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Abstract: Reports of neuro-ophthalmological manifestations and complications in patients
with coronavirus disease 19 (COVID-19) are still scarce. The aim of this article is to present
optic neuritis, as possible post-infectious manifestation of COVID-19. Four weeks after
hospitalization for seropositive coronavirus disease 19 (COVID-19), presented as bilateral
bronchopneumonia, with radiology and laboratory findings also pointed to high clinical
suspicion to COVID-19, a 63-year-old man developed a headache and subacute and profound
visual loss on his right eye. The disease presentation was the right eye papillitis.
Inflammatory parameters were normal at the time of hospitalization, and IgM and IgG for
SARS-CoV-2 were still positive. After corticosteroid pulse therapy, his vision improved
significantly and on follow-up visits returned to normal. All laboratory and radiology
findings were unremarkable, except for antibodies against SARS-CoV-2 and myelin oligo-
dendrocyte glycoprotein (MOG). We discuss about capacity of SARS-CoV-2 to cause optic
neuritis and possible significance of MOG antibodies in similar cases.
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Introduction

After the WHO declared the COVID-19 pandemic, in March 2020, the number of
the reports of the other organ systems involvement by SARS-CoV-2 virus has
increased, aside of, reasonably, the respiratory ones. This was particularly the
case for the nervous system.' In contrast, there have been only a handful of
clinically significant ophthalmological and neuro-ophthalmological cases.

The nervous system can be affected by SARS-CoV-2 via several mechanisms:
directly, by neurotoxic action, when the virus reaches the nervous system by
different routes and binds to angiotensin-converting enzyme 2 (ACE2) receptors,
cytokine storm with blood-brain barrier disruption and immunological mediation,
and by increased blood coagulation and blood clot formations.®

Optic neuritis is inflammation of the optic nerve, and it has varied causes.* The
usual manifestations are papillitis-anterior neuritis, with visible optic nerve head
edema and retrobulbar neuritis, in which signs of inflammation are not visible on
the ocular fundus.

Neuro-ophthalmological manifestations are rare in COVID-19."°" Three
reports identified connections between SARS-CoV-2 and optic neuritis, with or
without spinal or cerebral demyelinating lesions, associated with serum antibodies
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against myelin oligodendrocyte glycoprotein (MOG).%®
Two cases appeared during symptomatic COVID-19, and
one appeared a few weeks after the disease.

MOG is a glycoprotein located on the outermost sur-
face of the myelin surrounding oligodendrocytes. It is
found exclusively in the central nervous system (CNS).
When antibodies against MOG enter the CNS, they cause
MOG antibody disease (MOG-AD), a distinct form of
demyelinating disease. The most consistent presentation
of the disease is optic neuritis.'®

In light of the small number of cases of optic nerve
inflammation related to COVID-19 and their association
with anti-MOG antibodies, we present a case and discuss
possible connections.

Case Report

In July 2020, a 63-year-old man developed fatigue, short-
ness of breath, dry cough and fever to 38°C. A chest
radiograph revealed bilateral bronchopneumonia, more
prominent on the left. Nasopharyngeal swab for the real-
time polymerase chain reaction (RT-PCR) test for SARS-
CoV-2 was negative. However, serology was positive for
IgM and IgG antibodies against the virus. His erythrocyte
sedimentation rate (ESR) was 75 mm/h, C-reactive protein
(CRP) was 103.5mg/l, D dimer was 1281.05 ng/mL, lac-
tate dehydrogenase (LDH) was 505 U/L, and ferritin 1004
ng/mL. His complete blood count was within normal lim-
its (5.3x10” leucocytes, with slight predomination of gran-
(84%)).
unremarkable, except for an elevated glucose level (8

ulocytes Other biochemical analyses were
mmol/l). His oxygen saturation (SpO,) was 92%. Due to
high clinical suspicion of COVID 19, he was hospitalized
and treated with antibiotics and anticoagulant therapy. His
history was positive for arterial hypertension, treated
appropriately. Metformin was introduced in his therapy,
with additional diabetes mellitus type II diagnosis. Ten
days after presentation, he was discharged from the hospi-
tal with SpO, 96%, improved chest x-ray findings and
improved clinical status. His laboratory values returned
to normal over the subsequent two weeks. Seven days
later, a nasopharyngeal swab was again negative. Viral
serology remained positive for IgM and IgG, and he had
lymphopenia (9%).

Four weeks later, he developed blurred vision in his
right eye. Initially, visual acuity was normal, but within
a week it decreased to 20/630 (0.03) on the right and
remained normal (1.0) on the left eye. He had a small
fundus. The other

papillary edema on the right

ophthalmological findings were orderly. At that time he
complained of a headache, predominantly on the right
side. He was directed to our clinic for suspicion of anterior
arteritic ischemic optic neuropathy (AAION).

He was hyperopic (+3.5D OD and +2.0D OS), with
additional presbyopia correction. He reported that 20 years
prior, he suffered from headaches on the left side, resem-
bling cluster headaches. His personal and family histories
were unremarkable. On admission to our hospital, PCR for
SARS-CoV-2 was repeated and it was negative. IgM and
IgG antibodies remained positive.

Examination of his right fundus was notable for partial
swelling of the optic nerve head and ganglion cell layer
(Figure 1A). There was a relative afferent pupillary defect
(RAPD). Other ocular fundus findings were normal bilat-
erally. His right eye was almost perimetrically blind, with
visual field index (VFI) 1% and mean deviation (MD)
—31.56dB; the pattern deviation (PSD) was not shown
for a severely depressed field, and left eye had also
a sensitivity reduction: VFI of 90%, MD —7.23 and PSD
1.86 dB.

Serology tests were negative for Borrelia burgdorferi,
human immunodeficiency virus, herpes simplex, varicella
zoster, cytomegalovirus, Epstein-Barr virus and hepatitis
B and C viruses. QuantiFERON gold test for tuberculosis
was negative. Angiotensin-converting enzyme levels were
within normal values. Antinuclear antibody (ANA), anti-
neutrophil cytoplasmic antibodies (ANCA) and rheuma-
toid factor (RF) tests were within normal range, as were
antiphospholipid and anticardiolipin antibodies. An aqua-
porin 4 (AQP4) antibody test was negative. The following
were also normal: ESR, CRP, fibrinogen, D-dimer, coagu-
lation times, ferritin and homocysteine. Plain chest and
head radiographs revealed no abnormalities. The only
suspicious result which arrived in the meantime was reac-
tive result for Venereal Disease Research Laboratory
(VDRL) test. We consulted an infectologist, and agreed
with him to do Western blot for 7. pallidum

He was treated only with pulse methylprednisolone
therapy of 1000 mg for five days in the clinic, with
gastroprotection and glucose and blood pressure monitor-
ing. On the fifth day of therapy his visual acuity was
significantly better (20/63 or 0.3), and visual field showed
significant improvement (Figure 2A). The headache
stopped during the first days of therapy.

Brain magnetic resonance imaging (MRI) was per-
formed on the seventh day of hospitalization, in three
planes with multiaxial reconstruction, before and after
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Figure | (A) Optic coherence tomography (OCT) of optic nerve head (OHN) shows edema of the right eye optic nerve head (OD), as thickening of retinal nerve fiber
layer (RNFL) and ganglion cell complex (GCC) (given in Summary Parameters and temporal-superior-nasal-inferior-temporal (TSNIT) and on table and graphic on the right
side of image). Values for the left eye (OS) are normal. (B) Four months after optic neuritis-the right eye optic disc edema is withdrawn and some atrophic changes appeared,
most prominently in superior quadrant and as average thinning of RNFL (marked in yellow) and focal loss volume (FLV%) (marked in red) on the right eye (OD), compared
to the left eye (OS) normal values.
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Figure 2 (A) Computed perimetry (visual field) at the end of pulse corticosteroid therapy-on the left eye (left side of figure) there is some sensitivity and pattern reduction
(MD and PSD values); on the right eye (right side of figure) variables are still disturbed, but better than initial ones (described in the text): VFI 57%, mean defect (MD) is
halved (—15.05 dB) and pattern deviation (PSD) is now differentiated into scotomas. (B) normalization of visual field, four months later, with residual slight reduction of
sensitivity on the right eye (right side of figure).
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the application of paramagnetic contrast. It revealed only
microangiopathic and cortical reductive signs, a neuroglial
cyst of 5 mm on the right temporal side, and normal
appearing orbits and optic nerves. Spinal medulla on cer-
vicothoracal contrast MRI was without significant altera-
tions, with signs of spondyloarthrosis and hyperostosis.

After hospitalization, he was treated with prednisone
tapering therapy for two weeks. On follow-up, three weeks
later, he brought a Western blot tests for T. pallidum,
which we ordered because of previous VDRL test result.
The Western blot was negative for all antigenic bands for
IgG and IgM. We consulted a neurologist who did not
identified any neurological disorders. His right visual
acuity was 20/25 (0.8), and disk edema was resolved
entirely. The left eye had normal functions. We ordered
MOG antibodies, and two weeks later, we received posi-
tive result (titer 1:40, indirect immunofluorescence, cut
off 1:10).

At his final 3-month follow up, his visual acuity and
computed visual field on the right eye were normal (VOD
20/20 or 1.0; Figure 2B). The visual evoked potentials (3C
PVEP) showed slightly prolonged latency of the pl100
wave, and OCT suggested slight thinning of optic nerve
fibers and ganglion cells, after optic neuritis (Figure 1B).
The MOG antibodies titer was 1:20 and SARS-CoV-2
titers for IgM and IgG were 17.32 and 40.02, respectively.

Discussion

Isolated inflammation of the optic nerve in older adults is
rare, especially in the form of unilateral papillitis. If optic
neuritis manifests in an elderly, it is usually associated
with systemic autoimmune or other granulomatous dis-
eases, rather than previous viral illness.* At the age of
our patient, the diagnosis was more likely to be ischemic
optic neuropathy than optic neuritis. However, his clinical
course, laboratories findings and excellent therapeutic
response suggest the diagnosis of optic neuritis, without
other disorders, and most likely related to previous sero-
positive COVID-19 and MOG antibodies.

The exact role of MOG is unclear. It is thought to act
as a cellular adhesive molecule, involved in regulating
oligodendrocyte microtubule stability and to mediation of
the complement cascade.'”

MOG antibodies are associated with MOG-AD, a rare
and specific group of demyelinating diseases.'""'> The
clinical course can be monophasic or relapsing and usually
has milder and more favorable clinical course than other
demyelinating diseases. Optic neuritis may be the only

manifestation. However, it most frequently manifests as
AQP4-seronegative neuromyelitis optica, in adults in their
40s or in combination with acute disseminated encephalo-

(ADEM), in
11,12

myelitis children, or brainstem
encephalitis.

Although MOG-AD can occurs without any apparent
inciting or predisposing cause, it has been found asso-
ciated with post-infectious demyelination following infec-
tions with herpes simplex virus, Borrelia and Epstein—Barr
virus."> ¢ The prevailing mechanism of injury is felt to
involve molecular mimicry, where a variety of potential
viral antigens trigger an immune response directed toward
endogenous CNS myelin proteins, including MOG."”

MOG antibodies can be found in serum. However, they
do not cause nervous system disease until they cross the
brain-blood barrier, usually due to inflammation or infec-
tion associated with elevated serum antibodies.'® Antibody
synthesis occurs mostly extrathecally and cerebrospinal
fluid testing is not usually required. MOG antibody titers
are higher in relapse than in remission. In monophasic
disease, decreasing titers are usually found.'*'"

In experimental animals MOG antibodies are proven
neuro-pathogenic factors, and disease can be provoked by
coronaviruses.”’ >

Our patient is not the only one who demonstrated
a connection between SARS-CoV-2 and MOG antibodies
in the context of optic neuritis.”® Reports are scarce,
which is understandable in the pandemic situation.
Nevertheless, they are sufficient to be informative. Only
one case was described following viral infection.” Given
the affinity of the virus to nervous tissues and cytokine
storms during disease progression, the number of post-
infectious cases should be higher.

Our patient was followed according to our current
capabilities. Therefore, there are some limitations in our
report.

Our patient was tested for MOG antibodies after com-
pletion of therapy. MOG antibodies in his serum were
present. However, the titers were not very high.
Therefore, we need to consider the possibility of the influ-
ence of immunosuppressive corticosteroid therapy on
these titers. Two months after the first analysis, the titer
remained positive, but was one-half of the previous value.
This
Nevertheless, the follow-up period needed to be longer.

finding might suggest monophasic disease.
Our patient had no signs of demyelinating disease on MRI,
and the consulting neurologist found no other reasons to

perform cerebrospinal fluid puncture and analysis. The
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only finding that suggests an autoimmune process was the
MOG antibodies.

Our testing method involved immunohistochemistry,
which requires serum titers above 1:10. Usually recom-
mended method for MOG antibodies titer is the cell-based
assay.”* The patients in three previously mentioned cases
had MOG antibodies.®® Not all authors reported the test-
ing methods or titer levels. Only Sawalha et al reported
serum titers in a man with bilateral optic neuritis,” and
Zhou et al in a man with optic neuritis and myelitis.®

The second limitation is that the PCR of the patient’s
nasopharyngeal swab was negative for SARS-CoV-2
negative three times, but antibodies, while IgM and
IgG were positive. The presence of antibodies rises
rapidly by the day 15 of onset of the disease, while
RNA detectability declines between 15 and 39 days.?
Despite exceptions that prove the rule, the most frequent
sequence of virus-specific antibody conversion begins
with an early IgM response, followed by a later emer-
gence of IgG. These antibodies can appear synchro-
nously and IgM can even appears after 1gG.>° The
levels of IgG antibodies in our patient are high enough,
several months after his first hospitalization, but it is
similar for igM antibodies. Regarding PCR testing,
bronchoalveolar lavage sample testing can be positive
in cases with nasopharyngeal swab negative results.?>**’

The consensus opinion is that diagnostic serology is of
limited value, and PCR is preferred. Nevertheless, serol-
ogy tests can be used for specific purposes such as for
hospitalized patients with a suggestive clinical pictures
and when there is a divergence between PCR and com-
puted tomography findings.*®

Our patient had bilateral bronchopneumonia, with labora-
tory results highly suspicious for COVID-19. It is, also,
crucial to note that our patient was seropositive only for
SARS-CoV-2, and not for other pathogens or diseases.
Nevertheless, the viral antibodies titers were not monitored
when his first hospitalization, and exact values of SARS-CoV
-2 antibodies were only obtained at his final follow-up visit.

In our patient, and the three others reported with optic
neuritis,* ® COVID-19 infection presumably triggered an
autoimmune response and the production of MOG antibo-
dies. It is unclear whether the patients already had
a predisposition to MOG associated disease, as in the
described relapse of MOG-AD in a patient during
COVID-19, or if the virus set a novel process in motion.

Conclusion

Our patient had two still insufficiently clinically clarified
conditions (COVID-19 and MOG-AD), which were possi-
bly related in the form of post-infectious optic neuritis.
Whether MOG antibodies play a pathogenic role in this
and similar conditions, or whether they represent an inci-
dental or additional effect (epiphenomenon), remain unclear.
It is also questionable whether COVID-19 initiated his optic
neuritis, or was merely a trigger for previously existing or
predisposing non-recognized or subclinical disease. In any
case, the COVID-19 pandemic provides new challenges,
shedding light on and similar cases.
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