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The coronavirus disease 2019 (Covid-19) pan-

demic caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) stimulated 

the development of highly effective vaccines that 

were produced with unprecedented speed with 

the use of diverse technologies. No major safety 

warnings, other than rare cases of anaphylaxis, 

were reported in the initial trials, which involved 

tens of thousands of adults, and the risk of seri-

ous adverse effects has remained remarkably 

low after vaccination of more than 400 million 

people worldwide to date.1 It is not surprising, 

however, that new reports of adverse events have 

emerged as many additional people are vacci-

nated and follow-up is extended. For example, 

cases of immune thrombocytopenia and bleed-

ing without thrombosis that were induced or 

revealed after exposure to the messenger RNA 

(mRNA)–based vaccines produced by Moderna 

(mRNA-1273) and Pfizer–BioNTech (BNT162b2) 

have been reported.2

The Journal has now highlighted three inde-

pendent descriptions of 39 persons with a newly 

described syndrome characterized by thrombo-

sis and thrombocytopenia that developed 5 to 24 

days after initial vaccination with ChAdOx1 

nCoV-19 (AstraZeneca), a recombinant chimpan-

zee adenoviral vector encoding the spike protein 

of SARS-CoV-2.3-5 These persons were healthy or 

in medically stable condition, and very few were 

known to have had previous thrombosis or a 

preexisting prothrombotic condition. Most of 

the patients included in these reports were 

women younger than 50 years of age, some of 

whom were receiving estrogen-replacement ther-

apy or oral contraceptives. A remarkably high 

percentage of the patients had thromboses at 

unusual sites — specifically, cerebral venous 

sinus thrombosis or thrombosis in the portal, 

splanchnic, or hepatic veins. Other patients pre-

sented with deep venous thrombi, pulmonary 

emboli, or acute arterial thromboses. The me-

dian platelet counts at diagnosis were approxi-

mately 20,000 to 30,000 per cubic millimeter 

(range, approximately 10,000 to 110,000), but the 

rate of decline in platelet counts that preceded 

thrombosis is unknown. High levels of D-dimers 

and low levels of fibrinogen were common and 

suggest systemic activation of coagulation. Ap-

proximately 40% of the patients died, some from 

ischemic brain injury, superimposed hemor-

rhage, or both conditions, often after anticoagu-

lation.

This constellation of thrombosis and throm-

bocytopenia prompted consideration of heparin-

induced thrombocytopenia as the diagnosis. 

However, none of the patients had known expo-

sure to heparin before the onset of illness. Al-

though the pathogenesis of this syndrome of 

vaccine-induced immune thrombotic thrombo-

cytopenia (VITT) is not yet clear, certain find-

ings were consistent across the three studies. In 

almost every patient, high levels of antibodies to 

platelet factor 4 (PF4)–polyanion complexes were 

identified by enzyme-linked immunosorbent as-

say (ELISA), as well by assays based on platelet 

activation, which, when tested, was enhanced by 

addition of PF4. In contrast to heparin-induced 

thrombocytopenia, however, binding of anti-

body to PF4 occurred in the absence of heparin. 

This serologic pattern mirrors findings in pa-

tients with “atypical” or “autoimmune” heparin-

induced thrombocytopenia, in whom thrombi 

develop in the absence of known previous expo-

sure to heparin,6 but the distribution of thrombi 

in patients with that condition clearly differs 

from that in patients with VITT. On the basis of 

these reports, the diagnosis of VITT should be 

confirmed with an approved PF4 ELISA. Reliance 

cannot be placed on the rapid assays that are 

often used to detect heparin-induced thrombo-

cytopenia unless they have been validated to 

make or to rule out a diagnosis of VITT, given 

the potential differences in antigenic target or 

sensitivity.5

The limited information available relating to 

management suggests that intravenous immune 

globulin and high-dose glucocorticoids can im-
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prove the platelet count within days, which may 

limit the risk of hemorrhagic transformation, 

especially when anticoagulation is instituted. Im-

mune globulin impedes antibody-mediated plate-

let clearance and may down-regulate platelet 

activation by immune complexes by blocking 

platelet FcRγIIA receptors, as in heparin-induced 

thrombocytopenia.7 Although the condition in 

several patients apparently improved when they 

were given low-molecular-weight heparin, it seems 

prudent to choose from among the nonheparin 

antithrombotic agents that are used to treat 

heparin-induced thrombocytopenia while the risk 

of bleeding is being mitigated.8 We expect that 

the high mortality rate associated with VITT will 

decrease with earlier recognition and improved 

intervention.

No thrombotic signal was detected in clinical 

trials leading to the approval of the ChAdOx1 

nCoV-19 vaccine,9 which has now been adminis-

tered to 34 million people worldwide. The inci-

dence of VITT, as initially estimated, is perhaps 

1 case per 100,000 exposures. This should be 

considered in the context of the incidence of 

cerebral venous sinus thrombosis in the general 

population (estimated at 0.22 to 1.57 cases per 

100,000 per year). The initial focus of these re-

ports may reflect a propensity to study patients 

with severe thrombosis occurring in unusual 

locations, and a more complete picture of throm-

botic complications is likely to emerge over 

time. More information on potential risk factors 

other than young age and female sex is needed. 

Also needed are data on the prevalence and titer 

of anti-PF4–related antibodies in all vaccine re-

cipients, especially those who had thrombosis at 

sites other than those commonly reported to date 

among patients with VITT, in order to apply 

Bayesian analyses to estimate disease probability 

on the basis of both clinical features and anti-

body titer in optimized assays. This may be com-

plicated to achieve, because many cases of throm-

bosis that occur after vaccination are unlikely to 

be directly provoked by this exposure. Better 

understanding of how the vaccine induces these 

platelet-activating antibodies might also provide 

insight into the duration of antigen exposure and 

the risk of reoccurrence of thrombosis, which 

will inform the need for extended anticoagulation 

and might lead to improvements in vaccine design.

Additional cases have now been reported to 

the European Medicines Agency, including at 

least 169 possible cases of cerebral venous sinus 

thrombosis and 53 possible cases of splanchnic 

vein thrombosis among 34 million recipients of 

the ChAdOx1 nCoV-19 vaccine, 35 possible cases 

of central nervous system thrombosis among 54 

million recipients of the Pfizer–BioNTech mRNA 

vaccine, and 5 possible (but unvetted) cases of 

cerebral venous sinus thrombosis among 4 mil-

lion recipients of the Moderna mRNA vaccine. 

Six possible cases of cerebral venous sinus throm-

bosis  (with or without splanchnic vein thrombo-

sis) have been reported among the more than 

7 million recipients of the Johnson & Johnson/

Janssen Ad26.COV2.S adenoviral vector vaccine. 

It must be emphasized that not all of these case 

reports have been subject to rigorous central re-

view, nor have results of tests for anti-PF4 anti-

bodies been reported; however, these numbers 

may be underestimates, since reporting is volun-

tary. Nevertheless, they clearly indicate the need 

for maintaining a high level of concern when 

patients present with central nervous system or 

abdominal symptoms after receiving any SARS-

CoV-2 vaccine.

These new observations also raise important 

scientific questions with clinical implications. 

What component or components of the vaccine 

(adenoviral sequence, spike protein, or other 

component) elicit a new (or recall) response to a 

seemingly unrelated host protein, PF4? Why 

does the complication appear to be more preva-

lent after exposure to one particular adenoviral 

vector? What is the risk after revaccination? How 

do VITT antibodies compare with the anti-PF4–

related antibodies that are present after SARS-

CoV-2 infection, which have been described in 

patients who were suspected to have heparin-

induced thrombocytopenia?10-12 Is PF4 a bystander 

component within an immune complex that ac-

tivates platelets, or does it contribute directly to 

clot propagation? Does the atypical distribution 

of thrombi relate to antigen localization or vas-

cular response? Is thrombosis propagated along 

vascular and hematopoietic surfaces that release 

diverse anionic cofactors, as in heparin-induced 

thrombocytopenia? In one preliminary report, 

the investigators reported that antibodies to PF4 

do not cross-react with the spike protein.13 De-
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tailed study of anti-PF4 antibodies after natural 

infection and in recipients of each of the SARS-

CoV-2 vaccines may provide insight into the risk 

of VITT and into the pathophysiological mecha-

nisms underlying the condition.

A note of caution: although anti-PF4–poly-

anion antibodies are common — for example, 

they are detected in 25 to 50% of patients after 

cardiovascular surgery — heparin-induced throm-

bocytopenia is not, and only in rare cases does 

cerebral venous sinus thrombosis or thrombi in 

abdominal vessels develop in patients with hep-

arin-induced thrombocytopenia. This suggests 

that our understanding of the pathogenesis of 

VITT is incomplete, and the usefulness of mea-

suring pathogenic anti-PF4–related antibodies in 

all vaccine recipients has not been established. To 

close the loop, the next step should be a direct 

demonstration that the anti-PF4 antibodies de-

scribed here cause thrombosis and thrombocy-

topenia in an in vivo model.

The very low prevalence of this complication 

of vaccination, however severe, relative to the 

benefits of preventing Covid-19 (a condition 

with 1 to 2% mortality and potential long-term 

sequelae) must be emphasized. As of April 9, 

2021, at least five countries had instituted limi-

tations — primarily based on age — on which 

patients should receive the ChAdOx1 nCoV-19 

vaccine, and the Centers for Disease Control and 

Prevention and the Food and Drug Administra-

tion have put a temporary hold on administra-

tion of the Johnson & Johnson/Janssen vaccine. 

The questions of whether certain populations 

can be identified as more suitable candidates for 

one or another vaccine and who and how to 

monitor for this rare potential complication will 

require additional study.

Disclosure forms provided by the authors are available with 

the full text of this editorial at NEJM.org.
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