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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
triggered multinational collaborative research efforts
to develop effective vaccines against severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), its etio-
logical agent.' Due to the global burden of COVID-19,
several countries and regulatory agencies granted
emergency approval for their use with preliminary
data (e.g., a single randomized trial, preprint data, or
even data based on the preliminary results presented at
a press conference).!” Although efficacy can undoubt-
edly be assessed with a single randomized trial, serious
or unsolicited adverse events following immunization
(AEFI) cannot be thoroughly documented due to the
small number of patients included in these trials com-
pared to the number of persons who will be vaccinat-
ed.*® As the number of people needing vaccination
includes every human being on earth, postapproval
epidemiological surveillance remains critical to detect
potential AEFI. Health agencies constantly monitor
AEFI occurring among recipients of these novel vac-
cines to promptly identify events not detected during
clinical trials.” The General Board of Epidemiology,
part of the Mexican Health Ministry, monitors AEFI
among recipients of SARS-CoV-2 vaccines. During
the study period, seven vaccines (BNT162b2, mRNA-
1273, ChAdOx1 nCov-19, rAd26-rAd5, Ad5-nCoV,
Ad26.COV2-S, CoronaVac) were utilized after being
granted emergency approval by the Mexican Ministry
of Health.

Neurologic AEFI have been reported with most of
the available SARS-CoV-2 vaccines.”® Perhaps the most
representative example is cerebral venous sinus throm-
bosis due to vaccine-induced thrombotic thrombocytope-
nia among ChAdOx1 nCov-19 recipients, which caused
some countries to pause its use.” Our group previously
reported a low risk for serious neurologic AEFI among
recipients of six different vaccines.’®? Seizure reports
have been mostly anecdotal, and seizure risk has not been
thoroughly examined. The International League Against
Epilepsy recommends that persons with epilepsy should
be routinely vaccinated, as no conclusive evidence exists
suggesting that these vaccines may increase the risk of sei-
zure."> Here, we report the incidence of seizures among
COVID-19 vaccine recipients in Mexico, as well as their
clinical characteristics and outcomes.

2 | MATERIALS AND METHODS
We conducted a nationwide retrospective descriptive
study evaluating the incidence of seizures among re-
cipients of any COVID-19 vaccine dose in Mexico from
December 24, 2020 (when vaccines were rolled out na-
tionwide) to October 29, 2021. We used official databases
provided by the Mexican Ministry of Health of all reported
AEFI during the study period. The study protocol was re-
viewed and approved by the ethics and research commit-
tees of the Salvador Zubirdn National Institute of Medical
Sciences and Nutrition(NER-3903-21-23-1). As the study
was observational, relied on an anonymized database, and
involved no contact between investigators and patients,
no informed consent was required.

The Mexican Ministry of Health documents AEFI
through a passive epidemiological surveillance system in
which local health authorities, private or public hospitals,
and physicians submit reports of possible adverse events.
According to the World Health Organization, AEFI are
considered serious if they put life in imminent danger, re-
quire or prolong in-hospital treatment, lead to persistent
or significant disability or death, or cause in utero malfor-
mations; otherwise, they are considered nonserious.’

Operational details on the Mexican Epidemiological
System and ad hoc committee evaluation protocols have
been described elsewhere.'®!! In this report, we included
patients who developed new onset or recurrent seizures
within the first 30 days following immunization.

2.1 | Data collection and definitions

The total number of administered doses nationwide of
each vaccine was obtained from the Mexican Ministry of
Health. Seizures were reported on a continuous basis to
the Mexican Epidemiological System as AEFI. The med-
ical team evaluating each patient at the local level dis-
cussed individual details with the ad hoc committee via
videoconference. Each case was assessed by four neu-
rologists and a neuroradiologist (henceforth referred to
as "neurology team") to determine whether data sup-
ported an epileptic seizure or an alternative diagnosis.
The neuroradiologist aided in evaluating central nerv-
ous system (CNS) images, when available. Seizures were
classified as acute symptomatic if they occurred at the
time of a systemic insult or in close temporal association
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(within 7 days) with a documented brain insult. Seizures
were considered recurrent if the patient had a previous
diagnosis of epilepsy. Status epilepticus was defined as
a seizure with duration of >5 min or two seizures with
no recovery of consciousness between them.'* Stroke
and CNS infections were diagnosed and reported by
the team that reported the AEFI and subsequently con-
firmed or refuted by the neurology team. Whenever
available, additional data (i.e., ambulance files, eyewit-
ness narratives, etc.) were incorporated into the indi-
vidual analysis.

2.2 | Statistical analysis

Categorical variables are presented as frequencies with
proportions, and continuous variables are reported as
median with interquartile range (IQR) or as minimum-
maximum range as deemed appropriate. We calculated
the incidence rate for seizures following each vaccine per
1 000000 administered doses. For patients with multiple
seizures after vaccination, we only counted the first one
for incidence calculations. We calculated 95% confidence
intervals for these proportions using the Wilson score
interval method. All statistical analyses were performed
with R version 4.1.2.

TABLE 1 Clinical and

iod hic characteristics of
soc?o emo.grap ic characteris ICS(.) Variable
patients with post-COVID-19 vaccine

seizures

Age, years, median (IQR)

Female sex, n (%)

Vaccine, n (%)

ChAdOx1 nCov-19

Ad5-nCoV
mRNA-1273
BNT162b2
CoronaVac
rAd26-rAd5

Number of patients, n (%)

Epilepsia
3 | RESULTS

During the study period, 81916 351 vaccine doses were ad-
ministered; in this cohort, 53 patients with seizures were
reported to the federal authorities, and therefore evalu-
ated by the ad hoc committee. Of these, 31 (60%) were new
onset seizures. Clinical and sociodemographic character-
istics among seizure cases classified by history of epilepsy
are shown in Table 1. Median age was 36years (IQR =
25 to 49 years), and most seizures occurred in women
(n =29, 54.7%). Median time to seizure was 19h, and 75%
occurred in the first day after vaccination. Additionally,
median time to seizure was 18 h (IQR = 30min to 24h) in
those with no underlying trigger and 24h (IQR = 24h to
8days) in those with a potential cause. Status epilepticus
occurred in 10 cases (18.9%), and the median number of
seizures was one. The most common triggers were stroke
and CNS infections, each documented in seven (13.2%)
cases. Among those with CNS infections, the microor-
ganism could not be determined for any of them, and the
diagnoses were made based on cerebrospinal fluid with
inflammatory characteristics in the appropriate clinical
context. Of these patients, in only two did the neurology
team have reasonable suspicion of an autoimmune cause.
However, the treating hospitals did not have the capabil-
ity to perform antibody testing. Additionally, two patients

Previous diagnosis of COVID-19, n (%)
Number of seizures, median (IQR)
Time to first seizure, h, median (IQR)
Status epilepticus, n (%)

Stroke, n (%)

CNS infection, n (%)

Length of hospital stay, median
(IQR), days
Deaths

New onset History of

seizures epilepsy All patients

31 (60) 22 (40) 53 (100)

34 (25-47) 38.5(30-51) 36 (25-49)

15 (48.4) 14 (63.6) 29 (54.7)

12 (38.7) 9 (40.9) 21 (39.6)
2(6.5) 1(4.5) 3(5.7)
2(6.5) 2(9.1) 4(7.5)

10 (32.3) 7 (31.8) 17 (32.1)
2(6.5) 2(9.1) 4(7.5)
3(9.7) 1(4.5) 4(7.5)
1(3.2) 1(4.5) 2(3.8)
1(1-2) 3 (1-5) 2(1-3)

24 (6.3-60) 0.3(0.08-24) 19 (0.16-24)
4(12.9) 6 (27.3) 10 (18.9)
7(22.6) 0(0) 7(13.2)

7 (22.6) 0(0) 7(13.2)
5(1-14) 1(1-1) 1(1-11)
4(12.9) 0(0) 4(7.5%)

Abbreviations: CNS, central nervous system; IQR, interquartile range. Ad26.COV2-S is not included as no
seizures were reported with this vaccine.
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TABLE 2 Incidence rate of seizures following a COVID-19 vaccine per million doses

Total applied Total reported Seizures per

Total reported

events [only patients

with no other

Seizures per million
doses [only patients

with no other

Vaccine doses events million doses explanation]® explanation]?®

All vaccines 81916351 53 0.64 (0.49-0.85) 18 0.22(0.14-0.35)

mRNA-1273 (Moderna) 2318057 4 1.73 (0.67-4.44) 2 0.86 (0.24-3.15)

BNT162b2 16646623 17 1.02 (0.64-1.64) 0.36 (0.17-0.79)
(Pfizer-BioNTech)

Ad5-nCoV (CanSino) 2979697 3 1.01 (0.34-2.96) 0 0

rAd26-rAd5 (Sputnik V) 5812864 4 0.69 (0.27-1.77) 2 0.34 (0.09-1.25)

ChAdOx1 nCov-19 38516372 21 0.55 (0.36-0.83) 7 0.18 (0.09-0.38)
(AstraZeneca-Oxford)

CoronaVac (Sinovac) 14532954 4 0.28 (0.11-0.71) 1 0.07 (0-0.39)

Note: Shown in parentheses are 95% confidence intervals.

*This excludes patients with previous seizures, documented stroke, or central nervous system infection as competing causes for the seizures. Ad26.COV2-S is

not included as no seizures were reported with this vaccine.

with CNS infections received new diagnoses of human
immunodeficiency virus infection during the index
hospitalization.

By October 2021, the total applied doses by vaccine
type were as follows: 16646623 of BNT162b2, 38516372
of ChAdOx1 nCov-19, 5 812864 of rAd26-rAd5, 14532954
of CoronaVac, 2 979697 of Ad5-nCoV, 1 035859 of Ad26.
COV2-S, and 2 318057 of mRNA-1273. ChAdOx1 nCov-19
was the most commonly implicated vaccine with 21 cases
(39.6%), followed by BNT162b2 with 17 cases (32.1%), and
mRNA-1273, CoronaVac, and rAd26-rAd5 with four cases
each (7.5%). The observed incidence rate for all vaccines
was 0.64 seizures per million doses. The incidence rate
was highest for mRNA-1273 with 2.73 per million doses,
followed by BNT162b2 with 1.02 per million doses, and
Ad5-nCoV with 1.01 per million doses (Table 2). There
were only 31 events of new onset seizures, which were
associated with ChAdOx1 nCov-19, the vaccine with the
highest incidence rate of 0.55 per million doses. No sei-
zures were reported for Ad26.COV2-S.

4 | DISCUSSION

After approval of vaccines and other interventions is
granted by regulatory agencies, large-scale epidemiologi-
cal surveillance of adverse events is crucial to understand
their effectiveness and safety.’ The emergency approval of
vaccines makes this especially important, given that infre-
quent AEFI may be underestimated due to the relatively
small number of administered doses in clinical trials.’
Although numerous studies exist in which neurological
complications such as stroke, transverse myelitis, and
Guillain-Barré syndrome are described in the context of

COVID-19 vaccination, seizures among anti-SARS-CoV-2
vaccine recipients had been only documented in a few
case reports.m'u’ls’16

In this study, analyzing >80 million administered
doses, we found that seizures as a potential AEFI are ex-
tremely infrequent after administration of any COVID-19-
directed vaccine. When excluding patients with history
of epilepsy and with a competing cause for seizures, the
events are even rarer, with fewer than two cases per mil-
lion doses for any given vaccine. Seizure prevalence in
Latin America varies according to geographic area and
ranges from 3.9 to 42.2 per 1000 persons.'” Meanwhile, in-
cidence of unprovoked seizures has been reported to be of
23-61 per 100000 person-years.'*? Although not directly
comparable with these estimates, the extremely low inci-
dence observed in our study does not suggest causality be-
tween COVID-19 vaccination and seizures. Additionally,
although the mRNA-1273 vaccine had the highest point
estimate of incidence rate, considerable overlap occurred
in the confidence intervals of all vaccines. Thus, we can-
not conclusively determine which vaccine had the highest
seizure incidence.

To our knowledge, this is the first country-wide study
describing the incidence of seizures after COVID-19 vac-
cine administration. We found several studies that aimed
to describe COVID-19 vaccination among individuals
with epilepsy, but none that evaluated seizures after vacci-
nation in general.*>*' However, our study also has several
limitations. The first results from the passive nature of the
Mexican epidemiological surveillance system, in which
reports rely on local health care authorities or providers.
Given that it is a passive surveillance system, sensitivity is
likely suboptimal. However, as an evaluation performed
by a neurology team was included, specificity is likely
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very high. Thus, our numbers may underestimate seizures
following vaccination. Second, events that do not pres-
ent as a stereotyped seizure may be hard to diagnose and
easy to confuse with other entities, such as syncope. This
means we may be documenting only the most overt of
seizures, which may also imply underestimating seizure
risk. We also do not have information on previous seizure
frequency among patients with epilepsy, so we cannot
assess whether improvement or deterioration presented
after vaccination. Additionally, we do not know whether
people with new onset seizures had recurring events after
the study period. Finally, not all patients had complete or
standardized seizure workup, given the variability of real-
world clinical practice and hospital resources. Therefore,
obscure causes of seizures, such as autoimmune encepha-
litis, or other seizure-inducing neurologic AEFI, may have
been missed. However, after billions of SARS-CoV-2 vac-
cine doses applied worldwide, potential secondary causes
of seizure remain anecdotal (including autoimmune en-
cephalitis, posterior reversible encephalopathy, and demy-
elinating diseases, to name a few).

In conclusion, seizures are exceedingly rare AEFI to
SARS-CoV-2 vaccines. Most of the events occurred in per-
sons who had a history of seizures or had a concurring
competing event as an explainable cause. Less than half
of reported seizures had no other explainable cause. The
infrequency of seizures observed and the limited data on
background seizure incidence do not allow us to conclude
that an increased risk of seizures exists after SARS-CoV-2
vaccination.
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