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The phenotypic spectrum of myelin oligodendrocyte glycoprotein (MOG)- IgG-
associated disorders (MOGAD) has broadened in the past few years, and atypical
phenotypes are increasingly recognized. Isolated seizures and MRI-negative
brainstem and cerebellar symptoms or encephalitis have rarely been reported
as a feature of MOGAD and represent a diagnostic challenge. Meanwhile, the
coexistence of MOG IgG and other CNS autoimmune antibodies is infrequent.
We report a patient presented with isolated epileptic onset, relapsed with MRI-
negative brainstem symptoms and MRI-negative encephalitis. He was positive for
MOG IgG throughout the disease course while concomitant NMDAR IgG was not
detected positive until second relapse. He showed decreasing response to
conventional first-line therapy. The last relapse was during a COVID-19
epidemic with limited inpatient resources. Fortunately, he was ultimately
controlled on subcutaneous ofatumumab, a novel fully humanized anti-CD20
mAb. This is the first report about subcutaneous ofatumumab treatment in MOG
and NMDAR IgG double positive encephalitis with 12-month follow-up,
depicting its potential as a therapeutic option.

KEYWORDS

isolated seizures, N-methyl-D-aspartate receptor, myelin oligodendrocyte
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Introduction

Myelin oligodendrocyte glycoprotein (MOG)- IgG-associated disorders (MOGAD) is
a new entity comprising CNS demyelinating syndromes, mainly as acute disseminated
encephalomyelitis (ADEM), optic neuritis, and myelitis. Isolated seizures and MRI-
negative brainstem symptoms are rare presentations (1). Anti-NMDAR encephalitis
(anti-NMDARe) is an autoimmune disorder characterized by prominent
neuropsychiatric manifestations, seizures, dyskinesias, speech disturbances, and
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autonomic dysfunctions (2). Tough rare but NMDAR IgG and
MOG IgG can exist in the same patient simultaneously or
sequentially (3). The clinical and prognostic features may differ
from those of single antibody disease. Ofatumumab is the first fully
human anti-CD20 monoclonal antibody approved for relapsing
multiple sclerosis that can be self-administered at home (4). The
efficacy of ofatumumab against MOG IgG and NMDAR IgG double
positive encephalitis is unclear. We report a patient of MOG and
NMDAR IgG positive encephalitis who suffered relapses in short-
term controlled on subcutaneous ofatumumab. He accepted four
injections during 12-month follow-up without relapse or
infection events.

Case presentation

A 16-year-old male patient was admitted for slurred speech. He
was seen in pediatrics 3 years ago for headache and a seizure attack
after catching a cold. The seizure manifested as numbness and
weakness of the left limb followed by twitching of the left limb with
loss of consciousness for 5 min. Trauma, infection, poisoning, and
family genetic history were denied. Repeated cranial MRI and MRA
did not show significant abnormalities. CNS pathogenesis was
negative ; EEG suggested right-sided slow wave changes.
Cerebrospinal Fluid (CSF) analysis showed leukocytosis (62
leukocytes/uL and 95.3% monocytes), normal protein, and
glucose level. Viral encephalitis was suspected, and he was treated
with empirical antiviral therapy. No seizures occurred during
hospitalization; he was discharged after a 1-week hospitalization.

Neurological examination suggested incomplete mixed aphasia,
mild right-sided upper neuron facial palsy, right limb mildly
paresis, and right-sided Bartholomew's sign positive. Routine
blood count, biochemistry, and metabolic tests were between
normal ranges. Serologic investigations (syphilis, hepatitis B, and
HIV) and systemic autoimmunity were negative. CSF analysis
indicated a normal opening pressure (165 mm H,O),
lymphocytosis (90%, 6 leukocytes/uL), and normal protein and
glucose level. The oligoclonal bands were pattern III, and
pathological investigating including bacterial, fungal, acid-fast
bacilli, cryptococci, and viral antibodies were negative. MRI plain
and enhanced scans of brain and spinal cord were normal. ECG was
unremarkable. Meanwhile, CSF and serum testings for MOG
antibody and autoimmune encephalitis panel (antibodies against
IgLON5, DPPX, GlyR1l, DRD2, mGluR5, NMDAR, AMPAI,
AMPA2, LGI1, CASPR2, GABAB, mGluR1, GAD65, Neurexin-
30, GABAA, KLHL11, AChR, AQP4, and GFAP) were conducted
on a cell-based assay. MOG IgG were detected positive in serum
(tilter 1:320) and CSF (tilter 1:100). He was diagnosed with
MOGAD and was administrated intravenous methylprednisolone
(1g/day, halving every 3 days). He achieved quick remission and
was discharged.

Upon cessation oral prednisone himself, he was readmitted for
neuropsychiatric symptoms 2 months later. Cognitive decline,
choreiform movements, irritability, visual hallucinations,
intermittent involuntary jerking, and weakness (4/5 MRC) of
limbs were observed. Brain MRI was normal. CSF analysis
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indicated an elevated opening pressure (185 mm H,O),
pleocytosis (14 leukocytes /uL; 85% lymphocytes), an elevated
glucose concentration (5.4 mmol/L) (2.5-4.5 mmol/L) and a
normal protein level. Anti-MOG antibodies were detected positive
in serum (tilter 1:32) and negative in CSF. Meanwhile, anti-
NMDAR antibodies were detected positive in serum (1:10) and
CSF (1:10). He was diagnosed with MOG IgG and NMDAR IgG
double positive encephalitis. IV methylprednisolone and IVIG (0.4/
kg for 5 days) were initiated resulting mild remission so
cyclophosphamide (1.5 g) was added, and levetiracetam was
administrated to control limb shaking symptoms. His symptoms
were gradually relieved, while memory impairment persisted.
Levetiracetam and oral tapering prednisone were prescribed after
discharge. However, he reappeared with irritability, auditory
hallucinations and suspected seizures 40 days after discharge. The
local regulations on quarantine against current COVID-19
epidemic caused limitation on admission, so the anti-CD20 new
drug for multiple sclerosis ofatumumab (Kesimpta®) was
suggested. He started to show remission on the third day of one
injection of ofatumumab accompanied with oral tapering
prednisone. No allergies or adverse reactions to injections
occurred. He came for re-examination 20 days later. In addition
to subtle tremors in both hands and memory deficit, his other
symptoms disappeared. MOG IgG was detected positive in serum
(tilter 1:32) and CSF (tilter 1:10), while NMDAR IgG was negative.
The peripheral CD19 B- cell count decreased to 0 cells/uL (reference
range, 90-560 cells/uL).

Follow-up and outcome

The patient achieved complete remission with no neurological
defects remained at 2-month follow-up and achieved good
academic performance (except for occasional pain in legs for
prolonged glucocorticoid use). B-cell levels are measured
monthly, and the infusion of ofatumumab is resumed when the
CD19 B-cell count exceeds 10/uL. He accepted four injections of
ofatumumab during 12-month follow-up. Blood IgM maintained
stable levels. No relapse or infectious events happened until the
recent follow-up and levetiracetam was discontinued. The clinical
manifestations, important results of examinations, relevant
diagnosis, interventions, and follow-up outcomes of the patient
have been summarized in Figures 1, 2.

Discussion

As a relatively new spectrum of CNS autoimmune disorder,
MOGAD not only shares features of multiple sclerosis and
aquaporin-4-seropositive neuromyelitis optica spectrum disorder
but also differs from them and is listed as a distinct disease entity
(5). MOG- IgG-associated disorders comprise a wide spectrum of
syndromes ranging from ADEM predominantly in children to optic
neuritis or myelitis mostly in adults. The development and use of
highly specific cell-based assays helps broaden the spectrum of
MOGAD, with additional phenotypes including encephalitis,
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Symptoms: mixed aphasia, facial palsy, right limbs paresis
Brain and spine MRI: normal

Positive MOG-ab i serum(1:320) and in CSF(1:100)
Diagnosis: MOGAD

Treatment: IVMP

Symptoms: irrtability, auditory hallucinations and
suspected seizures

Brain MRI: normal

Positive MOG-ab in serum(1:32) and CSF(1:10)
Treatment: subcutaneous ofatumumab(20mg) and

tapering oral prednisone

- m m n m

Symptoms: haedache, fever, isolated seizure
Brain MRI: normal, abnormal EEG
Diagnosis: viral encephalitis

Treatment: antiviral therapy

Symptoms: cognitive decline, choreiform movements, iritability,
visual hallucinations, intermittent involuntary jerking of limbs and
extremities weakness

Brain MRI: normal

Positive MOG-ab in serum(1:32), negative in CSF; positive
NMDAR-ab in serum(1:10) and in CSF(1:10)

Diagnosis: MOG and NMDAR IgG positive encephalitis
Treatment: IVMP, IVIG, cyclophosphamide, levetiracetam

The patient achieved complete
remission after 2 months and was
followed for 12 months. He totally
accepted 4 injections of
ofatumumab. No relapse or
infectious events happened

FIGURE 1
Timeline with diseases’ onset and course.

isolated seizures and overlapping syndromes with anti-NMDAR
encephalitis, increasing its heterogeneity (1).

The incidence of seizures was found to be significantly higher in
MOG-AD (20%) than in MS (6) (2.28%) and AQP4 antibody-
positive NMOSD (7) (1%), so acute phase seizures are considered to
be a unique clinical presentation of MOG-AD. Patients with
cerebral cortical encephalitis and ADEM-like phenotypes are
much more likely to develop symptomatic epilepsy than other
phenotypes (8). Seizures can occur concurrently or sequentially
with demyelinating events, or independently. Ramanathan (9)
reported four MOG- IgG-positive children who first presented
with isolated seizures without evidence of demyelination or cortical
involvement, who months to years later developed typical
demyelination, the exact mechanism of which is unclear. It has
been speculated that MOG antibodies targeting oligodendrocytes
with low density expression in the cortex are involved in the seizure
mechanism, and it has also been suggested that a dramatic increase
in inflammatory factors may be responsible for MOG-AD seizures
(8). The low sensitivity of MRI may also affect the detection of early

Serum anti-NMDAR antibodies - 1:10(+)

CSF anti-NMDAR antibodies - 1:10(+)
””””””””” 0
Serum anti-MOG antibodies — 13

CSFanti-MOG antibodies

Serum IgM(0.3-2.09g/L)

Serum IgG(5.66-14.25g/L)

CD19B (90-560cellsful)

lesions. In this case, the child presented with isolated seizures 3
years before the onset of symptoms of encephalitis and
unremarkable brain MRI. Due to the presence of prodromal
infection and inflammatory CSF, CNS infection was considered
preferentially despite negative pathogenic investigations. In
retrospect, the presentation of isolated seizure may be part of the
expanding clinical spectrum of MOGAD and was misdiagnosed.
Testing for MOG antibodies acutely in children with seizures and
inflammatory CSF manifestations helps with expedited diagnosis.
MOGAD tends to occur in children and mostly manifested as
ADEM. MOG antibody encephalitis not fulfilling the criteria for
ADEM was firstly reported by Ogawa (10) in 2017, although rare,
relevant reports have garnered attention (11, 12). MOG antibody-
associated encephalitis is well-circumscribed and cortical-based in
neuroimaging, so it is called cortical encephalitis or MOG antibody-
associated autoimmune encephalitis by relevant researchers (13). A
large prospective multi-center observational study (14) showed that
peadiatric patients with MOG antibody-associated encephalitis had
clinical features including decreased level of consciousness (100%),

Attack symptom [} A ° °
" Suspected
Diagnosed Viral encephaltiswas ~ MOGAD
No. of attack L aee L L 1
i 2nd 3 4th

Treatments

M headache and a seizure attack
A slurred speech
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FIGURE 2
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Schematic illustration of the disease course and follow-up. IVMP, intravenous methylprednisolone; S.C., subcutaneous; OFA, ofatumumab.
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seizures (64%), fever (59%), abnormal behavior (50%), motor
deficits (40%), abnormal movements (36%), and brainstem-
cerebellar dysfunction (23%). Brain MRI showed extensive
cortical involvement, basal ganglia or thalamic involvement, in
some cases also only minimal changes, or revealed normal scans.
They also found that anti-MOG antibodies were more common
than all neuronal antibodies among patients with autoimmune
encephalitis with a proportion reached 34% (22 of 64). A study
from China found that approximately 20% of patients had
manifestations of encephalitis during the disease course (15).
Predominant encephalic involves in younger patients more
frequently, 93% of children had encephalitis symptoms at disease
onset compared with 76.7% in adults (16). Cortical lesions in
patients with MOG encephalitis and seizures are more apparent
in FLAIR sequences. Such lesions are termed as FLAMES: FLAIR
hyperintense lesions in anti-MOG encephalitis with seizures, which
is thought to be the specific clinical phenotype of MOGAD (11).

Although MOG IgG is commonly associated with demyelination,
negative MRI in MOGAD patients was not uncommon. In addition to
the reported typical and atypical MRI features, the initial scan of the
brain (14, 17, 18) as well as of the spinal cord (19) can be normal in
patients with MOG- IgG-associated disorders despite severe clinical
manifestation, which can lead to diagnostic uncertainty. It was reported
that brain T2-hyperintense lesions are absent in 47%-68% of patients
who have MOG-IgG (18). A Chinese cohort study identified two
patients with MOG encephalitis in whom brain lesions were not visible
on MRI but were confirmed by PET-CT (15). Our patient showed
negative MRI throughout the disease course even with persisting MOG
IgG positivity, which was very rare. Taken together, the clinical
manifestations of MOGAD complex and variable, MOG IgG
monitoring should be considered after ruling out infectious factors in
these patients to avoid misdiagnosis.

MOG IgG may coexist with other auto-antibodies in patients
with CNS autoimmune syndromes. NMDAR IgG is the most
frequently associated antibody in MOGAD patients (3). It was
reported that approximately 9% of MOG-IgG+ patients had CSF
NMDAR-IgG+ (20). Meanwhile, 40.6% of MOG IgG-associated
encephalitis patients had NMDAR IgG in CSF, and 16.4% had
NMDAR IgG in serum (16). Patients with MOG and NMDAR IgG
dual positivity can have presentations of both MOGAD and anti-
NMDAR encephalitis, so this type disease is called MOGAD
combined with anti-NMDAR encephalitis overlap syndrome
(MNOS) (3). MOGAD and anti-NMDARe can happen
simultaneously or sequentially in MNOS patients. A systematic
review found that 44% (7 of 16) of patients were presented with
anti-NMDARe at the onset of the disease, followed by 31% (5 of 16)
were presented with MOGAD, and 25% (4 of 16) were presented
with MOGAD and anti-NMDARe at the same time (21). Our
patient had up to two additional relapses associated with persisting
MOG-IgG when being detected positive NMDAR-IgG. There were
similar cases reported before. Hou (22) reported one case developed
anti-NMDAR encephalitis, 1 year after recovery from MOG- IgG-
related ADEM. Wang (15) reported one patient exhibited a negative
result during encephalitis but became anti-NMDAR-positive during
a subsequent ON. Bojan (23) reported one case diagnosed with anti-
NMDAR encephalitis nearly 12 years after four optic neuritis
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episodes without other signs of CNS demyelination. These reports
demonstrate that MNOS is a syndrome with complex disease
course. Encephalitis is the predominant clinical phenotype of
MNOS, with convulsions, abnormal psychiatric behavior, sleep,
and memory disturbances often being the first symptoms. Patients
with MNOS usually present with supratentorial lesions and, in a few
cases, with sub-tentorial and spinal lesions (20). The mechanism of
MNOS is still unclear. The truth that a significant proportion of
patients having signs of infection (headache and/or fever) prior to
the onset of overlapping syndromes supports the molecular
mimicry hypothesis (14). Considering that oligodendrocytes do
contain NMDAR, it is reasonable to speculate that the immune
attack targeting myelin may simultaneously involve NMDAR and
vice versa. Meanwhile, some speculate that the use of
immunomodulatory agents may trigger the generation of NMDA
receptor or AQP4 or MOG antibodies or lead to immune
dysregulation in overlapping syndromes (24). Most MNOS
patients respond well to immunotherapy but have a tendency to
relapse. Fan (21) reported five cases of children with MNOS, all of
whom had relapses. Ren found that some MNOS patients were
prone to relapse during hormone tapering, and that long-term drug
maintenance therapy helped to reduce the disability rate (25).

As less common presentations are increasing with better
recognition and availability of testing, recently the international
MOGAD panel proposed new diagnostic criteria for MOGAD (1),
which emphasize the presence of MOG-IgG as a core criterion.
Patients with one of the core clinical attack types (including optic
neuritis, myelitis, ADEM, cerebral monofocal or polyfocal deficits,
brainstem or cerebellar deficits, and cerebral cortical encephalitis
often with seizures) and clear positive MOG-IgG test results in
serum measured by fixed or live cell-based assay can be diagnosed
with MOGAD. Our patient presented with brainstem and cerebellar
symptoms with strong positivity of MOG antibody after an isolated
seizure attack, which meets the diagnostic criteria. The third
episode was encephalitis with seizures with decreased response to
treatment, which was more similar to the clinical of NMDARe
rather than MOGAD, considering that most patients with anti-
NMDAR encephalitis have normal, mild, or transient MRI
abnormalities and nearly half of anti-NMDAR encephalitis
patients need second-line immunotherapy (26).Moreover, the
pathogenicity of MOG IgG in cortical encephalitis has been
questioned. Ding (20) found that there was no difference in
clinical symptoms between NMDAR-IgG+/MOG-IgG+ patients
and NMDAR-IgG+/MOG-IgG- patients. Some scholars found no
axonal and astrocyte damage and typical demyelination changes in
the brain specimens of two patients with cortical encephalitis (27)
and no increase in CSF- binding MBP in patients with cortical
encephalitis in the case of extensive cortical involvement and CSF
pleocytosis (10). Although disputed, it cannot be denied that
encephalitis is a core clinical phenotype of MOGAD. The
probability of double antibodies overlap may be underestimated
due to changeable disease course. Anti-NMDAR antibody
monitoring should be considered in patients presented with
MOG-IgG associated encephalitis to avoid misdiagnosis,
especially those with normal brain MRI scan, given that dual
antibody does not always present simultaneously. The
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identification of dual antibodies helps guide to more aggressive
acute treatment and maintenance therapy, resulting in a good
clinical outcome.

Despite aggressive first- and second-line therapy, the patient
experienced short-term relapses and showed reduced response to
immunotherapy treatment. The last relapse was during a COVID-19
epidemic and the regulations against the epidemic resulted in limited
access to hospitalization. On this condition, subcutaneous ofatumumab
(20 mg) as first-line treatment was recommended and significant
remission was achieved. This is the first report of ofatumumab
treatment in a NMDAR-IgG/MOG-IgG double positive encephalitis.
Ofatumumab is a fully human anti-CD20 mAb recognizing different
epitope than rituximab (28). It is the first anti-CD20 drug that can be
self-administered (subcutaneous injection) by patients and is approved
for relapsing forms of Multiple sclerosis (MS) by the US Food and
Drug Administration in 2020 (4). Ofatumumab has unique advantages
of being the first fully human mAb that can be self-administered at
home, which should result in less immunogenicity and more flexibility.
This may be of particular relevance in the context of the current
COVID-19 pandemic and any similar future situations. The
recommended dosage for MS patients is 20 mg on days 1, 7 and 14
initially, then once monthly from day 28 (4). Since the last relapse
happened in the midst of COVID-19 epidemic, taking account of the
limitations of medical monitoring and the risk of increased infection
from aggressive treatment, we have conservatively taken the approach
of regularly monitoring B-cell levels to determine the timing of another
injection. Fortunately, the refractory disease course with decreasing
response to conventional immunotherapy (IV methylprednisolone,
IVIG) showed favorable response to subcutaneous ofatumumab. The
good attempt of ofatumumab in MOG and NMDAR IgG double
positive encephalitis may indicate that ofatumumab is a convenient,
effective, and safe option.

Limitations that need to be addressed as follows: (1) no accurate
assessment of cognitive function in this form of encephalitis, (2) no
repeated spinal MRI scans to look for underlying demyelinating
lesions, and (3) lacks of several months’ follow-up data due to
practical difficulties.

Conclusion

MOGAD is a heterogeneous group of diseases with broad
clinical manifestations, and isolated epilepsy may be its first
manifestation. Testing for MOG antibodies should be included in
patients with manifestations of encephalitis in which infectious

References

1. Banwell B, Bennett JL, Marignier R, Kim HJ, Brilot F, Flanagan EP, et al.
Diagnosis of myelin oligodendrocyte glycoprotein antibody-associated disease:
International MOGAD Panel proposed criteria. Lancet Neurol (2023) 22:268-82. doi:
10.1016/51474-4422(22)00431-8

2. Dalmau J, Armangué T, Planaguma J, Radosevic M, Mannara F, Leypoldt F, et al. An
update on anti-NMDA receptor encephalitis for neurologists and psychiatrists: mechanisms
and models. Lancet Neurol (2019) 18(11):1045-57. doi: 10.1016/S1474-4422(19)30244-3

Frontiers in Immunology

10.3389/fimmu.2023.1183488

factors have been excluded. In patients with MOG-associated
encephalitis, especially those with recurrent episodes, attention
should be paid to the presence of coexisting NMDAR antibodies.
Noteworthy, subcutaneous ofatumumab may be a viable alternative
option for CNS autoimmune diseases.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual
AND minor’s legal guardian for the publication of any potentially
identifiable images or data included in this article.

Author contributions

RZ, XZ and BS treated the patient. LW and RZ drafted and
revised the manuscript. KL and YT collected the data. YX designed
the study and revised the manuscript. All authors contributed to the
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

3. Titulaer MJ, Hoftberger R, Tizuka T, Leypoldt F, McCracken L, Cellucci T, et al.
Overlapping demyelinating syndromes and anti-N-methyl-D-aspartate receptor
encephalitis. Ann Neurol (2014) 75(3):411-28. doi: 10.1002/ana.24117

4. Novartis Pharmaceuticals Corporation. KESIMPTA® (ofatumumab)
injection, for subcutaneous use: US prescribing information (2020). Available at:
http://www.hcp.novartis.com.zzulib.vpn358.com/products/kesimpta/rms.c
(Accessed 15 Aug, 2022).

frontiersin.org


https://doi.org/10.1016/S1474-4422(22)00431-8
https://doi.org/10.1016/S1474-4422(19)30244-3
https://doi.org/10.1002/ana.24117
http://www.hcp.novartis.com.zzulib.vpn358.com/products/kesimpta/rms.c
https://doi.org/10.3389/fimmu.2023.1183488
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

5. Fujihara K. MOG-antibody-associated disease is different from MS and NMOSD
and should be classified as a distinct disease entity - Commentary. Mult Scler (2020) 26
(3):276-8. doi: 10.1177/1352458519895236

6. Marrie RA, Reider N, Cohen J, Trojano M, Sorensen PS, Cutter G, et al. A
systematic review of the incidence and prevalence of sleep disorders and seizure
disorders in multiple sclerosis. Mult Scler (2015) 21(3):342-9. doi: 10.1177/
1352458514564486

7. Hamid S, Whittam D, Saviour M, Alorainy A, Mutch K, Linaker S, et al. Seizures
and encephalitis in myelin oligodendrocyte glycoprotein igG disease vs aquaporin 4 igG
disease. JAMA Neurol (2018) 75(1):65-71. doi: 10.1001/jamaneurol.2017.3196

8. Foiadelli T, Gastaldi M, Scaranzin S, Franciotta D, Savasta S. Seizures and myelin
oligodendrocyte glycoprotein (MOG) antibodies: Two paradigmatic cases and a review
of the literature. Mult Scler Relat Disord (2020) 41:102011. doi: 10.1016/
j.msard.2020.102011

9. Ramanathan S, O'Grady GL, Malone S, Spooner CG, Brown DA, Gill D, et al.
Isolated seizures during the first episode of relapsing myelin oligodendrocyte
glycoprotein antibody-associated demyelination in children. Dev Med Child Neurol
(2019) 61(5):610-4. doi: 10.1111/dmcn.14032

10. Ogawa R, Nakashima I, Takahashi T, Kaneko K, Akaishi T, Takai Y, et al. MOG
antibody-positive, benign, unilateral, cerebral cortical encephalitis with epilepsy.
Neurol Neuroimmunol Neuroinflamm (2017) 4(2):e322. doi: 10.1212/
NXI.0000000000000322

11. Budhram A, Mirian A, Le C, Hosseini-Moghaddam SM, Sharma M, Nicolle MW.
Unilateral cortical FLAIR-hyperintense Lesions in Anti-MOG-associated Encephalitis with
Seizures (FLAMES): characterization of a distinct clinico-radiographic syndrome. J Neurol
(2019) 266(10):2481-7. doi: 10.1007/s00415-019-09440-8

12. Adachi H, Ide Y, Takahashi T, Yoneda Y, Kageyama Y. [Cerebral cortical
encephalitis with anti-myelin oligodendrocyte glycoprotein (MOG) antibody]. Rinsho
Shinkeigaku (2018) 58(12):767-70. doi: 10.5692/clinicalneurol.cn-001224

13. Yao T, Zeng Q, Xie Y, Bi F, Zhang L, Xiao B, et al. Clinical analysis of adult MOG
antibody-associated cortical encephalitis. Mult Scler Relat Disord (2022) 60:103727. doi:
10.1016/j.msard.2022.103727

14. Armangue T, Olive-Cirera G, Martinez-Hernandez E, Sepulveda M, Ruiz-Garcia R,
Murioz-Batista M, et al. Associations of paediatric demyelinating and encephalitic syndromes
with myelin oligodendrocyte glycoprotein antibodies: a multicentre observational study.
Lancet Neurol (2020) 19(3):234-46. doi: 10.1016/S1474-4422(19)30488-0

15. Wang L, ZhangBao J, Zhou L, Zhang Y, Li H, Li Y, et al. Encephalitis is an
important clinical component of myelin oligodendrocyte glycoprotein antibody
associated demyelination: a single-center cohort study in Shanghai, China. Eur |
Neurol (2019) 26(1):168-74. doi: 10.1111/ene.13790

16. Vega E, Arrambide G, Olive G, Castillo M, Felipe-Rucian A, Tintoré M, et al. Non-
ADEM encephalitis in patients with myelin oligodendrocyte glycoprotein antibodies: a
systematic review. Eur ] Neurol (2023) 30:1515-27. doi: 10.1111/ene.15684

Frontiers in Immunology

06

10.3389/fimmu.2023.1183488

17. Waters P, Fadda G, Woodhall M, O'Mahony J, Brown RA, Castro DA, et al..
Serial anti-myelin oligodendrocyte glycoprotein antibody analyses and outcomes in
children with demyelinating syndromes. JAMA Neurol (2020) 77(1):82-93. doi:
10.1001/jamaneurol.2019.2940

18. Cobo-Calvo A, Ruiz A, Maillart E, Audoin B, Zephir H, Bourre B, et al. Clinical
spectrum and prognostic value of CNS MOG autoimmunity in adults: The
MOGADOR study. Neurology (2018) 90(21):e1858-69. doi: 10.1212/
'WNL.0000000000005560

19. Sechi E, Krecke KN, Pittock SJ, Dubey D, Lopez-Chiriboga AS, Kunchok A, et al.
Frequency and characteristics of MRI-negative myelitis associated with MOG
autoantibodies. Mult Scler (2021) 27(2):303-8. doi: 10.1177/1352458520907900

20. Ding J, Li X, Tian Z. Clinical features of coexisting anti-NMDAR and MOG
antibody-associated encephalitis: A systematic review and meta-analysis. Front Neurol
(2021) 12:711376. doi: 10.3389/fneur.2021.711376

21. Fan S, Xu Y, Ren H, Guan H, Feng F, Gao X, et al. Comparison of myelin
oligodendrocyte glycoprotein (MOG)-antibody disease and AQP4-IgG-positive
neuromyelitis optica spectrum disorder (NMOSD) when they co-exist with anti-
NMDA (N-methyl-D-aspartate) receptor encephalitis. Mult Scler Relat Disord (2018)
20:144-52. doi: 10.1016/j.msard.2018.01.007

22. Hou C, Wu W, Tian Y, Zhang Y, Zhu H, Zeng Y, et al. Clinical analysis of anti-
NMDAR encephalitis combined with MOG antibody in children. Mult Scler Relat
Disord (2020) 42:102018. doi: 10.1016/j.msard.2020.102018

23. Rojc B, Podnar B, Graus F. A case of recurrent MOG antibody positive bilateral
optic neuritis and anti-NMDAR encephalitis: different biological evolution of the two
associated antibodies. | Neuroimmunol (2019) 328:86-8. doi: 10.1016/
j-jneuroim.2018.12.003

24. Seyed AM, Ghadiri F, Sahraian MA, Naser MA. Anti-N-methyl-D-aspartate
receptor encephalitis in a patient with multiple sclerosis on dimethyl fumarate: a case
report. Neurol Sci (2021) 42(9):3929-31. doi: 10.1007/s10072-021-05385-x

25. Weihua Z, Shuai G, Changhong R, Xiaotun R, Fang. Pediatric anti-N-methyl-D-
aspartate receptor encephalitis with MOG-Ab co-existence: relapse propensity and
treatability. Mult Scler Relat Disord (2022) 58:103447. doi: 10.1016/
j.msard.2021.103447

26. Dalmau J, Lancaster E, Martinez-Hernandez E, Rosenfeld MR, Balice-Gordon R.
Clinical experience and laboratory investigations in patients with anti-NMDAR
encephalitis. Lancet Neurol (2011) 10(1):63-74. doi: 10.1212/NXI.0000000000000538

27. Patterson K, Iglesias E, Nasrallah M, Gonzalez-Alvarez V, Suiiol M, Anton J,
et al. Anti-MOG encephalitis mimicking small vessel CNS vasculitis. Neurol
Neuroimmunol Neuroinflamm (2019) 6(2):e538. doi: 10.1182/blood-2004-01-0039

28. Teeling JL, French RR, Cragg MS, van den Brakel J, Pluyter M, Huang H, et al.
Characterization of new human CD20 monoclonal antibodies with potent cytolytic
activity against non-Hodgkin lymphomas. Blood (2004) 104(6):1793-800. doi: 10.1016/
$1474-4422(10)70253-2

frontiersin.org


https://doi.org/10.1177/1352458519895236
https://doi.org/10.1177/1352458514564486
https://doi.org/10.1177/1352458514564486
https://doi.org/10.1001/jamaneurol.2017.3196
https://doi.org/10.1016/j.msard.2020.102011
https://doi.org/10.1016/j.msard.2020.102011
https://doi.org/10.1111/dmcn.14032
https://doi.org/10.1212/NXI.0000000000000322
https://doi.org/10.1212/NXI.0000000000000322
https://doi.org/10.1007/s00415-019-09440-8
https://doi.org/10.5692/clinicalneurol.cn-001224
https://doi.org/10.1016/j.msard.2022.103727
https://doi.org/10.1016/S1474-4422(19)30488-0
https://doi.org/10.1111/ene.13790
https://doi.org/10.1111/ene.15684
https://doi.org/10.1001/jamaneurol.2019.2940
https://doi.org/10.1212/WNL.0000000000005560
https://doi.org/10.1212/WNL.0000000000005560
https://doi.org/10.1177/1352458520907900
https://doi.org/10.3389/fneur.2021.711376
https://doi.org/10.1016/j.msard.2018.01.007
https://doi.org/10.1016/j.msard.2020.102018
https://doi.org/10.1016/j.jneuroim.2018.12.003
https://doi.org/10.1016/j.jneuroim.2018.12.003
https://doi.org/10.1007/s10072-021-05385-x
https://doi.org/10.1016/j.msard.2021.103447
https://doi.org/10.1016/j.msard.2021.103447
https://doi.org/10.1212/NXI.0000000000000538
https://doi.org/10.1182/blood-2004-01-0039
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.3389/fimmu.2023.1183488
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The case report of MOG and NMDAR IgG double positive encephalitis treated with subcutaneous ofatumumab
	Introduction
	Case presentation
	Follow-up and outcome
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


