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Dear Sirs,

Recently, numerous studies have alerted to the rare but clini-
cally significant adverse events of some of the COVID-19
including cerebral venous sinus thrombosis (CVST) with the
ChAdOx1/nCoV-19 (AstraZeneca) vaccine [1, 2].

Information on the safety of other clinically important
neurological adverse events, especially potential differ-
ences between the most widely used vaccines such as the
BNT162b2 (Pfizer-BioNTech), the mRNA-1273, (Moderna)
and AstraZeneca vaccines, is scant.

We undertook a disproportionality analysis (DA) [3],
a signal detection technique used by the Food and Drug
Administration (FDA) to identify harmful adverse drug reac-
tion profiles of different drugs [3]. DA compares the reported
ADR of interest with the drug or vaccine under question to
the identical outcomes with all other drugs without including
the outcome for the drug in question. For signal quantifica-
tion, one can compute a reported measure of effect, such as
the reported odds ratio (ROR) [3]. We utilized VigiBase,
which is the World Health Organization (WHO) database
that reports potential adverse events of drugs worldwide. We
sought to specifically quantify the reported events for cer-
ebral venous sinus thrombosis (CVST) [1], ischemic stroke
[4], Guillain—Barré syndrome [5], hemorrhagic stroke,
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and transient ischemic attack (TIA) for three widely used
COVID-19 vaccines including the AstraZeneca, Moderna,
and Pfizer-BioNTech vaccines. We also computed RORs for
the influenza vaccine utilized as a control vaccine.

All RORs are presented in Table 1. All four vaccines
showed a signal for GBS with the AstraZeneca being the
highest of the COVID-19 vaccines (ROR=2.74, 95% CI:
2.49-3.02) (Table 1). All three COVID-19 vaccines showed
a signal for CVST and ischemic stroke. As expected, the
AstraZeneca vaccine had the highest ROR for CVST
(ROR =15.43,95% CI: 13.73-17.34) (Table 1). The Pfizer-
BioNTech (ROR =4.40, 95% CI: 3.56-5.44) and Moderna
(ROR =2.67, 95% CI: 1.77-4.03) vaccines also showed
an increase in reporting for CVST (Table 1). The Pfizer-
BioNTech vaccine had the highest ROR for ischemic stroke
(ROR=2.73, 95% CI: 2.48-3.01) and the AstraZeneca
(ROR =1.38, 95% CI: 1.27-1.50) and Pfizer-BioNTech
(ROR =1.24, 1.13-1.36) vaccines both showed a signal for
TIA (Table 1). The influenza vaccine was not associated
with a higher rate of reporting for CVST, ischemic stroke,
or TTIAs (Table 1). No vaccine showed an increase in the
reporting of hemorrhagic stroke (Table 1).

Our study demonstrates a high signal for CVST for the
AstraZeneca vaccine as suggested by other studies [1]. We
also found signals for CVST with the two mRNA vaccines,
Pfizer-BioNTech and Moderna. The signal for ischemic
stroke was also increased for all COVID-19 vaccines but
not with the influenza vaccine, with the highest risk being
with the Pfizer-BioNTech vaccine. Studies have shown that
components of adenovirus-based vaccines, such as the ade-
novirus proteins, cause widespread platelet activation which
can lead to thormbosis [6]. It is possible that mRNA vac-
cines cause a similar activation of platelets in the body, but
to a lesser extent than adenovirus-based vaccines and throm-
botic events may be specific to both mRNA and adenovirus-
based COVID-19 vaccines. Only the Pfizer-BioNTech and
AstraZeneca vaccines showed an increase in the reporting
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Table 1 Reported odds ratios and 95% confidence intervals of neurological adverse events with the Influenza, AstraZeneca, Moderna, and

Pfizer-BioNTech vaccines

Adverse event Influenza AstraZeneca Moderna Pfizer-BioNTech
Cerebral venous sinus thrombosis 21/263,796 351/393,877 23/149,016 91/357,991
5(0.06, 0.01-0.46) (15.43, 13.73-17.34) (2.67,1.77-4.03) (4.40, 3.56-5.44)
Guillain—Barre syndrome 3618/263,796 428/393,877 103/149,016 217/357,991
(53.96, 51.80-56.21) (2.74, 2.49-3.02) (1.74, 1.43-2.12) (1.53, 1.34-1.75)
Hemorrhagic stroke 10/263,796 58/393,877 30/149,016 82/357,991
(0.14, 0.07-0.25) (0.53, 0.41-0.69) (0.72, 0.50-1.04) (0.82, 0.66-1.02)
Ischemic stroke 27/263,796 358/393,877 99/149,016 417/357,991
(0.24, 0.16-0.35) (2.13,1.92-2.37) (1.56, 1.28-1.90) (2.73, 2.48-3.01)
Transient ischemic attack 80/263,796 552/393,877 150/149,016 452/357,991

(0.30, 0.24-0.37)

(138, 1.27-1.50)

(0.99, 0.84-1.16)

(1.24, 1.13-1.36)

Bold values indicate significant signals

*Reported number of the ocular events for that vaccine/number of total reported events for that vaccine

®0dds ratio, 95% confidence interval

of TIA and none of the vaccines showed an increased risk
with hemorrhagic stroke.

GBS also showed a higher reporting rate across all vac-
cines which has been confirmed by other studies [7]. Given
that all four vaccines in question in our study had a sig-
nificantly elevated risk of GBS, it is possible that vaccine-
induced GBS may be due to complex immune-mediated
reactions that occur and may not be specific to the COVID-
19 vaccines per se.

Other studies have also examined adverse drug reactions
secondary to COVID-19 vaccines. A meta-analysis of three
clinical trials (two MRNA vaccines and one adenovirus)
involving approximately 45,000 subjects examined adverse
reactions related to the COVID-19 vaccines [8]. However,
given the relatively short follow-up, the study could only
examine acute adverse reactions such as fever, headache and
fatigue [8]. Another study by Barda et al. used data from a
large healthcare database from Israel and 884,828 subjects.
This study did not find an increase in the risk of cerebrovas-
cular accidents. However, the study participants were young
adults possibly with a lower baseline risk of stroke (with an
average age of 38) and older adults in long-term facilities as
well as health care workers were excluded [9].

Our study has strengths and limitations. This is the first
study that has quantified reported neurologic adverse events
with three most utilized COVID-19 vaccines and use of the
influenza vaccine as a control. The use of the influenza vac-
cine as a control enabled us to better understand whether
the adverse events are specific to the COVID-19 vaccines.
Two limitations of our study are that (1) DA does not allow
for a causal assessment, such that a signal does not nec-
essarily mean that the exposure and outcomes are related,
and (2) all DAs are subject to reporting bias. However, it is
unknown as to whether the reporting of these ADRs with
the three vaccines is different. Due to the limitations of DA,
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the hypothesis generated from this study must be validated
in large epidemiologic studies.

This study found a safety signal with several neurologic
ADRs including CVST, GBS, and ischemic stroke not only
with the AstraZeneca vaccine but also with Pfizer and Mod-
erna vaccines. Given the absence of well-designed compara-
tive safety studies on the neurologic adverse events of all
three vaccines, this study can shed light on the dispropor-
tionate number of reports for important neurological adverse
event with the three most used COVID-19 vaccines. Future
epidemiologic studies are needed to validate these findings.
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