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Abstract

Background: Neuromyelitis optica spectrum disorders (NMOSDs) represent 20% of all demyelinating disorders in South India. No
studies have determined the seroprevalence to both antibodies against aquaporin-4* and antimyelin oligodendrocyte glycoprotein
antibody (anti-MOG+) in this population. Objective: To identify and characterize seropositive patients for anti-aquaporin-4
antibody (anti-AQP4+) and anti-MOG+ in South India. Materials and Methods: We included 125 consecutive patients (15 children)
who were serologically characterized using live transfected cells to human M23-AQP4 or full-length MOG. Results: Among a total of
125 patients, 30.4% of patients were anti-AQP4+, 20% were anti-MOG+, and 49.6% were seronegative. No patient was positive for both.
Anti-MOG+ patients represented 28.7% (25/87) of seronegative NMOSD. In comparison to anti-AQP4+ patients, anti-MOG+ patients
were commonly male, had less frequent attacks and milder disability on expanded disability status score scale. Seronegative patients
were also predominantly male, 36% (9/25) had monophasic longitudinally extensive transverse myelitis and disability was comparable
with anti-AQP4+ patients. Lumbar cord involvement was common in anti-MOG+ and seronegatives, whereas anti-AQP4+ patients
had more cervical lesions. Conclusion: Anti-AQP4+/anti-MOG + patients accounted for nearly half of the patients suspected of having
NMOSD in South India, indicating that antibody testing may be useful on the management of subgroups with different prognosis.
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Introduction considered important for the NMOSD diagnosis, 10-40% of
patients are seronegative.”” Recently, autoantibodies targeting
Neuromyelitis optica spectrum disorder (NMOSD) is an  myelin oligodendrocyte glycoprotein (anti-MOG) has been

autoimmune inflammatory central nervous system disease reported in seronegative patients with NMOSD. 7]
predominantly targeting the optic nerve and spinal cord.

Prevalent worldwide the disease shows similarity in the age
of onset and female preponderance in different populations.™
The term NMOSD currently encompasses a variety of clinical
phenotypes including NMO, recurrent optic neuritis (ROPN),
recurrent transverse myelitis (RTM), and isolated transverse
myelitis with longitudinally extensive transverse myelitis (LETM)
and more. While anti-aquaporin-4 antibody (anti-AQP4) is

In India, the seropositivity for anti-AQP4+ (using commercial
cell-based assays) is below 50% in studies that included
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consecutive patients diagnosed with NMOSD.®! Some patients
may have been falsely negative due to the limitation of assays?!*!
used and/or samples collected after treatments, but others may
have antigenic targets other than AQP4. The frequency and
clinical presentation of anti-MOG+ patients in India have not
been previously studied, and seropositivity for anti-AQP4+ has
not been evaluated using cell-based assay (CBA) with live
transfected cells. Therefore, we performed this study to
determine seropositive status for anti-AQP4 and anti-MOG
antibody and to compare the clinical and imaging features
between these groups and those that were seronegative.

Materials and Methods

Patients and sample collection

A total of 125 consecutive patients from the Mangalore
demyelinating disease registry suspected of having NMOSD
by virtue of their clinical and radiological presentations
were included in this study. Fifty-one patients fulfilled 2006
Wingerchuk criteria for NMO,™! 51 patients with isolated
LETM, 21 ROPN, and two patients with recurrent brainstem
attacks and recurrent tumefactive brain lesions.**! All study
patients had details of clinical attacks, expanded disability
status score (EDSS), and visual functional score (VES) of the
EDSS obtained during each hospital visit. Lumbar puncture
was not done in all patients, and hence data were not included
in the study. Anti-nuclear antibody was the only serum
autoantibody routinely tested for all patients. We (LP, SM)
reviewed all magnetic resonance imaging (MRI) of brain and
spinal cord retrospectively in a blinded manner. Anti-AQP4
and anti-MOG CBAs used live transfected cells with AQP4-M23
isoform and full-length MOG as described previously™ and
two observers (DKS and TT) analyzed the samples blindly.

Statistical analysis

Categorical variables including disease phenotype, gender, and
age of onset (recoded after calculating median) were calculated
by Chi-square test. Clinical data were compared between
3 groups (anti-AQP4+, anti-MOG+ and seronegative groups)
using Kruskal-Wallis one-way analysis of variance test. A P<0.05
was considered statistically significant. Statistical analysis was
performed using SPSS 20.0 (IBM corporation, Armonk, NY, USA).

Standard protocol approvals, registrations, and patient
consents

The conduct of the study was as per the Helsinki protocol. This
study was approved by the Institutional Ethics Committee, and
all patients signed an informed consent form.

Results

Among a total of 125 patients tested for anti-MOG and
anti-AQP4 antibody, 30.4% (38/125) patients were anti-AQP4+.
Moreover, 20% (25/125) were anti-MOG + and 49.6% (62/125)
were seronegatives. No patient was positive for both antibodies.
Serum antinuclear antibody was positive in 31.6% (12/38)
of anti-AQP4+, 4% (1/25) anti-MOG+, and 15% (9/62) of
seronegative patients (P <0.001).

Clinical characteristics
Demographics
Anti-AQP4+ patients were predominantly females (34/38,

89.5%). In contrast, anti-MOG+ patients (16/25, 64%) and
seronegative patients (35/62, 56.5%) were predominantly males.
Age at onset of disease was similar between groups (P = 0.94).

Disease phenotype

Relapsing disease was seen in all anti-AQP4+ patients, 64%
of anti-MOG+ and 56.5% of seronegative patients. NMO
fulfilling Wingerchuk 2006 criteria were seen in 84.2% of
anti-AQP4+ patients. Only 8% (2/25) of anti-MOG+ and
27.4% (17/62) of seronegative patients had a disease phenotype
compatible with NMO. RTM was seen in 15.8% (6/38) of
anti-AQP4+, 12% (3/25) of anti-MOG+, and 9.7% (6/62) of
seronegative patients. In contrast, ROPN was seen in 44% (11/25)
of anti-MOGt+ patients, followed by 16.1% (10/62) of seronegative
patients but this phenotype was absent in anti-AQP4+ group.
A single attack of LETM predominated in seronegative
27/62 (43.5%) patients. Among anti-MOG#+ patients, 9/25 (36%)
had a single attack of LETM. Two patients were labeled as
“other” in the seronegative group included one patient with
recurrent tumefactive demyelinating brain lesions and another
with recurrent brainstem demyelination.

Disease course and severity

In 28.9% (11/38) of the anti-AQP4+ patients, we observed
a preceding/ongoing clinical event (fever - 7, diarrhea - 1,
postpartum - 1, pregnancy - 1, mumps - 1) associated with
clinical attacks. For the anti-MOG+ group, we identified a single
patient who developed symptoms after 3 months postpartum.
Two patients with seronegative monophasic transverse
myelitis had preceding fever and one patient had preceding
varicella-zoster infection.

LETM was the initial attack in 63.1% (24/38) of anti-AQP4+,
56% (14/25) of anti-MOG+, and 77.4% (48/62) of seronegative
patients. Unilateral OPN was the initial event in 26.3% (10/38)
of anti-AQP4+, 40% (10/25) of anti-MOG+, and 16.1% (10/62) of
seronegative patients. Brainstem attack as an initial event was
seen in 7.9% (3/38) of anti-AQP4+, two of whom had nausea,
vomiting, and hiccups preceding the onset of disease. None of
the anti-MOG + or seronegative patients had initial involvement
of the brainstem. Bilateral OPN was seen in one patient each
from all three subgroups of patients. Lhermitte’s sign was noted
in 15.8% (6/38) anti-AQP4+, 4% (1/25) of the anti-MOG+, and
in none of the seronegative patients.

Duration of disease [Table 1] was similar between
anti-AQP4+ and anti-MOG + patients (P =0.27). However, the
disease course was distinct between the two antibody-positive
groups [Figure 1]. High attack frequency (P < 0.0001), poor
VES (P < 0.01), and high EDSS score (P < 0.001) were seen
in anti-AQP4 + patients compared to anti-MOG+ patients.
A notable exception was one male patient from the
anti-MOG+ group who had unilateral blindness and paraplegia
after recurrent OPN and myelitis. The seronegative group had
significant disability measured by EDSS, comparable with
anti-AQP4+ patients (P = 0.10). However, VFSs were similar
to anti-MOG+ group (P = 0.43).

Young onset neuromyelitis optica spectrum disorder
There were 15 children in this study cohort with a median age
of onset of 10.5 + 4.7 (range 5-16 years). There was a single
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patient (15 years) with anti-AQP4 + NMO. There were eight
anti-MOG+ patients including four ROPN, two each of RTM,
and isolated ataxia telangiectasia mutated (ATM) patients. The
six seronegative patients were equally divided among NMO,
ATM, and ROPN. Encephalopathy was not a presenting feature
in this subgroup of our study. The clinical subtype was also
not age-specificamong anti-MOG+ and seronegative patients.

Magnetic resonance imaging of the brain and spine
Brain abnormalities were seen in all three groups of patients. The
frequency of lesions ranged from 22.6% to 42.1% [Table 1] and

Table 1: Clinical course of seropositive and seronegative
neuromyelitis optica spectrum disorders

Variables Anti-MOG Anti-AQP4+ Sero- P value
Ab positive Negative
Phenotype
NMO 2/25(8%) 32/38(84.2%) 17/62 (27.4%) <0.001
NMO-RTM 3/25(12%) 6/38(15.8%) 6/62 (9.7%)
NMOSD-ROPN 11/25 (44%) 0/38 10/62 (16.1%)
NMOSD-LETM  9/25 (36%) 0/38 27/62 (43.5%)
Other - - 2/62(3.2)
Gender
Females 9/25 (36%) 34/38(89.5%) 27/62(43.5%) <0.001
Males 16/25 (64%) 4/38(10.5%) 35/62 (56.5%)
Age at onset 24 (5-55) 28 (12-51) 30.5 (2-75) 0.94
(median (range))
Disease duration 5.68+3.97 7.6+6.77 4.38+2.99 0.01
(meanzSD)
No of attacks 2.28+1.33 4.72+1.98 2.01£1.14  <0.001
(meanzSD)
Visual functional  1.00£1.38 2.29+2.57 0.53£1.03  <0.001
score (meanSD)
EDSs (meantSD)  1.14+£1.96 4.7+3.21 4.47+3.65 <0.001

MRI brain
MRI spine

9/25 (36%) 16/38 (42.1%) 14/62 (22.6%) 0.38
14/25 (56%) 38/38 (100%) 50/62(80.7%) <0.001

MOG = Myelin oligodendrocyte glycoprotein, AQP4 = Anti-aquaporin-4,
NMOSD = Neuromyelitis optica spectrum disorder, RTM = Recurrent
transverse myelitis, ROPN = Recurrent optic neuritis, LETM = Longitudinally
extensive transverse myelitis, SD = Standard deviation, EDSs = Expanded
disability status score, MRI = Magnetic resonance imaging
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Figure 1: Comparison of disability (expanded disability status
score) between anti-myelin oligodendrocyte glycoprotein and
anti-aquaporin-4 antibody patients

was not significantly different between the groups (P = 0.38).
Distribution of brain lesions in the subcortex, periventricular
region, thalamus, corpus callosum, brainstem, and cerebellum
was compared between anti-AQP4 + and anti-MOG#+ patients,
but there was no significant difference between the two
groups. Subcortical atypical white matter lesions were the
most common abnormality, and it was seen in 24% (6/25) of
anti-MOG+ and 26.3% (10/38) of anti-AQP4+ patients. Brain
lesions were symptomatic in 8% (2/25) of anti-MOG+ and
10.5% (4/38) of anti-AQP4+ patients.

Unilateral or bilateral thickening of optic nerve with T2-weighted
hyperintense signals and/or patchy enhancement was
seen in 61.5% (8/13) of anti-MOG+ and 68.8% (22/32) of
anti-AQP4+ patients (P=0.24) whohad OPN (bilateral involvement
was seen in 15.4% [2/13] of anti-MOG+ as opposed to 50% [16/32]
in anti-AQP4+ patients [P < 0.03]). Optic chiasm was partially
involved in 15.4% (2/13) and 37.5% (12/32) of anti-MOG+ and
anti-AQP4+ groups, respectively (P = 0.15) [Figure 2a].

MRI of the spinal cord was abnormal in all anti-AQP4+ and
80.7% of the seronegative patients, whereas only 56% of
anti-MOG+ patients had spinal cord lesions (P < 0.001).
There was a significant difference (P < 0.001) in the location
of spinal cord lesions. Dorsal and lumbar cord lesions
predominated in anti-MOG+ [Figure 2b] and seronegative
patients, whereas cervical and dorsal cord lesions were
frequent in anti-AQP4+ patients. Cervical cord lesions
extending into the medulla was seen in 34.2% (13/38) of
anti-AQP4+ patients [Figure 2c] and none in the other two
groups. Segmental cord atrophy was seen in 10.5% (4/38) of
anti-AQP4+ and 4% (1/25) of the anti-MOG+ patients.

Treatment
Patients were diagnosed to have relapsing NMOSD after
a mean period of 3.9 + 5.5 years from disease onset for

Figure 2: Magnetic resonance imaging of the spinal cord and
optic nerve in anti-myelin oligodendrocyte glycoprotein patients.
(a) T2-weighted sagittal image of the cord in a 16-year-old male
with anti-myelin oligodendrocyte glycoprotein and isolated
longitudinally extensive transverse myelitis involving dorsal cord
with extension to the conus (block arrow), (b) 42-year-old woman
with anti-aquaporin-4 antibody and longitudinally extensive
transverse myelitis in the cervical cord extending into the caudal
brainstem (block arrow), (c) axial images of the orbit showing long
segment hyperintense signals in the optic nerve (block arrow) and
optic atrophy in the other in the same patient
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anti-AQP4+ patients, 3.1 + 3.8 years for anti-MOG+ patients and
4.1+4.6 years for seronegative patients. All patients who relapsed
were treated with immunosuppressants irrespective of their
antibody status choice of immunosuppressive agent was decided
by the patients financial status (azathioprine [AZA] being the
least expensive). In the anti-AQP4+ group, 7.9% (3/38) of patients
were not on long-term immunosuppressive therapy. Among
the remaining patients, 42.2% (16/38) took AZA, 50% (19/38)
mycophenolate mofetil (MMF), and 7.89% (3/38) rituximab.
Among seronegative patients, 53.2% (33/62) had a recurrent
disease, 72.7% (24/33) received MMF, and 27.3% (9/33) AZA.
Four patients with seronegative ROPN and two patients with
anti-MOG+ROPN remained asymptomatic after discontinuation
of immunosuppressants (median follow-up of 22 months). Among
anti-MOGt+ patients, one patient diagnosed tohave RTM and three
who had ROPN opted to take parenteral steroids during relapse
but were not on long-term immunosuppressants. They remained
well after the last attack (median follow-up of 26 months). In the
anti-AQP4+ cohort, 36.8% (14/38) of patients relapsed while on
immunosuppressive therapy, but poor drug compliance was
observed in 57.1% (8/14) of those patients under treatment. One
patient each from the anti-MOG+ and anti-AQP4 + group had
been treated elsewhere with beta interferon for 12 and 18 months
respectively, with clinical worsening.

Death occurred in 10.5% (4/38) of the anti-AQP4+, 4% (1/25) of
the anti-MOGH+, and 12.9% (8/62) of the seronegative patients.
One patient who was anti-AQP4+ died of respiratory failure
while others had discontinued immunosuppressive therapy
and died of complications from a chronic bedridden state.

Discussion

The discovery of anti-AQP4 (also known as NMO-IgG)I™!
enabled the specific diagnosis of a disorder with a predictable
course that requires early initiation of immunosuppressants.
Since worsening of disability in NMOSD is attack-related, this
strategy has worked well in the case of anti-AQP4+ cases and
remarkably reduced morbidity and mortality associated with
the disease.™ The recent discovery of anti-MOG+ cases is a
strong indicator that anti-AQP4+ and negative cases may have
different disease mechanisms.

In our study from Southern India, we have for the first time
investigated the detection of anti-AQP4 and anti-MOG
antibody using CBAs with live transfected cells. None of
our patients were positive for both antibodies. Seropositivity
for anti-AQP4+ among patients diagnosed with NMO by
Wingerchuk 2006 criteria was relatively high (84.2%) in our
patients when compared to reports from other Asian countries
were it ranges from 55% to 60%.1'%'"1 Anti-MOG+ cases
constituted 7.4% (16/215) of all NMOSD in one study,® whereas
it was 20% in our study (25/125) and a similar rate was reported
from Thailand.™ The common clinical presentation among
anti-MOG+ patients was ROPN followed by myelitis with
involvement of dorsal and lumbar segments of the spinal cord.
Majority of patients with anti-AQP4+ presented as relapsing
NMO and had myelitis with involvement of the cervical cord
often extending into the caudal brainstem. The coexistence of
other serum autoantibodies was higher in the anti-AQP4 group
and may be useful to differentiate among the three groups. The
severity of disease in the anti-AQP4+ group was likely to have

been influenced by the delay in diagnosis, delay in initiation of
immunosuppressive therapy, and noncompliance with therapy
mostly arising from financial constraints.

We have for the first time compared brain lesion distribution
between anti-MOG+ and anti-AQP4+ patients and found no
significant difference between the two groups. Orbital MRI
showed bilateral optic nerve with chiasmal involvement more
commonly in anti-AQP4+ patients. We found two patients with
anti-MOG+ NMOSD showing optic chiasmal involvement on
MRI in contrary to other published series."*!”) The data from
our cohort study support the view that beta interferon therapy
may worsen anti-AQP4+1¥ and also anti-MOG+ disease.

Our study characterized the clinical profile of seronegative
patients after extracting both anti-AQP4+ and
anti-MOG+ patients from the group of high-risk NMOSD
patients. Nearly, half of our patients were seronegative which
is much higher than reported from elsewhere in Asia.®! A
substantial number (43.5%) of them had monophasic LETM.
They were mostly men who had relative sparing of vision
but disability levels comparable to the anti-AQP4+ patients
indicating that they may not have a good recovery. Male
predominance in seronegative LETM has been highlighted
in earlier studies t0o.l"”! These patients may represent a
heterogeneous group, and some patients may have other
unidentified antigenic targets in the central nervous system.

To summarize, anti AQP4+ patients are predominantly
women have an NMO phenotype disorder commonly with
high attack frequency and significant visual dysfunction.
Anti-MOG+ patients may be more male dominant. They
commonly present as monophasic LETM or ROPN and
may be more frequently seen in pediatric age group.
Anti-MOG+ patients also have a relatively benign course
compared to anti-AQP4+ patients.

Identification of these subgroups in NMOSD is important
from the point of diagnosis and management of patients with
NMOSD. While it is clear that monophasic NMOSD associated
with anti-AQP4+ requires vigorous immunosuppression, it
is unclear if the same approach is to be recommended for
anti-MOG+ and seronegative patients. Evaluating a larger
cohort of patients with a longer follow-up may yield a better
understanding of the clinical course and disease outcome in
anti-MOG+ and seronegative NMOSD.
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