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Original Research Article

ABSTRACT

Objectives: To evaluate serum levels of C-reactive protein (CRP), Interleukin-6 (IL-6) and copeptin
in children with febrile seizure (FS) and their ability to discriminate between simple (SFS) and
complex FS (XFS).

Patients and Methods: The study included 80 febrile children; 40 did not develop febrile seizure
(FC), 29 developed SFS and 11 developed XFS. The study also included 10 healthy children as
negative control (NC). Clinical evaluation included full history taking, general examination and
neurological examination to evaluate patients' general conditions and to confirm inclusion criteria.
On admission; body temperature was measured and a venous blood sample was obtained for
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determination of complete blood count (CBC.) and ELISA estimation of serum CRP, IL-6 and
copeptin.

Results: Male-to-female ratio was 2.64:1 and frequency of family history of FS was 17.5%. At
admission; body temperature was significantly higher in febrile patients with significantly higher
temperature in FS patients than in FC patients. Haemoglobin (Hb.) concentration of febrile patients
was significantly lower than NC children with significantly lower Hb. Conc. in FS patients compared
to FC patients. Serum CRP, IL-6 and copeptin levels and TLC were significantly higher in febrile
patients compared to NC children and in FS patients compared to FC patients. Receiver operating
characteristic (ROC) curve analysis defined high serum copeptin, IL-6, CRP, at admission body
temperature, low Hb. Conc. and high total leucocytic count (TLC) as predictors for FS, in
decreasing order of significance. Regression analysis defined high serum copeptin and IL-6 as the
persistently significant predictors for FS among febrile patients and XFS among FS patients,
respectively.

Conclusion: FS are associated with significantly altered immune and neuroendocrinal responses
to infection. Extent of induced alterations correlates with severity of infection. Elevated serum levels
of copeptin and IL-6 could discriminate febrile children susceptible to develop seizure. Elevated

serum IL-6 could discriminate patients liable to develop XFS.

Keywords: Febrile seizures; copeptin; IL-6; CRP; hemoglobin concentration.

1. INTRODUCTION

Febrile seizures (FS) are the most common
seizures of childhood with common family history
[1]. Febrile seizure was observed predominantly
in children below age of two years and simple FS
was the commonest variety. However,
recurrence of FS was common and significantly
associated with the first episode of FS at the age
of one year or below [2].

Febrile seizures may be simple (SFS) which is
defined as single episode of generalized seizures
occurring during the same febrile event, lasting
less than 10 min and have a benign prognosis in
almost all cases. Simple febrile seizure (SFS)
plus is defined as SFS occurring as more than
one convulsive episode in 24 h and also have
benign prognosis. Complex FS is defined as
focal semiology, lasting more than 10 min,
occurring more than one episode during the
same febrile event and need more detailed
evaluation. Febrile status epilepticus is the most
severe type of complex FS even its morbidity and
mortality are extremely low [3].

Multiple studies provided various assumptions for
risk factors associated with the development of
FS such as decreased serum ferritin
concentration and low iron status [4]. Increased
total oxidant level and decreased total anti-
oxidant level resulting in increased oxidative
stress associated with FS patients may increase
the risk of recurrent FS [5]. Melatonin levels were
lower in pediatric patients prone to either febrile
or afebrile seizures than in healthy children and
increased during seizures [6]. Long-term effect

on energy metabolism via histone methylation
was suggested as an underlying mechanism for
FS development [7].

Peripheral inflammation appears to work
synergistically with hyperthermia to potentiate
seizures and to exacerbate seizure-induced
immune responses [8]. Certain alleles,
genotypes, and haplotypes in tissue growth
factor-B genes [9], IL-1B [10] and IL-4 [11] were
over represented in patients with FS and could
predispose individuals to this disease.

Arginine vasopressin  (AVP), produced by
hypothalamic neurons, is stored and released
from the posterior pituitary gland following
different stimuli especially change in plasma
osmolality and stress [12]. Reliable measurement
of AVP is hindered by several factors; its short
half-life in serum, its instability in withdrawn blood
samples and over 90% of AVP is tightly bound to
platelets [13].

Copeptin, a 39-aminoacid glycopeptide, is a C-
terminal part of the precursor pre-pro-
vasopressin. Activation of the AVP system
stimulates copeptin secretion into the circulation
from the posterior pituitary gland in equimolar
amounts with AVP. Therefore, copeptin directly
reflects AVP concentration and can be used as a
surrogate biomarker of AVP secretion [14]. The
American Academy of Pediatrics practice
parameter on Febrile Seizures states that EEG
should not be a part of routine investigation after
a simple febrile seizure in neurologically normal
children due to its lack of ability in predicting
recurrence risk or future epilepsy [15].



1.1 Aim of the Study

The current prospective comparative study
aimed to evaluate serum levels of C-reactive
protein (CRP), interleukin-6 (IL-6) and copeptin in
children with febrile seizure (FS) and their ability
to discriminate between simple and complex FS.

2. PATIENTS AND METHODS

The current study was conducted at Departments
of Neurology, Pediatrics and Clinical Pathology
at Saudi German Hospital, KSA; from Jan 2014
till Oct 2015. The study protocol was approved
by The Local Ethical Committee, parents of
enrolled patients signed written fully informed
consent for study participation and undergoing
the assigned investigations.

The study include 40 children presented to
emergency department (ED) with fever and
developed seizures. Patients with febrile seizure
(FS) were categorized as having simple FS or
complex FS (FS group). Simple FS was defined
as a short (below 15 min) generalized seizure,
not recurring within 24 h, that occurs during a
febrile illness not resulting from an acute disease
of the nervous system in a child aged between 6
months and 5 years, with no neurologic deficits
and no previous afebrile seizures [16]. Patients
missed any of diagnostic criteria of simple FS
(SFS) were considered to have complex FS
(XFS).

Exclusion criteria included neonates younger
than one month of age and children with
central nervous system infections, seizures
due to hypoxic-ischaemic encephalopathy,
neurocutaneous disorders and inborn error of
metabolism because these disorders may cause
prolonged or uncontrolled seizure, loss of
consciousness and a poor general condition.
Also, other co-morbid ill children or those who
are not alert were also excluded of the study.

The study also included another forty, age- and
sex-matched; children presented to ED with
fever; but were free of any neurologic
manifestations suggestive of having FS and were
considered as febrile control (FC) group. Ten
healthy age- and sex-matched children free
of infection, immune-related disorders, and
neurologic disease were enrolled as negative
control (NC).

Clinical evaluation included full history
taking, general examination and neurological
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examination to evaluate patients' general
conditions and to confirm inclusion and exclusion
criteria. At time of admission body temperature
was determined and a 5-ml of venous blood
sample was obtained under complete aseptic
conditions.

Collected blood samples were divided into two
parts: one was put in EDTA tube (about 1.8 mg
trik EDTA/ 1 ml blood) for at once CBC
estimation using cyanomethemoglobin method
[17]. The other part was allowed to clot to
separate serum by centrifugation, then set over
pyrogen-free Eppendorf tubes and was kept at -
80T until assayed for ELISA for serum CRP
estimation (abcam Inc., San Francisco, USA)
[18], IL-6 (Pelikine™ Inc., Concord, USA) [19]
and copeptin  (Biomérieux, Marcy-I'Etoile,
France) [20].

2.1 Statistical Analysis

Got information were introduced Concerning
illustration mean+SD, ranges, numbers and
proportions. Results were analyzed utilizing One-
way ANOVA with post-hoc Tukey HSD Test and
Chi-square test (X* test). Sensitivity & specificity
of the biomarkers given were assessed utilizing
the collector operating characteristic (ROC)
curve analysis judged by the area under the
curve (AUC) compared versus the null
hypothesis that AUC=0.05. Regression analysis
(Stepwise method) was used for stratification of
studied parameters as specific predictors.
Statistical analysis was done by using the SPSS
(Version 15, 2006). P value <0.05 is of
statistically significance value.

3. RESULTS

The current study included 80 febrile children; 40
children developed FS and other patients were
40 free of FS. Male frequency was significantly
(p<0.05) higher among FS children compared to
both FC and NC children. None of NC children
had family history of FS, while 9 febrile patients
had family history of FS; 2 in FC and 7 in FS
groups with significantly higher frequency among
FS patients (p<0.05). At admission body
temperature was higher in FS compared to NC
and FC children with statistical significance
(p<0.05). There was non-significant (p>0.05)
difference between studied groups as regards
age and body weight constitutional data, (Table
1). Eleven FS patients did not fulfill the inclusion
criteria for SFS and were grouped as complex
FS (XFS) group, while the remaining 29 patients
had SFS.
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Table 1. Patients admission data

Group parameter NC group FC group FS group
(n=10) (n=40) (n=40)

Age (months) 2.4+1.2 2.6x1 2.5+0.9

Gender Males 6 (60%) 23 (57.5%) 29 (72.5%)
Females 4 (40%) 17 (42.5%) 11 (27.5%)
M:F 151 1.35:1 2.64:1*1

Body weight (kg) 12.8+2.4 13.2+2 13+1.8

Positive family history of FS 0 2 (5%) 7 (17.5%)t

At admission body temperature () 37.240.1 38.6+0.55 *t 38.940.57*1

Data are presented as mean+SD, Numbers and ratios; Percentages are in parenthesis; NC: Negative control;
FC: Febrile control; FS: Febrile seizure; *: Significant difference between FS and FC groups versus NC groups;
T: Significant difference between FS and FC groups

Estimated laboratory parameters were
significantly (p<0.05) disturbed in febrile patients
contrasted with control children. Mean TLC
number was significantly (p<0.05) higher in FS
patients especially XFS patients contrasted with
FC patients. However, mean TLC in SFS
patients was non-significantly (p>0.05) higher
compared to FC patients, but was non-
significantly (p>0.05) lower compared to XFS
patients. Mean serum CRP level was significantly
(p<0.05) higher in all FS patients compared to
FC patients and was significantly (p<0.05) higher
in XFS patients compared to SFS patients (Fig.
1). Mean serum levels of IL-6 (Fig. 1) and
copeptin  (Fig. 2) were significantly (p<0.05)
higher in all FS children in relation to FC patients

with statistical significance (p<0.05) higher levels
in XFS patients compared to SFS patients.
Interestingly, haemoglobin concentration (Hb.
Conc.) in febrile patients was significantly
(p<0.05) lower compared to NC children. Mean
Hb. Conc. in XFS patients was significantly
(p<0.05) lower compared to FC and SFS patients
(Fig. 3). Details of levels of estimated parameters
are shown in Table 2.

Evaluation of gender, at admission temperature
and estimated levels of laboratory parameters as
predictors for FS using ROC curve analysis
defined elevated serum co-peptin, IL-6 and CRP,
high at admission body temperature, low Hb.
Conc. and high TLC as predictors for FS, in
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Fig. 1. Mean serum levels of CRP and IL-6 estimated in patients and controls
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decreasing order of significance (Fig. 4). CRP and low Hb. Conc. as predictors for
Moreover, ROC curve analysis defined elevated complex FS, in decreasing order of significance
serum IL-6, high TLC, elevated serum copeptin, (Table 3, Fig. 5).

high at admission body temperature, high serum
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Fig. 2. Serum co-peptin estimated in studied patients comared to control children
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Fig. 3. Mean hemoglobin concentration estimated in patients and controls
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Table 2. Estimated levels of studied parameters in FC patients and FS patients as a total and
differentiated as simple and complex FS compared to NC children

Group NC group  FCgroup FS group (n=40)

parameter (n=10) (n=40) SFS (n=29) CFS (n=11) Total FS
TLC (103 cell/ml) 6.47+1.6* 8.59+1.49*  8.97+1.44* 10.2+£1.42*t 9.31+1.52*t
CRP (mg/ml) 0.69+0.41 1.83+0.69*  2.87+1.14*f 3.7+0.84*tt 3.1+1.12*t
IL-6 (ng/ml) 5.77+1.6 21.9+3.68*  42.26x12.44*t 59.5+18.5*t% 47416.11*%F
Co-peptin 6.67+3.23 14+4.89* 20.445.56*f 31.25+¢11.58*tF 23.37+8.98*t
(pmol/ml)

Hb. conc. (%) 11.24+0.7  10.6540.8*  10.4+0.73* 9.75+0.83*1% 10.22+0.8*t

Data are presented as mean+SD; NC: Negative control; FC: Febrile control; FS: Febrile seizure; SFS: Simple FS;
XFS: Complex FS; TLC: Total leucocytic count; IL-6: Interleukin-6; Hb. Conc.: Hemoglobin concentration;
*: Significant difference versus NC groups; t: Significant difference between FS and FC groups;
¥: Significant difference between SFS and CFS groups

Table 3. ROC curve analysis for the predictors for FS and XFS among febrile patients

FS XFS
AUC p AUC p
Male gender 0.575 0.248 0.690 0.067
Body temperature 0.684 0.005 0.735 0.023
Hb conc. 0.348 0.020 0.281 0.034
TLC 0.641 0.030 0.785 0.006
Serum CRP 0.794 0.0009 0.732 0.025
Serum IL-6 0.826 0.0005 0.785 0.006
Serum Copeptin 0.958 0.0003 0.777 0.007

AUC: Area under curve; FS: Febrile seizure; XFS: Complex FS; Hb. Conc.: Hemoglobin concentration;

TLC: Total leucocytic count; CRP: C-reactive protein; IL-6: Interleukin-6
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Fig. 4. ROC curve analysis of studied parameters as predictors for FS among febrile patients
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Regression analysis for parameters determined
by ROC analysis defined high serum copeptin is
the persistently significant predictor for FS
among febrile patients in three analysis models,
followed by high TLC in two analysis models and
male gender in one analysis model. Regression
analysis for parameters determined by ROC
analysis defined high serum IL-6 as the
persistently significant predictor for XFS among
febrile patients developed FS in three analysis
models, followed by high serum CRP in two
analysis models and copeptin in one analysis
model. Details of outcome of regression analysis
are shown in Table 4.

4. DISCUSSION

In our study; 40 child did not develop febrile
seizure (FC), 29 febrile children (72.5%)
developed simple febrile seizure (SFS) and 11
febrile children (27.5%) developed FS not
fulfilling the criteria of SFS and were considered
as complex FS (XFS). In line with these figures,
Hesdorffer et al. [21] out of their multicenter study
found 64.2% of studied febrile children had a first
simple FS, 26.4% had a first complex FS that
was not FS epilepticus (FSE), and 9.4% had
FSE. Also, Shrestha et al. [2] detected simple
and complex FS in 76.7% and 23.3% of their
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Fig. 5. ROC curve analysis of studied parameters as predictors for complex FS among FS
patients

Table 4. Regression analysis models for the prediction of FS and XFS among febrile patients

Prediction for FS

Prediction of complex FS

Predictor B p Predictor B p
Model 1 High serum copeptin 3.338 0.002 Model1 High serum IL-6 0.577 0.0007
High TLC 2.307 0.027 High serum CRP 0.304 0.0009
Male gender 2.030 0.050 High serum copeptin  0.187 0.014
Model 2  High serum copeptin 0.503 0.0009 Model 2 High serum IL-6 0.622 0.0004
High TLC 0.286 0.036 High serum CRP 0.382 0.0006
Model 3  High serum copeptin 0.548 0.0003 Model 3 High serum IL-6 0.736 0.0002

FS: Febrile seizure; XFS: Complex FS; Hb. Conc.: Hemoglobin concentration; TLC: Total leucocytic count;
CRP: C-reactive protein; IL-6: Interleukin-6



studied febrile children, respectively. However,
Nguefack et al. [22] reported a frequency of XFS
of 41.3% of their series of febrile children.

Male gender was the predominant among the
studied FS patients with a male-to-female ratio of
2.64:1. Moreover, the frequency of children had
family history of FS was 17.5%. These finding
emphasis on male gender and positive family
history as risk factors for developing FS.
Similarly, Li et al. [23] detected male/female ratio
was 2.27:1 among FS patients and Elshana et al.
[24] detected a male-to-female ratio of 1.57:1
and documented that male gender and 1%
degree relative with FS are related to FS
recurrence in a statistically significant way. Also,
Hussain et al. [25] reported a frequency of male
gender and family history of FS in 68% and 30%,
respectively among their series of patients with
FS. Recently, Sharawat et al. [26] detected a
male: female ratio of 2:1, and a positive family
history in 31.4% and 11.4% of 1% and 2" degree
relatives of children developed FS and concluded
that male gender and family history of FS are risk
factors associated with the occurrence of first
episode of FS.

At admission body temperature was significantly
higher in febrile patients in comparison to
negative control (NC) children with significantly
higher temperature in FS patients compared to
FC patients. This indicated that high temperature
could be considered as a risk factor for
developing FS. In support of this assumption,
multiple studies detected that height of peak
temperature is related to FS occurrence
[23,25,26] and recurrence [24] in a statistically
significant way.

Interestingly, hemoglobin concentration of febrile
patients was significantly lower compared to NC
children with significantly lower concentration in
FS patients compared to FC patients. Multiple
recent studies assured such observation;
wherein, Fallah et al. [27,28] reported lower
hemoglobin levels, and serum iron and ferritin
levels in first unprovoked afebrile seizure patients
and FS patients than in healthy children. Also,
Guven et al. [29] detected significantly lower
serum hemoglobin levels in febrile than in
healthy children. Recently, Sharawat et al. [26]
documented that microcytic hypochromic anemia
is a risk factor associated with the occurrence of
first episode of FS and Koksal et al. [30] reported
that ferritin level was significantly lower in FS
group than controls and considered low plasma
ferritin level as a risk factor for the development
of FS.
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Estimated serum levels of CRP, IL-6 and
copeptin and TLC were significantly higher in
febrile patients in relation to control children and
in FS children in comparison to FC children.
These findings highlight on the association
between high levels of inflammatory markers and
development of fever as a body response to
underlying infection and may underlie and/or be
associated with the development of seizure.
Similarly, Virta et al. [31] obtained results that
supported the hypothesis that the cytokine
network is activated and could have a role in the
pathogenesis of FS.

In support of this assumption, statistical analysis
defined high levels of studied parameters as
significant predictors for development of seizure
among febrile patients with copeptin was the
persistently significant predictor for seizure
development among febrile patients in three
statistical analysis models. This finding is
concomitant with Stécklin et al. [32] who reported
that circulating copeptin was significantly higher
in children with FS compared to febrile controls
and in a multivariable regression model, seizures
were the major determinant of serum copeptin
independently of clinical and baseline laboratory
indices with a significantly higher area under the
ROC curve compared to prolactin.

The reported higher levels of copeptin in febrile
patients than in NC children could be a
manifestation of body neuroendocrinal response
to infection because copeptin was considered as
a surrogate marker for the released posterior
pituitary hormone; vasopressin [12]. Increased
secretion of vasopressin could be secondary to
sepsis-related hypotension resulting from the
direct effect of sepsis or due to concomitant
fever-induced  peripheral and  cutaneous
vasodilatation. Thus, serum copeptin correlates
with severity of septic process; as documented
previously by multiple studies [33,34,35,36].

Concerning differentiation between patients liable
to develop simple or complex seizure, IL-6 was
found to be the persistently significant predictor
for development of complex seizure among
feverish patients, while CRP and copeptin were
significant predictors in two and one analysis
models, respectively.

In line with these findings; Ichiyama et al. [37]
detected significantly higher serum IL-6, IL-10,
soluble tumor necrosis factor (TNF) receptor-1
and CSF IL-6 levels in patients with prolonged
FS and acute encephalopathy after prolonged FS



(AEPFS) compared with control subjects and
suggested that serum IL-6, IL-10, TNF-a, and
CSF IL-6 are part of the regulatory system of
cytokines in AEPFS.

In support of the diagnostic accuracy of IL-6; Hu
et al. [38] using multivariate analysis of multiple
laboratory markers found IL-6 was significantly
increased in the plasma of the FS patients
compared to those with severe acute
encephalitis and suggested that IL-6 is activated
during the acute stage of a FS. Recently, Azab et
al. [39] detected significantly higher serum IL-6
levels in FS patients than febrile and healthy
controls and on multivariate logistic regression
analysis, high serum IL-6 level was the most
significant risk factor associated with FS among
studied children. Moreover, Azab et al. [39] found
serum and CSF IL-6 levels were significantly
higher in patients with complex FS than those
with simple FS and concluded that there is a
significant association between high CSF IL-6
level and susceptibility to complex FS.

The reported decreased discriminative ability of
copeptin for prediction of complex FS could be
attributed to the rapid decline of plasma levels of
vasopressin due to depletion of its stores [40]
with subsequent decreased release of copeptin,
which is coreleased in an equimolar ratio with
vasopressin [12].

5. CONCLUSION

Febrile seizures are associated with significantly
altered immune and neuroendocrinal responses
to infection. Extent of induced alterations
correlates with severity of infection. Elevated
serum levels of copeptin and IL-6 could
discriminate febrile children susceptible to
develop seizure. Elevated serum levels of IL-6
could discriminate patients liable to develop
complex FS.
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