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Introduction: Myelin oligodendrocyte glycoprotein (MOG) antibody associated disorders (MOGAD) have been recognized over the past 10 years as distinct inflammatory, demyelinating diseases of the central nervous system (CNS). Antibodies against MOG are found mostly in patients with optic neuritis (ON), acute disseminated encephalomyelitis (ADEM), and aquaporin-4 antibody (AQP4-abs)-seronegative neuromyelitis optica spectrum disorders (NMOSD). However, data on the disease course and disability outcomes of these patients are scarce.

Aim: To describe clinical and paraclinical features associated with MOG antibodies (abs) in a cohort of patients in Israel, and to assess baseline prognostic features of MOG-ab-associated diseases after a first acute demyelinating event.

Methods: MOG-abs were identified in serum using a cell-based assay, and clinical data were collected from the patients' medical records.

Results: Of 683 patients with demyelinating diseases tested for MOG-abs, 53 were positive (7.7%), with ON the most common presenting phenotype (68%). The age range of MOG-abs seropositive patients was 1–66 years, with increased prevalence in children (19% compared to 6.7% in adults) (p < 0.01). The highest prevalence of seropositivity was observed in children aged younger than 10 years (25.5%), followed by those aged 31–40 years (16.6%).

Conclusions: MOGAD are distinct autoimmune diseases that occurs at all stages of life with a significantly higher prevalence in children; the main clinical presenting phenotype in the entire cohort is ON and young children most often presented with ON or ADEM. Our data highlight the need for repeated evaluation of MOG-abs in patients with acquired CNS demyelinating disorders, especially in children under 10 and adults between 31 and 40 years of age.
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INTRODUCTION

Myelin oligodendrocyte glycoprotein (MOG) antibody associated disorders (MOGAD) have been recognized in the past 10 years as distinct inflammatory demyelinating diseases of the central nervous system (CNS), characterized by the presence of immunoglobulin G (IgG) class 1 antibodies targeting MOG (1–3). MOG is a component of the myelin sheath uniquely expressed in oligodendrocytes in the CNS, which has been described as a potential target of demyelinating diseases (4, 5). MOG peptides are known to elicit a demyelinating immune response in experimental models of inflammatory demyelinating diseases (6, 7). MOG-abs have been mentioned in the literature for almost 30 years, although their role in demyelinating diseases has not been fully elucidated until this decade (8, 9).

MOGAD are characterized by monophasic or relapsing optic neuritis (ON), myelitis, brainstem, and cerebral cortical encephalitis (1, 10, 11), and in children by monophasic acute disseminated encephalomyelitis (ADEM) and ADEM followed by recurrent ON, multiphasic disseminated encephalomyelitis or AQP4-ab-negative neuromyelitis optica spectrum disorders (NMOSD) (12, 13). The most common phenotype is ON, which is frequently bilateral, as well as ADEM in young children (14, 15). Clinically and radiologically, MOGAD resembles ADEM and NMOSD (2, 10, 16, 17), although MOG-abs does not induce astrocyte injury like AQP4-abs, and MOGAD are considered milder and less relapsing (18, 19). In addition, prognosis is typically favorable compared to both MS and NMOSD, and standard MS treatments such as beta interferon, natalizumab, and glatiramer acetate (20, 21) may exacerbate disease. Attacks are treated with steroids, and those with suboptimal response may be treated with plasma exchange or intravenous immunoglobulin. Treatment response varies between MOGAD patients, and immunosuppressive treatments including rituximab or mycophenolate mofetil, often result in incomplete disease control (10, 22–24). Initial clinical manifestations of MOGAD can occur at any age, with mean age of onset at 25–30 years (4), younger than NMOSD onset, which typically occurs at age 35–45 years. MS and NMOSD are mostly diagnosed in young adults, with relatively few cases in pediatric and elderly patients (~20% of diagnosed patients) (25, 26). In contrast, MOGAD occurs more often among young children (4), similar to ADEM (27). Age of onset has been suggested as an important factor for determining the clinical course and the resulting disability in inflammatory demyelinating diseases. For example, late-onset cases of MS more often present with spinal cord lesions and are associated with rapid disease progression (28–31). Some studies have shown that late-onset NMOSD is predictive of motor disability but also of relatively good visual function. In contrast, pediatric NMOSD has a higher probability of developing visual disability (32, 33).

In this work, we studied detailed clinical characteristics and prognosis for MOG-abs-positive patients in a multicenter cohort in Israel, with an emphasis on clinical manifestations at different ages.



MATERIALS AND METHODS


Ethics

This research was approved by the Hadassah Medical Organization's Ethics Committee.



MOG Antibody Testing

Serum samples were tested for MOG-abs using the Euroimmune commercial biochip immunofluorescence fixed cell-based assay (clinical specificity of 98.1%) (34, 35). All MOG antibody-positive patients were negative for AQP4 antibodies.



Case Selection and Data Collection

Clinical information and samples for this study were collected from eight centers in Israel from January 2017 to January 2020. A total of 683 patients with demyelinating disease were tested for MOG-abs, 53 patients were identified as positive. Epidemiologic data, including demographic, disease presentation, disease course, clinical outcomes, oligoclonal bands (OCB), magnetic resonance imaging (MRI) findings and treatments were obtained from medical records. Data were available for 46 MOG-abs positive patients.

Relapses were defined as new neurologic symptoms lasting at least 24 h, accompanied by new neurologic findings, occurring 30 days or longer following the previous attack. The outcome reached after the first attack and at last follow-up visit was evaluated by the Expanded Disability Status Scale (EDSS) score.



Statistical Analysis

The Chi-square statistic with Yates correction was performed, using GraphPad Prism 7 (GraphPad Software, San Diego, CA).




RESULTS


Clinical Characterization of MOG-abs Seropositivity in Israel

Of 683 patients with inflammatory demyelinating disease that were tested for the presence of MOG-abs, 53 (7.7%) were positive (29 males, 24 females). The median age of onset was 22 years (range 1-66 years): 10 years in children (range, 1–18 years), and 35 years in adults (range, 19–66 years).

The most common presenting phenotype in the total cohort was ON (68%) [46.9% bilateral ON [BON], 37.5% unilateral ON [UON] and 15.6% recurrent ON], followed by myelitis (40.4%) and ADEM (19%). Of 46 patients with a median follow-up period of 30 (range 6–126) months, 56.5% of the patients presented with a monophasic disease course while 43.5% experienced recurrent relapses. Thirty-five percent and 58% of the pediatric and adult patients respectively had relapsing disease (range 2–3 and 2–6 relapses for the pediatric and adult patients, respectively, p = 0.14, follow-up data were not available for 13%).

Clinical and demographic data of the patients, according to age at disease onset, are summarized in Table 1.


Table 1. Clinical and demographic characterization of MOG-IgG patients.
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Age-Dependent Seroprevalence and Clinical Presentations of MOGAD Patients

The age of the tested patients ranged from 1 to 82 years. MOG-abs seropositive patients were found between the ages of 1 and 66 years. The highest prevalence of seropositivity was observed in children aged 1–10 years (25.5%), followed by the age group 31–40 years (16.6%), compared to 12% between ages 11–20, 5% at ages 21–30 and 3% above age 41 years (Figure 1).


[image: Figure 1]
FIGURE 1. Age at onset in MOG-abs-positive patients in Israel. % of MOG-abs-seropositive patients of those patients with demyelinating disease tested for MOG-abs.



Increased Occurrence of MOG-Abs Seropositivity in Children

Of the 683 samples that were sent to our laboratory for MOG-abs testing, 121 samples were from children (≤ 18). A total of 23 samples from pediatric patients were positive (19%) compared to 30 samples from 447 adult patients (age > 18) (6.7%) (P < 0.01) (Figure 2). 43.4% of the MOG-abs-positive patients were aged 18 and under, compared to 15% in the MOG-abs-negative population. The highest prevalence of MOG-abs seropositivity in children was found between ages 1–10 (25.5%).


[image: Figure 2]
FIGURE 2. The seroprevalence of MOG-abs is age-dependent. The mean percentages of MOG-abs-positive patients are shown for each subpopulation.


On examination of MOGAD presentation, we identified distinct disease characteristics related to the age of onset (Figure 3). ON is the most common clinical presentation in our cohort (68%, p < 0.01) (bilateral in almost half), and is seen frequently in both pediatric and adult patients (65% and 66.7% respectively). 61% of the pediatric patients presented with a monophasic disease course, whereas a relapsing course is more common among patients aged over 30 years (58%, p = 0.15). No age-dependent differences were seen regarding the presence of OCBs (7%-20%, p = 0.8).


[image: Figure 3]
FIGURE 3. Distribution of seropositive MOG-abs among pediatric and adults clinical phenotype.


Twelve patients presented with myelitis only, 75% of whom followed a monophasic disease course (9/12); seven of these nine patients are aged 25–40 years. Out of 13 adults (age 21–50 years) presenting with relapsing disease, four patients aged 36–42 years (31%) were diagnosed initially as NMOSD-like, presenting with both ON and myelitis. Three more patients (23%) presented with typical MS on brain MRI. One patient presented with encephalitis and status epilepticus.

Thirty-eight percent of MOG-abs seropositive patients under age 18 were diagnosed initially as ADEM (8/21), most of whom had a monophasic disease course (5/8, 62.5%). Patients presenting with ADEM features were younger (median age 8 years).



Late Onset MOGAD

One hundred and seven samples in our cohort were obtained from patients above the age of 50 years. Three patients, aged 50, 65, and 66 years, were positive for MOG antibodies. All three presented with a monophasic disease course and normal brain MRI. Two presented with ON and one with myelitis. Clinical follow up was 30 months on average (1.5, 1, and 5 years for patients aged 50, 65, and 66 respectively).





DISCUSSION

MOGAD are newly identified CNS inflammatory conditions, associated with attacks involving the optic nerve, spinal cord, brainstem and the brain. Currently, there are no accepted diagnostic criteria for this disease, although two recent publications have proposed recommendations for diagnosis (14, 21).

We studied a cohort of 53 MOG-abs seropositive patients from multiple centers in Israel and identified MOGAD at all stages of life, from ages 1–66 years, with a significantly higher prevalence in children and also in young adults in their 30s, and with distinct clinical manifestations varying with age. Within the entire cohort of 683 patients, 121 children (≥18 years) with inflammatory demyelinating disease were tested for MOG-abs and 23 were found positive, for a prevalence of 19% compared with 6.7% in adults and 7.8% in the general population (Figure 3). By decade, the highest prevalence of MOG-abs seropositivity was seen between the ages of 1 and 10 years (25.5%) followed by 31–40 years (16.6%), representing a higher prevalence at younger ages compared to patients positive for AQP4-abs (37).

The average age of disease onset of MS is the early 20s, with decreased prevalence in children and the elderly (29, 38). NMOSD usually presents in the fourth decade; in accordance with MS, it is less frequent in children and elderly (32, 33). However, MOGAD age of onset was found to be much younger, and prevalence is higher among children, similar to that seen in ADEM (27). About 30% of the patients with initial diagnosis of ADEM in our cohort were found to be positive for MOG-abs, and 40% of the children positive for MOG-abs clinically resemble ADEM, second only to ON presentation.

Higher prevalence of MOGAD in children has been reported worldwide. Large studies conducted in Europe detected MOG-abs in 22–30% of children with acquired demyelinating disease. These studies have also demonstrated that MOG-abs are present in children more frequently than AQP4-abs (3–6%) (10, 12, 39–41).

The clinical phenotype associated with MOG-abs seropositivity in our cohort varied with age from ADEM in children (40%) to opticospinal (optic neuritis, myelitis and brainstem encephalitis) in adults. Early onset (<18 years) and late onset (>50 years) MOGAD were characterized by monophasic course (14/20 and 3/3, respectively), while most young adults presented with a recurrent course (64% for patients aged 30–40 years). Rare phenotypes of MOGAD, such as encephalitis and Leukodystrophy-like phenotype, have been described (14, 15). In our cohort, one patient presented with encephalitis and status epilepticus. Unlike in MS we did not see a chronic progressive course in any of the MOG-abs seropositive patients. In accordance with our data, de Mol et al. (40) recently described a distinct distribution of clinical phenotypes of MOGAD between adults and children in a typical western European country. The most common phenotypes in children were monophasic ADEM, followed by ON and NMOSD, whereas in adults, ON was the most common phenotype, followed by myelitis and NMOSD.

A female predominance is common in autoimmune disease. In NMOSD there is a female predominance of 9:1 (42–44). However, this ratio is not seen in children and elderly patients with AQP4-abs (43, 44). In our cohort of MOGAD patients, we detected a sex ratio of 1:1 in the adult population, which is more similar to that found in AQP4-ab-negative NMOSD (1:1.9) (45) and in classical MS (3:1) (46). Patients presenting with myelitis were mostly men (6/7). There were no other sex-related differences in disease presentation or course.

Reliable tests for MOG-abs have only become available in recent years (34, 35). For this reason, most of the patients initially received other diagnoses. 35% of the young adult (20–40 years old) positive patients in our cohort were initially diagnosed with MS or NMOSD-like, while 40% of patients aged 18 years or younger were initially diagnosed as ADEM. Children presenting with ON or ADEM and young adults with monophasic or relapsing course who test negative for AQP4-abs are at high likelihood of MOG-abs seropositivity (1, 47). This may have significant implications for subsequent follow-up and treatment.

Although there are no evidence-based guidelines for the treatment of MOGAD (1, 14), and data regarding the efficacy of immunotherapy is limited, accurate diagnosis is important. There are reports supporting distinction of treatment strategies from those typically used for MS, and NMOSD (20–22). As in MS and NMOSD, MOGAD patients are particularly responsive to steroids, plasma exchange or treatment with IVIG for acute attacks. However, while MS is frequently treated with disease-modifying immunotherapy, case series indicate that several MS treatments (interferon beta, glatiramer acetate and natalizumab) do not suppress relapses and might exacerbate MOGAD (20, 21, 23, 24, 48). B cell-depleting therapies that are known to be effective in MS (ocrelizumab, rituximab) (49) and NMOSD (rituximab) (50) are recommended as a relapse preventive therapy in MOGAD. However, several groups recently reported the occurrence of relapses during rituximab treatment. These relapses were attributed to re-occurrence of B cells (21).

Findings of the present study must be considered within the framework of the study's limitations. Limitations include, the relatively small cohort size and short follow-up period. Increasing the sample size and extending the duration of follow-up is important and will confirm and strengthen our results.

In conclusion, we observed a high prevalence of MOG-abs positivity in young children who presented with ON and/or ADEM. As in AQP4-abs, we also observed patients with MOG-abs in older adults, mainly presenting with a monophasic disease course. Testing patients presenting with various types of acquired demyelinating syndromes for MOG-abs may assist with clinical decision-making.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The study was reviewed and approved by The Hadassah Medical Organization's Ethics Committee. Written informed consent to participate in this study was provided by the participants.



AUTHOR CONTRIBUTIONS

LB preformed the tests, analyzed the data, and wrote the manuscript. EG-C contributed samples and clinical data for the study and to the final version of the manuscript. RD, EZ-D, EA, NR, and YK contributed samples and clinical data for the study. SR contributed samples and clinical data and to final version of the study. AV-D contributed samples and clinical data, contributed to data analysis, and manuscript writing. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili K, et al. MOG-IgG in NMO and related disorders: a multicenter study of 50 patients. Part 1: frequency, syndrome specificity, influence of disease activity, long-term course, association with AQP4-IgG, and origin. J Neuroinfl. (2016) 13:279. doi: 10.1186/s12974-016-0717-1

 2. Kitley J, Woodhall M, Waters P, Leite MI, Devenney E, Craig J, et al. Myelin-oligodendrocyte glycoprotein antibodies in adults with a neuromyelitis optica phenotype. Neurology. (2012) 79:1273–7. doi: 10.1212/WNL.0b013e31826aac4e

 3. Reindl M, Di Pauli F, Rostasy K, Berger T. The spectrum of MOG autoantibody-associated demyelinating diseases. Nat Rev Neurol. (2013) 9:455–61. doi: 10.1038/nrneurol.2013.118

 4. Reindl M, Waters P. Myelin oligodendrocyte glycoprotein antibodies in neurological disease. Nat Rev Neurol. (2019) 15:89–102. doi: 10.1038/s41582-018-0112-x

 5. Johns TG, Bernard CC. The structure and function of myelin oligodendrocyte glycoprotein. J Neurochem. (1999) 72:1–9. doi: 10.1046/j.1471-4159.1999.0720001.x

 6. Peschl P, Bradl M, Hoftberger R, Berger T, Reindl M. Myelin oligodendrocyte glycoprotein: deciphering a target in inflammatory demyelinating diseases. Front Immunol. (2017) 8:529. doi: 10.3389/fimmu.2017.00529

 7. Iglesias A, Bauer J, Litzenburger T, Schubart A, Linington T- C, B-cell responses to myelin oligodendrocyte glycoprotein in experimental autoimmune encephalomyelitis and multiple sclerosis. Glia. (2001) 36:220–34. doi: 10.1002/glia.1111

 8. Linington C, Bradl M, Lassmann H, Brunner C, Vass K. Augmentation of demyelination in rat acute allergic encephalomyelitis by circulating mouse monoclonal antibodies directed against a myelin/oligodendrocyte glycoprotein. Am J Pathol. (1988) 130:443–54.

 9. Johns TG, Kerlero de Rosbo N, Menon KK, Abo S, Gonzales MF, Bernard CC. Myelin oligodendrocyte glycoprotein induces a demyelinating encephalomyelitis resembling multiple sclerosis. J Immunol. (1995) 154:5536–41.

 10. Jurynczyk M, Messina S, Woodhall MR, Raza N, Everett R, Roca-Fernandez A, et al. Clinical presentation and prognosis in MOG-antibody disease: a UK study. Brain. (2017) 140:3128–38. doi: 10.1093/brain/awx276

 11. Ogawa R, Nakashima I, Takahashi T, Kaneko K, Akaishi T, Takai Y, et al. MOG antibody-positive, benign, unilateral, cerebral cortical encephalitis with epilepsy. Neurology Neuroimmunol Neuroinfl. (2017) 4:e322. doi: 10.1212/NXI.0000000000000322

 12. Hennes EM, Baumann M, Schanda K, Anlar B, Bajer-Kornek B, Blaschek A, et al. Prognostic relevance of MOG antibodies in children with an acquired demyelinating syndrome. Neurology. (2017) 89:900–8. doi: 10.1212/WNL.0000000000004312

 13. Duignan S, Wright S, Rossor T, Cazabon J, Gilmour K, Ciccarelli O, et al. Myelin oligodendrocyte glycoprotein and aquaporin-4 antibodies are highly specific in children with acquired demyelinating syndromes. Dev Med Child Neurol. (2018) 60:958–62. doi: 10.1111/dmcn.13703

 14. Bruijstens AL, Lechner C, Flet-Berliac L, Deiva K, Neuteboom RF, Hemingway C, et al. E.U. paediatric MOG consortium consensus: Part 1 - Classification of clinical phenotypes of paediatric myelin oligodendrocyte glycoprotein antibody-associated disorders. Europ J Paediatr Neurol. (2020). doi: 10.1016/j.ejpn.2020.10.006. [Epub ahead of print].

 15. Wegener-Panzer A, Cleaveland R, Wendel EM, Baumann M, Bertolini A, Hausler M, et al. Clinical and imaging features of children with autoimmune encephalitis and MOG antibodies. Neurol Neuroimmunol Neuroinfl. (2020) 7:e731. doi: 10.1212/NXI.0000000000000731

 16. Mader S, Gredler V, Schanda K, Rostasy K, Dujmovic I, Pfaller K, et al. Complement activating antibodies to myelin oligodendrocyte glycoprotein in neuromyelitis optica and related disorders. J Neuroinfl. (2011) 8:184. doi: 10.1186/1742-2094-8-184

 17. Dale RC, Brilot F, Banwell B. Pediatric central nervous system inflammatory demyelination: acute disseminated encephalomyelitis, clinically isolated syndromes, neuromyelitis optica, multiple sclerosis. Curr Opinion Neurol. (2009) 22:233–40. doi: 10.1097/wco.0b013e32832b4c47

 18. Sato DK, Callegaro D, Lana-Peixoto MA, Waters PJ, de Haidar Jorge FM, Takahashi T, et al. Distinction between MOG antibody-positive and AQP4 antibody-positive NMO spectrum disorders. Neurology. (2014) 82:474–81. doi: 10.1212/WNL.0000000000000101

 19. Kitley J, Waters P, Woodhall M, Leite MI, Murchison A, George J, et al. Neuromyelitis optica spectrum disorders with aquaporin-4 and myelin-oligodendrocyte glycoprotein antibodies: a comparative study. JAMA Neurol. (2014) 71:276–83. doi: 10.1001/jamaneurol.2013.5857

 20. Hacohen Y, Banwell B. Treatment approaches for MOG-Ab-associated demyelination in children. Curr Treat Options Neurol. (2019) 21:2. doi: 10.1007/s11940-019-0541-x

 21. Jarius S, Paul F, Aktas O, Asgari N, Dale RC, de Seze J, et al. MOG encephalomyelitis: international recommendations on diagnosis and antibody testing. J Neuroinfl. (2018) 15:134. doi: 10.1186/s12974-018-1144-2

 22. Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili K, et al. MOG-IgG in NMO and related disorders: a multicenter study of 50 patients. Part 2: epidemiology, clinical presentation, radiological and laboratory features, treatment responses, long-term outcome. J Neuroinfl. (2016) 13:280. doi: 10.1186/s12974-016-0718-0

 23. Ramanathan S, Mohammad S, Tantsis E, Nguyen TK, Merheb V, Fung VSC, et al. Clinical course, therapeutic responses and outcomes in relapsing MOG antibody-associated demyelination. J Neurol Neurosurg Psychiatry. (2018) 89:127–37. doi: 10.1136/jnnp-2017-316880

 24. Hacohen Y, Wong YY, Lechner C, Jurynczyk M, Wright S, Konuskan B, et al. Disease course and treatment responses in children with relapsing myelin oligodendrocyte glycoprotein antibody-associated disease. JAMA Neurol. (2018) 75:478–87. doi: 10.1001/jamaneurol.2017.4601

 25. Reich DS, Lucchinetti CF, Calabresi PA. Multiple Sclerosis. N Engl J Med. (2018) 378:169–80. doi: 10.1056/NEJMra1401483

 26. Mirmosayyeb O, Brand S, Barzegar M, Afshari-Safavi A, Nehzat N, Shaygannejad V, et al. Clinical characteristics and disability progression of early- and late-onset multiple sclerosis compared to adult-onset multiple sclerosis. J Clin Med. (2020) 9:1326. doi: 10.3390/jcm9051326

 27. Tenembaum S, Chitnis T, Ness J, Hahn JS, International Pediatric MSSG. Acute disseminated encephalomyelitis. Neurology. (2007) 68(16 Suppl. 2):S23-36. doi: 10.1212/01.wnl.0000259404.51352.7f

 28. Bove RM, Healy B, Augustine A, Musallam A, Gholipour T, Chitnis T. Effect of gender on late-onset multiple sclerosis. Multiple Sclerosis. (2012) 18:1472–9. doi: 10.1177/1352458512438236

 29. Martinelli V, Rodegher M, Moiola L, Comi G. Late onset multiple sclerosis: clinical characteristics, prognostic factors and differential diagnosis. Neurol Sci. (2004) 25 (Suppl. 4):S350–5. doi: 10.1007/s10072-004-0339-8

 30. Renoux C, Vukusic S, Mikaeloff Y, Edan G, Clanet M, Dubois B, et al. Natural history of multiple sclerosis with childhood onset. N Engl J Med. (2007) 356:2603–13. doi: 10.1056/NEJMoa067597

 31. Runmarker B, Andersen O. Prognostic factors in a multiple sclerosis incidence cohort with twenty-five years of follow-up. Brain. (1993) 116 (Pt 1):117–34. doi: 10.1093/brain/116.1.117

 32. Absoud M, Lim MJ, Appleton R, Jacob A, Kitley J, Leite MI, et al. Paediatric neuromyelitis optica: clinical, MRI of the brain and prognostic features. J Neurol Neurosurg Psychiatry. (2015) 86:470–2. doi: 10.1136/jnnp-2014-308550

 33. Collongues N, Marignier R, Jacob A, Leite MI, Siva A, Paul F, et al. Characterization of neuromyelitis optica and neuromyelitis optica spectrum disorder patients with a late onset. Multiple Scler. (2014) 20:1086–94. doi: 10.1177/1352458513515085

 34. Waters PJ, Komorowski L, Woodhall M, Lederer S, Majed M, Fryer J, et al. A multicenter comparison of MOG-IgG cell-based assays. Neurology. (2019) 92:e1250–e5. doi: 10.1212/WNL.0000000000007096

 35. Reindl M, Schanda K, Woodhall M, Tea F, Ramanathan S, Sagen J, et al. International multicenter examination of MOG antibody assays. Neurol Neuroimmunol Neuroinfl. (2020) 7:e674. doi: 10.1212/NXI.0000000000000674

 36. Kim HJ, Paul F, Lana-Peixoto MA, Tenembaum S, Asgari N, Palace J, et al. MRI characteristics of neuromyelitis optica spectrum disorder: an international update. Neurology. (2015) 84:1165–73. doi: 10.1212/WNL.0000000000001367

 37. 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

 38. Boiko A, Vorobeychik G, Paty D, Devonshire V, Sadovnick D, University of British Columbia MSCN. Early onset multiple sclerosis: a longitudinal study. Neurology. (2002) 59:1006–10. doi: 10.1212/wnl.59.7.1006

 39. Sepulveda M, Aldea M, Escudero D, Llufriu S, Arrambide G, Otero-Romero S, et al. epidemiology of NMOSD in Catalonia: influence of the new 2015 criteria in incidence and prevalence estimates. Multiple Scler. (2018) 24:1843–51. doi: 10.1177/1352458517735191

 40. de Mol CL, Wong Y, van Pelt ED, Wokke B, Siepman T, Neuteboom RF, et al. The clinical spectrum and incidence of anti-MOG-associated acquired demyelinating syndromes in children and adults. Multiple Scler. (2020) 26:806–14. doi: 10.1177/1352458519845112

 41. de Mol CL, Wong YYM, van Pelt ED, Ketelslegers IA, Bakker DP, Boon M, et al. Incidence and outcome of acquired demyelinating syndromes in Dutch children: update of a nationwide and prospective study. J Neurol. (2018) 265:1310–9. doi: 10.1007/s00415-018-8835-6

 42. Wingerchuk DM. Neuromyelitis optica: effect of gender. J Neurol Sci. (2009) 286:18–23. doi: 10.1016/j.jns.2009.08.045

 43. Borisow N, Mori M, Kuwabara S, Scheel M, Paul F. Diagnosis and treatment of NMO spectrum disorder and MOG-encephalomyelitis. Front Neurol. (2018) 9:888. doi: 10.3389/fneur.2018.00888

 44. Pandit L, Asgari N, Apiwattanakul M, Palace J, Paul F, Leite MI, et al. Demographic and clinical features of neuromyelitis optica: a review. Multiple Scler. (2015) 21:845–53. doi: 10.1177/1352458515572406

 45. Jarius S, Ruprecht K, Wildemann B, Kuempfel T, Ringelstein M, Geis C, et al. Contrasting disease patterns in seropositive and seronegative neuromyelitis optica: a multicentre study of 175 patients. J Neuroinfl. (2012) 9:14. doi: 10.1186/1742-2094-9-14

 46. Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O. Multiple sclerosis. Lancet. (2018) 391:1622–36. doi: 10.1016/S0140-6736(18)30481-1

 47. Hamid SHM, Whittam D, Mutch K, Linaker S, Solomon T, Das K, et al. What proportion of AQP4-IgG-negative NMO spectrum disorder patients are MOG-IgG positive? A cross sectional study of 132 patients. J Neurol. (2017) 264:2088–94. doi: 10.1007/s00415-017-8596-7

 48. Trebst C, Jarius S, Berthele A, Paul F, Schippling S, Wildemann B, et al. Update on the diagnosis and treatment of neuromyelitis optica: recommendations of the Neuromyelitis Optica Study Group (NEMOS). J Neurol. (2014) 261:1–16. doi: 10.1007/s00415-013-7169-7

 49. Kowarik MC, Soltys J, Bennett JL. The treatment of neuromyelitis optica. J Neuro-Ophthalmol. (2014) 34:70–82. doi: 10.1097/WNO.0000000000000102

 50. Greenfield AL, Hauser SL. B-cell therapy for multiple sclerosis: entering an era. Ann Neurol. (2018) 83:13–26. doi: 10.1002/ana.25119

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.

Copyright © 2021 Brill, Ganelin-Cohen, Dabby, Rabinowicz, Zohar-Dayan, Rein, Aloni, Karmon and Vaknin-Dembinsky. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-612304-g003.gif
MOG IgG+ | Chikdren (-23)

Wonophasic ) Relspsing ) o
w U o Y

MOG 196+  Adults (1=30)

Monopnasic ) Relapsing )






OPS/images/fneur-11-612304-t001.jpg
Age (years)

FM
OoN

Myelitis

ON and Myeltis
MR Brain

Disease course

ocs
Diagnosis

MOG-abs seropositive

Normal
ADEM

NMOSD like (36)
MS like
Relapsing
Monophasic

ON
ADEM
Myelitis
NMOSD like
MS ke

1-10

&7
8/12 (67%)
4/12 (33%)
1112 (8%)
5/12 (42%)
4/12 (33%)
1112 (8%)

3/12(25%)
8/12 (67%)
111 (8%)
6/12 (50%)
6/12 (50%)

13/49(26%)

11-20

39
/11 (82%)
/11 (27%)
1711 (9%)
7111 (64%)
/11 (27%)

1711 (9%)
5/11 (45%)
6/11 (54%)

1/11(9%)
6/11 (54%)
/11 (27%)
2/11 (18%)

12/97 (12%)

21-30

4/3
2/5(40%)
3/5 (60%)

3/5 (60%)
1/5 (20%)
1/5 (20%)

1/6 (20%)
4/5 (80%)
1/5 (20%)
2/5 (40%)

2/5 (40%)
1/5 (20%)

7/136 (5%)

31-40

778
9/14 (64%)
7/14 (60%)
2/14 (14%)
10/14 (71%)
114 (7%)
2/14 (14%)

9/14 (64%)
5/14 (36%)
2/14 (14%)
5/14 (36%)

414 (29%)
314 21%)
2/14 (2%)

15/90 (17%)

41-50

12
2/2 (100%)
2/2 (100%)
2/2(100%)
1/2 (50%)

172 (50%)
2/2(100%)

1/2 (50%)
112 (50%)
3/08 (3%)

>50

2/0
2/3 (67%)
1/3 (33%)

3/3(100%)

3/3(100%)
113 (33%)
2/3 (67%)

113 (33%)

3/107 (3%)

Total cohort

23/29
32/46 (69.5%)
19/46 (41%)
6/46 (13%)
20/46 (63%)
8/46(17%)
3/46 (6.5%)
2/46 (4%)
20/46(43%)
26/46 (56%)
6/46 (13%)
21/46 (46%)
9/46 (19.5%)
9/46 (19.5%)
5/46 (119%)
3/46 (6.5%)
53/683 (7.8%)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Age-Related Clinical Presentation of MOG-IgG Seropositivity in Israel



		Introduction



		Materials and Methods



		Ethics



		MOG Antibody Testing



		Case Selection and Data Collection



		Statistical Analysis







		Results



		Clinical Characterization of MOG-abs Seropositivity in Israel



		Age-Dependent Seroprevalence and Clinical Presentations of MOGAD Patients



		Increased Occurrence of MOG-Abs Seropositivity in Children



		Late Onset MOGAD













		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Age-Related Clinical Presentation of
MOG-IgG Seropositivity in Israel





OPS/images/fneur-11-612304-g001.gif
R
PR

Age (years)





OPS/images/fneur-11-612304-g002.gif
() oamieod S6FOOW









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





