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Background: It was found that the novel coronavirus disease 2019 (COVID-19) pandemic 
contributed to changes in the epidemiologic and symptomatic pattern of some neurologic disorders. 

Objectives: The present study investigated the frequency of seizures and their characteristics from 
February to August 2020 (the peak of the COVID-19 pandemic) compared to the same period the 
year before.

Materials & Methods: This cross-sectional-analytical study was performed on patients with 
seizures in Poursina hospital in Guilan province, Iran, between February and August 2020 and the 
same period the year before. Patients with seizures at the beginning or during hospitalization with at 
least one seizure in the desired period were included in the study. 

Results: The increase in seizure frequency during the COVID-19 pandemic versus last year was 
statistically significant (P=0.014). It also observed a significant difference in seizure etiology 
(P=0.032), types (P<0.005), and history of seizure (P<0.001). The most prevalent causes of seizures 
and stroke before and during the COVID-19 pandemic are unknown. The convulsive status 
epilepticus increased during the COVID-19 pandemic period by 4-fold. Before the pandemic, the 
patients had a higher prevalence of seizure history.

Conclusion: The frequency of seizures, their types, and etiology changed during the COVID-19 
pandemic, signifying that COVID-19 can influence on hospital burden of the seizure population.
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Introduction

he novel coronavirus disease 2019 (CO-
VID-19) pandemic has been since De-
cember 2019 [1]. Based on May 18, 2022, 
World Health Organization (WHO) situ-
ation report, there have been 520372000 

confirmed cases of COVID-19, including 6270000 
deaths worldwide [2]. Given the COVID-19 pandemic 
continues, a better understanding of the neurological 
manifestations and accompanying symptoms of CO-
VID-19 is a serious priority [3]. Different neurological 
manifestations have been reported that are caused or 
provoked by COVID-19, including stroke, cerebral vein 
thrombosis, myelitis, and peripheral neuropathy [4-11]. 

Evidence has signified the incidence of acute seizure 
as one of the well-known complications in critically-ill 
patients with sepsis, presumably affected by COVID-19 
[12]. Likewise, some consequences of COVID-19, such 
as multi-organ failure and severe metabolic and electro-
lyte disturbance, may induce a subclinical and clinical 
acute symptomatic seizure in some patients [13, 14]. It 
has been reported that the first wave of the COVID-19 
pandemic led to worsening seizure control in patients 
with epilepsy [15]. Also, there are some reports of CO-
VID-19 presenting with a seizure [16]. 

In assessing 2 cohort studies in the UK, the incidence of 
new seizures or epilepsy diagnoses in the 6 months after 
COVID-19 was low but higher than in matched patients 
with influenza. This difference was more obvious among 
patients not hospitalized, indicating the risk of epilepsy 
and seizures in COVID-19 with different severity [17]. 

On the other hand, based on the evidence, epilepsy may 
bring about high hospital burdens such as increased costs 
and length of hospitalization [18].

However, the impact of the COVID-19 period on sei-
zure burden changes in hospitalized patients is still un-
clear. Hence, this study aimed to investigate the burden 
and characteristics of seizures in hospitalized patients 
during the COVID-19 pandemic compared to last year. 

Materials and Methods

In this observational cross-sectional comparative study, 
patients hospitalized in the neurology unit (NU) of an ac-
ademic hospital in the north of Iran from February to Au-
gust 2019 and 2020 were included in the emergency unit 
(EU). The emergency physician admitted those with re-
current or prolonged convulsive seizures, abnormal neu-
rologic exam, ongoing seizure, or within <90 minutes of 
seizure termination. Otherwise, patients are usually dis-
charged to the rapid-access outpatient neurology clinic. 
The admitted patients in the EU were then stabilized, 
treated as necessary, and then visited by the neurology 
consultant to decide early discharge versus admission to 
NU. We also included patients with seizures during hos-
pitalization due to other neurologic conditions. 

Probable coronavirus infection was defined when the 
clinical symptoms were accompanied by either a positive 
result of SARS-CoV-2 RT-PCR (reverse transcription-poly-
merase chain reaction) assay [19] or COVID-19 manifesta-
tions on chest computerized tomography (CT) findings. 

Data including gender, age, seizure history, type, and 
etiology during hospitalization were recorded. A neuro-
logical examination was done on each patient to diag-
nose the seizure. In addition, routine neuro-radiological 
techniques consisting of CT scan or structural magnetic 
resonance imaging (MRI) were carried out to determine 
structural abnormality of the brain. Furthermore, con-
ventional EEG was accomplished for all patients ac-
cording to the international 10-20 system. The patients 
suspected of having neuro infection and subarachnoid 
hemorrhage were tested using a lumbar puncture. Rou-
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• Different neurological manifestations have been reported that were caused or provoked by COVID-19. 

• The seizure frequency increased during the COVID-19 pandemic.

• The most prevalent causes of seizures before the COVID-19 pandemic period and stroke during the pandemic are 
unknown. 

• The convulsive status epilepticus increased during the COVID-19 pandemic period by 4-fold. 
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tine laboratory experiments such as blood gases and 
cells, electrolytes, liver and renal function, C-reactive 
protein, and coagulant profile were performed for all pa-
tients. Demographic, clinical, and paraclinical data were 
collected and entered into the statistical software.

Statistical analysis

All analyses and calculations were performed in SPSS 
software, version 16 (SPSS Inc., Chicago, IL). Continu-
ous variables are presented as Mean±SD, whereas cate-
gorical variables are expressed as numbers and percent-
ages. The independent sample t-test, chi-square test, and 
Fisher exact test were applied to analyze the quantitative 
and categorical data differences between variables. The 
significant level was considered at P<0.05. 

Results

A total of 1525 patients were hospitalized in the NU of 
Poursina Hospital in Rasht City, Iran, before COVID-19 
and 985 patients during COVID-19. In particular, 149 
patients with seizures (15.1%) were admitted between 
February and August 2020 during COVID-19, and 179 
patients with seizures (11.7%) were admitted in the 
same period the year before (Figure 1). 

This increase in seizure frequency during COVID-19 
versus pre-pandemic was statistically significant 
(P=0.014). 

According to the findings in Table 1, there was no 
significant difference in the mean age between sei-
zure patients hospitalized in NU during COVID-19 
(51.3±18.9 years) and the same period last year 
(52.3±19.3 years). However, a considerable difference 
was observed between the two study periods regard-
ing gender (P=0.012). Notably, a drastic decrease in the 
frequency of female patients with seizures was reported 
during the COVID-19 pandemic (36.9%) versus the pre-
pandemic period (63.1%). Also, the previous history of 
seizure was significantly related to the study period, and 
it was more frequent before the COVID-19 pandemic 
(68.8% vs 31.3%, P<0.001). The results showed that the 
distribution of seizure types was significantly different 
between the COVID-19 pandemic and the same period 
the year before (P=0.005). The percentage of convulsive 
status epilepticus (CSE) seizures during the COVID-19 
pandemic (70%) was substantially elevated relative to 
pre-pandemic (40%). Furthermore, the frequency of 
some types of seizure, such as focal impaired aware-
ness motor (FIAM), focal aware motor (FAM), and 
generalized tonic-clonic (GTC) before the COVID-19 
pandemic were 60%, 75%, and 56.8%, respectively that 
hugely declined during the COVID-19 period. Based on 
the results of this study, a significant difference was dis-
closed between the two periods of the study in terms of 
seizure etiology (P=0.032). A remarkable increase was 
seen in the frequency of seizure patients with stroke dur-
ing COVID-19 (66.2%) pandemic versus pre-pandemic 
(33.8%). Those who experienced seizures due to brain 
infection had a higher percentage during COVID-19 
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Figure 1. Seizure frequency during COVID-19 pandemic (February to August 2020) and the same period the year before (n=328)

†The Pearson chi-square test. 
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(69%) than during the COVID-19 era (31%). Addition-
ally, the frequency of some seizure etiologies, such as 
unknown (40.7%) and genetic (42%), decreased during 
COVID-19 compared to the same period the year before. 
More details are indicated in Table 1.

Interestingly, out of 149 seizure patients during CO-
VID-19, 64(43.0%) demonstrated positive results in 
COVID-19 tests. Unexpectedly, there was no significant 
relationship between the presence of coronavirus infec-
tion and seizure characteristics in hospitalized patients 
having seizures. Coronavirus infection was not also re-
lated to gender in the patients with seizures hospitalized 
in the NU during the initial peaks of the COVID-19 era. 
Table 2 depicts more information.

Discussion

In this project, we witnessed a drastic reduction in to-
tal admission in the NU of Poursina Hospital during the 
COVID-19 pandemic. However, a notable increase in 
seizure frequency was reported during the COVID-19 
pandemic period as compared with the same period last 
year. The hospital burden of seizure increases despite the 
decrease in the absolute total number of seizures during 
the COVID-19 pandemic might be due to more severe 
cases during this period.

But in a retrospective cohort study in the UK, this in-
crease is not related to the hospitalization changes and 
the incidence of new seizures or epilepsy diagnoses 

Table 1. Comparing the seizure type and etiology between seizure patients hospitalized before and after COVID-19 
pandemic(n=328)

Variables
Mean±SD/No. (%)

P
Before (n=179) After (n=149) Total

Age (y) 52.3±19.3 51.3±18.9 51.9±19.1 0.612*

Gender 
Male 97(49.0) 101(51.0) 198(60.4)

0.012
Female 82(63.1) 48(36.9) 130(39.6)

History
No 80(43.5) 104(56.5) 128(39.0)

<0.001†

Yes 99(68.8) 45(31.3) 200(61.0)

Type

Generalized tonic-colonic 133(56.8) 101(43.2) 234(71.3)

0.005‡

Absence (generalized non-motor) 1(100.0) 0(0.0) 1(0.3)

Focal impaired awareness motor 24(60.0) 16(40.0) 40(12.2)

Focal aware motor 9(75.0) 3(25.0) 12(3.7)

Convulsive status epilepticus 12(30.0) 28(70.0) 40(12.2)

Non-convulsive status epilepticus 0(0.0) 1(100.0) 1(0.3)

Etiology

Genetic 47(58.0) 34(42.0) 81(24.7)

0.032†

Unknown 51(59.3) 35(40.7) 86(26.2)

Structural

Stroke 22(33.8) 43(66.2) 65(19.8)

Trauma 5(55.6) 4(44.4) 9(2.7)

Tumor 20(60.6) 13(39.4) 33(10.1)

Other 4(57.1) 3(42.9) 7(2.1)

Brain infection 20(69.0) 9(31.0) 29(8.8)

Metabolic 10(55.6) 8(44.4) 18(5.5)

*The independent t-test, †The Pearson chi-square test, ‡The Fisher exact test.
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in the 6 months after COVID-19 was higher than in 
matched patients with influenza. This difference was 
more marked in people not hospitalized, highlighting the 
risk of epilepsy and seizures in COVID-19 regardless of 
severity [17]. 

Furthermore, the frequency of type, etiology, history of 
seizure, and gender have changed during the COVID-19 
pandemic. Particularly, stroke patients who manifested 
seizures doubled during the COVID-19 period versus 
before it. It is plausible that those with a good progno-
sis in an emergency were discharged. Thus, those with 
poorer outcomes and more susceptibility to seizure de-
velopment were hospitalized during COVID-19, which 
increased the seizure burden. COVID-19 also has been 
suggested as a stroke risk factor [6, 7, 9]. There is a com-
plex interplay between seizure, stroke, and COVID-19. 
Another possibility is that stressful circumstances in-

duced by the COVID-19 pandemic might lessen medi-
cal examination rates and slow nursing care and proper 
medical management of hospitalized stroke patients in 
NU, leading to more complications simultaneously. On 
the other hand, it may lead to overlook some seizures. 

A previous study postulated that COVID-19 could be 
directly associated with seizures in patients with neu-
rological manifestations [20]. The results of our study 
also displayed that nearly half of the seizure patients 
during the COVID-19 era were concurrently affected 
by COVID-19-induced infection. Additionally, the same 
study indicated that age was an influential factor in the 
development of seizures in patients with severe acute re-
spiratory syndrome COVID-19 infection. Older people 
were more likely to have seizures. But in our study, age 
did not affect seizure prevalence. Likewise, female pa-
tients with coronavirus infection seem more susceptible 

Table 2. Demographic and seizure-related characteristics in seizure patients with negative and positive COVID-19 (n=149)

Variables
Mean±SD/No.(%)

P
Negative (n=85) Positive (n=64) Total

Age (y) 49.1±19.7 54.1±17.5 51.3±18.9 0.106*

Gender
Male 60(59.4) 41(40.6) 101(67.8)

0.399†

Female 25(52.1) 23(47.9) 48(32.2)

History
No 57(54.8) 47(45.2) 104(69.8)

0.401
Yes 28(62.2) 17(37.8) 45(30.2)

Type

Generalized tonic-colonic 52(51.5) 49(48.5) 101(67.8)

0.061‡

Focal impaired awareness motor 11(68.8) 5(31.3) 16(10.7)

Focal awareness motor 1(33.3) 2(66.7) 3(2.0)

Convulsive status epilepticus 21(75.0) 7(25.0) 28(18.8)

Non-convulsive status epilepticus 0(0.0) 1(100.0) 1(0.7)

Etiology

Genetic 18(52.9) 16(47.1) 34(22.8)

0.725‡

Unknown 20(57.1) 15(42.9) 35(23.5)

Structural

Stroke 27(62.8) 16(37.2) 43(28.9)

Trauma 1(25.0) 3(75.0) 4(2.7)

Tumor 9(69.2) 4(30.8) 13(8.7)

Other 1(33.3) 2(66.7) 3(2.0)

Brain infection 4(44.4) 5(55.6) 9(6.0)

Metabolic 5(62.5) 3(37.5) 8(5.4)

*The independent t-test; †The Pearson chi-square test; ‡The Fisher exact test.
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than male ones to seizure development [20]. Although 
we did not investigate the risk of seizure occurrence be-
tween the patients with and without coronavirus infec-
tion, our analysis of the seizure patients demonstrated 
a substantial association of gender but not age with the 
COVID-19 period. 

Based on the literature, the relationship between coro-
navirus infection and seizure has been very controver-
sial. Sometimes it has been claimed that seizures were 
unrelated to the coronavirus [21]. However, some evi-
dence has suggested that coronavirus infection might 
be associated with some neurological manifestations, 
such as seizures, impaired level of consciousness, and 
encephalitis. Indeed, the coronavirus cannot cause or 
provoke seizures in susceptible individuals, such as 
patients with epilepsy. However, fever is a known pre-
cipitating factor in some patients with epilepsy [22]. The 
destructive effects of COVID-19 on the central nervous 
system are mainly caused by a cytokine storm produced 
by either the entry of pro-inflammatory cytokines from 
the periphery into the CNS or the production of these 
cytokines by activated microglia. It can result in neu-
rotransmitter modulation and ion channel dysfunction, 
leading to neuronal hyperexcitability, presenting as sei-
zures. Pro-inflammatory cytokines, such as tumor necro-
sis factor-alpha, interleukin 1-beta (IL-1B), interleukin 6 
(IL-6), free radicals, nitric oxide, and others are released, 
leading to acute or chronic inflammation, causing neuro-
nal hyperexcitability and potentially resulting in seizures. 
These cytokines aggravate apoptosis and neuronal ne-
crosis in the CNS, and they also stimulate glutamate re-
lease while inhibiting GABA release in the hippocampus 
and cerebral cortex (IL-1B, TNF-α). Additionally, using 
α-amino-3-hydroxyl-5-methyl-4-isoxazole-propionate 
(AMPA) and N-methyl-D-aspartate (NMDA) receptors, 
these cytokines increase calcium entry into the neurons, 
leading to neuronal hyper-excitability (TNF-α). Lastly, 
they release neurotoxic compounds through different 
autocrine/paracrine mechanisms (IL-6). Secondary sei-
zures may be initiated after strokes, elevated levels of 
IL-6, electrolyte imbalance, increased oxidative stress, 
hypoxia, and mitochondrial dysfunction in COVID-19 
patients [16, 23]. 

In our study, the other results were that the frequency of 
patients with seizure history markedly attenuated during 
the COVID-19 pandemic compared to pre-pandemic. 
This result might be due to less willingness of patients 
with a seizure history for hospitalization during the 
COVID-19 lockdown versus before the pandemic for 
the psycho-social effects of the COVID-19 pandemic. 
Nevertheless, a dramatic enhancement of hospitaliza-

tion was discovered in patients without a seizure history. 
An explanation for this result might be due to a refer-
ral bias and the higher degree of anxiety related to the 
first seizure. A higher percentage of malignant patients 
with more critical underlying etiology were referred to 
the hospital and transferred to NU. Subsequently, the 
probability of new-onset seizures induced by the above 
disorders was increased during COVID-19.

In particular, a remarkable elevation of convulsive 
status epilepticus during COVID-19 compared to the 
pre-pandemic. Also, the COVID-19 era was associated 
with more seizure cases. These findings confirm the pre-
vious theory that patients with malignant seizures were 
probably prevalently hospitalized during the pandemic 
versus the pre-pandemic period. However, generalized 
tonic-colonic seizure similarly was the most prevalent 
type of seizure during the two time periods of this study.

Interestingly, we found no profound association of 
coronavirus infection with seizure types, etiology, and 
history. It seems that seizure characteristics were not re-
lated to coronavirus infection. 

It is suggested that a prospective study with large sam-
ple size is designed to follow the seizure development 
in patients with COVID-19. A similar multicenter in-
vestigation is also recommended. Finally, it is seriously 
suggested to investigate the medications and treatment 
processes during the COVID-19 pandemic in hospital-
ized seizure patients in future studies. 

Conclusions

We found that the frequency of seizures in hospital-
ized patients during COVID-19 was substantially higher 
than before the COVID-19 pandemic. Less than half of 
seizure patients hospitalized during the COVID-19 pan-
demic had a positive COVID-19. Gender but not age as 
a demographic parameter in seizure patients differed be-
tween the two time periods of study. The most prevalent 
causes of seizures and stroke before and during the CO-
VID-19 pandemic are unknown. The more common type 
of seizure during the two periods of the study was gener-
alized tonic-clonic seizure. COVID-19 era may increase 
the appearance of malignant seizures such as convulsive 
status epilepticus by 4-fold. It seems that lockdown due 
to the COVID-19 pandemic might intensify the hospital 
burden of seizure but not its incidence.
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