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Abstract

IntRoductIon

Since the first identified cluster of severe acute respiratory 
syndrome coronavirus 2 (SARS‑CoV‑2) in Wuhan, China in 
December 2019, the COVID‑19 pandemic has evolved rapidly, 
overwhelming health care systems around the world.[1] As of 
August 13, 2021, more than 205,338,159 confirmed cases 
and 4,333,094 deaths have been documented globally.[2] To 
gauge the magnitude, the number of deaths from COVID‑19 
has already exceeded the number of people who succumbed 
to influenza in the century since the last pandemic.[3]

The cost to life and socioeconomic burden caused by the 
COVID‑19 pandemic necessitated an unprecedented speed in 
the development and delivery of vaccines.

The effort started with over 200 candidate vaccines, of which 
18 entered into a human clinical trial for testing their efficacy 
and safety. Several multinational pharmaceutical companies 
sought partners in India for ramping up the production of 
vaccines (AstraZeneca partnered with Serum Institute of India, 
whereas Johnson and Johnson engaged Biological E India).[4]

In India, three approved vaccines – COVISHIELD, 
COVAXIN, and SPUTNIK V are being administered to 
the general public.[5] COVISHIELD is a recombinant, 
replication‑deficient chimpanzee adenovirus vector‑based 

vaccine, encoding the SARS‑CoV‑2 Spike (S) glycoprotein. It 
has been developed by the Oxford‑AstraZeneca and is being 
manufactured locally by the Serum Institute of India (SII).[6] 
COVAXIN, an inactivated whole‑virion vaccine, is India’s 
indigenous COVID‑19 vaccine developed by Bharat 
Biotech, the Indian Council of Medical Research (ICMR), 
and the National Institute of Virology (NIV).[7] Russian 
Direct Investment Fund (RDIF) collaborated with 
Dr. Reddy’s Laboratories and launched SPUTNIK V, also 
an adenoviral‑vector‑based vaccine in major cities in India 
in May 2021.[8] Many other candidate vaccines are in various 
stages of trials in India.

The COVID‑19 pandemic evolved rapidly, overwhelming health care systems around the world. The cost to life and socioeconomic burden 
prompted a search for new treatments and vaccines. Several collaborations developed and could deliver state‑of‑the‑art vaccines with acceptable 
efficacy and safety in record time. Recently, vaccination with Oxford‑AstraZeneca and Johnson and Johnson vaccines was halted due to the 
reported adverse effects of vaccine‑induced immune thrombotic thrombocytopenia (VITT) and cerebral venous sinus thrombosis (CVST). 
Although a detailed risk‑benefit analysis led to their reinstitution, physicians across the world are still trying to understand the pathophysiology 
and mechanisms of these neurological adverse effects in order to better identify, diagnose, and treat them. One of the mechanisms that have 
been implicated is related to the adenovirus‑based vector of these vaccines. COVISHIELD, which is the most widely administered vaccine in 
India, also shares the same vector. As India enters the next phase of vaccine distribution for younger adults, there are chances that such adverse 
effects may emerge. In this review, we analyze the temporary suspension of the administration of the vaccines due to VITT/CVST, summarize 
the existing guidelines about diagnosis and treatment of these neurological disorders as well as the need for increasing pharmacovigilance 
and awareness among physicians. Screening for potential risk factors, avoiding aggravating factors like dehydration, and providing choices 
in vaccinating the high‑risk populations could help in avoiding these rare but potentially fatal adverse outcome.
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Although mass vaccination is believed to mitigate COVID‑19 
outbreaks by decreasing infection rate, adverse outcomes, 
hospitalizations to intensive care units (ICU), and deaths,[9] 
monitoring for postvaccination adverse events is important 
for evaluating the balance between risks and benefits for each 
authorized vaccine. Of particular concern is the rare occurrence 
of serious adverse events, especially vaccine‑induced 
immune thrombotic thrombocytopenia (VITT) and cerebral 
venous sinus thrombosis (CVST). This review highlights the 
significance of these adverse events with respect to vaccination 
strategies in India and suggests recommendations to overcome 
them.

VItt and cVst

CVST and thrombocytopenia together are called 
thrombosis‑thrombocytopenia syndrome (TTS). TTS associated 
with COVID‑19 vaccination has been termed vaccine‑induced 
immune thrombotic thrombocytopenia (VITT).[10] The 
case‑finding definition according to the Brighton Collaboration 
draft for thrombosis with thrombocytopenia syndrome (TTS) 
is a platelet count <150 × 109/L.

Two vaccines that have been associated with TTS include the 
Oxford‑AstraZeneca [AZ] Vaxzevria (ChAdOx nCoV‑19) and 
Johnson and Johnson [JJ] vaccines (AD26.COV2·S).[11] The 
Center for Disease Control and Prevention (CDC) and Food 
and Drug Administration (FDA), investigated 15 reported cases 
of TTS in the United States (US) in patients who had received 
the JJ COVID‑19 vaccine, whereas the European Medicines 
Agency’s (EMA) investigation reported 169 cases of CVST 
among adults who had received the AZ vaccine in the European 
Union. These investigations led to the temporary suspension 
of vaccination with AZ vaccine in many European countries 
and the JJ vaccine in the US. This is important to note that 
both are adenoviral‑vector‑based vaccines.[12]

COVISHIELD, the Indian form of the AZ vaccine is, so far, the 
most frequently used vaccine in India, with 468,183,309 doses 
administered as of August 13, 2021.[13] Despite its extensive 
use, CVST incidents have not been reported in India thus 
far. However, according to the estimates made by the EMA, 
India should have had 320 cases for every 80 million doses 
administered.[14]

In the initial case series of 39 patients who developed VITT 
after the AZ vaccine, symptoms developed between 5–24 days 
after the vaccination, over 80% of the patients were women, 
and most were <55 years old. The patients were healthy or 
otherwise medically stable at the time of the vaccination 
and only a few had prior thrombotic events or risk factors 
for thrombosis. Importantly, the mortality rates for TTS 
were approximately 40%.[15] Similarly, for TTS, all patients 
in the initial series were white women aged 18–59 years 
and developed symptoms within a median of 8 days (range: 
6–15 days).[12] In addition to CVST, seven patients suffered 
from intracerebral hemorrhage and eight had non‑CVST 
thromboses. Platelet nadirs ranged from 19 × 103/µL to 

127 × 103/µ, and D‑dimer or fibrinogen values were abnormal 
in all patients. Due to the possible causal association, CDC 
updated its interim clinical considerations for use of authorized 
COVID‑19 vaccines to indicate that women aged 18 to 49 years 
should be aware of the increased risk of TTS after receipt of 
the JJ vaccine.[12]

Published estimates of the incidence of VITT range from 
1 case per 26,000 to 1 case per 127,000 doses of AZ vaccine 
administration.[16] The mortality due to TTS following AZ 
vaccination was 50% in Europe and 25% in US patients.[12] 
Importantly, these mortality rates are much higher as compared 
to the baseline CVST mortality rate of 4.4%.[17]

Course of action by national authorities
As of April 2021, 169 cases of CVST associated with TTS 
were reported amongst the recipients of approximately 34 
million AZ vaccines in the European Union, whereas the US 
regulatory agencies reported 15 cases of TTS from about 
7 million JJ vaccinees. Although the causal relationship 
between these vaccines and TTS was labeled as plausible,[12] 
both CDC and EMA clearly stated that the overall benefits of 
the implicated vaccines outweigh the risks. Consequently, on 
April 23, 2021, the Advisory Committee on Immunization 
Practices recommended continued use of both vaccines for 
those aged ≥18 years.[18] Published reports of cerebral venous 
thrombosis in association with VITT are shown in Table 1.

Currently, Norway and Denmark have suspended using the 
AZ vaccine, whereas Iceland and Germany have limited its 
use to people older than 60 years. The UK states that “it 
is preferable for adults aged <30 years without underlying 
health conditions to be offered an alternative nonadenoviral 
vector‑based COVID‑19 vaccine, if available.” Canada is 
offering the AZ vaccine to all adults, with additional warnings 
on the vaccine label. Similarly, the US has permitted the use 
of the JJ vaccine in all adults with information on the risk 
of TTS added to educational materials.[24]

Table 1: Current published reports of cerebral venous 
thrombosis in association with vaccine‑induced 
thrombosis‑thrombocytopenia

Vaccine AstraZeneca Janssen COVISHIELD
Reported 
CVST cases

413[15,19‑21] 13[20] 1[22]

Confirmed 
CVST cases

227[15,19‑21] 13[20] NA

Age 21‑77[23] 18‑59[23] 36[22]

Symptoms Headache, visual 
disturbance, leg/
arm weakness[23]

Headache, 
lethargy, fever, 
pain, limb 
weakness.[23]

NA

Days from 
vaccination

5‑24 days 6‑15 days (median 
8 days)

NA

Platelet 
factor 
4‑heparin 
assay

Positive[23] Positive[23] NA
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The adverse effect of concern
CVST most commonly affects young adults (mean age 
35–40 years), predominantly women of childbearing age. 
Over 80% of patients with CVST have at least one identifiable 
risk factor for thrombosis such as an inherited coagulopathy, 
an antecedent history of trauma, cancer, or hormonal 
contraception.[25] Thrombocytopenia is an uncommon primary 
cause of CVST. Before the COVID‑19 pandemic, registries 
showed a low prevalence and magnitude of the association 
between thrombocytopenia and CVST.[26] In addition to rare 
thromboses, TTS associated with COVID‑19 vaccination 
currently includes more common thromboses, such as deep 
vein thrombosis, pulmonary thromboembolism, ischemic 
stroke, and myocardial infarction.[27] Both thrombocytopenia 
and CVST have been reported in patients with COVID‑19, and 
prothrombotic events are a recognized complication.[28] Studies 
found that the risk of CVST due to infection with COVID‑19 
is 8–10 times higher than the risk of CVST after receiving a 
COVID‑19 vaccine.[29]

CVST should be considered in young patients with unusual 
headaches or with stroke‑like symptoms in the absence of 
typical cardiovascular risk factors. In cases of suspected 
CVST, either magnetic resonance imaging (MRI) or 
computerized tomography (CT) with a venogram can 
accurately detect CVST. VITT is more likely if symptoms 
start within the 4 to 28 days after vaccination.[26] Blood tests 
should include a complete blood count with platelet count and 
peripheral smear, a prothrombin time, partial thromboplastin 
time, fibrinogen, D‑dimer, and platelet factor 4 (PF4) 
antibody by enzyme‑linked immunosorbent assay (ELISA). 
Thrombocytopenia with an elevated D‑dimer, a normal blood 
film (apart from thrombocytopenia), and confirmation of a 
blood clot or intracranial hemorrhage on diagnostic imaging 
make the diagnosis of VITT presumptive. This is summarized 
in Figure 1.[16] The International Society on Thrombosis and 
Hemostasis (ISTH) guidelines indicate that markedly elevated 
D‑dimer levels of greater than four times the control value for 
venous thromboembolism are highly suggestive of VITT and 
should be treated accordingly.[30]

Although the pathogenesis of VITT is not entirely clear, 
high levels of antibodies to PF4‑polyanion complexes 
have been identified, a mechanism similar to autoimmune 
heparin‑induced thrombocytopenia (HIT). However, the 
distribution of thrombi in patients with HIT differs from 
that in patients with VITT, where thrombosis occurs in an 
atypical location such as the cerebral veins, mesenteric veins, 
hepatic, portal, or splanchnic veins. COVID‑19 vector‑based 
vaccines likely induce the formation of antibodies against 
platelet antigens as part of the inflammatory reaction and 
immune stimulation. These antibodies subsequently cause 
massive platelet activation via the Fc receptor.[15] Alternate 
mechanisms for VITT/TTS associated with adenoviral vector 
vaccines may be due to the binding of adenoviral particles to 
circulating platelets causing their activation and aggregation 
with subsequent release of PF4. As TTS is also seen in patients 

with COVID‑19 infection, the potential cross‑reactivity of 
the anti‑SARS‑CoV‑2 spike protein antibodies with PF4 
might play an important role. However, the absence of PF4/
heparin‑specific antibodies in confirmed COVID‑19 patients 
suggests a different mechanism.[23]

With the exception of hematologic findings (thrombocytopenia, 
extracranial thrombosis), the clinical presentation of the 
patients with TTS following COVID‑19 vaccination is 
similar to typical CVST patients. Traditionally, unfractionated 
Heparin and Low‑molecular‑weight Heparins (LMWH) are 
the preferred initial anticoagulants of choice in CVST.[31] 
However, due to some differences with HIT, their use in 
CVST following COVID‑19 vaccination is not recommended. 
Accordingly, the current treatment recommendations state that 
patients with suspected CVST due to a COVID‑19 vaccine 
should be treated with nonheparin anticoagulants such as 
argatroban, bivalirudin, danaparoid, fondaparinux, or a direct 
oral anticoagulant (DOAC). Heparin infusions and platelet 
transfusions are discouraged until HIT testing is negative. 
Intravenous immunoglobulins (IVIG) at a dose of 1 g/kg 
body‑weight daily for 2 days have been recommended after 
laboratory testing for PF4 antibodies has been sent, to dampen 
prothrombotic response and improve platelet count. Once the 
platelet counts normalize, DOAC or vitamin K antagonists 
may be used.[16,26]

In regions where there is no access to IVIG, systemic 
corticosteroid use can be considered.[32,33] Patients unsuitable 
or progressing despite anticoagulation should be considered 
for direct endovascular treatment. In severe cases, 
progression of brain edema and/or hemorrhage can be rapid, 
and an early neurosurgical consult should be sought.[19] 
The management and treatment guidelines for CVST in the 
context of VITT has been summarized in the flowchart in 
Figure 2.[19]

Figure 1: Flow chart for early recognition of symptoms of VITT and TTS
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The context of India
With respect to India’s COVID‑19 vaccination initiative, 
Bruce Y Lee (CUNY Graduate School of Public Health and 
Health Policy, NY, USA) told The Lancet Infectious Diseases 
that “India has the world’s second‑largest population and over 
one‑seventh of all the people in the world. Therefore, getting 
high coverage of India’s population with the COVID‑19 
vaccine will be important in controlling the global spread 
of SARS‑CoV‑2.” According to Brian Wahl (Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MA, USA), 
India’s strong domestic vaccine sector has enabled the country 
to launch one of the largest and fastest COVID‑19 vaccination 
campaigns in the world.[34]

India began the administration of COVID‑19 vaccines on 
16 January 2021. As of August 13, 2021, India has administered 
539,025,361 doses overall, COVISHIELD being the most 
widely used vaccine constituting 87% of the total doses. The 
government aims to vaccinate all eligible Indians by the end 
of this year, but the drive has been hobbled by the slow pace, 
shortage of doses, and vaccine hesitancy. Therefore, only 
8.65% of the people have been fully vaccinated so far, whereas 
30.2% have received the first dose.[13,35]

There has been only one suspected report of VITT from 
India, out of a total of 304.5 million doses of COVISHIELD 
vaccine administered, whereas the Adverse Events Following 
Immunization (AEFI) report dated March 17, 2021 lists 
only three deaths with a possible temporal relationship to 
vaccine administration. One of these patients developed 
cerebrovascular accident and thrombocytopenia which is 

highly suspicious for VITT. However, the evidence for a 
confident classification as a vaccine‑related event was very 
weak. While two deaths were deemed coincidental, one death 
was unclassified, and one was labeled due to anaphylaxis.[36] 
However, these numbers are far from the estimate by EMA. 
Whether, this can be attributed to misdiagnosis, failure of 
reporting, or documentation errors remains debatable.[22]

AEFI surveillance program is an integral part of the routine 
immunization program in India to monitor vaccine safety 
during the postlicensure phase. National AEFI surveillance 
relies on passive surveillance and reporting by the public 
as well as private health functionaries and practitioners. 
According to the current guidelines, serious unexplained AEFI 
which occur within 30 days after vaccination and are not listed 
on the product label are to be immediately reported for further 
investigation (within 48 h) and also in the weekly reporting 
form. They are assessed for a causal association with the 
vaccine or vaccination process according to a predefined WHO 
algorithm and protocol. Multidisciplinary AEFI committees 
have been set up at national, state, and district levels which 
provide technical support to the program at various levels for 
investigating, causality assessment, and guidance for follow‑up 
actions needed for serious, severe, and other AEFIs to boost 
community confidence in vaccines.[37]

Currently, it is believed that AEFI system may be under‑reporting 
as the current AEFI reporting rate for COVID vaccines is only 
0.008%.[13] One reason behind this belief is derived from the 
data from Global Vaccine Action Plan (GVAP), according 
to which country is expected to report at least 10 AEFIs for 
every 100,000 live births (estimated to be approximately 2600 
for India) against the current number of approximately 1100 
serious AEFIs annually.[37]

Immediate response and appropriate medical management 
of serious AEFI cases is an integral part of the surveillance, 
especially in cases of serious events like CVST or TTS. Hence, 
younger recipients of the COVISHIELD vaccine should be 
instructed to report back immediately if they develop de novo 
headache, fever, or any other unusual clinical features. At 
the same time, clinicians should have high vigilance and a 
low threshold for investigating TTS and CVST in recently 
symptomatic individuals.

Until recently, the phased vaccination drive was biased towards 
achieving high vaccination rates for the elderly and vulnerable 
individuals. With India’s expansion of the vaccination drive 
towards the younger population, particularly at higher risk 
for CVST and TTS, we may expect increasing reports in the 
near future. A preliminary screening to assess the causal or 
demographic relationship, if any, with the CVST/VITT episodes 
can be of benefit. This may include gathering information 
about the history of thrombophilia conditions among vaccine 
recipients and their families (like protein S, protein C, or 
antithrombin III deficiency, hyperhomocysteinemia), history 
of smoking, medications like oral contraceptive pills or 
hormone replacement therapies, recent trauma, surgical or Figure 2: Management approach for VITT
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emergency procedures, generalized or localized infections, 
and neoplasms.[38] Of particular concern, would be the risk of 
dehydration (an important risk factor for CVST), especially 
in view of the vaccine rollout phase commencing during the 
peak of the summer season.[39] Another important factor is the 
dietary preference as the majority of the Indian population is 
vegetarian and the resultant high prevalence (about 47%) of 
vitamin B‑12 deficiency and acquired hyperhomocysteinemia, 
which are known risk factors for venous thrombosis.[40] 
Thus, the at‑risk population can be highlighted by screening 
and offering them an option to take vaccines other than 
COVISHIELD.

In a developing country like India, with limited access 
to health care system for the majority of the population, 
identification and reporting of the symptoms (especially 
when mild) of VITT by the general population are expected 
to be poor. This may be further exaggerated by the lack of 
availability and affordability for diagnostic tests.[41] Thus, the 
epidemiologic information to calculate an accurate estimate 
of the incidence of the VITT syndrome and full spectrum of 
thrombotic complications would be difficult. However, steps 
towards improving our understanding of VITT, accelerated 
efforts to broaden the diversity of the available vaccines, 
increasing their production and supply to remote areas of 
the nation would play a more constructive role in taming the 
current pandemic.

Each 1‑month delay in vaccination kills hundreds of thousands 
of people, reduces global gross domestic product by hundreds 
of billions of dollars, and generates large and cumulative 
losses to human capital by harming education and health.[4] 
Thus, enhanced vaccination efforts can be used as a tool for 
promoting health equity and restoring the confidence of people 
in the vaccination drive. This will prevent an unprecedented 
medical crisis as observed during the 2nd wave of COVID‑19 in 
India. It is of utmost importance that the national vaccination 
effort continues at full swing while adapting to the emerging 
evidence about the adverse effects.

conclusIons

There is a rapidly growing awareness of the urgency to 
better characterize the newly described TTS and VITT after 
the administration of viral vector‑based vaccines against 
COVID‑19. With increasing vaccination numbers as well as 
vaccine rollout for the younger population, there is a need for 
strengthening AEFI reporting and vigilance, both on the part 
of clinicians and vaccine recipients. Screening for potential 
risk factors and avoiding adenoviral vector‑based vaccines 
may be an alternative strategy, at least for the time‑being, 
to avoid an unprecedented medical crisis. While all efforts 
should be made towards achieving the target of vaccinating the 
entire population as quickly as possible, risk‑benefit analysis 
should be done periodically on the basis of emerging reports, 
both internationally and locally to modify the vaccination 
strategy, if needed.
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