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Background: Myelin oligodendrocyte glycoprotein (MOG) antibody—associated encephalitis is a new clinical phenotype of inflammatory
demyelinating diseases. Some MOG antibody—positive patients with central nervous system demyelinating events present with isolated
seizures. However, there are gaps in the epidemiological knowledge regarding seizures with MOG antibody—associated encephalitis in
adults. This study characterized the clinical features and treatment of MOG antibody—positive patients with isolated seizures.

Methods: We reviewed all the patients admitted to Tianjin Huanhu Hospital between Jan. 1st 2017 and Jan. 1st 2022, to screen the MOG
antibody—positive patients with isolated seizures, and collected the concerned patients’ information regarding epidemiology, clinical
presentations, laboratory and radiological characteristics, electroencephalogram (EEG), treatments, and prognoses.

Results: We collected six MOG antibody—positive adult patients who had isolated symptomatic seizures. The mean age of the patients
was 33 years (range, 29-40 years), and five (83.3%) were men. All patients presented with motor seizures, five (83.3%) had cognitive
dysfunction, and only one (16.7%) had status epilepticus. Five (83.3%) patients had a good response to immunotherapy and antiseizure
medications; only one had a sequela. The cerebrospinal fluid or serum anti-MOG antibody test turned negative over time.
Discussion: The most common seizure type in patients with MOG antibody—associated encephalitis with isolated seizures was focal
to bilateral tonic-clonic seizures, and most patients had a good prognosis. Adding antiseizure medications were beneficial for MOG
antibody—positive patients with seizures. Relapses and sequelae were associated with low-dose, short-time, or delayed therapy, and
wide-range demyelinating brain damage.

Plain Language Summary: We reported six adult patients with seizures (as the isolated symptom without any ophthalmoneur-
omyelitis symptom) associated with MOG antibodies. Focal to bilateral tonic-clonic seizures are the common seizure type in patients
with myelin oligodendrocyte glycoprotein (MOG) antibodies. Antiseizure medications and immunotherapy are beneficial for treating
MOG antibody—associated encephalitis with seizures. Many patients had good or complete recovery; low-dose, short-time, or delayed
therapy is associated with relapses and sequelae. Emphasized the MOG antibodies testing should be relevant in patients with isolated

seizures, particularly occurred in clusters, to guarantee the acute management timely.
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Introduction

Myelin oligodendrocyte glycoprotein (MOG) is a membrane protein uniquely expressed in the outermost lamellae of the myelin
sheath in oligodendrocytes of the central nervous system (CNS).'> MOG antibody—associated disease is a new clinical phenotype
of inflammatory demyelinating disease.* ® In particular, MOG antibody—associated encephalitis is mostly characterized by acute-
disseminated encephalomyelitis, multiphasic disseminated encephalomyelitis, neuromyelitis optica spectrum disorder, optic
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neuritis, myelitis, encephalitis, brainstem encephalitis, and a series of less typical syndromes such as encephalitis-like seizures,
involuntary movement, nausea, vomiting, hiccups, and cranial neuritis.” ' Compared with multiple sclerosis and aquaporin-4
antibody—associated disease, MOG antibody—associated disease is an age-dependent demyelinating disease; adults have a lower
prevalence than children (the positive frequency in adults is nearly half of that in children [22-23% vs 39—40%]), and many
patients present with the ophthalmoneuromyelitis phenotype.''™'* Recent evidence increasingly indicates that patients with CNS
demyelinating events who are MOG antibody—positive present with isolated seizures.'*'> However, there are gaps in the
epidemiological knowledge regarding seizures in adults with this disease. In this study, we reported and analyzed the occurrence
and evolution of isolated symptomatic seizures in MOG antibody—positive patients to characterize the clinical symptoms,
treatment effects, and prognoses.

Method
Study Design, Population and Statistical Analysis

The retrospective study was conducted to characterize the clinical features. We reviewed all the patients admitted to
Tianjin Huanhu Hospital between Jan. 1st 2017 and Jan. 1st 2022. A total of 57 patients with seropositive and/or
cerebrospinal fluid (CSF)—positive were screened out. Six patients with epileptic seizures as an isolated symptom were
included for further analysis. All patients underwent MOG antibody examinations during the acute and follow-up phases.
We collected information regarding epidemiology (age, sex and head trauma history), clinical presentations (the
neurological and seizure symptoms), cerebrospinal fluid (CSF) examinations, MOG—immunoglobulin G (IgG) serum
and CSF titers, laboratory and radiological characteristics, electroencephalogram (EEG), treatments, and prognoses.
Included patients were follow-up by telephone at April 2022. All concerned information about the patients in this case
series was collected from hospital notes and self reporting. These data were summarized into a table for further analysis.

Definition of Variables

Form of onset was grouped by the presented epileptic seizure time from the first clinical symptoms; acute indicated less
than 15 days, sub-acute indicated between 15 days to 3 months. The seizure symptoms were analyzed in three aspects,
whether it is a status seizure, motor symptom, and impaired awareness or not. Status seizure is defined as a seizure more
than 5 minutes or the patient does not regain consciousness in between the continuous seizure activity. Clinical relapse
was defined as sudden seizure onset and/or the presence of new lesions on magnetic resonance imaging (MRI) after
treatment during the acute phase. Seizure free was defined as without any epileptic seizure during follow-up.

Results

We described six adult patients who experienced isolated symptomatic seizures and MOG antibody—associated ence-
phalitis and were found to have MOG antibodies in the CSF and/or serum via cell-based assays. The mean age was 33
years (29-40 years), and five (83.3%) patients were men. All six patients presented with motor seizures, and five (83.3%)
presented with impaired awareness. One patient had a status epilepticus (case 1). Five (83.3%) patients had focal to
bilateral tonic-clonic seizures, and the other one had a focal seizure. All seizures occurred in a cluster over a short
interval (23 days), and the patients developed anti-MOG antibody—positivity afterwards; one patient was positive for
anti-MOG antibody in the third lumbar CSF puncture 4 months after the first seizure (case 6). The frequency of general
clinical symptoms among the patients was as follows: five (83.3%) patients reported headaches, three (50%) reported
fever, and five (83.3%) reported preceding infection history—three patients had an upper respiratory infection and three
patients had a gastrointestinal infection. The disease duration ranged from 0 to 40 days (Table 1, Supplementary Table 1).

Examination of the CSF revealed increased intracranial pressure (range, 231-333 mmH,0) in five (83.3%) patients,
increased leukocyte levels (range, 10-224*1076 /L) in all patients, and increased protein levels (range, 0.58—1.25 g/L) in
three (33.6%) patients. Three (50.0%) patients had CSF positive for anti-MOG antibodies, and five (83.3%) had sero-
positivity for the antibodies. Other autoimmune antibodies, including the anti-AQP4 antibody, anti-N-methyl-D-aspartate
receptor antibody, anti-leucine-rich glioma inactivated 1 (LGII) antibody, the anti y-aminobutyric acid (GABA) type
A receptor antibody, the anti-GABAg receptor antibody, antinuclear antibody, and oligoclonal band (OB) were negative.
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Table | Clinical, Treatment and Follow-Up Data in Patients with MOG-IgG
-Associated Seizures

Characteristic Value
Age, years, mean (range) 33 (2940)
Male, n/total (%) 5/6 (83.3%)
Disease duration at presentation, days, mean (range) 17 (0-40)
Headache, n/total (%) 5/6 (83.3%)
Fever, n/total (%) 3/6 (50.0%)
Temperature higher 38.5 degrees, n/total (%) 2/3 (66.7%)
Preceding infection, n/total (%) 5/6 (83.3%)

Form of onset

Acute, n/total (%) 2/6 (33.3%)

Sub-acute, n/total (%) 4/6 (66.7%)

Seizure Symptom

Status seizure, n/total (%) 116 (16.7%)
Motor symptom, n/total (%) 6/6 (100%)
Impaired awareness, n/total (%) 5/6 (83.3%)

Seizure Type

Focal to bilateral tonic-clonic seizure, n/total (%) 5/6 (83.3%)
Focal seizure, n/total (%) 116 (16.7%)
Anti-MOG antibody positive (CSF), n/total (%) 3/6 (50.0%)
Anti-MOG antibody positive (Serum), n/total (%) 5/6 (83.3%)

CSF examination

High pressure (normal: 80—180 mmH,0), n/total (%) 5/6 (83.3%)

Leukocytes increased (normal: <8*1076 /L), n/total (%) 6/6 (100%)

Protein increased (normal: 0.15-0.45 g/L), n/total (%) 3/6 (50.0%)
Brain MRI

FLAIR hyperintensity, n/total (%) 6/6 (100%)
Treatment

Intravenous methylprednisolone, n/total (%) 6/6 (100%)

Immunoglobulin, n/total (%) 116 (16.7%)
Follow-up, months, mean (range) 35 (6-62)

Disease course

Monophasic, n/total (%) 4/6 (66.7%)

Relapsing, n/total (%) 2/6 (33.3%)

Abbreviations: CSF, cerebrospinal fluid; FLAIR, fluid attenuated inversion recovery.
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Reverse transcription—polymerase chain reaction (RT-PCR) analysis of the CSF, as well as next-generation sequencing
(NGS), for the presence of herpes simplex virus, cytomegalovirus, and Epstein—Barr virus yielded negative results.

All seizure patients had a focal demyelinating event in the cortical and subcortical areas, and five (83.3%) had single
or multiple demyelinations of the white matter; three (50.0%) events were located in the brainstem, one (16.7%) in the
basal ganglia, and one (16.7%) in the cerebellum. EEG at the time of admission showed symmetric diffuse slowing
waves in five (83.3%) patients. All patients were treated with intravenous methylprednisolone (three patients, 1000 mg;
three patients, 500 mg; and one patient, 120 mg), and then with the slowly tapered drug oral methylprednisolone tablets.
All patients received antiseizure medications (ASMs), and two (33.3%) patients were treated with two or more ASMs.
Levetiracetam was the most commonly administered ASMs, received by all patients.

During follow-up (mean, 35 months; range, 6—62 months), two (33.3%) patients experienced relapse after the acute
episode (case 1 relapsed at the second month and case 6 at the fourth month). All patients remained seizure-free with
ASMs withdrawal, and only one patient had sequelae with neurological symptoms, performed with behavioral and
personality changes. Repeat brain MRI showed the disappearance of T2 hyperintensity (3/6, 50.0%) and reduction of
brain cortex swelling (1/6, 16.7%), and the patients turned negative for anti-MOG antibody over time (3/6, 50.0%). The
patients’ disease durations are shown in Supplementary Figure 1, and we described the details of case 3 in Supplementary

Case Description and Supplementary Figure 2.

Discussion

The present study reported six adult cases of epileptic seizures and MOG antibody—associated encephalitis and
investigated the seizure type, epidemiology, comorbidities, imaging data, CSF examination results, treatments, prog-
noses, and sequelae. Patients with MOG antibody—associated encephalitis are more likely to manifest seizures than those
with AQP4-IgG-associated encephalitis.'®!'” Several studies with large cohorts have determined that seizures occur in
different phenotypes of MOG antibody—-associated diseases.*'® Clarifying the coexistence of epileptic seizures and MOG
antibodies is challenging, especially because of the association of epileptic seizures with multiple symptoms and
prognoses. Our study indicated that the most common seizure type was generalized epileptic seizure, which is consistent
with previous results.'*'® Additionally, seizures occur as single episodes or clusters, and few patients have status
epilepticus (only one patient did in our study); most patients present with headaches and fever.'”?' Many patients
have diffuse signal changes in the cerebral cortex, brainstem, and deep grey matter, and interictal epileptiform discharges
(slow waves) are seen in most patients.”>** Based on the current findings, MOG antibody testing should be a part of
neuroimmunology laboratory testing in patients with isolated seizures, especially those with MRI abnormalities.

Patients with isolated seizures, which is a clinical symptom of MOG antibody—associated diseases, showed a marked
and prompt clinical and radiological improvement after immunotherapy and ASMs therapy.'*** Some cases are seizure
free by immunotherapy, even without ASMs administration.**° Due to the lack of randomized controlled trials, it is
difficult to evaluate the efficacy and necessity of ASMs in MOG antibody—associated diseases, and the use of
immunotherapy and ASMs is based on case series and clinical experience.>>*® However, patients may benefit from
ASMs with or without immunotherapy.'’"*® All patients in our study were treated with ASMs and immunotherapy and
were advised to discontinue ASMs if they were seizure-free and had a normal EEG during follow-up. We propose adding
ASMs to the treatment regimen for MOG antibody—associated encephalitis with seizures, when necessary. This result has
also been confirmed in autoimmune encephalitis; while emphasizing the use of immunotherapy to control acute seizures,
the use and avoidance of early withdrawal of ASMs are recommended, especially in patients at risk of developing
epilepsy.?®>!

According to multi-center studies, most patients (ranging from 50% to 90% in different studies) with MOG antibody—
associated diseases had a good or complete recovery if they were administered intravenous methylprednisolone at large doses
over short periods.'****? We also recorded three patients with fully recovered, who had a negative MOG antibody test, and
their MRI lesions subsequently disappeared. Compared with AQP4 antibody—positive patients, MOG antibody—positive
patients are at a lower risk of further clinical relapse.” Relapses frequently occur during steroid weaning, especially in patients
with low-dose steroids (prednisone < 20 mg/day adults), short-term therapy (<3 months), and high MOG antibody—positive
titers.'""'>1633735 After acute attack treatment, treating patients with an additional immunosuppressor (eg, rituximab or
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mycophenolate mofetil), can significantly reduce the risk of recurrence and the occurrence of seizures.'”*** In our study,
case 6 showed cerebral cortical demyelination that was progressive (the relapsed phase lesion range was larger than the first
phase); the patient’s MOG antibody result was positive in the third CSF test (which was negative in sero/CSF during the first
and second lumbar punctures), and the seizures were temporally diverse throughout the disease duration. This progressive and
relapsed course may have been associated with delayed methylprednisolone therapy. For patients with a high progressive risk
and clinical features that are highly compatible with MOG antibody—associated encephalitis, early and full-dose immunother-
apy is recommended, even without a positive MOG antibody test.

Some pediatric patients present with various sequelae, including cognitive impairment, severe brain atrophy, and
refractory epilepsy; moreover, several cases of catastrophic brain injury and death caused by intracranial hypertension have
been reported.*> In our study, only one patient had sequelae with personality changes, and the symptoms were similar to those
reported in a previous case.”> We speculate that the relapse course and irreversible and wide-range demyelinating brain
damage affected the outcome. Additional disease-modifying treatments, regular re-examination, and second-line treatments
should be used to achieve further substantial improvement.'*%4°

However, this study has limitations that could affect the application of the results. This study was limited by its single-center
retrospective analysis design, the small sample size, and a short follow-up period, which may have affected the estimates and was
a source of potential bias. Besides, our center is neurological specialized hospital, it is possible that we have encountered only the
severe symptoms of MOG antibody-associated encephalitis. This study was retrospective, and the details of seizure were self-
provided. Inaccurate recording or reporting about may have affected the result, although we relied on hospital notes whenever
possible, which is still a source of potential bias. Future studies should investigate the relevance of MOG antibodies and
neurological disorders to improve the recognition of these patients with rare syndromes and determine the pathophysiology,
optimal treatment regimens, and long-term prognoses.

In conclusion, we recorded six adult patients presented isolated seizures with MOG antibody—associated encephalitis. All
patients had motor seizures, and the most common seizure type was focal to bilateral tonic-clonic seizures. CSF examination
showed significantly increased intracranial pressure, increased leukocyte levels (the increases varied from several times to
dozens of times), and slightly elevated protein levels. Slow waves were observed in the central, frontal or parietal region. Almost
all patients had a good or complete recovery. Low-dose, short-term, or delayed therapy is associated with relapses and sequelae.
ASMs are beneficial for treating MOG antibody—associated encephalitis with seizures. Regular re-examinations are recom-
mended to assess illness representations. Immunosuppressors can be used to halt disease progression and prevent relapse, if
necessary. We suggest that patients with isolated seizures and MRI abnormalities may be tested for MOG antibodies to ensure
timely acute management.
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