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Introduction
With increased learning about the mechanisms of 
SARS-CoV-2 transmission, pathophysiology and 
interactions, it became clear that COVID-19 
severely affects patients, and aside from respiratory 
symptoms, COVID-19 can lead to neurological 
symptoms and complications directly or indirectly. 
SARS-CoV-2 affects the nervous system directly 
by neurotoxic action, by binding to angiotensin-
converting enzyme-2 (ACE2) receptors or indi-
rectly by inducing cytokine storm leading to 

disruption of the blood-brain barrier, immunologi-
cal mediation, increasing blood coagulation and as 
a trigger for autoimmune mediated demyelinating 
injuries in the central nervous system (CNS).1 
Optic neuritis is the result of optic nerve inflamma-
tion and has varied causes. In many patients, signs 
of inflammation are not visible on the fundus, and 
it usually manifests as papillitis-anterior neuritis, 
retrobulbar neuritis or visible optic nerve oedema.2 
In COVID-19 neuro-ophthalmological manifesta-
tions are not so common.
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Myelin oligodendrocytes glycoproteins (MOG) are 
located on the outermost surface of the myelin sur-
rounding oligodendrocytes. They are found exclu-
sively in the CNS. When there is dysregulation and 
disruption of the blood-brain barrier, these anti-
bodies against MOG enter the CNS and cause 
MOG antibody disease (MOG-AD), a distinct 
form of demyelinating disease. The most common 
presentation of this disease is optic neuritis.3

Here we are reporting a case of a middle-aged adult 
diagnosed with MOG antibody-positive optic neu-
ritis of the right eye post-COVID-19 disease.

Case report
A 44-year-old female presented to the emergency 
department with a gradual loss of vision in the 
right eye for the last 5–6 days, starting with gritti-
ness and heaviness in the right eye. Two weeks 
before the onset of right eye pain, the patient was 
diagnosed positive for COVID-19 by polymerase 
chain reaction after developing a fever, general-
ized body ache and cough for which he was home 
quarantined. Symptomatic treatment was given 
to the patient and no hospitalization was required. 
The loss of vision was unilateral, not associated 
with pain, no similar complaints in the past, no 
family history of any neurological complaints, no 
history of flickering of light, loss of colour vision 
and no history of hypertension, diabetes or other 
cardiovascular diseases, or any history of trauma. 
Routine biochemical and haematological investi-
gations, including electrolytes and hepatic and 
renal functions, were normal. In cerebrospinal 
fluid (CSF) – glucose 63.8 mg/dL, protein 
39.1 mg/dL and ADA-1 µ/L. No oligoclonal 
bands of IgG were seen on high-resolution elec-
trophoresis. Serum test for the antibody screening 
for N-methyl-D-aspartate receptor (NMDA-R), 
glutamic acid decarboxylase, contactin-associated 
protein-like 2 (CASPR2), leucine-rich glioma-
inactivated 1 (LGI1) antibody, ganglioside anti-
bodies and a panel of anti-neuronal antibodies in 
serum and CSF were negative. Serum tested pos-
itive for Anti-MOG-antibodies (Table 1).

Higher mental functions: conscious, cooperative, 
coherent and oriented to time, place and person 
GCS: E4V5M6. Cranial nerves: All are normal 
except the second nerve (optic nerve); in the right 
eye there is no perception of light and in the left 
eye, there is 6/6 vision. Fundus evaluation was 
normal (no papillitis) (Figure 1).

MRI Axial image of the brain and orbits showed 
heterogeneous altered signal intensity which is (a) 
hypointense on both T2 and (b) T2FS in the 
medial aspect of the right orbit involving the 
intraconal compartment. There is a loss of fat 
planes with the right medial rectus muscle. The 
right optic nerve appears bulky and shows fat 
stranding along its entire length. Heterogeneous 
signal intensity was seen along a left optic nerve in 
the region of the optic canal (Figure 2).

A diagnosis of MOG antibody-positive optic neu-
ritis was made, and the patient was started on 
injections of Methylprednisolone with IVIG. 
Each day, the evaluation of the right eye showed 
remarkable improvement from finger counting to 
6/6 vision.

Discussion
Isolated inflammation of the unilateral optic 
nerve in young patients is rare, especially with no 
papillitis. Optic neuritis in young patients is usu-
ally associated with systemic autoimmune or 
other granulomatous diseases, rather than viral 
illness. In our case, COVID-19 infection acts as a 
triggering factor for Anti-MOG antibody-positive 
optic neuritis confirmed by brain MRI and CSF 
analysis. The patient was an RT-PCR confirmed 
case of COVID-19 with mild clinical disease.

MOG antibody disease (MOGAD) is a neurologi-
cal, immune-mediated inflammation of the optic 
nerve, spinal cord and/or brain. MOG protein is 
located on the myelin sheath surface in the CNS. 
While the exact function of this MOG is not 
known, these glycoproteins are the target of the 
immune system. The clinical course of MOGAD 
can be monophasic or relapsing and have a milder 
clinical course than other demyelinating disorders 
which does not meet the criteria for typical multi-
ple sclerosis or other neuroinflammatory illnesses 
like neuromyelitis optica spectrum disorders 
(NMSOD). The severity and specific symptoms 
of MOGAD can vary from patient to patient. 
Patients with MOGAD have previously been 
diagnosed with acute disseminated encephalomy-
elitis (ADEM), optic neuritis (ON), longitudinally 
extensive transverse myelitis and transverse myeli-
tis, based on their pattern of inflammation in the 
brain, spinal cord and optic nerve.4

The two largest clinical trials were done in France 
and the United Kingdom in which anti-MOG 
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Table 1.  Patient pertinent laboratory values.

Pertinent laboratories Laboratory value Reference range

Lupus anticoagulants 0.3 ⩾1.2 is considered positive

Anti-MOG antibody Positive Negative
Positive

Anti-myeloperoxidase (MPO) 
antibodies

1.18 µ/ml >12 IgM
>12 IgG considered positive

C-ANCA antibodies 1.41 µ/ml Negative: ⩽19 AU/mL.
Equivocal: 20–25 AU/mL.
Positive: ⩾26 AU/mL.

Angiotensin-converting enzyme 7.0 µ/L 8–53 U/L

Anti-NMO (Neuromyelitis optica) Negative Not detectable in healthy subjects

Serum anti-aquaporin and IgG (NMO 
Ab) 4

Negative Not detectable in healthy subjects

Anti-nuclear antibody Positive <1:40

Cardiolipin Ab (IgG) 7 0–14 GPL – negative
15–19 GPL – indeterminate
20–80 GPL – Low to moderately positive
81 GPL or above – High positive

Cardiolipin Ab (IgM) 6 0–12 MPL – negative
13–19 MPL – indeterminate
20–80 MPL – Low to moderately positive
81 MPL or above – High positive

PT 10 10–12 s

aPTT 26 30–45 s

INR 0.8 1:2 ratio

D-dimer 12 0–230 ng/mL

Erythrocyte sedimentation rate 16 0 and 15 mm/h

C-reactive protein 7 <10 mg/L

Lactate dehydrogenase 132 100–190 units/L

Homocysteine 20 µmol/L normal < 15 µmol/L

C-ANCA, antineutrophil cytoplasmic antibodies; GPL, unit 1microgram of IgG; MOG, myelin oligodendrocyte glycoprotein; 
MPO, myeloperoxidase; MPL, unit 1microgram of IgM. 

antibodies were present in 44–60% of ON 
patients. In adult patients with late-onset disease, 
both optic nerves were involved and inflamed, 
while young patients frequently developed unilat-
eral ON. Most patients have sudden and severe 
loss of vision, with eye pain at the onset but 
favourable vision outcomes.5,6 Similarly, it is seen 
in our patients.

SARS-CoV-2 is rarely found in the CSF, suggest-
ing that the mechanism of COVID-associated 
neuropathology is different from direct viral tox-
icity. Fleischer et al. reported neurological symp-
toms in 60% of their (n = 102) SARS-CoV-2 
patients out of which 35% were reported positive 
for serum autoantibodies against diverse neuronal 
and glial epitopes.7 No significant correlation 
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Figure 2.  MRI Axial image of the brain and orbits showed heterogeneous altered signal intensity which is 
(a) hypointense on both T2 and (b) T2FS in the medial aspect of right orbit involving intraconal compartment. 
There is loss of fat planes with the right medial rectus muscle. The right optic nerve appeared bulky and shows 
fat stranding along its entire length. Heterogenous signal intensity seen along left optic nerve in the region of 
optic canal.

Figure 1.  Dilated Fundus Examination of right (a) and left (b) eyes. Vitreous: Normal OU. Disc: OD: Grade I disc 
oedema, no pallor, no haemorrhages, no exudates, OS: Grade II disc oedema, no pallor, no haemorrhages, no 
exudates. Cup-to-disc: no cup noted in either optic nerve. Macula: Normal OU. Vessels: Normal OU. Periphery: 
Normal OU.

between the severity of SARS-Cov-2 and the 
presence of anti-MOG antibodies was found.

COVID-19 infection causes a dysregulated inter-
feron response and increases the expression of 
several pro-inflammatory cytokines, including 
IL-1B, TNF and IL-6. This host response 
reached a critical threshold sufficient to activate 
MOG-IgG1 specific B-cells, leading to an 
increased titre of serum MOG antibodies. CD4+ 

and CD8+ T cell responses associated with the 
SARS-CoV-2 virus provide a stimulus for 
bystander activation and co-stimulation of auto-
reactive T- and B-cells.8

These MOG antibodies in serum do not cause 
nervous system disease unless they cross the 
blood-brain barrier. In SARS-CoV-2 kinetics of 
the underlying mechanism of dysregulation of 
the blood-brain barrier is unknown. The 
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Table 2.  Summary of all the published studies.

S.no Age/
sex

COVID-19 
disease

Diagnosis Signs and symptoms Management Outcome Reference

1 44Y/M Mild Optic neuritis, MOG+ve RE 20/200, LE 20/20, RE 
RAPD,
superior arcuate VF 
defect, brain MRI showed 
enhancement in the right 
more than the left optic 
nerve

IVMP 1 g daily for 
5 days, followed 
by oral in tapering 
doses

Remarkable 
improvement 
in VA in OD, 
complete 
recovery in OS

Sawalha 
et al.11

2. 26Y/M Mild MOG‑Ab-associated ON 
in the setting
of 
COVID19‑parainfectious
demyelinating

OU vision loss, OD HM, 
OS 20/250, disc oedema, 
retinal haemorrhage

IVMP, oral steroids 3 weeks 
dramatic 
improvement 
in vision, 
resolution of 
disc oedema

Zhou 
et al.12

3. 63Y/M Moderate MOG‑Ab‑associated ON OD vision loss, VN OD 
20/630, OS 20/20, RAPD, 
MRI orbits were normal

IVMP for 5 days 
followed by oral 
steroids

OS VN 
improved to 
20/63 after 
5 days of IVMP

Žorić 
et al.13

4. 47Y/M MOG antibody-positive 
optic neuritis

OS pain and an upper 
visual field defect, 
with RAPD, MRI orbits 
showed T1 – weighted 
fat-suppressed MRI 
revealed the bilateral (but 
left-dominant) uniform 
enhancement along with 
optic nerve sheaths

IVMP for 3 days 
followed by oral 
steroids

Eye pain 
reduced 
and vision 
improved after 
10 days of 
therapy

Kogure 
et al.14

5. 22Y/M Mild MOG antibody-positive 
optic neuritis

Cortical T2 hyperintensities 
without contrast 
enhancement

IVMP for 5 days Complete 
recovery

Durovic 
et al.15

(Continued)

human-induced pluripotent stem cell (hiPSC) 
model shows infection and multiplication of 
SARS-CoV-2 in various organs and transcrip-
tional changes. This leads to the upregulation of 
interferon signalling pathways in the neurovascu-
lar unit. These neurovascular units maintain the 
physiological function of the blood-brain barrier 
(BBB) and comprise the brain capillary endothe-
lial cells, pericytes, astrocytes, neurons and 
microglia cells. Dysregulation of BBB results in 
the penetration of MOG antibodies in the CNS 
and leads to neuro-inflammatory disorders.

MOGAD diagnosis criteria were published in 2018 
based on expert consensus. According to these cri-
teria, confirmation of MOGAD disease includes 
three necessary components: (1) clinical picture, 
(2) neuroimaging (MRI) or neurophysiological 
examination (in optical neurosis, optical coherence 
tomography or visual-evoked potentials) findings 
remarks demyelinating injury in the CNS, and (3) 

biochemical positive result of MOG-IgG antibody 
test performed with the modern cell-based assay. 
Persistently positive antibodies lead to recurrent 
inflammatory attacks on the CNS.9 Patients who 
are positive for the MOG antibody do not test posi-
tive for the NMO antibody called aquaporin 4 
(AQP-4). AQP-4 is a water channel protein and 
those with NMOSD produce autoantibodies 
against AQP-4. Patients with MOGAD seem to be 
less likely to have other autoimmune disorders 
(such as rheumatoid arthritis, Hashimoto’s thy-
roiditis, etc.) than those with AQP-4 positive 
NMOSD.10 Similarly, it is seen in our patient.

To the best of our knowledge, a total of 17 reports 
identified positive connections between SARS-
CoV-2 and ON, with or without spinal or cerebral 
demyelinating lesions; all were positive for serum 
antibodies against myelin oligodendrocyte glyco-
protein (MOG)4,11–26 (Table 2). Out of these 17 
cases, all appeared during symptomatic 
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Table 2.  (Continued)

S.no Age/
sex

COVID-19 
disease

Diagnosis Signs and symptoms Management Outcome Reference

6. 23Y/M Mild MOG antibody-positive 
optic neuritis

Diffuse left-hemispheric 
cortical FLAIR 
hyperintensity with 
left-hemispheric 
leptomeningeal 
enhancement

IVMP for 5 days, oral 
prednisolone taper

Near complete 
recovery 
with residual 
cognitive 
impairment

Peters 
et al.16

7. 15Y/M Mild MOG‑ab‑associated 
bilateral optic neuritis is 
a presumed COVID‑19 
infection

Vision loss OU, OD 
1/300, OS 1/70, bilateral 
papillary oedema, MRI 
orbits showed bilateral 
oedematous optic 
nerve lesion (OD > OS), 
suggestive of bilateral 
optic neuritis serum anti-
AQP4-IgG negative, but 
anti-MOG-IgG
positive

IVMP for 3 days Significant 
improvement 
after 2 weeks 
of treatment

de Ruijter 
et al.17

8. 69Y/M Mild MOG antibody-positive 
optic neuritis

Bilateral loss of vision; 
fundus examination 
revealed bilateral disc 
oedema. MRI revealed the 
bilateral enhancement 
(along with optic nerve 
sheaths)

IVMP for 5 days 
followed by oral 
steroids

Vision 
improved

Rojas-
Correa 
et al.18

9. 39Y/F Mild MOG antibody-positive 
optic neuritis

MRI revealed the bilateral 
enhancement (along with 
optic nerve sheaths).

IVMP for 5 days 
followed by oral 
steroids

Vision 
improved

Woodhall 
et al.19

10. 38Y/M Mild LE MOG-associated 
retrobulbar neuritis

MRI of the brain and 
spine were normal; 
MRI of the orbits 
showed hyperintense 
lesions along both optic 
nerves, suggestive of 
demyelination Pattern 
Visual-evoked potential 
could not be done due to 
poor vision at presentation; 
flash VEP showed normal 
N2P2 latency with 
decreased normal N2P2 
latency with decreased 
amplitudes in both eyes.

Intravenous 
methylprednisolone 
(1 g/day for 3 days) 
followed by oral 
prednisolone as per 
ONTT protocol

BCVA 
improved to 
20/20 in LE on 
day 7, Vision 
maintained 
at 2 months 
of follow‑up 
with no further 
recurrence

Jossy 
et al.20

11. 11Y/M Moderate MOG antibody-positive 
left optic neuritis

LE Vision loss with 
pain, and disc oedema 
of grade 3 with relative 
afferent pupillary defect, 
without any systemic or 
neurological complaints.

Pulse intravenous 
methylprednisolone 
(1 g/day for 3 days) 
followed by oral 
prednisolone as per 
ONTT protocol

Vision 
improved to 
6/6 on day 10 
in LE

Khan 
et al.21

12. 11Y/F Mild MOG antibody-positive 
left optic neuritis

Progressive vision loss in 
the RE, Grade 4+ RAPD

Intravenous 
immunoglobulin 
2 g/kg with 
methylprednisolone 
30 mg/kg for 5 days 
followed by oral 
prednisolone 2 mg/
kg for 6 weeks

Vision 
improved to 
6/6 on day 10 
in RE

Sinha 
et al.4

(Continued)
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S.no Age/
sex

COVID-19 
disease

Diagnosis Signs and symptoms Management Outcome Reference

13. 41Y/M Severe MOG antibody-positive 
optic neuritis

Impaired left visual acuity 
(20/70), right 20/25 and left 
afferent pupillary defect 
(APD)

IV solumedrol (1 g/
day for 3 days) and 
prescribed oral 
prednisone 1250 mg 
daily

Vision 
improved 
significantly

Colantonio 
et al.22

14. 38Y/F Moderate MOG antibody-positive 
optic neuritis

Diminution of vision with 
painful eye movements

IVMP for 5 days, 
IVIG × 5 days PLEX 
Acetazolamide

Vision 
improved 
significantly

Sardar 
et al.23

15. 44Y/F Moderate CNS inflammatory 
vasculopathy with anti-
MOG

Visual and sensory 
inattention

IVMP × 5days 
tapering 
prednisolone × 5 
doses

Vision 
improved

Pinto 
et al.24

16. 60Y/M Moderate MOG antibody-positive 
optic neuritis

Impaired visual acuity 
(20/200) RE and (20/30) 
left eye.

IVMP × 5 days 
(1 g/day) followed 
tapering oral 
prednisolone

Visual acuity 
improved

Mitarnun 
et al.25

17. 56Y/M Moderate MOG antibody-positive 
optic neuritis

Impaired visual acuity 
(0 logMAR) RE and (0.3 
logMAR) left eye with a 
left relative afferent pupil 
defect.

IVMP × 3 days 
(1 g/day) followed 
tapering oral 
prednisolone

Improved 
visual acuity

Gilardi 
et al.26

AQP, antibody called aquaporin; BCVA, best corrected visual acuity; FLAIR, fluid-attenuated inversion recovery; HM, hand motion vision;   
IVIG, intravenous immunoglobulin;  IVMP, intravenous methylprednisolone; LE, left eye; MOG, myelin oligodendrocyte glycoprotein; MRI, magnetic 
resonance imaging; OD, optic disc; ONTT, long term optic neuritis; OS, left eye; OU, oculus uterque; RAPD, relative afferent pupillary defect; RE, 
right eye; VA, visual acuity; VEP, visual evoked potential; VF, visual field; VN, vision.

Table 2.  (Continued)

COVID-19 with no correlation with the severity 
of SARS-CoV-2 disease and 1 case appeared a few 
weeks after the disease. In all cases, the pre-chias-
mal optic nerve was involved. MOG antibodies 
were measured in all cases for the confirmation of 
diagnosis. In all cases, positive serum MOG anti-
body-IgG antibodies were the diagnostic criteria 
related to COVID-19. MOG antibodies tested 
positive in three cases between 2 and 4 weeks,19,21,22 
whereas in the case reported by Zorić́ et al. and 
Colantonio et  al. MOG-IgG antibodies tested 
positive after 4 weeks and 6 months of SARS-
CoV-2 RT-PCR positive test.13,22 In the remain-
ing cases, MOG-IgG antibodies tested positive 
within 1 week of the SARS-CoV-2 RT-PCR posi-
tive test. Based on a finding of this database, we 
can suggest that the amount of time passed 
between the COVID-19 positive test and subse-
quent MOG-IgG testing should not be dismissed 
solely. In more than half of the cases, analysis of 
cerebrospinal fluid revealed pleocytosis. In con-
trast, only two cases by Sawalha et al. and Pinto 
et al. reported high protein levels in the CSF.11,24 

On further analysis of the cases, two-thirds of 
cases showed T2 hyperintensity and post-contrast 
enhancement in the pre-chiasmal optic nerves 
with sparing of chiasma and optic tract. While 
Woodhall et al. was the only case to report unilat-
eral optic nerve lesions.19 Treatment guidelines 
for MOGAD have not been established, but the 
possible treatment for the management of acute 
episodes are intravenous steroids, plasma exchange 
(PLEX) or IVIG. A significant improvement in 
vision was reported in all cases after initiation of  
intravenous steroids. Only two cases by Sardar 
et al. and Woodhall et al. were treated with plasma 
therapy due to the partial and slow improvement 
in clinical symptoms.23,19

In the present case, COVID-19 infection presum-
ably triggered an autoimmune response in the 
patient, resulting in the production of MOG anti-
bodies. Though it is unclear whether the patients 
had a predisposition to MOG-associated disease, 
which relapsed during COVID-19, or whether 
SARS-CoV-2 set this novel process in action.
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Conclusion
The present case is not able to sufficiently clarify 
the relationship between the two clinical condi-
tions COVID-19 and MOGAD resulting in the 
form of post-infectious neuritis. It is unclear 
whether COVID-19 initiated this ON or was the 
trigger for predisposing non-recognized subclini-
cal MOG antibodies. COVID-19 provides new 
challenges in both cases, shedding light on similar 
cases and adding more knowledge to the already 
present literature.

Declarations

Ethics approval and consent to participate
Our research received ethical approval from 
Institutional Ethics Committee - Human Research 
(IEC-HR) University College of Medical Sciences 
at the University of Delhi with reference no: REC/
UCMS/2022/116, dated June 9, 2022.

Consent for publication
The authors certify that they have obtained writ-
ten informed patient consent. In the form, the 
patient has given his consent for the use of clinical 
information and images to be reported in the 
journal. The patient understands that their name 
and initials will not be published and due efforts 
will be made to conceal their identity, but ano-
nymity cannot be guaranteed.

Author contributions
Ankit Bhardwaj: Conceptualization; Metho
dology; Software; Supervision; Validation; 
Visualization; Writing – original draft; Writing – 
review & editing.

Hara Prasad Mishra: Resources; Writing – 
review & editing.

Ayush Goel: Resources; Writing – review & 
editing.

Ashi Gupta: Resources.

Acknowledgements
I thank my co-authors (HP, AG, and AG) for 
their expertise and assistance in writing the 
article.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

Availability of data and materials
The data that support the findings of this study are 
available on request from the corresponding author, 
(AB). The data are not publicly available due to 
restrictions, for example, because they contain 
information that could compromise the privacy of 
research participants.

ORCID iDs
Ankit Bhardwaj  https://orcid.org/0000-0001- 
6750-8405

Hara Prasad Mishra  https://orcid.org/0000- 
0001-9405-7822

Ayush Goel  https://orcid.org/0000-0002- 
2897-008X

References
	 1.	 Paterson RW, Brown RL, Benjamin L, et al. The 

emerging spectrum of COVID-19 neurology: 
clinical, radiological and laboratory findings. 
Brain 2020 143: 3104–3120.

	 2.	 Hoorah H and Bagherkashi F. Optic neuritis, 
its differential diagnosis and management. Open 
Ophthalmol J 2012; 6: 65–72.

	 3.	 Wynford-Thomas R, Jacob A and Tomassini V. 
Neurological update: MOG antibody disease.  
J Neurol 2019; 266: 1280–1286.

	 4.	 Sinha R, Wander A, Kapoor A, et al. Acute 
demyelinating syndrome (MOG antibody 
positive) associated with COVID-19 infection: 
a widening spectrum. Clin Pediatr 2021; 60: 
501–503.

	 5.	 Jarius S, Paul F, Aktas O, et al. MOG 
Encephalomyelitis: international 
recommendations on diagnosis and antibody 
testing. J Neuroinflamm 2018; 15: 134.
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