VITT. The molecular basis and multimodality pathways in VITT pathogenesis have not yet been fully elucidated. Future
studies should specifically address the following points. (i) Which components (adenoviral sequence, spike protein, other component) of the
Ad26.COV2.S and ChAdOx1 nCoV-19 sre responsible for the production of anti-PF4 antibodies. (ii) The role for microparticles in VITT. (iii) The
role for a TF-dependent pathway. (iv) The precise mechanisms of a likely pancellular activation including neutrophil activation and NETosis burst,
endothelial activation, platelet activation, and monocyte activation. PF4, platelet factor 4; TF, tissue factor); VITT, vaccine-induced immune thrombot-
ic thrombocytopenia.
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are recommended. Despite the lack of data, platelet transfusion may
preferably be administered after IVIg. Anticoagulation should involve
a multidisciplinary team discussion (haematologist, vascular neurolo-
gist, radiologist, and neurosurgeon) and repeated cerebral imaging
performed in case of CSVT and/or marked thrombocytopenia as this
condition is associated with increased risk of intracerebral haemor-
rhage. Other therapeutic option may rely on the use of inhibitors of
Bruton tyrosine kinase (Btk) approved for B-cell malignancies as they
target multiple pathways downstream FcyRIIA-mediated Btk activa-
tion such as platelet aggregation, dense granule secretion P-selectin
expression and the formation of leuko-platelet aggregates.56 There is
limited evidence regarding the additive value and benefit of steroids
whereas plasma exchange may be effective for the treatment of
refractory.57,58

Conclusion

VITT is a rare complication that should be interpreted in the context
of a global pandemic that has caused more than 4.1 million deaths on
July 2021. Future research must address the precise mechanisms and
molecular pathways triggering the production of anti-PF4 antibodies
and the risk-benefit assessments for specific groups of age and sex.
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23. Pottegård A, Lund LC, Karlstad Ø, Dahl J, Andersen M, Hallas J, Lidegaard Ø,
Tapia G, Gulseth HL, Ruiz PL, Watle SV, Mikkelsen AP, Pedersen L, Sørensen
HT, Thomsen RW, Hviid A. Arterial events, venous thromboembolism,
thrombocytopenia, and bleeding after vaccination with Oxford-AstraZeneca
ChAdOx1-S in Denmark and Norway: population based cohort study. BMJ 2021;
373:n1114.

24. Research and analysis Coronavirus vaccine—weekly summary of Yellow Card
reporting, updated 9 July 2021. https://www.gov.uk/government/publications/cor
onavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yel
low-card-reporting (17 July 2021).

25. An update from the Australian Technical Advisory Group on Immunisation
(ATAGI) following their weekly meeting on 7 July 202. https://www.health.gov.
au/news/atagi-update-following-weekly-covid-19-meeting-7-july-2021 (17 July
2021).

26. An Advisory Committee Statement (ACS) National Advisory Committee on
Immunization (NACI) Recommendations on the use of COVID-19 vaccines.
https://www.canada.ca/content/dam/phac-aspc/documents/services/immuniza
tion/national-advisory-committee-on-immunization-naci/recommendations-use-
covid-19-vaccines/recommendations-use-covid-19-vaccines-en.pdf (8 May 2021).

27. European Medicines Agency. AstraZeneca’s COVID-19 vaccine: benefits and
risks in context. https://www.ema.europa.eu/en/news/astrazenecas-covid-19-vac
cine-benefits-risks-context (8 May 2021).

28. European Medicines Agency. Annex to Vaxzevria Art.5.3—visual risk contextual-
isation. https://www.ema.europa.eu/en/documents/chmp-annex/annex-vaxzevria-
art53-visual-risk-contextualisation_en.pdf (8 May 2021).

29. Bikdeli B, Chatterjee S, Arora S, Monreal M, Jimenez D, Krumholz HM,
Goldhaber SZ, Elkind MSV, Piazza G. Cerebral venous sinus thrombosis in the
US population, after adenovirus-based SARS-CoV-2 vaccination, and after
COVID-19. J Am Coll Cardiol 2021. doi:10.1016/j.jacc.2021.06.001.

30. Greinacher A, Selleng K, Warkentin TE. Autoimmune heparin-induced thrombo-
cytopenia. J ThrombHaemost 2017;15:2099–2114.

31. Nevzorova TA, Mordakhanova ER, Daminova AG, Ponomareva AA, Andrianova
IA, Le Minh G, Rauova L, Litvinov RI, Weisel JW. Platelet factor 4-containing im-
mune complexes induce platelet activation followed by calpain-dependent plate-
let death. Cell Death Discov 2019;5:106.

32. Huynh A, Kelton JG, Arnold DM, Daka M, Nazy I. Antibody epitopes in vaccine-
induced immune thrombotic thrombocytopenia. Nature 2021. doi:
10.1038/s41586-021-03744-4.

33. Canzano P, Brambilla M, Porro B, Cosentino N, Tortorici E, Vicini S, Poggio P,
Cascella A, Pengo MF, Veglia F, Fiorelli S, Bonomi A, Cavalca V, Trabattoni D,
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