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Background: Febrile seizures (FS) are a common cause of paediatric emergencies, but research on their aetiology and epidemiology 
are limited. The aim of this study was to investigate the prevalence of central nervous system (CNS) pathogenic infections in patients 
with FS-associated hospitalization.
Methods: A prospective observational study was conducted in children under 16 years of age with FS-associated hospitalization. 
Demographic, clinical and laboratory data were recorded. Multiplex-PCR was performed on cerebrospinal fluid (CSF) samples for 
nine viruses, nine bacteria and one fungus.
Results: A total of 119 children were enrolled between June 2021 and June 2022. Of these, 83.2% had a final diagnosis of FS (69.7%) 
or FS plus (13.4%). In addition, epilepsy and encephalitis/meningitis were also found in 16.8% (20/119). Seven pathogens were 
identified from 9 CSF samples (7.6%), including viruses (EV, EBV, HHV-6) and bacteria (H. influenzae, S. pneumoniae, 
M. tuberculosis, S. putrefaciens). There were no significant clinical or laboratory differences between children who tested positive 
or negative for pathogens in the CSF, except for the presentation of herpes pharyngitis. Children with encephalitis/meningitis had 
longer hospital stays compared with those diagnosed with FS at discharge; abnormal EEG findings were significantly more common in 
patients with epilepsy.
Conclusion: FS-associated hospitalized children may have viral or bacterial intracranial infections. Pathogen testing of CSF is an 
important basis for timely antibiotic or antiviral therapy when clinical and laboratory findings make FS indistinguishable from other 
CNS disorders.
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Introduction
Febrile seizures (FS) are one of the major neurological emergencies that require prompt diagnosis and treatment.1 Most 
cases are benign but may be associated with multiple clinical sequelae, including a higher risk of epilepsy and FS 
recurrence.2 If this acute condition is not adequately evaluated and treated at the time of first presentation, the 
opportunities to alter the poor prognosis may be missed.3 Identifying the cause of fever is the first task in the assessment 
of such children.4 FS caused by infections of respiratory or intestinal systems have been well recognized.5–10 However, 
evidence on central nervous system (CNS) pathogens in children with primary symptom of seizure accompanied with 
fever is limited, which creates a risk of confusion between FS and other CNS disorders.6 Over the past decade, nucleic 
acid amplification tests have been used to clinically diagnose various common causes of meningitis.11 If cultures of 
suspected encephalitis/meningitis remain negative, highly sensitive PCR or multiplex-PCR can be used to amplify 
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conserved regions of pathogenic DNA/RNA to identify the causative organism.12–14 The aim of this study was to 
investigate the role of common CNS pathogens in CSF specimens from FS-associated hospitalized children and to 
identify susceptibility factors and specific characteristics of children who tested positive for CSF.

Materials and Methods
Ethics
Ethics approval (protocol 2019202) was granted by the Ethics Committee of Children’ s Hospital of Hebei in compliance 
with the principles of the Declaration of Helsinki and the Code of Ethics of the World Medical Association. The child’s 
legal guardian(s) or parent(s) provided written informed consent for sample collection and clinical record review. Each 
enrolled child is coded with a unique number that does not reflect their personal information.

Study Population
Children aged under 16 years of age attending our hospital (the only tertiary care children’s hospital in Hebei, northern 
China) were prospectively enrolled in this study between June 2021 and June 2022. Children were recruited based on 
a symptom of seizure accompanied by fever (axillary temperature ≥38°C) within the preceding 96 hours. An FS is 
diagnosed as a seizure accompanied by fever without CNS infection, that occurs in infants and children 6 through 60 
months of age.15 A FS-plus is diagnosed when the child with seizure accompanied by fever is older than 5 years old.16 

Multiple episodes of FS during a single febrile illness were defined as recurrent FS.16 Complex FS are diagnosed if one 
of the following conditions is met: 1) seizures with focal semiology; 2) duration longer than 15 minutes; 3) recurrent 
FS.16 The following data were collected: age, sex, biochemical and microbiological culture results of CSF specimens, 
antimicrobial therapy, duration of illness prior to admission and length of hospital stay. Children have previous diagnosis 
of epilepsy, suspected of having CNS infection, encephalopathy, metabolic, toxic or neurodegenerative diseases on 
admission will be excluded. The final diagnosis at discharge is determined by an expert group based on the patient’s 
clinical manifestation, laboratory tests and response to treatment.

Pathogens Detection
Obtained by lumbar puncture, CSF samples were used for routine biochemical testing and culture, while the remaining 
samples were stored at −80°C for subsequent molecular analysis. Nucleic acids were extracted and purified on an 
automated extraction workstation Smart LabAssist-16/32 (TANBead, Taiwan, China) using an extraction kit (HGT, 
Ningbo, China) for a total of 300µL CSF samples. Extracts were immediately used as template for PCR amplification or 
stored below −20°C. Pathogen detection was performed as previous reported.17 Briefly, multiplex RT-PCR was 
performed using an ABI Veriti 96 Thermal Cycler. The PCR products were added into the platform for capillary 
electrophoresis and fragment analysis. This multiple detection kit can detect 18 microorganisms, including 9 bacteria 
as Neisseria meningitidis, Mycobacterium tuberculosis, Listeria monocytogenes, Streptococcus pneumoniae, 
Mycoplasma pneumoniae, Streptococcus agalactiae, Acinetobacter baumannii, Haemophilus influenzae, Escherichia 
coli K1, 8 viruses: Enterovirus (EV), herpes simplex virus type 1 (HSV-1), herpes simplex virus type 2 (HSV-2), varicella 
zoster virus (VZV), Epstein–Barr virus (EBV), mumps virus (MuV), cytomegalovirus (CMV), human herpesvirus type 6 
(HHV-6) and Cryptococcus neoformans.

Statistical Analysis
In this study, categorical variables were tested using Chi-square or Fisher’s exact test. The Kolmogorov–Smirnov test 
was used to check whether continuous variables conformed to a normal distribution, and the Mann–Whitney U-test 
was used to determine statistical significance. We perform multi-comparisons within the FS (including FS plus), 
epilepsy and encephalitis/meningitis groups by Bonferroni method. Adjusted p values are indicated in the table 
Statistical analysis was performed by SPSS 25 (SPSS Inc., Chicago, USA). Differences were considered statistically 
significant if p<0.05.
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Results
Study Population
During the study period, 275 patients presenting to the emergency department (ED) were documented as having seizures 
accompanied by fever in the last 96 hours. Children could be hospitalized if they met one of the following points: i) complex 
febrile seizures; ii) poor mental status after seizure remission.18,19 Finally, 126 of 275 children were assessed by physicians as not 
requiring hospitalization, and the remaining 149 children were hospitalized and enrolled in our study. Of the 149 children, i) 13 
were found ineligible because they had a history of afebrile seizures, an underlying neurological disease or a suspected acute 
infection involving the CNS; ii) 5 were eligible but did not have adequate CSF volume, and iii) 12 declined the consents during the 
research. In total, CSF samples from 119 cases were successfully tested by multiplex-PCR (Figure 1).

The Diagnose at Discharge
Ninety-nine (83.2%) of the children admitted were diagnosed with FS (83, 69.7%) or FS plus (16, 13.4%) at discharge. 
Besides that, patients were diagnosed with epilepsy (9.2%) and encephalitis/meningitis (7.6%, Table 1). Of the children 
with FS, 71 had seizures within 24 hours of fever, and 12 had seizures 3 days after fever. Twenty-three patients had 
simple FS and 60 had complex FS. The median age of patients with FS was 2 years (IQR 1–3.3 years), and 57% were 
male. Thirty-seven percent had a previous history of FS and 34% had a family history of febrile and/or afebrile seizures. 
Almost every patient with FS or FS plus had other sources of infection outside the CNS, including respiratory infections, 
gastrointestinal infections, septic tonsillitis and sinusitis. The total number of children with a first seizure less than 1 year 
of age accounted for 53.7% (64/119). Seven cases had underlying medical conditions, including congenital heart disease, 
anaemia, pervasive dysplasia and microcephaly.

Figure 1 Flow chart of patient enrollment. aThirteen were found to be ineligible because they had a history of afebrile seizures, underlying neurological disease or suspected 
acute infection involving the central nervous system. Five were eligible but did not have sufficient CSF volume, and 12 declined consents.
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Clinical Features Between FS and Other CNS Disorders
There were no significant differences between the three groups in terms of age, gender or extra-CNS manifestations on 
admission (Table 1). Patients with encephalitis/meningitis had longer hospital stays compared with those discharged with 
a diagnosis of FS or FS plus (12 vs 6 days, p<0.001). EEG abnormalities were significantly more common in patients 
with epilepsy (89% vs 22%, p<0.001). Most children with FS or FS plus received supportive treatment, whereas those 
with intracranial infections received antiviral therapy (81% vs 9%, p<0.001). Children with epilepsy were significantly 
more liable to receive anticonvulsant medication to terminate seizures than those with FS or FS plus (55% vs 9%, 
p<0.001). No patients were admitted to the intensive care unit and all patients made a full neurological recovery.

Pathogen Detection in CSF
Seven pathogens were identified in nine CSF samples (Table 2, 7.6%), including viruses (EV, EBV and HHV-6) and 
bacteria (H. influenzae, S. pneumoniae, M. tuberculosis and S. putrefaciens). At discharge, four patients were diagnosed 
as FS or FS plus, while the other five children were diagnosed with encephalitis/meningitis or epilepsy. There were no 

Table 1 Demographics of Pediatric Patients with FS-Associated Hospitalization

Items FS and FS  

Plus (n=99)

Encephalitis/ 

Meningitis (n=11)

Epilepsy  

(n=9)

P value

Demographics Male 62% 73% 33% 0.172

Age (years) 2.6 (1, 4) 2 (1.6, 4) 7 (1.5, 9) 0.174

Febrile seizures FS history 40% 36% 56% 0.638

FS family history 36% 18% 22% 0.362

Recurrent FS 48% 64% 56% 0.556

Secondary diagnosis Bronchitis/pneumonia/bronchopneumonia 43% 64% 44% 0.442

Upper respiratory tract infection 35% 18% 44% 0.423

Herpes pharyngitis/purulent tonsillitis 18% 18% 11% 0.867

Sinusitis 11% 18% 11% 0.786

Otitis media 1% 9% 0% 0.130

Infantile rash 6% 0% 0% 0.528

Diarrhea 10% 27% 0% 0.123

Imaging findings Abnormal MRI 32% 54% 33% 0.338

Abnormal EEG 22% 55% 89% <0.001a

Medication Anticonvulsant 9% 0% 55% <0.001a

Antivirals 9% 81% 33% <0.001b

Hospitalization Disease duration (days) 1 (1, 2) 3 (2, 3) 1 (1, 2) <0.001b

Hospital stays (days) 6 (5, 8) 12 (9, 13) 9 (6, 10) <0.001b

Notes: aMulti-comparison adjusted p value between groups of febrile seizures with epilepsy. bMulti-comparison adjusted p value 
between groups of febrile seizures with encephalitis/meningitis.

Table 2 Patients with Positive Detection in the CSF

Case No. Sex Age  

(Years)

Diagnosis at  

Discharge

Secondary Diagnosis FS History Pathogen  

in CSF

13 M 6 FS plus Upper respiratory tract infection N H. influenzae

46 F 1.5 FS Herpes pharyngitis Y HHV-6

51 M 5 FS Herpes pharyngitis Y Enterovirus

121 F 1 FS Upper respiratory tract infection Y EBV

48 M 1.6 Encephalitis Herpes pharyngitis Y Enterovirus

17 M 1 Encephalitis Bronchitis/purulent tonsillitis Y Enterovirus

60 M 4 Meningitis Upper respiratory tract infection/Otitis media N S. putrefaciens*

86 M 15 Epilepsy Pneumonia N M. tuberculosis

27 M 2 Epilepsy Purulent tonsillitis Y S. pneumoniae

Note: *This pathogen was detected by mNGS in a child with traumatic head injury 3 days ago.
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significant differences between children with and without detectable pathogens in CSF in terms of age, sex, laboratory or 
clinical presentations. The only exception was the manifestation of herpetic pharyngitis, which was observed more 
frequently in patients who tested positive for CSF (56% vs 15%, p=0.002).

Among the nine children who tested positive in CSF, S. putrefaciens was found in case No. 60, who had suffered 
a traumatic brain injury 3 days earlier (Table 2). He was the only of these children to have an abnormal CSF biochemical 
result. Enteroviruses were found in CSF of cases No. 17 and No. 48. Although these was a lack of evidence of typical 
inflammatory changes in CSF, both patients were diagnosed with encephalitis based on their clinical manifestation and 
response to treatment. M. tuberculosis was found in CSF of case No. 86, and enterococcus avium was also detected in 
urine cultures of this child. The CD4+ lymphocytes in the blood were counted as 86/uL, which was below the reference 
interval, indicating a lower immune function.

Discussion
Febrile seizures (FS) are an ongoing challenge for parents and clinicians. For parents, FS can be a traumatic and 
frightening experience, which may explain why most of the children in our study were taken to our emergency 
department within 24 hours after seizure. For clinicians, the primary consideration is the need to exclude CNS infection 
as the cause of fever.20 Although the need for lumbar puncture in children with FS has been debated for many years, 
clinical features such as fever and new onset seizures need to be discriminated from encephalitis/meningitis.21–23 Recent 
studies have highlighted the importance of etiology in children with FS, as 16% of patients with meningitis have seizures 
and a third of them have no meningeal signs or symptoms.4,24 Previous studies have assessed extracerebral causes of 
fever by using respiratory and faecal specimens to detect common respiratory or enteric pathogens, respectively.25 

However, intracranial bacterial or viral infections as a cause of fever remain largely unknown.9 A major goal of this work 
was to explore the pathogens in CSF specimens from children with FS-associated hospitalization.

As we know, 20–40% of the patients develop seizures early or during bacterial or viral encephalitis/meningitis.22,26–28 In 
the present study, approximately one in ten children was eventually diagnosed with encephalitis/meningitis even when CNS 
infection was ruled out based on laboratory and clinical findings on admission. Of these, no typical inflammatory changes were 
seen on CSF biochemical examination in children with positive CSF detection, except for one child who had S. putrefaciens 
infection. Classically, in encephalitis or meningitis, the glucose concentrations and white cell counts (WCC) in CSF will 
increase. However, these parameters have been shown not to be reliable predictors in recent years.29–33 In our study, eight of 
nine children with viral or bacterial infection in CSF did not show typical inflammatory changes. Mohammad et al investigated 
HHV-6 infection in hospitalized patients with FS and observed no differences in age, gender, and clinical presentation between 
HHV-infected and non-infected children.30 Kondo et a suggested that HHV-6 invades the brain during the acute phase of 
infection and the recurrence of FS may be associated with reactivation of HHV-6.34 Rantala et al performed PCR in 144 
children with febrile convulsions and isolated 9 viruses from their CSF, including adenovirus, parainfluenza virus, respiratory 
syncytial virus, echovirus, herpes simplex virus, and influenza B viruses.35 Doja et al reviewed 21 children diagnosed with 
infectious mononucleosis, 5 of whom had fever and convulsions, and detected EBV in the CSF of 3 of them and Mycoplasma 
pneumoniae from 1 of them.36 Among 340 children with complex FS, Kimia et al found two cases of S. pneumoniae without 
typical laboratory manifestations.31 One possible reason for this phenomenon is that the virus or bacteria may invade the 
nervous system directly without causing an inflammatory response. Therefore, in the absence of typical clinical signs or CSF 
pathogenesis, encephalitis/meningitis can be excluded due to normal CSF biochemical findings, which emphasizes the 
importance of differential diagnosis between this group of patients from viral encephalitis in the clinical setting.

The only discrepancy between patients with and without detectable pathogens is the manifestation of herpes cheilitis, 
as we found that children who present with herpangina had a higher chance of positive pathogen detection in CSF. As we 
know, herpes cheilitis can occur with enteroviral ectopia and a number of neurological disorders, including aseptic 
meningitis and encephalitis. Such manifestations are known to be caused by enterovirus, EBV and HHV-6.37–39 Taken 
together, these findings lead us to speculate the role of previously unknown pathogenic infections in CSF specimens from 
children with FS. The observed clinical manifestations help to distinguish encephalitis from FS.

Recent studies have highlighted that, fever following respiratory or intestinal infections in children are the main cause 
of convulsions.7,24,40 Francis et al used PCR tests and showed that approximately 70% of the children with FS were 
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positive for respiratory virus, including rhinovirus, adenovirus, and influenza virus.5 Similarly, our study observed that 
nearly 80% of children with FS had respiratory infections. In our study, pathogens such as H. influenzae and 
S. pneumoniae were detected within the CSF, which can also cause symptoms of respiratory infections, suggesting 
that all these pathogens, once in the lungs, can spread throughout the body and eventually reach the CNS.6,41 Miyazaki 
et al showed that respiratory infections caused by H. influenzae produced TNF-α, which promote this pathogen to across 
the BBB into CSF.41 These findings therefore alert paediatricians to the importance of preventing hyperthermia following 
respiratory or intestinal infections, especially in children with a previous history or a family history of FS. To initiate 
appropriate antimicrobial therapy and to reduce the likelihood of neurological sequelae, it is recommended that children 
with FS be tested for pathogens that may infect multiple systems.

According to Chinese guideline,16 routine test for these children is biochemical examination on the CSF. The 
treatment of children in the acute phase of FS includes maintaining the airway open, monitoring vital signs, opening 
intravenous access if necessary, and taking measures to lower body temperature, initiate appropriate anti-infection and 
anti-shock therapy. The ancillary tests include peripheral blood electrolytes, blood glucose, blood gas analysis, white 
blood cell count and urine routine test as well as biochemical routine and white blood cell count in CSF. If seizures 
persist, resuscitation or hospitalization is recommended. During the interictal phase of seizures, the state of consciousness 
should be assessed first. If unconscious, the airway should be kept open, vital signs monitored, intravenous access 
opened. If consciousness is clear without positive features after the interictal phase, the child can leave the hospital. 
Furthermore, our study observed that more than 60% of the children with their first episode of FS were under 1 year of 
age. According to the guideline,16 children with FS younger than 1 year of age have a 50% chance of recurrence, so this 
group of children should be followed up. In addition, the majority of CSF-positive children had a history of FS in our 
study. Are these children more likely to be at risk of developing intracranial infections? Further studies are needed to 
understand the detailed mechanisms behind this phenomenon.

Limitations
We acknowledge several limitations of our study. 1) Not all patients with FS-associated hospitalization underwent lumbar 
puncture. 2) Although no patients returned to hospital with a diagnosis of encephalitis/meningitis, these patients may 
have gone to other institutions for treatment. 3) The number of children positive for CSF pathogens was small, so the 
significance of some parameters may have been underestimated.

Conclusions
In conclusion, our findings not only shed light on the discrimination between febrile seizures and other CNS disorders, 
but also remind us that in the absence of contraindications, lumbar puncture including cerebrospinal fluid PCR to identify 
the causative organisms is an important basis for timely antibiotic or antiviral therapy.
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