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OBJECTIVES: Vaccine-induced immune thrombotic thrombocytopenia is an 
unexpected consequence of the coronavirus disease 2019 pandemic era. We 
reviewed the pathogenesis, clinical presentation, diagnosis, and treatment of this 
rare side effect.

DATA SOURCES: Online search of published medical literature through PubMed, 
Scopus, Web of Science, and Google Scholar using the terms “COVID-19,” “vac-
cine,” “thrombosis” was performed.

STUDY SELECTION: Articles were chosen for inclusion based on their rele-
vance to coronavirus disease 2019, vaccine, and thrombosis.

DATA SYNTHESIS: Vaccine-induced immune thrombotic thrombocytopenia 
manifests most often as unusual thromboses (cerebral venous sinus thrombosis, 
splanchnic vein thrombosis) but sometimes also “usual” thromboses (arterial 
stroke, pulmonary embolism, deep-vein thrombosis), with oftentimes severe throm-
bocytopenia, that becomes clinically evident 5–30 days after adenovirus-vectored 
coronavirus disease 2019 vaccine administration. Most patients have dissemi-
nated intravascular coagulation. These features are the result of vaccine-triggered 
formation of anti-platelet factor 4 immunoglobulin G that activate platelets, clini-
cally mimicking autoimmune heparin-induced thrombocytopenia. Early recognition 
based on thrombosis (sometimes, hemorrhage), thrombocytopenia, and d-dimer 
elevation within the day 5–30 postvaccine “window” is important given treatment 
with high-dose IV immunoglobulin plus nonheparin anticoagulation.

CONCLUSIONS: Vaccine-induced immune thrombotic thrombocytopenia is a 
serious complication of vaccination that is not feasible to anticipate or prevent. 
When the patient presents with sustained headache, neurologic symptoms/signs, 
abdominal pain, dyspnea, or limb pain/swelling beginning 5–30 days post vacci-
nation, platelet count and d-dimer must be measured, and imaging for thrombosis 
performed. Confirmation of vaccine-induced immune thrombotic thrombocyto-
penia diagnosis should be ordered (platelet factor 4/polyanion enzyme-linked 
immunosorbent assay; platelet factor 4–enhanced platelet activation testing) as 
treatment is initiated (nonheparin anticoagulation, IV immunoglobulin).

KEY WORDS: autoimmune heparin-induced thrombocytopenia; coronavirus 
disease 2019; disseminated intravascular coagulation; thrombosis; vaccine

On March 19, 2021, the World Health Organization released a state-
ment on the risk of thrombotic events that can occur after vaccina-
tion with the AstraZeneca coronavirus disease 2019 (COVID-19) 

vaccine (ChAdOx1 nCoV-19). According to the statement, “the available data 
do not suggest any overall increase in clotting conditions such as deep venous 
thrombosis or pulmonary embolism following administration of COVID-19 
vaccines;” they concluded, “the AZ COVID-19 vaccine continues to have a 
positive benefit-risk profile, with tremendous potential to prevent infections 
and reduce deaths across the world.” However, they also stated: “very rare and 
unique thromboembolic events in combination with thrombocytopenia, such 
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as cerebral venous sinus thrombosis (CVST), have also 
been reported following vaccination in Europe” (1). 
Thereafter, infrequent reports of multiple thrombo-
ses in unusual sites, bleeding, thrombocytopenia, and 
laboratory findings recognized in healthy individuals 
shortly after receiving the vaccine began to emerge 
(2). Since the onset of these thromboses was typically 
1–2 weeks after the vaccination, and almost all were 
accompanied by thrombocytopenia, the involvement 
of vaccine-induced autoimmune responses resem-
bling heparin-induced thrombocytopenia (HIT) was 
investigated. On April 13, 2021, the Centers for the 
Disease Control and Prevention and Food and Drug 
Administration in the United States recommended 
pausing the administration of Johnson & Johnson 
(J&J)/Janssen COVID-19 vaccine (Ad26.COV2.S) be-
cause of a similar side effect profile in a small number 
of patients (3, 4). On April 9, 2021, the first two arti-
cles (5, 6) regarding vaccine-induced immune throm-
botic thrombocytopenia (VITT) were released, which 
provided a detailed explanation of this potentially life-
threatening side effect of vaccination. A week later, a 
larger case-series was published (7). The United States 
subsequently lifted the pause, and so both vaccines 
implicated in VITT—ChAdOx1 nCoV-19 and Ad26.
COV2.S—continue to be administered worldwide; 
thus, clinicians need to be able to recognize this rare 
but severe prothrombotic complication aware of these 
adenoviral vector vaccines. In this review, we discuss 
the pathogenesis and clinical evaluation of suspected 
VITT.

LITERATURE SEARCH

We reviewed related articles to the VITT in PubMed, 
Scopus, Web of Science, and Google Scholar. Two 
authors independently searched the articles using fol-
lowing subject headings: “COVID-19,” “vaccine,” and 
“thrombosis.” We also checked the related articles, 
press releases, announcements, and home pages of the 
medical societies on the websites. The search strategies 
were modified for each electronic database using data-
base-specific search terms, field names, and syntax. 
We identified eight relevant articles published between 
March 2020 and April 20, 2021 (Table 1). In addition, 
relevant literature regarding “heparin-induced throm-
bocytopenia,” “cerebral vein,” “thrombus,” and “antico-
agulants” were identified in the electronic resources. 

The authors reviewed the 24 relevant references 
identified.

Epidemiology and Clinical Features

According to the European Medicines Agency (EMA), 
30 cases of thromboembolic events had been reported 
by March 10, 2021, among the approximately 5 mil-
lion recipients of the AstraZeneca COVID-19 vaccine 
in Europe (12). The EMA subsequently stated that 
“The number of thromboembolic events in vaccinated 
people is no higher than the number seen in the general 
population” (13). Østergaard et al (14) analyzed the 
data from the epidemiologic view and reported that the 
number of thromboembolic events does not seem to 
be increased relative to the expected number estimated 
from occurrence rates before the introduction of the 
vaccination program. However, the onset of throm-
botic events with thrombocytopenia in several healthy 
people shortly after vaccination in unusual sites such as 
cerebral venous sinus and splanchnic veins indicated 
the possibility of a rare vaccine-induced prothrom-
botic disorder (15). As a result, Canada, Germany, and 
several European countries recommended against the 
use of the Oxford-AstraZeneca COVID-19 vaccine use 
in younger people. Following this announcement, the 
University of Oxford paused the dosing trial in chil-
dren and teenagers (16). Furthermore, a similar side 
effect was reported after the administration of J&J/
Janssen vaccine. As of April 12, 2021, more than 6.8 
million doses have been injected in the United States, 
and six CVST cases were seen in combination with 
thrombocytopenia. All the cases are female between 
the ages of 18 and 48 (3, 4, 8).

Initial reports indicated certain features of VITT, 
including female predominance, relatively young 
age, and unusual sites of thrombosis. In the report by 
Greinacher et al (5), 11 cases of VITT were reported, 
of which nine were women; the median age was 36 
years (range, 22–49 yr). Schultz et al (6) also re-
ported five VITT cases (four female) with ages rang-
ing from 32 to 54 years. At least 13 of the 16 patients 
reported in these two studies had CVST, and four 
patients had splanchnic vein thrombosis (indicat-
ing clotting of portal, mesenteric, splenic, or hepatic 
veins). However, the predominance of young women 
may have reflected the population of recipients of this 
particular vaccine in Germany and Austria, which 
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was mainly healthcare workers (predominantly 
young women). Indeed, in the subsequent report of 
VITT from the United Kingdom, where the vaccine 
was given more broadly in the population, only 14 
of 23 patients (60.9%) were females, and the me-
dian age was somewhat higher (46 yr; range, 21–77 
yr). Although CVST was most common (at least 
13/23 patients), and splanchnic vein thrombosis also 
observed (4/23), a more diverse spectrum of throm-
botic events was evident, including pulmonary em-
bolism (5/23), middle cerebral artery (MCA) stroke 
(2 cases), myocardial infarction (1 case), deep-vein 
thrombosis (3 cases, 1 upper limb and 2 lower limb), 
acute aortic thrombosis (1 case), and bilateral adrenal 
hemorrhage (1 case). One patient presented with 
“hemorrhagic symptoms only.” Remarkably, the two 
patients with MCA stroke were only 21 and 39 years 
old. Interestingly, if there is a true female predom-
inance in VITT, this could mirror that seen in HIT 
(approximately two-fold increase in females) (17).

Early Recognition of VITT

VITT presents in a characteristic time period between 
5 and 30 days post vaccination, usually with signs 
and symptoms indicating thrombosis. The name of 
the condition—VITT—provides a helpful mnemonic 
(VITT), as follows: 1) Vaccine, 2) “Interval” (5–30 d), 
3) Thrombosis, and 4) Thrombocytopenia. We rec-
ommend in addition coagulation screening (d-dimer, 
prothrombin test/international normalized ratio, ac-
tivated partial thromboplastin test, fibrinogen), as the 
combination of unexpected thrombocytopenia and 
elevated d-dimer (often with reduced fibrinogen) in 
an otherwise well individual who now has symptoms 
or signs of thrombosis 5 or more days post vaccina-
tion requires further urgent investigation (discussed 
subsequently). These additional coagulation tests are 
helpful to the diagnosis of VITT and necessary in dis-
tinguishing VITT from other entities. However, the 
cutoffs of each test remain to be elucidated.

TABLE 1. 
Case-Series and Case Reports of Vaccine-Induced Immune Thrombotic Thrombocytopenia

S. 
No. References

Date  
Published

No. of 
Cases 

(Female/
Male)

Site of  
Thrombus Key Findings

1 Muir et al (4) April 14, 2021 1 (1/0) Splanchnic vein The patient showed severe thrombocytopenia (13,000/
mm3) with schistocytes, low fibrinogenemia, and DIC.

2 Greinacher et al (5) April 9, 2021 11 (9/2) CVT: 9, splanchnic 
vein: 3, PE: 3, 
other: 4

Five cases had DIC and one presented fatal 
intracranial hemorrhage.

3 Schultz et al (6) April 9, 2021 5 (4/1) Cerebral vein: 4, 
splanchnic  
vein: 1

Four cases had major cerebral hemorrhage. Platelet 
counts increased in all cases despite of the treat-
ment with low-molecular-weight heparin.

4 Scully et al (7) April 16, 2021 23 (14/9) CVT: 13, PE: 4, 
splanchnic vein: 
2, etc.

Secondary cerebral hemorrhage was recognized in 
some cases after CVT. Two cases had ischemic 
stroke. Seven (30%) died.

5 Sadoff et al (8) April 16, 2021 1 (0/1) CVT Single case of CVT with thrombocytopenia occurred 
in a vaccine recipient during the clinical trial pro-
gram for the Ad26.COV2.S vaccine (of which 
〜50,000 received active vaccine).

6 Franchini et al (9) April 12, 2021 1 (0/1) CVT CVT with multiple parenchymal hemorrhage.

7 Mehta et al (10) April 20, 2021 2 (0/2) CVT Both two were males.

8 Thaler et al (11) April 20, 2021 1 (1/0) None Petechiae and hematomas were the only symptoms.

CVT = cerebral venous thrombosis, DIC = disseminated intravascular coagulation, PE = pulmonary embolism.
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A severe and persistent headache or abdominal pain 
are the most common symptoms, indicting potential 
CVST or splanchnic vein thrombosis, but abnormal 
neurologic symptoms/signs and fever can also occur. 
Dyspnea, tachypnea, and tachycardia can indicate pul-
monary embolism. Signs of limb ischemia or swelling, 
chest pain, or even cardiovascular collapse (massive 
pulmonary embolism, bilateral adrenal hemorrhagic 
necrosis) are reported. A patient with VITT presenting 
with sudden unexplained death post vaccination can be 
shown to have pathogenic antibodies using a postmortem 
blood sample (5). Depending on clinical suspicion, im-
aging studies are required to diagnose thrombosis (MRI 
venography, CT brain, CT angiography, etc.).

The standard HIT platelet factor 4 (PF4)–dependent 
enzyme-linked immunosorbent assays are usually 

strongly positive (optical density is generally > 2.0) 
(5–7); however, rapid HIT immunoassays (e.g., latex-
enhanced immunoassay, chemiluminescence immu-
noassay) are usually negative (4, 18). Platelet activation 
assays (performed using a variety of activation end-
points, including aggregation and serotonin release) 
show serum-/plasma-induced heparin-independent 
platelet aggregation (5–7, 18). Interestingly, standard 
washed platelet activation assays, usually performed 
using patient serum, are sometimes negative unless 
PF4 is supplemented (5, 18) (Table 2).

The optimal treatment of VITT is not established; 
however, anticoagulation using nonheparin agents, 
including direct thrombin inhibitors (argatroban, 
bivalirudin), indirect (antithrombin-dependent) Xa 
inhibitors (fondaparinux, danaparoid), or direct oral 

TABLE 2. 
Comparison of Heparin-Induced Thrombocytopenia and Vaccine-Induced Immune 
Thrombotic Thrombocytopenia

Variables HIT
Vaccine-Induced Immune  
Thrombotic Thrombocytopenia

Age Usually older Usually younger?

Sex Slight female predominance Female predominance?

Prevalence 0.2–3% after heparin use 1/20,000 to 1/100,000 post vaccination

Recognition after exposure 5 d to 2 wk 5 d to 4 wk

Site of thrombosis DVT/PE, arterial thrombosis Cerebral venous sinus, splanchnic vein, 
DVT/PE, arterial

Bleeding Usually none; if present, usually sec-
ondary to thrombosis (hemorrhagic 
infarction) or anticoagulation

Possible; usually secondary to 
thrombosis (e.g., cerebral venous 
sinus thrombosis)

HIT enzyme-linked immunosorbent assay Anti-PF4/polyanion IgG positive Anti-PF4/polyanionic IgG positive

HIT rapid screening assays (e.g., latex 
immunoassay, chemiluminescence 
immunoassay, particle gel immunoassay)

Usually positive Usually negative

Washed platelet activation assay Usually positive (heparin-dependent ± 
heparin-independent activation)

Often negative unless PF4 is 
supplemented

Platelet count Median, ~50,000/mm3 (usual range, 
10–150× ×103)

Median, ~20,000/mm3 (usual range, 
10–100× ×103)

Prothrombin test Normal/mildly prolonged Normal/mildly prolonged

d-dimer Greatly increased Greatly increased

Worsened by heparin administration? Sometimes Uncertain

DVT = deep-vein thrombosis, HIT = heparin-induced thrombocytopenia, IgG = immunoglobulin G, PE = pulmonary embolism, PF4 = platelet 
factor 4.
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anticoagulants (DOACs), is currently suggested pend-
ing ruling out heparin-dependent increase in platelet 
activation or emerging data indicating heparin safety 
and efficacy. Referral of patient serum/plasmas to ref-
erence laboratories is usually required to perform 
high-quality functional (platelet activation) assays. In 
addition, IV immunoglobulin (IVIG, 1.0 g/kg/d for 2 
consecutive days) therapy is recommended, as immu-
noglobulin inhibits VITT antibody-induced platelet 
activation and decreases hypercoagulability (18). IVIG 
is also known to be effective for treating autoimmune 

HIT (16). In the absence of IVIG, the severe platelet-
activating process can last for several weeks (the nat-
ural history of platelet count recovery in VITT remains 
unknown). Plasma exchange is a potential option to 
reduce antibody levels. Unless bleeding, platelet trans-
fusions and fibrinogen replacement should be consid-
ered relatively contraindicated.

The natural history of VITT is unknown, including 
the duration of thrombocytopenia and hypercoagu-
lability. Patients usually have severe thrombosis, so 
at least 3–6 months of anticoagulation will usually be 

required, at which time 
thrombocytopenia will 
likely have recovered (by 
analogy with the usual 
natural history of auto-
immune HIT) Also, by 
analogy with HIT com-
plicated by thrombosis, 
longer term anticoagula-
tion is usually managed 
with DOAC therapy after 
discharge from hospital.

PATHOPHYSIOLOGY
The most mysterious part 
of this new disease cate-
gory is its initial trigger and 
subsequent pathogenesis. 
Since both AstraZeneca 
and J&J/Janssen vaccines 
are adenovirus-vectored 
vaccines, a vector-specific 
mechanism is suggested. 
However, the adenovi-
rus-vectored vaccine has 
a long history of being 
used for making Ebola 
and AIDS vaccines, and 
the VITT-mimicking 
thrombosis-related side 
effect had not been re-
ported. The key finding to 
date is that patients have 
platelet-activating anti-
bodies that target PF4 even 
in the absence of heparin 
(5). This phenomenon of 

Figure 1. Pathogenesis of vaccine-induced immune thrombotic thrombocytopenia. Adenovirus, a 
vector of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein, infects 
dendritic cell/macrophage/monocyte and induces the production of an antispike protein antibody. 
Since adenovirus is a DNA virus, the vaccine contains viral DNA as well as human proteins. Platelet 
factor 4 (PF4) released from platelets binds to negatively charged substances such as DNA and 
heparan sulfate and forms PF4-polyanionic component. After binding, PF4 changes its structure 
and is recognized as an antigen. If high-affinity anti-PF4 platelet-activating antibodies are generated, 
these can bind to PF4 (potentially requiring platelet-associated polyanions), inducing platelet 
activation and aggregation, as is observed in heparin-induced thrombocytopenia (HIT). Furthermore, 
the antibodies stimulate tissue factor (TF) expression on monocytes and provoke inflammation. 
These reactions maximize coagulation and inflammation by increasing proinflammatory cytokine 
production, up-regulating TF expression, and releasing TF-bearing extracellular vesicles. As a result 
of the innate immune system activation, neutrophils eject neutrophil extracellular traps (NETs) that 
amplify the coagulation cascade and disrupt antithrombogenicity of the endothelium by damaging 
glycocalyx. The above HIT-mimicking reaction is suspected to be the fundamental mechanism of 
vaccine-induced thrombotic thrombocytopenia. Both activated coagulation and platelet aggregation 
may collaboratively accelerate the clot formation in the unusual sites. Fcγ receptor = receptor for Fc 
portion of immunoglobulin G, Xa = factor Xa.
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heparin-“independent” platelet-activating antibodies 
that target PF4 has been reported with “autoimmune 
HIT” (16), which refers to patients who have both 
heparin-dependent and heparin-independent platelet-
activating properties and which explains unusual fea-
tures of HIT, including onset after stopping heparin 
(delayed-onset HIT) (19), prolonged thrombocyto-
penia despite stopping heparin (persisting/refractory 
HIT) (20), and HIT that occurs only with heparin 
“flush” exposures (21). In addition, a rare disorder, 
called “spontaneous HIT,” also features heparin-inde-
pendent platelet-activating antibodies that target PF4 
(22). Some of these patients also present with CVST 
(23, 24). Presumably, both in autoimmune HIT as well 
as in VITT, the platelet-activating anti-PF4 antibodies 
interact with PF4 either in the absence of a polyanion 
or in association with platelet-associated polyanions, 
such as chondroitin sulfate or polyphosphates (16). It is 
currently hypothesized that one or more components 
within the vaccine is somehow triggering a strong anti-
PF4 immune response that helps to explain the broad 
similarities between VITT and these autoimmune HIT 
disorders. If indeed VITT parallels severe autoimmune 
HIT, it is expected that its pathogenesis will include 
(besides platelet activation) NETs release, monocyte, 
and endothelial activation (25). Figure 1 indicates 
potential features of VITT pathogenesis, based on ex-
isting information as well as expected parallels with se-
vere autoimmune HIT.

A striking unresolved question is why CVST is so 
common in VITT. CVST is rare, accounting for less 
than 1% of strokes (26). Non-VITT CVST is reported 
in the relatively younger patients, with 70% younger 
than 50 years old and more common in females (27). 
Further studies of VITT pathogenesis may help in a 
better understanding of CVST occurrence.

SUMMARY

VITT is a serious complication of vaccination which 
unfortunately cannot be anticipated or prevented. 
Clinicians need to have a high index of suspicion when 
patients develop any of a number of symptoms or signs 
(headache, neurologic, abdominal, chest, limb) within 
the day 5–30 window post vaccination. In this situa-
tion, check the platelet count and d-dimer. If thrombo-
cytopenia is recognized, and especially if the d-dimer 
is elevated, urgent further investigation is mandatory.
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