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A B S T R A C T   

Background: Over the past two years, SARS-CoV-2 has frequently been documented with various post and para- 
infectious complications, including cerebrovascular, neuromuscular, and some demyelinating conditions such as 
acute disseminated encephalomyelitis (ADEM). We report two rare neurological manifestations post-COVID-19 
infection; multiple sclerosis (MS) and myelin oligodendrocyte glycoprotein antibody-associated disease 
(MOGAD). Further, we reviewed other CNS inflammatory demyelinating diseases (IDDs) associated with SARS- 
CoV-2, including optic neuritis (ON) and neuromyelitis optica spectrum disorders (NMOSD). 
Methods: A descriptive analysis and literature search of Google Scholar and PubMed was conducted by two in
dependent reviewers from December 1st, 2019, to March 30th, 2022, and included all the case studies of MS, 
MOGAD, NMOSD, and ON associated with COVID-19 infection. 
Case presentations: Case 1 (MS) was a 24-year-old female with paresthesia and bilateral weakness one week after 
COVID-19 symptom onset who showed demyelinating plaques and 12 isolated oligoclonal bands (OCBs). Case 2 
(MOGAD) was a 41-year-old male with encephalomyelitis 16 days after COVID-19, who later developed MOG- 
antibody-associated optic neuritis. 
Results: Out of 18 cases, NMOSD was the most common post-COVID manifestation (7, 39%), followed by MOGAD 
(5, 28%), MS (4, 22%), and isolated ON (2, 11%). The median duration between the onset of COVID-19 symptom 
onset and neurological symptoms was 14 days. 61% of these were male, with a mean age of 35 years. IVMP was 
the treatment of choice, and nearly all patients made a full recovery, with zero fatalities. 
Conclusions: Although these neurological sequelae are few, physicians must be cognizant of their underlying 
pathophysiology and associated clinical and neuro-diagnostic findings when treating COVID-19 patients with 
atypical presentations.   

1. Introduction 

Coronavirus disease (COVID-19), caused by the SARS-CoV-2 virus, 
began as a rampant pandemic in 2020 and remains a severe public 
health crisis today, affecting millions worldwide (WHO, 2022). Among 

the reported post-infectious sequelae, the prevalence of neurological 
manifestations associated with COVID-19 infection is estimated between 
35 and 85% and includes various inflammatory and demyelinating 
disorders (Chou et al., 2021; Nolen et al., 2022; Karsidag et al., 2021). 
Viral organisms often display neurotropic and invasive properties, such 
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that an infection can lead to acute and long-term neurologic complica
tions (Desforges et al., 2019; Kim et al., 2017). Central nervous system 
(CNS) injury in these circumstances can result either from an autoim
mune response towards the virus or directly due to inoculation of the 
CNS; this is most true of respiratory viruses, including coronaviruses 
(CoV), with ample evidence of their presence in the brain or cerebro
spinal fluid (CSF) (Karsidag et al., 2021; Desforges et al., 2019; Wu et al., 
2020). 

Coronaviruses (CoV) are a group of enveloped RNA viruses that are 
responsible for previous outbreaks (SARS-CoV and MERS-CoV) and have 
reportedly led to diseases like encephalitis, ischemic stroke, and 
Guillain-Barre syndrome (GBS) (Kim et al., 2017). One significant his
topathologic finding in these was the demolition of the myelin sheath 
covering nerve fibers (Kim et al., 2017). SARS-CoV-2, with similar ge
netic and clinical characteristics to its predecessors, has also been 
discovered with demyelination in autopsy reports of COVID-19 patients 
with coexisting neurological illnesses (Nolen et al., 2022). Disorders 
such as acute demyelinating encephalomyelitis (ADEM), transverse 
myelitis (TM), and others have been described as post and para- 
infectious complications (Al-Ramadan et al., 2021; Moreno-Escobar 
et al., 2021; Lahiri and Ardila, 2020). Immunological dysfunction and 
elevated cytokine levels implicated in the pathogenesis of COVID-19 
infection have been broadly investigated as a trigger for many of 
these, suggesting that SARS-CoV-2 may contribute to the induction or 
exacerbation of long-term neuropathologies (Ismail and Salama, 2022). 

Here, we report a series of two patients with radiologically typical 
and rarely documented post-COVID demyelinating presentations: mul
tiple sclerosis (MS) and myelin oligodendrocyte glycoprotein antibody- 
associated disease (MOGAD). Further, we conducted a quantitative 
analysis of other CNS inflammatory demyelinating diseases (IDDs) 
associated with COVID-19 infection, including neuromyelitis optica 
spectrum disorder (NMOSD) and optic neuritis, and have discussed the 
pathophysiologic mechanisms leading to these complications. Using 
these case descriptions, we summarize the primary clinical and imaging 
features and highlight the relevance of CNS-targeting antibodies in the 
diagnostic process. Our aim through this review is to familiarize and 
guide clinicians in their approach towards these rare yet burgeoning and 
potentially disabling post COVID-19 neurological manifestations. 

2. Methods 

2.1. Literature search 

A retrospective chart review of Google Scholar and PubMed was 
conducted by two independent researchers from December 1st, 2019, to 
March 30th, 2022. Data was requested using keywords: (Multiple Scle
rosis OR MS) AND (Coronavirus Disease 2019 OR COVID-19 OR SARS- 
CoV-2); (Myelin oligodendrocyte glycoprotein antibody-associated dis
ease OR MOG-IgG mediated disease OR MOG-IgG+ disease OR MOGAD) 
AND (Coronavirus Disease 2019 OR COVID-19 OR SARS-CoV-2); 
(Neuromyelitis Optica OR Neuromyelitis Optica Spectrum Disorders 
OR NMO OR NMOSD) AND (Coronavirus Disease 2019 OR COVID-19 
OR SARS-CoV-2); and (Optic Neuritis OR ON) AND (Coronavirus Dis
ease 2019 OR COVID-19 OR SARS-CoV-2). Results were carefully veri
fied to avoid duplicates or overlapping publications. 

2.2. Inclusion and exclusion criteria 

All related case studies published in English which reported MS, 
MOGAD, NMOSD, and ON diagnosis following COVID-19 infection were 
included. Our exclusion criteria were as follows: (a) other CNS or pe
ripheral nervous system (PNS) demyelinating diseases, (b) other types of 
coronavirus (SARS-CoV/MERS-CoV) infections, (c) articles written in 
any language other than English, and (d) review articles. 

2.3. Data acquisition 

From the qualified papers, we extracted information for each patient 
as available: publication date, country, age/gender, comorbidities, 
duration between COVID-19 symptoms and neurological symptom 
onset, clinical presentation, CSF findings, serum aquaporin-4 (AQP4)/ 
myelin oligodendrocyte glycoprotein (MOG) antibody status, imaging 
findings, as well as treatment and outcomes. 

3. Case studies 

3.1. Case 1: relapsing-remitting multiple sclerosis (RRMS) 

A 24-year-old previously healthy female presented to our clinic on 
February 14th, 2022, for a second opinion regarding a recent magnetic 
resonance image (MRI) brain finding suggestive of MS. On September 
29th, 2021, she tested positive for COVID-19; within a week, she 
developed numbness and new-onset weakness, starting in her left leg, 
which ascended bilaterally. According to the NIH guidelines and ATS/ 
IDSA severity index, this patient was categorized as a mild form of 
COVID-19 infection (Metlay et al., 2019) (Diagnosis and Treatment of 
Adults with Community-acquired Pneumonia, 2022). Over the next few 
months, the weakness in her lower extremities progressed as she 
struggled with stairs and incline walkways. Electromyography (EMG) 
performed at an outside neurology facility was normal. Ultimately, she 
required a cane for ambulation and presented to us with an MRI brain 
scan (without contrast) that revealed a posterior right frontal and 
subcortical white matter lesion with subtle periventricular signal 
changes. 

The patient was admitted for further investigations, including an 
MRI of the brain, cervical, and thoracic spine, which all demonstrated 
demyelinating plaques (Fig. 1). Lumbar puncture (LP) showed elevated 
CSF protein levels of 52 mg/dL and 12 isolated oligoclonal bands (OCBs) 
in the CSF. Serum AQP4 and MOG-IgG antibodies were negative. A 
comprehensive autoimmune and infectious panel was unremarkable, 
including antinuclear antibodies (ANA), neutrophil cytoplasmic anti
bodies (ANCA), ENA screen SS-A/Ro and SS-B/La antibodies, anti-Smith 
(Sm) antibodies, RNP antibodies, anti-Scl-70 antibodies, anti-double- 
stranded DNA (dsDNA) antibodies, anti-chromatin antibodies, anti- 
centromere antibodies, and antimitochondrial antibodies. Vitamin B12 
and folate levels were within normal limits. The diagnosis of RRMS was 
confirmed, and the patient received IVMP for five days (tolerated 
without complications), after which she showed partial improvement in 
motor function. On her follow-up visit, she displayed steady progress in 
gait and motor strength; she is now scheduled to start a disease- 
modifying therapy (DMT). 

3.2. Case 2: myelin oligodendrocyte glycoprotein antibody-associated 
disease (MOGAD) 

A 41-year-old male with a history of hypertension tested positive for 
SARS-CoV-2 in early November 2020 and was categorized with mild 
COVID-19 infection (as per the NIH guidelines and the ATS/IDSA 
severity index) (Metlay et al., 2019; Diagnosis and Treatment of Adults 
with Community-acquired Pneumonia, 2022). However, 16 days after 
the diagnosis, he experienced confusion, shivering, paresthesia, gait 
instability, and urinary retention. He was then admitted and underwent 
an MRI of the spine and brain with and without (w/wo) contrast, which 
displayed abnormal T2-hyperintensity from C2-C4 without post-contrast 
enhancement, suggestive of longitudinally extensive transverse myelitis 
(LETM) and post-infectious transverse myelitis (Fig. 2). Subsequent CSF 
analysis revealed 45/uL nucleated cells (90% lymphocytes), 116 mg/dL 
protein, 37 mg/dL glucose, zero OCBs, and an IgG index of 0.48; serum 
NMO/anti-AQP4 antibodies were negative. On day 6 of admission, a 
repeat brain MRI indicated a new T2-FLAIR lesion of the left corona 
radiata and right parietal subcortical white matter. CSF was negative for 
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viral PCR, and antibiotics were discontinued; yet, the patient remained 
confused and lethargic. IVMP 1 g/day was administered for five days, 
following which his mental status improved, and a diagnosis of post- 
infectious COVID-19 encephalomyelitis was made. The patient was 
stable and discharged 22 days after admission, without deficits. 

Six months later, he returned with a mild left-sided headache and 
ipsilateral retro-orbital pain with visual blurriness occurring over one 
week. Ophthalmologic examination showed impaired left (20/70) and 
right (20/25) visual acuity, along with left afferent pupillary defect 
(APD). Brain and orbital MRI w/wo contrast showed pre-chiasmatic 
(intracanalicular) enhancement of the left optic nerve, suggestive of 
optic neuritis (Fig. 2). The patients concerning encephalopathy, optic 
neuritis, and spinal and brain lesions raised concern for CNS inflam
matory post-COVID 19 sequelae. MOG-IgG antibody levels were sent out 
and tested commercially at the Mayo Clinic via live-cell fluorescent- 
activated cell sorting assay, which was positive in the serum (1:1000), 
suggestive of post-COVID MOGAD syndrome. MRI of the brain also 
showed a decreased conspicuity of the previously visualized white 
matter lesions. During this admission, he was restarted on IVMP (1 g/ 
day for three days) and was also scheduled to receive five cycles of PLEX 
therapy. The patient stated significant improvement in his visual acuity 
and was eventually discharged with a prescription for oral prednisone. 
At the follow-up visit with neurology, he reported that his vision had 
nearly returned to baseline. He also no longer experiences any pain and 
is currently stable since his last admission. Per our recommendations 
and infectious disease clearance, the patient will continue monthly IVIG 
therapy for suspected post-COVID MOGAD optic neuritis. 

4. Results 

We obtained the data of 18 individuals (from a total of 18 case re
ports) with specific CNS demyelinating manifestations associated with 
COVID-19 infection (Table S1) (Zhou et al., 2020; Pinto et al., 2020; 
Domingues et al., 2020; Zoghi et al., 2020; Palao et al., 2020; Corrêa 
et al., 2021; de Ruijter et al., 2020; Sawalha et al., 2020; Batum et al., 
2020; Yavari et al., 2020; Moore et al., 2021; Peters et al., 2021; Žorić 
et al., 2021; Kogure et al., 2021; Sardar et al., 2021; Ghosh et al., 2020; 
Barone et al., 2021; Azab et al., 2021). Most of these were male (n = 11) 
[61%], with a mean age (range) of 35 (15–63) years and a median 
duration of 14 days between the onset of COVID-19 symptoms onset and 
neurological symptoms (three cases did not outline the specific interval) 
(Zhou et al., 2020; Batum et al., 2020; Yavari et al., 2020). Comorbid
ities were present in one-third of the patients (n = 6) [33%], with dia
betes mellitus (DM) type 2 being the most common (n = 2) and non- 
febrile seizures being the only pre-existing neurologic condition seen 
in a single patient (Peters et al., 2021); (data unavailable for two cases) 
(Domingues et al., 2020) (Batum et al., 2020). Out of the 18 cases, seven 
(39%) were diagnosed with neuromyelitis optica spectrum disorder 
(NMOSD), five (28%) with MOG-antibody disease (MOGAD), four 
(22%) with multiple sclerosis (MS)/MS phenotypes, and two (11%) with 
isolated optic neuritis (ON). 

NMOSD (n = 7) was commonly seen with signs of myelitis (n = 4), 
such as motor (peripheral weakness), sensory (paresthesia/dysesthesia), 
autonomic (urinary retention), and hypo/areflexia, along with intrac
table vomiting (n = 2), hiccoughs (n = 1), or other features (n = 1) 
indicative of APS (area postrema syndrome); optic neuritis was noticed 
in two cases (one unilateral and one bilateral), with unilateral blindness 
seen in the third. Among these, one with seronegative (AQP4 Ab-) 

Fig. 1. MRI Brain sagittal FLAIR images 1(A) showed ovoid periventricular white matter lesion (yellow arrows) and left temporal lesion and corresponding 
enhancement on axial images 1(B) (yellow arrow) & 1(C) (orange arrow). MRI sagittal STIR images 1(D) of the cervical spine reveal patchy multiple short segment 
hyperintensity with prominent cord lesion at C2-C3, C4-C5, C5-C6 (yellow arrow), and 1(E) post-contrast sagittal image showed abnormal enhancement at C4-C5 
(orange arrow). MRI sagittal STIR image (1F) of the thoracic spine showed intramedullary mid-thoracic cord lesion at T6-T8 (yellow arrow) with corresponding 
abnormal enhancement at T6 (orange arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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NMOSD was simultaneously diagnosed with idiopathic intracranial 
hypertension (IIH) (Sardar et al., 2021), while another was associated 
with acute myositis and autoimmune thyroiditis (Barone et al., 2021). 
Interestingly, AQP4 Ab+ encephalomyeloradiculitis (n = 1) (Corrêa 
et al., 2021) and seronegative encephalomyelitis (with possible APS) (n 
= 1) (Zoghi et al., 2020) were also noted as hyperintense contrast- 
enhancing lesions on T2-weighted and FLAIR imaging in areas typical 
of NMOSD: the anterior fornix, subfornical organ, corticospinal tract, 
and corpus callosum. Others displayed characteristic MRI findings such 
as LETM in the cervico-thoracic spine (n = 4) or optic nerve hyper
intensity with contrast optic/peri optic enhancement (n = 3). 

Among the patients with MOGAD (n = 5), the most frequent mani
festations were MOG-associated ON (n = 3), myelitis (n = 1), enceph
alitis (n = 1), and CNS inflammatory vasculopathy (n = 1). Symptoms 
included headache (n = 2), ocular pain (n = 2), visual impairment (n =
2), cognitive changes (n = 1), and limb weakness/incoordination (n =
1). Orbital MRI of MOG IgG-mediated ON (n = 3) revealed bilateral and 
uniform enhancement of optic nerve sheaths (without overt involve
ment of the chiasm) (n = 2) or was completely normal with only 
microangiopathic/cortical reductive signs on MRI brain (Žorić et al., 
2021). Myelitis (n = 1) appeared as patchy T2-hyperintensities in the 
lower cervical/upper thoracic regions with mild central thickening and 
enhancement. Other findings included diffuse cortical T2-FLAIR 
hyperintensity (with leptomeningeal enhancement) in encephalitis (n 
= 1) and bilateral T2-hyperintensity in the centrum semiovale in CNS 

vasculopathy (n = 1). 
Two out of the three patients (67%) with MS were female who pre

sented with visual changes, such as diplopia (n = 2), blurred vision (n =
2), and ipsilateral internuclear ophthalmoplegia (INO) [n = 1]. CSF 
OCBs were positive for only two of these (Palao et al., 2020) (Moore 
et al., 2021) (five and unspecified OCBs, respectively), with a lumbar 
puncture (LP) not performed in the third (Yavari et al., 2020). Radio
logic findings showed distinctive multiple (n = 2) or single (n = 1) T2- 
hyperintense lesions, most commonly periventricular (n = 2) in loca
tion, with active plaques on MRI of the brain and unilateral enhancing 
optic nerve lesion on orbital MRI (n = 1). Clinically isolated syndrome 
(CIS) (n = 1) was reported in a female patient as unilateral paresthesia 
with a single non-enhancing cervical spine lesion, normal MRI brain, 
negative OCBs, and concomitant CSF RT-PCR positive for SARS-CoV-2 
(Domingues et al., 2020). 

Isolated ON was either unilateral (n = 1) or bilateral (n = 1) in 
presentation. Both cases experienced complete visual loss, wherein one 
with seropositive MOG-IgG antibodies (Sawalha et al., 2020) attained 
total recovery only in the left eye; CSF analysis (including OCBs) and 
serum AQP4/MOG-IgG antibodies were unavailable for the second pa
tient, who eventually gained partial improvement in acuity and colour 
depth perception (Azab et al., 2021). Imaging results included 
enhancing and hyperintense swelling of the optic nerves (intraorbital 
segments) on orbital MRI (n = 2) and mild optic disc swelling (n = 1) on 
OCT. 

Fig. 2. MRI orbit Axial T1- weighted pre-contrast 2(A) and post-contrast 2(B) reveals abnormal enhancement of left optic nerve prechiasmatic (intracanalicular); 
(orange arrow). Fig. 2(C) Optical Coherence Test (OCT) showing baseline and follow-up retinal nerve fiber layer thickness with thinned ganglion cell layer and 
overall stable rest of the retinal layer on the left compared to the right. MRI sagittal STIR images 2(D) of the cervical spine reveal patchy short segment hyperintensity 
with prominent cord lesion at C2, C4-C5 (yellow arrow); 2(E) shows axial cut with cord signal alteration at C4-C5 (yellow arrow), and 2(F) post-contrast sagittal 
image showed abnormal enhancement at C2 (orange arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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The treatment of choice was intravenous methylprednisolone (IVMP) 
(n = 16); other options included plasmapheresis (PLEX) (n = 5), intra
venous immunoglobulin (IVIG) (n = 3), IV antibiotics (n = 3), antivirals 
(n = 2), and immunosuppressants, such as rituximab (n = 2), azathio
prine (n = 1), and interferon (IFN) beta-1a (n = 1). Overall, outcomes 
were favorable, with nearly all patients achieving a complete recovery 
and zero fatalities. 

5. Discussion 

Virus-induced demyelination is not a novel concept and has been 
observed in numerous human and animal studies (Soldan and Jacobson, 
2016; Das, 2010; Johnson and Institute of Medicine (US) Forum on 
Microbial Threats, 2004). For example, the Epstein-Barr virus (EBV), a 
highly B-cell tropic virus, has been overwhelmingly implicated in the 
pathogenesis of MS (Bar-Or et al., 2020) (Guan et al., 2019) (Schirinzi 
et al., 2021). In fact, it has proven a direct role in MS by interacting with 
genetic and environmental factors and increasing the susceptibility and 
severity of attacks; this association highlights the role of viral infection 
in neurological damage and explains the application of B-cell depleting 
therapies in MS (Bar-Or et al., 2020) (Guan et al., 2019). Similarly, 
COVID-19 is a potential risk factor for demyelination in the peripheral 
and central nervous systems (Schirinzi et al., 2021; Shabani, 2021). 
Along with MS and MOGAD, as seen in our patients, we documented all 
existing cases of NMOSD and optic neuritis associated with the SARS- 
CoV-2 infection (Table S1). Other disorders such as TM, ADEM, acute 
inflammatory demyelinating polyneuropathy (AIDP), and acute necro
tizing encephalopathy have also been described in literature as post and 
para-infectious CNS complications (Nolen et al., 2022; Al-Ramadan 
et al., 2021; Moreno-Escobar et al., 2021; Lahiri and Ardila, 2020). 
However, due to their extensive reporting, we decided to focus our 
research on these uncommon CNS inflammatory demyelinating diseases 
(IDD) associated with post COVID-19 infection. 

SARS-CoV-2 can invade the CNS either through immune-mediated 
processes or direct invasion (Karsidag et al., 2021; Kim et al., 2017). 
Infection results from hematogenous or neuronal retrograde dissemi
nation via disruption of the nasal epithelial barrier or cribriform plate 
(Ismail and Salama, 2022). Autoptic evidence of monocyte, macro
phage, and T-lymphocyte infiltration into the neurovascular walls of 
COVID-19 patients, suggests that SARS-CoV-2 and pro-inflammatory 
cytokines (IL-1β, IL-6, and TNF-α) can cross the blood-brain barrier 
(BBB), leading to increased glial activation and the death of neurons and 
oligodendrocytes (Shabani, 2021; Mohammadi et al., 2020). Other 
mechanisms include antibody production against myelin via molecular 
mimicry, activation of toll-like receptors (TLRs), and the affinity for 
angiotensin-converting enzyme 2 (ACE2) receptors, which can all cause 
CNS involvement and consequently lead to myelin destruction (Ismail 
and Salama, 2022; Mohammadi et al., 2020). CSF evaluation can be a 
mild indicator of this; for example, increased CSF protein has been noted 
in most COVID-19 patients with neurological complications, along with 
occasional lymphocytic-predominant pleocytosis (Tandon et al., 2021). 
However, SARS-CoV-2 itself has been challenging to detect in the CSF of 
these patients. None of the 30 patients in the study by Neumann et al. 
had a positive CSF RT-PCR; in another review, only 12% of the tested 
cases were positive for CSF antibodies towards SARS-CoV-2 with evi
dence of intrathecal synthesis (Neumann et al., 2020; Lewis et al., 2021). 

MS is a classic example of an autoimmune CNS disease characterized 
by chronic inflammation and demyelination (Thompson et al., 2018a). 
Cytokine storm, seen in response to SARS-CoV-2 infection, aids in this 
immune-mediated process by creating a milieu of chemokines and T-cell 
subsets, such as Th17 (IL-17), Th1 (IL-2), and Treg (IL-10) (Espíndola 
et al., 2021; Wu and Yang, 2020; Satheesh et al., 2021); most of these are 
known to induce attacks in patients with MS and amplify the autoim
mune status in genetically-predisposed individuals (Schirinzi et al., 
2021; Satheesh et al., 2021; Kunkl et al., 2020; Boucher et al., 2007; 
Kebir et al., 2007). Clinical features primarily involve visual changes 

(such as diplopia, nystagmus, and INO), along with fatigue and sensory 
disturbances like paresthesia (Ghasemi et al., 2017; Hauser and Goodin, 
2014). These correlate well with our review, wherein symptoms 
occurred during the recovery phase or within a few weeks of the onset of 
COVID-19 (Table S1). Similarly, MRI findings diagnostic of MS were also 
seen, including multiple hypersignal plaques, optic nerve inflammation, 
and demyelinating lesions (Table S1) (Thompson et al., 2018b). OCBs 
and elevated proteins in the CSF are reliable markers of MS; however, 
only two patients reported positive OCBs, with one being unspecified in 
number (Palao et al., 2020; Moore et al., 2021). In contrast, CSF analysis 
in our patient (Case 1) revealed 12 OCBs, much higher than those in 
previous studies (Table S1). Moreover, this case presented typical clin
ical and imaging findings, including periventricular demyelinating 
plaques on MRI, meeting the criteria for dissemination in space and time 
for MS (Thompson et al., 2018b). It is essential to recognize that the 
pathogenic sequences leading to MS in our patient may have already 
begun prior to COVID-19 disease (through genetic or environmental 
influences), in which case, SARS-CoV-2 may have acted as a precipi
tating factor rather than being a direct cause of MS (Olsson et al., 2017). 

Another demyelinating disorder that can be triggered by COVID-19 
and targets the optic nerves, brain, and spinal cord is MOG-IgG- 
associated disease (MOGAD). Myelin Oligodendrocyte Glycoprotein 
(MOG) is a cell adhesion molecule that belongs to the immunoglobulin 
(Ig) superfamily and is located on the surface of CNS myelin and oli
godendrocytes (Brunner et al., 1989). It maintains the stability of oli
godendrocytes, and antibodies against MOG (MOG-IgG) have emerged 
as a reliable serological biomarker for a subset of CNS IDD, the most 
common of which is optic neuritis (ON) (Cobo-Calvo et al., 2018; Mar
iotto et al., 2017; Johns and Bernard, 1999). Likewise, MOG-mediated 
ON was the most frequent manifestation of MOGAD in our study; 
others included myelitis, encephalitis, and CNS vasculopathy (Table S1). 
Based on these results, it would be beneficial to consider MOG-IgG 
testing in COVID-19 patients with new-onset neurologic symptoms, 
potentially compatible with MOG-IgG–mediated disease. Here, we re
ported a case of post-COVID MOGAD (Case 2) with a typical presenta
tion of ON six months after the initial infection, whose earlier findings 
were suggestive of post-infectious COVID-19 encephalomyelitis (when 
MOG-IgG titers were not tested). Eventually, he showed an excellent 
response and achieved a near-complete resolution of symptoms with 
steroids and IVIG therapy. 

On the contrary, neuromyelitis optica (NMO) is an IDD associated 
with antibodies against aquaporin-4 (AQP4), a protein on the water 
transport channel membrane of astrocytes (Lennon et al., 2005). It has 
historically occurred as a para-infectious complication of multiple bac
terial and viral infections (including mycobacterium pneumonia, VZV, 
and HSV) and coexisted with other autoimmune disorders (such as 
myasthenia gravis), as confirmed in one of our cases (Barone et al., 
2021) (Sellner et al., 2010; Park et al., 2013; Machado et al., 2015; 
Nakamura et al., 2017; Flanagan et al., 2016). The term NMO spectrum 
disorders (NMOSD) covers the entire clinical spectrum of this distinct 
disorder, which was defined and stratified based on AQP4-antibody 
(AQP4-Ab) serology status by the 2015 International Panel for NMO 
Diagnosis (IPND); among the cardinal features were ON, TM, area 
postrema syndrome (APS), and brain or brainstem involvement (Wing
erchuk et al., 2015). Furthermore, although pathogenic AQP4-Abs are 
unique to NMO (Lennon et al., 2005), roughly 10–33% of all NMOSD 
cases are seronegative for AQP4-Ab, out of which nearly half carry 
serum MOG-Abs (Hamid et al., 2017a) (Hamid et al., 2017b) (Hyun 
et al., 2016). Indeed, these reflect the clinical vignettes of our patients 
wherein a slightly higher proportion of AQP4-Ab-negative cases were 
found (43%), with one of these (33%) being MOG-IgG-positive in a 
young male with acute bilateral ON (de Ruijter et al., 2020), a feature 
seen more commonly with MOG-Ab-positive NMOSD (Table S1) (Sato 
et al., 2014) (Kitley et al., 2014). 
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6. Conclusion 

CNS IDDs, such as MS and MOGAD, are a heterogeneous group of 
disorders, many of which are associated with viral infections, including 
COVID-19. All cases discussed here displayed characteristic radio
graphic and clinical features, including both of our original patients 
(Cases 1 and 2). Since the detection of SARS-CoV-2 in the CSF has been 
limited, clinicians may rely on these attributes, along with specific 
antibody titers, as the early identification of these distinct entities is 
imperative in informing their respective treatment. Therefore, while 
these neurological sequelae are few, physicians must be cognizant of 
their underlying pathophysiology and neuro-diagnostic findings, as 
identified in this paper, when treating COVID-19 patients with atypical 
presentations. Moreover, given our evolving understanding of viral- 
induced demyelination and post-acute COVID-19 immunopathology, 
we may consider serologic SARS-CoV-2 IgG screening in a patient with a 
history of a recent viral illness and new-onset manifestations consistent 
with these CNS IDDs, in the near future. 
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