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Vaccine-induced immune thrombotic thrombocytopenia
Frederikus A Klok, Menaka Pai, Menno V Huisman, Michael Makris

In response to the COVID-19 pandemic, vaccines for SARS-CoV-2 were developed, tested, and introduced at a 
remarkable speed. Although the vaccine introduction had a major impact on the evolution of COVID-19, some 
potential rare side-effects of the vaccines were observed. Within a short period, three scientific groups from Norway, 
Germany, and the UK reported cerebral venous sinus thrombosis with thrombocytopenia and anti-platelet factor 4 
(anti-PF4) antibodies in individuals following AstraZeneca–Oxford vaccination and named this new syndrome 
vaccine-induced immune thrombotic thrombocytopenia (VITT). This syndrome was subsequently reported in 
individuals who received Johnson & Johnson vaccination. In this Viewpoint, we discuss the epidemiology, 
pathophysiology, and optimal diagnostic and therapeutic management of VITT. Presentation of an individual with 
possible VITT should raise prompt testing for anti-PF4 antibodies and initiation of treatment targeting autoimmune 
processes with intravenous immunoglobulin and prothrombotic processes with non-heparin anticoagulation.

Introduction
COVID-19 infection, due to SARS-CoV-2, has had an 
impact on people and economies worldwide. As of Sept 13, 
2021, over 220 million infections and more than 
4·6 million COVID-19-related deaths have been reported.1 
On March 11, 2020, WHO declared the infection a 
pandemic, and less than 9 months later the first vaccine 
for SARS-CoV-2 from Pfizer-BioNTech was first approved 
by the UK Medicines and Healthcare Products Regulatory 
Agency (MHRA). As of July 26, 2021, 3·85 billion doses of 
vaccines for SARS-CoV-2 have been administered in 
180 countries.2

Reports of thrombosis in relation to vaccination for 
SARS-CoV-2 started appearing in late February 2021, 
which led to an investigation by the MHRA and 
European Medicines Agency (EMA), who announced on 
March 11, 2021, that no association was identified. 
However, three scientific groups from Norway, Germany, 
and the UK reported the following week, in the press 
and on social media, the identification of cerebral venous 
sinus thrombosis with thrombo cytopenia and anti-
platelet factor 4 (anti-PF4) antibodies in individuals 
following AstraZeneca–Oxford vaccination.3–5 Although 
initially several terms were used to describe the 
syndrome, such as vaccine-associated thrombosis with 
thrombocytopenia and vaccine-induced prothrombotic 
immune thrombo cytopenia, the term that has gained 
widespread use is vaccine-induced immune thrombotic 
thrombocytopenia (VITT). Thrombosis with thrombo-
cytopenia syndrome has also been used, but it is a more 
general term that can be caused by other conditions, 
such as antiphospholipid syndrome and thrombotic 
thromb ocytopenic purpura.

Similar to the COVID-19 infection, social media has 
had a substantial role in disseminating information 
about VITT, since its announcement in a press 
conference and on social media on March 19, 2021 
(figure 1). Three authors (FK, MP, MM) have been active 
on Twitter in providing updates about VITT. COVID-19 
and VITT have shown that social media rather than 
medical journals will be at the forefront of sharing 
information in the future.

Epidemiology
Incidence
The reported risk of VITT has varied substantially 
between countries and between individuals exposed to 
the AstraZeneca–Oxford vaccine. This disparity is 
partially due to significant differences in the age and 
sex of those vaccinated as well as incongruence in the 
way data are collected and reported. In Norway, Schultz 
and colleagues4 reported five cases of VITT among 
130 000 individuals who received the AstraZeneca–
Oxford vaccine giving an incidence of one in 26 000. In 
the UK, the MHRA reported 367 VITT cases after 
24·7 million of the first vaccination and 44 cases after 
the second AstraZeneca–Oxford vaccination, giving 
rates of one case per 67 302 vaccinations and one 
case per 518 181 vaccinations, respectively.6 See and 
colleagues,7 from the USA, reported 12 cases of VITT 
after the Johnson & Johnson vaccine after 
7 million doses, suggesting a rate of one case per 
583 000 vaccinations.

SARS-CoV-2 vaccine type
VITT has been reported almost exclusively after the 
AstraZeneca–Oxford and Johnson & Johnson adeno viral 
vaccines, with most after the first vaccination.8,9 
No confirmed case reports have been published 
after the mRNA vaccine from Pfizer-BioNTech, but the 
MHRA received 15 notifications of thrombosis and 
thrombo cytopenia associated with this vaccine from 
health-care professionals and the public.6 One probable 
VITT case was reported in the USA after Moderna 
vaccination.10

Age
An association exists between risk of VITT and younger 
age. The MHRA gives the risk of VITT after the first dose 
of AstraZeneca–Oxford vaccination as one in 100 000 for 
people older than 50 years and one in 50 000 for those 
aged 49 years or younger.6 The MHRA does not provide 
information on the risk of VITT by decade of age, and the 
risk cannot be calculated because the data on people 
receiving AstraZeneca–Oxford vaccine by decade of age 
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have not been made public. In the UK VITT case series,9 
mean age at diagnosis was 48 years with 85% of 
individuals being aged less than 60 years.9

Sex
Because four (80%) of five individuals from Norway4 and 
nine (82%) of 11 individuals from Germany3 were female 
it was initially thought that female sex was a risk factor for 
VITT. However, these countries used the AstraZeneca–
Oxford vaccine initially in frontline health-care workers 
who were primarily female. A report from the UK 
suggested that the VITT sex bias might not be so extreme, 
because only 119 (54%) of 220 individuals with definite or 
probable VITT were female.9

Comorbidities and previous COVID-19 infection
No studies have directly compared the comorbidities of 
individuals with VITT with those of the general 
population. In the UK study of 165 individuals with 
definite or probable VITT, 14 (8%) had a history of an 
autoimmune disorder, four (2%) had a history of previous 
venous thrombosis, four (2%) had a history of cancer, 
and 31 (19%) had one or more risk factors for arterial 
disease (obesity, smoking, hypertension, or diabetes).9 
Three (1%) of 220 individuals in the UK cohort reported 
COVID-19 infection in the previous 3 months and 
ten (5%) had serological evidence of previous infection.9

Pathophysiology
VITT is an autoimmune condition, characterised 
by antibodies that directly activate platelets, triggering 
thrombosis in the arterial and venous circulation. 

Individuals with VITT develop a consumptive coagulo-
pathy, with thrombocytopenia, hypo fibrinogen aemia, and 
an elevated D-dimer concentration. The earliest papers 
describing VITT showed that individuals had high titre 
IgG antibodies directed against platelet factor 4 (PF4), a 
molecule stored in platelet α granules and released during 
platelet activation.3–5,7 PF4 is probably part of our innate 
immune defence; this cationic molecule binds and 
opsonises polyanionic surfaces of pathogens, facilitating 
binding of anti-PF4 antibodies produced by preformed B 
cells.11,12 In VITT, anti-PF4 antibodies have a different role 
by binding platelet FcγRIIA, which causes platelet 
activation through intracellular signalling and release of 
procoagulant platelet microparticles. Released platelet 
microparticles can carry PF4, and VITT antibodies cluster 
PF4 on the platelet surface as they bind.13 Procoagulant 
microparticles can also express tissue factor, which might 
explain the propensity to cerebral venous sinus thrombosis 
in VITT; tissue factor appears to have a key role in 
thrombogenesis in the cerebral venous system.14

The pathophysiology of VITT closely resembles that of 
heparin-induced thrombocytopenia, which is also caused 
by anti-PF4 antibodies (figure 2). In classic heparin-induced 
thrombocytopenia, these antibodies recognise the ionic 
complex of positively charged PF4 and negatively charged 
heparin.15 Antibodies of heparin-induced thrombo-
cytopenia induce a pan-cellular response, causing Fcγ 
receptor-dependent activation of monocytes (promoting 
tissue factor expression and thrombin generation) and 
neutrophils (inducing NETosis).16,17 Antibody binding to 
FcγRIII-A also contributes to platelet clearance and 
thrombocytopenia.16 There is evidence of complement 
activation as well, promoting cellular activation and 
adhesion of platelets to the endothelium.18 VITT anti bodies 
probably similarly amplify thrombosis and thrombo-
cytopenia.19,20 In most cases, heparin-induced thrombo-
cytopenia is triggered by heparin exposure. However, in a 
rare subtype, known as autoimmune heparin-induced 
thrombocytopenia, heparin exposure is not implicated. In 
this condition, highly anionic molecules, such as 
pent osan polysulphate, chondroitin sulphate, and parts of 
the bacterial cell wall, take the place of heparin, 
forming complexes with PF4 and triggering anti body 
formation.15 The parallels between VITT and auto immune 
heparin-induced thrombo cytopenia extend beyond patho-
physiology; their clinical character istics and treatment 
strategies are similar as well. However, alanine scanning 
mutagenesis showed that binding of VITT anti bodies 
is distinct from heparin-induced thrombocytopenia anti-
bodies.21 The binding of anti-PF4 antibodies from five 
individuals with VITT was restricted to eight surface 
amino acids, all located within the heparin binding site of 
PF4. These findings could explain why, in most individuals 
with VITT, antibody binding in PF4 enzyme immuno-
assays is inhibited by heparin.3

The pathophysiology of VITT is still incompletely 
understood. A major area of uncertainty is how adenoviral 

Figure 1: Timeline of the development of adenovirus-based coronavirus vaccines and first recognition of 
vaccine-induced immune thrombotic thrombocytopenia
On August 12, 2021, the full report from the first 294 UK cases was published.9 EMA=European Medicines Agency. 
MHRA=Medicines and Healthcare Products Regulatory Agency. VITT=vaccine-induced immune thrombotic 
thrombocytopenia.
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vector vaccines trigger this syndrome. Adenoviral vector 
vaccines might interact directly with PF4, priming an anti-
PF4 response. This hypothesis has been explored by 
Greinacher and colleagues,13 who observed a direct 
interaction between AstraZeneca–Oxford and PF4 with 
transmission electron microscopy, and Baker and 
colleagues,22 who reported binding of PF4 to AstraZeneca–
Oxford hexon proteins using computational simulations. 
The viral capsid of the AstraZeneca–Oxford vaccine might 
bind PF4, creating a novel antigen that is subsequently 
taken up by monocytes and trafficked to lymph nodes, 
where it stimulates proliferation of anti-PF4 memory 
B cells.13 Vaccine components, such as EDTA (edetic acid) 
or other human proteins in the vaccine, might promote a 
proinflammatory milieu that potentiates the immune 
response.13,23 This theory does not require heparin or any 
other anionic compound and is supported by the existence 
of preformed anti-PF4 memory B cells.

The adenoviral vector is a hypothesised trigger. 
Thrombocytopenia is a well recognised complication of 
many viral infections and can be rapidly induced in animal 
studies by intravenous administration of adenovirus, 
resulting in non-specific platelet destruction from dep-
osition of circulating immune complexes, suppression of 
platelet production, and specific antiplatelet antibodies.24 
Some adenoviruses and adenoviral vectors are also capable 
of binding factor X, and adenoviruses can cause platelet 
aggregation and activation when added to platelet-rich 
plasma.25,26 The direct adenoviral trigger theory becomes 
less likely when one considers that thrombosis has not 
previously been associated with adenoviral infection or 
with other adenoviral vector vaccines (even when 
administered intravenously at high doses in animal 
studies).24 Moreover, platelet and coagulation factor 
binding of adenoviruses occurs rapidly, whereas VITT 
presents more than 5 days after vaccination. Another 
hypothesis implicates trace amounts of spike splice variant 
transcripts (C-terminally deleted mRNAs).27 The resultant 
alternative spike proteins could damage endothelial cells, 
triggering inflammation and platelet activation, causing 
PF4 release and thrombosis. However, variant transcripts 
and alternative spike proteins have not been detected 
following vaccination with adenoviral vector COVID-19 
vaccines. Impurities in vaccine preparation are another 
theorised VITT trigger. The AstraZeneca–Oxford vaccine 
contains human and non-structural viral proteins, raising 
the concern that functional autoantibodies can form 
against them.28 Some jurisdictions have reported higher 
frequencies of VITT than others; varying purity between 
vaccine batches could explain this.29

Active COVID-19 infection is not a feature of VITT. 
COVID-19 can induce a hypercoagulable state, and anti-
PF4 antibodies have been found in patients who have 
been admitted to hospital with COVID-19. However, it is 
unclear whether functionally active, clinically significant 
anti-PF4 antibodies are more common in patients 
who have been admitted to hospital with COVID-19 

than in other patients. Concomitant thrombosis and 
thrombocytopenia are also uncommon in COVID-19, 
and VITT antibodies do not appear to cross react with the 
SARS-CoV-2 spike protein.30,31 An association between 
the formation of anti-SARS-CoV-2 antibodies and the 
formation of anti-PF4 antibodies does not appear to exist, 
as illustrated in a study by Uzun and colleagues,32 which 
compared antibody titres in healthy vaccinated controls 
and individuals with VITT.

Clinical presentation and diagnosis
Clinical presentation
The presentation of thrombocytopenia and thrombosis, 
occurring 5–30 days after first vaccination against 
SARS-CoV-2 with the AstraZeneca–Oxford or Johnson & 
Johnson vaccine is suggestive for VITT.33 In the UK cohort 
of 220 definite or probable VITT cases,9 median age was 
48 years with a range of 18–78 years, 85% of individuals 
were <60 years, and 119 (54%) of 217 participants were 
women. The median time from the first AstraZeneca–
Oxford vaccination to presentation was 14 days (IQR 10–
16), with 97%  of patients presenting between 5–30 days.9 
The median platelet count at presentation was 47 × 10⁹ cells 
per L (28–76) with only 11 individuals having a count of 
more than 150 × 10⁹ cells per L; in all but two of these 11, the 
platelet count reduced to less than 150 × 10⁹ cells per L 
following admission to hospital. D-dimer concentrations 
were considerably elevated (>4000 fibrinogen-equivalent 
units [FEU]). Venous thrombosis is often present at 
multiple sites and sometimes at unusual sites. Although 
the initial literature described a preponderance of cerebral 
vein thrombosis occurring predominantly in women 
younger than 60 years,3,5 it became clear that individuals 
also present with more common presentations of deep-
vein thrombosis of the leg and pulmonary embolism. 
Individuals with splanchnic vein thrombosis, with 
localisation in the mesenterial, portal, hepatic, or splenic 

Figure 2: Proposed pathophysiology of vaccine-induced immune thrombotic thrombocytopenia
PF4=platelet factor 4.
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veins, have also been described. Cerebral venous sinus 
thrombosis was the most common thrombotic compli-
cation and was identified in 110 (50%) of 220 individuals 
from the UK; 40 (36%) of the 110 individuals had secondary 
intracerebral haemorrhage. Deep-vein thrombosis and 
pulmonary embolism were found in 82 (37%) of 
220 people, splanchnic vein thrombosis (mostly portal 
vein) in 41 (19%), arterial thrombosis in 47 (21%), and 64 
(29%) people had thrombosis affecting multiple beds.9 In a 
post-mortem study,19 involvement of large venous vessels 
was even more widespread and catastrophic than estimated 
with imaging tests, and microscopic findings showed 
vascular thrombotic occlusions occurring in the 
microcirculation of multiple organs.

Radiological diagnosis of thrombosis
Targeted urgent radiological investigation is required in 
all people with VITT. Standard imaging tests include CT 
or MR venography of the brain for suspected cerebral vein 
thrombosis,34 CT pulmonary angiography for suspected 
pulmonary embolism,35 compression ultrasonography 
for suspected deep-vein thrombosis,36 and ultrasound 
or CT venography of the splanchnic veins for 
suspected splanchnic vein thrombosis.37 Some experts 
have suggested that an abdominal ultrasound scan is 
recommended in all individuals with VITT to screen for 
asymptomatic portal vein thrombosis.38

Differential diagnosis
The main syndromes to be distinguished from VITT 
are immune thrombocytopenic purpura, thrombotic 
thrombo cytopenic purpura, and catastrophic anti phospho-
lipid syndrome. In immune thrombocytopenic purpura, 
thrombosis does not manifest, whereas the D-dimer 
concentration and coagulation tests are normal.39 In 

thrombotic thrombocytopenic purpura, microvascular 
thrombosis is typical, rather than the presence of venous 
thromboembolism. Laboratory findings in throm botic 
thrombocytopenic purpura include normal concentrat ions 
of fibrinogen and D-dimer, micro angiopathic haemolytic 
anaemia with laboratory findings of haemolysis, schisto-
cytes on the blood smear, and ADAMTS13 defi ciency 
(<10%).40 Catastrophic antiphospholipid synd rome is 
excluded by the absence of antiphospholipid antibodies.

Laboratory diagnosis
Initial laboratory evaluation should include, full blood 
count with blood film, prothrombin time, activated partial 
thromboplastin time, D-dimer concentration, fibrinogen 
concentration, and liver and renal function.33 In classical 
VITT, individuals present with thrombocytopenia, high 
D-dimer concentrations (often >5–10 000 FEU), moderately 
decreased fibrinogen concentrations, and normal or 
slightly elevated activated partial thromboplastin time and 
prothrombin time.

If a person presents with thrombocytopenia and 
thrombosis, an anti-PF4 heparin-induced thrombo-
cytopenia ELISA should be done; if positive, this should 
ideally be confirmed by a functional heparin-induced 
platelet activation assay, serotonin-release assay or flow 
based platelet activation assay.41-43 ELISA heparin-induced 
thrombocytopenia assays have the most appropriate 
sensitivity for anti-PF4 antibodies in VITT, whereas assays 
have shown low sensitivity.44,45 Thus, in the appropriate 
clinical setting, VITT syndrome is strongly suggestive if 
the heparin-induced thrombocytopenia ELISA and 
heparin-induced platelet activation assay or serotonin-
release assay test are positive. VITT is not excluded by a 
negative, rapid immunoassay against PF4, such as 
particle centrifugation assay and chemiluminescence 
immunoassay, because these tests can show false-negative 
results (figure 3).45

Case definition
The UK Expert Haematology Panel considers five 
criteria in the definition of VITT: onset of symptoms 
5–30 days (or 5–42 days if isolated deep-vein thrombosis 
or pulmonary embolism) after COVID-19 vaccination, 
presence of thrombosis, thrombocytopenia (platelet 
count <150 × 10⁹ cells per L), D-dimer concentration of 
more than 4000 FEU), and positive anti-PF4 ELISA 
assay. Diagnosis of VITT is considered definite if all 
five criteria are present and probable if one is missing.9

VITT without thrombosis
We and others have observed several individuals who 
present 5–30 days after AstraZeneca–Oxford vaccination 
with severe headache, thrombocytopenia, markedly 
increased D-dimer concentrations, strongly positive anti-
PF4 antibodies, but no cerebral venous sinus thrombosis 
on cerebral vein thrombosis or MR venography imaging. 
In our view, these individuals form the spectrum of VITT 

Figure 3: Overview of the diagnostic investigation of VITT
Functional assays might involve a functional heparin-induced platelet activation assay, a serotonin-release assay, 
or a flow-based platelet activation assay. FEU=fibrinogen-equivalent units. VITT=vaccine-induced immune 
thrombotic thrombocytopenia.
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diagnosis and should be treated as such. These individuals 
should be differentiated from those with immune 
thrombocytopenia post-COVID-19 vaccination who have 
normal concentrations of D-dimer, who are negative for 
anti-PF4 antibodies, and in whom bleeding is common 
but thrombosis is extremely rare.

Treatment
Therapeutic management of VITT is based on 
three components: modulation of the autoimmune 
phenomenon, anticoagulation, and supportive care and 
management of complications (figure 4).

Modulation of the autoimmune phenomenon
VITT consensus documents and guidelines have widely 
extrapolated the treatment of autoimmune heparin-
induced thrombocytopenia to VITT, and these 
recom m endations have been supported by published 
VITT case reports and series.9,41,42,46,47 In autoimmune 
heparin-induced thrombocytopenia, intravenous immuno-
globulin is important since heparin avoidance alone 
does not lead to a rapid de-escalation of heparin-
induced thrombocytopenia hypercoagulability; heparin in-
dependent antibodies can persist for days to weeks.48,49 In 
addition to antibody neutralisation, intravenous immuno-
globulin inhibits VITT-mediated platelet activation.50 The 
recommended dosing of intravenous immunoglobulin is 
1 g/kg per day. Furthermore, plasma exchange might be 
considered in severe or therapy refractory disease; for 
example, in settings of severe thrombocytopenia or 
extensive thrombosis. During plasma exchange, the 
IgG antibodies triggering VITT are removed. Four of 
five Norwegian patients were treated with intravenous 
immunoglobulin (and prednisolone) early or later in the 
course of the disease; all four showed an increase in 
platelet count, whereas previous frequent platelet 
transfusions did not.51 The same effect of intravenous 
immunoglobulin was observed in Canada and the UK.9,52 
Three individuals with anticoagulation, intravenous 
immunoglobulin, and steroid refractory VITT received 
plasma exchange and responded with increasing platelet 
counts and decreasing D-dimer concentrations; all 
three survived.53 Avoiding heparin exposure and platelet 
transfusions are key aspects of basic VITT treatment. 
These therapies might further provoke autoimmunity or 
fuel coagulopathy (or both). Steroids and rituximab have 
also been used in the setting of severe or therapy refractory 
VITT; however, experience is scarce and treatment 
outcomes uncertain.9,51–53

Anticoagulation
Patients with VITT should receive therapeutic-dose anti-
coagulants to prevent further thrombotic complications. 
Although it has not been fully established whether 
heparin exacerbates the clinical presentation, for now 
anticoagulation therapy should involve non-heparin-
based therapies, such as direct oral anticoagulants, 

fondaparinux, danaparoid, or argatroban. In individuals 
with thrombo cytopenia and markedly elevated D-dimer 
concentrations, but without thrombosis (who are deemed 
not to have thrombotic thrombocytopenic purpura or 
immune thrombo cytopenic purpura), non-heparin-based 
anti coagulation is the mainstay of treatment too.54,55 For 
cerebral venous sinus thrombosis and splanchnic vein 
thrombosis, endovascular treatment is not the standard-
of-care but might be considered in select cases.8 As for 
the choice of anticoagulant drug class, considering 
insufficient evidence for direct oral anticoagulants in 
cerebral venous sinus thrombosis and splanchnic vein 
thrombosis, as well as the presence of thrombocytopenia 
and high risk of bleeding, initial treatment with a 
parenteral agent is preferred over apixaban or rivaroxaban 
in most cases; edoxaban and dabigatran should preceded 
by a lead-in with a parenteral agent. Treatment can be 
switched to a direct oral anticoagulants in the subacute 
and chronic phase of the disease. The treatment of acute 
pulmonary embolism should be based on formal risk 
stratification, with reperfusion therapy reserved for those 
patients with high-risk pulmonary embolism.35,56

Supportive care and management of complications
The most feared complication of initial treatment in VITT 
is major bleeding. In patients with splanchnic vein 
thrombosis or cerebral venous sinus thrombosis, major 
bleeding might be the presenting symptom. The 
anticoagulant dosing strategy might require alteration in 
individuals with active bleeding or with platelet counts less 
than 30 × 10⁹ cells per L. In this setting, anticoagulant therapy 
at a lower intensity or following platelet trans  fusions 
(preferably after intra  venous immuno globulin is 
administered) might be considered, in addition to 
plasma exchange.8,33 Trans fusion to correct relevant 
hypofibrinogenaemia is also recommended in those with a 
fibrinogen concentration of less than 1·5 g/L. Furthermore, 
in addition to anticoagulant treatment, management of 

Figure 4: Overview of the therapeutic management of vaccine-induced immune thrombotic 
thrombocytopenia
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cerebral venous sinus thrombosis could require de-
compressive craniectomy if intracranial pressure is 
raised, and anticonvulsant agents if seizures have 
occured.54,55 For these reasons, individuals with 
VITT-associated cerebral venous sinus thrombosis should 
be referred immediately to an expert centre for 
optimal multi disciplinary treatment.8,33 Additionally, for 
individ uals with splanchnic vein thrombosis, surgical 
treatment might be indicated in those presenting 
with bleeding, shock, peritonitis, intestinal perforation, or 
infarction.57,58 Other reported complications of VITT 
that require dedicated management include adrenal 
haemorrhage, limb ischaemia, and acute coronary 
syndrome.

Outcomes
VITT was first described in March, 2021, therefore, data 
on outcomes and natural history are scarce. In the initial 
publications on VITT from Norway4 and Germany, and 
Austria,3 the mortality associated with VITT was 
60% and 55%, respectively. In the UK cohort of definite 
and probable cases, 23% of the patients died at the time 
of reporting.9 These early fatality rates do not capture 
later mortality or morbidity, such as secondary to cerebral 
bleeding or amputations secondary to leg arterial 
thrombosis. A group of particular concern are those with 
cerebral venous sinus thrombosis with intracerebral 
haemorrhage and a platelet count of less than 30 × 10⁹ cells 
per L, for whom a mortality rate of 47–73% was 
reported.9,59 Case fatality in more recent reports are lower 
than in the initial reports, possibly because less severe 
cases are being identified better or management has 
improved with increasing experience.60

Follow-up post-hospital discharge
Although the natural history of VITT is unknown, early 
experience suggests that the anti-PF4 antibodies persist 
at least for several months in most individuals. Some 
people redeveloped thrombocytopenia after platelet 
count normalisation, possibly because the relatively short 
half-life of intravenous immunoglobulin meant its effect 
was lost. Some individuals have required retreatment 
with intravenous immunoglobulin and rituximab. 
Patients are suggested to be followed-up closely after 
discharge with measurement of platelet count, fibrinogen 
concentration, and D-dimer concentration every 2–3 days 
for 2 weeks. Anti-PF4 antibody measurements weekly for 
4 weeks and then monthly for 6 months have been 
proposed.33

Future perspectives
The most urgent questions that remain about VITT 
include the exact pathophysiological mechanism and the 
long-term management of those who survive VITT. It is 
uncertain what vaccine components trigger VITT, for 
example the adenovirus itself or the contaminants. 
This knowledge will have implications for future 

manufacturing and application of adenovirus-based 
coronavirus vaccines. The other key unanswered 
question relates to the natural history of VITT. Individuals 
often have persistent high titres of antibodies to PF4 
beyond the first months of treatment. Therefore, we treat 
individuals with VITT with anticoagulation for at least 
3 months, also those without thrombosis, and continue 
this treatment thereafter until anti-PF4 ELISA tests 
return negative.33 Results of the PF4-dependent platelet-
activation assay were reported to become negative in 
23 (66%) of 35 patients over a median of 11 weeks, 
accompanied by a 53% decrease in the median optical 
density on anti-PF4–heparin IgG ELISA. However, full 
seroreversion to a negative ELISA result was observed in 
only three (9%) of 35 individuals.61

The realisation that VITT was a serious adverse event 
led to restricted use of adenoviral vector vaccines in many 
jurisdictions. Where a first AstraZeneca–Oxford dose 
had already been given, some countries (such as the UK 
and Canada) permitted a second AstraZeneca–Oxford 
vaccine, whereas others offered a second dose with an 
mRNA vaccine. It appears that the use of mRNA vaccines 
in people with previous AstraZeneca–Oxford vaccination 
can lead to increased reactions;62 however, the resulting 
heterologous prime boosting also appears to yield 
improved immunity.63

Individuals who have had an episode of VITT should 
avoid further adenoviral vector vaccinations. They might 
have concerns about subsequent vaccination, but as they 
are unlikely to have reached a high level of immunity after 
a single AstraZeneca–Oxford vaccine, they should be 
counselled and supported to have a second dose using 
mRNA technology. The safety of using mRNA vaccines in 
individuals with VITT is unproven but some early, 
unpublished experience is encouraging. It is prudent to 
proceed with a second-dose vaccination once the platelet 
count and D-dimer concentration are stable and within 
normal range, and the patient is fully anticoagulated. 
Some physicians might elect to repeat VITT testing before 
vaccination to ensure antibody titres are decreasing or 
repeat a full blood count in the week following vaccination 
(or both) to ensure the platelet count has not again 
dropped. If the VITT episode followed Johnson & Johnson 
vaccination, further vaccination against SARS-CoV-2 is not 
required.

Conclusion
Our understanding of VITT has progressed considerably 
since its initial recognition. Preclinical studies have shown 
directions to the underlying pathophysiology, diagnostic 
criteria have been widely endorsed, and dedicated 
laboratory tests have been developed and made available. 
The experience gained in the few hundred cases published 
in the literature has confirmed the initial thoughts that 
VITT should be managed as a heparin-induced 
thrombocytopenia-like syndrome with modulation of the 
autoimmune phenomenon and non-heparin 
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anticoagulation. Existing research efforts should focus on 
determining the optimal long-term management of 
survivors of VITT and further unravelling of its 
mechanism, which will enable optimal use of adenovirus-
based coronavirus vaccines in the future.
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