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after vaccination against Covid‐19: A clinical dilemma for
clinicians and patients
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Summary

The coronavirus disease 2019 (Covid‐19) pandemic has had devastating effects on
public health worldwide, but the deployment of vaccines for Covid‐19 protection has
helped control the spread of SARS Coronavirus 2 (SARS‐CoV‐2) infection where they
are available. The common side effects reported following Covid‐19 vaccinationwere
mostly self‐restricted local reactions that resolved quickly. Nevertheless, rare

vaccine‐induced immune thrombotic thrombocytopenia (VITT) cases have been re-
ported in somepeoplebeing vaccinated againstCovid‐19. This review summarizes the
thromboembolic events after Covid‐19 vaccination and discusses its molecular

mechanism, incidence rate, clinical manifestations and differential diagnosis. Then, a

step‐by‐step algorithm for diagnosing such events, alongwith amanagement plan, are
presented. In conclusion, considering the likeliness of acquiring severe SARS‐CoV‐2
infection and its subsequent morbidity and mortality, the benefits of vaccination

outweigh its risks. Hence, if not already initiated, all governments should begin an

effective and fast public vaccination plan to overcome this pandemic.
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1 | INTRODUCTION

Virchow's triad states that hypercoagulability, stasis and vessel wall

abnormalities are the main components of thrombosis.1 Stasis due to

polycythemia and hypoxemia, hypercoagulability state due to various

underlying factors, such as factor V Leiden,2 protein C/S deficiency

and vascular endothelium abnormalities/damage due to ageing,

medications or other factors can lead to thrombosis.3 Thrombosis can

also be triggered by the interaction between various genes and the

environment.3

Abbreviations: AAT, acute aortic thrombosis; ACE, arterial cerebral embolism; AHA, acquired haemophilia A; AVT, azygos vein thrombosis; BAH, bilateral adrenal haemorrhage; CVST,

cerebral venous sinus thrombosis; CVT, cerebral venous thrombosis; DIC, disseminated intravascular coagulation; HIT, heparin‐induced thrombocytopenia; HITT, heparin‐induced
thrombocytopenia with thrombosis; HS, haemorrhagic stroke; IB, ischemic bowel; ICH, intracranial haemorrhage; IS, ischemic stroke; ITP, immune thrombocytopenia; IVST, intracranial

venous sinus thrombosis; JVT, jugular vein thrombosis; LIOVT, left inferior ophthalmic vein thrombosis; LPH, limb petechial hematoma; MCAI, middle coronary artery infarction; MCAT,

middle cerebral artery thrombosis; MI, myocardial infarction; PAT, popliteal artery thrombosis; PTE, pulmonary thromboembolism; PVT, portal vein thrombosis; SAH, subarachnoid

haemorrhage; SOVT, superior ophthalmic vein thrombosis; SRH, subcapsular renal hematoma; SVT, splanchnic vein thrombosis; TMA, thrombotic microangiopathy; TIA, transient ischemic

attack; VITT, vaccine‐induced immune thrombotic thrombocytopenia.

Rev Med Virol. 2022;32:e2273. wileyonlinelibrary.com/journal/rmv © 2021 John Wiley & Sons Ltd. - 1 of 11https://doi.org/10.1002/rmv.2273

https://doi.org/10.1002/rmv.2273
https://orcid.org/0000-0002-1085-374X
https://orcid.org/0000-0002-1362-7203
https://orcid.org/0000-0001-6339-4666
https://orcid.org/0000-0002-1075-4805
https://orcid.org/0000-0003-4159-7299
https://orcid.org/0000-0001-8733-9370
mailto:drsoheil1503@yahoo.com
https://orcid.org/0000-0002-1085-374X
https://orcid.org/0000-0002-1362-7203
https://orcid.org/0000-0001-6339-4666
https://orcid.org/0000-0002-1075-4805
https://orcid.org/0000-0003-4159-7299
https://orcid.org/0000-0001-8733-9370
http://wileyonlinelibrary.com/journal/rmv
https://doi.org/10.1002/rmv.2273


Sedentary lifestyle, air travel,4 obesity, active smoking,5 hor-

monal changes during pregnancy, hormone replacement therapy,

neoplasms6 and nephrotic syndrome can be the underlying cause of

thromboembolic events (TE).7 Moreover, trauma and major surgeries,

including hip arthroplasty, autoimmune disorders, such as systemic

lupus erythematosus, antiphospholipid antibody syndrome, Behçet's

syndrome,8 and systemic vasculitis,9 inflammatory disease, including

inflammatory bowel disease, can also lead to TE.10 Furthermore,

medications, such as oral contraceptives,11 chemotherapeutic agents,

including thalidomide, cisplatin, bleomycin and gemcitabine,12

immunomodulatory agents, such as infliximab,13 and antipsychotic

drugs are also proposed to be a cause of clot formation.14 Addi-

tionally, sepsis and infections may also induce TE.15

Thrombosis is a typical sequel of severe infections.15 Infectious

agents, such as Epstein‐Bar virus, Herpesvirus, Cytomegalovirus, H1N1
Influenza virus,16,17 Measles morbillivirus,18 Rubella virus,19 Varicella‐
zoster virus,20 Herpes zoster virus,21 Human immunodeficiency vi-

rus,22,23 and recently, severe acute respiratory syndrome coronavirus

2 (SARS‐CoV‐2) has been implicated in the TE incidence.24,25

On the other hand, the role of vaccines in preventing or trig-

gering thrombosis has also been reported previously. For example, it

was demonstrated that the Quadrivalent HPV vaccine,26,27 Influenza

vaccine28,29 and measles vaccine30 could cause TE. Moreover,

recently, there has been some report of TE incidence after adminis-

trations of some of the Covid‐19 vaccines, especially, Oxford‐
AstraZeneca vaccine (ChAdOx1)31 and Johnson & Johnson (Jans-

sen) vaccine.32

Hence, in this study, an overview of the vaccine‐induced im-

mune thrombotic thrombocytopenia (VITT), along with its molec-

ular mechanism, incidence rate, clinical manifestations, and

differential diagnosis, are discussed. Then, a step‐by‐step algorithm
for diagnosing and management of patients with such event are

presented.

2 | COVID‐19 VACCINES AND THROMBOSIS

Many cases of inadvertent thrombotic events and thrombocytopenia

have been reported since February 2021, after injecting coronavirus

disease 2019 (Covid‐19) vaccines.33 The Oxford‐AstraZeneca (ChA-
dOx1 nCoV‐19) vaccine is a recombinant chimpanzee adenoviral

vector containing the SARS‐CoV‐2 spike glycoprotein gene. Despite
being very effective at diminishing Covid‐19‐related morbidity and
mortality, it has been linked to an increased risk of thrombosis in

vaccinated individuals.34 Consequently, this vaccine has been

temporarily suspended in some European countries, though after

careful investigation and risk‐benefit evaluations, vaccination was

resumed.35 Moreover, severe thrombotic thrombocytopenia events

were also reported following the administration of Johnson &

Johnson (Janssen) Ad26.COV2.S vaccine, a recombinant adenovirus

serotype 26 (Ad26) vector containing the spike glycoprotein gene of

SARS‐CoV‐2.32,36

3 | MECHANISM OF VACCINE‐INDUCED
THROMBOSIS

VITT has somehow similar mechanism to that of heparin‐induced
thrombocytopenia (HIT). HIT is a significant complication that could

happen in patients receiving this medication, and physicians should

be vigilant to the development of this adverse event. It is caused by

the formation of antibodies against platelet factor 4 (PF4)/heparin

complexes.37 While these antibodies are produced in many patients

receiving heparin, a few them develop deteriorating clinical mani-

festations, such as HIT with thrombosis, referred more commonly as

HITT.37 Regardless of whether a patient has an identified thrombus

in the setting of HIT, HIT alone is a hypercoagulable state requiring

alternative anticoagulation promptly.37 Nevertheless, prothrombotic

disorders can be induced with triggers other than heparin, including

polyanionic drugs (such as hypersulfated chondroitin sulfate38 and

pentosan polysulfated).39 Moreover, it has also been observed that

after some orthopedic surgeries, such as knee replacement sur-

gery,40,41 and viral and bacterial infections, such calamitous events

can be induced even in the absence of any prior exposure to

mentioned medications.38,42 These non‐pharmacologic‐induced
clinical scenarios were categorized as autoimmune heparin‐
induced thrombocytopenia (aHIT).43 Unlike HIT, patients with

aHIT have remarkably severe thrombocytopenia, increased chances

of disseminated intravascular coagulation (DIC), and atypical TE.

Although heparin can significantly activate the platelets of these

patients, their platelets are also unusually active in the absence of

heparin.

Consequently, when these abnormal antibodies were detected in

thrombocytopenic patients without prior history of heparin admin-

istration, the term spontaneous HIT was proposed.43,44 Recently, a

similar phenomenon was diagnosed in some patients after being

vaccinated for Covid‐19, which was then named VITT, formerly

known as vaccine‐induced prothrombotic immune thrombocytopenia
(VIPIT).45 Unfortunately, the predisposing factors behind this

calamitous event are not yet fully understood.46

The currently proposed mechanisms of VITT are HIT‐similar
increased antiplatelet factor 4 (PF4), or PF4‐dependent platelet
activation, an inflammatory process of antibody formation against

platelet antigens to massive platelet activation via the Fc receptor,

leading to platelet consumption with thrombus formation and

thrombocytopenia.33 These antibodies tend to form between 4 and

16 days after vaccination.35 Whether the vaccine itself or the

vaccine‐induced high immune response is the factor promoting the
formation of platelets‐activating antibodies is not yet understood.
Possibly, adenovirus attachment to platelets leads to platelet pre‐
activation contributing in part to this inflammatory process.33

Another theory is the potential role of free DNA in the vaccine in

forming reactive antibodies to PF4.47 Previously in a murine model, it

has been illustrated that DNA and RNA can bind to PF4, forming

multimolecular complexes which, alternatively, can attach to host

anti‐PF4‐heparin antibodies (Figure 1).48
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4 | INCIDENCE OF THROMBOTIC EVENTS

It is estimated that the incidence rate of VITT is between one

in 125,000 to one in a million vaccinated people. This adverse

event can affect any age and sex group. However, the risk has

been higher in younger individuals, particularly those aged 20–

29 years, for whom the risk‐benefit should be weighed very

carefully.49

In a preprint study conducted on 537,913 cases with Covid‐
19, the incidence of CSVT and portal vein thrombosis (PVT) af-

ter Covid‐19 diagnosis was 42.8 (95% CI: 28.5–64.2) and 392.3

(95% CI: 342.8–448.9) per million, respectively. Regarding the

CSVT incidence rate, it was significantly higher compared to a

matched cohort of patients with an Influenza diagnosis (RR = 3.83,

95% CI: 1.56–9.41, p < 0.001) and patients receiving an mRNA

vaccine (either Pfizer/BioNTech or Moderna vaccines) (RR = 6.67,

95% CI: 1.98–22.43, p < 0.001).50

Moreover, regarding the PVT incidence rate, it was also signifi-

cantly higher compared to a matched cohort of patients with an

influenza diagnosis (RR = 1.39, 95% CI: 1.06–1.83, p = 0.02) and

patients receiving an mRNA vaccine (RR = 7.40, 95% CI: 4.87–11.24,

p < 0.001).50 Furthermore, when excluding patients with prior CSVT

or PVT diagnoses, post‐Covid‐19 CSVT or PVT incidence rates were
35.3 (95% CI: 22.6–55.2) and 175.0 (95% CI: 143.0–214.1) per

million, respectively. The mortality rate among Covid‐19 patients

after such complications was 17.4% (95% CI: 6.98–37.1%) for CSVT

and 19.9% (95% CI: 15.1–25.8%) for PVT, which was significantly

higher than patients without such adverse events (CSVT: p = 0.005,

PVT: p < 0.001).50 Also, it was determined that CSVT incidence was

significantly correlated with higher D‐dimer levels, while PVT inci-
dence was significantly correlated with low fibrinogen levels and

thrombocytopenia.50

Interestingly, when dividing the study timeline into three two‐
week periods and comparing them (weeks 1 and 2 vs. weeks 3 and

4, and weeks 1 and 2 vs. weeks 5 and 6), valuable data were obtained

regarding CSVT/PVT incidence risk in the course of Covid‐19. The
risk of CSVT incidence were significantly decreased in the following

weeks than the first 2 weeks after Covid‐19 diagnosis (weeks 3 and
4: RR = 0.24, 95% CI: 0.098–0.59, p < 0.001; weeks 5 and 6:

RR = 0.12, 95% CI: 0.036–0.40, p < 0.001).50 Similarly, the incidence

risk of PVT was also significantly decreased in the following weeks

compared to the first 2 weeks post‐Covid‐19 diagnosis (weeks 3 and
4: RR = 0.19, 95% CI: 0.14–0.27, p < 0.001; weeks 5 and 6: RR = 0.12,
95% CI: 0.080–0.18, p < 0.001).50

5 | REPORTED THROMBOTIC EVENTS

Various thrombotic events have been reported after vaccination,

including intracranial venous sinus thrombosis or cerebral venous

sinus thrombosis (CVST),51 hepatic and splenic vein throm-

bosis,52 PVT,50,53 deep vein thrombosis (DVT),54 pulmonary

thromboembolism,47 DIC,55 left inferior ophthalmic vein throm-

bosis,56 and bilateral superior ophthalmic vein thrombosis.57

Surprisingly, as recently approved in a presentation by the

Centers for Disease Control and Prevention (CDC), for unknown

reasons, it has been a trend that VITT complications mainly

involve cerebral vessels.58

As it can be inferred from Table 1, the incidence of thrombotic

and thrombocytopenia events is higher in adenoviral‐vector vaccines,
that is, Johnson & Johnson and AstraZeneca vaccines, than the

mRNA vaccines, that is, Pfizer/BioNTech, and Moderna vaccines.

Moreover, no thrombotic event was reported so far following

administration of mRNA vaccines, and these vaccines mainly were

related to the exacerbation of the pre‐existing bleeding disorders, for
example, immune thrombocytopenia (ITP)59–60 and acquired hae-

mophilia A.61 On the other hand, the adenoviral‐vector vaccines are
chiefly related to thrombotic events, such as CVST, PVT and pul-

monary thromboembolism.

Furthermore, for the adenoviral‐vector vaccine, there was no
report of vaccine‐related thrombotic and thrombocytopenia events
before 5 days post‐vaccination, whereas, for the mRNA vaccines,

such events were reported as soon as two days after vaccination. It is

also noteworthy that the platelet count was reported to be as low as

2 � 109/L after administration of mRNA vaccines, while the platelet

count mainly was not below 20 � 109/L regarding adenoviral‐vector
vaccines administration.

6 | MANIFESTATIONS OF THROMBOTIC EVENTS

Several complications have been reported following the Covid‐19
vaccination, some of which are localized and some systemic. Urti-

carial reactions, nausea and vomiting, myalgia or arthralgia, fever-

ishness and flashing, and injection site reactions have been observed

quite commonly, not life threatening, and can be treated symptom-

atically.74,75 However, there have been some manifestations that are

indicative of a potential TE incidence. Persistent or severe headache,

seizure, focal neurological symptoms or blurred vision can suggest

CSVT or arterial stroke, while dyspnoea, chest pain or chest tightness

can manifest pulmonary embolism or cardiac infarction. Moreover,

persistent abdominal pain can signify PVT, whereas lower extremities

enema, erythema, or tenderness may indicate DVT or acute limb

ischemia.46

Therefore, any symptom or sign indicating thrombosis,

including back pain, headache, gait imbalance, paraesthesia, hemi-

paresis or hemiplegia, drowsiness, or visual disturbance, should be

taken seriously and evaluated with extra caution.76 It is note-

worthy that some symptoms, such as headaches for one or 2 days

and other flu‐like symptoms like myalgia and arthralgia, are ex-

pected consequences of vaccination and should not be over-

estimated or concerning. Nonetheless, if any of the symptoms

mentioned above last for more than three days, further assess-

ments are mandated.35
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7 | DIFFERENTIAL DIAGNOSES FOR
THROMBOTIC EVENTS

In all TE settings, other thrombocytopenic thrombosis causes,

including antiphospholipid syndrome, paroxysmal nocturnal haemo-

globinuria, and thrombotic microangiopathies, such as immune

thrombocytopenic purpura, or atypical haemolytic uremic syndrome,

and underlying haematological malignancies should be excluded.77

Therefore, in all patients with a suspicion of such events, the

following assessments should always be performed before confirming

VITT: The thrombophilia screening should be negative; anti-

phospholipid and anticardiolipin IgG antibodies should not be

detected; complement levels (C1q, C3 and C4), their activation

products (sC5b‐9), and ADAMTS13 activity are expected to be within

F I GUR E 1 Possible link of different Covid‐19 vaccines with thrombotic and thrombocytopenia events. Structure type and platform for
four SARS‐CoV2 vaccines have been provided. Although more studies are required to reach a common point, thrombotic events have been
reported for several specific vaccines but not for others. Prothrombotic thrombocytopathy mimicking heparin‐induced thrombocytopenia has
been found in severe cases of Covid‐19 and after vaccination with some vaccines. This process may involve ACE2 and CD147, SARS‐CoV2
receptors. PGs and PF4 from platelets interact with B cells. Next, produced antibodies bind the endothelial surface (RCSB.org; PDB ID:
3QQN). ACE2, angiotensin‐converting enzyme 2; CD, cluster of differentiation; nCoV, novel coronavirus; PF4, platelet factor 4; PG,
proteoglycan; SARS‐CoV2, severe acute respiratory syndrome coronavirus 2. Created with BioRender.com
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the normal range; and a history of recent heparin therapy before

symptoms onset should also be absent. Besides, it is vital to exclude

active and acute SARS‐CoV‐2 infection for any individual who com-
plains of Covid‐19 vaccine‐related side effects. Thus, a negative

SARS‐CoV‐2 (Reverse Transcription‐Polymerase Chain Reaction) RT‐
PCR test is required.

High levels of anti‐PF4‐polyanion complex IgG antibodies are

diagnostic and confirm VITT. In general, it is recommended that cli-

nicians consider a low threshold for requesting an assessment for

PF4‐heparin antibodies via enzyme‐linked immunosorbent assay

(ELISA) in any patient who presents with vaccine‐related compatible
symptoms.47

8 | CONFIRMING THE DIAGNOSIS OF
THROMBOTIC EVENTS

In any Covid‐19 vaccinated patient who presents with symptoms of
thrombosis, such as shortness of breath, lower limb swelling, unusual

abdominal pain, unexplained subcutaneous bleeding, confusion and

double vision, during the first 4–20 days post‐vaccination, VITT
should be highly suspected.76 Complete blood count and peripheral

blood smear, a prothrombin time, partial thromboplastin time, and D‐
dimer, fibrinogen and anti‐PF4 IgG (ELISA method) antibody levels

should be checked.78 Moreover, based on the clinical suspicion, an

appropriate imaging modality, such as computed tomography (CT)

venography, brain CT scan, MRI venography or colour Doppler ul-

trasound, should be performed.46 In these patients, a reduction in

platelet count to <150 � 109/L,46 an elevation of D‐dimer >
4000 ng/ml FEU,69 and confirmation of thrombosis by appropriate

imaging suggest VITT.46 This condition should trigger an urgent

haematology consultation in order to request testing and initiate

empirical treatment. The diagnosis is confirmed by identifying anti-

bodies against the complex of PF4 and heparin.46 Figure 2 illustrates

a step‐by‐step algorithm for diagnosing VITT.

9 | MANAGEMENT OF THROMBOTIC EVENTS

Any patient with a suspected or confirmed VITT must be followed up

and managed similar to HIT. It is vital to prohibit any heparin‐based
anticoagulants and platelet transfusions until VITT is excluded.

Furthermore, warfarin is not recommended in this condition due to a

paradoxical increase in thrombotic tendency. However, other non‐
heparin‐based anticoagulants, such as direct thrombin inhibitors

(including bivalirudin, argatroban and dabigatran), direct factor Xa

inhibitors (e.g., rivaroxaban, apixaban and edoxaban), and indirect

(antithrombin‐dependent) Xa inhibitors (such as fondaparinux) are

not contraindicated in these settings. These medications should be

initiated empirically while awaiting laboratory confirmation.68 After

VITT confirmation and incidence of a severe, life‐threatening
thrombosis event or refractory VITT, such as CSVT, administration

of a high dose of intravenous immunoglobulin (1 g/kg of body weightT
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daily for 2 days),46,79 corticosteroids31,69 and plasma exchange are

reasonable.69

10 | PROPHYLAXIS OF THROMBOTIC EVENTS

Routine prophylaxis with anticoagulants or antiplatelet agents to

avoid TE following Covid‐19 vaccination is not currently indicated.
Nonetheless, exercise and fluid replacement therapy are beneficial,

and if the individual develops severe flu‐like symptoms along with
risk factors of thromboembolism, pharmacological thromboprophy-

laxis can be started on an individual‐specific basis.35

11 | CONCLUSION

There are still many ambiguities regarding TEs following the Covid‐
19 vaccination. So far, it has been demonstrated that the risk of

VITT is much lower for the mRNA vaccines than the adenoviral‐
vector vaccines, with no reported case of VITT after administration

of mRNA vaccines. However, these vaccines may exacerbate pre‐
existing bleeding disorders, such as ITP. Therefore, it is vital to

monitor vaccinated people for at least a month for any adverse

events, and if necessary, appropriate diagnostic modalities and

therapeutic options should be utilized to minimize such catastrophic

events. Also, as the incidence of thrombotic events, such as CVT, is

significantly lower after administering Covid‐19 vaccines than the

disease itself, the benefits of vaccination outweigh its risks for all

genders and age groups. Hence, all stakeholders, medical pro-

fessionals and governments should encourage people to receive the

Covid‐19 vaccine.
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