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Very-late-onset neuromyelitis
optica spectrum disorder: a case
report and review

Rui-Ting Liu™?, Yu-Kun Guo'?, Xia Du! and Heng Li'*

!Department of Neurology, Central Hospital Affiliated to Shandong First Medical University, Jinan,
China, 2Cheeloo College of Medicine, Shandong University, Jinan, China

Neuromyelitis optica spectrum disorder (NMOSD) is a rare autoimmune disorder
that causes demyelination within the central nervous system, typically manifesting
as symptoms of optic neuritis and myelitis. We report the case of a 92-year-old
patient with NMOSD who was admitted to our hospital; hers is currently the oldest
reported case of NMOSD globally. The onset occurred after COVID-19 vaccination,
and the patient responded well to treatment with satralizumab.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a rare inflammatory demyelinating
disorder of the central nervous system. It usually presents as a clinical syndrome or magnetic
resonance imaging (MRI) findings related to the optic nerve(s), spinal cord, area postrema or
other brainstem areas, the diencephalon or the cerebrum (1). Serum aquaporin-4
immunoglobulin G (AQP4-IgG) is considered to be its pathogenic antibody and, thus, is
widely used in clinical diagnostic practice (2). A previous analysis showed that the overall
mean age of onset was 38.3 years, with ages ranging from 2 to 86 years in AQP4-associated
NMOSD (3). Here, we report a case of a 92-year-old woman who presented with longitudinally
extensive transverse myelitis after a COVID-19 vaccination and was diagnosed with NMOSD.

Case description

A 92-year-old Chinese female was admitted to the Department of Neurology of our
hospital on October 24, 2023, due to a fever having lasted for 3 days and weakness in both
lower limbs for 8 h, accompanied by urinary retention, without significant neck or chest pain.
One week prior to admission, she had a COVID-19 vaccination. She had had hypertension,
an old cerebral infarction (without sequelae) and mild coronary heart disease for years, but
she was able to care for herself in daily life. Upon admission, her physical examination
revealed: a temperature of 36.7°C, pulse of 69 beats per minute, respiratory rate of 20 breaths
per minute and blood pressure of 150/78 mmHg. Auscultation of the heart and lungs was
unremarkable. Neurological examination revealed that she was fully conscious and able to
speak clearly, with grade 5 muscle strength in both upper limbs, grade 5— in the left lower limb
and grade 4 in the right lower limb. There was decreased pinprick sensation below the T5 level,
and reduced vibration sensation in the right lower limb. Bilateral positive findings were
observed for ChaddocK’s sign, and positive Babinski reflex was found in the right lower limb.
Signs of meningeal irritation were negative. The patient was tested on the Mini-Mental State
Examination and Montreal Cognitive Assessment, scoring 23 (maximum score: 30) and 16
(maximum score: 30), respectively. MRI of the spinal cord showed abnormal signals in the
long segments of the spinal cord at C4 to T4, T9 and T11-T12, with partial enhancement, as
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shown in Figures 1 A-E. The cranial diffusion-weighted image revealed
a new infarction lesion in the left thalamus, with no other significant
abnormalities observed (image not shown). Cerebrospinal fluid
analysis revealed a white blood cell count of 28 x 10%/L (0-8 x 10%/L)
and protein level of 0.64 g/L (0.15-0.45 g/L). Tests for demyelination-
related antibodies showed a positive serum anti-AQP4 antibody
(1:320, collagen binding assay method), a negative serum anti-myelin
oligodendrocyte glycoprotein and negative oligoclonal bands in both
serum and cerebrospinal fluid. Based on the patient’s medical history,
physical examination and additional tests, a diagnosis of NMOSD
was made.

Two days after admission, she gradually developed an intestinal
obstruction and experienced a decrease in lower limb muscle strength
to grade 1-2. Treatment began on day 3 with intravenous (IV)
immunoglobulin (0.4 g/kg/day) for 5 days, followed by IV
methylprednisolone from day 7. Given the advanced age of the
patient, we started with methylprednisolone 500 mg/day for 3 days,

10.3389/fneur.2025.1559872

then halved the dosage every 3 days until reaching 60 mg/day, which
was administered orally. Calcium, potassium and stomach-protection
medications were also administered. Cyclophosphamide was used to
suppress the immune response and prevent relapse. Over the next
2 months, she developed Klebsiella pneumoniae pneumonia and a
Candida albicans urinary infection, leading to the discontinuation of
the After the
patient recovered.

cyclophosphamide. anti-infection treatment,

Given her age and susceptibility to infections, the patient was
started on satralizumab in March 2024, to prevent a relapse. At that
time, she had an Expanded Disability Status Scale (EDSS) score of 8,
on a scale where the most-severe disability is rated as a “10” Three
subcutaneous injections of 120 mg of satralizumab were administered
at weeks 0, 2, and 4. Afterwards, a maintenance dose of 120 mg was
administered every 4 weeks. The timeline of the patient’s treatments
is shown in Figure 2. Subsequent evaluations of liver function, platelet
counts and neutrophil levels revealed no significant abnormalities.

FIGURE 1

follow-up of approximately 11 months after the diagnosis.

Magnetic resonance images (MRIs) showing the patient’s neuromyelitis optica spectrum disorder lesions. (A,B) Sagittal MRI of the spinal cord showing
patchy T2 fat-compression hyperintensity at vertebral levels C4-T4, T9 and T11-12, along with slight swelling of the spinal cord at C4-T4. (C) Sagittal
MRI of the spinal cord showing patchy enhancement at vertebral levels T9, 11-12. (D,E) Transverse section of T2-weighted MRI of the spinal cord,
revealing an abnormal hyperintense signal located in the center of the spinal cord. (F) Sagittal T2-weighted MRI of the spinal cord showing a significant
decrease in the abnormal high signals from C5 to T12, with resolution of the spinal cord edema and notable atrophy of the spinal cord during the

Frontiers in Neurology

02

frontiersin.org


https://doi.org/10.3389/fneur.2025.1559872
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Liu et al.

10.3389/fneur.2025.1559872

tentative diagnosis of NMOSD
weeks,

l Immunoglobulin applied (0.4 g’kg/d*5d) |

cyclophosphamide
applied (0.2 g/week*3
discontinued
forinfection)

satralizumab applied(120

satralizumab applied(120 mg, every 4 weeks)

mg, second)

T

0 3 7l 20
admission " diagnosis of NMOSD I

methylprednisolone applied
(500 mg/day for 3 days. then
halved the dosage every 3 days
until reaching 60 mg/day)

FIGURE 2

The patient’s entire treatment sequence, since her admission with a diagnosis of neuromyelitis optica spectrum disorder (NMOSD)
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After 4 months, the patient demonstrated the ability to stand with
support from a wall and her EDSS score improved to 7. In a follow-up
in September 2024, the repeat MRI of the cervical spinal cord showed
a decrease in abnormal signals, resolution of spinal cord edema and
the appearance of spinal cord atrophy, as shown in Figure 1F. The
patient discontinued the use of steroids in September 2024, and has
been continuously administered satralizumab alone. Under
continuous observation, there has been no recurrence so far.

Discussion
The prevalence range of NMOSD is approximately
0.5 ~ 10/100,000 in various regions of the world and is more
prevalent in non-Caucasian populations (4). In 2020, China
released data on the incidence rate of NMOSD, with an overall
incidence of 0.278/100,000, and incidences of 0.075/100,000 and
0.347/100,000 in children and adults, respectively, based on a
nationwide mandatory database of the Hospital Quality
Monitoring System (5). A meta-analysis showed that the mean age
of onset of AQP4-IgG-positive NMOSD was 41.7 years, and that
the age of onset was expected to increase with the increase in the
life span of the overall population (3). In a literature search on
PubMed, the highest age of onset found for NMOSD is 88 years
old (6). In the present case, the 92-year-old patient was admitted
to the hospital with symptoms of spinal cord lesions. Spinal cord
MRI revealed long-segment myelitis, and serum AQP4-IgG was
positive, leading to a diagnosis of NMOSD. This is currently the
highest known age of onset for an NMOSD patient. Some
researchers classify NMOSD with an onset age of <50 years as
early-onset NMOSD (EO-NMOSD); that with an onset age of
>50 years as late-onset NMOSD (LO-NMOSD); and that with an
onset age of >70 years as very-late-onset NMOSD (VLO-NMOSD)
(7, 8). Compared with patients with EO-NMOSD, those with LO-
or VLO-NMOSD exhibit: disability;
progression; severe myelitis with longitudinal spinal cord

more-severe faster
involvement, rather than optic neuritis (ON); higher AQP4-IgG
seropositivity and higher AQP4-IgG titers; more white matter
hyperintensities; more-severe sleep disorders; higher levels of
anxiety; poorer cognitive function; and higher scores on the
Clinical Dementia Rating-community affairs scale (9-12). It has
also been reported that peripapillary hemorrhages with optic disc
edema may be a feature that distinguishes VLO-NMOSD-ON
from demyelinating ON (13). The elderly patient described in this
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article exhibited long-term spinal cord pathology without any

visual impairment, which 1is consistent
research (9-12).

The most common adverse events with the COVID-19 vaccine

with previous

are injection site pain, fever, fatigue, etc. (14). In recent years,
there has been a proliferation of research on the occurrence of
neuroimmunological diseases such as NMOSD following
COVID-19 vaccination, yet the relationship between them and the
mechanisms remain unclear (15-17). Because most studies
originate from single centers with a limited number of reported
cases and are retrospective observational research with some
incomplete data (17, 18). Although the pathogenesis is unknown,
research has revealed that human antigens and severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) molecules
may exhibit similar molecular properties, which may cause
autoimmune diseases in vaccine recipients. The cross-reactivity of
21 human tissue antigens with antibodies to SARS-CoV-2 provides
a potential explanation for the observed autoimmunity caused by
SARS-CoV-2 mRNA vaccines, which affects various systems,
including the gastrointestinal, cardiovascular and nervous
systems (19).

Worse prognosis and severer motor disability in LO-NMOSD may
be attributed to more extensive inflammation and impaired reparation
mechanism (20). So the managing immunosuppression in elderly
patients faces severe challenges. Several new biological agents with
development strategies based on the mechanism of NMOSD have been
evaluated in clinical trials. For example, inebilizumab targets antibody-
producing B cells (21), eculizumab targets complement protein C5
(22), and satralizumab block interleukin-6 (IL-6) signaling (23). Aging
is associated with elevated levels of circulating cytokines and
pro-inflammatory markers (24), alongside a decline in immune system
function (8). Studies have shown that serum levels of interleukin-6
(IL-6) increase with age (25), and IL-6 is implicated in the initiation
and progression of cytokine storms (26). IL-6 serves as a crucial signal
for the IL-6 amplifier, which is one of the main mechanisms driving
inflammation, particularly chronic inflammation (27). Satralizumab is
a novel monoclonal antibody drug that primarily acts as an IL-6
receptor antagonist, modulating and reducing inflammatory responses
by inhibiting the IL-6 signaling pathway, thereby exerting therapeutic
effects. Research has demonstrated that patients with VLO-NMOSD
may experience therapeutic benefit from administration of high-dose
IV methylprednisolone (28). However, compared with patients with
EO-NMOSD, patients with VLO-NMOSD face a significantly
increased risk of adverse reactions to high-dose steroid pulse therapy,
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primarily due to preexisting conditions such as hypertension and
diabetes. Therefore, vigilant monitoring throughout the treatment
process is crucial. In the present case, the patient experienced multiple
infections during the initial stages of the disease, necessitating
particular caution when implementing sequential treatment. Given the
patient’s advanced age, sequential therapy with satralizumab was
administered although both clinical trials of satralizumab included
patients aged <74 years (23, 29). Over a subsequent follow-up period,
the patient exhibited no signs of relapse, demonstrated an improved
EDSS score, and laboratory tests revealed no significant abnormalities.
These findings suggest that satralizumab is a safe treatment option for
individuals with VLO-NMOSD. The use of satralizumab in our patient
has also expanded its applicable population. The follow-up of this
patient is ongoing. Aging is associated with elevated levels of circulating
cytokines and pro-inflammatory markers (24), alongside a decline in
immune system function (8). Studies have shown that serum levels of
interleukin-6 (IL-6) increase with age (25), and IL-6 is implicated in
the initiation and progression of cytokine storms (26). IL-6 serves as a
crucial signal for the IL-6 amplifier, which is one of the main
mechanisms driving inflammation, particularly chronic inflammation
(27). Satralizumab is a novel monoclonal antibody drug that primarily
acts as an IL-6 receptor antagonist, modulating and reducing
inflammatory responses by inhibiting the IL-6 signaling pathway,
thereby exerting therapeutic effects. Research has demonstrated that
patients with VLO-NMOSD may experience therapeutic benefit from
administration of high-dose IV methylprednisolone (28). However,
compared with patients with EO-NMOSD, patients with VLO-NMOSD
face a significantly increased risk of adverse reactions to high-dose
steroid pulse therapy, primarily due to preexisting conditions such as
hypertension and diabetes. Therefore, vigilant monitoring throughout
the treatment process is crucial. In the present case, the patient
experienced multiple infections during the initial stages of the disease,
necessitating particular caution when implementing sequential
treatment. Given the patient’s advanced age, sequential therapy with
satralizumab was administered although both clinical trials of
satralizumab included patients aged <74 years (23, 29). Over a
subsequent follow-up period, the patient exhibited no signs of relapse,
demonstrated an improved EDSS score, and laboratory tests revealed
no significant abnormalities. These findings suggest that satralizumab
is a safe treatment option for individuals with VLO-NMOSD. The use
of satralizumab in our patient has also expanded its
applicable population.

This patient has been taking satralizumab for 11 months now,
with no recurrence and no serious adverse events, including major
infections. We should continue with follow-up observations to
assess the long-term effectiveness of satralizumab. Although our
experience with satralizumab is encouraging, larger studies on
satralizumab in elderly NMOSD patients are clearly needed to
confirm its benefits.

Conclusion
The immune mechanism underlying the onset of

VLO-NMOSD may differ from that in EO-NMOSD. Given that
elderly patients often have multiple comorbidities, caution is
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needed in the follow-up treatment after acute-phase therapy.
Satralizumab, an IL-6 inhibitor, may be a good option for elderly
patients with VLO-NMOSD.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Central
Hospital Affiliated to Shandong First Medical University. The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

R-TL: Resources, Formal analysis, Writing — original draft,
Writing - review & editing. Y-KG: Writing - original draft, Data
curation. XD: Data curation, Writing - original draft. HL: Resources,
Writing - review & editing.
Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.
Acknowledgments

We thank Claire Barnes, PhD, from Liwen Bianji (Edanz)
(www.liwenbianji.cn) for editing the English text of a draft of
this manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

frontiersin.org


https://doi.org/10.3389/fneur.2025.1559872
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://www.liwenbianji.cn

Liu et al.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Jarius S, Aktas O, Ayzenberg I, Bellmann-Strobl J, Berthele A, Giglhuber K, et al.
Update on the diagnosis and treatment of neuromyelits optica spectrum disorders
(NMOSD)-revised recommendations of the neuromyelitis optica study group
(NEMOS). Part I: diagnosis and differential diagnosis. J Neurol. (2023) 270:3341-68.
doi: 10.1007/s00415-023-11634-0

2. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, et al.
International consensus diagnostic criteria for neuromyelitis optica spectrum disorders.
Neurology. (2015) 85:177-89. doi: 10.1212/wnl.0000000000001729

3. Arnett S, Chew SH, Leitner U, Hor JY, Paul F, Yeaman MR, et al. Sex ratio and age
of onset in AQP4 antibody-associated NMOSD: a review and meta-analysis. ] Neurol.
(2024) 271:4794-812. doi: 10.1007/s00415-024-12452-8

4. Hor JY, Asgari N, Nakashima I, Broadley SA, Leite MI, Kissani N, et al.
Epidemiology of neuromyelitis optica spectrum disorder and its prevalence and
incidence worldwide. Front Neurol. (2020) 11:501. doi: 10.3389/fneur.2020.00501

5. Tian DC, Li Z, Yuan M, Zhang C, Gu H, Wang Y, et al. Incidence of neuromyelitis
optica spectrum disorder (NMOSD) in China: a national population-based study. Lancet
Reg Health West Pac. (2020) 2:100021. doi: 10.1016/j.lanwpc.2020.100021

6. Krumbholz M, Hofstadt-van Oy U, Angstwurm K, Kleiter I, Jarius S, Paul E, et al.
Very late-onset neuromyelitis optica spectrum disorder beyond the age of 75. ] Neurol.
(2015) 262:1379-84. doi: 10.1007/s00415-015-7766-8

7. Carnero Contentti E, Daccach Marques V, Soto de Castillo I, Tkachuk V, Ariel B,
Castillo MC, et al. Clinical features and prognosis of late-onset neuromyelitis optica
spectrum disorders in a Latin American cohort. ] Neurol. (2020) 267:1260-8. doi:
10.1007/s00415-020-09699-2

8. Nakahara K, Nakane S, Nagaishi A, Narita T, Matsuo H, Ando Y. Very late onset
neuromyelitis optica spectrum disorders. Eur J Neurol. (2021) 28:2574-81. doi:
10.1111/ene.14901

9. Min W, Zhang L, Wang S, Xue M, Guo C, Zhu M. Clinical characteristics of late-
onset neuromyelitis optica spectrum disorder. Mult Scler Relat Disord. (2023) 70:104517.
doi: 10.1016/j.msard.2023.104517

10. Ghadiri F, Eskandarieh S, Sahraian MA, Azimi A, Moghadasi AN. Late-onset
neuromyelitis optica spectrum disorder: a case series from Iran. Rev Neurol (Paris).
(2022) 178:249-52. doi: 10.1016/j.neurol.2021.08.006

11.Yu J, Yan S, Niu P, Teng J. Relatively early and late-onset neuromyelitis optica
spectrum disorder in central China: clinical characteristics and prognostic features.
Front Neurol. (2022) 13:859276. doi: 10.3389/fneur.2022.859276

12. Santos E, Moura J, Samdes R, Sousa AP, Mendonga T, Abreu P, et al. Late onset
neuromyelitis optica spectrum disorders (LONMOSD) from a nationwide Portuguese
study: anti-AQP4 positive, anti-MOG positive and seronegative subgroups. Mult Scler
Relat Disord. (2022) 63:103845. doi: 10.1016/j.msard.2022.103845

13. Yang Q, Sun L, Wang Q, Wang J, Meng C, Chang Q, et al. Primary optic neuropathy
in Behget's syndrome. Mult Scler. (2019) 25:1132-40. doi: 10.1177/1352458518786058

14. Zhang L, Jiang L, Tian T, Li W, Pan Y, Wang Y. Efficacy and safety of COVID-19
vaccination in older adults: a systematic review and meta-analysis. Vaccines (Basel).
(2022) 11:33. doi: 10.3390/vaccines11010033

15. Mirmosayyeb O, Ghaffary EM, Vaheb S, Pourkazemi R, Shaygannejad V. Multiple
sclerosis (MS) and neuromyelitis optica spectrum disorder (NMOSD) following

Frontiers in Neurology

05

10.3389/fneur.2025.1559872

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

COVID-19 vaccines: a systematic review. Rev Neurol (Paris). (2023) 179:265-81. doi:
10.1016/j.neurol.2022.11.004

16. Ebrahimi N, Mazdak M, Shaygannejad V, Mirmosayyeb O. CNS demyelinating
disease following inactivated or viral vector SARS-CoV-2 vaccines: a case series. Vaccine.
(2023) 41:1003-8. doi: 10.1016/j.vaccine.2023.01.003

17. Harahsheh E, Callister M, Hasan S, Gritsch D, Valencia-Sanchez C. Aquaporin-4
IgG neuromyelitis optica spectrum disorder onset after Covid-19 vaccination: systematic
review. J Neuroimmunol. (2022) 373:577994. doi: 10.1016/j.jneuroim.2022.577994

18. Tokumasu K, Fujita-Yamashita M, Sunada N, Sakurada Y, Yamamoto K, Nakano
Y, et al. Characteristics of persistent symptoms manifested after SARS-CoV-2
vaccination: an observational retrospective study in a specialized clinic for vaccination-
related adverse events. Vaccines (Basel). (2023) 11:1661. doi: 10.3390/vaccines11111661

19. Vojdani A, Vojdani E, Kharrazian D. Reaction of human monoclonal antibodies
to SARS-CoV-2 proteins with tissue antigens: implications for autoimmune diseases.
Front Immunol. (2020) 11:617089. doi: 10.3389/fimmu.2020.617089

20.HuY, Sun Q, YiE, Yao L, Tian Y, Tang H, et al. Age of onset correlates with clinical
characteristics and prognostic outcomes in neuromyelitis optica spectrum disorder.
Front Immunol. (2022) 13:1056944. doi: 10.3389/fimmu.2022.1056944

21. Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wingerchuk DM,
et al. Inebilizumab for the treatment of neuromyelitis optica spectrum disorder
(N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial.
Lancet. (2019) 394:1352-63. doi: 10.1016/s0140-6736(19)31817-3

22. Pittock SJ, Berthele A, Fujihara K, Kim HJ, Levy M, Palace J, et al. Eculizumab in
aquaporin-4-positive neuromyelitis optica spectrum disorder. N Engl ] Med. (2019)
381:614-25. doi: 10.1056/NEJMo0a1900866

23. Traboulsee A, Greenberg BM, Bennett JL, Szczechowski L, Fox E, Shkrobot S, et al.
Safety and efficacy of satralizumab monotherapy in neuromyelitis optica spectrum
disorder: a randomised, double-blind, multicentre, placebo-controlled phase 3 trial.
Lancet Neurol. (2020) 19:402-12. doi: 10.1016/s1474-4422(20)30078-8

24. Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al. Nourhashemi:
proinflammatory cytokines, aging, and age-related diseases. ] Am Med Dir Assoc. (2013)
14:877-82. doi: 10.1016/j.jamda.2013.05.009

25. Ershler WB, Keller ET. Age-associated increased interleukin-6 gene expression,
late-life diseases, and frailty. Annu Rev Med. (2000) 51:245-70. doi: 10.1146/annurev.
med.51.1.245

26. Brabek J, Jakubek M, Vellieux F, Novotny ], Kolat M, Lacina L, et al. Interleukin-6:
molecule in the intersection of cancer, ageing and COVID-19. Int ] Mol Sci. (2020) 21:21
(21). doi: 10.3390/ijms21217937

27. Lee J, Nakagiri T, Oto T, Harada M, Morii E, Shintani Y, et al. IL-6 amplifier, NF-
kB-triggered positive feedback for IL-6 signaling, in grafts is involved in allogeneic
rejection responses. J Immunol. (2012) 189:1928-36. doi: 10.4049/jimmunol.1103613

28. Thongmee W, Narongkhananukul C, Padungkiatsagul T, Jindahra P, Vanikieti K.
Comparison of early- and late-onset NMOSD-related optic neuritis in Thai patients:
clinical characteristics and long-term visual outcomes. Clin Ophthalmol. (2021)
15:419-29. doi: 10.2147/0pth.s295769

29. Yamamura T, Kleiter I, Fujihara K, Palace ], Greenberg B, Zakrzewska-Pniewska
B, et al. Trial of satralizumab in neuromyelitis optica spectrum disorder. N Engl | Med.
(2019) 381:2114-24. doi: 10.1056/NEJMoa1901747

frontiersin.org


https://doi.org/10.3389/fneur.2025.1559872
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s00415-023-11634-0
https://doi.org/10.1212/wnl.0000000000001729
https://doi.org/10.1007/s00415-024-12452-8
https://doi.org/10.3389/fneur.2020.00501
https://doi.org/10.1016/j.lanwpc.2020.100021
https://doi.org/10.1007/s00415-015-7766-8
https://doi.org/10.1007/s00415-020-09699-2
https://doi.org/10.1111/ene.14901
https://doi.org/10.1016/j.msard.2023.104517
https://doi.org/10.1016/j.neurol.2021.08.006
https://doi.org/10.3389/fneur.2022.859276
https://doi.org/10.1016/j.msard.2022.103845
https://doi.org/10.1177/1352458518786058
https://doi.org/10.3390/vaccines11010033
https://doi.org/10.1016/j.neurol.2022.11.004
https://doi.org/10.1016/j.vaccine.2023.01.003
https://doi.org/10.1016/j.jneuroim.2022.577994
https://doi.org/10.3390/vaccines11111661
https://doi.org/10.3389/fimmu.2020.617089
https://doi.org/10.3389/fimmu.2022.1056944
https://doi.org/10.1016/s0140-6736(19)31817-3
https://doi.org/10.1056/NEJMoa1900866
https://doi.org/10.1016/s1474-4422(20)30078-8
https://doi.org/10.1016/j.jamda.2013.05.009
https://doi.org/10.1146/annurev.med.51.1.245
https://doi.org/10.1146/annurev.med.51.1.245
https://doi.org/10.3390/ijms21217937
https://doi.org/10.4049/jimmunol.1103613
https://doi.org/10.2147/opth.s295769
https://doi.org/10.1056/NEJMoa1901747

	Very-late-onset neuromyelitis optica spectrum disorder: a case report and review
	Introduction
	Case description
	Discussion
	Conclusion

	References

