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Impact of COVID-19 on the incidence of respiratory viral infections
and clinical characteristics of associated febrile seizures
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Background: Viral infections of the upper respiratory tract are one of the most common causes of febrile
seizures (FSs). During the coronavirus disease-2019 (COVID-19) pandemic, mitigation measures have
contributed to changes in the incidence of respiratory viral infections. Therefore, we aimed to evaluate the
impact of the COVID-19 pandemic on the incidence of respiratory viral infections and clinical characteristics
of FSs.

Methods: We retrospectively reviewed the medical records of 988 episodes of FS (865 before the pandemic
and 123 during the pandemic) between March 2016 and February 2022. Seizure characteristics and their
outcomes, along with the distribution of identified respiratory viruses were compared before and during the
pandemic.

Results: The occurrence of FSs decreased during the COVID-19 pandemic compared to that before the
pandemic. A substantial reduction in the incidence of influenza virus infections was observed (P<0.001)
during the pandemic, while the incidence of rhinovirus infection was not significantly changed (P=0.811).
Interestingly, a significantly high incidence of parainfluenza virus (P=0.001) infections was observed
during the pandemic. No statistically significant between-group differences were observed in the clinical
presentation and outcomes of FSs before and during the pandemic.

Conclusions: Despite epidemiological changes in respiratory viral infections, the clinical characteristics
and outcomes of FSs before and during the COVID-19 pandemic were comparable.
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Introduction and 5 years of age (1). FSs are considered benign and

Febrile seizures (FSs) are seizures that occur during febrile generally have no long-term neurodevelopmental

episodes without any evidence of seizure-provoking central
nervous system (CNS) infections, trauma, or metabolic frequently associated with upper respiratory viral infections.

abnormality, affecting 2-5% of children between 6 months Any respiratory viruses, including rhinovirus, influenza

complications in the majority of cases (1). FSs are most
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virus, enterovirus, parainfluenza virus, and coronavirus,
can cause FS (2). FSs have been linked to seasonal viral
epidemics, that follow a pattern similar to that seen with
common respiratory pathogens (3,4).

Since the first case of severe pneumonia caused by a
novel coronavirus [severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)] was reported in December
2019 (5), the pandemic of coronavirus disease-2019
(COVID-19) has continued unabated. The SARS-CoV-2 is
primarily transmitted from person to person, either through
direct contact or droplet, spread by coughing or sneezing
from an infected individual (6). To mitigate the spread
of the virus, non-pharmacological interventions (NPIs),
including personal behavioral changes, such as wearing a
mask and frequent handwashing, and maintaining social
distance, were implemented worldwide: social distancing has
removed children from schools, day care centers, and other
contact with peers (7). This led to a significant decrease in
the transmission of common infectious pathogens among
children (8). Moreover, the overall incidence of respiratory
infections in South Korea significantly decreased after the
implementation of the COVID-19 mitigation measures in
February 2020 (9). Accordingly, these measures may have
influenced the incidence of respiratory viral infections
causing a parallel change in the incidence and clinical
characteristics of FS. A nationwide study in South Korea
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* Despite epidemiological changes in respiratory viral infections, the
clinical features and prognosis of febrile seizure (FS) before and
during the coronavirus disease 2019 (COVID-19) pandemic were
comparable.

What is known and what is new?

® During the COVID-19 pandemic, mitigation measures have
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* Despite changes in the incidence, seasonality, and viral causes
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children with FS need not differ before and during the COVID-19
pandemic.

© Translational Pediatrics. All rights reserved.

529

using national health insurance data demonstrated that the
incidence of FS decreased by 38% in 2020, compared to
that in 2010-2019 (10).

In this study, we aimed to evaluate the altered incidence
and clinical characteristics of FS in a real-life clinical
setting during the COVID-19 pandemic, when the seasonal
distribution of respiratory viral infections causing a majority
of cases of FS had changed, and to compare them to those
observed before the pandemic began. Furthermore, we
aimed to identify the patterns of FS incidence and clinical
characteristics with specific respiratory viral pathogens.
We present the following article in accordance with
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-406/rc).

Methods

We conducted a retrospective medical chart review of
pediatric patients between the age of 6 and 60 months
who presented with FS at Incheon St. Mary’s Hospital
(Incheon, South Korea) and Daejeon St. Mary’s Hospital
(Daejeon, South Korea) between March 2016 and February
2022. Seizures caused by acute CNS infections, other
intracranial lesions, and metabolic causes, including
electrolyte imbalance and hypoglycemia, were excluded
from the study. Patients were identified using the diagnostic
codes for FS, convulsion, and epilepsy. The diagnostic
codes used for patient identification included R56.0 (FS),
R56.8 (convulsions), and G40 (epilepsy), according to the
10" version of the International Classification of Diseases
and Related Health Problems (ICD-10). We reviewed the
medical records thoroughly and confirmed that the patients
fit the definition of FS. During the study period, each
seizure episode accompanied by fever in the same patient
was regarded as a separate episode if fever and seizure
were absent for >7 and >24 hours, respectively, between
seizures. Clustered seizures occurring within 24 hours were
considered as a single episode, and the number of seizures
within 24 hours was investigated. Additionally, the illness
was considered the same when the same viral pathogen was
confirmed within 4 weeks.

The retrieved data included sex, age of FS onset, seizure
type, seizure frequency and duration, the presence of
prolonged (>15 min) or clustered FS, the time interval
between fever onset and seizure occurrence, the season
when FS occurred, a clinical diagnosis for fever and
accompanying symptoms suggesting infection, a family

history of FS or epilepsy, electroencephalography (EEG)
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and brain magnetic resonance imaging (MRI) findings, and
the development of subsequent epilepsy up to May 2022.
The seasons of the year were defined as follows: spring,
March to May; summer, June to August; autumn, September
to November; and winter, December to February. The
results of blood, urine, and stool cultures, rapid influenza
detection tests (RIDT5s), and multiplex polymerase chain
reaction (mPCR) tests were also analyzed. Commercial
kits that were used to perform RIDTs and mPCR tests on
nasopharyngeal swab samples are as follows: Sofia Influenza
A+B Fluorescent Immunoassay (Quidel Corp., San Diego,
CA, USA) and AdvanSure™ RV real-time RT-PCR kit (LG
Life Sciences, Seoul, South Korea), respectively, at Incheon
St. Mary’s Hospital, and Alere BinaxNOW® Influenza A &
B Card (Abbott, I, USA) and Allplex"™ Respiratory Panel
(RP) 1, 2, 3 (Seegene Inc., Seoul, South Korea), respectively,
at Daejeon St. Mary’s Hospital. The RIDTs were performed
routinely during influenza outbreaks (usually from
December to April in Korea). Since the mPCR tests were
expensive and time-consuming, the tests were performed
only for hospitalized patients presenting with fever or
respiratory symptoms unless the guardian refused testing.
During the COVID-19 pandemic, the commercial kits that
were used to perform a polymerase chain reaction (PCR)
test for SARS-CoV-2 on nasopharyngeal and oropharyngeal
swab samples are as follows: STANDARD™ M nCoV
Real-Time Detection kit (SD BIOSENSOR, Osong, South
Korea) and Real-Q 2019-nCoV Detection kit (BioSewoom,
Seoul, South Korea) at Incheon St. Mary’s Hospital, and
Allplex™ SARS-CoV-2 Assay (Seegene Inc., Seoul, Korea)
at Daejeon St. Mary’s Hospital.

According to the timing of FS occurrence, the enrolled
children were classified into two groups: before the
COVID-19 pandemic group (comprising of those with FS
episodes between March 2016 to February 2020) and during
the COVID-19 pandemic group (comprising of those with
FS episodes between March 2020 to February 2022). In
South Korea, the first patient diagnosed with COVID-19
was reported on January 20, 2020, followed by a surge in
the number of cases with COVID-19 at the end of February
2020. The demographic and clinical characteristics of FS,
and the distribution of detected respiratory viruses were
compared between the two groups.

Statistical analysis

All statistical analyses were performed using SPSS 21.0 for
Windows (IBM Corp., Armonk, NY, USA). Numerical
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data, including age, were compared using Mann-Whitney
test. Categorical data, such as the demographic and clinical
characteristics as well as the distribution of respiratory
viral pathogens, were analyzed using Fisher’s exact test or
the chi-square test. Fisher’s exact test was used when more
than 20% of cells had expected frequencies <5. Statistical
significance was set at P<0.05.

Ethical consideration

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Institutional Review Board of the Catholic
Medical Center (No. OC22RASI0007) and individual

informed consent for this retrospective analysis was waived.

Results

Demographic and clinical characteristics of children with
FS

Altogether, 988 episodes with a diagnosis of FSs were
identified between March 2016 and February 2022,
consisting of 865 (87.6%) and 123 episodes (12.4%) before
and during the COVID-19 pandemic, respectively (1able 1).
As shown in Figure 1, the occurrence of FSs decreased
during the COVID-19 pandemic compared to that before
the pandemic. During the pandemic, the incidence of FSs
increased dramatically in the autumn (35.0% vs. 16.2%),
whereas the same decreased significantly in the spring
(29.8% vs. 18.7%) (P<0.001, Tuble 1).

No statistically significant between-group differences
were observed in sex composition, the median age at
onset of FS, and seizure types (Table 1). The proportion
of children having their first FS during the COVID-19
pandemic was significantly higher compared to those before
the pandemic (67.5% wvs. 54.2%, respectively; P=0.006,
Tiable 1). The seizure duration, time interval between fever
and FS onset, presence of abnormal findings on EEG and
the brain MRI, presence of a family history of FSs and
epilepsy, and the development of subsequent epilepsy were
not significantly different before and during the COVID-19
pandemic (Zable I). Upper respiratory tract infection was
the most common cause of fever in both groups, accounting
for 60.9% and 56.9% of FS episodes before and during the
pandemic, respectively. The distribution of clinical diagnoses
of fever between the two groups showed no statistically
significant differences (1able I). During the study period,
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Table 1 Demographic and clinical characteristics of children with febrile seizures

Characteristics Before the COVID-19 During the COVID-19 P value
pandemic (n=865) pandemic (n=123)
Males 510 (59.0) 64 (52.0) 0.145
Age of FS onset, mon, median (IQR) 23.7 (17.4-34.1) 22.8 (17.5-30.3) 0.438
Season <0.001
Spring 258 (29.8) 23 (18.7)
Summer 208 (24.0) 21 (17.1)
Autumn 140 (16.2) 43 (35.0)
Winter 259 (29.9) 36 (29.3)
Classification of FS 0.985
Simple FS 590 (68.2) 84 (68.3)
Complex FS 275 (31.8)" 39 (31.7)
>15 min 36 (4.2) 5(4.1)
Recur within 24 h 187 (21.6) 26 (21.1)
Focal seizure 57 (6.6) 8 (6.5)
Seizure types
Generalized 789 (91.2)* 110 (89.4) 0.518
Others 78 (9.0) 13 (10.6) 0.578
Number of seizure attacks 0.006
1 469 (54.2) 83 (67.5)
=2 396 (45.8)° 40 (32.5)"
Time interval between fever onset and seizure occurrence 0.569
<24 h 757 (87.5) 104 (84.6)
<72h 92 (10.6) 17 (13.8)
=72 h 16 (1.8) 2(1.6)
Abnormal EEG result 22/225 (9.8) 5/41 (12.2) 0.964
Focal epileptiform discharges 18 (2.1) 2(1.6)
Generalized epileptiform discharges 0(0.0) 1(0.8)
Multifocal epileptiform discharges 1(1.1) 0 (0.0)
Focal background slowing 2@2.1) 2(1.6)
Generalized background slowing 1(1.1) 0(0.0)
Abnormal brain MRI result 2/103 (1.9)" 3/26 (11.5)% 0.055
Family history of FS 261 (30.2) 44 (35.8) 0.208
Family history of epilepsy 16 (1.8) 1(0.8) 0.711
Subsequent diagnosis of epilepsy 20 (2.3) 0(0.0) 0.160

Table 1 (continued)
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Table 1 (continued)

Park et al. FSs during COVID-19

Before the COVID-19

During the COVID-19

Characteristics pandemic (n=865) pandemic (n=123) P value
Clinical diagnosis of fever 0.374

Upper respiratory tract infection 527 (60.9) 70 (56.9)

Lower respiratory tract infection 72 (8.3) 7 (5.7)

Hand, foot, and mouth disease/herpangina 63 (7.3) 5(4.1)

Acute gastroenteritis 35 (4.0) 7(5.7)

Urinary tract infection 11 (1.3) 1(0.8)

Exanthem subitem 47 (5.4) 10 (8.1)

Fever without a focus 99 (11.4) 20 (16.3)

Kawasaki disease 1(0.1) 0 (0.0)

Others® 10 (1.2) 3(2.4)

Data are presented as N (%) or median (interquartile range). ', five patients in the Before the COVID-19 pandemic group had recurrent
seizures within 24 hours lasting for >15 minutes; ¥, two patients in the Before the COVID-19 pandemic group experiencing recurrent
seizures had generalized and other types of seizures during the same febrile iliness; §, frequency of episode was as follows: 2
(179 patients, 20.7%), 3-5 (174 patients, 20.1%), and >5 (43 patients, 5.0%); ", frequency of episode was as follows: 2 (23 patients,
18.7%) and 3-5 (17 patients, 13.8%); ', one patient of periventricular leukomalacia (with subsequent diagnosis of epilepsy) and the other
of old lacunar infarcts in bilateral thalami and left corona radiata; *, one patient of periventricular leukomalacia, another of right parieto-
occipital encephalomalacic changes, and the other of cavernous malformation in right temporal lobe; %, postvaccination fever or fever
caused by the varicella-zoster virus infection. COVID-19, coronavirus disease 2019; FS, febrile seizure; mon, month; IQR, interquartile
range; EEG, electroencephalography; MRI, magnetic resonance imaging.
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Figure 1 The change of epidemics of febrile seizures. (A) The annual incidence of febrile seizures. (B) The occurrence of febrile seizures
before and during the COVID-19 pandemic. COVID-19, coronavirus disease 2019.

7 patients experienced repeated FS before the pandemic
(8 episodes) and during the pandemic (8 episodes),
respectively. Upon excluding these patients from analysis,
no statistically significant inter-group differences were
observed in terms of the clinical characteristics of FS
(Table S1). Of the 552 patients (55.9%) with a first FS, no
statistically significant differences in clinical characteristics
of FS were observed between before the pandemic group

© Translational Pediatrics. All rights reserved.

(n=469) and during the pandemic group (n=83) (Table S2).

Identification of causative respiratory viruses in children
with FS

Before the pandemic started (n=865), RIDTs and mPCR
tests were performed for 366 (42.3%) and 314 (36.3%)
episodes, respectively. During the COVID-19 pandemic
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Table 2 Distribution of respiratory viruses detected by RIDT and mPCR test in children with febrile seizures

Variables Before the COVID-19 pandemic During the COVID-19 pandemic P value
RIDT n=366 n=0
Negative 283 (77.3) 0 (0.0) NA
Positive 83 (22.7) 0(0.0)
mPCR test n=314 n=64
Negative 90 (28.7) 19 (29.7) 0.869*
Positive 224 (71.3) 45 (70.3)
Coinfection 99 (44.2) 15 (33.3) 0.178*
Single virus infection 125 (55.8) 30 (66.7)
Influenza virus 8 (6.4) 0 (0.0) 0.355
Respiratory syncytial virus 7 (5.6) 1(3.3) >0.999
Adenovirus 15 (12.0) 2(6.7) 0.529
Rhinovirus 53 (42.4) 12 (40.0) 0.811
Metapneumovirus 9(7.2) 0(0.0) 0.207
Coronavirus 10 (8.0) 0 (0.0 0.211
Bocavirus 6 (4.8) 4 (13.3) 0.103
Parainfluenza virus 13 (10.4) 11 (36.7) 0.001
Enterovirus 4 (3.2) 0 (0.0 >0.999

Data are presented as N (%). *, comparison on the proportions of negative and positive mPCR test results between Before the COVID-19
pandemic and During the COVID-19 pandemic groups; **, comparison on the proportions of single virus infection and virus coinfection
between before the COVID-19 pandemic and during the COVID-19 pandemic groups. RIDT, rapid influenza detection test; mPCR,
multiplex polymerase chain reaction; COVID-19, coronavirus disease-2019; NA, not available.

(n=123), however, RIDTs were not conducted and mPCR
tests were performed in 64 (52.0%) episodes. All children
during the COVID-19 pandemic underwent PCR testing
for SARS-CoV-2, out of which four (3.3%) of them
were diagnosed with COVID-19. Regarding the RIDTs
conducted before the pandemic, 83 (22.7%) were positive
for the influenza virus. Regarding mPCR tests, there
were no statistically significant differences in the rates of
positivity (71.3% before the pandemic vs. 70.3% during the
pandemic), and coinfection with two or more respiratory
viruses (44.2% before the pandemic vs. 33.3% during the
pandemic) between the two periods of assessments (Table 2).
In addition, no statistically significant inter-group
differences were observed among patients who underwent
RIDTs and/or mPCR tests (Table S3).

Interestingly, influenza viruses were identified in
88 episodes (80 and 5 on RIDT and mPCR testing,
respectively, and 3 each in both) before the COVID-19
pandemic, while it was undetected in none of the episodes

© Translational Pediatrics. All rights reserved.

during the pandemic (P<0.001). For episodes in which a
single respiratory virus was identified by an mPCR test,
the detection rates of rhinovirus, the second most common
respiratory virus before the COVID-19 pandemic, did not
differ significantly after the pandemic commenced (42.4%
vs. 40.0%, P=0.811). Meanwhile, increased detection rates
of bocavirus (4.8% vs. 13.3%, P=0.103) and parainfluenza
viruses (10.4% vs. 36.7%, P=0.001) were observed during
the pandemic, compared to that before the pandemic,
respectively (Table 2). Figure 2 illustrates the distribution
of respiratory viruses observed before and during the
COVID-19 pandemic.

Discussion

This was a relatively large-scale study in a real-life
clinical setting that investigated the incidence and clinical
characteristics of FS during the COVID-19 pandemic. The
overall incidence of FS was observed to decrease during the
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pandemic. The distribution of detected respiratory viral
infections in FS underwent significant changes after the
COVID-19 pandemic began. Despite the changes in the
detected respiratory viral illnesses, there were no significant
differences in seizure characteristics and outcomes between
children with FS before and during the pandemic.

In this study, the occurrence of FS considerably
decreased during the COVID-19 pandemic compared to
that before the pandemic. This was confirmed from another
real-life clinical setting in South Korea that used national
health insurance data to substantiate its findings (10).
Likewise, Chiu et 4/. (11) showed a significant reduction in
pediatric seizure-related emergency department attendance
during the COVID-19 pandemic in Hong Kong, with a
more drastic reduction observed in children aged 0-6 years
who are particularly prone to FS. Furthermore, in western
countries, similar decreasing trends of seizure- and FS-
related emergency department visits were recorded in the
early period of the COVID-19 pandemic (12,13).

Strict infection control measures, such as wearing a
mask, handwashing, social distancing, and staying at home
measures, may have reduced the burden of febrile illnesses
and, consequently, the incidence of FSs. However, in the
United States, seizure-related emergency department
attendance in children returned to the pre-COVID-19
pandemic levels in 2021 (13). As a result of the relaxation of

© Translational Pediatrics. All rights reserved.
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NPIs, a resurgence in the incidence of FSs is expected, and
appropriate arrangements to cope with this should be made.

Respiratory viral infections are one of the most
predominant causes of fever in FSs (2). Although the
most common virus detected in children with FS varies
across studies (2,4,14,15), the seasonal distribution of
the viruses tended to correspond to those observed in
community-acquired respiratory tract infections when FSs
developed (4,16). In the current study, the influenza virus
was the most commonly isolated virus associated with FS
before the COVID-19 pandemic; in contrast, no cases of
influenza were identified during the pandemic. Rhinovirus,
which is another common virus implicated in FS before
the COVID-19 pandemic, remained a significant cause
during the pandemic. During the COVID-19 pandemic,
a significant decrease in the incidence of influenza was
noted in the community in many countries, including
South Korea, while rhinovirus infections continued (17-19).
Whereas the detection rates of bocavirus and parainfluenza
viruses were significantly higher during the COVID-19
pandemic than before the pandemic in this study. Regarding
the seasonal prevalence of bocavirus in South Korea,
this trend was particularly noticed between the autumn
of 2020 and the spring of 2021 (17). Furthermore, the
community outbreak of parainfluenza viruses was identified
in the autumn of 2021 in Korea, contrary to the usually
increased prevalence in the spring and summer (17).
During the COVID-19 pandemic, parainfluenza viruses
triggered more FS in the autumn than in the spring and
summer, and consequently, the corresponding incidence
of FS in the autumn was significantly increased during
the COVID-19 pandemic. This anomalous behavior of
the parainfluenza virus in the autumn could be attributed
to several external factors, such as gradual phasing-out
restrictions due to increased vaccination rate beginning in
October 2021 and increased social mingling during Korean
Thanksgiving in September 2021 (20). As a result, the trend
of respiratory viruses isolated in the pediatric population
with FS represents the circulating respiratory viruses in the
community during the COVID-19 pandemic, which was
significantly different from that noted before the pandemic
began. Given the resurgence of respiratory pathogens,
it is imperative to plan for unanticipated viral epidemics
of unpredictable magnitudes. SARS-CoV-2 was detected
in 3.3% of FS episodes during the COVID-19 pandemic
until February 2022 in this study. With the dramatic rise
in the incidence of FS observed with the emergence of the
omicron variant of SARS-CoV-2 (21) and its subsequent
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dominance in Korea after late January 2022, the resultant
change in the incidence of FS in 2022 should be further
investigated.

Our study demonstrated that statistically significant
between-group differences were not observed in the clinical
presentation and outcomes of FS before and during the
COVID-19 pandemic, despite distributional changes in
respiratory viral infections during the COVID-19 pandemic.
In compliance with previous studies (4,14), our results
revealed no significant association between the type of
isolated respiratory virus and the prognosis of FS. This
could be attributed to the common inflammatory response
against viruses rather than the specific role of the virus in
the pathogenesis of FS. However, the proportion of children
with two or more attacks of FS was significantly fewer
during the COVID-19 pandemic than before the pandemic
began. Parents whose children had suffered FSs before
are better prepared to deal with recurrent FSs; therefore,
their concern for acquiring nosocomial COVID-19
might have outweighed the need to visit the hospital for
recurring FS. Our study also showed that there were no
statistically significant inter-group differences in the clinical
characteristics of F'S among patients with a first FS.

This study has certain limitations. First, due to the
retrospective nature of the study, some of the data was
unavailable, and RIDTs and mPCR tests were omitted in
more than half of the enrolled children, which could have
resulted in underreporting of the actual figures. However,
no statistically significant inter-group differences were
observed among patients who underwent viral tests. In
addition, unknown confounding variables in the distribution
of respiratory viral pathogens in FS might remain
unrecognized in this retrospective study. Although the
diagnoses of FS were based on the ICD-10 codes in medical
records, discrepancies between diagnostic codes and actual
disease might occur in patients with FS. Additionally,
there is a possibility that the circumstances during the
COVID-19 pandemic may impede patients from visiting
the hospital, potentially resulting in underreporting of
the actual occurrence of FS. Third, the true distributional
pattern of detected respiratory viral pathogens could not
be evaluated due to potential bias caused by differences
in the commercial mPCR test kits between centers. For
instance, parainfluenza virus type 4 and enteroviruses were
not detected by the mPCR test kits at Incheon St. Mary’s
Hospital. Since parainfluenza virus type 3 has been the
most prevalent serotype among types 1-4 in Korea and
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was largely responsible for the epidemic in the autumn of
2021 (20), the actual impact of undetected parainfluenza
virus type 4 was considered to be marginal. Furthermore,
considering comparable incidences of hand, foot, and
mouth disease and herpangina, both of which are clinical
phenotypes of enterovirus infection, before and during the
COVID-19 pandemic, the omission of enterovirus testing
in one hospital may have had little impact on the results.
Moreover, as the data was gathered from two referral
hospitals, the results may not be representative of the
general population. Lastly, the relatively shorter follow-up
period in our study among patients who had FS during
the pandemic compared to those before the pandemic was
insufficient to evaluate the subsequent development of
epilepsy. Thus, larger studies or collaborative trials with
longer duration are warranted to accurately elucidate the
impact of the COVID-19 outbreak on the incidence of
respiratory viral infections and seizure characteristics of FS.

Conclusions

The occurrence of FS declined during the COVID-19
pandemic when strict NPIs were in place within the
community. In children with FS, a substantial reduction
in the incidence of influenza virus infections was observed
during the pandemic, while a significantly high incidence
of parainfluenza virus infections was observed during
the pandemic. The distribution of detected respiratory
viruses in children with FS was similar to that observed
in the community during the COVID-19 pandemic.
Despite changing incidence of detected viruses, the clinical
characteristics and outcomes of FS were comparable before
and during the pandemic. Therefore, the strategies to
manage children with FS need not differ before and during
the COVID-19 pandemic.
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Supplementary

Table S1 Demographic and clinical characteristics of children except for seven patients with repeated febrile seizures

Before the COVID-19 pandemic During the COVID-19 pandemic

(n=857) (n=115) P value
Males 504 (58.8) 58 (50.4) 0.088
Age of FS onset, mon, median (IQR) 23.9 (17.4-34.1) 22.4 (16.8-29.9) 0.090
Season <0.001
Spring 256 (29.9) 22 (19.1) 0.017
Summer 208 (24.3) 20 (17.4) 0.102
Autumn 138 (16.1) 39 (33.9) <0.001
Winter 255 (29.8) 34 (29.6) 0.967
Classification of FS 0.778
Simple FS 585 (68.3) 77 (67.0)
Complex FS 272" (31.7)" 38 (33.0)
>15 min 35 (4.1) 54.3)
Recur within 24 h 185 (21.6) 25 (21.7)
Focal seizure 57 (6.7) 8 (7.0)
Seizure types
Generalized 781 (91.1)* 102 (88.7) 0.395
Others 78 (9.1) 13 (11.3) 0.446
Number of seizure attacks <0.001
1 464 (54.1) 83 (72.2)
>2 393 (45.9) 32 (27.8)
Time interval between fever onset and seizure occurrence 0.434
<24 h 749 (87.4) 96 (83.5)
<72h 92 (10.7) 17 (14.8)
=72 h 16 (1.9) 2(1.7)
Abnormal EEG result 22/223 (9.9) 4/39 (10.3) >0.999
Focal epileptiform discharges 19 (2.2) 1(0.9)
Generalized epileptiform discharges 1(0.1) 1(0.9
Focal background slowing 2(0.2) 3(2.6)
Generalized background slowing 1(0.1) 0(0.0)
Abnormal brain MRI result 2/102 (2.0)° 3/26 (11.5)" 0.057
Family history of FS 260 (30.3) 42 (36.5) 0.178
Family history of epilepsy 11 (1.3) 1(0.9) >0.999
Subsequent diagnosis of epilepsy 20 (2.3 0 (0.0) 0.155

Data are presented as N (%) or median (interquartile range). , five patients in the Before the COVID-19 pandemic group had recurrent
seizures within 24 hours lasting for >15 minutes; ¥, two patients in the Before the COVID-19 pandemic group experiencing recurrent
seizures had generalized and other types of seizures during the same febrile illness; ¥, one patient with periventricular leukomalacia and
the other patient with old lacunar infarcts in bilateral thalami and left corona radiata; ¥, one patient with periventricular leukomalacia,
another with right parieto-occipital encephalomalacic changes, and the other with cavernous malformation in right temporal lobe.
COVID-19, coronavirus disease 2019; FS, febrile seizure; IQR, interquartile range; EEG, electroencephalography; MRI, magnetic resonance
imaging.
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Table S2 Demographic and clinical characteristics of children with a first febrile seizure

Before the COVID-19 pandemic During the COVID-19 pandemic

(n=469) (n=83) P value
Males 243 (51.8) 45 (54.2) 0.686
Age of FS onset, mon, median (IQR) 19.9 (14.7-28.2) 20.5 (16.3-25.0) 0.343
Season 0.003
Spring 143 (30.5) 17 (20.5) 0.064
Summer 122 (26.0) 19 (22.9) 0.548
Autumn 70 (14.9) 26 (31.3) <0.001
Winter 134 (28.6) 21 (25.3) 0.541
Classification of FS 0.803
Simple FS 327 (69.7) 59 (71.1)
Complex FS 142 (30.3)" 24 (28.9)
>15 min 21 (4.5) 3(3.6)
Recur within 24 h 88 (18.8) 15 (18.1)
Focal seizure 36 (7.7) 6(7.2)
Seizure types
Generalized 422 (90.0) 73 (88.0) 0.576
Others 47 (10.0) 10 (12.0) 0.576
Time interval between fever onset and seizure occurrence 0.769
<24 h 409 (87.2) 70 (84.3)
<72h 56 (11.9) 12 (14.5)
>72 h 4(0.9) 1(1.2)
Abnormal EEG result 7/109 (6.4) 1/22 (4.5) >0.999
Focal epileptiform discharges 7 (1.5) 0(0.0)
Generalized epileptiform discharges 0(0.0) 0(0.0)
Focal background slowing 0 (0.0 1(1.2)
Generalized background slowing 0 (0.0 0(0.0)
Abnormal brain MRI result 1/52 (1.9) 3/16 (18.8)° 0.038
Family history of FS 110 (23.5) 28 (33.7) 0.046
Family history of epilepsy 6 (1.3) 0 (0.0) 0.598
Subsequent diagnosis of epilepsy 6(1.3) 0(0.0) 0.598

Data are presented as N (%) or median (interquartile range). ', three patients in the Before COVID-19 pandemic group had recurrent
seizures within 24 hours lasting for >15 minutes; ¥, one patient with old lacunar infarcts in bilateral thalami and left corona radiata;
§, one patient with periventricular leukomalacia, another with right parieto-occipital encephalomalacic changes, and the other with
cavernous malformation in right temporal lobe. COVID-19, coronavirus disease 2019; FS, febrile seizure; IQR, interquartile range; EEG,
electroencephalography; MRI, magnetic resonance imaging.
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Table S3 Demographic and clinical characteristics of children with febrile seizures who underwent rapid influenza detection tests and/or
multiplex polymerase chain reaction tests

Before the COVID-19 pandemic  During the COVID-19 pandemic

(n=550) (n=65) P value
Males 323 (58.7) 34 (52.3) 0.321
Age of FS onset, mon, median (IQR) 23.8 (17.0-34.2) 24.4 (17.0-30.8) 0.387
Season <0.001
Spring 164 (29.8) 11 (16.9) 0.029
Summer 78 (14.2) 10 (15.4) 0.793
Autumn 81 (14.7) 27 (41.5) <0.001
Winter 227 (41.3) 17 (26.2) 0.018
Classification of FS 0.235
Simple FS 338 (61.5) 35 (53.8)
Complex FS 212 (38.5)" 30 (46.2)
>15 min 32 (5.8) 4(6.2)
Recur within 24 h 155 (28.2) 23 (35.4)
Focal seizure 30 (5.5) 3(4.6)
Seizure types
Generalized 510 (92.7)F 58 (89.2) 0.316
Others 42 (7.6) 7 (10.8) 0.378
Number of seizure attacks 0.303
1 293 (53.3) 39 (60.0)
>2 257 (46.7) 26 (40.0)
Time interval between fever onset and seizure occurrence 0.561
<24 h 481 (87.5) 54 (83.1)
<72h 60 (10.9) 10 (15.4)
=72 h 9(1.6) 1(1.5)
Abnormal EEG result 15/184 (8.2) 2/32 (6.3) >0.999
Focal epileptiform discharges 13 (2.4) 0 (0.0
Generalized epileptiform discharges 0(0.0) 0(0.0)
Focal background slowing 1(0.2) 2(3.1)
Generalized background slowing 1(0.2) 0 (0.0
Abnormal brain MRI result 2/89 (2.2)° 3/24 (12.5)" 0.064
Family history of FS 180 (32.7) 21 (32.3) 0.946
Family history of epilepsy 3(0.5) 1(1.5) 0.361
Subsequent diagnosis of epilepsy 10 (1.8) 0 (0.0 0.610

Data are presented as N (%) or median (interquartile range). ', five patients in the Before the COVID-19 pandemic group had recurrent
seizures within 24 hours lasting for >15 minutes; *, two patients in the Before the COVID-19 pandemic group experiencing recurrent seizures
had generalized and other types of seizures during the same febrile illness; §, one patient with periventricular leukomalacia and the other with
old lacunar infarcts in bilateral thalami and left corona radiata; ", one patient with periventricular leukomalacia, another with right parieto-
occipital encephalomalacic changes, and the other with cavernous malformation in right temporal lobe. COVID-19, coronavirus disease 2019;
FS, febrile seizure; IQR, interquartile range; EEG, electroencephalography; MRI, magnetic resonance imaging.
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