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Objective: This study aimed to identify seizure outcomes in people with epilepsy (PWE) following severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2) messenger RNA vaccination.
Methods: We examined PWE (n = 332, age � 14 years) treated in four tertiary hospitals between 2021
and 2022 to assess the incidence of seizure worsening following vaccination using closed questions.
We identified the clinical factors associated with worsening and 6-month vaccination outcomes. We also
conducted a nationwide survey on self-reported seizure worsening using open questions, to which 261
general practitioners from 99 institutes contributed.
Results: Of the 282 PWE vaccinated in the four hospitals, 16 (5.7%) exhibited seizure worsening; most of
them emerged within 48 h of vaccination and were not sustained. Thus, all PWE were at baseline condi-
tion 6 months after their vaccination. PWE with seizure worsening were more significantly associated
with focal impaired awareness seizures (p < 0.001), high seizure frequency (p = 0.025), and drug-
resistant epilepsy (p = 0.007) at baseline compared to PWE without worsening. Multivariate logistic
regression analysis revealed that focal impaired awareness seizures were independently associated with
worsening (odds ratio, 7.0; 95% confidence interval, 1.50–32.77). A nationwide survey of 5156 PWE data
(real-world data) confirmed an extremely low incidence rate of self-reported seizure worsening (0.43%).
Significance: Some PWE, particularly refractory focal epilepsy, exhibit seizure worsening. However, the
worsening events were infrequent, non-sustainable, and probably under-reported by PWE, suggesting
that there is little evidence that worsening seizures discourage current and future vaccinations.

� 2022 Elsevier Inc. All rights reserved.
1. Introduction

The novel coronavirus disease 2019 (COVID-19) epidemic has
spread worldwide since 2019 and also in Japan since 2020 [1,2].
A vaccine against severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) was urgently developed and received the first tem-
porary emergency use authorization in the United Kingdom on
December 2, 2020, [3,4] and was subsequently approved in Japan
in February 2021 [5]. The introduction of vaccines has radically
changed the global infection situation. However, concerns about
hesitancy to take vaccines have been noted in people with epilepsy
(PWE). People with epilepsy occasionally exhibit worsening sei-
zures due to major changes in social conditions, such as COVID-
19 [6]. Thus, PWE need immediate management of seizures and
mental health during social climate change. As COVID-19 vaccines
have high efficacy against SARS-CoV-2 [7], it is crucial to determine

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2022.109070&domain=pdf
https://doi.org/10.1016/j.yebeh.2022.109070
mailto:s-neshige@hiroshima-u.ac.jp
https://doi.org/10.1016/j.yebeh.2022.109070
http://www.sciencedirect.com/science/journal/15255050
http://www.elsevier.com/locate/yebeh


M. Nonaka, S. Neshige, H. Yamada et al. Epilepsy & Behavior 139 (2023) 109070
whether vaccination is safe for PWE and to identify the risk of sei-
zure exacerbation.

Recent studies have investigated the association between the
COVID-19 vaccine and epileptic seizures [8–12]. They demon-
strated that seizure exacerbations were observed after vaccination
in 6.0% to 7.65% of PWE, suggesting that the risk of seizure exacer-
bations and adverse events did not outweigh the benefit of the
infection-prevention effect of vaccination. However, little data
are available concerning the medium- to long-term effects of vac-
cination on seizures. Given that PWE are a clinically diverse popu-
lation, the effect of vaccination on seizures must be investigated
based on multiple clinical epileptic parameters that have not been
previously investigated [8–12]. Seizure exacerbation following
vaccination other than the COVID-19 vaccine has also been demon-
strated [13,14]. Thus, there is a clinical question regarding whether
SARS-CoV2 messenger RNA (mRNA) vaccination has a specific
effect on seizures. Additionally, fever due to adverse reactions to
vaccines has frequently been reported after COVID-19 vaccination
[4]. Thus, the association between adverse reactions and the wors-
ening of seizures is important. Therefore, we conducted an obser-
vational multicenter study to determine the short- and mid-term
effect of vaccination on seizures using comprehensive PWE data.

2. Methods

2.1. Study protocol and patient consent

We conducted a multicenter study with PWE who visited an
epilepsy center in the Division of Neurology at four tertiary hospi-
tals (Hiroshima University Hospital, Hiroshima City Asa Citizens
Hospital, Hiroshima City Hiroshima Citizens Hospital, and Hir-
oshima City Funairi Citizens Hospital, which encompasses a medi-
cal area with a population of >1 million) to assess the incidence of
seizure worsening following SARS-CoV2 mRNA vaccination and
identified clinical factors that were associated with worsening
and 6-month outcomes from the vaccination.

Intake of the SARS-CoV2 mRNA vaccine began in Japan in March
2021; most people with comorbidities, including epilepsy, received
their first intake between April and September 2021. A second vac-
cine intake was available 1 month after the first intake. Thus, to
confirm the 6-month outcome of seizure following the first and
second vaccinations, we defined the observation period between
April 2021 and March 2022. Additionally, we conducted a nation-
wide survey to identify the incidence of self-reported seizure exac-
erbations following vaccination. This study was approved by the
Ethics Committee of Hiroshima University Hospital (No. E-2812
and E-2441-1). All patients provided informed consent to
participate.

2.2. Inclusion and exclusion criterion

The inclusion criteria included consecutive PWE (1) whose
medical history, including their seizure type and seizure frequency
data, were available for all the observation periods and (2) whose
vaccination history and 6-month outcomes from the vaccination
were available. Epileptologists (SN, DA, and TS) confirmed the diag-
nosis of epilepsy in all the included patients based on the definition
of epilepsy proposed by the International League Against Epilepsy
classification in 2014 [15,16]. However, to conduct a comprehen-
sive survey of patients with epilepsy or seizures, we also included
patients with single seizures, that is, patients with suspected epi-
lepsy. Including single seizures could theoretically reduce the time
window for recurrence in patients who would ultimately develop
epilepsy. Concomitantly, it is also important to note that patients
with epilepsy and patients with single seizures may have similar
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or common concerns about vaccination. Therefore, we included
patients with single seizures in this study.

We excluded patients with PWE aged <14 years. Additionally,
we excluded PWE with dementia or intellectual disability. How-
ever, if seizure data were available from the caregivers, we did
not exclude them.

2.3. Clinical factors related to epilepsy

We investigated the clinical data associated with epilepsy, that
is, onset age, disease duration, seizure type, epilepsy classification,
seizure frequency, medication, intellectual disability, comorbidity,
and past histories. We also reviewed the findings of electroen-
cephalography (EEG) and brain imaging (magnetic resonance
imaging [MRI]) examined before the vaccination.

We examined the baseline seizure frequency for all PWE prior
to vaccination. We used unprovoked habitual seizure data from
the year before vaccination. If PWE had multiple seizure types,
we evaluated each seizure frequency. The mean frequency of sei-
zures was calculated for each PWE according to their habitual sei-
zure frequency. For example, for PWE with a monthly seizure, we
calculated the average seizure frequency several months prior.

2.4. COVID-2019 infection, vaccination, and adverse reactions

Three types of COVID-19 vaccines were approved in Japan dur-
ing the study period: the BNT162b2 (Pfizer-BioNTech) [17] as an
mRNA-based vaccine, mRNA-1273 (Moderna) [18] as an mRNA-
based vaccine, and ChAdOx1 nCoV-19 (Oxford-AstraZeneca) [19]
as a viral vector-based vaccine.

We evaluated the vaccination rate, types of vaccines they vacci-
nated, and timing of vaccination in our cohort. We identified the
incidence of adverse reactions based on the emergence of any
adverse reaction, including mild (fever, headache, fatigue, and nau-
sea) to severe (requiring medication or causing difficulties in daily
activities) symptoms for all PWE vaccinated. However, local
adverse reactions, such as injection site pain, were negligible in
terms of the incidence of adverse reactions. We also investigated
the incidence of fever (>37.0 �C) as an adverse reaction. The history
of COVID-19 was also investigated during the study period.

2.5. Seizure worsening following vaccination and 6-month outcomes

To investigate whether receiving first, second or third doses of
the vaccine resulted in changes to seizure frequency, severity, or
type, data were gathered over two observational periods: ‘‘pre-
vaccination,” defined as the week prior to the date of vaccination,
and ‘‘post-vaccination,” defined as the week following vaccination.
Changes in seizure rate were classified into three categories: neu-
tral (increase by <50%), potential increase (increase by 50–100%),
and increase (increase by >100%). We recorded seizures during
routine visits by interviewing patients using ‘‘closed questions.”
However, we did not use special phone calls or a special diary.
The period of 1 week was set as the observational period following
the recent relevant studies, i.e., while the period ranged from
1 week to 90 days after vaccination, most of the seizure worsening
was visible during the first 7 days after vaccination [8–12].

For PWE who had daily or weekly habitual seizures, we
assessed changes in seizure rate using the number of seizure
events that occurred during the two observational periods. How-
ever, for PWE who typically experienced seizures monthly or even
less frequently, it was possible to have zero seizures in the ‘‘pre-
vaccination period.” For these cases, expected seizure frequency
during a period of 1 week was used instead; this value was calcu-
lated based on the number of seizures that occurred during the



Table 1
Clinical characteristics of people with epilepsy.

People with epilepsy
(n = 332)

Age, years (mean ± SD) 36.4 ± 17.2
Onset age, years (mean ± SD) 23.9 ± 18.5
Disease duration (mean ± SD) 12.2 ± 12.3
Sex, male (n, %) 168 , 51.2
Epilepsy classification (n, %)
– Generalized epilepsy 81 , 24.4
– Focal epilepsy 200 , 60.2
– Temporal lobe epilepsy 82 , 24.7
– Frontal lobe epilepsy 51 , 15.4

– Unclassified 51 , 15.4
Seizure type (n, %)
– FAS 68 , 20.5
– FIAS 142 , 42.8
– Myoclonic seizure 41 , 12.3
– FBTCS 125 , 37.7
– BTCS 95 , 28.6
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month (or year) prior to vaccination. For example, in PWE whose
last seizure occurred 6 months prior to vaccination, the frequency
of seizures during the pre-vaccination period was calculated to be
0.042 seizures per week.

We defined ‘‘definite seizure worsening” following vaccination
as any of the following conditions: (1) more than 100% increase
in habitual seizure frequency; (2) increased seizure severity result-
ing in atypical outcomes (e.g., seizure clustering, status epilepticus,
or hospitalization); (3) emergence of unhabitual seizure, or (4) 50–
100% increase in habitual seizure frequency when compared to
pre- and post-vaccination periods accompanied by (2) or (3). How-
ever, for PWE who experienced seizures monthly or less frequently
at baseline, an observation period of 1 week after vaccination
(post-vaccination period) may not be representative. Thus, in addi-
tion to assessments 1 week before and after the vaccination, we
calculated seizure increase by comparing seizures 1 month before
and after vaccination to improve reliability.

Additionally, in some PWE, the seizure change after vaccination
did not reach the threshold of our operational definition. Deter-
mining whether the number of seizures increased significantly
was difficult in some cases. For example, a drug-resistant PWE
who had daily to weekly seizures exhibited habitual seizures on
the day of vaccination, and another PWE whose latest seizure
emerged several years before vaccination exhibited seizure recur-
rence on the day after vaccination. Thus, we also defined ‘‘potential
seizure worsening” as when a PWE exhibited an unexpected sei-
zure on the day of vaccination or within 1 month of receiving the
vaccination.

We did not include seizure worsening due to antiseizure med-
ication (ASM) withdrawal and unhabitual seizures that were con-
sistent with functional neurological disorders [20,21]. However, if
PWE had a psychogenic nonepileptic seizure (PNES) as a habitual
seizure and exhibited worsening of PNES in frequency or strength,
we defined it as seizure worsening. Besides, we did not include
patients with PNES alone. In PWE with worsening seizures, we
examined seizure outcomes for more than 6 months after
vaccination.
– PNES 20 , 6.0
Seizure frequency (n, %)
– Weekly or more 60 , 18.1
– Monthly 96 , 28.9
– Yearly or less 158 , 47.6

Drug-resistant epilepsy (n, %)* 101 , 30.4
Number of ASMs (mean ± SD) 1.8 ± 1.2
Comorbidity (n, %)
– ADHD/ASD 13 , 3.9
– intellectual disability 66 , 20.6

Etiology (n, %)
– Autoimmune 13 , 3.9
– Structural 115 , 34.6
– Genetic 8 , 2.4
– Metabolic/infectious 2 , 0.6
– Unknown 195 , 58.7

Febrile seizure, yes (n, %) 40 , 12.1
MRI (n, %)
– Normal 155 , 46.7
– Abnormal 127 , 38.3
– Hippocampal sclerosis, yes 24 , 7.2
– Unknown or not performed 50 , 15.1

Infection of COVID-19 (n, %) 5 , 1.5
SARS-CoV2 mRNA vaccination (n, %)
– First dose 282 , 84.9
– Second dose 280 , 84.3
– Third dose 39 , 11.7
– Unvaccinated 50 , 15.1

FAS, focal aware seizure; FIAS, focal impaired awareness seizure; FBTCS, focal to
bilateral tonic-clonic seizure; BTCS, bilateral tonic-clonic seizure; PNES, psy-
chogenic nonepileptic seizure; ASM, antiseizure medication; ADHD/ASD, attention
deficit hyperactive disorder/autism spectrum disorder; MRI, magnetic resonance
imaging; PWE, people with epilepsy.
*Drug-resistant epilepsy is defined as PWE taking 2 or more ASMs with seizures
monthly or more.
2.6. Nationwide survey for self-reported seizure worsening

We used ‘‘closed questions” in our multicenter study to collect
any negative events related to seizures after vaccination, no matter
howminimal. This was a sensitivity-oriented method of investigat-
ing the incidence of seizure worsening; this survey methodology
may lead to an overvaluation of worsening. Conversely, PWE usu-
ally did not report all of their seizure-related incidences in an out-
patient setting [22]. Thus, to investigate real-world data and to
determine the number of PWE spontaneously reporting seizure
worsening after vaccination without using the ‘‘closed questions,”
we conducted a national survey to investigate self-reported seizure
worsening. The survey included 261 clinicians (mostly general
clinical practitioners not specialized in epilepsy) from 99 institutes
nationwide besides our multicenter evaluation with four tertiary
hospitals (Supplementary data 1). We contacted clinicians via e-
mail registered at nationwide online EEG lectures and open confer-
ences for epilepsy held at our department [23]. We assessed the
total number of PWE clinicians treated and investigated whether
PWE spontaneously reported seizure deterioration related to vacci-
nation. Clinicians were asked to report on anything related to sei-
zures that might be associated with the vaccination reported by
PWE. We then confirmed the incidence of self-reported seizure
worsening. The causal association between vaccination and seizure
worsening was dependent on the determinant of the physician in
charge.
3

2.7. Data analysis

We performed a univariate analysis to identify the features of
PWE who exhibited ‘‘definite seizure worsening” after vaccination.
The statistical significance of intergroup differences was deter-
mined using Fisher’s exact test for categorical variables. We used
an unpaired Student’s t-test for continuous variables. Significant
clinical factors (p < 0.05) in the univariate analysis were selected
for subsequent logistic regression analysis (force entry), and we
estimated the likelihood ratio test to calculate the odds ratios
(ORs). All statistical analyses were performed using the JMP soft-
ware (JMP Pro version 16; SAS Institute, Cary, NC, USA).
3. Results

We evaluated 332 consecutive PWE who met the inclusion cri-
teria; 168 were male (51.2%), and the mean age was 36.4 ± 17.2 y
ears (Table 1). The majority of epilepsy classifications were focal,
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among which the highest was temporal lobe epilepsy (24.7%). The
baseline habitual seizure frequency was variable. The mean num-
ber of current ASM use was 1.8 ± 1.2.

Among the included PWE in this study, 282 (84.9%) were vacci-
nated: 282 (84.9%), 280 (84.3%), and 39 (11.7%) received the first,
second, and third doses of the vaccine, respectively. Most PWE
(78.7%) were vaccinated with BNT162b2 (Pfizer-BioNTech),
whereas none were vaccinated with ChAdOx1 nCoV-19 (Oxford-
AstraZeneca). Adverse reactions were observed in 146 (51.8%)
PWE, with fever in 123 PWE (43.6%) (Table 2). None of the PWE
required hospitalization or specific treatment for adverse reac-
tions. Conversely, 50 (15.1%) PWE were unvaccinated. The main
reasons for refusing vaccination varied: low perceived benefit of
vaccination, health concerns about an adverse reaction, informa-
tion deficits about COVID-19, failure in scheduling, or low per-
ceived risk of COVID-19 infection; but, none of PWE was
concerned about seizure worsening after vaccination. Among the
included PWE in this study, 5 (1.5%) PWE were infected with
COVID-19 during the study period.
Table 3
3.1. Incidence of seizure worsening

‘‘Definite seizure worsening” was observed in sixteen (5.7%)
PWE (Table 2). The presentation of worsening was variable:
increased habitual seizure frequency (n = 12, 4.3%) (increase by
>100% = 10; increase by 50–100% = 2), unhabitual seizure emer-
gence (n = 3, 1.1%), and increased seizure severity (n = 6, 2.1%).
Four (1.4%) PWE experienced seizures on the day of vaccination.
Three (1.1%) PWE had a seizure for the first time in several years.
Some PWE required hospitalization or exhibited status epilepticus
or seizure clustering. However, most of these events were non-
sustainable, and the seizure condition returned to the baseline
level within 48 h of vaccination. Thus, all PWE returned to their
baseline condition 6 months after the vaccination (only one patient
who exhibited an unhabitual seizure took 1–2 months for seizures
Table 2
Outcomes of PWE following the SARS-CoV2 mRNA vaccination.

PWE who
were
vaccinated
(n = 282)

Type of vaccine for first and second dose (manufacturer) (n,
%)
– BNT162b2 (Pfizer-BioNTech) 222 , 78.7
– mRNA-1273 (Moderna) 40 , 14.2

Adverse reaction, yes (n, %)* 146 , 51.8
– Yes, after the first dose 63 , 22.3
– Yes, after the second dose 137 , 48.6
– Fever (>37.0 �C), yes 123 , 43.6

Seizure worsening (n, %) 25 , 8.9
– Definite seizure worsening 16 , 5.7
– Increased habitual seizure frequency 12 , 4.3
– increase by > 100% 10 , 3.5
– increase by 50–100% 2 , 0.7

– Increased seizure severity 6 , 2.1
– Unhabitual seizure emergence 3 , 1.1
– Seizures on the day of vaccination 4 , 1.4
– Seizure relapse in several years 3 , 1.1
– Hospitalized for seizure 5 , 1.8
– Status epilepticus 4 , 1.4

– Potential seizure worsening 9 , 3.2
Outcome of definite seizure worsening (n, %)
– Prolongation of seizure worsening over 1 month 2 , 0.7
– Prolongation of seizure worsening over 6 months 0 , 0.0

*Adverse reactions are defined as symptoms occurring within 7 days of vaccination,
including mild (fever, headache, fatigue, nausea, joint pain, muscle pain, or allergy)
to severe (requiring medication or causing difficulties in daily activities) symptoms,
not including local adverse reactions, such as injection site pain.
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to return to normal levels using only ASMs). In addition, no PWE
experienced worsening of PNES, and no one with a single seizure
exhibited seizure worsening after vaccination. Conversely, there
were nine (3.2%) PWE with ‘‘potential seizure worsening.” Most
of them exhibited seizures on the day of vaccination, but seizure
frequency change was not evident.

3.2. Factors associated with seizure worsening

People with epilepsy with definite seizure worsening were
more significantly associated with focal impaired awareness sei-
zure (FIAS) (p < 0.001), high seizure frequency (p = 0.025), and
drug-resistant epilepsy (p = 0.007) at baseline compared to PWE
without seizure worsening (Table 3). However, the incidence of
adverse reactions including fever (p = 0.37), presence of fever
(0.12), and history of febrile seizure (p = 0.92) was not significantly
associated with seizure worsening.

Multivariate logistic regression analysis revealed that FIAS was
the only factor independently associated with seizure worsening
(OR, 7.0; 95% confidence interval, 1.50–32.77) (Table 4). After
removing data for PWE with PNES (n = 20), the significance of FIAS
(OR, 6.4; 95% confidence interval, 1.35–30.05) was reproduced in
the univariate and multivariate sub-analyses (Supplementary
Tables 1 and 2).

3.3. A nationwide survey for self-reported seizure worsening

A nationwide survey, to which 261 clinicians contributed, con-
firmed seizure status before and after the vaccination (Table 5).
The incidence of self-reported seizure worsening was extremely
low (22/5156, 0.43%). The following are examples of seizure exac-
erbation cases: there were several cases of seizure recurrence from
the day of vaccination to within a few days, a man with post-
Differences in clinical characteristics between PWE with or without seizure worsen-
ing following the vaccination.

Seizure
worsening

Without
seizure
worsening

P-
value

(n = 16) (n = 266)

Age, years (mean ± SD) 39.3 (17.1) 37.6 (17.7) 0.71
Onset age, years (mean ± SD) 22.1 (17.8) 25.2 (19.2) 0.53
Disease duration (mean ± SD) 17.3 (14.2) 12.0 (12.7) 0.11
Sex, male (n, %) 8 (50.0) 136 (51.7) 0.89
Epilepsy classification (n, %)
– Generalized epilepsy 3 (18.8) 59 (22.2) 0.74
– Focal epilepsy 13 (81.3) 166(62.4) 0.11
– Temporal lobe epilepsy 6 (37.5) 69 (25.9) 0.33
– Frontal lobe epilepsy 1 (6.3) 46 (17.3) 0.20

Seizure type (n, %)
– FAS 6 (37.5) 52 (19.6) 0.11
– FIAS 14 (87.5) 114 (42.9) <0.001
– Myoclonic seizure 1 (6.3) 30 (11.3) 0.50
– FBTCS 8 (50.0) 99 (37.2) 0.31
– PNES 0 (0.0) 15 (5.6) 0.18

Seizure frequency, 12 (75.0) 124 (46.6) 0.025
monthly or more (n, %)
Drug-resistant epilepsy (n, %) 10 (62.5) 76 (28.6) 0.007
EEG, spike (n, %) 7 (43.8) 124 (51.0) 0.57
MRI, hippocampal sclerosis (n, %) 2 (12.5) 21 (7.9) 0.54
Febrile seizure, yes (n, %) 2 (12.5) 31(11.7) 0.92
Type of vaccine for first and second

doses, BNT162b2 (n, %)
14 (87.5) 208 (78.2) 0.35

Adverse reaction, yes (n, %) 10 (62.5) 136 (51.1) 0.37
– Fever, yes (n, %) 10 (62.5) 113 (42.5) 0.12

FAS, focal aware seizure; FIAS, focal impaired awareness seizure; FBTCS, focal to
bilateral tonic-clonic seizure; PNES, psychogenic nonepileptic seizure; EEG,
electroencephalography; MRI, magnetic resonance imaging; PWE, people with
epilepsy; SD, standard deviation.



Table 4
Multivariate analysis of factors associated with seizure worsening.

OR 95% CI P-value

FIAS 7.0 1.50–32.77 0.014
Drug-resistant epilepsy 2.5 0.84–7.43 0.10

Multivariate analyses were performed using FIAS and drug-resistant epilepsy.

Table 5
Self-reported seizure outcome after the SARS-CoV2 mRNA vaccination in the
nationwide questionnaire.

Clinicians
answered
(n = 261)

Total number of PWE followed by clinicians 5156
Average monthly number of PWE followed by

clinicians
7.0

Total number of PWE with seizure worsening 22/5156 (0.43%)
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encephalitis epilepsy had a seizure recurrence the day after vacci-
nation and required tracheal intubation due to convulsive status
epilepticus, and a patient with a history of stroke experienced non-
convulsive status epilepticus 3 days after vaccination.
4. Discussion

Our multicenter epidemiological study, based on closed-
question data from four tertiary hospitals, demonstrated that the
incidence rate of seizure worsening after COVID-19 vaccination
was 5.7%. Seizure worsening was observed in various ways, includ-
ing changes in seizure severity, strength, and seizure type. Addi-
tionally, we confirmed that drug-resistant PWE with FIAS were at
risk of worsening. However, seizure exacerbations were non-
sustainable. Therefore, although some specific PWE should be noti-
fied of the risk of post-vaccination seizure exacerbation during
future vaccination, the serious harm caused by post-vaccination
seizure worsening to the patient’s daily life might be minimal. In
line with this, our nationwide survey demonstrated an extremely
low incidence of self-reported seizure worsening, suggesting that
unreported seizure worsening, which had little or no real-life
effect, might exist.

4.1. Comparison with previous studies and strength of our data

Except for racial differences, the cohorts in the present and pre-
vious studies that investigated seizure worsening after vaccination
were comparable; conversely, the vaccine intake rates and types of
vaccines used differed among studies [8–12]. However, the inci-
dence rate of seizure worsening following SARS-CoV2 mRNA vacci-
nation in previous studies varied from 6 to 7.65% [8–12], which is
comparable to or slightly higher than our findings. Seizures also
reportedly worsened after vaccination with vaccines other than
SARS-CoV2 mRNA [13,14]. These lines of evidence indicate that a
slight, but still minor, worsening of seizures may occur during
large-scale vaccination. Compared to previous studies, the present
study more comprehensively investigated patient information,
including MRI and EEG findings. In addition, we recorded data on
seizure exacerbations more precisely and explored outcomes up
to 6 months or more from vaccination. These real-world data are
a strength of the present study.

4.2. Fever sensitivity

The mechanism underlying seizure exacerbation after vaccina-
tion is of great interest. Various adverse reactions to SARS-CoV2
mRNA vaccination have been described [24–26]. However, in our
5

data, adverse reactions, including fever, were not directly associ-
ated with seizure worsening. In addition, a history of febrile sei-
zures was not significantly associated with seizure worsening.
Thus, temperature increase following immunization was not a
major causative factor. Recent studies have reported that fever
had no significant association with seizure exacerbation; one-
third of the 19 PWE with increased seizure frequency had self-
interrupted or reduced ASM, but the cause of exacerbation in the
remaining two-thirds was unknown; some individuals exhibited
seizure-like events without fever or other triggering factors [9].
In addition, two patients showed an increase in seizure frequency
and a new seizure type after vaccination, without an association
with fever [8]. There was also no evidence that vaccinations
induced seizures and led to severe outcomes in PWE with fever
sensitivity, for example, PWE with Dravet syndrome [27].

4.3. Potential mechanisms and clinical application

The PWE vaccinated in this study received either BNT162b2 or
mRNA-1273. Both vaccines contain nucleoside-modified mRNA
formulated in lipid nanoparticles. Once inside the host cells, the
mRNA is translated into the SARS-CoV-2 spike protein, which is
expressed on the surface of the host cells. The transient expression
of this spike antigen induces neutralizing antibodies and cellular
immune responses against it, which may confer protection against
COVID-19 [3,28]. In this process, a vaccine can trigger an adaptive
immune response to display its protective effect, which may stim-
ulate a hyperinflammatory condition [29,30]. Thus, we hypothe-
sized that such inflammation might have transiently contributed
to the lowering of the seizure threshold.

The limbic system is probably more susceptible to hyperinflam-
matory conditions than other brain regions because the limbic sys-
tem is frequently the primary lesion in the etiology of inflammatory
encephalitis [31]. Thus, if inflammation produced by vaccination is
possible, it may have a substantial effect on the limbic system com-
pared to other brain regions. This hypothesis agreeswith our results
that PWEwhose seizure type was FIAS were at risk of seizure wors-
ening. Conversely, idiopathic generalized epilepsy, which is a group
of seizures that are easily induced by lack of sleep or lazy medica-
tion, had little associationwithworsening. Additionally, differences
in comorbidities and background factors were not associated with
seizures worsening in this study.

COVID-19 vaccine-related skepticism has been reported in PWE
[32]. As we demonstrated that PWE with drug resistance and FIAS
are more likely to exhibit seizure exacerbation during vaccination,
some specific PWE should acknowledge the risk. Although deter-
mining a causal association between seizure exacerbation and vac-
cination was beyond the scope of the current investigation, the
unhabitual events occurred within a few days of vaccination; there
were certain cases with unusual events that were highly likely to
be associated. While supposedly the vaccine lowered the seizure
threshold, all seizure worsening events were transient and did
not affect 6-month outcomes, suggesting that it did not have a role
in causing an irreversible epileptogenic change. Therefore, seizure
worsening was considered a transient response and may be classi-
fied as an adverse reaction to vaccination. In addition, our results
do not provide a basis for refraining from future vaccination for
PWE. SARS-CoV2 mRNA vaccination was reported to be well-
tolerated in PWE[33]. Thus, notifying PWE of the likelihood of sei-
zure worsening following vaccination may allow PWE to avoid
unanticipated events.

4.4. Limitations

The epidemiological difference that the spread of COVID-19
infection is smaller in Japan than in other countries should be
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acknowledged when applying the data of this study to other coun-
tries [34]. Conversely, the vaccination coverage rate in Japan was
77% on December 3, 2021, and a similar vaccination rate was
obtained in our dataset. Vaccination coverage rates in other coun-
tries ranged from 59 to 73% [35]. Our cohort was based on data
from tertiary hospitals with epilepsy centers. Thus, the proportion
of drug-resistant PWE might differ from that in general clinical
practice. In this regard, our nationwide survey data might be true
for PWE in general clinical practice.

Several nervous system adverse effects of COVID-19 vaccination
involve some neurocritical conditions, such as neuropathy,
vaccine-induced immune thrombotic thrombocytopenia, and
encephalitis [36,37]. However, adenovirus vector vaccination
against COVID-19 has not yet been used in our population. There-
fore, these serious neurological conditions were not observed in
the present study.

Since we included patients with single seizures in this study,
the seizure worsening rate could have been different compared
to the results when we included only PWE. Additionally, in the
nationwide survey for self-reported seizure worsening, the number
of PWE with seizure worsening relied on patients’ spontaneous
reports. These limitations may skew the data regarding true sei-
zure worsening and interpreting the related factors.
5. Conclusion

Our multicenter study confirmed the emergence of a number of
seizure exacerbations after SARS-CoV2 mRNA vaccination. The risk
of worsening was prominent within a few days after vaccination,
which should be acknowledged, especially for drug-resistant
PWE with FIAS. However, seizure worsening was a monophasic
course, such as a feature of adverse reaction to vaccination, and
there were no cases with poor outcomes after 6 months of
follow-up. Thus, we find no reason to discourage vaccination in
PWE, also in the future, when social conditions change and new
vaccination is required.
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