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ABSTRACT 

 
Background. One of pediatric emergencies that has high mortality is status epilepticus (SE). Correlation 
between tumor necrosis factor (TNF)-α, interleukin (IL)-6, and SE had been reported but human study of it 
is limited.  
Objective. To compare TNF-α and IL-6 level in children with SE to those of children without SE and to find 
correlation between both cytokines. 
Methods. Cross-sectional study was conducted in dr.Saiful Anwar Hospital Malang with 48 children were 
enrolled in this study. All subjects were divided into three groups, including children who had SE; children 
who had seizure but not SE; and children who have no seizure. The levels of TNF-α and IL-6 serum were 
measured by ELISA. 
Results. TNF-α and IL-6 serum level were not significantly different between groups (p=0.920, p=0.829). 
We found interesting fact that the level of IL-6 in children with SE who have no disability was significantly 
higher than that of children who died or had disability (p=0.015). There was strong correlation between 
TNF-α and IL-6 in SE group (R2 = 0.841 and p = 0.0001). 
Conclusion. IL-6 serum level was higher in SE children who have no disability and correlate with TNF-α 
serum level. 
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INTRODUCTION 

Status epilepticus (SE) is one of the most common 
pediatric emergencies that contribute high 
morbidity and mortality in children.1 Incident of SE 
is about 10-17/100,000 to 23-58/100,000 children 
a year.2 Incident of fatal SE is about 3-15%.3 
Prolonged seizure is difficult to treat with 
pharmacological intervention because brain 
damage can already happen in prolonged seizure.4 
Because of this reason, some researchers tried to 
explore pathophysiological process of prolonged 
seizure in order to find alternative therapy of it. 

Tumor necrosis factor (TNF)-α is one of cytokines 
that had been studied in pediatric seizure recently, 
especially in SE.4,5 This cytokine acts as pro-
inflammatory agent or anti-inflammatory one that 
depends on which receptor that is influenced.6 
Many animal studies showed that TNF-α 
expression was increased in animal brain during 
SE.6,7,8 It has association with seizure through 
activation of  p55 receptor5, increasing of AMPA, 
one of glutamate receptors9,  activation of 
endotelin-1 and p65 NF-kB that cause brain 
edema.10,11 However, the other animal studies 
showed that TNF-α can protect animal from 
seizure through p75 activation and rearrangement 
of AMPA structure.12,13 Unfortunately, Choi et al. 
research, the only one human study, showed that 
serum TNF-α in children with afebrile SE was 
slightly higher than this of control group.14 
Interestingly, serum TNF-α is also increased in 
febrile convulsion children and epilepsy ones, and 
can act as endogenous pyrogen.5,15,16,17,18 

Interleukin (IL)-6 is the other cytokine that had 
been studied in pediatric seizure not only in SE, but 
also in non SE seizure, such as febrile convulsion 
and epilepsy.4,5 It also can act as endogenous 
pyrogen.18 Like TNF-α, IL-6 has dual role: as pro-
inflammatory agent or anti-inflammatory one.19 
Moreover, IL-6 acts as neuroprotectan in the brain 
by protecting brain tissue from excitotoxicity and 
oxidative stress, inhibiting  TNF-α  and diapedesis 
of netrofil, and promoting adaptive immune 
system and brain healing.20 However, the role of 
IL-6 in SE is in debate. Previous animal studies 
showed that IL-6 expression in brain was increased 
in animal SE7 and seizure was prolonged and 
became severe after intranasal IL-6 administered.5 
The other studies showed that there was no 
difference between plasma IL-6 in rat SE group and 
rat control group21; and glutamate sensitivity was 

increased in IL-6 knock out mice.20 Sinha et al. 
showed that there was correlation between serum 
IL-6 and SE in adult17, but Choi et al. showed that 
this correlation was absent in children.14 Most 
studies in children with febrile convulsion or 
epilepsy, showed that serum IL-6 in these children 
was higher than this of control.14,17,20,23,24 It seems 
that IL-6 has more role in seizure non SE than SE 
itself. Human study that correlates IL-6 with SE is 
limited too. 

The aims of this study were to compare TNF-α and 
IL-6 level in children with SE to those of children 
without SE, and to find correlation between these 
cytokines in children with SE Our hypothesis, these 
cytokine had higher level in children who has SE, 
and correlated each other in children with SE. 
 
METHODS 

Research design. This study was cross-sectionally 
design to compare level of TNF-α and IL-6 in three 
groups:  first group who had SE and second group 
who had seizure but not SE, and third who had no 
seizure. The study was conducted since July 2015 
until January 2016 in pediatric ward Saiful Anwar 
General Hospital Malang and Physiologic 
Department, Faculty of Medicine, Brawijaya 
University Malang. This study had been approved 
by Ethical Committee of Saiful Anwar General 
Hospital Malang. 

Population and Subject. Sixteen subjects were 
included in each group of this study. All groups had 
age between 1 to 14 year old, and had been 
allowed by his/her parents to joint this study. All 
children in the first group met SE criteria according 
to International League Against Epilepsy 1981: a 
single seizure or recurrent seizures lasting for 
more than 30 minutes during which consciousness 
is not regained.1 All children in the second group 
had seizure but did not meet SE criteria, such as 
febrile convulsion and epilepsy. We called this 
second group as control 1. The third group had no 
seizure at all, and called as control 2. Exclusion 
criterias of all groups were autoimmune disease 
such as SLE, nephrotic syndrome, AIHA; 
malignancy; severe malnourishment and 
immunocompromized conditions such as HIV 
infection. Age, gender, presence of fever (body 
temperature more than 38°C), and the etiology of 
seizure were recorded. We also recorded the 
outcome of children in SE group after one month 
therapy, such as mortality and disability. 
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Blood Sampling and Cytokine Measurement. 
Peripheral blood samples were collected from 
pediatric ward or emergency ward, 12-24 hours 
after the last seizure. The blood samples were 
placed into EDTA vacutainer, and centrifuged to 
get supernatan part or serum. The serum was 
placed then into eppendorf tube and stored at -
20°C refrigerator. After all sample had been 
collected, cytokine measurement was performed. 
Both TNF-α and IL-6 were measured by ELISA 
method based on biotin double antibody sandwich 
technology. We used Human TNF-α ELISA kit and 
Human IL-6 ELISA kit that produced by Bioassay 
Technology Laboratory.  

Statistical Analysis. We used Chi square, Fisher 
exact test, or ANOVA to compare clinical 
characteristic between all group. ANOVA test was 
used to compare level of TNF-α and IL-6 serum 
between groups. For these 3 variables, the data 
was express as means. Linear regression analysis 
was used to find correlation between TNF-α and 
IL-6 in SE group. 

We used SPSS 16 program to analyze the data. 
Statistical difference was set at p<0.05 for all the 
tests. 
 
RESULTS 

Characteristics of Subjects. The study involved 48 
subjects, 16 subjects in each group. The 
characteristics of the subjects are described in 
Table 1.  

Correlation between TNF-α and IL-6 in SE group. 
The correlation between level of TNF-α and IL-6 in 
SE group was shown in Figure 3. There was 
positive correlation between TNF-α and IL-6 in the 
SE group (R2 = 0,841 and p = 0.0001). It means that 
the higher TNF-α. 
 
DISCUSSION 

There were many differences of characteristics of 
the subjects in this study: age, etiologies of 
seizure, and presence of fever. This facts might be 
caused by ‘the dominancy’ of febrile convulsion as 
the most common etiology in control 1 (14/16) 
and epilepsy in SE group (7/16). The peak 
incidence of febrile convulsion is at 17-23 months 
old children24, while epilepsy is older than 4 years 
old.2,25 According to Ng et al., about twenty 
percent of status epilepticus is caused by 
epilepsy.25 However the incident of epilepsy in SE 
group in this study was higher.  

The average of age of subjects in SE groups was 
higher than in the previous study. In Salim et al. 
(2018), the average of age of subjects in SE groups 
was 23 month.26 These facts might be also caused 
by ‘the dominancy’ of epilepsy as the most 
common etiology in SE group in our study, so that 
the average of age became higher. 

The level of TNF-α and IL-6 serum in all groups 
were similar. These facts are resembled to the 
result in the previous study. In Choi et al. (2011) 
research, the level of TNF-α and IL-6 in afebrile SE 
children were not different significantly (p<0.05) 
than those of control, eventhough the level of 
TNF-α in SE group was slightly higher than this of 
control one.14 But the facts of our study were 
different from the facts in almost animal 
studies.5,6,7,8 Unfortunately we didn’t separate the 
type of SE of our subjects, it was febrile or afebrile. 
The level of TNF-α might be higher in febrile SE 
than in control because infection processes could 
enhance the expression of TNF-α in the brain.27 

Our study was the first study that showed 
correlation between TNF-α and IL-6 serum in 
children with SE. The previous study said that in 
inflammation process, TNF-α could enhance the 
forming of IL-628; while IL-6 could block synthesis 
and activation of TNF-α.20,29 We thought that 
inflammation was happened in the brain while SE 
happened, eventhough the etiology of SE was not 
always an infection of central nervous system.  
Interesting facts in this study was that the level of 
IL-6 in children who did not have any disability was 
significantly higher than children who died or had 
any disability, in children with SE. These facts 
resembled to the previous animal studies. This 
cytokine could protect brain of rat from damage 
that caused by stroke, by mediating STAT3 dan 
Mn-SOD pathways.30 Another study said that IL-6 
deficient-mice had more severe brain damage 
after having kainic acid-inducted seizure.31 Our 
study was the first human study that showed this 
condition. 
This study had some limitations. First, we used 
serum TNF-α and IL-6 for the sample not TNF-α 
and IL-6 of liquor cerebrospinalis (LCS). The most 
animal studies that shown correlation between 
these cytokines and SE showed the cytokines 
expression in the brain tissue not in plasma so that 
it is better if we use LCS for this kind of study than 
using serum. Second, we did not control fever as 
the confounding factor. These two cytokines are 
also increased at fever condition because both 
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cytokines have role as endogenous pyrogen [18]. 
We did not control this confounding factor 
because we thought febrile SE was the most 
common form in SE. We should find match subject 

in control group for each subject in SE group to get 
better results. Logistic regression could be used to 
control this factor but it may need greater number 
of samples. 

 
Table 1. Characteristic of the Subjects 

Parameters of the 
Subjects 

SE group  
(n=16) 

Control 1 group 
(n=16) 

Control 2 group 
(n=16) 

p-value 

Age (month), mean ± SD 62.25±43,20 26.25±18,70 79.5±56,09 0.001*** 
Gender 
   Male, n 
   Female, n  

 
7 (7/16) 
9 (9/16) 

 
10 (10/16) 

6 (6/16) 

 
9 (9/16) 
7 (7/16) 

0.556* 

Seizure etiologies 
   Febrile seizure, n  
   CNS infection, n  
   Epilepsy, n  
   Hydrocephalus, n  
   Non CNS infection,n 
   Hematological disorder, n 
   Heart disorder, n 

 
1 (1/16) 
7 (7/16) 
7 (7/16) 
1 (1/16) 

0 
0 
0 

 
14 (14/16) 

0 
2 (2/16) 

0 
0 
0 
0 

 
0 
0 
0 
0 

13 (13/16) 
2 (1/16) 
1 (1/16) 

0.001** 

  Fever, n  9 (9/16) 16 (16/16) 11 (11/16) 0.013** 

CNS= Central Nervous System, n= number, x = mean, SD = standard of deviation (*) = analysis with Chi square test,  
(**) = analysis with Fisher test, (***) = analysis with ANOVA test, significant p-value is if p-value<0.05. 
 

Comparison of TNF-α and IL-6 serum level between groups. The comparison of TNF-α and IL-6 serum 
level between groups was shown in Figure 1. There was no significant difference of TNF-α, IL-6 serum 
level between group (p=0.920 and 0.829 respectively).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Comparison of TNF-α and IL-6 serum level between groups. 

 
 
 
 
Comparison of TNF-α and IL-6 serum level between SE outcome subgroup. We divided children in SE 
group into 2 subgroups based on the outcome: children who died or had disability and children who had 
no disability at all. The level TNF-α in both subgroup were similar (p=0.051). Interesting facts in this study 
was that the level of IL-6 in children who did not have any disability was significantly higher than children 
who died or had any disability (p=0.015) (Figure 2). 
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Figure 2. Comparison of TNF-α and IL-6 serum level in chlidren who died or had any disability compared to children 
without disability in SE group. 

 

CONCLUSION 

We conclude that there is no significant difference 
between TNF-α and IL-6 in children who have SE 
and who did not have. Those cytokines correlate 
each other in children with SE and IL-6 may have 
neuroprotective effect in these children. Further 
study which has better method is needed to get 
better result. 
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