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Serum interleukin-1beta and tumor necrosis 
factor-alpha in febrile seizures: is there a link? 
Abolfazl Mahyar, MD, Parviz Ayazi, MD, Reza Orangpour, MD, Mohammad Mahdi Daneshi-Kohan, LD,  Mohammad Reza Sarokhani, 
LD, Amir Javadi, PhD,  Morteza Habibi MD, Mousa Talebi-Bakhshayesh, MSc
Department of Pediatrics, Qazvin Children Hospital, Qazvin University of Medical Sciences, Qazvin, Iran   

Purpose: Febrile seizures are induced by fever and are the most common type of seizures in children. 
Although numerous studies have been performed on febrile seizures, their pathophysiology remains 
unclear. Recent studies have shown that cytokines may play a role in the pathogenesis of febrile 
seizures. The present study was conducted to identify potential links between serum interleukin-1beta 
(IL-1β), tumor necrosis factor-alpha (TNF-α), and febrile seizures. 
Methods: Ninety-two patients with simple or complex febrile seizures (46 patients per seizure type), 
and 46 controls with comparable age, sex, and severity of temperature were enrolled. 
Results: The median concentrations of serum IL-1β in the simple, complex febrile seizure, and control 
groups were 0.05, 0.1, and 0.67 pg/mL, respectively (P=0.001). Moreover, the median concentrations 
of TNF-α in the simple, complex febrile seizure, and control groups were 2.5, 1, and 61.5 pg/mL, 
respectively (P=0.001). Furthermore, there were significant differences between the case groups in 
serum IL-1β and TNF-α levels (P<0.05). 
Conclusion: Unlike previous studies, our study does not support the hypothesis that increased IL-1β 
and TNF-α production is involved in the pathogenesis of febrile seizures.
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Introduction

Febrile seizures are seizures induced by fever (temperature≥38°C). Febrile seizures 
usually occur in young children between the age of 6 months and 5 years1,2). These 
patients do not have any central nervous infection, electrolyte imbalance, metabolic 
disorders, or a history of febrile seizures1-4). Febrile seizures are classified into three 
types: simple, complex, and febrile status epilepticus. Simple febrile seizures are 
generalized, last for <15 minutes, and do not recur within 24 hours. Complex febrile 
seizures are more prolonged (>15 minutes), focal, and recur within 24 hours. Febrile 
status epilepticus seizures last for >30 minutes3-8). This type of febrile seizure occurs in 
2%–9% of children9,10). While several cohort studies suggest that prognosis of febrile 
seizures is often good, epilepsy is observed in 5.4% of these patients2,5,11,12). Although 
numerous studies have been performed on febrile seizures, their exact pathophysiology 
remains unknown13,14). Cytokines may be one of the factors involved in the pathogenesis 
of febrile seizures15-18). Cytokines are hormonal mediators involved in several infectious 
and immunological phenomena. Interleukin-1beta (IL-1β) and tumor necrosis factor-
alpha (TNF-α) are the major cytokines15,16). Tutuncuoglu et al.17) reported that increased 
production of IL-1β is involved in the pathogenesis of febrile seizures. In contrast, 
Tomoum et al.18) suggested that IL-1β do not play any roles in the pathogenesis of febrile 
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seizures. Because of these controversial opinions, the present 
study was conducted to investigate the relationship between 
serum IL-1β and TNF-α with febrile seizures in children.

Materials and methods

This case-control study was performed at Qazvin Children 
Hospital affiliated to the Qazvin University of Medical Sci
ences in Qazvin, Iran in 2012. Case groups (92 patients) were 
consecutively selected from children admitted to the hospital 
after simple and complex febrile seizures. Control group 
comprised 46 febrile children without seizures. The ages 
of all patients were between 6 and 60 months. Sample size 
was calculated to determine 95% confidence coefficient and 
80% power for statistical analysis16). Consecutive sampling 
continued until the desired sample size was reached. Inclusion 
criteria for the febrile seizure groups were: (1) fever≥38°C, (2) 
presence of simple febrile seizure (generalized seizure lasting 
for <15 minutes), and (3) presence of complex febrile seizure 
(focal seizure lasting for >15 minutes that recurred within 
24 hours)2,3). Patients with central nervous system infections, 
electrolyte imbalance, metabolic disorders, neurological deficits, 
and a history of febrile seizures were excluded. The control 
group included febrile children without seizures who visited 
the hospital clinic because of common febrile diseases such 
as upper respiratory tract infection. Febrile diseases (viral or 
bacterial) were diagnosed according to clinical findings. Body 
temperature (axillary) was measured using a standard method3).
The ethics committee of the Research Department in the Qazvin 
University of Medical Sciences (project no. 284) approved the 
study. All parents were provided information regarding the 
research method in simple language. The children were included 

in the study after their parents agreed and signed the informed 
consent form. Four milliliters of blood was taken from the 
peripheral vessels of children in all the groups, and serum was 
obtained by centrifugation at 3,000 rpm for 5 minutes at 4°C. 
The serum was then poured into acid-washed tubes and stored in 
a refrigerator at −20°C until IL-1β and TNF-α assay. In the febrile 
seizure groups, blood samples were collected within 5 hours 
after the occurrence of a seizure episode16,19). Concentrations of 
serum IL-1β and TNF-α were measured using enzyme-linked 
immunosorbent assay and commercially available kits (Cat. No. 
BE51011 and Cat.No.BE58351; IBL Co., Hamburg, Germany). All 
the samples were measured in duplicates to improve accuracy. 
Results were analyzed by chi-square test, analysis of variance, 
and nonparametric tests (Mann-Whitney U test and Kruskal-
Wallis test). Cytokine levels were expressed as median and range, 
whereas variable values except age were expressed as mean± 
standard deviation. Statistical calculations were performed 
using SPSS ver. 15 (SPSS Inc., Chicago, IL, USA). P<0.05 was 
considered statistically significant.

Results

The simple febrile seizures group included 25 male and 21 
female patients. These values in complex febrile seizures and 
control groups were 26, 20 and 26, 20 patients, respectively (P= 
0.971). The minimum and maximum ages of the children in the 
cases and control groups were 6 and 60 months, respectively. 
There were no statistically significant differences between the 
groups with respect to age, severity of temperature, duration of 
fever and type of febrile disease (viral or bacterial) (P>0.05) (Table 
1). The median concentrations of serum IL-1β in simple, complex 
febrile seizures and control groups were 0.05, 0.1, and 0.67 pg/

Table 1. Groupwise comparison of patient variables

Variable Simple Complex Control P  value

Sex

   Male/female 25/21 26/20 26/20 0.97

Age (mo) 20.5 (8–59) 18 (6–59) 14 (6–51) 0.12

Severity of temprature (°C) 38.7±0.43 38.6±0.29 38.6±0.33 0.45

Fever duration (day) 1.28±0.58 1.34±0.78 1.31±0.72 0.916

Etiology of infection (viral/bacterial) 29/17 33/12 28/18 0.41

Table 2. Comparison of serum IL-1β and TNF-α in the case and control groups

Serum cytokines (pg/mL) Simple Complex Control P value

IL-1β 0.05 (0.05–9.7) 0.1 (0.1–17.4) 0.67 (0.1–15.3) 0.001

TNF 2.5 (1.9–960) 1 (1–735) 61.5 (4–4700) 0.001

IL-1β, Interleukine 1 beta; TNF, Tumor necrotizing factor.
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mL, respectively (P<0.0001). Also, the median concentrations 
of TNF-α in simple, complex febrile seizures and control groups 
were 2.5, 1, and 61.5 pg/mL, respectively (P<0.0001). Serum 
IL-1β and TNF-α concentrations were significantly different 
between the febrile seizures and control groups (P<0.05) (Table 
2). The simple and complex febrile seizures groups also showed 
significant differences regarding serum IL-1β and TNF-α levels 
(P<0.05) (Tables 3, 4; Figs 1, 2). No significant differences were 
observed between the cases and control groups with respect to 
the correlation between degree of fever and serum IL-1β (r=0.081, 
P=0.442) and TNF-α levels (r=−0.059, P=0.574).

Discussion

Although numerous studies have been performed on the 
identification of factors causing febrile seizures in children, the 
actual cause of the disease has not yet been detected13,14,17-20). Few 
studies highlight the role of cytokines in febrile seizures16-23). 
Cytokines are essentially protein or glycoprotein hormones, 
mostly between 8 and 30 kDa that can be produced in all tissues 
and by most cells. Cytokines are hormonal mediators produced 
in body in response to defensive and growth phenomena. The 
role of these mediators in infectious, immunological, and 
inflammatory phenomena is of special interest. Cytokines 
include ILs, chemokines, TNFs, interferons, etc. Of these, IL-1β 
and TNF-α are the important cytokines15,21). One of the important 
role of IL-1β and TNF-α is direct and indirect modulating effects 
on neurons and neurotoxic neurotransmitters released during 
excitation or inflammation18). So, this question was raised to us; 
what is the role of these cytokines in febrile seizures? Previous 
studies have shown contradictory results regarding the role of 
these two cytokines in the development of febrile seizures15-20). 
Tutuncuoglu et al.17) reported that plasma IL-1β and cere
brospinal fluid TNF-α level in febrile seizure patients during the 
acute phase of the disease were significantly higher than those in 
controls were. However, plasma TNF-α levels and cerebrospinal 
fluid (CSF) IL-1β levels were not significantly different between 
the case and control groups. This study concluded that IL-1β is 
the likely factor influencing the pathogenesis of febrile seizures. 
Another study showed that induction of leukocytes by double-
stranded RNA resulted in a large-scale production of IL-1β in 
febrile seizure patients as compared to that in controls; however, 
the levels of TNF-α did not change significantly between the two 
groups. This study concluded that IL-1β was a likely factor 

Table 3. Groupwise comparison of serum IL-1β

Group
Serum IL-1β (pg/mL), 

median
P value

Control vs. simple febrile seizures 0.67 vs. 0.05 0.001

Control vs. complex febrile seizures 61.5 vs. 0.1 0.010

Simple febrile seizures vs. complex febrile 
seizures

0.05 vs. 0.1 0.002

IL-1β, interleukin-1beta.

Table 4. Groupwise Comparison of Serum TNF-α

Group
Serum IL-1β (pg/mL), 

median
P value

Control vs. simple febrile seizures 61.5 vs. 2.5 0.001

Control vs. complex febrile seizures 61.5 vs. 1 0.010

Simple febrile seizures vs. complex febrile 
seizures

2.5 vs. 1 0.002

TNF-α, tumor necrosis factor-alpha.

 
 
 

Figure 1: Comparison  of serum IL-1β between  case and control groups 
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Fig. 1. Comparison of serum interleukin-1beta (IL-1β) between case and 
control groups.

 
Figure 2: Comparison  of serum TNF-α between case and control groups 
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Fig. 2. Comparison of serum tumor necrosis factor-alpha (TNF-α) 
between case and control groups.
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influencing the pathogenesis of febrile seizures22). Helminen et 
al.24) showed that stimulation of peripheral blood mononuclear 
cells by liposaccharide in children with febrile seizures led to an 
increased production of IL-1β in these children as compared to 
that in control. Another study showed a significant correlation 
between IL-1β allele 2 and febrile seizures15,25). Kanemoto et al.25) 
suggested that IL-1β-511T allele is a determining factor in the 
development of febrile seizures. A study by Dube et al.26) on an 
animal model showed that IL-1β plays a role in the incidence of 
febrile seizures by increasing N-methyl-D-aspartate function. 
Studies supporting the hypothesis that cytokines play an 
important role in the incidence of febrile seizures indicate that 
during infections, especially viral infections, immune cells such 
as macrophages, T cells, and B cells are stimulated and con
sequently secrete proinflammatory cytokines such as IL-1β, 
TNF-α, and IL-627-29). In addition to studies that support the role 
of IL-1β in the incidence of febrile seizures, there are studies that 
do not support the above hypothesis and suggest that no 
correlation exists between febrile seizures and IL-1β and TNF-α 
level. Lahat et al.20) reported that there was no significant 
difference in plasma IL-1β and cerebrospinal fluid TNF-α level 
between the febrile seizures children and control group. Haspolat 
et al.16) showed that cerebrospinal fluid IL-1β levels increased 
significantly in patients with febrile seizures as compared to 
those in controls; however, serum IL-1β and TNF-α level in the 
two groups were not significantly different. These results have 
also been confirmed by Virta et al.15) and Tomoum et al.18). 
Another study also showed no significant difference between 
children with febrile seizures and those with meningitis and 
encephalitis with respect to plasma concentration of IL-1β30). In 
the present study, serum IL-1β and TNF-α level in the simple and 
complex febrile seizure groups were lower than those in the 
control group. Moreover, no significant correlation was observed 
between the intensity of body temperature and the levels of IL-
1β and TNF-α in the case and control groups. Lower serum levels 
of these cytokines in the febrile seizure groups than those in the 
control group indicate that production of cytokines does not 
increase during febrile seizures. Therefore, unlike previous 
studies the hypothesis that increased production of cytokines 
influences the incidence of febrile seizures is not convincing.  
Contradictory results of various studies may be due to the 
interference of confounding variables such as, time of sampling, 
severity of temperature, duration of fever, difficulty in measuring 
cytokines, type of infection, and sample size. Roth et al.19) 
showed that in guinea pigs, serum TNF-α level reached its 
maximum within 1 hour after injecting a bacterial endotoxin 
and decreased by 15%–20% after 2 hours to an extent that it 
was no longer measurable. The author of the above study 
recommended that TNF-α levels should be measured within 5 
hours after the incidence of febrile seizure. Time of sampling is 

very important for measuring IL-1β levels. IL-1β increases within 
1 hour after seizure, reaches its maximum level within 4–12 
hours after seizure, and returns to its normal level after 24 
hours16). Thus, IL-1β is best measured within 12 hours after the 
incidence of seizure. In the present study, samples were prepared 
within 5 hours after the incidence of seizure, a period in which 
actual levels of the studied cytokines can be measured. Therefore, 
in this study, low levels of IL-1β and TNF-α in patient with 
febrile seizures did not correlate with the time of sampling. 
Another factor that may influences cytokines level is fever. 
Tournieretal reported that fever increases some interleukins and 
decreases others31). Because, in the present study, there was no 
significant differences between 3 groups regarding severity of 
temperature (P=0.45) and duration of fever (P=0.916), thus fever 
cannot be a confounding variable. Another problem is measur
ing IL-1β level. Dinarello32) reported that measurement of IL-1β is 
very difficult because IL-1β binds to large proteins such as α2-
macroglobulin and complements. In our study, method of 
measuring of interleukins was similar in all groups. It has been 
shown that proinflammatory cytokines increase after viral and 
bacterial infections21). In the present study, types of diseases (viral 
and bacterial) were not significantly different between the case 
and control groups. Most of the studied children had three types 
of infections: upper respiratory tract infections, viral diarrhea, 
and viral pneumonia. Therefore, the type of infection in the 
groups could not interfere with the results of this study. Sample 
size is another confounding factor that must be considered for 
evaluating the results of various studies. We calculated sample 
size regularly according to biostatics formula. In addition, one 
more explanation for low level of IL-1β and TNF-α is suppura
tion effect of IL-10. There are some reports that IL-10 is increased 
in response to lipopolysaccharide in patients with febrile 
convulsion8,33). Since, the etiology of disease in present study 
comparing the previous one is completely different, so it is not 
applicable in our study. Despite above discussion, still this 
question remains unanswered for us, whether low levels of these 
cytokines are related to the effect of seizure attack during 
infection? Responding to this question is very difficult. Accord
ing to my knowledge and literature review there is no document 
to have satisfactory answer for this question. Donnelly et al.34) 
reported that IL-1β has an inhibitory effect on cell excitability 
and a neuroprotective role for seizure-induced hippocampal. Our 
study has one limitation, in that CSF IL-1β and TNF-α levels 
were not measured in patients with febrile seizures. The studied 
patients did not show any indications for undergoing lumbar 
puncture procedure, which is morally objectionable. As a result, 
unlike previous studies, our study does not support the 
hypothesis that increased IL-1β and TNF-α production is 
involved in the pathogenesis of febrile seizures.
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