CASE REPORT ’.

Neuromyelitis Optica
Associated With SARS-CoV-2

A first case report of NMO potentially incited by SARS-CoV-2 infection.
By Tzu-Ying Chuang, MD, PhD and Dhanashri Miskin, MD

Case
Initial Clinical Presentation
and Diagnostic Testing

Mr. C, age 48, developed
fevers, headache, and a poor
appetite 2 weeks before pre-
senting to an outside hospital with hallucinations. On
exam, he exhibited lethargy, confusion, agitation, and
short-term memory loss.

Cerebrospinal fluid (CSF) analysis showed white blood
cell count (WBC) of 128/mcL [92% lymphocytes], pro-
tein 104 mg/dL (normal range:15-40 mg/dL), and glucose
58 mg/dL (normal range: 40-70 mg/dL) and mild positivity
for herpes simplex virus (HSV) antibodies. Findings of CSF
analysis were negative for bacterial culture, cytology, anti-
bodies to the N-methyl b aspartate receptor (NMDAR),
syphilis antigens, cryptococcal antigen, and varicella zoster
virus (VZV).

Serum studies demonstrated positive antineuronal
antibodies with mildly elevated titer of 1:160 speckled
(rheumatologic treatment was not recommended). The
remainder of the serologic studies were unremarkable,
including vitamin B12, folate, rapid plasmin reagent (syphi-
lis), antibodies to B. burgdorferi (Lyme disease), quantiferon
gold, and tick-borne disease antibody panel. A 24-hour
urine copper test was negative. Continuous EEG monitor-
ing showed diffuse slowing consistent with encephalopa-
thy without electrographic seizures. Brain MRI showed
meningeal enhancement, and MR angiography showed no
vascular abnormalities.

Inpatient Course, Testing, and Treatment

Mr. C’s clinical course during a 4-week hospital stay was
complicated by development of urinary retention and
syndrome of inappropriate antidiuretic hormone secretion
(SIADH). At approximately 2 weeks he had developed leu-
kopenia and lymphocytopenia.

SARS-CoV-2 testing was not performed at this time.
Repeat CSF analysis showed increased lymphocytic pleo-
cytosis with WBC 171/mcL [99% lymphocytes], protein
112 mg/dL, and glucose 61 mg/dL. Results were negative
for CSF antibodies to NMDAR antibody and cultures and
cytology remained negative. Chest, abdominal, and pelvic
CT with contrast were negative for malignancy.

Because both encephalopathy and urinary retention
spontaneously improved, Mr. C did not receive treatment
and was ultimately felt to have meningoencephalitis of
unknown etiology and discharged.

Return Presentation Testing and Treatment

Mr. C developed recurrence of urinary retention, consti-
pation, and new ascending paresthesias in the bilateral lower
extremities approximately 2 weeks after his initial discharge
and returned to the outside hospital (8 weeks after initial
symptoms). SARS-CoV-2 nasopharyngeal PCR was positive
at presentation, and serum IgM test was positive 5 days
later, although Mr. C had no respiratory symptoms.

Spinal MRI revealed T2 signal abnormality throughout the
cervical (C3-C7) and thoracic (T10) spinal cord with patchy
enhancement consistent with transverse myelitis (Figure 1).
Creatine kinase (CK) was mildly elevated at 262 IU/L (nor-
mal range: 22-232 IU/L). Analysis of CSF was not repeated
because of Mr. C's COVID-19 positive status. He was treated
with intravenous methylprednisolone 1000 mg daily for
5 days and had 5 sessions of therapeutic plasma exchange.
After completing treatment, his bilateral lower extremity
weakness and paresthesias improved and he was transferred
to rehabilitation with residual right lower extremity weak-
ness, approximately 13 weeks after his initial symptom:s.

Relapse Presentation, Testing, and Treatment
Approximately 3 weeks later, Mr. C developed ascend-

ing bilateral lower extremity weakness and paresthesias,

urinary retention with constipation, hand dysesthesias and
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Figure 1. Longitudinally Extensive Transverse Myelitis (LETM). Sagittal T2 MRI of the cervical (A) and thoracic (D, E) spine shows
extensive cord signal abnormality. Sagittal T1 postgadolinium MRI of the spine (B) shows patchy enhancement. Axial T2 MRI of the
cervical (C) and thoracic spine shows abnormal signal intensity located centrally in the spinal cord as is characteristic in NMOSD.

weakness, and intractable hiccups. He presented to our
hospital for further evaluation.

The previous day, Mr. C's CK level had been elevated to
2,812 IU/L. SARS-CoV-2 nasopharyngeal PCR was negative
on 2 consecutive days. Analysis of CSF redemonstrated
lymphocytic pleocytosis with WBC 41/mcL [83% lympho-
cytes], protein 73 mg/dL, and glucose 60 mg/dL. Although
the CSF IgG synthesis rate was elevated to 6.6 mg/day
(normal range: —9.9-3.3 mg/day), findings were negative for
IgG index, oligoclonal bands, SARS-CoV-2 PCR, angiotensin
converting enzyme (ACE), Epstein Barr virus (EBV), and
cytology. Cell-based assay of CSF for antibodies to myelin
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oligodendrocyte protein (MOG) and the cell membrane
water channel aquaporin 4 (AQP4) were negative. Cell-
based assay of serum was negative for antibodies to MOG
but positive for antibodies to AQP4 at titer of 1:1000.

Brain MRI showed minimal scattered nonenhancing
frontal lobe foci of demyelination and a focus of enhance-
ment in the dorsal medulla suggesting active demyelin-
ation (Figure 2). MRI of the total spine showed increased
T2 signal abnormality from the cervicomedullary junction
to the spinal cord terminus.

Mr. C was treated with intravenous methylprednisolone
1,000 mg for 5 days and then transitioned to an oral pred-
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Figure 2. Area Postrema Syndrome From Dorsal Medullary Lesion. Axial brain MRI (A) and axial fluid-attenuated inversion recovery
(FLAIR) MRI (B) show T2 hyperintense lesion in the dorsal medulla (B, arrow), and axial T1-post gadolinium MRI (C) shows enhance-

ment of the dorsal medullary lesion (arrow).

nisone taper while undergoing 5 sessions of therapeutic
plasma exchange. He was treated with intravenous ritux-
imab 1,000 mg just prior to discharge to an acute rehabili-
tation facility and received a second infusion of rituximab
1,000 mg as an outpatient 2 weeks later. At the time of his
second rituximab infusion, approximately 21 weeks after
his initial symptoms, Mr. C had improved urinary retention
and left lower extremity strength but reported persistent
right lower extremity weakness with frequent and painful
muscle spasms.

Discussion

The number of known neurologic manifestations of
SARS-CoV-2 infection have been rapidly accumulating in
the literature. Various mechanisms have been postulated
including virus-induced hyperinflammatory and hyperco-
agulable states, direct virus infection of the central nervous
system (CNS), and postinfectious or immune mediated
processes. SARS-CoV-2 has been shown to cause numer-
ous neurologic sequelae, including meningoencephalitis,
ischemic or hemorrhagic stroke, and acute disseminated
encephalomyelitis (ADEM)."? Following respiratory symp-
toms, acute transverse myelitis has also been reported.>”
Neuromyelitis optica (NMO) is a rare inflammatory demy-
elinating disease of the CNS, predominantly affecting the
optic nerves and spinal cord.? The pathogenic mechanism
of NMO has been attributed to specific autoantibodies to
AQP4; however, the etiology or primary immunizing event
remains poorly understood. Some studies have suggested a
triggering role for infectious agents.’

We report a case of NMO occurring in a person who
initially presented with acute meningoencephalitis of
unknown etiology and was found to be SARS-CoV-2 anti-
body positive shortly thereafter. To the best of our knowl-
edge, this is the first report in which SARS-CoV-2 infection
preceded a clinical attack of NMO.

NMO is diagnosed by the presence of at least 1 of 6 core
clinical characteristics and detection of antibodies to
AQP4. The core clinical characteristics each implicate 1 of
6 CNS regions: optic nerve, spinal cord, area postrema of
the dorsal medulla, brainstem, diencephalon, or cerebrum.®
Our patient, Mr. C, had 2 core clinical characteristics
including spinal cord lesions spanning more than 3 seg-
ments and area postrema syndrome (ie, intractable hic-
cups, nausea, and vomiting) because of a dorsal medullary
lesion. Positive serum testing for antiAQP4 confirmed the
diagnosis of NMO.

Viral infections usually precede NMO in 15% to 35% of
cases, but their linkage with antibodies to AQP4 remains
unclear. Possible mechanisms to explain the association
of autoimmunity with viral infection are bystander activa-
tion, in which microbes damage AQP4-rich tissue leading
to activation of AQP4-specific T and B cells, or molecular
mimicry, in which the activation of B cells produces anti-
bodies that recognize both microbial epitopes and self-
epitopes (ie, AQP4)."°

Outside of the CNS, AQP4 is expressed in numerous
cell types including fast twitch skeletal muscle fibers, the
basolateral membrane of epithelial cells in the stomach
and intestines, epithelial airway cells, and the principal

OCTOBER 2020

51



CASE REPORT

and collecting duct cells in the kidney."" Peripheral organ
dysfunction has become increasingly recognized in NMO.
Specifically, complement activating antiAQP4 also tar-
gets sarcolemma AQP4 channels in people with NMO."
HyperCKemia has been seen in individual cases of NMO
and quantitative serum CK levels have been found to be
significantly higher during vs in between NMO relapses.'
In this context, Mr. C's CK levels above 2000 IU/L was
indicative of active NMO. Viral infections affecting periph-
eral tissue, such as AQP4-rich muscle, may induce myositis
causing bystander activation of AQP4 T and B cells, the
latter of which produce antiAQP4. Peripherally, muscle
tissue may also be affected by these antibodies leading to
hyperCKemia and myopathy in NMO.

In the CNS, AQP4 clusters in perivascular astrocyte foot
processes. Elimination of AQP4 in mouse models suggests
arole in ependymal resorption of CSF as these animals
have accelerated cerebral ventricle expansion and elevated
intracranial pressure (ICP)."%1>

Astrocyte damage mediated by antiAQP4 occurs via
the complement pathway and agents targeting this path-
way decrease inflammation, astrocytic injury, and rates of
relapse in NMO."® Eculizumab, a humanized monoclonal
IgG which binds to complement protein C5 preventing
terminal complement activation, was recently approved
for the treatment of NMO.

Interleukin-6 (IL-6) receptor levels have been shown to be
increased at the time of an NMO relapse, and the plasma-
blast population also increases during this phase. Therefore,
in refractory NMO, monthly infusions of tocilizumab, an IL-6
receptor-blocking antibody, should be considered to poten-
tially decrease antiAQP4 production and reduce the num-
bers of circulating plasmablasts.'®'” As this article goes to
press, another anti-IL-6 receptor-blocking antibody, satrali-
zumab has also been approved for the treatment of NMO.™

Conclusion

We hypothesize Mr. C's acute meningoencephalitis was
caused by primary SARS-CoV-2 infection considering the
detection of SARS-CoV-2 antibodies and positive naso-
pharyngeal swab test on subsequent hospitalization. It is
plausible this triggered an initial acute attack of NMO and
subsequent relapse. This is the first case report of NMO
potentially incited by SARS-CoV-2 infection. While causal-
ity remains difficult to prove, the temporal relationship
between SARS-CoV-2 infection and NMO attack in this
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case seems compelling for parainfectious phenomenon.
Further reports are needed to confirm this association. |
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