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Review Article

Febrile seizure (FS), which occurs in febrile children without 
underlying health problems, is the most common type of seizure 
disorder in children. The suggested pathogenesis of FS derived 
from several animal and human studies is multifactorial and 
debatable. Neuronal hyperexcitability, which develops during 
inflammatory responses that accompany fever, provokes seiz­
ures. However, the exact role of each inflammatory mediator 
(e.g., cytokines) is undefined in terms of the connection between 
systemic or local inflammation and the central nervous system, 
and the mechanisms by which cytokines increase neuronal 
excitability remain unclear. In contrast, the cause of fever in 
most children with FS is usually mild respiratory virus infection 
(e.g., rhinovirus, influenza virus, adenovirus, and enterovirus) 
rather than severe bacterial infections. In temperate regions, the 
major causative respiratory viruses seem to mirror seasonally 
prevalent respiratory viruses in the community. Therefore, vigo­
rous efforts to identify the causative pathogen of fever may not 
be necessary in children with FS. Genetic factors seem to play 
a role in neuronal hyperexcitability, and some types of genetic 
variation have been identified in several genes encoding ion 
channels of neurons that participate in neuronal excitation. 
Although most children with FS have benign outcomes, some 
characteristics such as complex FS, febrile status epilepticus, 
consecutive afebrile seizures, and the presence of neurodevelop­
mental disabilities may require further genetic and neurologic 
evaluations.

Key words: Cytokine, Febrile seizure, Genetics, Pathogenesis, 
Viruses

Key message

· Inflammatory responses accompanying fever increase neuro­
nal excitability in the central nervous system, which in turn 
provokes seizures.

· Fever in children with febrile seizures is usually caused by com­
mon respiratory viruses, the distributions of which match 
those of seasonal community-acquired respiratory tract infec­
tions.

· Several genetic variations in ion channels seem associated with 
neuronal hyperexcitability in children with febrile seizures. 

Introduction

Febrile seizure (FS) is defined by the American Academy of 
Pediatrics as a seizure accompanied by fever without a central 
nervous system (CNS) infection that occurs in children aged 6–60 
months.1) The estimated prevalence of FS in healthy children 
is 2%–5% in Western countries2) versus 7%–8% in Korea and 
Japan.3,4) FS is further divided into simple and complex FS.1) 
Simple FS is defined as a generalized seizure lasting for <15 
min that does not recur within 24 hours. Complex FS is defined 
as a seizure that is focal, is prolonged (≥15 minutes), or recurs 
within 24 hours. Simple FS comprises approximately 70%–
80% of cases,5-10) and children experiencing simple FS show no 
evidence of increased risk for mortality, neurodevelopmental 
complications, and subsequent epilepsy compared to the general 
population.1) Therefore, further neurologic evaluations are not 
recommended for most children presenting with FS. Instead, 
the identification and treatment of the fever’s etiology should 
be prioritized in children presenting with FS during the acute 
febrile phase.1) Although it is well known that viral infections 
rather than severe bacterial infections are the major causes of 
fever in children with FS,8,10) investigations of the viral etiology 
in children with FS have not been extensively performed. 
Moreover, considering that <10% of children experience FS, 
the seizure-provoking potential of various viruses may differ, and 
individual host factors might influence seizure occurrence among 
children infected with the same virus.

In this review, the causative viruses of fever in children with 
FS and individual host genetic factors prone to FS are addressed, 
starting with a discussion of the pathogenesis of seizures in febrile 
children.
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Pathogenesis of febrile seizures

Among healthy children experiencing seizures accompanied 
by fever, only 6% are older than 60 months,11,12) as infants and 
young children with an immature CNS are more vulnerable to 
developing seizures than adolescents and adults with a mature 
CNS.13) Notably, myelination occurs rapidly during the first 5 
years of life, and a child’s total brain volume reaches approxi­
mately 90% of the average adult’s brain volume by 6 years of 
age.14) Therefore, the prevalent age range of FS matches the rapid 
CNS development period. In the vulnerable immature CNS, 
increased neuronal excitability promotes seizures, and cytokines 
produced and released during acute inflammatory responses 
accompanying fever play a role in increasing neuronal excitability 
(Fig. 1).15) Inflammatory responses outside the CNS increase 
cytokine concentrations in the CNS (neuro-immune network), 
and the released cytokines trigger neuronal hyperexcitability in 
the CNS (cytokine roles in the brain parenchyma) to generate FS. 
This concept can be applied to the generation of afebrile seizures 
or epilepsy accompanied by various types of inflammation with 
non-infectious causes, including trauma, toxic injury, hypoxic 
injury, and autoimmune reactions.16) Individual host genetic 
factors should also be considered, as only a small proportion 
of young children experience FS (Fig. 1). In addition, a family 
history of FS is consistently reported as a risk factor for FS.11) 
Genetic epilepsy with febrile seizures plus (GEFS+) is represen­
tative of genetic epilepsy syndromes initially presenting with 
a phenotype of FS.17) However, the pathogenesis of FS seems 
theoretical and hypothetical.

1. The neuro-immune network

Previously, the role of cytokines in the pathogenesis of FS was 
dubious.18) Endogenous pyrogens among cytokines, such as 
interleukin (IL)-1β, IL-6, and tumor necrosis factor-α (TNF-α), 
induce the synthesis of cyclooxygenase 2 (COX2), which in turn 
produces prostaglandin E2 (PGE2) in the brain perivascular cells 
and vascular endothelial cells.19) Lipophilic PGE2 passes through 
the blood-brain barrier (BBB) and stimulates hypothalamic 
neurons.19) Various brain cells, including neurons and glial cells, 
express receptors for PGE2, which regulates neuronal excitability 
in the brain parenchyma and increases body temperature.20) 
Because cytokines are too large to penetrate the BBB, PGE2 
produced by the stimulation of bloodborne cytokines was ex­
pected to increase neuronal excitability and contribute to FS 
development.18) However, considering that nonsteroidal anti-
inflammatory drugs, which suppress PGE2 production by inhi­
biting the actions of COX2, could not prevent seizure occur­
rence,21) other factors beyond PGE2 provoke FS.

The cells constituting the BBB express pattern recognition 
receptors as well as receptors and transporters for several cyto­
kines.22) During immune stimulation, the modulation of cytokine 
transporters causes cytokines to traverse the BBB without struc­
turally destroying it, and immune substances, including PGE2 
and cytokines, can be produced and secreted directly into the 
interstitial space of the brain by BBB cells.22) Because neurons 
and glial cells also possess cytokine receptors, they sequentially 
produce several types of cytokines15,23); as a result, both extrinsic 
and intrinsic cytokines can affect neuronal excitability. In addition 
to traversing the BBB, peripheral sensory nerves participate in 
the neuro-immune network system, of which the vagus nerve 
is representative. Vagal sensory neurons express receptors for 
immune substances, such as cytokines and prostaglandins.24) 
Peripheral inflammation directly activates vagal afferent neurons 
and subsequently activates CNS neurons.24) In the CNS, neuro­
transmitters activate glial and endothelial cells to secrete cyto­
kines that induce inflammatory responses, and dysregulated 
inflammation may cause neuronal hyperexcitability and seizures. 
24) Consequently, cytokines may increase neuronal excitability 
and provoke seizures in the absence of direct CNS invasion of 
pathogens, disruptive BBB changes, and definite brain paren­
chymal inflammation.

2. Roles of cytokines in the brain parenchyma

Cytokines bind to receptors on neurons and glial cells and 
regulate neuronal excitability via modifying ion channels and 
synaptic neurotransmission.15,23) Standard proinflammatory 
cytokines, including IL-1β, IL-6, and TNF-α, showed generally 
inhibitory effects on voltage-gated ion channels, resulting in neuro­
protective effects rather than hyperexcitability.15) For ligand-gated 
ion channels, some researchers reported that IL-1β provoked 
seizures by activating neuronal N-methyl-D-aspartate (NMDA) 
receptors and inhibiting neuronal γ-aminobutyric acid (GABA) 
receptors and astrocyte uptake of glutamate.23,25) However, others 
reported enhanced effects of GABA receptors by IL-1β as well as Fig. 1. Pathogenesis of febrile seizures.



www.e-cep.org https://doi.org/10.3345/cep.2021.01039 48

conflicting synaptic effects of IL-1β on neuronal excitability.15) 
IL-6 has inhibitory effects on NMDA receptors.15) TNF-α tends to 
activate α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptors and inhibit GABA receptors.15,23) TNF-α also provoked 
glutamate release and inhibited glutamate uptake by glial cells.25) 
However, most of these data were obtained from experimental 
studies using rodents, whereas the results of in vivo and in vitro 
studies in humans were mixed. The effects of each cytokine on 
each ion channel vary according to subtype, number, and genetic 
variations of the ion channels on the target cells as well as target cell 
types, targeted brain regions, different cytokine concentrations, 
and exposure times to cytokines.15)

For children with FS, 2 meta-analyses of the association bet­
ween cytokine concentrations and FS occurrence were reported. 
26,27) One study reported that concentrations of IL-1β and IL-6 
in the blood and cerebrospinal fluid showed no significant 
associations with FS occurrence.26) In contrast, the other study 
reported significantly elevated concentrations of IL-1β and IL-6 
in children with FS versus controls.27) The main drawback of 
these meta-analyses was the small numbers of included studies 
and included children with FS: each included only 4–100 
children with FS, and only 1–5 studies were meta-analyzed for 
each cytokine.26,27) Moreover, most of the investigated cytokines 
showed conflicting results in terms of their association with 
seizure occurrence among studies.26) After these meta-analyses, 
conflicting results on the role of IL-6 in FS development were 
further reported.28,29) Higher concentrations of IL-4 and IL-
10, which are anti-inflammatory or regulatory cytokines, were 
reported in children with FS versus febrile children without 
seizures.28,30) This increase in anti-inflammatory cytokines seemed 
to represent a compensated state for inflammatory responses 
causing FS. In summary, cytokines exhibiting a consistently signi­
ficant association with FS occurrence have not yet been identified.

Cytokines have a short half-life (usually <10 minutes) and 
maintain low systemic concentrations (usually <10 pg/mL)31); 
therefore, sampling timing and storage methods that prevent 
enzymatic degradation influence their measured concentrations. 
The presence of cytokine inhibitors, for example, soluble IL-1 
receptor antagonist (IL-1RA) against IL-1β, interferes with the 
quantitative measurement of cytokine concentrations using 
immunoassay tests.31) Accuracy and sensitivity vary among the 
various methods for measuring cytokine concentrations, and 
highly sensitive multiplexed methods have been developed.32) 
Therefore, a well-designed study should be planned to identify 
cytokines that are significantly associated with FS occurrence 
while considering appropriate sample types, sampling times, 
sample storage and transportation methods, and testing methods. 
Considering that most episodes of FS occur within 24 hours after 
the initiation of fever,7) cytokines participating in innate immune 
responses, apart from adaptive immune responses, may be asso­
ciated with FS occurrence.

Infectious pathogens associated with febrile 
seizures

Theoretically, if specific seizure-prone pathogens are identified 
in febrile children, FS may be prevented by the early identification 
and treatment of specific pathogenic infections.

1. Prior to polymerase chain reaction tests

Over the past several decades, viral infections were usually 
reported as the causes of fever in children with FS.8,10) With regard 
to the clinical diagnosis of the cause of fever, upper respiratory 
tract infection (URI) was the most frequent, diagnosed in 60%–
86% of children with FS.6,8,10,33) Therefore, respiratory viruses 
should be the major cause of fever in children with FS. Among 
bacterial infections, urinary tract infection, occult bacteremia, 
and bacterial meningitis were diagnosed only in 1.1%–4.1%, 
0.0%–2.9%, and 0.0%–1.4%, respectively, among tested children. 
6,8,10,33)

Viral cultures, antigen detection tests, and serological tests 
were conventionally used before the introduction of polymerase 
chain reaction (PCR) tests.6,8,34,35) Using these test methods, the 
influenza virus was most frequently detected in children with 
FS, followed by adenovirus, parainfluenza virus, and entero­
virus. 6,34,35) In studies performed in Singapore and Hong Kong, 
influenza virus infection was more significantly associated with 
FS than other respiratory virus infections.34,35) In contrast, some 
researchers reported a lower detection rate of influenza virus than 
enterovirus, adenovirus, parainfluenza virus, and respiratory 
syncytial virus (RSV) in children with FS.8,10) Considering that 
seasonal variations of dominantly circulating respiratory viruses 
in the community are not prominent in tropical versus temperate 
regions, the role of influenza virus during the winter may be 
offset by other prevalent viruses during the spring, summer, and 
autumn seasons in temperate regions. After the identification of 
human herpes virus-6 (HHV-6) as a cause of exanthem subitum 
in children, HHV-6 was considered the most common cause of 
FS in Western countries.36) However, its role in FS occurrence 
was reportedly less prominent in Asian than Western countries.36) 
Although a recent meta-analysis reported that HHV-6 was de­
tected in 21% of children with FS,37) the detection rates of HHV-
6 in children with FS were comparable to those in febrile children 
without seizures and in healthy children in several studies.36,38) 
Moreover, rhinovirus, the most frequent pathogen in community- 
acquired URI, was usually excluded from investigation.6,10) A 
number of existing serotypes and the lack of a common group 
antigen made antigen detection tests and serological tests for 
rhinovirus impossible.39) New diagnostic modalities, such as 
PCR tests, exhibit increased sensitivity for detecting respiratory 
viruses compared to conventional test methods; they can identify 
respiratory viruses that are not detected by conventional test me­
thods.39) The introduction of PCR tests should reveal different 
results in terms of the distribution of respiratory viruses as causes 
of fever in children with FS.

https://doi.org/10.3345/cep.2021.01039
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2. Use of PCR tests

Detection rates for respiratory viruses in children with FS 
increased from 47.2%–63.0% using conventional test methods 
to 71.3%–82.7% using PCR tests.5,7-10,40) Rhinovirus became 
a major causative virus in children with FS in addition to the 
previously known influenza virus, adenovirus, enterovirus, and 
parainfluenza virus (Table 1).7,9,40-42) In 2 studies, influenza virus, 
parainfluenza virus, and coronavirus infections were significantly 
more frequent in children with FS than in asymptomatic children 
or children with URI.9,41) One study compared the distributions 
of respiratory viruses between children with FS and those with 
confirmed or suspected URI.41) The febrile children without 
seizures, in whom multiplex PCR testing was omitted at the 
treating physician’s discretion, and the afebrile children who 
were included in the control group owing to their respiratory 
symptoms may have led to selection bias. In another study, 
children with FS were compared to afebrile healthy children.9) 
The authors explained that the different potentials for fever de­
velopment of each respiratory virus may cause different rates 
of FS occurrence.9) Therefore, the independent contribution of 
each respiratory virus to the development of FS should be deter­
mined by comparing infected children with FS and similarly 
infected febrile children not presenting with seizures.

Although rhinovirus, adenovirus, influenza virus, and entero­
virus were the most frequently detected causes of fever in several 
studies, their frequencies differed among studies (Table 1). As 
mentioned above, seasons could lead to discrepancies in the 

frequencies of respiratory viruses in temperate regions owing to 
seasonal variations in each virus. Different immune responses 
and cytokine profiles have been observed among respiratory 
viruses and subtypes, even among the same virus types.43) These 
differences in immune responses may lead to different clinical 
severities and potentials for developing fever and FS according 
to viral types and subtypes. Therefore, the order of frequency of 
respiratory viruses detected in children with FS should vary by 
season when FS develops and the dominant circulating virus and 
its subtype in the community during the season. Our previous 
study showed that seasonal distributions of respiratory viruses 
detected in Korean children with FS were the same as those 
observed in community-acquired respiratory tract infections in 
Korea (Fig. 2).7) In Japan, which has 4 seasons like Korea, the 
incidence of FS was higher in winter and summer than in spring 
and autumn,44) representing the prevalence of various respiratory 
viruses, including influenza virus, in winter and the prevalence of 
enterovirus in summer.

Multiplex PCR tests have higher sensitivity than conventional 
viral tests; therefore, false positive results due to colonized or 
nonviable viruses and the codetection of multiple viruses should 
be addressed.45) For children with FS, multiple respiratory viruses 
were simultaneously detected in 20.9%–65.5%.5,7,9,40-42) How­
ever, it is currently impossible to determine which of the detected 
respiratory viruses is the true cause of the current fever and FS. 
Although the comparison of viral loads using a quantitative or 
semiquantitative PCR test may discriminate a true pathogen 

Table 1. Recent studies reporting respiratory viruses detected by polymerase chain reaction (PCR) in children with febrile seizures

Study Study period Country No. of patients Clinical diagnosis Viruses

Pokorn et al.9) Oct 2009–
Sep 2011

Slovenia 192 Children with FS
156 Afebrile children

URI (72.4%), FWLS (12.5%), URI 
and AGE (6.8%), AGE (3.6%), UTI 
(1.6%), bacteremia (0.5%)

Adenovirus (15.6%), influenza virus (14.6%), rhinovirus 
(13.5%), RSV (10.9%), parainfluenza virus (10.4%), 
bocavirus (10.4%), coronavirus (9.9%), metapneu­
movirus (2.1%) 

Francis et al.40) Mar 2012–
Oct 2013 

Australia 151 Children with FS 
(PCR testing in 143 
children)

- Enterovirus (22.2%), influenza virus (20.4%), rhinovirus 
(11.1%), adenovirus (11.1%), RSV (11.1%), parainflu­
enza virus (7.7%), HHV-6 (5.6%), bocavirus (3.7%), 
metapneumovirus (3.7%), coronavirus (3.7%), multi­
ple viruses (47.1%)

Hautala et al.41) Jan 2013–
Sep 2017 

Finland 225 Children with FS
1,674 Children with 

confirmed or sus­
pected URI

URI or LRI (71.6%), AGE (3.6%), 
UTI (0.4%)

Rhinovirus (20.4%), parainfluenza virus (11.1%), adeno­
virus (9.8%), influenza virus (9.3%), enterovirus (7.6%), 
RSV (6.7%), bocavirus (5.8%), metapneumovirus 
(4.4%), coronavirus (4.0%), multiple viruses (20.9%)

Rudolph et al.42) Jan 2014–
Apr 2016 

Germany 184 Children with FS URI (38.0%), LRI (32.1%), AGE (13.6 
%), FWLS (10.3%), exanthem 
subitum (2.2%), aphthous sto­
matitis (2.2%), HFM disease (1.6 
%), UTI (1.1%), vaccination (0.5%)

Influenza virus (18.7%), HHV-6 (11.2%), adenovirus 
(8.2%), rhinovirus (3.7%), RSV (3.7%), metapneuo­
virus (3.0%), bocavirus (3.0%), parainfluenza virus 
(2.2%), coronavirus (1.5%), enterovirus (0.7%), 
multiple viruses (44.0%)

Carman et al.5) Mar 2016–
Apr 2017 

Turkey 174 Children with FS URI (80.4%), LRI (14.9%) Influenza virus (31.7%), adenovirus (26.7%), entero­
virus (18.3%), rhinovirus (8.3%), RSV (8.3%), parain­
fluenza virus (6.7%), multiple viruses (65.5%)

Han et al.7) Jan 2015–
Dec 2019

Korea 607 Children with FS 
(PCR testing in 112 
children)

URI (75.6%), LRI (7.6%), HFM dis­
ease (6.6%), AGE (4.0%), FWLS 
(2.8%), exanthem subitum (2.6 
%), UTI (0.3%), bacteremia 
(0.3%)

Rhinovirus (20.5%), enterovirus (6.3%), adenovirus 
(5.4%), influenza virus (4.4%), RSV (4.4%), parain­
fluenza virus (3.6%), bocavirus (2.7%), metapneu­
movirus (1.8%), coronavirus (1.8%), multiple viruses 
(49.1%)

URI, upper respiratory tract infection; FWLS, fever without localizing signs; AGE, acute gastroenteritis; UTI, urinary tract infection; RSV, respiratory 
syncytial virus; FS, febrile seizure; HHV-6, human herpes virus-6; LRI, lower respiratory tract infection; HFM disease, hand-foot-mouth disease.  
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from codetected viruses, the colonization rates, thresholds of 
viral loads for symptom development, and associations between 
viral load and symptom severity vary among viruses.45,46) 
Moreover, studies of the relationship between viral load and the 
development of FS are scarce, and a previous study reported 
comparable cycle threshold values of detected viruses through 
PCR tests between children with FS and controls.9) When both 
children who tested positive for a single virus infection and 
those who tested positive for multiple viruses were examined, 
the most frequently detected viruses were identical.5,7,40) A re­
cent study reported that the characteristics and outcomes of FS 
were comparable between children who tested positive for a 
single virus infection and those who tested positive for multiple 
viruses.42) Therefore, among viruses codetected via multiplex 
PCR tests, it is reasonable that the prevalent virus in the commu­
nity at the time that the FS developed is considered the primary 
cause of the FS.

Differences in seizure characteristics and outcomes due to dif­
ferent respiratory viruses have rarely been reported in children 
with FS. Only marginal differences in the proportion of complex 
FS, seizure duration, and seizure recurrence among viruses were 
reported.7,9,40) For influenza virus infection, infected children 
tended to be older than those infected by other respiratory 
viruses, and 22.7% of influenza-infected children presenting 
with seizures accompanied by fever were aged ≥5 years.5,12) 
However, patient age was not significantly associated with seizure 
outcomes in these patients.12)

In summary, the significant potential for seizures and the grave 
seizure outcomes of specific respiratory viruses remains unclear, 
although rhinovirus, influenza virus, adenovirus, enterovirus, 
and parainfluenza virus were detected most frequently in children 
with FS. In temperate regions, efforts to identify the causative 
virus of fever in children with FS should not be cost-effective, 
especially if we consider the generally benign nature of FS, the 
similar prevalence of respiratory viruses to that of circulating 
viruses in the community, and the lack of specific antiviral treat­

ment except for influenza virus.
Testing for influenza is necessary among children presenting 

with FS during influenza seasons, especially if they have risk 
factors for severe influenza. Different immune response profiles 
according to infected virus types and subtypes may explain the 
aforementioned inconsistent results regarding the roles of cyto­
kines in FS. Further studies to establish the pathogenesis of FS 
should be designed to determine separate cytokine profiles for 
each infected virus and identify the ion channels and synaptic 
neurotransmitters associated with the identified cytokines.

3. Severe acute respiratory syndrome coronavirus 2

After the first report of coronavirus disease 2019 (COVID-19) 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection in December 2019 in China,47) the world­
wide COVID-19 pandemic continues. COVID-19 is primarily 
a respiratory tract infection; therefore, FS is expected to occur 
in children infected with SARS-CoV-2 as with other respiratory 
viruses. A recent meta-analysis reported that fatigue or myalgia 
(18%) was most common among neurologic manifestations in 
children and adolescents with COVID-19, followed by smell or 
taste impairment (13%), headache (10%), and seizures (4%).48) 
FS occurred in 1.1%–2.3% of children with COVID-19,49-51) a 
rate that was not higher than that in Korean children infected by 
influenza virus (5.0%) or by RSV (2.3%).52,53) SARS-CoV-2 is 
considered neurotropic, as are other coronaviruses, and neurons 
and glial cells express angiotensin-converting enzyme 2, the host 
receptor for SARS-CoV-2.43,54) Therefore, direct CNS invasion 
of SARS-CoV-2 may cause neurologic manifestations.54) More­
over, indirect CNS damage triggered by post-infectious inflam­
matory responses, as in other respiratory viral infections, may 
also generate neurologic manifestations, including FS.54) Recently, 
in Korea, the number of children with COVID-19, especially 
infants and young children who are vulnerable to FS, increased 
with the introduction of the Omicron variant55); therefore, an 
increase in children with FS accompanied by COVID-19 is ex­

Fig. 2. Seasonal distributions of respiratory viruses in Korean children with febrile seizures. Adapted from Han 
et al. Children (Basel) 2020;7:234.7)

https://doi.org/10.3345/cep.2021.01039
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pected. Considering that 13.6% of hospitalized children and 
adolescents with COVID-19 experienced FS in South Africa 
during the Omicron variant outbreak,56) neurologic manifesta­
tions including FS should be thoroughly monitored for in Korean 
children with COVID-19.

Genetic factors identified in febrile seizures

Among children with FS, 20%–30% have a family history of 
FS7,33,57); therefore, genetic factors are expected to play a role in 
FS. To date, genetic heterogeneity of familial FS (termed FEB1–
FEB11) has been reported in various familial and linkage studies. 
Although several loci for familial FS have been verified, including 
FEB1 on chromosome 8q13-q21 (MIM number: 121210), 
FEB2 (602477) on chromosome 19p13, FEB3B (613863) on 
chromosome 2q24, FEB5 (609255) on chromosome 6q22-q24, 
FEB6 (609253) on chromosome 18p11, FEB7 (611515) on 
chromosome 21q22, FEB9 (611634) on chromosome 3p24.2- 
p23, and FEB10 (612637) on chromosome 3q26, disease-asso­
ciated genes have not been identified on them.58) In contrast, 
genetic mutations were identified in FEB3A (604403), which 
is affected by SCN1A on chromosome 2q24; FEB4 (604352), 
which is affected by ADGRV1 on chromosome 5q14; FEB8 
(607681), which is affected by GABRG2 on chromosome 5q31; 
and FEB11 (614418), which is affected by CPA on chromosome 
8q13 (56, 58).58-60)

GEFS+ (604233) is characterized by the onset of FS during 
infancy to early childhood and the subsequent development of 
various types of seizures.17) GEFS+ is associated with several 
genetic mutations in ion channels, ligand-binding receptors, 
and proteins involved in synaptic transport, including SCN1A, 
GABRG2, GABRD, STX1B, and HCN2, as well as several chro­
mosomal loci, including some on chromosome 2p24, 8p23-p21, 
and 6q16.3-q22.31.17) Dravet syndrome, one phenotype of 
GEFS+, is a rare genetic developmental and epileptic encepha­
lopathy characterized by the infantile onset of intractable seizures 
that are often febrile as well as declining cognitive function.61) 
Many patients with Dravet syndrome have SCN1A mutations.17, 

61) With regard to the later occurrence of epilepsy in children 
experiencing FS, some population-based association studies 
identified significant genes associated with both FS and epilepsy, 
including SCN1A, CHRNA4, GABRG2, and IL-Iβ.58,59)

The association between polymorphisms of genes encoding 
cytokines and FS has also been studied.59) Although genetic 
polymorphisms of IL-1β, IL-1RA, IL-6, IL-10, and TNF-α were 
reportedly associated with FS in some studies, opposite results 
were also reported in other studies of these cytokines.59)

Genetic testing for children presenting with FS should not be 
performed routinely; however, pediatricians should carefully 
follow these patients and consider performing a genetic workup 
in children experiencing complex FS and subsequent afebrile 
seizures as well as in those with underlying neurodevelopmental 
disabilities.

Conclusion

The pathogenesis of FS is multifactorial and heterogeneous. 
There are no consistent and definite results regarding the con­
nection between systemic or local inflammation and the CNS 
or on the mechanisms for increasing neuronal excitability in the 
CNS during fever. It is impossible to predict and prevent seizures 
in febrile children infected by a specific respiratory virus. How­
ever, life-threatening infections are very rare, and the underlying 
genetic disorders associated with subsequent epilepsy and neuro­
developmental disabilities are rare. In addition, the outcomes 
were generally good and not associated with the infected virus in 
children with FS. Therefore, intensive searches for the virus and 
vigorous neurologic and genetic evaluations are neither necessary 
nor helpful for affected patients.

Footnotes

Conflicts of interest: No potential conflict of interest relevant to 
this article was reported.

Funding: This study received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors.

ORCID:
Ji Yoon Han iD  https://orcid.org/0000-0002-4174-5266
Seung Beom Han iD  https://orcid.org/0000-0002-1299-2137

References

	 1.	 Subcommittee on Febrile Seizures; American Academy of Pediatrics. Neu­
rodiagnostic evaluation of the child with a simple febrile seizure. Pediatrics 
2011;127:389-94.

	 2.	 Hauser WA. The prevalence and incidence of convulsive disorders in 
children. Epilepsia 1994;35 Suppl 2:S1-6.

	 3.	 Byeon JH, Kim GH, Eun BL. Prevalence, incidence, and recurrence of 
febrile seizures in Korean children based on national registry data. J Clin 
Neurol 2018;14:43-7.

	 4.	 Tsuboi T, Endo S, Iida N. Long-term follow-up of a febrile convulsion 
cohort. Acta Neurol Scand 1991;84:369-73.

	 5.	 Carman KB, Calik M, Karal Y, Isikay S, Kocak O, Ozcelik A, et al. Viral 
etiological causes of febrile seizures for respiratory pathogens (EFES Study). 
Hum Vaccin Immunother 2019;15:496-502.

	 6.	 Chung B, Wong V. Relationship between five common viruses and febrile 
seizure in children. Arch Dis Child 2007;92:589-93.

	 7.	 Han JY, Han SB. Febrile seizures and respiratory viruses determined by 
multiplex polymerase chain reaction test and clinical diagnosis. Children 
(Basel) 2020;7:234.

	 8.	 Lewis HM, Parry JV, Parry RP, Davies HA, Sanderson PJ, Tyrrell DA, et al. 
Role of viruses in febrile convulsions. Arch Dis Child 1979;54:869-76.

	 9.	 Pokorn M, Jevsnik M, Petrovec M, Steyer A, Mrvic T, Grosek S, et al. 
Respiratory and enteric virus detection in children. J Child Neurol 2017; 
32:84-93.

	10.	 Rantala H, Uhari M, Tuokko H. Viral infections and recurrences of febrile 
convulsions. J Pediatr 1990;116:195-9.

	11.	 Pavlidou E, Hagel C, Panteliadis C. Febrile seizures: recent developments 
and unanswered questions. Childs Nerv Syst 2013;29:2011-7.



www.e-cep.org https://doi.org/10.3345/cep.2021.01039 52

	12.	 Han JY, Han SB. Seizures related to influenza in pediatric patients: a com­
parison with seizures associated with other respiratory viral infections. J 
Clin Med 2021;10:3088.

	13.	 Holmes GL. Epilepsy in the developing brain: lessons from the laboratory 
and clinic. Epilepsia 1997;38:12-30.

	14.	 Lebel C, Deoni S. The development of brain white matter microstructure. 
Neuroimage 2018;182:207-18.

	15.	 Vezzani A, Viviani B. Neuromodulatory properties of inflammatory 
cytokines and their impact on neuronal excitability. Neuropharmacology 
2015;96:70-82.

	16.	 Galic MA, Riazi K, Pittman QJ. Cytokines and brain excitability. Front 
Neuroendocrinol 2012;33:116-25.

	17.	 Zhang YH, Burgess R, Malone JP, Glubb GC, Helbig KL, Vadlamudi L, 
et al. Genetic epilepsy with febrile seizures plus: refining the spectrum. 
Neurology 2017;89:1210-9.

	18.	 van Zeijl JH, Mullaart RA, Galama JM. The pathogenesis of febrile sei­
zures: is there a role for specific infections? Rev Med Virol 2002;12:93-
106.

	19.	 Evans SS, Repasky EA, Fisher DT. Fever and the thermal regulation of 
immunity: the immune system feels the heat. Nat Rev Immunol 2015;15: 
335-49.

	20.	 Engblom D, Ek M, Saha S, Ericsson-Dahlstrand A, Jakobsson PJ, Blomqvist 
A. Prostaglandins as inflammatory messengers across the blood-brain 
barrier. J Mol Med (Berl) 2002;80:5-15.

	21.	 Strengell T, Uhari M, Tarkka R, Uusimaa J, Alen R, Lautala P, et al. Antipy­
retic agents for preventing recurrences of febrile seizures: randomized 
controlled trial. Arch Pediatr Adolesc Med 2009;163:799-804.

	22.	 Banks WA. The blood-brain barrier in neuroimmunology: tales of separa­
tion and assimilation. Brain Behav Immun 2015;44:1-8.

	23.	 Viviani B, Gardoni F, Marinovich M. Cytokines and neuronal ion channels 
in health and disease. Int Rev Neurobiol 2007;82:247-63.

	24.	 Goehler LE, Gaykema RP, Hansen MK, Anderson K, Maier SF, Watkins 
LR. Vagal immune-to-brain communication: a visceral chemosensory 
pathway. Auton Neurosci 2000;85:49-59.

	25.	 Hu S, Sheng WS, Ehrlich LC, Peterson PK, Chao CC. Cytokine effects on 
glutamate uptake by human astrocytes. Neuroimmunomodulation 2000; 
7:153-9.

	26.	 de Vries EE, van den Munckhof B, Braun KP, van Royen-Kerkhof A, de 
Jager W, Jansen FE. Inflammatory mediators in human epilepsy: a syste­
matic review and meta-analysis. Neurosci Biobehav Rev 2016;63:177-90.

	27.	 Kwon A, Kwak BO, Kim K, Ha J, Kim SJ, Bae SH, et al. Cytokine levels 
in febrile seizure patients: a systematic review and meta-analysis. Seizure 
2018;59:5-10.

	28.	 Kim K, Kwak BO, Kwon A, Ha J, Kim SJ, Bae SW, et al. Analysis of plasma 
multiplex cytokines and increased level of IL-10 and IL-1Ra cytokines in 
febrile seizures. J Neuroinflammation 2017;14:200.

	29.	 Gupta S, Aggarwal A, Faridi MM, Rai G, Das S, Kotru M. Serum inter­
leukin-6 levels in children with febrile seizures. Indian Pediatr 2018;55: 
411-3.

	30.	 Ha J, Choi J, Kwon A, Kim K, Kim SJ, Bae SH, et al. Interleukin-4 and 
tumor necrosis factor-alpha levels in children with febrile seizures. Seizure 
2018;58:156-62.

	31.	 Bienvenu J, Monneret G, Fabien N, Revillard JP. The clinical usefulness of 
the measurement of cytokines. Clin Chem Lab Med 2000;38:267-85.

	32.	 Stenken JA, Poschenrieder AJ. Bioanalytical chemistry of cytokines-a 
review. Anal Chim Acta 2015;853:95-115.

	33.	 Lim JH, SaKong Y, Lee KW, Bae SN, Nam SO. A role of routine lumbar 
puncture in children presented with their first seizure with fever. J Korean 
Child Neurol Soc 2003;11:316-21.

	34.	 Chiu SS, Tse CY, Lau YL, Peiris M. Influenza A infection is an important 
cause of febrile seizures. Pediatrics 2001;108:E63.

	35.	 Chen Y, Chong CY, Cook AR, Sim NTW, Horby P, La HH. Temporal 
relationship between occurrences of hand, foot and mouth disease, respi­
ratory virus detection and febrile seizures in children in tropical Singapore: 
a time-series analysis. Epidemiol Infect 2018;147:e8.

	36.	 Millichap JG, Millichap JJ. Role of viral infections in the etiology of febrile 
seizures. Pediatr Neurol 2006;35:165-72.

	37.	 Mohammadpour Touserkani F, Gainza-Lein M, Jafarpour S, Brinegar K, 
Kapur K, Loddenkemper T. HHV-6 and seizure: a systematic review and 
meta-analysis. J Med Virol 2017;89:161-9.

	38.	 Bartolini L, Piras E, Sullivan K, Gillen S, Bumbut A, Lin CM, et al. Detec­
tion of HHV-6 and EBV and cytokine levels in saliva from children with 
seizures: results of a multi-center cross-sectional study. Front Neurol 2018; 
9:834.

	39.	 Mahony JB, Petrich A, Smieja M. Molecular diagnosis of respiratory virus 
infections. Crit Rev Clin Lab Sci 2011;48:217-49.

	40.	 Francis JR, Richmond P, Robins C, Lindsay K, Levy A, Effler PV, et al. An 
observational study of febrile seizures: the importance of viral infection 
and immunization. BMC Pediatr 2016;16:202.

	41.	 Hautala M, Arvila J, Pokka T, Mikkonen K, Koskela U, Helander H, et al. 
Respiratory viruses and febrile response in children with febrile seizures: a 
cohort study and embedded case-control study. Seizure 2021;84:69-77.

	42.	 Rudolph H, Gress K, Weiss C, Schroten H, Adams O, Tenenbaum T. 
General characteristics of children with single- and co-infections and 
febrile seizures with a main focus on respiratory pathogens: preliminary 
results. Pathogens 2021;10:1061.

	43.	 Bohmwald K, Galvez NMS, Rios M, Kalergis AM. Neurologic alterations 
due to respiratory virus infections. Front Cell Neurosci 2018;12:386.

	44.	 Tsuboi T, Okada S. Seasonal variation of febrile convulsion in Japan. Acta 
Neurol Scand 1984;69:285-92.

	45.	 Esposito S, Mencacci A, Cenci E, Camilloni B, Silvestri E, Principi N. 
Multiplex platforms for the identification of respiratory pathogens: are 
they useful in pediatric clinical practice? Front Cell Infect Microbiol 2019; 
9:196.

	46.	 Fuller JA, Njenga MK, Bigogo G, Aura B, Ope MO, Nderitu L, et al. Asso­
ciation of the CT values of real-time PCR of viral upper respiratory tract 
infection with clinical severity, Kenya. J Med Virol 2013;85:924-32.

	47.	 Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus 
from patients with pneumonia in China, 2019. N Engl J Med 2020;382: 
727-33.

	48.	 Misra S, Kolappa K, Prasad M, Radhakrishnan D, Thakur KT, Solomon T, 
et al. Frequency of neurologic manifestations in COVID-19: a systematic 
review and meta-analysis. Neurology 2021;97:e2269-81.

	49.	 Garazzino S, Montagnani C, Donà D, Meini A, Felici E, Vergine G, et 
al. Multicentre Italian study of SARS-CoV-2 infection in children and 
adolescents, preliminary data as at 10 April 2020. Euro Surveill 2020;25: 
2000600.

	50.	 Kurd M, Hashavya S, Benenson S, Gilboa T. Seizures as the main presen­
ting manifestation of acute SARS-CoV-2 infection in children. Seizure 
2021;92:89-93.

	51.	 Dilber B, Aydın ZGG, Yeşilbaş O, Sağ E, Aksoy NK, Gündoğmuş F, et al. 
Neurological manifestations of pediatric acute COVID infections: a single 
center experience. J Trop Pediatr 2021;67:fmab062.

	52.	 Han SB, Rhim JW, Kang JH, Lee KY. Clinical features and outcomes of 
influenza by virus type/subtype/lineage in pediatric patients. Transl Pediatr 
2021;10:54-63.

	53.	 Cha T, Choi YJ, Oh JW, Kim CR, Park DW, Seol IJ, et al. Respiratory syn­
cytial virus-associated seizures in Korean children, 2011-2016. Korean J 
Pediatr 2019;62:131-7.

	54.	 Lin JE, Asfour A, Sewell TB, Hooe B, Pryce P, Earley C, et al. Neurological 
issues in children with COVID-19. Neurosci Lett 2021;743:135567.

	55.	 Ministry of Health and Welfare. Coronavirus (COVID-19), Republic of 
Korea [Internet]. Sejong (Korea): Ministry of Health and Welfare; c2022 
[cited 2022 Jun 15]. Avaiable from: http://ncov.mohw.go.kr/en.

	56.	 Cloete J, Kruger A, Masha M, du Plessis NM, Mawela D, Tshukudu M, 
et al. Paediatric hospitalisations due to COVID-19 during the first SARS-
CoV-2 omicron (B.1.1.529) variant wave in South Africa: a multicentre 
observational study. Lancet Child Adolesc Health 2022;6:294-302.

	57.	 Lee SH, Byeon JH, Kim GH, Eun BL, Eun SH. Epilepsy in children with a 
history of febrile seizures. Korean J Pediatr 2016;59:74-9.

	58.	 Deng H, Zheng W, Song Z. The genetics and molecular biology of fever-
associated seizures or epilepsy. Expert Rev Mol Med 2018;20:e3.

	59.	 Saghazadeh A, Mastrangelo M, Rezaei N. Genetic background of febrile 
seizures. Rev Neurosci 2014;25:129-61.

https://doi.org/10.3345/cep.2021.01039
http://ncov.mohw.go.kr/en


Han JY and Han SB. Pathogenesis of febrile seizures www.e-cep.org53

	60.	 Han JY, Lee HJ, Lee YM, Park J. Identification of missense ADGRV1 
mutation as a candidate genetic cause of familial febrile seizure 4. Children 
(Basel) 2020;7:144.

	61.	 Wheless JW, Fulton SP, Mudigoudar BD. Dravet syndrome: a review of 
current management. Pediatr Neurol 2020;107:28-40.

How to cite this article: Han JY, Han SB. Pathogenetic and 
etiologic considerations of febrile seizures. Clin Exp Pediatr 
2023;66:46-53. 


