
66  Copyright © 2022 The Korean Movement Disorder Society

Parainfectious Anti-Glial Fibrillary Acidic  
Protein-Associated Meningoencephalitis
Jae Young Joo,1 Dallah Yoo,2 Tae-Beom Ahn1,2

1Department of Medicine, Graduate School, Kyung Hee University, Seoul, Korea 
2Department of Neurology, Kyung Hee University Hospital, Seoul, Korea

ABSTRACT
Movement disorders associated with glial fibrillary acidic protein (GFAP) autoantibodies have rarely been reported as ataxia or 
tremors. A 32-year-old man with headache and fever, initially diagnosed with viral meningoencephalitis, showed gradual im-
provement with empirical treatment. Two weeks after the illness, he suddenly developed orofacial, tongue, and neck dyskinesia 
accompanied by oculomotor abnormalities, which developed into severe generalized choreoballism. Brain magnetic resonance 
imaging (fluid-attenuated inversion recovery) showed signal hyperintensities in the bilateral globus pallidus interna. The clinical 
picture suggested an acute inflammatory trigger of secondary autoimmune encephalitis. The autoimmune antibody test was 
positive for GFAP, with the strongest reactivity in the cerebrospinal fluid (CSF) before treatment and decreased reactivity in seri-
al CSF examinations during immunotherapy. Dyskinesia gradually improved to the extent that it could be controlled with only 
oral medications. This patient presented with parainfectious GFAP meningoencephalitis with distinctive clinical features and 
imaging findings.
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Autoimmune encephalitis (AE) comprises a group of inflam-
matory brain disorders characterized by a heterogeneous spec-
trum of neuropsychiatric features, including altered mental sta-
tus, psychosis, behavioral changes, cognitive deficits, seizures, 
dysautonomia, and abnormal movement.1 Most AEs are associ-
ated with autoantibodies against intracellular onconeuronal, neu-
ronal (cell-surface, synaptic), or, rarely, glial cell antigens. While 
antibodies against intracellular onconeuronal antigens are non-
pathogenic but rather mediate T-cell cytotoxicity, autoantibodies 
against cell-surface antigens can be directly pathogenic in AE.2 
AE can be triggered by viral encephalitis (parainfectious) and tu-
mors (paraneoplastic).1 Parainfectious autoimmune phenomena 
could develop in a biphasic manner, whereby initial remission 
from viral encephalitis is followed by AE development.3

Here, we report a 32-year-old man presenting with severe choreo-
ballism two weeks after infectious encephalitis of unknown eti-

ology; serial cerebrospinal fluid (CSF) examinations revealed 
antibodies against glial fibrillary acidic protein (GFAP). In sum-
mary, rapid AE diagnosis and immunotherapy are closely asso-
ciated with improving clinical symptoms.

CASE REPORT

A 32-year-old man presented to the emergency room with 
headache and fever (> 39°C) that started two days before admis-
sion (Day 0) (Figure 1). Neurological examinations showed neck 
stiffness and a positive Kernig’s sign. The CSF profiles indicated 
viral meningitis in which lymphocyte-dominant leukocytosis 
(white blood cell [WBC], 162 cells/μL; lymphocytes, 81%; neu-
trophils, 2%; monocytes, 17%), elevated protein concentration 
(111 mg/dL), and normal range of glucose (CSF 74 mg/dL, se-
rum 105 mg/dL) were noted. Brain magnetic resonance imag-
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ing (MRI) revealed diffuse meningeal enhancement along the 
cerebral sulci without parenchymal involvement (Figure 2A). 
The patient was treated with intravenous acyclovir at a dose of 
10 mg/kg three times a day. On day seven, his neurological sta-
tus worsened, and drowsiness and confusion were noted, as was 
urinary retention. The patient temporarily increased his respira-
tory rate up to 40 breaths per minute, but the continuously moni-
tored oxygen saturation remained above 95% as we immediately 
supplied oxygen with a facial mask and mechanical ventilator. 
Follow-up lumbar puncture revealed a WBC count of 648 cells/μL 
(lymphocytes, 71%; monocytes, 29%), a protein concentration 
of 258 mg/dL, and a glucose concentration of 47 mg/dL (serum 
glucose concentration, 155 mg/dL), consistent with clinical pro-
gression. Follow-up brain MRI showed no changes, and electro-
encephalography showed continuous slowing in the bilateral 
hemispheres. Treatment was initiated with 10 mg intravenous 
dexamethasone four times a day, empirical antibiotics, and anti-
tubercular agents due to a high incidence of tuberculosis in South 
Korea. The following week, his neurological status gradually 
improved, and he was alert and oriented without motor or sen-
sory deficits.

On day 14, since the first onset of symptoms, he suddenly de-
veloped orofacial, tongue, and neck dyskinesia with abnormal 
vertical eye movements or reverse ocular dipping presenting as 
slow upward ocular drift and corrective fast downbeat nystag-
mus (Supplementary Video 1, segment 1 in the online-only Data 
Supplement). Dyskinesia evolved to continuous generalized 
choreoballism over the following week. He was alert and able to 
make eye contact and obey 1–2 step commands, although it was 

difficult for him to communicate in an intubated state. On day 
21, severe dyskinesia was managed with a continuous infusion 
of midazolam and neuromuscular blockers such as rocuronium 
(Supplementary Video 1, segment 2 in the online-only Data Sup-
plement). Follow-up CSF examination showed decreased inflam-
mation (WBC, 90 cells/μL; lymphocytes, 87%, monocytes, 13%, 
protein concentration, 35 mg/dL, and glucose concentration, 68 
mg/dL [serum glucose concentration, 106 mg/dL]). However, 
brain MRI showed subtle signal hyperintensity in the bilateral 
globus pallidus interna (GPi) on fluid-attenuated inversion re-
covery (FLAIR) without enhancement (Figure 2B). Although 
herpesvirus test results were negative in all three CSF examina-
tions and other viral, bacterial, and tuberculosis etiologies were 
excluded (Supplementary Table 1 in the online-only Data Sup-
plement), the clinical picture clearly suggested an inflammato-
ry storm triggered by an acute infection in the central nervous 
system. The patient was treated with methylprednisolone (1 g per 
day for five days), intravenous immunoglobulin (0.4 g·kg-1·d-1 
for five days), and rituximab (375 mg/mL weekly for a month). 
Follow-up CSF examinations on days 35 and 56 showed gradu-
ally decreasing leukocytosis and increasing protein levels (Sup-
plementary Table 1 in the online-only Data Supplement). We re-
ferred autoimmune antibody tests to verified laboratories with 
CSF specimens from days 21, 35, and 56. The CSF was positive 
for the GFAP antibody using live cell-based assay techniques,4 
with the sample from day 21 showing the strongest reactivity and 
the others showing gradually weaker reactivity. All types of neu-
ronal surface antibodies were negative in all three samples.

During immunomodulatory treatment, dyskinesia was main-

Figure 1. Milestones of clinical course, functional status, treatment, and CSF/serum glial fibrillary acidic protein antibodies in the patient 
with autoimmune neurological relapse after infectious encephalitis. The camera symbol represents available video segments in the Supple-
mentary Video 1. mRS, modified Rankin Scale (0 = no symptoms, 1 = no significant disability, 2 = slight disability, 3 = moderate disability, 4 = 
moderately severe disability, 5 = severe disability); IVIG, intravenous immunoglobulin; AE, autoimmune encephalitis; CSF, cerebrospinal fluid; 
M, months; Y, year.
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Figure 2. Brain magnetic resonance imaging (MRI). A: Initial gadolinium-enhanced T1WI brain MRI shows diffuse meningeal enhancement 
without parenchymal involvement. B: After four weeks, the patient developed generalized dyskinesia, and his brain MRI shows subtle signal 
hyperintensity at the bilateral globus pallidus interna on a FLAIR image (arrows). C: After eight weeks, he had completed rituximab treat-
ment, and his brain MRI shows prominent signal hyperintensity at the bilateral globus pallidus interna on FLAIR and signal hypointensity on 
T1WI (arrows). Diffuse cerebral atrophy was found when compared with the initial evaluation. T1WI, T1-weighted image; FLAIR, fluid-atten-
uated inversion recovery.
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tained, although the doses of sedatives and neuromuscular block-
ers were slowly tapered off (Supplementary Video 1, segment 3 
in the online-only Data Supplement). Tetrabenazine, haloperi-
dol, clozapine, and diazepam were administered and showed ben-
efits prior to immunotherapy, but the effects were not enough to 
stabilize his choreoballism. Topiramate, gabapentin, and prega-
balin were briefly administered with initial mild benefits. Intra-
venous amantadine, tramadol, and valproate were ineffective. 
After rituximab treatment (four times weekly), follow-up brain 
MRI showed prominent signal hyperintensity at the bilateral GPi 
on FLAIR with signal hypointensity on T1-weighted images (Fig-
ure 2C). Diffuse cortical atrophies, including those of the mesial 
temporal lobes, were found in coronal sections of the brain im-
ages compared with images from the initial examination (Fig-
ure 2). A few months after the onset, involuntary movements of 
the face, neck, and limbs were gradually reduced through on-
going rehabilitation, but the patient remained functionally de-
pendent because dyskinesia worsened during voluntary actions 
(Supplementary Video 1, segment 4 in the online-only Data Sup-
plement). Articulation disability also improved, allowing some 
words to be understood; simple communication was possible for 
the patient. Regarding cognitive evaluation, he had an impair-
ment in orientation and delayed word recall.

DISCUSSION

The reported case is a parainfectious AE with CSF positive for 
GFAP antibody after infectious meningoencephalitis. Despite ex-
tensive diagnostic testing, the etiology of antecedent infection 
remains unknown. However, we diagnosed the patient with para-
infectious AE triggered by an acute infection based on the fol-
lowing clinical features. First, a completely different neurological 
symptom developed while the clinical course improved. Second, 
leukocytosis gradually improved in the follow-up CSF tests. Third, 
the CSF was positive for the anti-GFAP antibody, with the stron-
gest intensity before immunomodulatory treatment and weak-
ening intensity over the course of and after immunotherapy. Fi-
nally, newly developed bilateral GPi lesions were highly correlated 
with the patient’s dyskinesia, and the abnormal movement was 
alleviated by second-line immunomodulatory treatment.

Autoimmune GFAP astrocytopathy was first described in 
2016,5 and the frequent clinical phenotypes that were identified 
included subacute-onset meningeal symptoms (headache), en-
cephalopathy (seizure, psychiatric symptoms, postural tremor, 
and ataxia), or myelopathic symptoms (numbness or weak-
ness).6 Half of the patients showed striking radial linear perivas-
cular enhancement on brain MRI, and patients with myelopathy 
showed a longitudinally extensive lesion on spine MRI. Neo-
plasms were detected in one-fourth of the patients, including 

ovarian teratoma, adenocarcinoma, and glioma. Autoimmune 
GFAP meningoencephalitis has rarely been reported in a patient 
after viral infection7 or treatment with immune checkpoint in-
hibitors.8 Most patients with GFAP antibodies in the CSF were 
responsive to immunotherapy, regardless of typical or atypical 
clinical features.5-8 Although the present case had novel clinical 
and radiological phenotypes, responsiveness to immunotherapy 
was consistent with previous findings.

Currently, the pathogenesis of GFAP astrocytopathy has not 
yet been clarified. In animal model studies, GFAP astrocytopa-
thy is mediated by cytotoxic CD8+ T-cells specific for GFAP-de-
rived peptides, and a viral trigger induces GFAP-specific CD8+ 
T-cells to exclusively target the meninges and vascular/perivas-
cular space of the brain.9 In humans, pathological studies have 
revealed extensive inflammatory changes with prominent peri-
vascular infiltration by CD20+ B cells, CD8+ T-cells, and mac-
rophages.10 GFAP autoimmunity seems to support aberrant au-
toreactive T cell-mediated inflammation, contributing to the loss 
of astrocytes and neurons. However, the clinical presentations of 
anti-GFAP AE are heterogeneous, and the GFAP antibody pres-
ence has been described in various disorders, including traumatic 
brain injury, autism, and diabetes.6 Other coexisting neural an-
tibodies, including aquaporin-4 and N-methyl-D-aspartate re-
ceptor (NMDA-R) antibodies, are detected in one-fourth of pa-
tients with AE.5,6 These findings indicate that GFAP autoimmunity 
occurs as a bystander or a secondary phenomenon with an un-
identified mechanism.

Movement disorders are associated with autoimmune GFAP 
astrocytopathy, including tremor, myoclonus, and ataxia.5,6 To 
the best of our knowledge, this is the first report of generalized 
choreoballism in a patient with parainfectious, autoimmune 
GFAP astrocytopathy. In this case, severe dyskinesia resembled 
choreoathetosis seen in children with post-herpes simplex virus 
encephalitis NMDA-R AE.3 Prominent bilateral GPi lesions are 
considered to be the underlying pathophysiology of hyperkinetic 
movements, in which the reduced inhibitory output from the 
damaged GPi could provoke disinhibition of undesired, com-
peting motor patterns.

Herein, we report a case of a patient with parainfectious AE 
confirmed to be GFAP-positive in the CSF; generalized dyskine-
sia improved with early immunotherapy. However, compared 
to reported features of anti-GFAP encephalitis, this case does not 
entirely correlate with the common clinical manifestations and 
therefore cannot rule out the possibility of antibodies of unknown 
significance. This study can broaden the clinical spectrum of au-
toimmune GFAP astrocytopathy, but further studies are need-
ed to investigate GFAP antibody pathogenicity in AE.
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Supplementary Video Legends
Video 1. Generalized dyskinesia in the patient with autoimmune encepha-

litis and antibody against glial fibrillary acidic protein after infectious en-
cephalitis. 

Segment 1: Two weeks after the illness, while the patient was in the recov-
ery course, he suddenly presented with abnormal eye movements, slow up-
ward drift, and corrective downbeat nystagmus. Subsequently, orofacial-
tongue-neck dyskinesia developed.

Segment 2: Over the following two weeks, his dyskinesia progressed into 
both the arms, trunk, and legs, and first-line immunotherapy was started.

Segment 3: One month after his illness, his generalized dyskinesia was un-
manageable and could only be controlled with sedatives and neuromuscular 
blockers. Second-line immunotherapy was followed by rituximab treatment.

Segment 4: Three months after the illness, his dyskinesia gradually im-
proved with rituximab treatment and was controlled with oral medications. 
The patient was transferred to the general ward. He remained dependent in 
most activities of daily life due to choreoballistic movements. After one year, 
he regained his posture without assistance through ongoing rehabilitation.

Supplementary Materials
The online-only Data Supplement is available with this article at https://

doi.org/10.14802/jmd.21115.
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Supplementary Table 1. Cerebrospinal fluid/serum test results for differential diagnosis and follow-up in the patient

CSF variable Reference range
Results

D0 D7 D21 D35 D56
Opening pressure, cmH2O 5–25 15 28 17 25 29

RBC, cells/mm3 Negative 5 350 17 130 1

WBC, cells/mm3 0–5 162 648 90 30 1

Lymphocyte, % - 81 71 87 84 78

Neutrophil, % - 2 0 0 3 0

Monocyte, % - 17 29 13 13 22

Protein, mg/dL 8–43 111 258 35 66 82

Glucose, mg/dL 40–80 74 47 68 73 95

Oligoclonal band IgG Negative Negative Negative

HSV-1/-2 PCR Negative/negative Negative/negative Negative/negative Negative/negative

EBV PCR Negative Negative

VZV PCR Negative Negative

Enterovirus PCR Negative Negative

HHV-6 PCR Negative Negative

CMV RT-PCR Not detected Not detected

Tb/NTM RT-PCR Negative/negative Negative/negative Negative/negative

Tb cultures No growth No growth

Toxoplasma PCR Negative Negative

JC virus PCR Negative Weakly positive

VDRL (qualitative) Negative Non-reactive

JBE Ab Negative Negative

Autoimmune Ab Negative

NMDAR Negative Negative

AMPAR Negative Negative

DPPX Negative Negative

LGI1 Negative Negative

CASPR2 Negative Negative

GABA-BR Negative Negative

GFAP Positive Positive Positive

Serum variable Reference range Results
HSV IgG/M - Positive/Negative

VZV IgG/M - Positive/Negative

EBV VCA IgG/M - Equivocal/Negative

EBV EA-DR IgG/M - Negative/Negative

EBV EBNA IgG - Equivocal

Mumps IgG/M - Positive/Negative

Measle IgG/M - Positive/Negative

Lyme titer IgG/M - 1:64/< 1:16

Hantaan virus Ab Negative Negative

Leptospirosis Ab Negative Negative

R. typhi Ab Negative Negative

R. tsutsugamushi Ab Negative Negative

Ganglioside Ab IgG/M panel* Negative/negative Negative/Negative

JBE Ab Negative Negative

Toxoplasma IgG/M Negative/negative Negative/Negative

IFN-γ assays Negative Negative

S. pneumoniae Negative Negative

Hib Negative Negative

N. meningitidis Negative Negative

GBS Negative Negative

L. monocytogenes Negative Negative

ANA (quantitative) Non-reactive Non-reactive

C-ANCA Negative Negative

P-ANCA Negative Negative

RA factor, IU/mL <20 < 9.69

C3, mg/dL 88–201 210

C4, mg/dL 16–47 30

Antiphospholipid IgG/M Negative/negative Negative/Negative

Lupus anticoagulant (screen) Negative Negative

Anticardiolipin IgG/M Negative/negative Negative/Negative

Anti-beta2 GP1 IgG/M Negative/negative Normal/Normal

Anti-Brucella Ab Negative Negative

Autoimmune Ab Negative

Hu Negative

Yo Negative

Ri Negative

Amphiphysin Negative

CV2 Negative

Ma2/Ta Negative

Recoverin Negative

SOX1 Negative

Titin Negative

Nasopharngeal swab variable Reference range Results
Human Respiratory virus panel† Negative Negative

*anti-GM1, GD1b, and GQ1b antibody; †adenovirus, respiratory syncytial virus A/B, influenza A/B virus, parainfluenza virus 1/2/3, rhinovirus A/B/C, metapneumovirus, corona-
virus 229E, coronavirus NL63, coronavirus OC43, boca virus. CSF, cerebrospinal fluid; D, day; RBC, red blood cell; WBC, white blood cell; HSV, herpes simplex virus; EBV, 
Epstein-Barr virus; VZV, varicella-zoster virus; HHV-6, human herpesvirus 6; CMV, cytomegalovirus; RT-PCR, real-time polymerase chain reaction; Tb, tuberculosis; NTM, 
nontuberculous mycobacteria; JBE, Japanese B. encephalitis; Ab, antibody; NMDAR, N-methyl-d-aspartate receptor; AMPAR, α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor; DPPX, dipeptidyl-peptidase-like protein 6; LGI1, leucine-rich, glioma-inactivated 1; CASPR2, contactin-associated protein-like 2; GABA-BR, 
γ-aminobutyric acid type B receptor; GFAP, glial fibrillary acidic protein; R. typhi, Rickettsia typhi; R. tsutsugamushi, Rickettsia tsutsugamushi; S. pneumoniae, Streptococcus 
pneumoniae; Hib, Haemophilus influenzae type b; N. meningitidis, Neisseria meningitidis; GBS, Group B Streptococcus; L. monocytogenes, Listeria monocytogenes; ANA, 
antinuclear antibody.


