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Objective

To describe the clinical features, treatment, and prognostic factors affecting recurrence and long-term adverse outcomes of myelin oligodendrocyte antibody-associated disease (MOGAD).





Methods

In this retrospective cohort study, the records of patients diagnosed with MOGAD at Zhengzhou University First Affiliated Hospital between January 2018 and March 2023 were analyzed, and factors associated with recurrence and poor long-term prognosis were identified using logistic regression.





Results

Of the 91 patients, 69 (76%) were new cases, 39 (43%) were female, and 47 (52%) were children (<18 years). Clinical manifestations included optic neuritis (ON) in 13 (14%), transverse myelitis (TM) in 14 (15%), brain disease in 37 (41%), and mixed encephalomyelitis in 27 (30%). The prevalence of acute disseminated encephalomyelitis (ADEM) was significantly higher in children than in adults (43% versus 18%, p = 0.012), whereas the prevalence of TM was significantly higher in adults (30% versus 2%, p < 0.001). Combined steroid and intravenous immunoglobulin (IVIG) treatment during hospitalization was more frequent in children than in adults (36% versus 11%, p = 0.006), and children had a better short-term prognosis than that in adults at discharge (median [interquartile range (IQR)]) Expanded Disability Status Scale [EDSS]: 1 [0–1] versus 2 [0–4.75], p = 0.007; Modified Rankin Score [mRS]: 1 [0–1] versus 1 [0–2], p = 0.006). Visual impairment was a risk factor for recurrence (odds ratio [OR]: 4.22, 95% confidence interval [CI]: 1.24–14.38, p = 0.022). A higher EDSS score at discharge (OR: 5.05, 95% CI: 1.27–20.07, p = 0.021)and more previous episodes (OR: 9.24, 95% CI: 1.35–63.10, p = 0.023), were associated with a poor long-term prognosis; whereas steroid therapy for >5 weeks at first diagnosis (OR: 0.001, 95% CI: 0.00–0.33, p = 0.019) and type I isoelectric focusing pattern (OR: 0.004, 95% CI: 0.00–0.402, p = 0.043) were associated with favorable long-term prognosis.





Conclusion

After the first episode, steroid maintenance for an appropriate period following discharge is important for achieving a favorable long-term prognosis, particularly in patients with a high EDSS score at discharge and those at a heightened risk of recurrence.
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1 Introduction

Myelin oligodendrocyte glycoprotein (MOG), a protein localized to the outermost lamella of the myelin sheath that serves as a key developmental marker for oligodendrocyte maturation, plays critical roles in both maintaining myelin sheath integrity and regulating cellular communication processes within the human central nervous system (1, 2). In the 1980s, MOG was identified as a target in experimental autoimmune encephalomyelitis (3, 4), however, early ELISA assays showed that MOG antibodies were widely present in both healthy individuals and multiple sclerosis patients, lacking specificity (5, 6). With advancements in antibody detection methods, specific MOG-IgG has been detected in non-multiple sclerosis (MS) patients with conditions such as optic neuritis and acute disseminated encephalomyelitis (7). Live cell-based assays further confirmed that 30%-70% of seronegative neuromyelitis optica spectrum disorders (NMOSD) patients carry MOG-IgG (8–10). It is currently believed that MOG antibody-associated disease (MOGAD) is an acquired demyelinating disease of the central nervous system, distinct from MS and NMOSD, and the affected patients may exhibit any combination of acute disseminated encephalomyelitis (ADEM), transverse myelitis (TM), optic neuritis (ON), brainstem syndrome (BS), and cortical encephalitis (CE) (11). Although the International MOGAD Panel established diagnostic criteria for the disease in 2023 (12), formal treatment guidelines remain unavailable, with current therapeutic recommendations primarily based on empirical protocols (13). Previous studies indicate that MRI lesions following acute MOGAD attacks tend to resolve completely, which significantly differs from AQP4-IgG+ NMOS and MS (14, 15). However, 11%-47% of patients may experience relapses within 2 years (16), with the recurrence risk increasing to 72% as follow-up extends (17). Additionally, up to 45% of patients may develop permanent disability (18–20). Several aspects of MOGAD, such as phenotypic heterogeneity and disease trajectory need to be characterized, and risk factors associated with recurrence and poor long-term prognosis need to be identified to guide individualized treatment.

The purpose of this study was to describe clinical manifestations, diagnostic investigations, and treatment of MOGAD, and identify risk factors associated with recurrence and poor long-term prognosis.




2 Methods



2.1 Participants

Patients treated for MOGAD at the First Affiliated Hospital of Zhengzhou University in Zhengzhou, Henan, China between January 2018 and March 2023 were included in a retrospective cohort study. The inclusion criteria were: (i) meeting the diagnostic criteria for MOGAD proposed by Banwell et al. (12); (ii) having at least one clinical episode lasting more than 24 hours within the past month; and (iii) follow up for at least 6 months. The exclusion criteria were: (i) missing key clinical data or laboratory test results; or (ii) the presence of other autoimmune encephalitis and/or demyelinating antibodies in addition to myelin oligodendrocyte (MOG) antibodies.

Patients were divided into child (age <18 years) and adult (age ≥18 years) groups. The cohort was also divided into four clinical phenotypes: isolated ON, isolated TM, brain (isolated CE, isolated ADEM, isolated BS, or other cerebral syndromes), and mixed groups, according to the clinical manifestations. Patients who visited the hospital for their first episode and were diagnosed with MOGAD were defined as the incident cohort. The incident cohort was divided into single episode and recurrent groups according to whether patients experienced a recurrence (new neurological symptoms or signs lasting > 24 hours, occurring more than one month after the previous episode) during the follow-up period. The incident cohort was also divided into good and poor prognosis groups according to their Expanded Disability Status Scale (EDSS) score (< 2 vs. ≥ 2) and Modified Rankin Score (mRS) (≤ 2 vs. > 2) at the most recent follow up.

The study was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University (2024-KY-0810), which waived the requirement for written informed consent owing to the retrospective study design.




2.2 Clinical data

Data were collected on: (i) Demographic and clinical characteristics: age at onset, sex, triggers and prodromal manifestations, clinical manifestations, number of episodes, and disease course. (ii) Laboratory test results: Cerebrospinal fluid (CSF) cell count, glucose, protein, albumin (Alb), and immunoglobulin G (IgG) levels; Alb quotient (QAlb); IgG quotient (QIgG); IgG index; intrathecal IgG synthesis rate; and isoelectric focusing pattern (21); damage to the blood-brain barrier (BBB) (elevated CSF Alb/serum Alb ratio greater than, with the normal value calculated as = (4 + age/15) × 10-3) (22). Virus antibodies detection in CSF and serum included Epstein-Barr virus, cytomegalovirus, coxsackie virus, measles virus, herpes simplex virus, human parvovirus B-19, influenza b virus, parainfluenza virus, adenovirus, rubella virus, herpes zoster virus, and echovirus. MOG-IgG testing methodology: CSF and/or serum samples were collected pre-treatment from patients and analyzed at either the Neurology Department Laboratory of the First Affiliated Hospital of Zhengzhou University or Zhengzhou Golden System Clinical Laboratory Center. Both facilities employed live cell-based assays (CBA) using fluorescein isothiocyanate (FITC)-conjugated antibodies, with fluorescence microscopy evaluation. The positivity criteria differed between institutions: At Zhengzhou University Hospital, samples were deemed positive based on distinct fluorescence signals (subjective visual assessment); the Golden Center utilized a semi-quantitative approach, determining positivity through fluorescence signal analysis followed by titer calculation relative to standardized quality control substances. (iii) Imaging and electrophysiological investigation results: magnetic resonance imaging (MRI) of the head, spinal cord, and optic nerve; electroencephalogram (EEG); visual evoked potential (VEP); electroretinogram (ERG); optical coherence tomography (OCT); and fundus photography. (iv) Treatment: Immunotherapy in the acute phase included intravenous steroids, intravenous immunoglobulin (IVIG), and plasma exchange. Maintenance immunotherapy included low-dose steroids, mycophenolate mofetil, azathioprine, methotrexate, tacrolimus, rituximab, and ofatumumab. (v) Disease severity and prognosis: intensive care unit (ICU) admission; mRS and EDSS on admission, discharge, and most recent follow up. All patients were followed up by telephone or outpatient consultations.




2.3 Statistical analysis

Data analysis was performed using SPSS v25.0 (IBM Corp., Armonk, NY, USA). Medians with ranges or interquartile ranges (IQRs), or means and standard deviations, were used to describe continuous variables. Qualitative variables were expressed as frequencies and percentages, or constituent ratios. Independent-samples t-tests and Pearson correlations, or Mann-Whitney U-tests and Spearman correlations, were used to compare continuous variables. Chi-squared tests or Fisher’s exact test were used to compare categorical variables. Single variable and multivariable binary logistic regression were used to identify risk factors. Two-sided p values < 0.05 were considered statistically significant.





3 Results



3.1 Demographic characteristics and clinical presentation

A total of 91 patients were enrolled in the whole cohort (Figure 1). The age of onset ranged from 1 to 79 years, with a median of 17 years (interquartile range [IQR]: 8–34 years) and a peak age of onset between 5 and 10 years. Of the patients, 47 (52%) were children, 44 (48%) were adults, 39 (43%) were females, and 52 (57%) were males. Of the patients, 69 were in the incident cohort, with an age of onset ranging from 1 to 79 years, a median age of onset of 17 years (IQR: 7–34 years), and a peak age of onset between 5 and 10 years (Figure 2A). Of the patients in the incident cohort, 35 (51%) were children, 34 (49%) were adults, 28 (41%) were female, and 41 (59%) were males. Compared with the whole cohort, the incident cohort had a lower incidence of recurrence (32% versus 48%, p = 0.036).




Figure 1 | Flow chart of patient screening. GFAP, glial fibrillary acidic protein; MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; NMDAR, N-methyl-D-aspartate receptor; ON, optic neuritis, TM, transverse myelitis.






Figure 2 | Demographic and clinical features of the cohort. (A) Age at disease onset in the incident cohort. (B) Clinical manifestations at onset in the whole cohort and incident cohort of patients with MOGAD. (C) Clinical phenotypes in children and adults in the incident cohort. Brain involvement was divided into three categories: CE, ADEM and BS. ADEM, acute disseminated encephalomyelitis; BS, brainstem syndrome; CE, cortical encephalitis; MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; ON, optic neuritis, TM, transverse myelitis. *:p<0.05;**p<0.001.



The most common phenotype was ADEM (31%, 28/91), followed by the mixed type (30%, 27/91), TM (15%), and ON (14%), and isolated BS was the least common phenotype (4%, 4/91). A total of 193 episodes were observed throughout the disease course. ADEM was the most common type (43%, 83/193), followed by mixed type (23%), TM (13%) and ON (13.0%), and isolated BS (3%, 6/193) was the least common. In the whole cohort, visual impairment was the most common clinical manifestation (42%, 38/90), followed by headache (42%), limb weakness (42%), and dyskinesia (40%) (Figure 2B).




3.2 Laboratory, imaging, and electrophysiological investigations

The laboratory, imaging, and electrophysiological parameters in the whole cohort and incident cohort are shown in Table 1.


Table 1 | Demographic and clinical characteristics of patients with MOGAD.



In the whole cohort, 44 patients were tested for serum viral antibodies: cytomegalovirus had 35 positive cases (2 IgM+/IgG+, 33 IgM-/IgG+); Epstein-Barr virus had 37 positive cases (2 IgM+/IgG+, 35 IgM-/IgG+); human parvovirus B-19 had 3 positive cases (1 IgM+/IgG+, 2 IgM-/IgG+); adenovirus had 2 positive cases (1 IgM+/IgG-, 1 IgM-/IgG+), and 11 cases of coxsackievirus, 7 cases of measles virus, and 3 cases of herpes simplex virus were found to be IgM-/IgG+. Sixty-one patients had CSF tested for viruses, of whom two tested positive for herpes zoster virus IgG.

Of the 91 patients, 26 patients only underwent serum MOG antibody detection, 4 patients only underwent CSF MOG antibody detection, and the remaining 61 patients’ serum and cerebrospinal fluid samples were tested at the same time. The results and titers are shown in Figure 3.




Figure 3 | MOG-IgG test results of 91 patients.



A total of 87 patients in the whole cohort underwent head MRI. The most frequently affected regions were the frontal lobe (66%, 57/87), parietal lobe (56%, 49/87), and paraventricular lobe (46%, 40/87). Spinal cord MRI was performed in 68 patients, of whom 49% (33/68) had multi-segment involvement. The most common site of involvement was the cervical spinal cord (56%, 38/68), followed by the thoracic spinal cord (53%, 36/68), and lumbar/sacral cord (3%, 2/68). Only one patient had conus and cauda equina abnormalities.

Among the 28 patients who underwent EEG examination, 50% (14/28) had abnormal findings, which was found in 83.3% (5/6) of Mixed (all ADEM combined with ON), 50% (1/2) of ON, 43.8% (7/16) of ADEM, 33.3% (1/3) of CE and 0% (0/1) of TM. Among them, only 1 case of CE showed epileptic waves: 2–3 Hz sharp slow waves were observed in the left anterior temporal-middle temporal region during sleep. Other EEG abnormalities were not specific. Details of the patient’s clinical symptoms, phenotype, MRI and EEG are shown in Supplementary Table 1.




3.3 Comparison of children and adults

The median age at onset was 8 years (range: 1–17 years) in children and 34 years (range: 18–79 years) in adults. The peak ages of presentation were between 5 and 10 years of in children, and 30 and 35 years in adults (Figure 2A).

The clinical characteristics, laboratory test results, imaging, and electrophysiological findings in children and adults are compared in Figure 2C and Table 1. The proportion of children with ADEM was significantly higher than that of adults (43% versus 18%, p = 0.012), whereas the proportion of adults with TM was significantly higher than in adults (29.5% versus 2.1%, p < 0.001). The incidence of fever, nausea and vomiting, seizures, and disorders of consciousness was higher in children than in adults. Conversely, the incidence of paresthesia was higher in adults than in children.

Compared with adults, children had a significantly higher rate of ICU admission (32% versus 7%, p = 0.005) and were significantly more likely to receive steroid and IVIG treatment during hospitalization (36% versus 11.4%, p = 0.006). Children had better short-term outcomes at discharge than adults (median [IQR] EDSS: 1 [0–1] versus 2 [0–4.75], p = 0.007; median [IQR] mRS: 1 [0–1] versus 1 [0–2], p = 0.006). The long-term prognosis and risk of recurrence did not differ significantly between adults and children.




3.4 Comparison of the four clinical phenotypes

The CSF characteristics, treatment regimens, severity, and short-term prognosis of patients with different clinical phenotypes (isolated ON, isolated TM, brain, and mixed) are compared in Table 2. Patients with TM were significantly older than patients with other phenotypes (p < 0.001). The EDSS (p = 0.031) score on admission was higher in patients with TM, whereas the EDSS (p = 0.002) and mRS (p < 0.001) scores on discharge were lower in patients with the brain phenotype. During hospitalization, the immunotherapy regimen did not differ significantly among the four phenotypes.


Table 2 | Demographic and clinical characteristics of patients according to the clinical phenotype.



The incidence of BBB damage and the CSF test results in the TM group differed significantly from those of the other three groups. To further explore the correlation between CSF test results and spinal cord injury, we performed a correlation analysis between the number of spinal segments involved, and the CSF test results (Figure 4). After removing significant outliers, the CSF total protein level (r=0.713, p=0.021), Alb level (r = 0.725, p < 0.001), QAlb (r = 0.772, p = 0.005), and QIgG (r = 0.874, p = 0.005) that exceed the normal range were all positively correlated with the number of spinal segments involved.




Figure 4 | Correlation between CSF parameters and spinal cord lesion segments. ((A) Glucose, (B) Cell count, (C) Cell count>5×106/L, (D) Cell count>50×106/L, (E) Total protein, (F) Total protein>450mg/L, (G) Albumin, (H) Albumin>450mg/L, (I) QAlb, (J) increased Qalb*, (K) 24 h intrathecal IgG synthesis rate, (L) 24 h intrathecal IgG synthesis rate>3.3 mg/24 h, (M) IgG, (N) IgG>40mg/L, (O) QIgG, (P) QIgG>0.7). *:≤ 15 years old: >5.0×10-3; 16~40 years old: >6.5×10-3; 40~60 years old: >8×10-3; >60 years old: >9×10-3. CSF, cerebrospinal fluid; IgG, immunoglobulin G; QAlb, albumin quotient; QIgG, immunoglobulin G quotient.






3.5 Treatment

In the whole cohort, 69% (62/90) patients were treated with intravenous steroids alone, 27% (24/90) were treated with steroids and IVIG, 3 were treated with IVIG alone, and 1 was treated with steroids, IVIG and plasma exchange during hospitalization. After discharge, 87 patients who were treated with intravenous steroids in the acute phase were treated with maintenance oral steroids, of whom 87.4% (76/87) were treated with steroids for more than 5 weeks. In the whole cohort, 23.1% (21/91) patients were treated with immunosuppressants, including mycophenolate mofetil (14 patients), azathioprine (3 patients), tacrolimus (2 patients), methotrexate (1 patient), and ofatumumab (1 patient). In the incident cohort, 67.6% (46/68) patients were treated with steroids alone, 27.9 (19/68) were treated with steroids and IVIG, 2 were treated with IVIG alone, and 1 was treated with steroids, IVIG, and plasma exchange. After discharge, 8 patients received additional immunosuppressants, including mycophenolate mofetil (6 patients), azathioprine (1 patient), and methotrexate (1 patient).




3.6 Risk factors for recurrence

To avoid overestimating the recurrence rate, we only analyzed the data of the 69 patients in the incident cohort. They were followed up for a median of 34 months, and 31.9% of the patients experienced recurrence after 9 months (range, 1–36 months) (Figure 5A), and the changes in clinical phenotypes in the incident cohort is shown in Figure 5B. The variables evaluated included sex, age at onset, clinical presentation, routine cerebrospinal fluid, isoelectric focusing pattern, and treatment regimen. Headache (OR: 3.08, 95% CI: 1.08–8.79, p = 0.035) was associated with risk of recurrence, whereas steroid maintenance therapy for longer than 5 weeks (OR: 0.25, 95% CI: 0.06–0.995, p = 0.049) was associated with a reduced the risk of recurrence (Supplementary Table 2). In the multivariable regression analysis, visual impairment was an independent risk factor for recurrence (OR: 4.22, 95% CI: 1.24–14.38, p = 0.022) (Table 3).




Figure 5 | Characteristics of recurrence in the incident cohort. (A) Time to the first recurrence in the incident cohort. (B) Distribution of clinical phenotypes and changes in the incident cohort. ADEM, acute disseminated encephalomyelitis; BS, brainstem syndrome; CE, cortical encephalitis; MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; ON, optic neuritis, TM, transverse myelitis.




Table 3 | Logistic regression analysis of factors associated with recurrence.






3.7 Risk factors for poor long-term prognosis

To evaluate the impact of clinical characteristics and treatment regimens on patient prognosis, we included clinical manifestations, cerebrospinal fluid, EDSS score at discharge, total number of episodes, and treatment in the analysis. Single-variable and multivariable regression analyses were performed on the 69 patients in the incidence cohort. Logistic regression analysis showed that higher EDSS score at discharge (OR: 5.05, 95% CI: 1.27–20.07, p = 0.021), and more episodes (OR: 9.24, 95% CI: 1.35–63.11, p = 0.023) were associated with poor prognosis, and type I isoelectric focusing pattern (no oligoclonal bands [OB] in serum and cerebrospinal fluid) (OR: 0.004, 95% CI: 0.000–0.40, p = 0.019) and steroid use for > 5 weeks (OR: 0.001, 95% CI: 0.000–0.34, p = 0.019) were associated with favorable prognosis (Table 4). In the unadjusted logistic regression analysis, vomiting was associated with poor prognosis (OR: 5.21, 95% CI: 1.28–21.16, p = 0.021) was; however, no significant association was observed between vomiting and prognosis in the multivariable regression analysis (Supplementary Table 3).


Table 4 | Logistic regression analysis of factors associated with poor long-term prognosis.







4 Discussion

This study describes the clinical characteristics of patients with MOGAD in a single center in central China. In this study, we compared the whole cohort and the incident cohort, children and adults, and different clinical phenotypes. In addition, we evaluated the risk factors that may affect recurrence and long-term prognosis to aid in the diagnosis and treatment of MOGAD.

The male-to-female ratio, clinical phenotypes, and prodromal symptoms observed in our study were similar to those reported previous studies (23–27). In contrast to previous studies (12, 28), the ADEM phenotype was the most common phenotype, followed by the mixed, TM, and ON groups. This difference may be due to the inclusion of patients with only optic nerve damage in the ON group, whereas patients with optic nerve involvement accompanied by brain or spinal cord involvement were included in the mixed group, and all 27 patients with Mixed phenotype had symptoms of optic nerve damage, including 20 patients with ON and ADEM, 4 patients with ON and BS, and 3 patients with ON and TM, so 44% of the patients had symptoms of optic nerve damage. This inference is supported by the proportion of patients with visual impairment in this study. In addition, in our study, the ratio of children to adults was close to 1:1, which was significantly higher than that in previous studies (28, 29), and ADEM is more common in children (30), which may also explain the relatively high prevalence of the ADEM phenotype.

In the comparison of child and adult cohorts, ADEM was more common in children, whereas TM was more common in adults, which is consistent with previous studies (29). Although the proportion of patients with VEP abnormalities was higher in children, there was no significant difference in the proportions of visual impairment, ERG abnormalities, optic disk edema, and OCT abnormalities between children and adults. The difference in VEP abnormalities between children and adults may be attributable to the small sample size. As VEP is useful in infants and children who are too young to talk, a higher proportion of children undergo VEP investigation; therefore, VEP abnormalities are more likely to be detected in children than in adults (31). Previous studies have shown that positive CSF-restricted MOG antibodies are associated with MOGAD in adults (32), while Olive et al. suggested that the significance of positive CSF-restricted MOG antibodies in children is different from that in adults, suggesting that they are associated with MS, but they did not analyze the isoelectric focusing patterns (33). In this study, type II isoelectric focusing pattern was more likely to be detected in children, suggesting that intrathecal MOG antibody synthesis may be more active in children, but all patients with type II isoelectric focusing pattern had higher serum antibody titers than CSF titers, and no restricted CSF MOG antibody was found in our patients. It is further speculated that intrathecal synthesis in MOGAD in children is accompanied by systemic immune activation, but not by restricted CNS intrathecal synthesis. Greco study, which corrected the effect of BBB damage and used “AIMOG” to evaluate the intrathecal synthesis of “ITS”, concluded that patients with intrathecal synthesis were more likely to have aggressive disease phenotypes, were more likely to use IVIg/PLEX in the acute phase, and were associated with poor prognosis (34). In our study, there was no significant difference in IgG index, 24-hour IgG synthesis rate and BBB damage rate between children and adults, and the invasive phenotype was more common in adults. Although the sample size limitation cannot be ruled out, this study may also suggest that there is an age-related transient intrathecal immune response in MOGAD, which does not accumulate to significant increase in IgG index or chronic damage. In addition, there may be different immunoglobulin subtypes in children than in adults, which are more easily detected by isoelectric focusing (35), and their pathological effects are weaker than those in adults. It is speculated that future studies combined with longitudinal isoelectric focusing pattern analysis, IgG subtype detection and MOG epitope localization are needed to further reveal the essential differences in MOGAD immune responses between children and adults. The proportion of children treated with steroids and immunoglobulins during hospitalization was significantly higher than that of adults, and the EDSS score and mRS on discharge were more favorable in children than in adults. The combination of steroid and IVIG therapy may improve the short-term prognosis of patients (36). In addition, because children have a better nerve repair function than adults (37), and adults are more likely to present with TM, this may also lead to a better short-term prognosis in children than in adults.

Patients in the isolated TM group had a higher incidence of BBB damage than those in other phenotype groups, and BBB damage was associated with spinal cord lesions, which is consistent with previous findings (38). To examine BBB impairment associations in MOGAD, we analyzed CSF biomarkers against spinal lesion extent. Spinal cord involvement severity positively correlated with BBB disruption degree.

After a median follow-up of 34 months, 32% of the 69 of the patients with a first episode had a recurrence, with a median time to recurrence of 9 months, which is similar to that reported in previous studies (29). In our study, headache and visual impairment were associated with an increased risk of recurrence. Although we did not find a higher risk of recurrence in the ON group, possibly because of group differences, many previous studies have pointed out that ON is the most common clinical manifestation at the time of recurrence (18, 24), this is consistent with our finding that vision loss increases the risk of recurrence. In our study, headache was a risk factor for recurrence. First, headache may indicate the production of more pain-promoting brain-derived neurotrophic factor (BDNF), cytokines and chemokines (IL-1β, IL-17 and TNF) (39–41), that is, a more severe inflammatory response, which may not only lead to incomplete myelin repair, but also lead to more severe inflammatory response. It can also form a chronic subclinical inflammatory microenvironment in the central nervous system, which in turn reduces the threshold of immune homeostasis and increases the risk of MOGAD recurrence (42). In addition, headache may indicate more pronounced meningeal inflammation (43–46), and the meninges, which act as a barrier for immune cells to enter the CNS (47, 48), may be involved by promoting the formation of lymphoid follicular structures (49), providing a local microenvironment for B cell survival (50), and by abnormal drainage of meningeal lymphatic vessels. It causes difficulty in antibody clearance (51) and affects brain myelination (52), which in turn increases the risk of relapse. In addition, some studies have pointed out that MOG-related ON can have intra-orbital and peri-optic striate inflammation, which may involve the meninges and communicating fibers around the optic nerve and lead to headache (53). Furthermore, 50% of the 38 patients who presented with headache also had optic neuritis-like features; therefore, we cannot exclude the possibility that the prediction of recurrence by headache may be influenced by optic nerve damage. Due to the limited sample size, further studies are required to confirm our findings. In this study, a longer duration of steroid use was associated with a lower risk factor for recurrence, which is consistent with the findings of previous studies (54, 55).

In the prognostic analysis, short-term improvement of neurological function and the cumulative number of episodes affected the long-term outcomes of patients, suggesting that timely and effective immunotherapy may contribute to improved prognosis, and poor outcomes are associated with the number of recurrences, which further emphasizes the clinical value of preventing disease recurrence. For patients with a first episode, the absence of increased intrathecal synthesis levels may indicate a better long-term prognosis (34, 56, 57). Regarding the effect of treatment strategy, the appropriate duration of steroid maintenance has been shown to have a dual benefit: previous studies have shown that steroid therapy for >5 weeks at a first exacerbation reduces the risk for recurrence (55), but this study reinforces that longer duration of steroid therapy also significantly improves long-term outcomes. Previous studies have shown that patients with MOGAD have a rapid and dramatic response to steroids, and longer treatment courses may be associated with reduced recurrence (58). Notably, reduced risk of recurrence within the first year after onset is also associated with reduced risk of long-term recurrence (59), further emphasizing the importance of aggressive intervention in the early stages of MOGAD disease. The recommended duration of steroid therapy varies, with recommendations ranging from 5 weeks and 6 months (17, 55, 60). Trewin et al. first recommended prednisone at a dose of 12.5 mg per day at the time of onset (0.16 mg per kilogram per day in children) for at least 3 months to delay the first relapse and to avoid adverse events associated with steroid exposure during the initial phase of MOGAD (61). Although the present study found an improvement in the long-term prognosis of patients with newly diagnosed MOGAD with longer duration of steroid use, there were shortcomings compared with Trewin’s study. This study did not provide in-depth exploration of the precise duration of steroid maintenance and only preliminary prognostic observations. It did not provide in-depth analysis of the quantitative relationship between steroid use and improved outcomes. In the future, it is necessary to further study the association between steroid dosage and prognosis, and construct a model to accurately predict the prognosis effect. At the same time, patients should be followed up for a long time to comprehensively evaluate the adverse reactions of long-term use of steroids, so as to provide scientific basis for clinical rational drug use, improve the therapeutic effect and reduce the risk.

Our study has some limitations. First, it is a retrospective study, and some clinical data were missing. Moreover, most patients without a recurrence, did not have follow-up data on antibody levels; therefore, the changes in antibody levels were not analyzed. Second, our study population was from a single center, which limited the source and number of patients and may limit the generalizability of the findings. Large, multicenter, prospective cohort studies are needed to confirm our findings.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee of the First Affiliated Hospital of Zhengzhou University. The studies were conducted in accordance with the local legislation and institutional requirements. This is a retrospective study, and there is no intervention outside the normal diagnosis and treatment process for the participants. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.





Author contributions

WS: Writing – original draft. YYX: Data curation, Writing – review & editing. AH: Data curation, Methodology, Writing – original draft. XZ: Data curation, Methodology, Writing – original draft. SZ: Data curation, Writing – original draft. YX: Writing – review & editing. NX: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Outstanding Young Talent Cultivation Project of Henan Science and Technology Innovation Talents (YXKC2022037).




Acknowledgments

The authors are grateful to the patients and their families for the support and cooperation.





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 AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1535571/full#supplementary-material




References

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

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

3. Lassmann, H, and Bradl, M. Multiple sclerosis: experimental models and reality. Acta Neuropathol (Berl). (2017) 133:223–44. doi: 10.1007/s00401-016-1631-4

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

5. Kuhle, J, Pohl, C, Mehling, M, Edan, G, Freedman, MS, Hartung, H-P, et al. Lack of association between antimyelin antibodies and progression to multiple sclerosis. N Engl J Med. (2007) 356:371–8. doi: 10.1056/NEJMoa063602

6. Lampasona, V, Franciotta, D, Furlan, R, Zanaboni, S, Fazio, R, Bonifacio, E, et al. Similar low frequency of anti-MOG IgG and IgM in MS patients and healthy subjects. Neurology. (2004) 62:2092–4. doi: 10.1212/01.wnl.0000127615.15768.ae

7. O’Connor, KC, McLaughlin, KA, De Jager, PL, Chitnis, T, Bettelli, E, Xu, C, et al. Self-antigen tetramers discriminate between myelin autoantibodies to native or denatured protein. Nat Med. (2007) 13:211–7. doi: 10.1038/nm1488

8. Kim, S-M, Woodhall, MR, Kim, J-S, Kim, S-J, Park, KS, Vincent, A, et al. Antibodies to MOG in adults with inflammatory demyelinating disease of the CNS. Neurol Neuroimmunol Neuroinflamm. (2015) 2:e163. doi: 10.1212/NXI.0000000000000163

9. 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

10. Carnero Contentti, E, Lopez, PA, Pettinicchi, JP, Pappolla, A, Miguez, J, Patrucco, L, et al. What percentage of AQP4-ab-negative NMOSD patients are MOG-ab positive? A study from the Argentinean multiple sclerosis registry (RelevarEM). Mult Scler Relat Disord. (2021) 49:102742. doi: 10.1016/j.msard.2021.102742

11. Uzawa, A, Oertel, FC, Mori, M, Paul, F, and Kuwabara, S. NMOSD and MOGAD: an evolving disease spectrum. Nat Rev Neurol. (2024) 20:602–19. doi: 10.1038/s41582-024-01014-1

12. Banwell, B, Bennett, JL, Marignier, R, Kim, HJ, Brilot, F, Flanagan, EP, et al. Diagnosis of myelin oligodendrocyte glycoprotein antibody-associated disease: International MOGAD Panel proposed criteria. Lancet Neurol. (2023) 22(3):268–82. doi: 10.1016/S1474-4422(22)00431-8. S1474-4422(22)00431–8.

13. Marignier, R, Hacohen, Y, Cobo-Calvo, A, Pröbstel, A-K, Aktas, O, Alexopoulos, H, et al. Myelin-oligodendrocyte glycoprotein antibody-associated disease. Lancet Neurol. (2021) 20:762–72. doi: 10.1016/S1474-4422(21)00218-0

14. Sechi, E, Krecke, KN, Messina, SA, Buciuc, M, Pittock, SJ, Chen, JJ, et al. Comparison of MRI lesion evolution in different central nervous system demyelinating disorders. Neurology. (2021) 97:e1097–109. doi: 10.1212/WNL.0000000000012467

15. Sechi, E, Cacciaguerra, L, Chen, JJ, Mariotto, S, Fadda, G, Dinoto, A, et al. Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD): A review of clinical and MRI features, diagnosis, and management. Front Neurol. (2022) 13:885218. doi: 10.3389/fneur.2022.885218

16. Deschamps, R, Guillaume, J, Ciron, J, Audoin, B, Ruet, A, Maillart, E, et al. Early maintenance treatment initiation and relapse risk mitigation after a first event of MOGAD in adults: the MOGADOR2 study. Neurology. (2024) 103:e209624. doi: 10.1212/WNL.0000000000209624

17. Trewin, BP, Brilot, F, Reddel, SW, Dale, RC, and Ramanathan, S. MOGAD: A comprehensive review of clinicoradiological features, therapy and outcomes in 4699 patients globally. Autoimmun Rev. (2025) 24:103693. doi: 10.1016/j.autrev.2024.103693

18. 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

19. Dubey, D, Pittock, SJ, Krecke, KN, Morris, PP, Sechi, E, Zalewski, NL, et al. Clinical, radiologic, and prognostic features of myelitis associated with myelin oligodendrocyte glycoprotein autoantibody. JAMA Neurol. (2019) 76:301. doi: 10.1001/jamaneurol.2018.4053

20. Ciron, J, Cobo-Calvo, A, Audoin, B, Bourre, B, Brassat, D, Cohen, M, et al. Frequency and characteristics of short versus longitudinally extensive myelitis in adults with MOG antibodies: A retrospective multicentric study. Mult Scler J. (2020) 26:936–44. doi: 10.1177/1352458519849511

21. Andersson, M, Alvarez-Cermeno, J, Bernardi, G, Cogato, I, Fredman, P, Frederiksen, J, et al. Cerebrospinal fluid in the diagnosis of multiple sclerosis: a consensus report. J Neurol Neurosurg Psychiatry. (1994) 57:897–902. doi: 10.1136/jnnp.57.8.897

22. Reiber, H. Flow rate of cerebrospinal fluid (CSF)–a concept common to normal blood-CSF barrier function and to dysfunction in neurological diseases. J Neurol Sci. (1994) 122(2):189–203. doi: 10.1016/0022-510x(94)90298-4

23. Zhou, L, Huang, Y, Li, H, Fan, J, Zhangbao, J, Yu, H, et al. MOG-antibody associated demyelinating disease of the CNS: A clinical and pathological study in Chinese Han patients. J Neuroimmunol. (2017) 305:19–28. doi: 10.1016/j.jneuroim.2017.01.007

24. Cobo-Calvo, A, Ruiz, A, Maillart, E, Audoin, B, Zephir, H, Bourre, B, et al. Clinical spectrum and prognostic value of CNS MOG autoimmunity in adults: The MOGADOR study. Neurology. (2018) 90:e1858–69. doi: 10.1212/WNL.0000000000005560

25. Chen, L, Chen, C, Zhong, X, Sun, X, Zhu, H, Li, X, et al. Different features between pediatric-onset and adult-onset patients who are seropositive for MOG-IgG: A multicenter study in South China. J Neuroimmunol. (2018) 321:83–91. doi: 10.1016/j.jneuroim.2018.05.014

26. Lampros, A, De Broucker, T, and Bonnan, M. Fever is a common onset feature of MOG-IgG associated disorders (MOGAD). Multiple Sclerosis Relat Disord. (2021) 49:102748. doi: 10.1016/j.msard.2021.102748

27. Xu, M, Ma, C, Dong, M, Guo, C, Yang, S, Liu, Y, et al. Two case reports and a systematic review of the literature on adult cerebral cortical encephalitis with anti-myelin oligodendrocyte glycoprotein antibody. Front Immunol. (2023) 14:1203615. doi: 10.3389/fimmu.2023.1203615

28. Cobo-Calvo, A, Ruiz, A, Rollot, F, Arrambide, G, Deschamps, R, Maillart, E, et al. Clinical features and risk of relapse in children and adults with myelin oligodendrocyte glycoprotein antibody-associated disease. Ann Neurol. (2021) 89:30–41. doi: 10.1002/ana.25909

29. ZhangBao, J, Huang, W, Zhou, L, Tan, H, Wang, L, Wang, M, et al. Clinical feature and disease outcome in patients with myelin oligodendrocyte glycoprotein antibody-associated disorder: a Chinese study. J Neurol Neurosurg Psychiatry. (2023) 94(10):825–34. doi: 10.1136/jnnp-2022-330901. jnnp-2022-330901.

30. Netravathi, M, Holla, VV, Nalini, A, Yadav, R, Vengalil, S, Oommen, AT, et al. Myelin oligodendrocyte glycoprotein-antibody-associated disorder: a new inflammatory CNS demyelinating disorder. J Neurol. (2021) 268:1419–33. doi: 10.1007/s00415-020-10300-z

31. Taylor, MJ, and McCulloch, DL. Visual evoked potentials in infants and children. J Clin Neurophysiol. (1992) 9:357–72. doi: 10.1097/00004691-199207010-00004

32. Carta, S, Cobo Calvo, Á, Armangué, T, Saiz, A, Lechner, C, Rostásy, K, et al. Significance of myelin oligodendrocyte glycoprotein antibodies in CSF: A retrospective multicenter study. Neurology. (2023) 100:e1095–108. doi: 10.1212/WNL.0000000000201662

33. Olivé-Cirera, G, Bruijstens, AL, Fonseca, EG, Chen, L-W, Caballero, E, Martinez-Hernandez, E, et al. MOG antibodies restricted to CSF in children with inflammatory CNS disorders. Neurology. (2024) 102:e209199. doi: 10.1212/WNL.0000000000209199

34. Greco, G, Risi, M, Masciocchi, S, Businaro, P, Rigoni, E, Zardini, E, et al. Clinical, prognostic and pathophysiological implications of MOG-IgG detection in the CSF: the importance of intrathecal MOG-IgG synthesis. J Neurol Neurosurg Psychiatry. (2024) 95:1176–86. doi: 10.1136/jnnp-2024-333554

35. Kennedy, PGE, George, W, and Yu, X. The elusive nature of the oligoclonal bands in multiple sclerosis. J Neurol. (2024) 271:116–24. doi: 10.1007/s00415-023-12081-7

36. Chen, JJ, Huda, S, Hacohen, Y, Levy, M, Lotan, I, Wilf-Yarkoni, A, et al. Association of maintenance intravenous immunoglobulin with prevention of relapse in adult myelin oligodendrocyte glycoprotein antibody-associated disease. JAMA Neurol. (2022) 79:518–25. doi: 10.1001/jamaneurol.2022.0489

37. Dennis, M. Developmental plasticity in children: the role of biological risk, development, time, and reserve. J Commun Disord. (2000) 33:321–331; quiz 332. doi: 10.1016/s0021-9924(00)00028-9

38. Jarius, S, Pellkofer, H, Siebert, N, Korporal-Kuhnke, M, Hümmert, MW, Ringelstein, M, et al. Cerebrospinal fluid findings in patients with myelin oligodendrocyte glycoprotein (MOG) antibodies. Part 1: Results from 163 lumbar punctures in 100 adult patients. J Neuroinflamm. (2020) 17:261. doi: 10.1186/s12974-020-01824-2

39. Uzawa, A, Masahiro, M, and Kuwabara, S. Cytokines and chemokines in neuromyelitis optica: pathogenetic and therapeutic implications. Brain Pathol. (2014) 24:67–73. doi: 10.1111/bpa.12097

40. Melamed, E, Levy, M, Waters, PJ, Sato, DK, Bennett, JL, John, GR, et al. Update on biomarkers in neuromyelitis optica. Neurol Neuroimmunol Neuroinflamm. (2015) 2:e134. doi: 10.1212/NXI.0000000000000134

41. Takeshita, Y, Fujikawa, S, Serizawa, K, Fujisawa, M, Matsuo, K, Nemoto, J, et al. New BBB model reveals that IL-6 blockade suppressed the BBB disorder, preventing onset of NMOSD. Neurol Neuroimmunol Neuroinflamm. (2021) 8:e1076. doi: 10.1212/NXI.0000000000001076

42. Corbali, O, and Chitnis, T. Pathophysiology of myelin oligodendrocyte glycoprotein antibody disease. Front Neurol. (2023) 14:1137998. doi: 10.3389/fneur.2023.1137998

43. Zhou, L, ZhangBao, J, Li, H, Li, X, Huang, Y, Wang, M, et al. Cerebral cortical encephalitis followed by recurrent CNS demyelination in a patient with concomitant anti-MOG and anti-NMDA receptor antibodies. Mult Scler Relat Disord. (2017) 18:90–2. doi: 10.1016/j.msard.2017.09.023

44. Mikhailov, N, Virenque, A, Koroleva, K, Eme-Scolan, E, Teleman, M, Abdollahzadeh, A, et al. The role of the meningeal lymphatic system in local meningeal inflammation and trigeminal nociception. Sci Rep. (2022) 12:8804. doi: 10.1038/s41598-022-12540-7

45. Etemadifar, M, Fereidan-Esfahani, M, Sedaghat, N, Kargaran, PK, Mansouri, AR, Abhari, AP, et al. Non-infectious meningitis and CNS demyelinating diseases: A conceptual review. Rev Neurol (Paris). (2023) 179:533–47. doi: 10.1016/j.neurol.2022.10.006

46. Goh, Y, Lye, PPS, Tambyah, PA, Soon, DTL, Smitasin, N, Ong, JJY, et al. Case Report: MOGAD - a steroid-responsive autoimmune meningoencephalitis mimicking infection. Front Immunol. (2025) 16:1516178. doi: 10.3389/fimmu.2025.1516178

47. Castellani, G, Croese, T, Peralta Ramos, JM, and Schwartz, M. Transforming the understanding of brain immunity. Science. (2023) 380:eabo7649. doi: 10.1126/science.abo7649

48. Laaker, C, Baenen, C, Kovács, KG, Sandor, M, and Fabry, Z. Immune cells as messengers from the CNS to the periphery: the role of the meningeal lymphatic system in immune cell migration from the CNS. Front Immunol. (2023) 14:1233908. doi: 10.3389/fimmu.2023.1233908

49. Zhan, J, Kipp, M, Han, W, and Kaddatz, H. Ectopic lymphoid follicles in progressive multiple sclerosis: From patients to animal models. Immunology. (2021) 164:450–66. doi: 10.1111/imm.13395

50. Howell, OW, Reeves, CA, Nicholas, R, Carassiti, D, Radotra, B, Gentleman, SM, et al. Meningeal inflammation is widespread and linked to cortical pathology in multiple sclerosis. Brain. (2011) 134:2755–71. doi: 10.1093/brain/awr182

51. Chachaj, A, Gąsiorowski, K, Szuba, A, Sieradzki, A, and Leszek, J. The lymphatic system in the brain clearance mechanisms - new therapeutic perspectives for alzheimer’s disease. Curr Neuropharmacol. (2023) 21:380–91. doi: 10.2174/1570159X20666220411091332

52. Das Neves, SP, Delivanoglou, N, Ren, Y, Cucuzza, CS, Makuch, M, Almeida, F, et al. Meningeal lymphatic function promotes oligodendrocyte survival and brain myelination. Immunity. (2024) 57:2328–2343.e8. doi: 10.1016/j.immuni.2024.08.004

53. Asseyer, S, Hamblin, J, Messina, S, Mariano, R, Siebert, N, Everett, R, et al. Prodromal headache in MOG-antibody positive optic neuritis. Mult Scler Relat Disord. (2020) 40:101965. doi: 10.1016/j.msard.2020.101965

54. Thulasirajah, S, Pohl, D, Davila-Acosta, J, and Venkateswaran, S. Myelin oligodendrocyte glycoprotein-associated pediatric central nervous system demyelination: clinical course, neuroimaging findings, and response to therapy. Neuropediatrics. (2016) 47:245–52. doi: 10.1055/s-0036-1583184

55. Nosadini, M, Eyre, M, Giacomini, T, Valeriani, M, Della Corte, M, Praticò, AD, et al. Early immunotherapy and longer corticosteroid treatment are associated with lower risk of relapsing disease course in pediatric MOGAD. Neurol Neuroimmunol Neuroinflamm. (2023) 10:e200065. doi: 10.1212/NXI.0000000000200065

56. Kwon, YN, Kim, B, Kim, J-S, Mo, H, Choi, K, Oh, S-I, et al. Myelin oligodendrocyte glycoprotein-immunoglobulin G in the CSF: clinical implication of testing and association with disability. Neurol Neuroimmunol Neuroinflamm. (2022) 9:e1095. doi: 10.1212/NXI.0000000000001095

57. Shao, W, Liu, X, Li, J, Sheng, T, Li, Y, Gu, Y, et al. Characteristics of cerebrospinal fluid oligoclonal band in anti-myelin oligodendrocyte glycoprotein (MOG) antibody associated disease. Heliyon. (2024) 10:e24742. doi: 10.1016/j.heliyon.2024.e24742

58. 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

59. Chen, B, Gomez-Figueroa, E, Redenbaugh, V, Francis, A, Satukijchai, C, Wu, Y, et al. Do early relapses predict the risk of long-term relapsing disease in an adult and paediatric cohort with MOGAD? Ann Neurol. (2023) 94:508–17. doi: 10.1002/ana.26731

60. Li, Z, Sun, H, Fan, X, Yuan, P, Jiang, Y, Wu, P, et al. Clinical and prognostic analysis of autoantibody-associated CNS demyelinating disorders in children in southwest China. Front Neurol. (2021) 12:642664. doi: 10.3389/fneur.2021.642664

61. Trewin, BP, Dale, RC, Qiu, J, Chu, M, Jeyakumar, N, Dela Cruz, F, et al. Oral corticosteroid dosage and taper duration at onset in myelin oligodendrocyte glycoprotein antibody-associated disease influences time to first relapse. J Neurol Neurosurg Psychiatry. (2024) 95:1054–63. doi: 10.1136/jnnp-2024-333463




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 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.


Copyright © 2025 Sun, Xie, Han, Zhou, Zhang, Xie and Xie. 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.


OEBPS/Images/fimmu-16-1535571-g004.jpg
r=0.1995 _ _
3 S p=0.4802 o - p=0.6309 . 3 p=0.3651 R
[ J
261 o $ 200 ¢ ° S 200 S 200 o °
: ° . 2 S S
;4 . ° = 150 . o = 150 :=’150 . o
g o °% o ge s °. E ® E s o
S foeteg” . = 100 . . S 100 S 100 .
B 2 3 ® % ° e S ) 3 ° i
© 7 0%, o B g0 oo 5 50 % 50
o8 %0 o . ° O o
0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20
Vertebral segments Vertebral segments Vertebral segments
40004 r=0.07285 E r=0.7130 F
= =0.5835 1500 _ 800 r=0.7246 H
£ 3000 & ) = °
= g e = S 600
£ = 1000 £ £ .
e L = £
E, 2000 s | .® F g 4004 000 e e
— = @ e = = 1 T R . ----------- ®
g = g o = — B P ¢ o . EEE °
S 1000 o S 500-§— ..o = < o |
Z . °*® . - = 7 B 200
&)
@) 5 es ’. ' PY ' s .. ® ® 8 @)
0
0 5 10 15 20
Vertdbrsil . = 0 5 10 15 20 0 5 10 15 20 25 0 5 10 15 20
T
crichra seaments Vertebral segments Vertebral segments Vertebral segments
r=0.06006 I r=0.7720 2
207 p=0.6692 209 00054 J 5 o r=0.4352 "’
p=0. p=0. 2 r=-0.03648 o 30 =
= 500 K p=0.1199
. " 2 p=0.7934 @
15 15 @ g .
& T
= c > 20
< 10 .. ° & ? (g . )
[ X J : . * ® 9 % ® Qo
5 ° © 0 10
:o ® ) ! . e e © ] £ ® .
L e © o qa
® © 5
= =
0 5 10 15 20 25 0 5 10 15 20 _E 110 5 10 15 20 25 < 0
Vertebral segments Vertebral segments 3 Vertebral segments P 0 5 10 15 20
Vertebral segments
1500 [=0.07645 r=0.2188 N 100— r=0.005377 is_ r=0.8739 p
p=0.5827 M 1509 h=0.6026 o p=0.9692 O p=0.0045
—_ [ J
d _~
in 1000 Eﬂ 106 .
&) il °
= L.ED” o °.
&= 500 = 50
< O

10 15 20 25
Vertebral segments

0 5 10 15 20 25 0 5 10 15 20

0 5 10 15 20
Vertebral segments

Vertebral segments Vertebral segments





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical characteristics and factors associated with recurrence and long-term prognosis in patients with MOGAD

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Participants

          



          		

            2.2 Clinical data

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Demographic characteristics and clinical presentation

          



          		

            3.2 Laboratory, imaging, and electrophysiological investigations

          



          		

            3.3 Comparison of children and adults

          



          		

            3.4 Comparison of the four clinical phenotypes

          



          		

            3.5 Treatment

          



          		

            3.6 Risk factors for recurrence

          



          		

            3.7 Risk factors for poor long-term prognosis

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-16-1535571-g001.jpg
A total of 101 patients met the inclusion criteria
inclusion criteria:
(1) Inaccordance with Banwell diagnostic criteria
(2) at least one clinical episode lasting more than 24 hours within 1
month

(3) follow-up time =6 months

A total of 10 patients met the exclusion criteria
Key clinical or laboratory data were missing (n=2)
NMDAR antibody was positive (n=3)

GFAP antibody was positive (n=2)

LonS5 antibody was positive (n=1)

NMDAR and GQ1b antibodies were positive (n=1)
NMDAR and GFAP antibodies were positive (n=1)

Actotal of 91 patients with MOGAD were enrolled (total cohort)

ON(n=13)
TM(n=14)
Brain(n=37)
Mixed(n=27)

22 MOGAD patients
were not the first episode

69 patients with first-episode MOGAD were enrolled (incident cohort)

Monophasic course group (n=47) Good prognosis group (n=56)
Recurrent course group (n=22) Poor prognosis group (n=13)






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Female, n (%)
Age of onset (years)
CSF cell count (x1076/L)
CSF glucose (mmol/L)

CSF protein (mg/L)

CSF immunoglobulin IgG (mg/L)

CSF albumin (mg/L)

QigG
QAlb
1gG Index

24h intrathecal IgG synthesis rate
(mg/24h)

Type 1 isoelectric focusing pattern, n (%)
Type 11 isoelectric focusing pattern, n (%)
Type IV isoelectric focusing pattern, n (%)

Damage of BBB, n (%)
Steroid only, n (%)
Steroid +IVIG, n (%)

Add immunosuppressive, n (%)
Steroid more than 5 weeks, n (%)
EDSS at admission (score)

EDSS at discharge (score)
mRs at admission (score)

mRS at discharge (score)

Isolated ON
5/13 (38.5)
20.1£3.9

50 (35,51.8)
421 +031

241.0 (161.8,385.1)

16.80 (9.53,24.85)

117.6 (94.8,181.1)

172 £025
2.96 (2.10,3.88)
053 +0.07

000 (-4.46,0.14)

719 (77.8)
1/9 (11.1)
1/9 (11.1)
1/9 (11.1)
8/13 (61.5)
2/13 (15.4)
3/13 (23.1)
12/13 (923)
319 +022
2(22)
2(1,2)

1(1,15)

The parts in bold indicate statistically significant differences (p<0.05).

13)

Isolated TM
4/14 (28.6)
129 +49
140 (2.0,14.0)
298 +0.12

399.2 (359.5,753.6)

67.86 + 11.785

301.7 (217.1,387.0)

6.37 £ 0.74
8.32+£0.95
0.78 £ 0.05

10.16 + 2.33

9/11 (81.8)
111 (9.1)

111 (9.1)

8/11 (72.7)
6/14 (42.9)
5/14 (35.7)
3/14 (21.4)
12/14 (85.7)
518+ 0.56

525 (1.00,6.00)
4(14)

1.93 + 0.34

15/37 (40.5)
10.0 (5.5,23.5)
37.0 (16.0,76.0)
319 (2.76,3.52)

327.0
(271.0,429.6)

3115
(24.63,50.65)

188.4
(145.0,260.1)

3.36 (2.274.71)
451 (3.51,5.82)
0.80 + 0.05

251 (0.00,5.88)

18/28 (64.3)
9/28 (32.1)
1/28 (3.7)
12/28 (42.9)
15/37 (40.5)
11/37 (29.7)
7137 (18.9)
27/37 (73.0)
400 (2.75,5.00)
0.00 (0.00,1.00)
1(1,2)

0(0,1)

15/27 (55.6)
18.0 (10.0,33.0)
26.0 (4.5,52.0)
334 (291,3.57)

2932
(250.1,388.0)

29.17 £2.23

191.2 £ 114

2.86 + 0245
4394027
064 (0.60,0.71)

055 (0.00,1.86)

17/24 (70.8)
424 (16.7)
3/24 (12.5)
6/24 (25.0)
15/27 (55.6)
4/27 (14.8)
8/27 (29.6)
25/27 (92.6)
404 + 039
1.00 (0.00,2.50)
1(14)

1(0,1)

0372

<0.001

0.199

0.010

0.009

<0.001

<0.001

<0.001

<0.001

0.008

<0.001

0.698

0.277

0.688

0.015

0.468

0.324

0.793

0.146

0.031

<0.001

0.092

<0.001





OEBPS/Images/table4.jpg
Variable Univariate Analysis

OR (95% CI) P
Nausea/vomiting 5208 (1.282-21.163) 0.021
Type I isoelectric focusing pattern 0.196 (0.048-0.802) 0.023
EDSS at discharge 1.529 (1.138-2.055) 0.005
Total number of episodes 2.007 (1.188-3.393) 0.009
Steroid more than 5 weeks 0.090 (0.02-0.399) 0.002

‘The parts in bold indicate statistically significant differences (p<0.05).

Multivariate Analysis

(95% CI)
24,684 (0.573-1063.04)
0.004 (0.000-0.402)
5.050 (1.270-20.074)
9.235 (1.352-63.105)

0.001 (0.000-0.339)

P
0.095
0.019
0.021
0.023

0.019
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Variable Univariate Analysis Multivariate Analysis

OR (95% ClI) P OR (95% CI) 2
Visual impairment 2868 (0.991-8.301) 0052 4215 (1.236-14.377) 0.022
Headache 3.081 (1.08-8.789) 0.035 3.209 (0.989-10.419) 0052
Steroid more than 5 weeks 0248 (0.062-0.995) 0.049 0211 (0.043-1.026) 0.054

The parts in bold indicate statistically significant differences (p<0.05).
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OEBPS/Images/table1.jpg
\EUEES Total cohort (n=91) Incident cohort (n=69) B Children (n Adults (n=44) P
Female, n (%) 39/91 (429) 2869 (40.6) 0722 22147 (46.8) 17/44 (38.6) 0431
Age of onset (years) 17(834) 17 (7.34) 1 849 £4.32 34 (2647) <0.001

Clinical symptoms.

Fever, n (%) 39/91 (42.9) 30/69 (43.5) 1 28/47 (59.6) 11/44 (25.0) 0.001
Visual impairment, n (%) 38/90 (42.2) 30/68 (44.1) 0812 19/46 (41.3) 19/44 (43.2) 0.857
Ocular movement pain, n (%) 16/90 (17.8) 14/68 (20.6) 0.809 10/46 (21.7) 6/44 (13.6) 0315
Visual field defects, n (%) 17/79 (21.5) 11/60 (18.3) 0.643 11/41 (26.8) 6/39 (15.4) 0211
Headache, n (%) 38/91 (41.8) 28/69 (40.6) 1 20/47 (42.6) 18/44 (40.9) 1
Dizziness, n (%) 16191 (17.6) 11/69 (159) 0784 9147 (19.1) 7/44 (15.9) 0685
Somnipathy, n (%) 16/91 (17.6) 14/69 (203) 0818 9147 (192) 7144 (15.1) 0685
Nausea/vomiting, n (%) 21/91 (23.1) 14/69 (20.3) 0.673 19/47 (40.4) 2/44 (4.5) <0.001
Bowel/bladder disturbance, n (%) 23/91 (25.3) 17/69 (24.6) 0.927 6/47 (12.8) 17/44 (38.6) 0.005
Paresthesia, n (%) 25/91 (27.5) 20/69 (29.0) 0.833 5/47 (10.6) 20/44 (45.5) <0.001
Limb weakness, n (%) 38/91 (41.8) 29/69 (42.0) 1 17/47 (36.2) 21/44 (47.7) 0264
Seizure, n (%) 24/91 (26.4) 21/69 (30.4) 0.571 17/47 (36.2) 7/44 (15.9) 0.028
Dysmnesia, n (%) 4191 (4.4) 369 (43) 1 3047 (6.4) 1/44(23) 0657
‘Consciousness disorders, n (%) 25/91 (27.5) 22/69 (31.9) 0.544 19/47 (40.4) 6/44 (13.6) 0.04
Mental disorders, n (%) 4191 (4.4) 3/69 (4.3) 1 2/47 (4.3) 2/44 (4.5) 1
Dyskinesia, n (%) 36/91 (39.6) 28/69 (40.6) 0.896 16/47 (34.0) 20/44 (45.5) 0.266
Speech disorders, n (%) 7191 (7.7) 4/69 (5.8) 0.878 6/47 (12.8) 1/44 (2.3) 0.138
Admission to the ICU, n (%) 33/91 (19.8) 15/69 (21.7) 0.762 15/47 (31.9) 3/44 (6.8) 0.003

Cerebrospinal fluid (CSF)

Cell count (x10°6/L) 300 (5.0615) 320 (7.75.76.0) 045 340 (14.0,79.5) 480 (140,79.2) 0031

Glucose (mmol/L) 3.28 (278,3.60) 321 (2773.69) 0778 341 (2:803.95) 3.19 (2783.51) 0302

Protein (mg/L) 327.0 (257.0.419.0) 3260 (259.4,423.0) 0,89 285.0 (2235,385.0) 3808 (307.85626) 0.001

Immunoglobulin IgG (mg/L) 30.65 (20.70,44.05) 3065 (23.8045.20) 0817 2900 + 294 3660 (27.40,56.95) 0.003

Albumin (mg/L) 1965 (143.9259.4) 2002 (1457,278.5) 0.786 17611 £ 1228 2369 (1754,3319) <0.001

QIgG, 3.04 (2.144.51) 304 (2.17:4.46) 089 225 (1.92.3.84) 375 (2625.68) 0.003

QAlb 455 (3386.07) 460 (3.40,6.84) 0719 415£030 573 (417,8.39) <0.001

1gG Index 0.69 (0.60,0.84) 0,68 (0.540.85) 0779 0.70 (0.63.0.85) 073 %005 0664

24h intrathecal TgG synthesis rate, (mg/24h) 117 (0578) 118 (0577) 0925 0.10 (0.00,3.30) 181 (0.007.45) 0.183
Type I isoelectric focusing pattern, n (%) 5171 (708) 36/54 (6.7) 0617 25/38 (65.8) 26/34 (76.5) 032

Type 11 isoelectric focusing pattern, n (%) 1572 (20.8) 12/54 (22.2) 0851 12/38 (31.6) 3/34(88) 0.018
Type 1V isoelectric focusing pattern, n (%) 6/72(8.3) 6/54 (11.1) 0599 1138 (2.6) 5/34 (14.7) 0.155

Imaging and electrophysiology

Cortex, n (%) 9/87 (10.3) 7066 (59) 0958 4/46 (8.7) 5/41 (12.2) 0855
Frontal lobe, n (%) 57187 (65.5) 43066 (65.2) 1 32/46 (69.6) 25/41 (61.0) 04
Parietal lobe, n (%) 49/87 (56.3) 39066 (59.1) 0731 30/46 (65.2) 19/41 (46.3) 0.076
Temporal lobe, n (%) 31/87 (35.6) 25/66 (37.9) 0775 23/46 (50.0) 8/41(19.5) 0.003
Occipital lobe, n (%) 21/87 (24.1) 19/6 (28.8) 0517 17/46 (37.0) 4/41 (9.8) 0.003
Periventricular, n (%) 40/87 (46.0) 30/66 (45.5) 0949 22/46 (47.6) 18/41 (43.9) 0714
Basal ganglia, n (%) 18/87 (207) 15/66 (22.7) 0762 15/46 (32.6) 3/41 (7.3) 0.004
Diencephalon, n (%) 19/87 (21.8) 16/6 (24.2) 0726 13/46 (283) 6/41 (14.6) 0125
Brainstem, n (%) 30/87 (34.5) 23/66 (34.8) 0962 18/46 (39.1) 12/41 (293) 0334
Cerebellum, n (%) 12/87 (13.8) 10/66 (152) 0813 8/46 (17.4) 441 (9.8) 0303
Long segment, n (%) 33/68 (48.5) 25/50 (50.0) 0875 17/35 (48.6) 16/32 (50.0) 0.907
Cervical cord, n (%) 38/68 (55.9) 28/50 (56.0) 099 21/35 (60.0) 16/32 (50.0) 0411
Thoracic cord, n (%) 36/68 (52.9) 28/50 (56.0) 0742 2035 (57.1) 16/32 (50.0) 0558
Lumbosacral spinal cord, n (%) 2/68 (2.9) 2/50 (4.0) 1 2135 (57) 0732 (0) 0493
Circular cone/cauda equina, n (%) 1/68 (1.5) 0/50 (0) 1 0/35 (0) 1132 (3.1) 0478
VEP abnormal, n (%) 29/48 (60.4) 23/35 (65.7) 0622 21127 (77.8) 8/21(38.1) 0.005
ERG abnormal, n (%) 13/24 (54.2) 10/16 (62.5) 0.601 1120 (55) 2/4 (50 1
Papilledema, n (%) 19/43 (44.2) 14/31 (452) 0934 1129 (37.9) 8/14(57.1) 0235
OCT abnormal, n (%) 10/23 (43.5) 715 (46.7) 0847 512 (41.7) 5/11(45.5) 1
Treatment
Steroid only, n (%) 44/91 (48.4) 39/69 (56.5) 0306 23/47 (48.9) 21/44 (47.7) 0.908
Steroid +IVIG, n (%) 22/91 (242) 19/69 (27.5) 0.63 17/47 (36.2) 5/44 (11.4) 0.006
Add immunosuppressive, n (%) 21/91 (23.1) 8/69 (11.6) 0062 6/47 (12.8) 15/44 (34.1) 016
Steroid more than 5 weeks, n (%) 76/91 (83.5) 59/69 (85.5) 0731 4147 (87.2) 35/44 (79.5) 0323

Course and Prognosis

Length of stay (day) 16 (1221) 17 (13.23) 0425 16 (1020) 16 (11.5.205) 0572
Course (month) 37.0 (27.0,50.0) 326+ 16 0.05 49.0 (36.0,66.8) 50.8 (37.5,108.5) 0.745
EDSS at admission (score) 4(35) 435 0428 4(35) 383+£032 0553
EDSS at discharge (score) 1(0.25) 1(0225) 0797 1(0.2) 2(04.75) 0.007
EDSS at follow-up (score) 0(0,1) 0(0,1) 086 0(0.1) 0(0,1) 056
‘mRs at admission (score) 2014) 204 0766 1(13) 2(14) 0335
mRS at discharge (score) 101 101 084 10 102) 0.006
mRS at follow-up (score) 102) 1002) 0802 001 05 (0.1) 0243
Relapse, n (%) 44/91 (48.4) 2169 (319) 0.036 26147 (55.3) 18/44 (40.9) 0.169
Onset phenotype
Isolated ON, n (%) 13/91 (14.3) 11/69 (15.9) 0771 7/47 (14.9) 6/44 (13.6) 0.864
Isolated TM, n (%) 14/91 (15.4) 11/69 (15.9) 0923 1/47 (2.1) 13/44 (29.5) <0.001
Isolated ADEM, n (%) 28/91 (30.8) 23/69 (33.3) 073 20/47 (42.6) 8/44 (18.2) 0.012
Isolated CE, n (%) 5/91 (5.5) 4169 (5.8) 1 3/47 (6.4) 2/44 (4.5) 1
Isolated BS, n (%) 4/91 (4.4) 3/69 (4.3) 1 3/47 (6.4) 1/44 (2.3) 0.657
Mixed, n (%) 27/91 (29.7) 17/69 (24.6) 048 13/47 (27.7) 14/44 (31.8) 0.664

“The parts in bold indicate staistically significant differences (p<0.05).





