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Abstract: Neuromyelitis optica (NMO) is an inflammatory demyelinating syndrome primarily characterized by optic
neuritis and longitudinally extensive myelitis. However, the heterogeneity of neuromyelitis optica spectrum disorders
(NMOSD) has expanded beyond the classical definition, revealing increased phenotypic diversity. Around 20-40%
of NMOSD patients present with brainstem or hypothalamic involvement as their initial symptom. Case studies de-
scribing NMOSD with midbrain syndrome as the primary presentation are rare. This report details three cases where
acute bilateral vision loss was the first symptom, followed by midbrain dysfunction, with a final diagnosis of NMOSD

confirmed by serum AQP4 antibody testing or characteristic imaging findings.
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Introduction

Since Devic first described neuromyelitis optica
(NMO) in 1894, the disease has been defined
as a specific inflammatory demyelinating syn-
drome involving optic neuritis and longitudinally
extensive myelitis [1-3]. Clinical manifestations
typically include optic neuritis and myelitis,
which often result in poor or no recovery [4].
Traditionally, diagnosis has relied on the com-
bined involvement of the optic nerve and spinal
cord, treating other central nervous system
lesions as exclusion criteria. However, with the
advent of serum AQP4 antibody testing and the
accumulation of clinical cases, the phenotypic
heterogeneity of neuromyelitis optica spectrum
disorders (NMOSD) has expanded beyond the
classical framework, revealing a more complex
pathological landscape.

Recent prospective cohort studies have shown
that 20-40% of NMOSD patients present with
brainstem or hypothalamic syndrome as their
initial symptoms, a proportion that may be
higher in Asian populations [5]. Atypical presen-
tations, including acute dizziness, ophthalmo-

plegia, somnolence, behavioral abnormalities,
and thermoregulatory disorders, are often mis-
diagnosed as stroke, encephalitis, or tumor-
related lesions. The pathogenesis is thought
to involve AQP4 antibody-mediated attacks on
the astrocytic processes of perivascular or-
gans, which are rich in AQP4 aquaporins and
have relatively weak blood-brain barriers, mak-
ing them prone to characteristic “pancake-like”
imaging findings (low signal in the center with
surrounding edema) [6, 7]. Some patients ex-
hibit isolated midbrain or brainstem involve-
ment in the early stages of the disease, lacking
typical optic nerve or spinal cord lesions. In
response, the international NMOSD diagnostic
consensus has been updated, incorporating
AQP4 antibody positivity or characteristic imag-
ing findings into core diagnostic criteria, en-
abling earlier identification of atypical cases.
Clinically, patients presenting with acute mid-
brain syndrome should be closely monitored,
with timely serological testing and cranial MRI
screening to avoid delays in immunomodulatory
treatment.

In AQP4 antibody-positive NMOSD patients,
optic neuritis or myelitis is more common than
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Table 1. General information and follow up results of the cases

Case Gender

Age
(years old)

Clinical symptoms

Diagnosis

Treatment

Follow up

1

Female

Female

Female

17

58

one-week history of
progressive bilateral vision
loss (0.1 in the right eye;
0.5 in the left eye) and
dizziness

repeated vision loss and
limb numbness and
weakness for 7 years, and
vision loss for 1 month

vision decline accompanied
by somnolence

neuromyelitis optica
spectrum disorders

mesencephalic
syndrome, vitamin
B12 deficiency,
severe osteoporosis

neuromyelitis optica
spectrum disorders

intravenous methylprednisolone

(1 g/d, for three consecutive

days), followed by oral tapering;

Rituximab for maintenance
therapy (every six months)
1 cycle of immunoglobulin IV

followed by rituximab every 6
months

intravenous methylprednisolone

(1 g/d for three consecutive

Vision improved to 0.8
(both eyes) within a week,
and hypersomnia resolved;
no recurrence at six-month

a slight improvement in
limb numbness but
continued vision loss

vision improved to 0.5
(both eyes) within one

days), followed by gradual oral
tapering

week, correction without
improvement

other symptoms, as demonstrated by a large
international cohort study [8]. Due to the his-
torical underrecognition of atypical NMOSD
manifestations, such as midbrain or brainstem
syndromes, traditional diagnostic paradigms
have relied heavily on the combined involve-
ment of the optic nerve and spinal cord as the
core diagnostic basis. Large cohort studies
have shown that AQP4 antibody positivity can
predict atypical NMOSD, even in patients pre-
senting with isolated vertigo, cognitive impair-
ment, or thermoregulatory disorders. In such
cases, immunomodulatory therapy should be
prioritized over symptomatic treatment [1, 5,
9]. This strategy overcomes the limitations of
traditional classification systems. Some cen-
ters still classify patients as “brainstem en-
cephalitis” or “myelitis” based solely on clinical
presentation, leading to delayed critical treat-
ment.

Additionally, some regions still follow a “two-
step” diagnostic approach: initially classifying
based on symptom distribution (e.g., midbrain
involvement), followed by immunological test-
ing and genetic analysis. However, this app-
roach may overlook overlapping syndromes
in patients who are AQP4 antibody-negative
but MOG antibody-positive. Few case studies
address NMOSD patients presenting primarily
with midbrain syndrome. Thus, this paper not
only provides a more detailed description of
the clinical features and diagnostic process
for midbrain syndrome but also identifies it as
one of the six core clinical symptoms of NMOSD.
Furthermore, we analyze the diagnosis and
treatment process for this group of patients
and offer additional treatment options for re-
ference.
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Here, we report three cases of acute bilateral
vision loss as initial symptoms, followed by mid-
brain dysfunction, and ultimately diagnosed as
NMOSD through serum AQP4 antibody testing
or characteristic imaging findings (Table 1). Our
focus is to summarize the clinical phenotype of
this condition. This study was approved by the
ethics committee of each participating center,
and all patients involved in the study provided
informed consent.

Case report
Case 1

A 17-year-old female patient presented to the
ophthalmology department at Children’s Hos-
pital of Fudan University (Xiamen Hospital) with
a one-week history of progressive bilateral
vision loss (0.1 in the right eye, 0.5 in the
left eye) and dizziness. She denied any pain,
fever, or exposure to toxins. Initial ophthalmic
evaluation revealed a flattened fundus retina,
pale optic disc with clear margins, and nor-
mal visual evoked potentials (VEPs), suggesting
the need for neurological consultation. The pa-
tient was admitted in August 2023. On August
25, cranial MRI with T2-weighted and FLAIR
sequences showed bilateral optic tract dam-
age, symmetrical hyperintense lesions around
the third ventricle, and “pancake-like” lesions
in the pineal region (central T1 low signal,
peripherally FLAIR high signal) (Figure 1A, 1B).
Further tests were conducted, with blood
routine indicators within normal limits. The
total bilirubin level was 2.6 ymol/L (5.1-17.1
pmol/L); triglycerides were 2.28 mmol/L (0.56-
1.7 mmol/L); high-density lipoprotein was 0.91
mmol/L (1.1-1.8 mmol/L); low-density lipopro-
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Figure 1. Typical MRI image cases. A, B: T2-weighted and FLAIR sequences
of the brain MRI show bilateral optic tract damage with symmetrical hyperin-
tense lesions around the third ventricle. Red arrows indicated hyperintense
lesion area.
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MTC539-GFAP-R

MTC539-MBP-G MTC539-MBP-R MTC539-MBP-M

Figure 2. Protein expression detection using CBA method. A: Serum AQP4
antibody (+); B: Serum MOG antibody (-); C: Anti-glial fibrillary acidic protein
(GFAP) antibody (-); D: Anti-myelin basic protein antibody (-). White arrows
indicated positive results.

antibodies, and anti-myelin
basic protein antibodies, but
positive for AQP4 antibodies
on cellular basis testing (CBA)
(Figure 2), confirming the di-
agnosis of NMOSD. The pa-
tient was treated with intrave-
nous methylprednisolone (1
g/d for three consecutive
days), followed by oral taper-
ing. Vision improved to 0.8
(both eyes) within a week, and
hypersomnia resolved. Rituxi-
mab was initiated for mainte-
nance therapy (administered
every six months), with no
recurrence at the six-month
follow-up.

Case 2

A 58-year-old female patient
presented with a 7-year histo-
ry of recurrent vision loss,
limb numbness, and weak-
ness, with recent vision loss
lasting for one month. The
patient had a history of lum-
bar compression fractures. In
2017, she experienced neck
and lower back pain, followed
by bilateral vision loss. Upon
presentation at another hos-
pital, CSF testing revealed
positive AQP4 antibodies, and
the patient was diagnosed
with  NMOSD. She received
steroid pulse therapy and in-
travenous immunoglobulin in-
fusion, which improved her
vision. After discharge, the
patient continued oral steroid
therapy. Despite recurrent epi-
sodes of vision loss and gait
instability, the condition con-
tinued to progress. During her
most recent hospitalization
in March 2023, the patient

tein was 1.58 mmol/L (2.07-3.1 mmol/L); experienced further vision loss, inability to
and the erythrocyte sedimentation rate was walk, and incoherent speech. Imaging, includ-
5 mm/hr (0-15 mm/hr). Cerebrospinal fluid ing visual MRI, susceptibility-weighted imaging,
(CSF) analysis showed mild pleocytosis. Serum and spinal MRIs, revealed multiple intracranial
testing was negative for MOG antibodies, GFAP lesions and spinal cord lesions from T3-T8 lev-
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Figure 3. Typical case of thalamus and aqueduct le-
sion. T2-weighted and FLAIR sequences of brain MRI
showed multiple lesions in the thalamus and aque-
duct; Red arrows indicated hyperintense lesion area.

els, along with compression fractures at T8 and
L5 vertebrae, mild disc protrusions at L3-4,
L4-5, and L5-S1, and degenerative changes in
the thoracolumbar spine. A diagnosis of mes-
encephalic syndrome, vitamin B12 deficiency,
and severe osteoporosis was made. Blood
tests showed normal results. Total protein was
56.77 g/L (]), alanine aminotransferase was
12.5 U/L (]), aspartate aminotransferase and
was 13.5 U/L, and estimated glomerular filtra-
tion rate was 108.04 mL/min. CSF analysis
revealed a white blood cell count of 0.6 x 108/L
and total protein of 389.20 mg/L, with glucose
at 3.96 mmol/L (1), chloride at 129.00 mmol/L,
lactate dehydrogenase at 18.5 U/L, and ade-
nosine deaminase at 1.4 U/L. Serum testing
showed positive AQP4 antibodies and negative
MOG antibodies, confirming NMOSD. The pa-
tient was treated with one cycle of intravenous
immunoglobulin followed by rituximab every six
months. Limb numbness improved slightly, but
vision loss continued. The latest follow-up
(January 2025) included cervical spinal cord
and cranial MRIs, which showed stable lesions
at the C2-T6 level and intracranial lesions simi-
lar to previous findings. Abnormal signals in the
cervical spinal cord raised concern for sub-
acute combined degeneration (SCD). Cervical
spondylosis was also noted at C3-4, C4-5,
C5-6, and C6-7.
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Case 3

A 9-year-old female patient presented with sud-
den vision decline and somnolence for one
week, and was admitted in April 2025. On April
23, MRI revealed symmetrical hyperintense
lesions around the third ventricle (Figure 3).
Blood routine tests were normal. Total protein
was 69.6 g/L, alanine aminotransferase was
10.6 U/L, and aspartate aminotransferase was
23.4 U/L. Serum testing was positive for both
MOG and AQP4 antibodies. The patient rece-
ived intravenous methylprednisolone (1 g/d for
three consecutive days), followed by gradu-
al oral tapering. Vision improved to 0.5 (both
eyes) within one week, although correction
was not achieved. Follow-up after two months
showed stable results.

Discussion

NMO is a rare disease that predominantly
affects adults, especially females, with a sex
ratio of up to 9:14 [10]. Approximately 5% to
10% of NMOSD cases begin before the age of
eighteen [11]. Adolescent patients are more
prone to brain lesions (such as involvement
of the diencephalon and brainstem) and hypo-
natremia, with a higher recurrence rate and
greater risk of disability. Adolescent NMOSD
often presents with atypical symptoms, such as
persistent nausea and vomiting (extreme pos-
terior syndrome), somnolence, or brainstem
dysfunction, which can be misdiagnosed as
gastrointestinal disorders or psychiatric condi-
tions. MRI typically shows a higher proportion
of long-segment lesions around the third ven-
tricle, medulla, or spinal cord, with AQP4 anti-
body positivity comparable to that in adults
(approximately 80%) [12, 13]. Younger age at
onset in adolescents correlates with a higher
risk of cognitive impairment, with only 17%
responding to hormone therapy, significantly
lower than that in adults. Traditional immuno-
suppressants (such as mycophenolate mofetil
and azathioprine) have a high failure rate (59%
to 75%), making early initiation of targeted bio-
logics (such as siltuximab) crucial to reduce the
risk of recurrence. A multicenter retrospective
analysis of childhood-onset NMOSD (n=67
cases, age<18 years) over four years found that
86.6% of patients experienced relapse during
follow-up, 47.8% developed visual impairment,
and 25.4% suffered cognitive impairment.
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Among those not treated with biologics, 40%
had an EDSS score >7 (severe disability) within
six years of onset. After switching to siltuximab,
the annual relapse rate (ARR) decreased from
1.5 to 0.08, and immune function indicators
(such as B cell ratio and AQP4 antibody titers)
significantly improved [14-16].

The 2021 edition of the Chinese NMOSD
Diagnosis and Treatment Guidelines recom-
mends biological agents (e.g., sartilizumab) for
adolescent patients, as these agents have
demonstrated efficacy and safety in patients
over 12 years of age. Due to the unique nature
of adolescent NMOSD, early and precise inter-
vention is critical [17-19]. Adolescents are more
prone to Th17/Treg imbalance and overactiva-
tion of the IL-6 signaling pathway, suggesting
that targeting IL-6R (e.g., sintilimab) may achi-
eve long-term remission by modulating immune
homeostasis. However, large-scale epidemio-
logical studies on NMOSD in adolescents re-
main limited, and more prospective cohort data
are needed to optimize treatment strategies.

A systematic search of the PubMed database
(keywords: “NMOSD AND diencephalon/thala-
mus”) identified 17 case reports in the past five
years. All patients were positive for AQP4 anti-
bodies, and MRI prominently showed the “pan-
cake sign” in the midbrain area (low signal at
the lesion center with surrounding edema), with
76% of cases also involving the spinal cord or
optic nerve [14, 20]. Notably, the patients in
these cases were all young, suggesting that
NMOSD in children may have a distinct clinical
phenotype. The mechanism of midbrain involve-
ment in NMOSD has not been fully elucidated,
but it may be related to AQP4 antibodies dis-
rupting the blood-brain barrier and triggering
local inflammatory responses. The high expres-
sion of AQP4 in structures surrounding the third
ventricle (such as the pineal gland and hypo-
thalamus) makes them potential targets for
attack. Clinicians should be vigilant in patients
presenting with acute vision loss accompanied
by midbrain symptoms (such as sleep cycle dis-
turbances and abnormal body temperature
regulation), promptly conducting AQP4 antibody
and MRI examinations to avoid misdiagnosis.

This study illustrates the diversity of atypical
phenotypes of NMOSD: 1. Diverse clinical man-
ifestations: NMOSD patients may present with
atypical symptoms, such as decreased vision,
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dizziness, and somnolence, rather than typical
optic neuritis or myelitis.

2. Diverse MRI features: MRI manifestations of
NMOSD may involve multiple regions, including
the hypothalamus, midbrain, and spinal cord,
with varying lesion morphology and signal
characteristics.

3. Diverse serological tests: Although AQP4
antibody positivity is a critical diagnostic crite-
rion, some patients may have other autoim-
mune diseases or antibodies, such as MOG
antibody positivity.

These cases expand the phenotypic spectrum
of NMOSD, emphasizing that hypothalamic syn-
drome can be an initial manifestation, particu-
larly in pediatric patients. Future studies should
aim to establish early screening procedures for
atypical NMOSD and explore the value of immu-
noadsorption therapy in improving long-term
outcomes.

This study highlights that NMOSD can present
as atypical midbrain involvement and isolated
visual impairment. Key diagnostic clues include
periventricular MRI lesions and AQP4-IgG sero-
positivity. Normal VEPs may reflect transient
functional deficits or detection limitations in
uncooperative patients. Early steroid therapy
and immunosuppression are essential to pre-
vent relapse. However, this case report has
limitations due to the low level of evidence in
the literature, as there are few similar cases for
reference. A cohort of 16 NMOSD cases from
Senegal [21] showed that the average patient
age was 30 years, with 10 cases presenting the
optic-spinal variant, and the remaining cases
were isolated transverse myelitis. Ten cases
tested positive for AQP4 antibodies. After three
months of systemic corticosteroids and azathi-
oprine treatment, clinical outcomes were favor-
able. A report from East Africa [22] document-
ed 11 NMOSD cases with an average onset age
of 30 years. Eight patients had the optic-spinal
variant, while the rest presented with acute
brainstem syndrome. Seven cases were AQP4
antibody-positive. All patients received system-
ic corticosteroids and azathioprine/mycophe-
nolate mofetil therapy. Four patients required
plasma exchange, and all had few relapses and
disabilities at the end of follow-up.

In our cases, patients presented with atypical
midbrain involvement and isolated visual im-
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pairment. The effects of steroid therapy and
immunosuppression vary among individuals
and may depend on disease duration. Older
patients diagnosed early but untreated may
experience limited treatment efficacy upon
recurrence. The study lacks long-term follow-up
data after treatment, relying primarily on clini-
cal manifestations. The last patient was diag-
nosed shortly before treatment, requiring fur-
ther investigation.

Conclusion

For patients with unexplained visual impair-
ment, even in the absence of typical optic neu-
ritis, acute midbrain syndrome should be con-
sidered. This atypical NMOSD is often mis-
diagnosed as encephalitis, multiple sclerosis,
or paraneoplastic syndromes, emphasizing the
importance of clinical vigilance. Combined
AQP4/MOG/GFAP antibody testing and cranial
MRI can improve early diagnosis rates. Agg-
ressive immunotherapy can improve the prog-
nosis of NMOSD patients.

Acknowledgements

This work was supported by the Fujian Pediatric
Neurosurgery Clinical Key Specialty Constru-
ction Project, Children’s Hospital of Fudan Uni-
versity (Xiamen Hospital) (grant No. XE2023-
SJWK-EO1).

Disclosure of conflict of interest
None.

Address correspondence to: Zheng Fu, Department
of Ophthalmology, Children’s Hospital of Fudan
University (Xiamen Hospital), 92 Yibin Road, Huli
District, Xiamen 361004, Fujian, China. Tel: +86-
0592-2529557; E-mail: drfu@fjmu.edu.cn; Songjian
Gong, Department of Ophthalmology, Xiamen Uni-
versity Affiliated Xiamen Eye Center, No. 336 Xihelu,
Siming District, Xiamen 361000, Fujian, China. Tel:
+86-0592-2112111; E-mail: Loyalgg@163.com

References

[1] Jarius S, Aktas O, Ayzenberg |, Bellmann-Strobl
J, Berthele A, Giglhuber K, Haufler V, Havla J,
Hellwig K, Himmert MW, Kleiter |, Klotz L,
Krumbholz M, Kumpfel T, Paul F, Ringelstein
M, Ruprecht K, Senel M, Stellmann JP, Bergh
FT, Tumani H, Wildemann B and Trebst C;
Neuromyelitis Optica Study Group (NEMOS).

7100

(3]

(4]

(8]

(9]

(10]

Update on the diagnosis and treatment of neu-
romyelits optica spectrum disorders (NMOSD)
- revised recommendations of the Neuromyeli-
tis Optica Study Group (NEMOS). Part I: Diag-
nosis and differential diagnosis. J Neurol
2023; 270: 3341-3368.

Shi Y, Wei B, Li L, Wang B and Sun M. Th17
cells and inflammation in neurological disor-
ders: possible mechanisms of action. Front Im-
munol 2022; 13: 932152.

Papp V, Wandall-Holm M, Bacher Svendsen
K, Frederiksen J, Sellebjerg F, llles Z and Mag-
yari M. Socioeconomic burden of AQP4-anti-
body seropositive NMOSD: a nationwide regis-
try-based study. J Neurol Neurosurg Psychiatry
2025; 96: 184-187.

Bagherieh S, Afshari-Safavi A, Vaheb S, Kiani
M, Ghaffary EM, Barzegar M, Shaygannejad V,
Zabeti A and Mirmosayyeb O. Worldwide preva-
lence of neuromyelitis optica spectrum disor-
der (NMOSD) and neuromyelitis optica (NMO):
a systematic review and meta-analysis. Neurol
Sci 2023; 44: 1905-1915.

Bu Y, Liu H, Qian X, Sun F, Li C and Han J. Aqua-
porin 4-positive neuromyelitis optica spectrum
disorder with meningoencephalitis-like onset:
a case report. Front Immunol 2022; 13:
938492.

Maciak K, Pietrasik S, Dziedzic A, Redlicka J,
Saluk-Bijak J, Bijak M, Wtodarczyk T and Miller
E. Th17-related cytokines as potential discrimi-
natory markers between neuromyelitis optica
(Devic’s Disease) and multiple sclerosis-a re-
view. Int J Mol Sci 2021; 22: 8946.
Wingerchuk DM, Banwell B, Bennett JL, Cabre
P, Carroll W, Chitnis T, de Seze J, Fujihara K,
Greenberg B, Jacob A, Jarius S, Lana-Peixoto
M, Levy M, Simon JH, Tenembaum S, Traboul-
see AL, Waters P, Wellik KE and Weinshenker
BG; International Panel for NMO Diagnosis. In-
ternational consensus diagnostic criteria for
neuromyelitis optica spectrum disorders. Neu-
rology 2015; 85: 177-189.

Lana-Peixoto MA and Talim N. Neuromyelitis
optica spectrum disorder and anti-MOG syn-
dromes. Biomedicines 2019; 7: 42.

Paul F, Marignier R, Palace J, Arrambide G, As-
gari N, Bennett JL, Cree BAC, De Séze J, Fuji-
hara K, Kim HJ, Hornby R, Huda S, Kissani N,
Kleiter |, Kuwabara S, Lana-Peixoto M, Law L,
Leite MI, Pandit L, Pittock SJ, Quan C, Ramana-
than S, Rotstein D, Saiz A, Sato DK and Vaknin-
Dembinsky A. International delphi consensus
on the management of AQP4-IgG+ NMOSD:
recommendations for eculizumab, inebilizum-
ab, and satralizumab. Neurol Neuroimmunol
Neuroinflamm 2023; 10: e200124.

Li SY, Peng CX, Zuo HX, Lin Q, Yu JF, Liu W, Li L
and Shi W. Evaluating the clinical characteris-

Am J Transl Res 2025;17(9):7095-7101


mailto:drfu@fjmu.edu.cn
mailto:Loyalgg@163.com

(11]

(12]

[13]

(14]

[15]

[16]

7101

Acute mesencephalitis with bilateral vision loss as the initial symptom

tics and ophthalmic manifestations in children
and adolescents with acquired demyelinating
disorders in China. Br J Hosp Med (Lond)
2025; 86: 1-12.

Paolilo RB, Paz JAD, Apéstolos-Pereira SL, Rim-
kus CM, Callegaro D and Sato DK. Neuromyeli-
tis optica spectrum disorders: a review with a
focus on children and adolescents. Arq Neu-
ropsiquiatr 2023; 81: 201-211.

Liu J, Tan G, Li B, Zhang J, Gao Y, Cao Y, Jia Z
and Sugimoto K. Serum aquaporin 4-immuno-
globulin G titer and neuromyelitis optica spec-
trum disorder activity and severity: a system-
atic review and meta-analysis. Front Neurol
2021; 12: 746959.

Yin HX, Wang YJ, Liu MG, Zhang DD, Ren HT,
Mao ZF, Zhang Y, Peng B, Cui LY and Xu Y.
Aquaporin-4 antibody dynamics and relapse
risk in seropositive neuromyelitis optica spec-
trum disorder treated with immunosuppres-
sants. Ann Neurol 2023; 93: 1069-1081.
Wang L, Du L, Li Q, Li F, Wang B, Zhao Y, Meng
Q, Li W, Pan J, Xia J, Wu S, Yang J, Li H, Ma J,
ZhangBao J, Huang W, Chang X, Tan H, Yu J,
Zhou L, Lu C, Wang M, Dong Q, Lu J, Zhao C
and Quan C. Neuromyelitis optica spectrum
disorder with anti-aquaporin-4 antibody: out-
come prediction models. Front Immunol 2022;
13: 873576.

Siriratnam P, Sanfilippo P, van der Walt A, Shar-
min S, Foong YC, Yeh WZ, Zhu C, Khoury SJ,
Csepany T, Willekens B, Etemadifar M, Ozak-
bas S, Nytrova P, Altintas A, Al-Asmi A, Yamout
B, Laureys G, Patti F, Simo M, Surcinelli A, Fos-
chi M, McCombe PA, Alroughani R, Sanchez-
Menoyo JL, Turkoglu R, Soysal A, Lechner Scott
J, Kalincik T, Butzkueven H, Jokubaitis V, Huda
S and Monif M; MSBASE study group. Predic-
tors of relapse risk and treatment response in
AQP4-1gG positive and seronegative NMOSD: a
multicentre study. J Neurol Neurosurg Psychia-
try 2025; 96: 361-369.

Zhou J, Yang X, Wang X, Li B, Xu Y, Zhang H,
Zhu'Y, Wang X and Feng J. Immunotherapy for
neuromyelitis optica spectrum disorder: a
comparative analysis of efficacy and safety of
azathioprine, mycophenolate mofetil, tacrolim-
us, and rituximab. Front Neurol 2025; 16:
1559118.

(17]

(18]

(19]

[20]

(21]

[22]

Kim SH, Gomes ABAGR, Schindler P, Hyun JW,
Kim KH, Lee DE, Schoeps VA, Matos AMB,
Mendes NT, Apéstolos-Pereira SLD, Callegaro
D, Lerner J, Benkert P, Kuhle J, Ruprecht K,
Paul F, Probstel AK and Kim HJ. Blood-based
biomarkers for identifying disease activity in
AQP4-1gG-Positive neuromyelitis optica spec-
trum disorder. JAMA Neurol 2025; 82: 168-
175.

Li X, Zhang C, Jia D, Fan M, Li T, Tian DC, Liu Y
and Shi FD. The occurrence of myelin oligoden-
drocyte glycoprotein antibodies in aquaporin-
4-antibody seronegative neuromyelitis optica
spectrum disorder: a systematic review and
meta-analysis. Mult Scler Relat Disord 2021;
53: 103030.

Chu F, Shi M and Zhu J. Differences in clinical
phenotype, laboratory, and imaging manifesta-
tions between AQP4 IgG positive and AQP4
MOG IgG double negative NMOSD: how to cor-
rectly diagnose the two. Autoimmun Rev 2025;
24:103761.

Chen X, Zhou J, Li R, Zhang B, Wang Y, Zhong X,
ShuY, Chang Y and Qiu W. Disease Course and
outcomes in patients with the limited form of
neuromyelitis optica spectrum disorders and
negative AQP4-IgG serology at disease onset: a
prospective cohort study. J Clin Neurol 2022;
18: 453-462.

Gaye NM, Fall M, Diop AM, Dadah SML, Ka M,
Cissé O, Diagne NS, Diop-Séne MS, Sow AD,
Basse-Faye AM, Sarr MM, Touré K, Seck LB,
Ndiaye M and Diop AG. Neuromyelitis optica
spectrum disorders (NMO-SD) in a sub-saha-
ran africa country: a preliminary study of six-
teen senegalese cases. Mult Scler Relat Dis-
ord 2019; 27: 179-183.

Sokhi D, Suleiman A, Manji S, Hooker J and
Mativo P. Cases of neuromyelitis optica spec-
trum disorder from the East Africa region, high-
lighting challenges in diagnostics and health-
care access. eNeurologicalSci 2021; 23; 22:
100320.

Am J Transl Res 2025;17(9):7095-7101



