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Abstract
Objective

To shed light on the clinical characteristics, magnet resonance imaging(MRI) changes, and prognosis of
myelin oligodendrocyte glycoprotein antibody (MOG-IgG) positive OPN in Han Chinese.

Methods

We observed 39 MOG-IgG positive patients in our ward from January 1, 2017, to December 31, 2019.
Twenty patients met OPN inclusion criteria included contrast enhancement surrounding the optic nerve,
and at least one of the following clinical symptoms: 1) reduction of visual acuity, 2) impairment of visual
field, and 3) eye pain. Single course group(n=11) and recurrence group(n=9) were used for comparison.
Outcome variables included Wingerchuk visual acuity classification.

Results

Of the 20 patients with MOG-IgG positive OPN, 12(60%) were women. Ten cases (50%) presented with
bilateral and 17 eyes (56.67%) with severe visual loss (SVL,< 0.1). Twenty-one(70.00%) eyes showed
edema of optic disc. Twenty-five eyes (83.3%) had longitudinally extensive perineural enhancement. At
follow-up, 4 (13%) eyes still had SVL, while 26 (87%) eyes had no SVL, and of the 19 ON patients, 3 (9%)
eyes still had SVL. Seven patients (35.00%) experienced at least a relapse(median interval 13.5 months ),
and of the 19 ON cases, 4 (21%) patients experienced relapse. The relapse occurred more often

in younger patients than the older (mean year: 38.00 vs. 45.54 years; P = 0.025). There were no optic
chiasm and brainstem lesions.

Conclusions

MOG-IgG positive OPN in Han Chinese often causes severe bilateral visual loss and longitudinally
extensive perineural lesion. Younger patients are more likely to relapse. Optic chiasm and brainstem
lesions were relatively rare.

Introduction

Optic perineuritis (OPN), a rare disease in clinic, is an inflammatory disorder characteristic of the optic
nerve sheath enhancement, which was firstly reported by Purvin in 1883'2. Most OPN were unilateral
idiopathic, and some patients were associated with infection and autoimmune diseases®~ 14, specifically
including Behcet syndrome?#, syphilis®, herpes zoster®, tuberculosis’, sarcoidosis 8~°, Wegener
granulomatosis'?, giant cell arteritis'! and Crohn’s disease’? and so on'3'4. And the hyaluronic acid
injections can also cause OPN'°.

Myelin oligodendrocyte glycoprotein(MOG) antibody associated disorders presented with acquired
demyelinating diseases. Many patients developed relapsing optic neuritis which was characterized by
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optic nerve head swelling, retrobulbar involvement, a long lesion length and, frequently, bilateral
involvement'®. Concurrent perineural enhancement was a prominent feature of MOG antibody(MOG-IgG)
positive optic neuritis(ON) and present in up to 50% of patients. However, primary MOG-IgG positive OPN
was only reported in a few case reports'”8. In this study, we collected the data of patients in Han
Chinese with MOG-IgG positive OPN to demonstrate their clinical characteristics, magnet resonance
imaging (MRI) changes, and prognosis.

Methods
Patient Inclusion

An observational case study, at the Department of Neurology, Beijing Tongren hospital, Capital Medical
University. The medical records of the patients with MOG-IgG seropositive OPN from January 1,2017 to
December 31, 2019, were reviewed. Our protocol was approved by Institute Review Board of Beijing
Tongren Hospital, Capital Medical University of China, and permitted by the patients.

The most common lesion of MOG-IgG positive OPN in adults sited in the optic nerve, which is manifested
by optic nerve sheath enhancement by MRI /- 19722 MOG-IgG positive OPN patient inclusion criteria
included contrast enhancement sur-rounding the optic nerve, and at least one of the following clinical
symptoms1,3[23: 1) reduction of visual acuity, 2) impairment of visual field, and 3) eye pain. The onset
age was older than 14 years old. The serum AQP4 antibodies were all negative.

Patients with radiographic findings indicated prominent involvement of the optic nerve and/or with
infectious neuropathy, autoimmune optic neuropathy, and hereditary optic neuropathy according to their
history, clinical presentation, investigations and course of disease were excluded from this study.

Collection of Clinical and Laboratory data

Medical records of patients with MOG-IgG seropositive OPN were reviewed by 3 neurologists in terms of
demographic, clinical, and laboratory data. Patient records were reviewed to acquire data in age, sex, past
medical history (including coexisting ophthalmological conditions, pre-existing ON and non-ON events),
baseline clinical neuro-ophthalmic findings [including best-corrected visual acuity (BCVA)] at nadir, eye
pain ,visual field, visual evoked potential and optic disc swelling), treatment during ON attacks, and the
disease course (including duration of follow-up, the follow-up BCVA, visual field, use of immunotherapy,
and number of ON and non-ON events).

Blood tests included erythrocyte sedimentation rate (ESR), ENA polypeptide spectrum, antinuclear
antibody (ANA), antineutrophil cytoplasmic antibody (ANCA), angiotensin converting enzyme(ACE),
anticardiolipin antibody, AQP4 antibody, MOG antibody, human leukocyte antigen B-27 (HLA-B27),
immune four items (hepatitis B surface antigen, hepatitis C antibody, syphilis antibody, HIV-antibody) and
thyroid gland function. Patients with bilateral visual loss were tested for mtDNA mutation to exclude
Leber's hereditary optic neuropathy.
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Cerebral spinal fluid analysis was performed in patients who agreed to undergo lumbar puncture to
exclude infection/inflammation. MRI examination of the head, spinal cord and optic nerve was conducted
within one month of disease onset. MRl images were evaluated by two radiologists blinded to clinical
information, respectively.

BCVA was evaluated by Wingerchuk visual acuity classification method prior to and post treatment?4: 1.0
=0; dark spot~0.67=1;0.67~0.333=2;0.333 ~0.101 =3; 0.1 ~ 0.025 = 4; digit = 5; light perception = 6;
no light perception = 7. Grades 4 to 7 were classified as severe visual loss(SVL). Visual acuity
improvement = 3 grades was denoted as significantly improved and improvement 1 to 2 grades as
improved.

Serum AQP4 Antibody and MOG Antibody Detection

Serums of all the patients were tested for anti-MOG immunoglobulin G (IgG) and anti-AQP4 IgG in
Hangzhou V-Medical Laboratory through a fixed cell based indirect immuneluorescence test (IIFT)
employing BIOCHIPs (EUROIMMUN AG, Luebeck, Germany). Human embryonic kidney-293(HEK-293)
transiently transfected with full-length human MOG protein and fixed with formaldehyde. In parallel, HEK
cells were transfected with an empty vector and processed similarly. These 2 populations form the test
substrate, which is incubated with sera (1:10 dilution) for 30 min at room temperature. After washing, the
substrate is incubated for 30 min at RT with goat anti-human IgG. After washing and embedding, slides
were evaluated manually by 2 observers on a fluorescence microscope with a x200 magnification. A
sample was considered positive if it showed a typical surface stain on cells transfected with MOG and no
stain on cells transfected with a control antigen.

Statistical Analysis

Statistical analyses were performed using SPSS version 17.3 (IBM). Chi-square test was used to compare
the data of gender, bilateral involvement, initial VA, final VA, optic disc swelling on fundus, brain MRI
abnormalities, spinal MRI abnormalities, immunosuppressive therapy, initial titer of MOG antibody, the
SVL rate and relapse of MOG-positive OPN and ON. Student's t-test was used for comparing the onset
age of monophasic course with relapsing course, and paired t-test was used for comparing the vision
classification between the onset and 6-months follow-up.The P value was 2-sided, and the values less
than .05 were considered significant.

Results
Demographic and Clinical Data

A total of 39 patients with MOG-IgG seropositive optic neuropathy were identified, including 20(51%) OPN
patients and 19(49%) ON patients. All patients were Han Chinese. An additional table file shows this in
more detail [see Additional file 1]. Among the 20 OPN patients, the female-to-male ratiowas 1.5:1 (12
females and 8 males). The median age of onset was 36 (range, 20—66) (Table 1).
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Demographics and clinical features of MOG-Ab positive OPN

Characteristic

OPN cases/OPN eyes (n)
Female/male (n)

Median age of Onset (years, range)
Eye pain (n, %)

Unilateral/bilateral (n)

SVL (eye n, %)

SVL (eye n, %) of ON

Follow-up SVL (eye n, %)
Follow-up SVL (eye n, %) of ON
Optic disk edema (eye n, %)
Peripheral visual field defect (eye n, %)
Signs of meningeal irritation (n, %)
Fever (n, %)

Epilepsy (n, %)

Blood test (n, %)

ANA (= 1:320)

HLA-B27

Increased ICP (n, %)

CSF analysis (n=12)
Leukocytosis (n, %)

Raised protein

Oligoclonal bands (n, %)

MRI data

Orbital tissue lesion

Length of optic nerve sheath lesions = 1/2

Brainstem lesions

Non-specific lesions in white matter

Patients
20/30
12/8
33,22-66
19 (95%)
7/13

17 (57%)
20(61%)
4 (13%)
3 (9%)
21 (70%)
17 (57%)
1 (5%)

1 (5%)
1(5%)

1(5%)

2 (17%)
1(8%)
2 (17%)

5 (25%)
25 (83%)
0

5 (25%)




Characteristic Patients

Specific lesions in white matter 1 (5%)

Meningeal involvement 0

Cortical encephalitis 1 (5%)

Spinal cord abnormal signal 2 (10%)
Recurrence

Patients (n, %) of OPN 7(35%)

Patients (n, %) of ON 4(21%)

Episodes (years, mean + SD) 21+2.0

OPN: optic perineuritis;ON:optic neuritis; n: number; SVL: severe visual loss (visual acuity < 0.1); ANA:
antinyclear antibody; ICP: intracranial pressure; CSF: cerebral spinal fluid; MRI: magnetic resonance
imaging.

In the 20 OPN patients, 30 eyes were involved, with 10 (50%) cases involving both eyes. And in the 19 ON
patients, 33 eyes were involved. Of OPN patients nineteen (95%) cases complained eye pain while only 1
(5%) case had no obvious pain. There were 21 (70%) eyes showed optic disc edema in 30 eyes, and 17
(57%) showed peripheral visual field defect .

Of the OPN patients, 17 (57%) eyes had SVL, 7 (23%) eyes had BCVA 0.1-0.5, and 6 (20%) eyes had BCVA
0.5-1.0. The average BCVA classification was 4.00 + 2.24. At 6 months follow-up: 4 (13%) eyes still had
SVL, while 26 (87%) eyes had no SVL. Complete recovery (BCVA =1.0) was achieved in 15 (50%) eyes. In
the follow-up, the visual acuity of 20 (67%) eyes was significantly improved compared to the onset of the
disease, while 7 (23%) eyes were insignificantly improved and 3 (10%) eyes were unchanged. The average
vision classification was 1.00 + 1.37. Therefore, the visual acuity was significantly improved in the follow-
up compared to at the onset (P <0.001) (Fig. 1).

Of the 19 ON patients, 20(61%) eyes had SVL, 13(39%) eyes had no SVL. At 6 months follow-up: 3 (9%)
eyes still had SVL, while 30 (91%) eyes had no SVL. Compared the BCVA at the onset and follow up of
OPN and ON, there was no significant difference( P=0.751 and P = 0.894).

Lumbar puncture was performed in 12 patients. The pressure was normal and the cell count of 2 cases
were slightly increased which mainly were monocytes. Slightly increased protein level was observed in 1
case. Extensive examinations indicated no infectious and other inflammatory disorders. Oligoclonal band
(OB) were positive in 2 cases.

One female patient developed fever, headache, and epilepsy during the course, and followed by vision
decrease in a few days. Physical examination showed signs of meningeal irritation, and the cerebrospinal
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fluid examination showed normal intracranial pressure, slightly increased cell count, negative infection-
related tests. The head MRI of the patient showed that the left temporal horn narrowed and the insula and
hippocampus were slightly wider than the opposite side while the meninges were not significantly
enhanced. This patient was diagnosed with meningoencephalitis (meningitis and temporal cortical
encephalitis) with OPN.

Clinical Disease Course

The shortest course of disease at admission was 7 days and the longest was 15 years. Among the 20
OPN cases, 7 (35%) patients experienced at least another CNS attack (2.1 + 2.0; range 1-9 episodes). The
mean time to the second attack was 13.5 months (range 1-180 months). At the last evaluation, 6
patients had recurrent ON, and 1 presented ON and myelitis.

And of the 19 ON cases, 4 (21%) patients experienced at least another central nervous system (CNS)
attack. 3 patients had recurrent ON, and 1 presented ON and myelitis. Compared to the OPN cases, there
was no significant difference( P = 0.480).

Of the OPN patients, a relapsing course was significantly associated with age. The patients with a
relapsing course were younger than those with a monophasic course (mean 38.00 vs. 45.54 years; P =
0.025). Relapse was not predicted by gender (P = 0.852), bilateral involvement (P = 0.435), initial VA (P =
0.502), final VA (P = 0.242), optic disc swelling on fundus (P = 0.058), brain MRI abnormalities (P = 0.072),
spinal MRI abnormalities (P = 0.122), immunotherapy (P = 0.322), or initial titer of MOG antibody (P =
0.77).

MRI Data

The MRI demonstrated that the optic nerve sheath was enhanced with sparing of the optic nerve (Fig. 2)
and the lesion was extended to surrounding orbital tissue in 5 (25%) patients (Fig. 2). Twenty-five eyes
(83%) had longitudinally extensive optic nerve sheath lesions which were greater than 1/2 of the optic
nerve length.

There were 6 (30%) cases with abnormal intracranial signals. Patchy signal of occipital lobe was
observed in 1 case, and the lesion became smaller 6 months later (Fig. 3). The remaining 5 cases
presented small pieces of demyelinating lesions in subcortical white matter or paraventricular. A female
patient showed narrowed left temporal horn and lightly enhanced wider left hippocampus (Fig. 4).
Meningeal involvement and brainstem lesions were not observed in all MOG-IgG positive neuropathy
cases. The MRI of spinal cord showed abnormal signal in 2 cases, including 1 case with enhancement
and clinical manifestation of transverse spinal cord injury, and the other without enhancement and no
clinical symptoms. An additional MRI file shows this in more detail [see Additional file 2].

Treatment and Prognosis

All patients were treated with intravenous methylprednisolone (1 g/day) for 3 to 5 days at the acute
attack stage, followed by oral prednisolone (1 mg/kg/day) with reducing gradually. The drug reduction
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duration was 3 to 6 months. The eye pain was significantly reduced or even completely relieved after
treatment with corticosteroids.

A total of 9 (45%) OPN patients received long-term immunotherapy for attack prevention. Mycophenolate
mofetil was the optimal treatment (6 patients), followed by azathioprine (2 patients) and rituximab (1
patient). Long-term therapy was started after the first episode in 5 patients, and after the second attack in
4 patients.

Discussion

Amongst adult patients, ON is the most common manifestation revealing MOG associated disease
(MOGAD)?°726_Studies have found that the optic nerve sheath is often affected in MOG-IgG positive
optic neuropathy?’~31. In this study, 20(51%) patients had OPN. It was also reported that up to 50% of

patients were MOG-IgG positive ON2123, The optic nerve sheath enhancement can be a prominent feature
of MOG-IgG associated ON.

There are features of MOG-IgG involvement of the optic nerve that parallel some of the features of
previously described idiopathic OPN32. Firstly, MOG-IgG associated ON is often corticosteroid responsive
and can be corticosteroid dependent, which is a common feature of idiopathic OPN. Secondly, MOG-IgG
positive ON is often associated with optic disc edema with up to 86% of cases having visible optic disc
edema, which is usually present in idiopathic OPN'. Thirdly, the optic nerve sheath enhancement can be a
prominent feature of MOG-IgG associated ON and is present in up to 50% of patients with MOG-IgG
positive ON2123,

Patients with MOG-IgG positive ON often have severe optic disc edema, bilateral lesions, and are prone to
relapse (about 50%)2122%28 Moreover, the edema of optic disc is commonly accompanied by
hemorrhage. In 39 cases of MOG antibody-positive ON in the present study, 20 (51%) patients had OPN
and 21 (70%) eyes had optic disc edema, which is consistent with previous reports. It is possible that the
thickening and inflammation of the optic nerve sheath increase the pressure of the local subarachnoid
space, leading to the swelling of the optic disc'®. Of the total 20 patients in the present study, 7 (35%)
patients who are relatively young had recurrence. However, there are no significant differences between
the recurrent cases and the single attack cases in gender, bilateral onset, initial visual acuity, final visual
acuity, edema of optic disc, lesions in head and spinal cord, immunotherapy, or initial titer of MOG
antibody, which may be due to the small patient population size and the relatively short follow-up time.

In the present study, 25 eyes among the total 30 eyes showed longitudinally extensive optic nerve sheath
lesions, which indicates that the lesions of optic nerve sheath in MOG antibody positive OPN are often
long segment lesions. Five eyes had orbital tissue enhancement, which were different from multiple
sclerosis (MS) related ON lesions. This is also consistent with previous research reports?'33. One patient
had occipital lobe lesions, but no lesions in the intracranial segment of the optic nerve and the optic
chiasm were seen. This is different from previous reports??2.
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All of our 20 MOG antibody positive OPN patients were treated with high-dose intravenous
methylprednisolone in acute phase, followed by slowly-reduced oral prednisolone. At the onset, 17 (57%)
eyes had SVL. At the last follow-up, only 4 (13%) eyes had SVL, and 27 (90%) eyes had significant
improvement or improvement in visual acuity. The same situation also occurs in ON patients, at onset
20(61%) eyes and at follow-up 3 (9%) eyes had SVL. This indicates that MOG antibody positive OPN and
ON often leads to severe visual dysfunction, but it is well responsive to corticosteroids treatment, and the

outcome of the visual functions is optimistic, which is supported by previous studies'821/28130034

Of the 20 OPN patients, seven cases were given immunotherapy, and only 2 cases had recurrence after
taking immunotherapy. It was notable that one patient refused to use immunotherapy and relapsed 9
times. These observations suggest immunotherapy is preventive for relapse. The recurrence rate of OPN
(7/20, 35%) was higher than ON (4/19, 21%), this suggesting that MOG-positive OPN may be more
relapse than ON.

Of the 20 patients, 3 cases had clinical manifestations similar to those of chronic relapsing inflammatory
optic neuropathy (CRION) but showed good responsiveness to corticosteroids therapy. This suggested
the necessity for differential diagnosis of MOG antibody positive OPN from CRION. Furthermore, the MOG
antibody test should be performed in time to avoid the delay of proper treatment.

MOGAD is an autoimmune inflammatory CNS demyelinating syndrome which presents as optic neuritis,
myelitis, encephalitis and acute disseminated encephalomyelitis (ADEM)2%-22535 Meningitis and cortical
encephalitis have been seldomly reported®63°. In Jarius's study*®, Brainstem involvement is present in
around one third of MOG-IgG-positive patients with ON and/or myelitis. However, in our 39 patients, there
are no brainstem involvement, including initial and recurrent cases. This may be related to the fact that
we enrolled mainly patients with optic neuropathy, but the patients who relapsed also did not have
brainstem encephalitis, indicating that the incidence of brainstem encephalitis in our group of patients is
relatively rare.

In the present study, one of the MOG antibody positive OPN patients was diagnosed with
meningoencephalitis. The MRI showed that the left temporal horn was narrowed, and the insula and
hippocampus were slightly wider than the opposite side. However, no meningeal involvement and
enhanced lesions were observed, which may be because the MRI was performed more than 20 days after
the onset, and at that time, the symptoms such as fever and headache had disappeared, and the
meninges were not strengthened. Further investigation in this new subtype of MOG antibody disease is
warranted.

Conclusions

MOG-IgG positive OPN in Han Chinese often occurs in both eyes at the same time which mostly
accompanied by eye pain and optic disc edema. The MRI of optic nerve often displays long segmental
lesions. Optic chiasm and brainstem lesions were relatively rare. The visual acuity is severely damaged at
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the initial stage of the disease, but generally well-recovered after corticosteroids treatment. This case
series of 20 patients indicates young patients are more prone to relapse and immunotherapy is preventive
for recurrence. MOG-positive OPN may be more relapse than ON. MOG antibody test should be performed
in time to avoid the delay of proper treatment. Corticosteroids can reduce pain and promote the recovery
of visual function. Immunotherapy should be added to some patients in time to prevent recurrence.
Meningoencephalitis may be a new subtype of MOGAD.

Limitations

This study has limitations. Our number of cases is relatively small and the follow-up time is relatively
short. It is hoped that more cases or multicenter studies will be included in the future study, and the
follow-up time will be extended.
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Figure 1

Vision classification at the onsetilbefore) and 6-months follow-up (after) of MOG-Ab positive OPN. At the
onset, 17 (57%) eyes had visual impairment with BCVA < 0.1. The average vision classification was 4.00
+ 2.24. At 6 months follow-up, 4 (13%) eyes had severe visual impairment (BCVA < 0.1). The average
vision classification was 1.00 + 1.37. Compared to the visual acuity at onset, the visual acuity was
significantly improved in the follow-up (P<0.001).

Figure 2
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Optic nerve sheath and orbital tissue abnormality on MRI. Patient 1: a, Coronal, and b, Axial T1-weighted
magnetic resonance imaging showing bilateral optic nerve sheath enhancement (blue arrows); the
“doughnut sign” on coronal views (a) and the “tram track” sign of the optic nerve sheath (b) in a 46-year-
old-female. Patient 2: c, Coronal MRI with fat suppression showed remarkably high intensity in bilateral
optic nerve sheath and high intensity in the orbital tissue (arrows) in a 66-year-old-female.

Figure 3

Patient 3: Patchy signal of occipital lobe on MRI. Onset: a, Sagittal T2-Flair, and b, Axial T2-weighted
magnetic resonance imaging showing bilateral patchy signal of occipital lobe(blue arrows) in a 32-year-
old-female patient. Six months later: ¢, Sagittal T2-Flair, and d, Axial T2-weighted imaging showing the
lesion of the occipital lobe became smaller (red arrows).
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Figure 4

Patient 4 with optic perineuritis, Meningitis and cortical encephalitis Onset: a, Axial T2-FLAIR, and b, axial
T1-weighted magnetic resonance imaging showing the left hippocampus were slightly wider than the
right side (arrows) in a 27-year-old-female; ¢, Axial T1WI with gadolinium administration shows left
hippocampus lightly enhanced(arrows). Six months later: d, T1-weighted magnetic resonance imaging
shows the left hippocampus was as wide as the right (arrows).
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