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Abstract:

We herein report a case of myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease after
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. A 24-year-old woman developed
unilateral optic neuritis 3 weeks after contracting coronavirus disease 2019 (COVID-19), followed by intrac-
ranial demyelinating lesions and myelitis. Since serum anti-MOG antibody was positive, we diagnosed MOG
antibody-associated disease. Immunotherapy with steroids resulted in the rapid improvement of neurological
symptoms. This is a suggestive case, as there are no reports of MOG antibody-associated disease with multi-
ple neurological lesions occurring after COVID-19. The response to immunotherapy was favorable. This case
suggests that it is important to measure anti-MOG antibodies in patients who develop inflammatory neuro-

logical disease after COVID-19.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has led to the global coronavirus disease
2019 (COVID-19) pandemic (1). SARS-CoV-2 has been
mentioned as a potential candidate for synaptic invasion of
the central nervous system (CNS) and autoantibody produc-
tion (2). In fact, SARS-CoV-2 infection has also been re-
ported to induce inflammatory disease in the CNS (3). How-
ever, there have been only a few cases of myelin oligoden-
drocyte glycoprotein (MOG) antibody-associated disease af-
ter SARS-CoV-2 infection.

We herein report a case of SARS-CoV-2-related MOG
antibody-associated disease, along with a literature review.

Case Report

A 24-year-old woman presented with headache and myal-
gia in mid-April 2021, followed by a high fever two days

later. Nasopharyngeal COVID-19 polymerase chain reaction
(PCR) was found to be positive after four days, and she was
hospitalized for six days. She had no respiratory symptoms,
but a chest computed tomography (CT) showed a pure
ground-glass opacity in the lower lobe of the right lung. She
was treated with acetaminophen during her hospitalization,
and no steroids or other immunosuppressive drugs were
used. Even though she was discharged from the hospital, she
continued to have intermittent high fevers for about two
weeks, but no other systemic or focal symptoms.

In early May, she experienced diminished vision in her
left eye, for which she visited an ophthalmologist. An Ex-
amination showed that the visual acuity in her left eye had
decreased to 0.6, and fundus examination revealed redness
of the left optic nerve papilla (Fig. 1A). Critical flicker fre-
quency (CFF) was reduced to 23 Hz in her left optic nerve
and Goldman perimetry (GP) showed a decrease in sensitiv-
ity around the central area of her left eye (Fig. 1B). Brain
CT revealed mild swelling of the left optic nerve (Fig. 1C),
suggesting left optic neuritis. The vision loss in her left eye,
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Figure 1.

Ophthalmologic findings and brain CT images. A fundus examination revealed redness of

the left optic nerve papilla (A) and GP showed a decreased sensitivity around the central area in her

left eye (B) (L: left side, R: right side). Brain CT showed mild swelling of the left optic nerve compared

to the right (arrowhead) (C).

however, improved spontaneously. In late May, she devel-
oped numbness in the soles of both her feet and the perianal
area, along with difficulty in urinating and defecating;
numbness in the fingertips of both hands also appeared in
mid-June. Since fluid-attenuated inversion-recovery (FLAIR)
magnetic resonance imaging (MRI) of the brain revealed
high-signal lesions, she was referred to our hospital for a
further examination and treatment.

On admission, her body temperature was 36.4 °C, pulse
was 99 beats/min, blood pressure was 104/66 mmHg, and a
general physical examination revealed no abnormalities of
note. Visual acuity in her left eye had already improved to
1.2. A neurological examination revealed tactile hyperesthe-
sia in the distal extremities and perineum. The vibration sen-

sation was decreased in her lower limbs. Romberg’s sign
was positive, and she had difficulty walking. There were no
obvious neurological abnormalities in consciousness, higher
brain functions, cranial nerves, pyramidal tract, coordination,
or deep tendon reflexes.

Blood tests showed no abnormalities in blood counts, the
renal function, electrolytes, or the coagulation function. Se-
rum rheumatoid factor, anti-nuclear antibody, anti-SS-A anti-
body, anti-SS-B antibody, myeloperoxidase-anti-neutrophil
cytoplasmic antibody (MPO-ANCA), serine proteinase 3-
anti-neutrophil cytoplasmic antibody (PR3-ANCA),
other autoimmune markers were negative. Anti-aquaporin 4-
antibody (anti-AQP4 antibody) was negative by both an
enzyme-linked immune sorbent assay (ELISA) and cell-

and
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Figure 2. Brain MRI. Brain MRI on admission showed that the swelling of the left optic neuritis
observed on CT had already improved (A). Brain MRI showed faint T2 high-signal lesions (arrow-
heads) around the trigone and inferior horn of the left lateral cerebral ventricle, near the ventricular

wall above the right ventricular trigone, and in the bilateral subcortical frontal lobes. There were also
scattered small T2 high-signal lesions (arrowheads) in the cerebral white matter (B-G). Contrast-en-
hanced MRI showed a linear enhancement area at the limbus of the lesion in the right superior fron-

tal gyrus (H).

based assay.

An electrocardiogram and chest X-ray showed no abnor-
mal findings. Contrast-enhanced MRI of the brain showed
faint T2 extension lesions around the trigone and inferior
horn of the left lateral ventricle, near the ventricular wall
above the trigone of the right ventricle, and bilaterally in the
subcortical frontal lobes. There were also small, scattered le-
sions in the cerebral white matter. Contrast enhanced linear
areas were seen at the margins of the lesions in the right su-
perior frontal gyrus (Fig. 2B-H). Spinal cord MRI showed
scattered mottled or linear T2 high-signal lesions at the C4-
C5, C5-C6, Th3-Th4, Th6-Th7, and Th11-12 levels. Each
lesion had a faint contrast effect (Fig. 3). A cerebrospinal
fluid (CSF) examination showed a mildly elevated cell count
with mononuclear cell predominance (16 cells/uL). CSF
protein, B2-microglobulin, IgG, and myelin basic protein
(MBP) were elevated at 51 mg/dL, 2.70 ug/mL, 4.2 mg/dL,
and 260 pg/mL, respectively. The IgG index was 0.66, and
oligoclonal bands were positive. There was no elevation of
interleukin-6 (IL-6) in the CSF. The SARS-CoV-2 PCR test
of CSF was negative.

Based on the clinical symptoms, imaging findings, and
CSF findings, we considered the possibility of inflammatory
demyelinating disease of the CNS and decided to treat her
with steroids in the acute phase. We started with 2 courses
of methylprednisolone pulse therapy (1,000 mg/day, for 5
days) and then switched to oral prednisolone. Her lighthead-
edness, dysuria, and dyspepsia improved immediately after
one course of steroid pulse therapy. We initially assumed the
possibility of multiple sclerosis because of the absence of

long lesions in the spinal cord, the presence of periventricu-
lar demyelinating lesions, and positive oligoclonal bands in
CSF. However, during the course of the disease, since serum
MOG antibody was found to be positive by a cell-based as-
say, we ultimately made a diagnosis of MOG antibody-
associated disease. Furthermore, since she met the diagnostic
criteria of acute disseminated encephalomyelitis (ADEM) (4)
and had an episode of optic neuritis, we diagnosed her with
ADEM-optic neuritis (ADEMON) as a clinical subtype of
MOG antibody-associated disease.

Prednisolone was gradually decreased from 40 mg to 15
mg, and the patient was discharged home in early July.
Follow-up MRI of the brain and spinal cord, performed after
discharge showed no new lesions, and the known lesions
had regressed. Currently, she is continuing to take predniso-
lone and has shown no recurrence for four months since her
discharge from the hospital.

Discussion

MOGs are glycoproteins that exist on the surface of oli-
godendrocyte myelin, and antibodies to MOG are known to
cause demyelination in the CNS (5, 6). There are various
types of MOG antibody-associated diseases, that have been
reported to present with a variety of CNS lesions, such as
optic neuritis, myelitis, neuromyelitis optica spectrum disor-
der, ADEM, brainstem encephalitis, cortical encephalitis,
and aseptic meningitis (7). The most common type of MOG
antibody-associated disease varies according to age group,
with ADEM being more common in children and optic neu-
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Figure 3. Spinal cord MRI. Spinal cord MRI showed scattered mottled or linear T2 high-signal le-
sions (arrowheads) at the C4-C5, C5-C6, Th3-Th4, Th6-Th7, and Th11-12 levels (A, B). Each lesion

(arrowheads) had a faint contrast effect (C, D).

Table. Clinical Characteristics of Reported Cases of MOG Antibody-associagted Disease after SARS-CoV-2 Infection.
Patient Time duration from
Case Reference age/ COVID-19 tf) onset CNS lesions CSF findings Treatment Clinical
No of neuroligal outcome
gender
symptoms
1 16 47/M  No symptoms of  Bilateral optic neuritis CSF normal cell cout and chemistry, IVMP, oral Recoverd
infection RT-PCR negative for SARS-CoV-2 steroid
2 17 11/M 2 weeks Bilateral optic neuritis CSF WBC 55 cells/uL, noraml protein ~ IVMP, oral Recoverd
OCB absent steroid
3 18 44/M 2 weeks Bilateral optic neuritis CSF WBC 3 cells/uL, protein 50 mg/dL, IVMP, oral Recoverd
OCB absent steroid
4 2 26/M 2 days Bilateral optic neuritis, CSF WBC 55 cells/uL, protein 31 mg/dL,, IVMP, oral Recoverd
myelitis OCB present RT-PCR negative for steroid
SARS-CoV-2
5 19 44/F 1 weeks CNS inflammatory ~ CSF WBC 13 cells/uL, protein 507 mg/L, IVMP, oral Recoverd
vasculopathy RT-PCR negative for SARS-CoV-2 steroid, PE
6 Current case ~ 24/F 3 weeks Unilataral optic CSF WBC 16 cells/uL, protein 51 mg/dL, IVMP, oral Recoverd
neuritis, myelitis, CNS OCB present RT-PCR negative for steroid
demyelinatining SARS-CoV-2
lesions

CNS: central nervous system, WBC: white blood count, OCB: oligoclonal band, IVMP: intravenous methylprednisolone, PE: plasma exchange

ritis being more common in adults (8).

In the present case, optic neuritis due to MOG antibody-
associated disease developed three weeks after SARS-CoV-2
infection, suggesting a correlation between the two. The re-
lationship between para-infectious or post-infectious demye-
linating disease and prior viral infection has been studied for
many years, and a report on patients with ADEM indicated
that 93% had a history of viral infection within 3 weeks be-
fore the onset of neurological symptoms (9). The mecha-
nism of central neuropathy is thought to involve molecular
homology, in which various viral antigens induce immune
responses directed against CNS myelin proteins, including
MOG (10).

It was previously reported that 36.4% of patients had neu-
rological symptoms after SARS-CoV-2 infection, with dizzi-
ness and headache appearing in 16.8% and 13.1% of pa-
tients, respectively (11). In addition, multiple sclerosis (12),

meningoencephalitis (13), ADEM (14), acute hemorrhagic
necrotizing encephalitis (3), Guillain-Barré syndrome (14),
and Miller Fisher syndrome (15) have been reported as neu-
rological diseases induced after SARS-CoV-2 infection, al-
though there are only a few reports on MOG antibody-
associated disease. In a review of 43 cases of inflammatory
disease of the CNS following SARS-CoV-2 infection, only 2
were known to be positive for anti-MOG antibodies (3). Ta-
ble summarizes the reported cases of MOG antibody-
associated diseases after SARS-CoV-2 infection, including
this case (2, 16-19). So far, six such cases (including this
case) have been reported, five in adults and one in a child.
In five of the cases, neurological symptoms appeared several
days to weeks after the onset of infectious symptoms. In one
case, a PCR test revealed SARS-CoV-2 infection, although
there were no symptoms related to SARS-CoV-2. The most
common lesion was optic neuritis alone in three cases. In
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one case, both optic neuritis and myelitis were present, and
in one case, only brain lesions were observed. In our case,
the optic nerve, spinal cord, and brain were all affected. Of
the four patients presenting with optic neuritis, the condition
was bilateral in three cases, and only our patient had unilat-
eral optic neuritis. A CSF examination was performed in all
patients. Four patients had mildly elevated CSF cell levels,
and three patients had mildly elevated CSF protein levels.
SARS-CoV-2 PCR tests in CSF were performed in four
cases, all of which were negative. Oligoclonal bands in the
spinal fluid were examined in four cases and were positive
in the present case and in the cases showing optic neuritis
and myelitis. In all cases, steroid pulse therapy and oral ster-
oids were administered in the acute phase, with favorable
treatment responses. Only one patient required plasma ex-
change.

Various mechanisms might be involved in MOG antibody-
associated diseases after SARS-CoV-2 infection, as de-
scribed below. First, SARS-CoV-2 has been shown to stimu-
late host immune responses, most notably leading to acute
respiratory distress syndrome (ARDS). It has been reported
that up to 29% of patients with SARS-CoV-2 infection de-
velop ARDS after SARS-CoV-2 infection (20). Cytokines
and inflammatory markers, such as C-reactive protein, D-
dimer, interleukin-2 (IL-2), IL-6, interleukin-7 (IL-7),
interleukin-10 (IL-10), granulocyte colony stimulating factor,
interferon-y inducible protein 10 kDa (IP10), monocyte che-
motactic protein 1 (MCP1), macrophage inflammatory pro-
tein 1A (MIP1A), and tumor necrosis factor oo (TNFa), have
been shown to be activated in patients with severe COVID-
19 (2). In addition, a previous report showed that severe
CNS inflammatory diseases, such as acute hemorrhagic ne-
crotizing encephalitis, are more likely to occur in severe
COVID-19 than in non-severe COVID-19 (3). There have
also been reports of autoimmune diseases associated with
SARS-CoV-2, such as anti-phospholipid antibody syndrome,
Kawasaki disease, Miller Fisher syndrome, and Guillain-
Barré syndrome, suggesting that SARS-CoV-2 might trigger
autoantibody production (2). In this case, the patient’s fever
persisted for about three weeks after SARS-CoV-2 infection,
which might have triggered a strong immune response and
the production of anti-MOG antibodies. The angiotensin-
converting enzyme 2 receptor, which is the target of SARS-
CoV-2, is expressed on endothelial cells in several organs,
including the brain, and a histopathological examination of
COVID-19 patients revealed lymphocytic endotheliitis in the
lung, heart, kidney, small intestine, and liver (21). In the
present case, both brain and spinal cord lesions showed con-
trast enhancement in the lesions, suggesting disruption of
the blood-brain barrier. This disruption of the blood-brain
barrier secondary to endotheliitis in the brain might have fa-
cilitated the entry of anti-MOG antibodies into the CNS and
accelerated the pathogenic process. According to previous
reports, oligoclonal band positivity is high in multiple scle-
rosis, whereas oligoclonal band positivity is thought to occur
in less than 15% of patients with anti-MOG antibody-related

diseases (22, 23). In this case, oligoclonal bands were posi-
tive in the CSF, which is atypical for anti-MOG antibody-
related diseases, suggesting increased production of anti-
MOG antibodies due to SARS-CoV-2 infection, and transfer
of antibodies into the CSF due to disruption of the blood-
brain barrier.

In summary, we experienced a case of anti-MOG
antibody-associated disease after SARS-CoV-2 infection.
This report is important, as there have been no reports of
multiple CNS lesions after SARS-CoV-2 infection. The re-
sponse to immunotherapy in our patient was favorable. Our
experience suggests that it is important to measure anti-
MOG antibodies in patients who develop CNS inflammatory
disease after SARS-CoV-2 infection.
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