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Abstract
Anti-neuronal antibodies that are related with autoimmune encephalitis syndromes may also be found in children with new 
onset seizures or chronic epilepsy. To unravel the significance of autoimmune astrocytopathy in epilepsy, we investigated 
serum antibody to glial fibrillary acidic protein (GFAP), another autoantigen described in autoimmune encephalitis with 
seizures, in 38 children with focal seizures of undetermined cause. GFAP antibody was screened with cell based assay and 
indirect immunohistochemistry and was found in two boys with normal brain MRI and unrevealing medical history prior 
to seizures. The 2-year-old boy had chronic treatment-resistant frontal lobe epilepsy. The 2.5-year-old boy had a single epi-
sode of focal seizures and remained seizure free thereafter in a follow-up period of 4 years. Nevertheless, he showed severe 
cognitive and language impairment. These results suggest that autoimmune astrocytopathy may be present in some epilepsy 
patients. Whether this immune response is a bystander effect generated by seizure-induced astrocytosis or directly involved 
in epileptogenesis needs to be further studied.

Keywords Glial fibrillary acidic protein · Epilepsy · Seizure · Antibody · Autoimmunity

Introduction

Seizures are frequently observed in autoimmune encephali-
tis. Various anti-neuronal antibodies such as those directed 
to N-methyl-d-aspartate receptor (NMDAR), leucine-rich 
glioma-inactivated protein 1 (LGI1) and gamma-aminobu-
tyric acid receptors (GABAR) were determined in the last 
decade in patients with seizures and autoimmune encephali-
tis [1]. Intriguingly, some of these antibodies were also iden-
tified in children and adults with new onset seizures, chronic 
epilepsy or epileptic encephalopathy [2–5]. Although these 
antibodies were found in a variety of epilepsy types, they 
tended to occur more frequently in patients with focal sei-
zures of undetermined cause [2–4]. Although antibody 
positivity was generally not associated with any particular 
clinical feature, in some reports, presence of anti-neuronal 
antibodies was related with psychosis, cognitive decline or 
autonomic findings [4–6].

While the pathogenicity of some antibodies directed 
against cell surface antigens of neurons has long been 
implemented [1–7], anti-glial antibodies have only recently 
been associated with autoimmune central nervous system 
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disorders presenting with seizures. Among these, anti-
myelin oligodendrocyte antibodies have been related with 
increased seizure prevalence in patients with autoimmune 
demyelinating disorders [8]. Likewise, antibodies to glial 
fibrillary acidic protein (GFAP) were recently determined in 
acute encephalopathy patients indicating that autoimmune 
astrocytopathy may lead to inflammation of the central nerv-
ous system [9, 10].

GFAP astrocytopathy is an autoimmune encephalitis 
characterized with spinal cord involvement, fever, head-
ache, optic neuritis, psychosis, dyskinesia and cognitive 
dysfunction. Patients often show perivascular radial contrast 
enhancement on brain MRI and inflammatory cerebrospi-
nal fluid (CSF) findings [9, 10]. Seizures have also been 
variably described in GFAP antibody positive patients [11, 
12]. Given the increased prevalence of other autoimmune 
encephalitis-related antibodies in pediatric epilepsy patients, 
we hypothesized that anti-glial autoimmunity could also be 
associated with epilepsy in children and thus screened sera 
of children with focal seizures of undetermined cause for 
GFAP antibody.

Materials and methods

Epilepsy patients

Consecutive pediatric patients admitted to our outpatient 
clinic with focal seizures of undetermined cause were 
included. In all patients, a detailed clinical and laboratory 
investigation was performed without yielding a clue for eti-
ology of seizures. In addition, patients were followed for a 
period of time ranging between 28 and 64 months for defi-
nite confirmation of the undetermined cause status. Thirty-
seven of the patients were diagnosed as cryptogenic focal 
epilepsy according to the International League Against 
Epilepsy (ILAE) criteria [13], whereas one patient exhib-
ited a single seizure during the follow-up period. Response 
to treatment was grouped as good response (more than 
50% seizure decline as compared to basal monthly seizure 
frequency), moderate (25–50% seizure decline) and no 
response (< 25% seizure decline). Drug-resistant epilepsy 
was defined according to the ILAE commission proposal 
[14]. All patients underwent a detailed neurological evalu-
ation with clinical examination, seizure history and routine 
EEG with scalp electrodes (32 channels, noninvasive EEG 
monitoring with 10–20 system electrodes and ECG elec-
trodes). Moreover, all patients underwent magnetic reso-
nance imaging (MRI) examinations with 1.5 T scanners. 
The diagnosis of cryptogenic focal epilepsy was confirmed 
by careful evaluation of seizure semiology, demonstration 
of typical features of EEG, normal MRI, blood biochemistry 
and metabolic results. Patients with abnormal MRI features 

such as tuberous sclerosis and comorbid medical conditions 
were excluded. None of the patients received any medication 
other than anti-epileptic drugs.

Detection of antibodies and tissue 
immunohistochemistry

Sera of 38 children with seizures of undetermined cause 
were screened for GFAP-antibody. Sera from two GFAP-
antibody positive meningoencephalitis patients were used 
as positive controls. GFAP-antibody detection was achieved 
by a cell-based assay (CBA) using HEK293 cells transfected 
with the pCMV6-AC-GFAP-α-GFP plasmid (OriGene, 
Rockville, MD, USA), as previously described [9, 15]. 
Briefly, sera were incubated for 45 min with fixed HEK293 
cells (4% paraformaldehyde for 15 min) expressing GFAP-
GFP protein after permeabilization with 0.2% Triton X-100 
in PBS for 10 min. As secondary antibody, we used Alexa 
Fluor 568 goat anti-human IgG (Invitrogen, Carlsbad, CA, 
USA) at 1/200 dilution for 45 min. The cut-off dilution limit 
of positivity was 1/200. Seropositive cases were also tested 
with immunohistochemistry using frozen monkey brain and 
cerebellum tissues (Euroimmun, Luebeck, Germany) at 1/10 
dilution for 30 min, followed by incubation with a secondary 
FITC-labeled anti-human IgG for visualization of astrocytic 
staining as previously described [9, 15]. GFAP-antibody 
positive sera were also tested for antibodies to NMDAR, 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptor (AMPAR), LGI1, contactin-associated protein 
2 (CASPR2),  GABABR and glutamic acid decarboxylase 
(GAD) using commercial kits (Euroimmun).

Results

Clinical features

A total of 38 patients (female/male 18/20; mean age ± stand-
ard deviation 8.3 ± 3.7; range for age 2–17 years; mean 
duration of epilepsy 1.6 ± 0.9 years, range for duration of 
epilepsy 1 month–3 years) with focal seizures of undeter-
mined cause fulfilled the inclusion criteria. Based on clini-
cal semiology and EEG findings, predominant seizure focus 
was frontal lobe in 13, occipital lobe in 11, Rolandic region 
in 5, parietal lobe in 4 and temporal lobe in 4 patients. In 
one patient, the seizure focus could not be determined. In 
addition to focal seizures, three patients had a history of 
multiple generalized seizures and seven patients had under-
gone focal (n = 5) or generalized (n = 2) status epilepticus. 
Fifteen patients were classified as treatment resistant and 
eight patients had motor and/or mental deterioration.
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Antibody results and clinical associations

Sera of two (Case 1 and 2) out of 38 patients were found 
positive for GFAP-antibody (Fig. 1). Serum samples were 
positive at an antibody titer of 1/200 and 1/400 for Case 1 
and Case 2, respectively. Serum IgG from both positive sam-
ples showed an astrocytic immunoreactivity pattern with tis-
sue sections (Fig. 1). Sera used for antibody detection were 
collected 6 and 3 months after seizure onset from Case 1 

and Case 2, respectively. All sera were negative for anti-
bodies directed against well-characterized neuronal antigens 
NMDAR, AMPAR, LGI1, CASPR2,  GABABR and GAD. 
CSF samples could not be obtained for antibody screen-
ing due to the lack of parental consent. Both seropositive 
patients had an unrevealing pre-, peri- and post-natal his-
tory and normal motor/mental development until the onset 
of seizures. They neither had any relatives with epilepsy nor 
a history of consanguinity.

Fig. 1  Serum antibodies of Case 1 react with human embryonic 
kidney 293 (HEK293) cells expressing glial fibrillary acidic protein 
(GFAP) (panel a and b). The reactivity of the patient’s antibodies 
(red) co-localize with HEK293 cells containing the green fluorescent 

protein-labeled GFAP plasmid (green). The immunoreactivity pro-
duced by serum of Case 1 has an astrocytic pattern (panel c). Original 
magnification 100× (colour figure online)
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Case 1 was a 2-year-old boy presenting with focal myo-
clonic seizures and spikes over the left frontal region. He 
had a history of generalized tonic clonic seizures partially 
controlled by valproic acid and generalized epileptiform 
activity with normal background rhythm at 18 months of 
age. His neurological examination was normal and Denver 
Developmental Screening Test II showed normal results. 
Under valproic acid and topiramate treatment, his seizures 
declined less than 25%. He was lost to follow-up and thus his 
long-term seizure activity could not be documented.

Cases 2 was a 2.5-year-old boy admitted with focal motor 
status and diffuse slow waves with no epileptogenic poten-
tials on EEG. Three months ago, he had undergone seizures 
characterized with deviation of both eyes to one side with 
hypersalivation during sleep. Thereafter he had devel-
oped secondary generalized status epilepticus followed by 
hypomotor seizures, which promptly responded to valproic 
acid. During 4 years of follow-up he did not develop any 
seizures, his neurological examination was normal, serial 
EEGs done each year were normal and thus he was weaned 
off medication. However, he often showed anxiety and 

obsessional behavior and a comprehensive evaluation done 
at the age of 6 exhibited significant cognitive and language 
impairment (Table 1).

Discussion

Screening of GFAP antibody in a pediatric cohort of 38 
patients with seizures of undetermined cause revealed 2 
seropositive patients. To our knowledge, this is the first dem-
onstration of this antibody in patients, whose predominant 
clinical presentation is focal seizures. The common features 
of two seropositive patients were early onset age of seizures 
and history of generalized seizures before the onset of focal 
seizures. One of the patients showed cognitive impairment 
following seizures while having a seemingly normal devel-
opmental status prior to seizures.

The clinical picture of Case 2 more closely resembled 
the typical presentation of autoimmune encephalitis, since 
this patient exhibited a monophasic course of seizures dis-
tributed in a time span of 3 months. At the end of the 

Table 1  Cognitive and 
linguistic assessment of Case 2

WISC Wechsler intelligence scale for children-fourth edition, TOLD-P:4 test of language development-pri-
mary: fourth edition

WISC-4 Raw scores Composite Percentile Comments

Block design 1 Verbal comprehension 8 Borderline intelligence
Similarities 2 Perceptual reasoning 14 Below average
Digit span 4 Working storage 12 Below average
Picture concepts 11 Processing speed 2 Extremely low
Coding 7 Full scale IQ 3 Borderline intelligence
Vocabulary 9
Letter-number Sequencing 10
Matrix reasoning 10
Comprehension 8
Symbol search 2
Picture completion 4
Cancellation −
Information 2
Arithmetic 4
Word reasoning 11
TOLD-P:4
 Picture vocabulary 12 Listening 12 Below average
 Relational vocabulary 4 Organisng 9 Poor
 Oral vocabulary 20 Speaking 50 Average
 Syntactic  Understanding 25 Grammer 70 Average
 Sentence imitation 11 Semantics 2 Very poor
 Morphological  Completion 22 Over all language ability 19 Below average
 Word discrimination 21
 Phonemic analysis 19
 Word articulation 25
 Non-word repetition 1/16 Very poor
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4-years follow-up, he showed severe cognitive impairment 
although he was seizure-free during this period. This clini-
cal course is reminiscent of residual cognitive findings 
in patients with autoimmune encephalitis despite normal 
somatic neurological examination [16, 17]. In contrast 
with our seropositive patients, anti-GFAP encephalitis 
presents with fever, a wide spectrum of neurological find-
ings, radial contrast enhancement in the white matter on 
brain MRI and inflammatory CSF findings [9, 10]. How-
ever, many of these features may not be found in typical 
anti-GFAP encephalitis patients, as well [10, 12, 15]. Also, 
monosymptomatic forms of autoimmune encephalitis have 
been described in association with anti-neuronal antibod-
ies such as anti-NMDAR or anti-LGI1 [18, 19]. Moreo-
ver, normal MRI and presence of diffuse waves on EEG 
in the absence of epileptogenic potentials (as in Case 2) 
are commonly encountered in autoimmune encephalitis 
[1, 20, 21]. Thus, the clinical picture typified by isolated 
seizures in association with GFAP antibody seropositivity, 
as observed in our two seropositive cases, may represent a 
part of the clinical spectrum of anti-GFAP autoimmunity.

Occurrence of astrogliosis and enhanced expression of 
GFAP by astrocytes in association with the severity of sei-
zure activity and hazardous effects of activated astrocytes 
on seizures are well known [22, 23]. Therefore, an alter-
native assertion could be that GFAP antibodies detected 
in sera of epilepsy patients may merely be a bystander 
outcome of astrogliosis occurring during severe seizures. 
Enhanced expression of GFAP on astrocytes, disruption 
of blood–brain barrier and elevation of GFAP levels in 
peripheral circulation during seizures may putatively 
induce an immune response against GFAP. Detection of 
the GFAP antibody in the CSF is a well-established feature 
of anti-GFAP encephalitis [15] and is crucial in determin-
ing the clinical significance of anti-GFAP findings. There-
fore, the unavailability of CSF samples in our study was an 
important limitation. Nevertheless, if the bystander effect 
assertion is correct, then serum GFAP antibody positivity 
should be interpreted cautiously in all disorders leading to 
astrogliosis. Moreover, simultaneous occurrence of GFAP 
antibody with other well-characterized antibodies (e.g., 
NMDAR and aquaporin-4) in autoimmune syndromes may 
also be a reflection of enhanced GFAP immunoreactivity 
due to increased astrocyte activation in these disorders 
[24].

In brief, GFAP antibody can be detected in sera of pedi-
atric patients with new onset seizures of undetermined cause 
implying the significance of anti-glial autoimmunity in sei-
zure induction. The exact nature and clinical significance 
of GFAP antibody should be further scrutinized in larger 
cohorts and through serial GFAP antibody measurements 
in follow-up studies.
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