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Abstract 

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an 

inflammatory demyelinating pathology of the central nervous system (CNS). The mainstay of 

laboratory diagnosis is the detection of antibodies targeting oligodendrocyte-expressed MOG 

(MOG-IgG). The disease course is either monophasic or relapsing. Residual neurological 

disability, such as visual acuity loss, motor deficits, sensory deficits, cognitive impairment, and 

sphincter dysfunction, appears to accumulate with relapse and the associated morbidity burden 

is significant. Laboratory biomarkers have the potential to improve prediction of disease course 

and activity, thus, ensuring early and appropriate initiation of immunosuppression in 

individuals at risk of relapse-associated disability accrual, while minimising unnecessary 

exposure to immunosuppression in monophasic individuals. A widespread challenge of 

MOGAD research has been the rarity of its incidence, which often translates to limited sample 

sizes. For these reasons, we first summarized the literature on biomarkers of prognosis and 

reviewed pathological mechanisms of disease. We then conducted a systematic review with 

meta-analysis to investigate the capability of laboratory biomarkers to predict disease course, 

as well as differentiate remission compared to attack disease activity. When possible, 

laboratory biomarkers were additionally assessed alongside clinical factors in multivariable 

analyses.  

Meta-analysis allowed the quantitative assessment of ≥1710 individuals from a total of 106 

included studies. Relapsing disease course was associated with persistent seropositivity (OR 

2.7 (95% CI 1.8–4.0), p<0.0001), lower likelihood of seroreversion to negative status (HR 0.19 

(95% CI 0.14–0.26), p<0.0001), and delayed seroreversion compared to monophasic 

participants (median 19 years versus 2.5 years, respectively, p<0.0001). The highest rate of 

seroreversion to negative status occurred within 12 months following disease onset; hence, 

serial measurement of serum MOG-IgG at 3-6 month intervals in the 12 months following 

disease onset may be adopted by clinicians to assist with relapse risk stratification and guide 

therapeutic decisions. Other biomarkers assessed at disease onset or in the first collected 

biospecimen included serum MOG-IgG titre, cerebrospinal fluid (CSF) white cell count 

(WCC), CSF protein, and CSF oligoclonal bands (OCB); none of these variables were 

significantly associated with relapsing course. 

Furthermore, biomarkers sampled throughout disease were assessed for capability to 

differentiate between remission and attack. In individuals with known MOGAD diagnosis, 



 xi 

serum MOG-IgG titre – classified semi-quantitatively as ‘negative’, ‘low positive’, or ‘clear 

positive’ in accordance with the 2023 international MOGAD diagnostic criteria – effectively 

discriminated between remission and attack. Attack was associated with clear positive titre (OR 

3.6 (95% CI 2.6–5.0), p<0.0001) but not negative titre (OR 0.073 (95% CI 0.028–0.19), 

p<0.0001). Moreover, CSF leukocytosis (≥5 cells/L), compared to a normal WCC, was 

significantly associated with attack (OR 3.1 (95% CI 1.7-5.9), p=0.0004). These findings 

highlighted the diagnostic utility of serum MOG-IgG titre and CSF WCC in settings of clinical 

uncertainty. 

We also identified a multitude of novel biomarkers for prediction of disease course and activity, 

which we assessed qualitatively and, ultimately, require further investigation with prospective 

observational studies. 

Our work marks a significant contribution to the landscape of relapse prediction in MOGAD. 

This systematic review with meta-analysis was the first of its kind to examine biomarkers of 

disease course and activity in MOGAD. Thus, our recommendations are informed with the 

highest quality evidence available and may be readily adopted into clinical practice to improve 

prognostication with the goal of securing better outcomes for individuals living with MOGAD.  



 xii 

Table Of Contents 

Statement Of Originality ..................................................................................................................... ii 

Acknowledgements ............................................................................................................................ iii 

Author Attribution Statement .............................................................................................................iv 

Attest To Author Attribution Statement .............................................................................................. v 

Artificial Intelligence ..........................................................................................................................vi 

Australian Government Support ....................................................................................................... vii 

Conference Presentations ................................................................................................................. viii 

Abbreviations ......................................................................................................................................ix 

Abstract ................................................................................................................................................ x 

Table Of Contents ............................................................................................................................. xii 

List Of Figures ................................................................................................................................. xiii 

List Of Tables ...................................................................................................................................xiv 

Chapter 1 | MOGAD: Insights into Pathogenesis and Biomarkers of Prognosis ..................... 1 

Chapter 2 | Laboratory Biomarkers for the Prediction of Relapse in MOGAD: A Systematic 

Review and Meta-Analysis ....................................................................................................... 15 

Chapter 3 | Discussion and Concluding Remarks ................................................................... 93 

 

  



 xiii 

List Of Figures 

Chapter 1 

Figure 1: Schematic overview of the potential pathways of antigen recognition and breakdown 

in self-tolerance in MOGAD, synthesis of MOG-IgG, and mechanisms of MOG-IgG-mediated 

demyelination………………………………………………………………………………….4  

Figure 2: Schematic overview of the potential biomarkers of prognosis in MOGAD…….……9 

 

Chapter 2 

Figure 1: PRISMA flow diagram for the systematic review with meta-analysis……………...20 

Figure 2: Investigating the association of biomarkers and relapsing disease course…….….....25 

Figure 3: Kaplan-Meier survival curve of time to seroreversion to MOG-IgG negative 

status………………………………………………………………………………………….29 

Figure 4: Investigating the association of biomarkers and attack disease activity……….........30 

Supplementary Figure 1: Forest plot demonstrating that persistent seropositivity on serial 

serum MOG-IgG measurement ≥3 months apart is associated with relapsing disease course 

(OR 2.7 (95% CI 1.8–4.0), p<0.0001). TS = transient seropositivity; PS = persistent 

seropositivity............................................................................................................................45 

Supplementary Figure 2: Funnel plot asymmetry identified when investigating the association 

of CSF OCB and disease activity; (A) attack samples were collected <30 days following 

clinical symptoms, (B) attack samples were collected <3 months following clinical 

symptoms…………….............................................................................................................45 

  



 xiv 

List Of Tables 

Chapter 1 

Table 1: Characteristics and key findings of studies reporting biomarkers of prognosis……….7 

 

Chapter 2 

Table 1: Investigating the multivariable association of persistent seropositivity and relapsing 

disease course alongside individual-level demographics……………………………………..27 

Table 2: Investigating the association of clinical predictors and seroreversion to MOG-IgG 

negative status………………………………………………………………………………...28 

Table 3: Investigating serum GFAP and NfL biomarker association with disease activity…...31 

Table 4: Summary of findings……………………...................................................................33 

Supplementary Table 1: Systematic search strategy as of February 21, 2024. All terms were 

searched as text words and as exploded medical subject headings where possible. All terms 

within a concept were combined with “OR” and concepts were combined with “AND”..........46 

Supplementary Table 2: Key definitions...................................................................................46 

Supplementary Table 3: Clinical phenotype categories............................................................47 

Supplementary Table 4: Characteristics of 106 studies included in systematic review….........48 

Supplementary Table 5: Comparison of follow-up duration between included monophasic and 

relapsing participants as reported by 48 studies. Statistical significance assessed with Mann-

Whitney U Test.........................................................................................................................70 

Supplementary Table 6: Investigating the association of serial serum MOG-IgG measurement 

at various sample collection intervals and relapsing disease course..........................................72 

Supplementary Table 7: Investigating the multivariable association of serial serum MOG-IgG 

measurement at various sample collection intervals and relapsing disease course alongside 

participant-level demographics…………….............................................................................73 



 xv 

Supplementary Table 8: Random-effects meta-analysis of means to investigate serum GFAP 

and NfL biomarker levels during different disease activity………….......................................75 

Supplementary Table 9: Qualitative assessment of studies reporting novel biomarkers….......76 

 



 
1 

Chapter 1 | MOGAD: Insights into Pathogenesis 

and Biomarkers of Prognosis 

This introductory chapter is a comprehensive narrative literature review outlining the 

historical and current understanding of MOGAD. There is a particular focus on the 

neuroimmunological concepts that underpin pathogenesis as well as the present landscape of 

prognostic biomarkers, with insights into their strengths and weaknesses.  

 

The contents of Chapter 1 have been published in: 

Andersen J, Brilot F. Myelin oligodendrocyte glycoprotein antibody-associated disease 

(MOGAD): Insights into pathogenesis and biomarkers of prognosis. Semin Immunol. 2025 

Jun;78:101944. doi: 10.1016/j.smim.2025.101944. Epub 2025 Mar 14. PMID: 40088708.  
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Chapter 2 | Laboratory Biomarkers for the 

Prediction of Relapse in MOGAD: A Systematic 

Review and Meta-Analysis 

This chapter is a thorough synthesis of the current literature with quantitative and qualitative 

assessment of a multitude of laboratory biomarkers through the lens of predicting relapsing 

disease course and attack disease activity in MOGAD. 

 

The contents of Chapter 2 are presented as a manuscript that has been accepted for 

publication on 1 September 2025 in the Journal of Neurology, Neurosurgery & 

Psychiatry: 

Andersen J, Trewin B, Dale R, Ramanathan S, Brilot F. Laboratory biomarkers for the 

prediction of relapse in myelin oligodendrocyte glycoprotein antibody-associated disease: a 

systematic review and meta-analysis. Journal of Neurology, Neurosurgery & Psychiatry. 
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Abstract 

Objectives 

Detection of immunoglobulin G targeting myelin oligodendrocyte glycoprotein (MOG-IgG) is 

the mainstay of laboratory diagnosis of MOG antibody-associated disease (MOGAD). 

Laboratory biomarkers have the potential to predict disease course and activity, thus, informing 

prompt therapeutic decisions to minimise relapse-associated disability accrual. 

Methods 

This systematic review with meta-analysis was registered in PROSPERO (CRD42024554429). 

MEDLINE, Embase, and Scopus databases were searched. Random-effects or mixed-effects 

modellings were performed, and odds or hazard ratio with 95% confidence intervals reported. 

Results 

106 studies with ≥1710 individuals were included. Relapsing course was associated with 

persistent seropositivity (OR 2.7 (95%CI 1.8–4.0), p<0.0001), lower likelihood of 

seroreversion to negative status (HR 0.19 (95%CI 0.14–0.26), p<0.0001), and delayed 

seroreversion compared to monophasic participants (median 19 years versus 2.5 years, 

p<0.0001). ADEM was not associated with relapsing course (OR 0.049 (95%CI 0.0029–0.84), 

p=0.037). Serum MOG-IgG titre – negative, low positive, or clear positive – discriminated 

disease state. Attack was associated with clear positive titre (OR 3.6 (95%CI 2.6–5.0), 

p<0.0001), but not negative titre (OR 0.073 (95%CI 0.028–0.19), p<0.0001). CSF leukocytosis 

(≥5 cells/L) was associated with attack (OR 3.1 (95%CI 1.7-5.9), p=0.0004). Neither serum 

GFAP nor NfL correlated with disease activity. Novel biomarkers of disease course and 

activity have also been assessed qualitatively. 

Interpretation 

MOG-IgG serostatus and titre, and CSF leukocytosis are biomarkers of disease course and 

activity. The findings provide rationale for serial serum MOG-IgG testing at 3-6 month 

intervals in the first 12 months of disease to assist in relapse risk stratification. 

Keywords 

MOGAD, MOG-IgG, anti-MOG antibody, biomarker, relapse prediction, disease activity 
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Introduction 

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an 

inflammatory demyelinating disease of the central nervous system (CNS), characterised by the 

presence of anti-MOG autoantibodies (MOG-IgG).1 MOGAD is typically associated with the 

clinical phenotypes acute disseminated encephalomyelitis (ADEM), optic neuritis (ON), or 

transverse myelitis (TM), and is less commonly associated with cerebral cortical encephalitis 

(CCE), brainstem presentations, or cerebellar presentations.1 MOGAD affects both children 

and adults; however, there is a distinct divergence of phenotype – ADEM is the most frequent 

paediatric phenotype compared to ON as the primary manifestation in adults.2 The disease 

course is either monophasic or relapsing, with a recent review reporting that relapsing disease 

course occurs in 72% of individuals when follow-up is extended beyond 5-years, suggesting 

that this is a predominantly relapsing disorder in the context of current diagnostic and 

therapeutic approaches.3 The morbidity burden associated with MOGAD is significant, with 

residual neurological disability manifesting as visual acuity loss, motor deficits, sensory 

deficits, cognitive impairment, and sphincter dysfunction.4-6 Moreover, disability may 

accumulate with relapses.4 Thus, disease course prediction is a paramount yet elusive goal, 

which has the potential to facilitate early institution of maintenance immunotherapy to limit 

the accrual of disability that occurs with relapse while simultaneously avoiding unnecessary 

immunosuppression in monophasic individuals. Laboratory biomarkers offer an attractive 

avenue to address this conundrum. To date, temporal dynamics of serum MOG-IgG have been 

the most thoroughly investigated potential biomarker, with some studies reporting a significant 

association between persistent seropositive measurements and relapsing disease course;7-9 

however, the literature has lacked consensus regarding this relationship.6, 10 Additionally, 

biomarkers of disease activity, rather than of disease course, may be diagnostically useful in 

settings of clinical uncertainty to discriminate whether symptoms represent a MOGAD attack 

as opposed to an alternate pathology. A widespread challenge of MOGAD research has been 

the rarity of its incidence – estimated at 1.6-3.4 per 1,000,000 person-years – which often 

translates to limited sample sizes.11, 12 For these reasons, we aimed to conduct a systematic 

review with meta-analysis to investigate the capability of laboratory biomarkers to predict 

disease course, as well as differentiate remission compared to attack disease activity.  
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Methods 

Search Strategy 

This systematic review with meta-analysis was conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.13 The 

PRISMA flowchart is presented (Figure 1). The study was registered with PROSPERO 

(registration number CRD42024554429). A systematic search of the databases MEDLINE, 

Embase, and Scopus was performed of all studies from inception to 21/2/2024, with English 

language restriction. The complete search strategy is presented in Supplementary Table 1. The 

literature search was performed by one author (JA) and reviewed by the senior author (FB). 

 

 

Figure 1: PRISMA Flow Diagram for the Systematic Review with Meta-Analysis. 
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Key Definitions 

Key definitions are presented in Supplementary Method 1 and Supplementary Tables 2 and 3.  

 

Study Selection 

Study eligibility was assessed based on the following inclusion criteria: (i) published, full-text 

original research articles in English, (ii) measured laboratory biomarker(s) in terms of disease 

course and/or disease activity, (iii) participants met the 2023 International MOGAD Panel 

proposed diagnostic criteria, broadly defined by positive serum MOG-IgG measurement on 

cell-based assay (CBA) and characteristic clinical phenotype as per definitions outlined in 

Supplementary Tables 2 and 3, (iv) studies that measured disease course clearly reported 

follow-up duration as ≥1 year either in a direct statement or able to be inferred from descriptive 

statistics such as minimum-maximum range (reporting of only interquartile range (IQR) or 

standard deviation (SD) was insufficient), and (v) extractable data for ≥2 individuals, with data 

only being extracted for individuals meeting the inclusion criteria. There were no restrictions 

on follow-up duration for studies assessing disease activity. There were no restrictions on the 

types of study design eligible for inclusion. There were no restrictions based on individuals’ 

age, sex, or comorbidity. All disagreements were resolved by consensus. 

 

Data Extraction, Study Risk of Bias Assessment, and Certainty of Evidence 

Assessment 

One author (JA) independently extracted data from all included studies with a standardized 

data extraction form hosted on Microsoft Excel software (v16.97.2). Data was sought for the 

following outcomes of interest: (i) laboratory biomarker(s) sampled at onset or any time during 

disease that were associated with disease course, and (ii) laboratory biomarker(s) that were 

associated with disease activity. Data were extracted as reported in the text, tables, and figures 

of the original papers and their published supplementary/appendix material. In the event of 

missing or incomplete data, the data or study (if there was no other extractable data for 

inclusion) was excluded; study investigators were not contacted. One author (JA) 

independently assessed the risk of bias of included studies using the Newcastle-Ottawa Quality 

Assessment Scale. Risk of bias scores were categorized into ‘low’ (7–9), ‘medium’ (4–6), and 

‘high’ (0–3). One author (JA) assessed outcomes in terms of association, of any magnitude, 

with disease course and/or disease activity using the Grading of Recommendations 

Assessment, Development, and Evaluation (GRADE) approach.14 The certainty of the 
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evidence was rated as ‘high’, ‘moderate’, ‘low’, or ‘very low’ (Table 4). This study assessed 

association rather than causation questions, thus, the most appropriate study design to answer 

these questions were observational studies.14 Accordingly, the assessment of certainty started 

at ‘high’ and was downgraded one level for serious (or by two levels for very serious) 

limitations in the study design, inconsistency, imprecision, indirectness, and publication bias.14 

The senior author (FB) reviewed the extracted data, and risk of bias and certainty of evidence 

assessments. All disagreements were resolved by consensus. 

 

Statistical Analysis 

All analyses were performed using R software (v4.2.2) with the metafor, forestplot, lme4, 

coxme, dplyr, and estmeansd packages. Individual participant data (IPD) were extracted where 

available, otherwise aggregate data (AD) were extracted. Missing or incomplete data were 

excluded. For studies that reported median (range or IQR) summary statistics, the method for 

unknown non-normal distributions approach was used to estimate mean ± SD. Biomarker(s) 

were analysed quantitatively if there were extractable data from ≥3 studies, otherwise analysis 

was qualitative with tabulated and in-text description. A minimum subgroup sample size 

criterion (n ≥5) was applied to optimise model performance. Effect measures were: (i) ordinal 

outcome data were described with odds ratios (OR) with 95% confidence intervals (CI), with 

univariable analyses using a two-stage approach, whereby IPD was reduced to study-level 

effect estimates then combined with random-effects meta-analysis, and multivariable analyses 

using a one-stage IPD meta-analysis with logistic mixed-effects regression model, to account 

for clustering of participants within studies, (ii) time-to-event outcome data were described 

with hazard ratios (HR) with 95% CI, with univariable and multivariable analyses using a one-

stage IPD meta-analysis with mixed-effects Cox regression model, to account for clustering of 

participants within studies, and using Kaplan-Meier survival curve for visualisation, and (iii) 

continuous outcome data were described with mean differences with 95% CI, where AD were 

combined in a random-effects meta-analysis of mean differences. The measurement scales and 

collection methodologies of continuous outcome data did not differ across studies; thus, 

standardisation was not required. All random-effects meta-analyses employed restricted 

maximum likelihood (REML) estimation, apart from one model which failed to converge and, 

thus, employed DerSimonian-Laird (DL) method. 
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In univariable random-effects meta-analyses, the degree of variability or inconsistency across 

different studies, termed ‘heterogeneity’, was assessed using the I2 statistic.15 For mixed-effects 

meta-analyses, an R statistic was estimated, which compared the impact of heterogeneity in the 

fixed-effect and random-effects models as previously described.15 The R statistic was used to 

calculate an estimated I2 statistic with the equation: I2 = (R2 – 1)/R2.16 The following 

interpretation for I2 was applied17, 18; 0% to 40%: might not be important; 30% to 60%: may 

represent moderate between-study heterogeneity; 50% to 90%: may represent substantial 

heterogeneity; 75% to 100%: considerable heterogeneity. 

 

Potential publication bias was evaluated using the Egger regression test, with p<0.05 defined 

as statistically significant, and funnel plots for visualisation. Subgroup analyses were 

conducted to explore potential sources of heterogeneity after it was identified.  
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Results 
The database search identified 10819 articles. Following exclusion of duplicates, 7205 articles 

were screened by title and abstract, of which 668 were deemed relevant and screened by full 

text. 106 articles, all observational studies, met the inclusion criteria and were included in the 

systematic review. 81 studies had extractable data sets able to be assessed quantitatively in the 

meta-analysis (Supplementary Table 4). This amounted to at least 1710 individuals from 77 

studies; however, 6 studies specified sample numbers not participant numbers for part or all of 

their dataset. 34 included studies were assessed in a qualitative capacity by narrative 

description (Supplementary Table 4). 9 studies overlapped and were assessed in both a 

qualitative and quantitative capacity (Supplementary Table 4).  

 

Characteristics of included studies are outlined (Supplementary Table 4). 72% (76/106) of 

studies had a low risk of bias, 28% (30/106) had a medium risk, and 0 studies had a high risk 

(Supplementary Table 4).  

 

48 studies had extractable data for follow-up duration of both monophasic and relapsing 

groups, which allowed pairwise comparison at the level of the individual study (Supplementary 

Table 5). 25% (12/48) of studies were found to have statistically significant longer follow-up 

duration for individuals with a relapsing course compared to monophasic course 

(Supplementary Table 5).  

 

Biomarkers of Disease Course 

Biomarkers were assessed for capability to predict disease course. The most frequently 

reported biomarkers for disease course prediction, in descending order, were: (1) serial serum 

MOG Ig-G status, (2) serum MOG-IgG titre, (3) cerebrospinal fluid (CSF) oligoclonal bands 

(OCB) status, (4) CSF white cell count (WCC), and (5) CSF protein. Importantly, treatment 

status at time of sample collection was incompletely available and, thus, was not included in 

any proceeding analyses. Persistent seropositivity on serial serum MOG-IgG measurement 

collected ≥3 months apart conferred statistically significant increased odds of relapsing course 

compared to transient seropositivity (OR 2.7 (95% CI 1.8–4.0), p<0.0001) (Figure 2 and 

Supplementary Figure 1). No significant heterogeneity was detected (I2=0%) and Egger’s test 

did not indicate significant publication bias (p=0.28). Persistent seropositivity remained 

associated with increased odds of relapsing course compared to transient seropositivity when 
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the sample collection interval was lengthened to ≥6 months apart (OR 2.3 (95% CI 1.5–3.4), 

p<0.0001), as well as ≥12 months apart (OR 2.8 (95% CI 1.8–4. 5), p<0.0001) (Supplementary 

Table 6). None of the other variables were significantly associated with relapsing course either 

in the first collected or onset samples (Figure 2). No significant heterogeneity was observed 

(I2=0% for all analyses) nor was any significant publication bias detected (p>0.05 for all 

analyses). 

 

 

Figure 2: Investigating the association of biomarkers and relapsing disease course. ‘First 

collected’ analyses included the first collected serum or CSF specimen for an individual 

including, but not limited to, all samples collected at onset. ‘Onset’ analyses only included 

serum or CSF specimens collected <30 days following first clinical symptoms of MOGAD. 

*Transient seropositivity was defined as <2 positive serum MOG-IgG results on serial 

measurement ≥3 months apart. ^Persistent seropositivity was defined as ≥2 positive serum 

MOG-IgG results on serial measurement ≥3 months apart; individuals whose MOG-IgG 

measurements fluctuated between positive and negative were categorized as persistent 

seropositive if there were ≥2 positive results ≥3 months apart. 

 

The association between persistent seropositivity and relapsing course was further explored in 

terms of individual-level covariables, including sex, age, and clinical phenotype (Table 1). 

Individuals who had serial serum MOG-IgG samples collected ≥3 months apart were examined 

for complete demographic data, which was only extractable for 131 individuals from 52% 

(25/48) of studies that reported serial serum MOG-IgG status. Data for 3 individuals with 
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‘Other’ phenotype were excluded due to insufficient subgroup sample size. The final analysis 

included 128 individuals. Persistent seropositivity remained significantly associated with 

increased odds of relapsing disease course in the multivariable analysis (OR 15, 95% CI 2.2–

98, p=0.0059) (Table 1). There was substantial heterogeneity (I2=77%), likely due to limited 

participant numbers. In addition, ADEM phenotype was found to be significantly associated 

with reduced risk of relapsing disease course (OR 0.049 (0.0029–0.84, p=0.037) (Table 1). 

Individual follow-up duration was available for 117/128 individuals. No statistically significant 

difference in follow-up duration between phenotype subgroups was identified with Kruskal-

Wallis test (results not shown). Complete demographic data was available for 110 individuals 

with serial serum MOG-IgG samples collected ≥6 months apart and for 96 individuals with 

serial serum MOG-IgG samples collected ≥12 months apart. Interestingly, persistent 

seropositivity was not significantly associated with relapsing course in both of these 

multivariable analyses (Supplementary Table 7). There was substantial heterogeneity with both 

analyses (I2=94% and I2=83%, respectively)  
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Table 1: Investigating the multivariable association of persistent seropositivity and relapsing disease course 

alongside individual-level demographics. 

Predictor of Relapsing Disease Course* 

Total 

Participants (n) 

Monophasic 

Participants (n) 

Relapsing 

Participants (n) 

OR (95% CI) 

of Relapsing 

Disease 

Course P value^ 

Serial MOG-IgG 

status       

 Transient seropositivity 32 23 9 1.0 (reference) 

0.0059  Persistent seropositivity 96 18 78 15 (2.2-98) 

Sex       

 Male  59 25 34 1.0 (reference) 

0.93  Female 69 16 53 1.1 (0.27-4.2) 

Age       

 Paediatric (<18) 77 27 50 1.0 (reference) 

0.71  Adult (≥18) 51 14 37 1.5 (0.17-14) 

Phenotype       

 Brain/Brainstem 23 7 16 1.0 (reference) — 

 ADEM 26 18 8 

0.049 (0.0029–

0.84) 0.037 

 ON 20 8 12 

0.99 (0.072–

14) 1.0 

 TM 5 3 2 

0.20 (0.0059–

6.4) 0.36 

 ADEM+ON 16 1 15 5.6 (0.15–205) 0.35 

 ON+TM 10 2 8 6. 7 (0.12–360) 0.35 

 Mixed 28 2 26 11 (0.61–193) 0.10 

^Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial heterogeneity 

(I2=77%). 

*Minimum subgroup sample size criterion (n ≥5); phenotype ‘Other’ was excluded due to insufficient participant numbers (n=3). 

 

Next, we analysed whether any clinical predictors were associated with seroreversion to MOG-

IgG negative status (Table 2). In the univariable analysis, relapsing disease course, female sex, 

and ON+TM phenotype all had significantly decreased likelihood of seroreversion to negative 

status while ADEM phenotype conferred significantly increased likelihood of seroreversion to 

negative status (Table 2). In the multivariable analysis, only the association between relapsing 

course and reduced likelihood of seroreversion to negative status remained statistically 

significant (Table 2). Expanded age categories (<18, 18-49, ≥50 years) were assessed; 

however, there was marked instability in estimates for the ≥50 years group due to limited data 

(n=6) (results not shown), thus, age groups were condensed to <18 and ≥18 years to improve 

model stability (Table 2). 
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Table 2: Investigating the association of clinical predictors and seroreversion to MOG-IgG negative status^. 

Predictor of 

Seroreversion to MOG-

IgG Negative Status* 

Univariable Multivariable 

Studie

s (n) 

Participan

ts (n) 

HR (95% 

CI) of 

seroreversi

on to 

MOG-IgG 

negative 

status 

P 

value I2 

Studie

s (n) 

Participan

ts (n) 

HR (95% 

CI) of 

seroreversi

on to 

MOG-IgG 

negative 

status 

P 

value I2 

Disease 

course 

Monophasic 

45 

382 

1.0 

(reference) 

<0.000

1 

52

% 

28 135 

1.0 

(reference) — 

73

% 

 Relapsing 

369 

0.19 (0.14–

0.26) 

0.11 (0.034–

0.39) 

0.0004

9 

Sex Male 

29 

64 

1.0 

(reference) 

0.03 

71

% 

1.0 

(reference) — 

 Female 

74 

0.47 (0.29–

0.92) 

0.80 (0.36–

1.8) 0.57 

Age Paediatric 

(<18) 

38 

400 

1.0 

(reference) 

0.53 

68

% 

1.00 

(reference) — 

 

Adult (≥18) 55 

0.75 (0.31–

1.8) 

0.92 (0.28–

3.1) 0.89 

Phenoty

pe 

Not  

Brain/Brainst

em 

32 

159 

1.0 

(reference) 

0.46 

75

% 

— — 

 

Brain/Brainst

em 24 

1.5 (0.51–

4.5) 

1.0 

(reference) — 

 Not ADEM 129 

1.0 

(reference) 

0.040 

73

% 

— — 

 ADEM 54 

2.6 (1.1–

6.4) 

1.2 (0.25–

5.8) 0.83 

 Not ON 150 

1.0 

(reference) 

0.47 

77

% 

— — 

 ON 33 

1.3 (0.63–

2.7) 

0.59 (0.11–

3.1) 0.53 

 Not TM 177 

1.0 

(reference) 

0.51 

72

% 

— — 

 TM 6 

1.5 (0.42–

5.6) 

0.50 (0.060–

4.2) 0.53 

 

Not 

ADEM+ON 164 

1.0 

(reference) 

0.52 

73

% 

— — 

 ADEM+ON 19 

0.71 (0.25–

2.1) 

1.8 (0.27–

12) 0.54 

 Not ON+TM 167 

1.0 

(reference) 

 

0.010 

75

% 

— — 

 ON+TM 16 

0.22 (0.067–

0.70) 

0.16 (0.018–

1.4) 0.091 

 Not Mixed 152 

1.0 

(reference) 

0.56 

74

% 

— — 

 Mixed 31 

0.75 (0.28–

2.0) 

0.69 (0.19–

2.5) 0.57 

^Analysis was with one-stage IPD meta-analysis with univariable and multivariable mixed-effects Cox regression models. *Minimum subgroup 

sample size criterion (n ≥5); phenotype ‘Other’ was excluded due to insufficient participant numbers (n=2 in univariable analysis and n=1 in 

multivariable analysis).  

 

Individuals with relapsing disease course became MOG-IgG seronegative significantly later 

than their monophasic counterparts (median 19 years versus 2.5 years, respectively, p<0.0001) 

(Figure 3). 
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Figure 3: Kaplan-Meier survival curve of time to seroreversion to MOG-IgG negative 

status. 

 

Biomarkers of Disease Activity 

Biomarkers were next assessed for capability to differentiate between remission and attack. 

The most frequently reported biomarkers, in descending order, were: (1) serum MOG-IgG titre, 

(2) CSF WCC, (3) CSF protein, (4) CSF OCB, (5) serum neurofilament light chain (NfL), and 

(6) serum glial fibrillary acidic protein (GFAP) (Figure 4, Table 3, and Supplementary Table 

8). It was common for individuals to have multiple serum MOG-IgG samples collected over 

the course of their disease and so titre was examined for its capability to correlate with disease 

activity. Serum MOG-IgG titre – categorised as ‘negative’, ‘low positive’, or ‘clear positive’ 

as per the latest international MOGAD diagnostic criteria1 – was shown to effectively 

discriminate between remission (disease stability ≥30 days following symptoms) and attack 

(<30 days following symptoms). Low or clear positive titre was significantly associated with 

attack, while negative titre was significantly associated with remission (Figure 4). This 

relationship persisted even when parameters were relaxed, with attack samples defined as those 

collected <3 months following symptoms (Figure 4). No significant heterogeneity was 

observed (I2=0% for both analyses). In addition, the presence of CSF leukocytosis, compared 

to a normal WCC, was significantly associated with attack (Figure 4). In contrast, the presence 

of CSF OCB, compared to the absence, was significantly associated with remission (Figure 4). 

Egger’s test identified significant funnel plot asymmetry for CSF OCB analyses (Figure 4 and 

Supplementary Figure 2). 
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Figure 4: Investigating the association of biomarkers and attack disease activity. 

^Analysis of serum MOG-IgG titre used one-stage IPD meta-analysis with mixed-effects 

logistic regression while analyses of CSF WCC, protein, and OCB used univariable random-

effects meta-analysis. *Attack samples included serum collected at disease onset and during 

relapse. aEgger’s test comparison ‘Negative’ versus ‘Low positive’. bEgger’s test comparison 

‘Negative’ versus ‘Clear positive’. cEgger’s test comparison ‘Low positive’ versus ‘Clear 

positive’. $Due to convergence failure of this model with REML, DL method was used for 

random-effects meta-analysis. 

 

We did not observe a significant association with either serum GFAP or serum NfL and disease 

activity (Table 3). Both analyses were characterised by considerable heterogeneity (I2=79% 

and I2=89%, respectively). Notably, 66% (2/3) of studies reporting GFAP and 50% (2/4) of 

studies reporting NfL defined attack samples as those collected <3 months following symptoms 

but, due to limited data, were analysed alongside studies which collected samples <30 days 

following symptoms. Heterogeneity was explored with subgroup analyses stratified by attack 

sample collection time (<30 days versus <3 months following symptoms) and sample size 

(n<10 versus n≥10). Regarding GFAP, all observed heterogeneity was accounted for by sample 

size (I2=0%, R2=100%). Regarding NfL, attack sample collection time accounted for 

approximately one-third of the initially observed heterogeneity (I2=73%, R2=35%), while 

sample size was not impactful (I2=81%, R2=0%). There were additional studies that reported 

serum GFAP or serum NfL levels collected at a single disease state (either attack or remission) 
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and, thus, were not amenable for direct statistical comparison due to the lack of paired attack-

remission data; however, random-effects meta-analysis of these means is presented 

(Supplementary Table 8).  

 

Table 3: Investigating serum GFAP and NfL biomarker association with disease activity. 

Predictor 

of Disease 

Activity Study 

Age 

Category 

Disease 

Activity at 

Time of 

Sampling 

Samples 

(n) Mean SD (±) 

Mean 

difference 

(95% CI) P value* I2 

GFAP 

Kim, et 

al., 2020 
19 Adult 

Remission 9 75pg/mL 20pg/mL 

54 (-7.1–

115) pg/mL 

higher at 

attack 

compared to 

remission 0.083 79% 

Attack^  7 90pg/mL 22pg/mL 

Chang, 

et al., 

2021 20 Combined 

Remission 19 158pg/mL 232pg/mL 

Attack^  23 310pg/mL 367pg/mL 

Hyun, et 

al., 2021 
21 Adult 

Remission 54 107pg/mL 47pg/mL 

Attack 17 186pg/mL 81pg/mL 

NfL 

Kim, et 

al., 2020 
19 Adult 

Remission 9 11pg/mL 5.0 pg/mL 

47 (-2.1–97) 

pg/mL 

higher at 

attack 

compared to 

remission 0.061 89% 

Attack^  7 19 pg/mL 23pg/mL 

Chang, 

et al., 

2021 20 Combined 

Remission 19 44pg/mL 78pg/mL 

Attack^ 23 68pg/mL 85 pg/mL 

Hyun, et 

al., 2021 
21 Adult 

Remission 55 22pg/mL 36pg/mL 

Attack 17 165pg/mL 154 pg/mL 

Luo, et 

al., 2021 
22 Combined 

Remission 47 13pg/mL 12 pg/mL 

Attack 22 60 pg/mL 61pg/mL 

*Analysis was with random-effects meta-analysis of mean differences. 

^Sample collected within 3 months of last clinical symptoms. 

 

Novel Biomarkers of Disease Course and Activity 

Multiple novel biomarkers were assessed qualitatively and are described in Supplementary 

Table 9. Serum NfL was most frequently reported (all relevant studies appear in Supplementary 

Table 9, including those that were assessed earlier quantitatively). There was no consensus 

whether serum NfL demonstrated a significant attack-related association. 3 studies were 

against (2 with Class I evidence and 1 with Class III evidence) and 3 studies were in favour (2 

with Class I evidence and 1 with Class II evidence) (Supplementary Table 9). Numerous other 

biomarkers were reported to significantly correlate with disease activity, including serum 

interleukin-1β (IL-1β), CSF microfibrillar-associated protein 4 (MFAP4), CSF-secreted 

ectodomain of soluble triggering receptor expressed on myeloid cells 2 (sTREM2), tumour 

necrosis factor alpha-induced protein 3 (TNFAIP3), and serum total thiol and native thiol 

(Supplementary Table 9). Moreover, MOG epitope binding pattern, human leukocyte antigen 
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(HLA) genotype, and peripheral blood mononuclear cells (PBMCs) were highlighted as 

promising biomarkers for disease course prediction (Supplementary Table 9). 

 

Key outcomes of the quantitative component of this review are presented in the Summary of 

Findings table (Table 4).



 
33 

Table 4: Summary of Findings 

Outcomes Relative Effect 

(95% CI) 

P-

value 

Studies 

(n) 

Participa

nts (n) 

Quality of the 

Evidence 

(GRADE)a 

Recommendations 

Persistent seropositivity* 

on serial serum MOG-

IgG measurement was 

associated with relapsing 

disease course 

OR 2.7 (95% CI 

1.8–4.0) 

<0.00

01 

48 777 Moderateb Serial measurement of serum MOG-

IgG at 3-6 month intervals in the 12 

months following disease onset may 

be considered to stratify risk of 

relapsing disease course; however, 

increased burden of sample collection 

and cost are important caveats 

Relapsing disease course 

was associated with 

decreased likelihood of 

seroreverting to MOG-

IgG negative status 

HR 0.19 (95% CI 

0.14–0.26) 

<0.00

01 

43 751 Moderatec 

Serum MOG IgG titre – 

categorised as negative, 

low positive, or clear 

positive – effectively 

discriminated between 

remission and attack, 

with a positive 

correlation between titre 

and odds of attack 

Odds of attack 

with titre: 

• Negative: 

OR 0.073 

(0.028–0.19) 

• Low: OR 1.0 

(reference) 

• Clear: OR 

3.6 (2.6–5.0) 

<0.00

01 

34 908 Moderated Measurement of serum MOG-IgG 

titre may be diagnostically useful in 

settings of clinical uncertainty 

whereby an individual, who has an 

existing diagnosis of MOGAD, has 

symptoms that are not clearly 

attributable to a relapse of MOGAD 

CSF leukocytosis (≥5 

cells/L), compared to a 

normal WCC, was 

significantly associated 

with attack 

OR 3.1 (1.7-5.9)  p=0.0

0044 

26 545 Moderatee Balancing the risk of lumbar puncture 

procedure, the presence of CSF 

leukocytosis may be a useful 

auxiliary finding to diagnose 

MOGAD attack; however, CNS 

infection must be effectively ruled 

out 
aGRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect; 

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; 

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the 

estimate. 

Very low quality: We are very uncertain about the estimate. bDowngrade one point due to study design concerns as 38% (18/48) studies had 

‘medium’ risk of bias, with the remaining having ‘low’ risk of bias. cDowngrade one point due to heterogeneity (I2=56%). dDowngrade one point 

due to study design concerns as 34% (13/38) studies had ‘medium’ risk of bias, with the remaining having ‘low’ risk of bias. eDespite no significant 

heterogeneity (I2=0%), downgraded one point due to study design concerns as 54% (14/26) studies had ‘medium’ risk of bias, with the remaining 

having ‘low’ risk of bias. *Persistent seropositivity was defined as ≥2 positive serum MOG-IgG results on serial measurement ≥3 months apart; 

individuals whose MOG-IgG measurements fluctuated between positive and negative were categorized as persistent seropositive if there were ≥2 

positive results ≥3 months apart. 
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Discussion 

 
This systematic review and meta-analysis assessed the capability of laboratory biomarkers to 

predict MOGAD disease course and activity. Continued detection of serum MOG-IgG was 

significantly associated with relapsing course. Furthermore, individuals with a relapsing course 

were significantly less likely to serorevert to MOG-IgG negative status. Categorization of 

serum MOG-IgG titres as negative, low positive, and clear positive per international MOGAD 

diagnostic criteria enabled comparison of measurements from various CBAs collected 

throughout the disease duration.1 Serum MOG-IgG titre effectively discriminated between 

remission and attack; there was a positive correlation between titre (clear positive > low 

positive) and attack and a clear association of negative titre with remission. Elevated CSF WCC 

was similarly associated with MOGAD attack. The presence of CSF OCB favoured remission 

state; however, this is likely to reflect the overall scarcity of OCB positivity in MOGAD. Many 

novel biomarkers were reported, with NfL and GFAP being the most frequent; however, based 

on literature published within the timeframe of this systematic review, neither effectively 

correlated with disease activity. We have transparently reported the heterogeneity of the 

literature, especially with regards to timing of sample collection. 

 

To date, serial serum MOG-IgG status has been the most thoroughly investigated biomarker 

candidate for disease course prediction, with some groups reporting a significant association 

between persistent seropositive measurements and relapsing disease course,7-9 while others did 

not.6, 10 It is likely that limited sample sizes contributed to this lack of consensus. With meta-

analysis, we demonstrated that relapsing disease course was associated with persistent 

seropositivity, lower likelihood of seroreversion to negative status, and delayed seroreversion 

compared to monophasic individuals. Univariable analyses confirmed that relapsing course 

was significantly associated with persistent seropositivity on serial serum MOG-IgG 

measurements collected ≥3, ≥6, and ≥12 months apart, re-inforcing that relapsing individuals 

remained MOG-IgG seropositive for >7.5 times longer than monophasic individuals. 

Multivariable analyses that investigated this association alongside individual-level 

demographics (sex, age, and phenotype) yielded significance when the sample collection 

interval to determine persistent seropositivity was set at ≥3 months but were likely 

underpowered at ≥6 and ≥12 months. Overall, the data suggest that the highest rate of 

seroreversion to negative status occurred within 12 months following disease onset; hence, we 
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recommend that serial measurement of serum MOG-IgG at 3-6 month intervals in the 12 

months following disease onset be considered to stratify risk of relapsing disease course; 

however, increased burden of sample collection and cost are important caveats. 

 

The International MOGAD Panel proposed criteria outlines the low positive and clear positive 

CBA categories to standardize serum MOG-IgG titres and to strengthen diagnostic criteria as 

individuals with low positive tests require at least one supportive clinical and/or radiological 

criteria for MOGAD diagnosis.1 Our meta-analysis observed a significant positive correlation 

between serum MOG-IgG titre and odds of attack (clear positive > low positive) as well as 

negative titre being significantly associated with remission. These findings highlight the value 

of serum MOG-IgG measurement in individuals with known diagnosis of MOGAD for settings 

of clinical uncertainty to discriminate whether symptoms are likely to represent a MOGAD 

attack as opposed to an alternate pathology. Pragmatically, the applicability of serum MOG-

IgG titre as a biomarker of disease activity is limited by the following important caveats: (i) 

the range of titres within the clear positive category is extremely broad, (ii) further reference 

data to characterise additional thresholds appropriately sensitive and specific for prediction of 

attack or remission are currently lacking, (iii) longitudinal sampling has revealed that titres 

may fluctuate independently of attacks,10 and (iv) international standardization of all CBAs is 

required.  

 

Lumbar puncture is a common investigation in the workup of MOGAD. Elevated CSF WCC, 

compared to normal CSF WCC, was significantly associated with MOGAD attack. Crucially, 

the most common aetiology of CSF leukocytosis is CNS infection, which requires emergent 

investigation, while autoimmune and neoplastic culprits occur less commonly.23 In addition, 

the presence of CSF OCB, compared to the absence, was significantly associated with 

remission. The overall positive rate of CSF OCB in all pooled samples was 14% (77/551). It is 

well-known that CSF OCB positivity occurs at a much lower rate in MOGAD than MS, in 

which it is a core component of diagnosis.3, 24 Our observed association of CSF OCB positivity 

with remission is biologically challenging to reconcile; it is likely that this estimate has been 

considerably impacted by the overall scarcity of CSF OCB positivity in MOGAD alongside 

limited remission CSF samples due to the relatively invasive nature of lumbar puncture and 

need to rationalise this procedure only in the setting of active disease. Egger’s test identified 

significant funnel plot asymmetry for CSF OCB analyses; visual inspection appeared to 

highlight potential sampling error with smaller studies. MOG-IgG synthesis appears to occur 
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primarily in the periphery; thus, serum was the primary biospecimen focus of this review; 

however, intrathecal synthesis has also been reported.25-28 Individuals with intrathecal MOG-

IgG synthesis may exhibit comparable clinical and pathological characteristics and, as such, 

the International MOGAD Panel proposed criteria supported CSF MOG-IgG testing in 

seronegative individuals whose pre-test assessment was suggestive of MOGAD.1, 29-31 

Nonetheless, caution is warranted when interpreting CSF-restricted MOG-IgG, with alternative 

diagnosis such as MS and CNS vasculitis, as opposed to MOGAD, identified in over half the 

cases.32 MOG-IgG-specific antibody index, calculated using serum and CSF titres to assess 

MOG-IgG intrathecal synthesis, has been shown to be a useful prognostic biomarker and may 

enhance the clinical relevance of CSF MOG-IgG testing.33 

 

Serum GFAP – an astrocyte-associated protein – has been identified as a useful candidate 

biomarker of disease activity in AQP4-IgG seropositive NMOSD – a primary astrocytopathy.34 

In contrast, astrocytes appear to be largely unaffected in multiple histopathological studies of 

MOGAD specimens.25, 35-37 This aligns with our meta-analysis, which did not identify a 

significant association between serum GFAP and disease activity. Serum levels of NfL – an 

axon-associated protein – were also not found to be significantly associated with disease 

activity in this meta-analysis. Importantly, both analyses were weakened by considerable 

heterogeneity attributable to variable timing of sample collection and sample size. Since our 

literature search, a large retrospective cohort study has been published, which found that both 

serum GFAP and serum NfL were elevated in MOGAD at baseline with longitudinal decrement 

and that serum NfL values effectively predicted risk of relapse when samples were collected 

within 3 months of attack.38 Given this study was published outside the timeframe of our 

database search, we only conducted an preliminary analysis. Incorporation of this GFAP data 

found that GFAP levels were significantly elevated at attack compared to remission. NfL data 

was unable to be assessed as raw values could not be calculated from the published age-

adjusted Z-scores. While serum NfL and GFAP currently remain largely restricted to the 

research setting, their ease of testing with commercially available kits is favourable for a 

potential future in diagnostics. 

 

At this stage, serum MOG-IgG itself is the strongest biomarker of MOGAD disease course and 

activity. This highlights MOG epitope binding pattern, capable of being tested at disease onset 

and highly stable over time, as a particularly promising biomarker candidate for disease course 

prediction; however, the current evidence is mixed. While some recent studies have observed 
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a significant association of non-P42 MOG binding pattern with relapsing disease course 39, 40, 

others have not.41, 42 While MOG epitope binding pattern has been shown to be highly stable 

over time, which would enable the use of serum collected at onset or remission prior to first 

relapse, thorough validation in the clinical setting is needed.39, 40, 42 

 

Our study, although providing a thorough synthesis of the current literature landscape, was 

limited by the degree of heterogeneity in some of the analysed outcomes, likely due to between-

study methodological diversity including sample size, geographic location, sample collection 

timing, and treatment status. In particular, treatment status at time of sample collection was not 

accounted for due to limited reporting; this methodological decision aimed to capture maximal 

relevant published works. We hypothesize that steroid-sparing immunosuppressants that act 

via mechanisms of B- and T-cell depletion would likely reduce serum MOG-IgG titre and 

promote seroreversion to negative status. Omission of treatment status at time of sample 

collection may have underestimated serum MOG-IgG titres as well as the longitudinal trends 

of serial MOG-IgG measurements. 

 

Conclusions 

Our study recommends the use of serial sampling of serum MOG-IgG as well as serum MOG-

IgG titre and CSF WCC as biomarkers to stratify risk of relapsing disease course and to 

diagnose MOGAD attacks, respectively. Multiple novel biomarkers of disease course and 

activity have been identified and require further investigation. Our study highlights the need 

for future research, for which we propose the adoption of similar definitions for disease course, 

disease activity, and sample collection timing to reduce the impact of between-study 

heterogeneity in future meta-analyses. 
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serum MOG-IgG measurement ≥3 months apart is associated with relapsing disease course 

(OR 2.7 (95% CI 1.8–4.0), p<0.0001). TS = transient seropositivity; PS = persistent 

seropositivity. 

 

Supplementary Figure 2: Funnel plot asymmetry identified when investigating the 

association of CSF OCB and disease activity; (A) attack samples were collected <30 days 

following clinical symptoms, (B) attack samples were collected <3 months following clinical 

symptoms.  

 

Supplementary Table 1: Systematic search strategy as of February 21, 2024. All terms were 

searched as text words and as exploded medical subject headings where possible. All terms 
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Supplementary method 1 

Key definitions 

Monophasic disease course was defined as 1 episode of new CNS symptoms or signs lasting 

>24 hours, in the absence of other causes, and clinically and/or radiologically compatible with 

a MOGAD episode in an individual with ≥1 year of follow-up. Relapsing disease course was 

defined as ≥2 episodes of new CNS symptoms or signs lasting >24 hours each and separated 

by ≥30 days, in the absence of other causes, and clinically and/or radiologically compatible 

with MOGAD episodes in an individual with ≥1 year of follow-up. Disease activity was 

categorised as attack or remission, with attack defined as <30 days following >24 hours of new 

CNS symptoms or signs, in the absence of other causes, and clinically and/or radiologically 

compatible with a MOGAD episode (including both onset and relapse events), whereas 

remission was defined as disease stability ≥30 days following >24 hours of new CNS 

symptoms or signs, in the absence of other causes, and clinically and/or radiologically 

compatible with a MOGAD episode (after onset or relapse event). Transient seropositivity was 

defined as <2 positive serum MOG-IgG results on serial measurement ≥3 months apart. 

Persistent seropositivity was defined as ≥2 positive serum MOG-IgG results on serial 

measurement ≥3 months apart. Individuals whose MOG-IgG measurements fluctuated between 

seropositive and seronegative were categorized as persistent seropositive if there were ≥2 

positive results ≥3 months apart. ≥3 months was defined as the primary sample collection 

interval to maximise the number of included studies; however, additional analyses utilising ≥6- 

and ≥12-month sample collection intervals were also explored. Absolute MOG-IgG titres were 

semi-quantitatively categorised as ‘negative’, ‘low positive’, or ‘clear positive’ in accordance 

with Supplementary Table 5 of the international MOGAD diagnostic criteria.1 Phenotypes were 

categorised as ‘Brain/Brainstem’ (CCE as well as brainstem and cerebellar presentations but 

excluded ADEM), ‘ADEM’, ‘ON’, ‘TM’, ‘ON+TM’ (simultaneous ON and TM as well as 

isolated ON or TM with sequential presentation of the other), ‘ADEM+ON’ (simultaneous 

ADEM and ON as well as isolated ADEM or ON with sequential presentation of the other), 

‘mixed’ (simultaneous and/or sequential presentation of any combination of the above 

categories), and ‘other’ (demyelinating phenotypes with insufficient detail to be otherwise 

categorised). Further definitions are presented (Supplementary tables 2 and 3). 
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Supplementary Figure 1: Forest plot demonstrating that persistent seropositivity on serial serum MOG-

IgG measurement ≥3 months apart is associated with relapsing disease course (OR 2.7 (95% CI 1.8–

4.0), p<0.0001). TS = transient seropositivity; PS = persistent seropositivity. 

 

 

 

Supplementary Figure 2: Funnel plot asymmetry identified when investigating the association of CSF 

OCB and disease activity; (A) attack samples were collected <30 days following clinical symptoms, (B) 

attack samples were collected <3 months following clinical symptoms. 
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Supplementary Table 1: Systematic search strategy as of February 21, 2024. All terms were searched as text 

words and as exploded medical subject headings where possible. All terms within a concept were combined with 

“OR” and concepts were combined with “AND”. 

Concept 1 

AND 

Concept 2 

AND 

Concept 3 

“myelin 

oligodendrocyte 

glycoprotein” 

“myelin 

oligodendrocyte 

glycoprotein antibody 

associated disease” 

“MOG antibody 

associated disease” 

“MOGAD” 

“MOG-AAD” 

“myelin 

oligodendrocyte 

glycoprotein 

immunoglobulin” 

“myelin 

oligodendrocyte 

glycoprotein 

antibody” 

“MOG IgG” 

“MOG Ab” 

“acquired 

demyelinating 

syndrome” 

“ADS” 

 

“relaps*” 

“recur*”  

 “monophasic” 

“prognosis”  

“disease progression”  

“disease course”  

 “demyelinating 

attack”  

“demyelinating 

episode”  

“annualised relapse 

rate”  

“annualized relapse 

rate”  

“ARR” 

“cell-based assay”  

“CBA”  

“immunoglobulin G”  

“seropositive*”  

“antibod*”  

“IgG”  

“cerebrospinal fluid”  

“CSF”  

“cytokine”  

“chemokine”  

“complement”  

“neurofilament”  

“pleocytosis”  

“leukocytosis”  

“lymphocytosis”  

“monocytosis”  

“oligoclonal band”  

“OCB”  

“titre”  

“biomarker”  

“IgG index”  

“erythrocyte 

sedimentation rate”  

“ESR”  

“C reactive protein”  

“CRP”  

“inflammation”  

“intrathecal”  

“Epstein-Barr virus”  

“EBV”  

“Epstein-Barr virus 

nuclear antigen”  

“EBNA”  

“infectious 

mononucleosis” 

 
Supplementary Table 2: Key definitions 

Term Definition 

Relapsing disease 

course 

≥2 episodes of new CNS symptoms or signs lasting >24 hours each and separated by ≥30 days, 

in the absence of other causes, and clinically and/or radiologically compatible with MOGAD 

episodes. 

Monophasic 

disease course 

1 episode of new CNS symptoms or signs lasting >24 hours, in the absence of other causes, and 

clinically and/or radiologically compatible with a MOGAD episode. 

Disease onset <30 days following >24 hours of new CNS symptoms or signs, in the absence of other causes, 

and clinically and/or radiologically compatible with the first MOGAD episode. 

Attack disease 

activity 

<30 days following >24 hours of new CNS symptoms or signs, in the absence of other causes, 

and clinically and/or radiologically compatible with a MOGAD episode (including both onset 

and relapse events). 

Near attack 

disease activity 

<3 months following >24 hours of new CNS symptoms or signs, in the absence of other causes, 

and clinically and/or radiologically compatible with a MOGAD episode (including both onset 

and relapse events). 

 

A relaxed definition of attack disease activity used for subgroup analyses, with the aim of 

capturing further published works. 
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Remission 

disease activity 

Disease stability ≥30 days following >24 hours of new CNS symptoms or signs, in the absence 

of other causes, and clinically and/or radiologically compatible with a MOGAD episode (after 

onset or relapse event). 

Onset sample Serum or CSF sample collected at disease onset. 

First collected 

sample 

The first collected serum or CSF sample for an individual, including but not limited to samples 

collected at disease onset and irrespective of disease activity at time of sampling. 

Transient 

seropositivity 

<2 positive serum MOG-IgG results on serial measurement ≥3 months apart. 

Persistent 

seropositivity 

≥2 positive serum MOG-IgG results on serial measurement ≥3 months apart. Individuals whose 

MOG-IgG measurements fluctuated between seropositive and seronegative were categorized as 

persistent seropositive if there were ≥2 positive results ≥3 months apart. 

 

Supplementary Table 3: Clinical phenotype categories 

Phenotype Comments 

Brain/Brainstem Included CCE as well as brainstem and cerebellar presentations but excluded ADEM. 

ADEM — 

ON — 

TM — 

ON+TM Included simultaneous ON and TM as well as isolated ON or TM with sequential presentation of 

the other. 

ADEM+ON Included simultaneous ADEM and ON as well as isolated ADEM or ON with sequential 

presentation of the other. 

Mixed Included simultaneous and/or sequential presentation of any combination of the above phenotype 

categories. 

Other Included demyelinating phenotypes with insufficient detail to be otherwise categorized e.g. 

‘uncategorized relapsing MOGAD’ or ‘clinically isolated syndrome (CIS)’. 
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Supplementary Table 4: Characteristics of 106 studies included in systematic review 

Source 

MOG-IgG Seropositive Participants Cell-Based Assay (CBA) 

Contributed 

Biomarker(s) 

Risk 

of 

Bias 

Assessme

nt 

Participant

s (n) 

Age at 

Onset, 

Median 
(range) 

(years) 

Sex 

(n 

femal
e 

[%]) 

Disease 

Course 

(n 
relapsi

ng [%]) Clinical Phenotype (n) 

Follow-up 

Duration, 

Median 
(range) 

(months) 

Fixed 

or Live 

Titre 
positivity 

threshold Type of CBA Centre 

Disease 
Course 

Correlation 

Disease 

Activity 
Correlati

on 

Baumann et 

al, 2016 9 

 
Total 8 3 (1–7) 

5 
[62.5] 

8 
[100.0] ADEM (8) 48 (12-96) 

Live ≥1:160 

In-house CBA 
at Medical 

University of 

Innsbruck, 

Innsbruck, 

Austria 

Medical 

University of 

Innsbruck, 

Innsbruck, 

Austria 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

protein 

(v) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 8 3 (1–7) 

5 

[62.5] 

8 

[100.0] ADEM (8) 48 (12-96) 

Kwon et al, 

2020 43 

 

Total 21 

45.6 (17-

70) 

9 

[42.9] 

13 

[61.9] 

ON (7), CRION (10), AQP4-IgG 

negative NMOSD (2), ADEM (2) NA 

Live 

Semi-
quantitati

ve 

In-house CBA 

at Seoul 

National 

University 

Hospital, Seoul, 
Republic of 

Korea 

Seoul National 

University 

Hospital, 

Seoul, 
Republic of 

Korea — 

(i) Serum 

cytokines Low 

Qualitativ

e Included 21 

45.6 (17-

70) 

9 

[42.9] 

13 

[61.9] 

ON (7), CRION (10), AQP4-IgG 

negative NMOSD (2), ADEM (2) NA 

Kim et al., 

2020 19 

 
Total 16 

40.5 (21-
57)$ 

7 
[43.8] 8 [50.0] 

ON (7), TM (3), Brain (2), ON+Brain 
(2), ON+TM+Brain (2) NA 

Fixed >1:40 

Commercially 

available 
Euroimmun, 

Lubeck, 

Germany 

Asan Medical 
Centre, Seoul, 

Republic of 

Korea — 

(i) Serum 

NfL 

(ii) Serum 
GFAP 

(iii) 

Serum tau Low 

Qualitativ
e and 

quantitati

ve Included 16 

40.5 (21-

57)$ 

7 

[43.8] 8 [50.0] 

ON (7), TM (3), Brain (2), ON+Brain 

(2), ON+TM+Brain (2) NA 

Wendel et al, 
2020 44 

 

Total 22 

7.5 (2-

15)^ 

10 

[45.5] 4 [18.2] 

bON (16), ADEM (1), recurrent ON 

(2), ON+LETM (3) 17 (4-141) 

Live ≥1:160 

In-house CBA 

at Medical 

University of 

Innsbruck, 

Innsbruck, 
Austria 

Medical 

University of 

Innsbruck, 

Innsbruck, 
Austria 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(i) Serum 

MOG-
IgG titre 

Mediu
m 

Quantitati
ve Included 9 NA NA 3 [33.3] 

bON (6), bON+LETM (1), 
bON+uON (2) 

36 (12-
141) 

Pröbstel et 

al, 2011 45 

 

Total 31 7 (1-16)%^ 

146 

[58.2] 

11 

[35.5] ADEM (19), MS (10), CIS (2) 

44 (12-

75)% 

Live 

MCF  > 

mean+4 
SD of 

control 

(>1.45) 

In-house CBA 

at Ludwig-

Maximilians-
University, 

Munich, 

Germany 

Max Planck 

Institute of 
Neurobiology, 

Martinsried, 

Germany 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 16 NA NA 0 [0] ADEM (16) ≥12 

Hyun, et al., 

2017 46 
 

Total 22 30 (4-50) 

14 

[63.6] 

17 

[77.3] 

Brain (2), ON (2), bON (2), TM (1),  

LETM (3),  Brain+ON (3), 
Brain+bON (1),  Brain+TM (2),  

Brain+LETM (1),  ON+LETM (2), 63 (7-200) Live ≥1 

Referred CBA 
at University of 

Oxford, UK 

National 

Cancer Center, 
Republic of 

Korea 

(i) Serum 
MOG-IgG 

titre — 

Mediu

m 

Quantitati

ve 
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Brain+ON+LETM (1), Brain+ bON 

+TM (2) 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

OCB 

Included 19 30 (4-50) 

12 

[63.2] 

15 

[79.0] 

Brain (2), ON (2), bON (2), TM (1),  

LETM (3),  Brain+ON (3), 

Brain+bON (1),  Brain+TM (1),  

Brain+LETM (1),  Brain+ON+LETM 

(1), Brain+ bON +TM (2) 

61 (23-

200) 

Höftberger, 

et al., 2015 47 

 

Total 17 27 (18-59) 

9 

[52.9] 

10 

[58.8] 

ON (7), LETM (6), ON+LETM (5), 

ADEM (1) 

67 (11–

415) 

Live ≥1:160 

In-house CBA 

at IDIBAPS, 

University of 

Barcelona, 
Spain 

IDIBAPS, 

University of 

Barcelona, 
Spain 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

WCC  

(iv) CSF 
OCB 

(i) Serum 
MOG-

IgG titre 

(ii) CSF 

WCC 

(iii) CSF 
OCB Low 

Quantitati
ve Included 15 27 (18-45) 

8 
[53.3] 

10 
[66.7] 

ON (6), LETM (6), ADEM (1), 
ON+LETM (2) 

87 (17-
415) 

Horellou, et 

al., 2021 48 

 
Total 12 

Monophas

ic: 10.2 ± 

5.2; 

Relapsing: 
9.9 ± 2.4* 

7 
[58.3] 7 [58.3] 

ON (3), TM (6), ADEM (2), 
Brainstem (2)# 

Not 
available 

Live 
and 

fixed 

MFI > 

mean+6 

SD of 

control 

(live) and 
≥1:160 

(fixed) 

In-house CBA 

at Universite 

Paris-Saclay, 
Le Kremlin 

Bicetre, France 

Universite 

Paris-Saclay, 

Le Kremlin 
Bicetre, 

France (i) PBMCs — Low 

Qualitativ

e Included 12 

Monophas

ic: 10.2 ± 

5.2; 
Relapsing: 

9.9 ± 2.4* 

7 

[58.3] 7 [58.3] 

ON (3), TM (6), ADEM (2), 

Brainstem (2)# 

Monophas

ic: 22.8 ± 

26.4; 

Relapsing: 
58.8 ± 

26.4& 

Chang, et al., 

2021 20 

 
Total 42 

27 (17-
38)$ 

22 
[52.4] NA 

ON (14), TM (3), Brain (10), 

ON+TM (3), ON+Brain (4), 
Brain+TM (7), ON+Brain+TM (1) NA 

Fixed ≥1:32 

Commercially 

available 

Euroimmun, 
Lubeck, 

Germany 

Huashan 

Hospital, 

Shanghai 
Medical 

College, 

Fudan 

University, 
Shanghai, 

China — 

(i) Serum 

NfL 
(ii) Serum 

GFAP Low 

Qualitativ

e and 
quantitati

ve Included 42 

27 (17-

38)$ 

22 

[52.4] NA 

ON (14), TM (3), Brain (10), 
ON+TM (3), ON+Brain (4), 

Brain+TM (7), ON+Brain+TM (1) NA 

Jarius, et al., 

2020 49 

 
Total 80 

6 (0.6-
17.7)! 

45 
[56.3] 

38 
[47.5] 

Attack phenotype (n=94 samples): 

TM+/-other symptoms (30), uON 

(15), bON (12), ADEM (34), 
Brainstem/Cerebellar (3) 

34.5 (0-
229)@ 

Live 

and 
fixed NA 

(i) Live CBA 

referred to  

Medical 
University 

Innsbruck, 

Austria, 

University of 

Vienna, 
Austria, and 

Ludwig 

Maximilian 

University 

Munich, 
Germany 

University of 

Heidelberg, 

Heidelberg, 
Germany — 

(i) CSF 

WCC 

(ii) CSF 

protein 

(iii) CSF 
OCB 

Mediu
m 

Quantitati
ve Included 80 

6 (0.6-
17.7)! 

45 
[56.3] 

38 
[47.5] 

Attack phenotype (n=94 samples): 

TM+/-other symptoms (30), uON 

(15), bON (12), ADEM (34), 
Brainstem/Cerebellar (3) 

34.5 (0-
229)@ 
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(ii) Fixed CBA 

in-house at  
University of 

Heidelberg, 

Germany and 

commercially 

available  
Euroimmun, 

Lubeck, 

Germany 

Cobo-Calvo, 

et al., 2017 50 
 

Total 27 

16.8 (6.8–

33.7)$ 

14 

[51.9] 

11 

[40.7] 

ADEM (8), ON (8), TM (1), LETM 

(4), NMOSD (4), MS (2) 

17.8 
(11.5–

68.3)$ 

Live ≥1:640 

In-house CBA 

at Université 

Hospital of 

Lyon, France 

Université 

Hospital of 

Lyon, France 

(i) CSF 

WCC 
(ii) CSF 

protein 

(iii) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

Mediu

m 

Quantitati

ve Included 3 13 (3-16)^ 

1 

[33.3] 0 [0.0] ADEM (2), TM (1) 13 (12-24) 

Hyun, et al., 
2021 21 

 

Total 15 

38 (27-

41)$! 

6 

[40.0] 

15 

[100.0] NA 24 (21–43) 

Live NA 

In-house CBA 

at  National 

Cancer Center, 

Republic of 

Korea 

National 

Cancer Center, 

Republic of 

Korea — 

(i) Serum 

NfL 

(ii) Serum 

GFAP Low 

Qualitativ

e and 

quantitati

ve Included 15 

38 (27-

41)$! 

6 

[40.0] 

15 

[100.0] NA 24 (21–43) 

Ikeda, et al., 

2019 51 

 

Total 4 8 (3-12) 

2 

[50.0] 3 [75.0] 

Brain+TM (1), ON+Brain+TM (1), 

bON+Brain+TM (1), 

bON+uON+Brain+TM (1) 

32.5 (18-

87) 

Live ≥1:160 

Referred CBA 

to Tohoku 

University, 

Japan 

Yokohama 
City 

University 

Medical 

Centre, Japan 

(i) Serum 

MOG-IgG 

titre 

(ii) CSF 

WCC 
(iii) CSF 

protein 

(iv) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 

WCC 
(iii) CSF 

protein 

(iv) CSF 

OCB Low 

Quantitati

ve Included 4 8 (3-12) 

2 

[50.0] 3 [75.0] 

Brain+TM (1), ON+Brain+TM (1), 

bON+Brain+TM (1), 

bON+uON+Brain+TM (1) 

32.5 (18-

87) 

López-

Chiriboga, et 
al., 2018 7 

 

Total 25 

(i) 4 (2-9) 

(ii) 6.5 (4-

8) 

(iii) 26 
(22-45) 

(iv) 22.5 

(18-45) ~ 

15 

[60.0] 

16 

[64.0] 

ADEM (9), ADEM+ON (7), 

ADEM+Brain (3), ADEM+ON+TM 

(2), ADEM+Brain+ON (2)a 

(i) 75 (15-
236) 

(ii) 32 (24-

114) 

(iii) 39 
(10-161) 

(iv) 16 

(13-27) ~ 

Live ≥1:20 

In-house CBA 

at  Mayo 
Clinic, USA 

Mayo Clinic, 
USA 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(i) Serum 

MOG-
IgG titre Low 

Quantitati
ve Included 24 

(i) 4 (2-9) 
(ii) 6.5 (4-

8) 

(iii) 26 

(22-45) 

(iv) 22.5 
(18-45) ~ 

14 
[58.3] 

15 
[62.5] 

ADEM (9), ADEM+ON (7), 

ADEM+Brain (3), ADEM+ON+TM 
(2), ADEM+Brain+ON (2)a 

(i) 75 (15-

236) 
(ii) 32 (24-

114) 

(iii) 57 

(15-161) 

(iv) 16 
(13-27) ~ 

Waters, et 

al., 2020 52 

 

Total 84 

7.31 (4.93-

10.57)$ 

46 

[54.8] 

16/82 

[19.5] 

ADEM (32), ADEM+ON (3), 

ADEM+TM (9), ADEM+ON+TM 

(1), ON (34), TM (12), ON+TM (3), 

Other (3)c 

6.74 (4.77-

8.75)$ Live ≥1:200 

In-house CBA 

at University of 

Oxford, UK 

University of 

Oxford, UK 

(i) Serial 

serum 

MOG-IgG 

status — Low 

Quantitati

ve 
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Included 67 

(i) 9.06 

(6.60-

13.36)$ 

(ii) 6.95 

(5.28-
9.96)$ 

33 
[53.2] 

16 
[23.9] 

ADEM (22), ADEM+ON (2), 

ADEM+TM (4), ADEM+ON+TM 

(1), ON (24), TM (9), ON+TM (4), 
Other (3) 

(i) 4.29 

(3.00-
5.96)$ 

(ii) 4.04 

(2.99-

6.01)$b 

All ≥12-
months 

Jurynczyk, et 

al., 2017 53 

 

Total 252 

30.1 ± 

18.3* 

144 

[57.1] 

111 

[44.1] 

ON (44), TM (17), ADEM (32), 

ON+TM (26)a NA 

Live NA 

In-house CBA 
at University of 

Oxford, UK 

University of 

Oxford, UK 

(i) Serial 

serum 
MOG-IgG 

status — Low 

Quantitati

ve Included 56 NA NA 

29 

[51.8] NA 

27.5 (12-

438) 

Hino-

Fukuyo, et 

al., 2019 54 
 

Total 5 5 (2-10) 

2 

[40.0] 3 [60.0] 

ADEM (2), uON (1), bON (1), 

ADEM+bON (1) 

150 (68-

322) 

Live NA 

In-house CBA 

at  Tohoku 

University, 

Japan 

Tohoku 

University, 

Japan 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 5 5 (2-10) 

2 

[40.0] 3 [60.0] 

ADEM (2), uON (1), bON (1), 

ADEM+bON (1) 

150 (68-

322) 

Serin, et al., 
2021 55 

 

Total 9 6 (3-13) 

6 

[66.7] 4 [44.4] 

ADEM (3), ON (2), CIS (1), 

ADEM+ON (1), Uncategorized 

relapsing MOGAD (2) 

28 (24-

196) 

Fixed ≥1:10 

Commercially 

available 

Euroimmun, 

Lubeck, 

Germany 

Ege University 

Medical 

Faculty, Izmir, 

Turkey 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(iii) CSF 

WCC 

(iv) CSF 

OCB 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 9 6 (3-13) 

6 

[66.7] 4 [44.4] 

ADEM (3), ON (2), CIS (1), 

ADEM+ON (1), Uncategorized 

relapsing MOGAD (2) 

28 (24-

196) 

Jarius, et al., 

2020 56 

 

Total 100 

38 (18-

78)! 

58 

[58.3] NA 

Attack phenotype (n=123 samples): 

TM+/-other symptoms (56), ON 

without TM (53), isolated brain or 

brainstem/cerebellar (11)a 

29 (0-

511)@ 

Live 
and 

fixed NA 

(i) Live CBA 

referred to  

Medical 

University 
Innsbruck, 

Austria, 

University of 

Vienna, 

Austria, and 
Ludwig 

Maximilian 

University 

Munich, 

Germany 
(ii) Fixed CBA 

in-house at  

University of 

Heidelberg, 

Germany and 
commercially 

available  

University of 

Heidelberg, 
Heidelberg, 

Germany — 

(i) CSF 

WCC 

(ii) CSF 

protein 
(iii) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 100 

38 (18-

78)! 

58 

[58.3] NA 

Attack phenotype (n=123 samples): 

TM+/-other symptoms (56), ON 
without TM (53), isolated brain or 

brainstem/cerebellar (11)a 

29 (0-

511)@ 
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Euroimmun, 

Lubeck, 
Germany 

Jarius, et al., 

2016 26 

 

Total 50 

39 (range 

not stated) 

35 

[70.0] NA ON (22), LETM (6), ON+TM (22) NA 

Live ≥1:160 

In-house CBA 
at University of 

Heidelberg, 

Germany 

University of 

Heidelberg, 

Germany — 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 

75 samples; 

unclear 

participants NA NA NA NA NA 

Oliveira, et 

al., 2019 57 
 

Total 31 33 (8-52) 

17 

[54.8] 

23 

[74.2] 

bON (10), ON (11), Brainstem (2), 

LETM (4), ON+LETM (1), ON+TM 
(1), bON+TM (1), Brainstem+LETM 

(1) 

79 (38-

104)$ 
All ≥12 

months 

Live ≥1:128 

In-house CBA 

at HC-FMUSP, 

São Paulo, 
Brazil 

HC-FMUSP, 

São Paulo, 
Brazil 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status — Low 

Quantitati
ve Included 31 33 (8-52) 

17 
[54.8] 

23 
[74.2] 

bON (10), ON (11), Brainstem (2), 

LETM (4), ON+LETM (1), ON+TM 

(1), bON+TM (1), Brainstem+LETM 
(1) 

79 (38-

104)$ 

All ≥12 
months 

Arslan, et al., 

2021 58 

 

Total 8 

32.1 

±10.0* 

3 

[37.5] 2 [25.0] ON (6), TM (1), ON+TM (1) NA 

Fixed ≥1:10 

Commercially 

available 

Euroimmun, 
Lubeck, 

Germany 

Gazi 

University 

Faculty of 

Medicine, 
Ankara, 

Turkey — 

(i) Serum 

thiol Low 

Qualitativ

e Included 8 

32.1 

±10.0* 

3 

[37.5] 2 [25.0] ON (6), TM (1), ON+TM (1) NA 

Liu, et al., 

2020 59 
 

Total 26 

(i) 48 ± 

20.4* 
(ii) 46 ± 

19.7*d 

(i) 7 

[58.3] 

(ii) 14 
[63.6] 
d NA 

Attack phenotype: ON (5), TM (5), 

Brain (3)a NA 

Live NA 

In-house CBA 

at  Chiba 
University, 

Chiba, Japan 

Chiba 
University, 

Chiba, Japan — 

(i) 

PBMCs 
(ii) CSF 

OCB Low 

Qualitativ

e and 
quantitati

ve Included 26 

(i) 48 ± 

20.4* 
(ii) 46 ± 

19.7*d 

(i) 7 

[58.3] 

(ii) 14 
[63.6] 
d NA 

Attack phenotype: ON (5), TM (5), 

Brain (3)a NA 

de Mol, et 
al., 2020 12 

 

Total 61 

16.6 (7.9–

31.9)$ 

28 

[45.9] 

20 

[32.8] 

ON (7), bON (9), ADEM (14), 

Brainstem (1), TM (5), LETM (4), 
ON+ADEM (3), ON+Brain (1), 

ON+TM (13), ADEM+TM (1), CIS 

(1), RRMS (1)a 

27.5 (1–

329) 

Live 

MFI > 10 

SD of 

control 

In-house CBA 
at MS Centre 

ErasMS, 

Erasmus MC, 

Rotterdam, The 

Netherlands 

MS Centre 
ErasMS, 

Erasmus MC, 

Rotterdam, 

The 

Netherlands 

(i) Serial 

serum 

MOG-IgG 

status — 

Mediu

m 

Quantitati

ve Included 20 NA NA 8 [40.0] NA 

30.5 (12-

246) 

Rostásy, et 

al., 2012 60 

 

Total 17 10 (2-16) 

10 

[58.8] 

12 

[70.6] 

uON (9), bON (3), uON+ADEM (2), 

MS (3) 30 (11-74) 

Live ≥1:160 

In-house CBA 

at Medical 

University of 

Innsbruck, 

Innsbruck, 
Austria 

Medical 

University of 

Innsbruck, 

Innsbruck, 
Austria 

(i) Serum 

MOG-IgG 

titre 

(ii) CSF 
OCB — Low 

Quantitati
ve Included 13 10 (2-16) 

7 
[53.9] 

11 
[84.6] uON (9), bON (3), uON+ADEM (1) 35 (19-74) 

Rostásy, et 

al., 2013 61 

 

Total 3 3 (3-14) 

3 

[100] 3 [100] uON+TM (1), LETM+ON (2) 28 (18-48) Live ≥1:160 

In-house CBA 

at Medical 

University of 

Innsbruck, 

Medical 

University of 

Innsbruck, 

(i) Serum 

MOG-IgG 

titre 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve 
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Included 3 3 (3-14) 

3 

[100.

0] 

3 

[100.0] uON+TM (1), LETM+ON (2) 28 (18-48) 

Innsbruck, 

Austria 

Innsbruck, 

Austria 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

WCC 

(iv) CSF 
protein 

(v) CSF 

OCB 

(ii) CSF 

WCC 
(iii) CSF 

protein 

(iv) CSF 

OCB 

Saxena, et 

al., 2020 62 
 

Total 24 4.5–52e^ 

15 

[62.5] NA 

ADEM (1), ON+TM (2) ADEM+ON 

(7), ADEM+TM (1), MS (7), CIS (1), 
demyelinating neurological disease 

(1)a NA 

Live NA 

Referred CBA 

to Harvard 

University, 

USA and Mayo 
Clinic, USA 

Brigham and 
Women’s 

Hospital, 

Harvard 

Medical 

School, 
Boston, USA — 

(i) Serum 
TNFAIP3 Low 

Qualitativ
e Included 24 4.5–52e^ 

15 
[62.5] NA 

ADEM (1), ON+TM (2) ADEM+ON 

(7), ADEM+TM (1), MS (7), CIS (1), 

demyelinating neurological disease 
(1)a NA 

Luo, et al., 

2021 22 

 

Total 49 

25 (10-

29.5)$ 

28 

[57.1] 

34 

[69.4] 

Most recent attack phenotype: ON 

(23), Brain (15), TM (6), ON+Brain 

(2), ON+TM (2), Brain+TM (1) 12f 

Live NA 

In-house CBA 

at the Third 

Affiliated 

Hospital of Sun 
Yat-Sen 

University, 

Guangzhou, 

China 

The Third 

Affiliated 

Hospital of 
Sun Yat-Sen 

University, 

Guangzhou, 

China — 

(i) Serum 

NfL Low 

Qualitativ

e and 

quantitati

ve Included 49 

25 (10-

29.5)$ 

28 

[57.1] 

34 

[69.4] 

Most recent attack phenotype: ON 

(23), Brain (15), TM (6), ON+Brain 

(2), ON+TM (2), Brain+TM (1) 12f 

Tanaka, et 
al., 2020 63 

 

Total 17 32 (8-76) 

10 

[58.8] 9 [52.9] 

Onset attack: uON (10), bON (1), 

Brain (1), TM (4), ON+Brainstem (1) NA 

Live NA 

Referred CBA 
to Tohoku 

University 

School of 

Medicine, 

Sendai, Japan 

Saitama 

Medical 

University, 

Kawagoe, 

Japan — 

(i) 

PBMCs Low 

Qualitativ

e Included 17 32 (8-76) 

10 

[58.8] 9 [52.9] 

Onset attack: uON (10), bON (1), 

Brain (1), TM (4), ON+Brainstem (1) NA 

Han, et al., 

2022 64 

 

Total 8 11 (1-17) 

3 

[37.5] 1 [12.5] Brain (7), Brain+TM (1) 

15.5 (2-

54) 

Live 

Borderlin
e: >2.60–

≤3.65; 

Positive: 

>3.65 

In-house CBA 

at Seoul 

National 

University 
Children’s 

Hospital, Seoul, 

Republic of 

Korea 

Seoul National 

University 

Children’s 
Hospital, 

Seoul, 

Republic of 

Korea 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(iii) CSF 

WCC 
(iv) CSF 

protein 

(v) CSF 

OCB — Low 

Quantitati

ve Included 6 8 (1-17) 

3 

[50.0] 1 [16.7] Brain (5), Brain+TM (1) 18 (12-54) 

Mariotto, et 
al., 2021 65 

 

Total 18 

34.5 (6-

75) 

8 

[44.4] 7 [38.9] 

ON (7), TM (3), Idiopathic 

demyelinating disorders (8) 19 (3-93) 

Live ≥1:160 

In-house CBA 

at the 

University of 

Verona, 

Verona, Italy 

University of 

Verona, 

Verona, Italy — 

(i) Serum 

NfL 

Mediu

m 

Qualitativ

e Included 18 

34.5 (6-

75) 

8 

[44.4] 7 [38.9] 

ON (7), TM (3), Idiopathic 

demyelinating disorders (8) 19 (3-93) 

Sun, et al., 

2020 66 95 13 (2–67) NA NA 

Onset attack: ON (58), Brain (30), 

Brainstem (6), TM (11), Other (4) 12 (4–36)& Live NA 

In-house CBA 

at the Third 

The Third 

Affiliated 

(i) HLA 

genotype — Low 

Qualitativ

e 
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Total 

Affiliated 

Hospital of Sun 
Yat-Sen 

University, 

Guangzhou, 

China 

Hospital of 

Sun Yat-Sen 
University, 

Guangzhou, 

China 

Included 95 13 (2–67) NA NA 

Onset attack: ON (58), Brain (30), 

Brainstem (6), TM (11), Other (4) 12 (4–36)& 

Mariotto, et 
al., 2019 67 

 

Total 38 

35.5 (6–

75)! 

16 

[42.1] 

18 

[47.4] 

ON (14), ADEM (2), TM (4), 

ON+TM (4), Idiopathic 

demyelinating disorder (12), MS (2) 

19.5 (2–

266) 

Live ≥1:160 

In-house CBA 

at the 

University of 

Verona, 
Verona, Italy 

University of 

Verona, 
Verona, Italy — 

(i) Serum 
NfL Low 

Qualitativ
e Included 38 

35.5 (6–
75)! 

16 
[42.1] 

18 
[47.4] 

ON (14), ADEM (2), TM (4), 

ON+TM (4), Idiopathic 
demyelinating disorder (12), MS (2) 

19.5 (2–
266) 

Alshamrani, 

et al., 2021 68 

 

Total 9 35 (28-69) 

7 

[77.8] 6 [66.7] 

ON (3), Brain (1), Brainstem (2), TM 

(1), LETM (2) 48 (1-132) 

NA NA 

Referred CBA 

to London 

(Ontario) MS 

clinic 

King Fahad 

University 

Hospital, 

Imam 
Abdulrahman 

Bin Faisal 

University, 

Dammam, 

Saudi Arabia 

(i) CSF 

OCB — 

Mediu

m 

Quantitati

ve Included 5 43 (28-58) 

3 

[60.0] 4 [80.0] ON (2), Brain (1), Brainstem (2) 

120 (13-

132) 

Dale, et al., 

2014 28 

 

Total 31 

6.7 (2.0-

15.3)^ 

18 

[58.1] 

10 

[32.3] ON (9), ADEM (11), TM (4), MS (7) 48 (3-164) 

Live 

MFI > 
mean+6 

SD of 

control 

In-house CBA 

at the Kids 

Research 

Institute at the 

Children’s 
Hospital at 

Westmead, 

Sydney 

Medical 

School, 
University of 

Sydney, 

Australia 

The Kids 

Research 

Institute at the 

Children’s 
Hospital at 

Westmead, 

Sydney 

Medical 

School, 
University of 

Sydney, 

Australia 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(iii) CSF 

OCB 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 2 

9.5 (5-

14)^ 

1 

[50.0] 

2 

[100.0] LETM+ON (1), ADEM+Brain (1) 

17.5 (16-

19) 

Lui, et al., 
2021 69 

 

Total 65 

7.6 (4.3-

10.9)$ 

36 

[55.4] NA 

ADEM (2), ON+TM (1), CIS (1), 

RRMS (7), Demyelinating disorder 

not otherwise specified (54) 42 (6-78)$ 

Live ≥1:20 

Referred CBA 

to Mayo Clinic, 
USA 

University of 

California, 
USA 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(i) Serum 

MOG-
IgG titre Low 

Quantitati
ve Included 25 NA NA 9 [36.0] NA 

60 (15-
300) 

Dubey, et al., 

2019 70 

 

Total 54 25 (3-73) 

24 

[44.4] NA 

TM (21), ON+TM (32), ADEM+TM 

(1) 24 (2-120) 

Live ≥1:20 

Referred CBA 
to Mayo Clinic, 

USA 

Mayo Clinic, 

USA 

(i) Serial 

serum 
MOG-IgG 

status — 

Mediu

m 

Quantitati

ve Included 5 NA NA 1 [20.0] NA 

35 (15-

120) 

Hennes, et 

al., 2017 8 

 
Total 65 

(i) 9 (3–

15) 

(ii) 5 (0–
17)g^ 

35 
[53.9] 

25 
[38.5] 

ON (8), ADEM (22), ADEM+ON 
(11), ON+TM (9), CIS (12), MS (3) 24f Live ≥1:160 

Referred CBA 

to Medical 

University of 
Innsbruck, 

Olga Hospital, 

Stuttgart, 
Germany 

(i) Serum 

MOG-IgG 
titre 

(i) Serum 

MOG-
IgG titre Low 

Quantitati
ve 
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Included 62 NA NA 

22 

[35.5] 

ON (8), ADEM (22), ADEM+ON 

(11), ON+TM (9), CIS (12) 24f 

Innsbruck, 

Austria 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

OCB 

(ii) CSF 

OCB 

Tea, et al., 
2019 71 

 

Total 287 22 (8–43)$ 

165 

[57.5]
i 

105 

[43.6]j 

uON (62), bON (58), mixed ON (9), 
ADEM (54), LETM (18), 

ADEM+ON (10), ADEM+LETM 

(1), Brainstem+LETM (1), 

Brainstem+ON+TM (1), ON+TM 

(9), uON+LETM (2), TM (6), 
bON+LETM (2), 

bON+LETM+ADEM (2), CIS (1), 

Other (12), Unknown (39) NA 

Live 

MFI > 

mean+6 
SD of 

control 

In-house CBA 
at the Kids 

Research 

Institute at the 

Children’s 

Hospital at 
Westmead, 

Sydney 

Medical 

School, 

University of 
Sydney, 

Australia 

The Kids 

Research 

Institute at the 

Children’s 

Hospital at 
Westmead, 

Sydney 

Medical 

School, 

University of 
Sydney, 

Australia 

(i) Serial 

serum 

MOG-IgG 
status 

(ii) CSF 

WCC 

(iii) CSF 

protein 
(iv) CSF 

OCB 

(i) CSF 

WCC 

(ii) CSF 

protein 
(iii) CSF 

OCB Low 

Quantitati

ve Included 16 13 (3-45)$h 

5 
[71.4]
i 8 [50.0] 

uON (1), bON (3), ADEM (6), 

ADEM+ON (2), ADEM+LETM (1), 
Brainstem+LETM (1), ON+LETM 

(2) 34 (17-99) 

Senanayake, 

et al., 2019 72 

 
Total 126 26 (3–68) 

70 
[55.6] 

43 
[34.1] 

ON (58), TM (24), ADEM (12), 
NMOSD (32) 48 (1–240) 

NA NA 

Clinical 

Laboratory 

Improvement 
Amendments 

approved flow 

cytometric 

assays 

The National 
Hospital of Sri 

Lanka, 

Colombo, Sri 

Lanka 

(i) Serial 

serum 

MOG-IgG 

status — Low 

Quantitati

ve Included 17 NA NA 

13 

[76.5] NA 

(i) 

Monophas

ic: 12 (12-

24) 
(ii) 

Relapsing: 

84 (36-

204) 

Wegener-
Panzer, et 

al., 2020 73 

 

Total 10 8 (4–16) 

4 

[40.0] 5 [50.0] Brain (9), Brain+ON (1) 18 (6-48) 

Live 

and 

fixed 

(i) Live: 

≥1:160  
(ii) 

Fixed: 

NA 

(i) Live: 
referred CBA 

to  Medical 

University of 

Innsbruck, 
Innsbruck, 

Austria 

(ii) Fixed:  

commercially 

available 
Euroimmun, 

Lubeck, 

Germany 

Children’s 

Hospital 

Datteln, 
University 

Witten/Herdec

ke, Germany 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(iii) CSF 
WCC 

(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 6 6.5 (3-16) 

3 

[50.0] 4 [66.7] Brain (5), Brain+ON (1) 33 (12-48) 

Zhou, et al., 

2019 74 
 

Total 23 

5.38 
(2.33–

12.75) 

13 

[56.5] 

23 

[100.0] 

ADEM (2), ADEM+ON (3), 
NMOSD (11), Uncategorized CNS 

demyelination (7) ≥12 

Fixed NA 

Commercially 

available 

Euroimmun, 

Lubeck, 

Germany 

Peking 

University 

First Hospital, 

Beijing, China 

(i) CSF 

OCB 

(i) CSF 
WCC 

(ii) CSF 

protein 

(iii) CSF 

OCB Low 

Quantitati

ve Included 23 

5.38 

(2.33–

12.75) 

13 

[56.5] 

23 

[100.0] 

ADEM (2), ADEM+ON (3), 

NMOSD (11), Uncategorized CNS 

demyelination (7) ≥12 



 
56 

Keller, et al., 
2021 75 

 

Total 109 

(i) 

Paediatric:  
9 (1-17) 

(ii) Adult: 

38 (18–70  

70 

[64.2] 

38 

[34.9]  

uON (36), bON (19), LETM (14), 

ADEM (40) NA 

Live 

(i) 

Universit

y of 
Sydney: 

MFI > 

mean + 3 

SD of 

control 
(ii)  

Medical 

Universit

y of 

Innsbruck
: ≥1:160 

CBA referred 

to  The Kids 
Research 

Institute at the 

Children’s 

Hospital at 

Westmead, 
Sydney 

Medical 

School, 

University of 

Sydney, 
Australia and 

Innsbruck 

Medical 

University, 

Innsbruck, 
Austria 

University 

Hospital 

Münster, 

Münster, 
Germany — 

(i) Serum 

compleme
nt Low 

Qualitativ
e Included 109 

(i) 

Paediatric:  

9 (1-17) 

(ii) Adult: 
38 (18–70 

70 
[64.2] 

38 
[34.9] 

uON (36), bON (19), LETM (14), 
ADEM (40) NA 

Baumann, et 

al., 2015 76 

 

Total 19 4 (1-17) 

9 

[47.4] 4 [21.1] ADEM (16), ADEM+ON (3) 27 (5-81) 

Live ≥1:160 

In-house CBA 

at Medical 

University of 

Innsbruck, 
Innsbruck, 

Austria 

Medical 

University of 

Innsbruck, 
Innsbruck, 

Austria 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(iii) CSF 

WCC 
(iv) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 

WCC 
(iii) CSF 

OCB Low 

Quantitati

ve Included 14 4 (1-17) NA 4 [28.6] ADEM (11), ADEM+ON (3) 

33.5 (14-

81) 

Ramanathan, 

et al., 2018 77 

 
Total 59 12 (1-74) 

40 
[67.8] 

59 
[100.0] 

Brainstem/Cerebellar (1), bON (3), 

uON (8), uON+bON (6), 

ADEM+Brainstem (2), bON+Brain 
(2), ADEM+Brainstem/Cerebellar 

(1), ADEM+Cerebellar (1), 

ADEM+bON (2), ADEM+uON (3), 

ADEM+LETM (2), bON+LETM (3), 
uON+Brain (2), uON+LETM (2), 

Cerebellar+Sensory non-spinal (1), 

bON+Sensory non-spinal (2), 

TM+LETM (1), uON+Brainstem (1), 

uON+bON+Brain (1), 
uON+Brainstem+TM (2), 

uON+Brainstem/Cerebellar+LETM 

(1), ADEM+Cerebellar+uON (2), 

uON+TM+Sensory non-spinal (1), 

ADEM+LETM+nonencephalitic 
ADS (1), bON+uON+TM (2), 

ADEM+uON+bON+LETM (1), 

ADEM+Brain+uON+bON (1), 

ADEM+Brainstem/Cerebellar+uON+

LETM (1), 
bON+uON+LETM+Brainstem (1), 

45 (12–
288) Live 

MFI > 

mean + 3 

SD of 
control 

In-house CBA 

at the Kids 
Research 

Institute at the 

Children’s 

Hospital at 

Westmead, 
Sydney 

Medical 

School, 

University of 

Sydney, 
Australia 

The Children’s 

Hospital at 

Westmead, 
Sydney 

Medical 

School, 

University of 

Sydney, 
Australia 

(i) CSF 

WCC 

(ii) CSF 

protein 

(iii) CSF 
OCB 

(i) CSF 

WCC 

(ii) CSF 

protein 

(iii) CSF 
OCB Low 

Quantitati
ve 



 
57 

ADEM+Brainstem/Cerebellar+bON+

uON (1), bON+uON+TM+LETM (1) 

Included 51 10 (1-74) 

35 

[68.6] 

51 

[100.0] 

Brainstem/Cerebellar (1), bON (3), 

uON (1), uON+bON (6), 

ADEM+Brainstem (2), bON+Brain 

(2), ADEM+Brainstem/Cerebellar 

(1), ADEM+Cerebellar (1), 
ADEM+bON (2), ADEM+uON (3), 

ADEM+LETM (2), bON+LETM (3), 

uON+Brain (2), uON+LETM (2), 

Cerebellar+Sensory non-spinal (1), 

bON+Sensory non-spinal (1), 
TM+LETM (1), uON+Brainstem (1), 

uON+bON+Brain (1),  

uON+Brainstem+TM (2), 

uON+Brainstem/Cerebellar+LETM 

(1), ADEM+Cerebellar+uON (2), 
uON+TM+Sensory non-spinal (1), 

ADEM+LETM+nonencephalitic 

ADS (1), bON+uON+TM (2), 

ADEM+uON+bON+LETM (1), 

ADEM+Brain+uON+bON (1), 
ADEM+Brainstem/Cerebellar+uON+

LETM (1), 

bON+uON+LETM+Brainstem (1), 

ADEM+Brainstem/Cerebellar+bON+

uON (1), bON+uON+TM+LETM (1) 

49 (12-

288) 

Benetou, et 

al., 2020 78 

 

Total 17 

6.3 (4.1–

9.6)$^ 

9 

[52.9] NA NA NA 

NA NA NA 

Evelina 

London 

Children's 

Hospital, Guys 

and St. 
Thomas' 

Hospital NHS 

Foundation 

Trust, Kings 
Health 

Partners, 

London, UK — 

(i)  

Peripheral 

blood 
count 

index 

ratios Low 

Qualitativ

e Included 17 

6.3 (4.1–

9.6)$^ 

9 

[52.9] NA NA NA 

Armangue, 
et al., 2020 79 

 

Total 116 

6·2 (3·7–

10·0)$^ 

57 

[49.1] 

33 

[28.5] 

ADEM (42), ON (5), uON (8), bON 

(6), Brain (18), LETM (9), 
ADEM+ON (4), Brain+ON (3), 

ON+Other (1), NMOSD (11), MS 

(5), Other (4) 42 (8–197) 

Live ≥1:160 

In-house CBA 

at IDIBAPS, 
Hospital Clínic, 

Universitat de 

Barcelona, 

Barcelona, 

Spain 

IDIBAPS, 

Hospital 
Clínic, 

Universitat de 

Barcelona, 

Barcelona, 

Spain 

(i) Serial 

serum 

MOG-IgG 

status — Low 

Quantitati

ve Included 64 NA NA 

11 

[17.2] NA 24 (12-24) 

Nakajima, et 

al., 2015 80 

 

Total 8 

31 (16-

65)^ 

6 

[75.0] 3 [37.5] ON (8) 

26.5 (3-

53) 

Fixed ≥1:10 

In-house CBA 

at  Nagasaki 

University 

Hospital, 

Nagasaki, 
Japan 

Nagasaki 

University 

Hospital, 

Nagasaki, 
Japan 

(i) CSF 

WCC 

(ii) CSF 

protein 

(iii) CSF 
OCB — Low 

Quantitati
ve Included 7 

25 (15-
55)k^ 

5 
[71.4] 3 [42.9] ON (7) 30 (15-53) 



 
58 

Mao, et al., 

2019 81 
 

Total 25 

6.6 (3–

12.4) 

13 

[52.0] 

10 

[40.0] 

ADEM (9), ON (1), bON (5), Brain 

(4), TM (1), LETM (1), CIS (1), 
ADEM+ON (1), ADEM+uON (1), 

ADEM+TM (1) 15 (7–63) 

Fixed NA 

Commercially 

available 

Euroimmun, 

Lubeck, 
Germany 

Xiangya 

Hospital, 

Central South 

University, 

Changsha, 
China 

(i) Serum 

MOG-IgG 
titre 

(ii) Serial 

serum 

MOG-IgG 

status 
(iii) CSF 

WCC 

(iv) CSF 

protein 

(v) CSF 
OCB 

(i) Serum 

MOG-

IgG titre 
(ii) CSF 

WCC 

(iii) CSF 

protein 

(iv) CSF 
OCB 

Mediu
m 

Quantitati
ve Included 20 6 (3-12) 

10 
[50.0] 

10 
[50.0] 

ADEM (8), ON (1), bON (3), Brain 

(2), TM (1), LETM (1), CIS (1), 

ADEM+ON (1), ADEM+uON (1), 
ADEM+TM (1) 

15.5 (12-
63) 

Siritho, et 

al., 2016 82 

 

Total 6 33 (18-57) 

5 

[83.3] 5 [83.3] 

bON (2), uON (2), bON+TM (1), 

uON+Brain+LETM (1) NA 

NA NA 

Referred CBA 

to Tohoku 

University, 

Japan 

MS and 

Related 

Disorders 

Clinic, Siriraj 
Hospital, 

Mahidol 

University, 

Bangkok, 

Thailand 

(i) Serum 

MOG-IgG 

titre 

(ii) CSF 

OCB — 

Mediu

m 

Quantitati

ve Included 4 

33.5 (19-

57) 

3 

[75.0] 

4 

[100.0] 

bON (1), uON (1), bON+TM (1), 

uON+Brain+LETM (1) 18 (13-34) 

Zhang, et al., 

2021 83 

 

Total 34 6 (1-14) 

16 

[47.1] 8 [23.5] 

ADEM (18), ON (7), NMOSD (4), 

LETM (2), CIS (1), Brain (2) 

34.5 (14–

63) 

Fixed ≥1:10 

Commercially 

available 
Euroimmun, 

Lubeck, 

Germany 

Children’s 

Hospital of 
Fudan 

University, 

National 

Children’s 

Medical 
Center, 

Shanghai, 

China 

(i) CSF 
WCC 

(ii) CSF 

protein 

(i) CSF 
WCC 

(ii) CSF 

protein Low 

Quantitati

ve Included 31 

(i) 
Monophas

ic: median 

5.8  (1.6–

13.6)  

(ii) 
Relapsing: 

6.7 (2.9–

14.2) NA 6 [19.4]  NA 

(i) 

Monophas

ic: 33 (14–

57) 

(ii) 
Relapsing: 

42.5 (16–

63) 

Jitprapaikuls

an, et al., 

2018 84 

 

Total 31 32 (7-66) 

15 

[48.4] 

31 

[100.0] 

ON (27), ON+other CNS 

demyelination (3) 

(i) 44.6 
(19.7-

64.8)$ 

(ii) 75.4 

(41.3-

183.1)$l 

Live ≥1:20 

In-house CBA 
at  Mayo 

Clinic, USA 

Mayo Clinic, 

USA 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(i) Serum 
MOG-

IgG titre Low 

Quantitati

ve Included 11 NA NA 

11 

[100.0] ON (11) 

27 (12-

237) 

Huda, et al., 

2021 6 

 
Total 76 

27 (19–
45)$ 

41 
[54.0] 

42 
[55.3] 

Onset attack phenotype by site: 

ADEM (5), ON (46), bON (27), TM 

(32), LETM (21), ON+TM (14), 
Brain (19) 

49 (28–
113)$ 

Live NA 

Referred CBA 

to University of 

Oxford, UK 

The Walton 

Centre NHS 
Foundation 

Trust, 

Liverpool, UK 

(i) Serial 

serum 

MOG-IgG 
status 

(ii) CSF 

OCB — Low 

Quantitati

ve Included 75 NA NA 

41 

[54.7] NA 

51 (12-

400) 

Dauby, et al., 

2021 85 
 

Total 8 

27.7 (9.8–

39.5) 

4 

[50.0] 5 [62.5] ON (7), ON+TM (1) 

90 (16.8-

394.8)m Live NA 

Referred CBA 
to University of 

Oxford, UK 

University 

Hospital of 
Liège, Liège, 

Belgium 

(i) CSF 

OCB — Low 

Quantitati

ve 



 
59 

Included 8 

27.7 (9.8–

39.5) 

4 

[50.0] 5 [62.5] ON (7), ON+TM (1) 

90 (16.8-

394.8)m 

Solmaz, et 

al., 2023 86 

 

Total 10 

7.5 (2–

16.5) 

8 

[80.0] 

10 

[100.0] 

Onset attack: bON (1), TM (6), 

ADEM (3) 

78 (30–

216) 

Live 

and 

fixed NA NA 

Etlik City 
Hospital, 

Ankara, 

Turkey 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

WCC 

(iv) CSF 
protein 

(v) CSF 

OCB 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 10 

7.5 (2–

16.5) 

8 

[80.0] 

10 

[100.0] 

Onset attack: bON (1), TM (6), 

ADEM (3) 

78 (30–

216) 

Seok, et al., 

2023 41 
 

Total 55 

39.7 ± 

17.2* 

29 

[52.7] 

37/47 

[78.7] 

Onset attack: ON (38), TM (5), 
Brainstem (7), Brain or ADEM (4), 

Poly-regional (1) NA 

Live ≥1 

In-house CBA 

at 
Soonchunhyang 

University 

Hospital 

Cheonan, 

Cheonan, 
Republic of 

Korea 

Soonchunhyan

g University 

Hospital 

Cheonan, 

Cheonan, 
Republic of 

Korea 

(i) Serum 
MOG-IgG 

epitope — Low 

Qualitativ

e Included 47 NA NA 

37 

[78.7] NA ≥12 

Martin, et 

al., 2024 87 

 

Total 58 

24.3 (1.2–

77.3) 

26 

[44.8] 

36 

[62.1] 

Onset attack: ON (35), TM (4), 

ADEM (10), Brain (3), NMOSD (1), 

Brainstem/Cerebellar (1), Other (4) 

(i) 32.8 

(31.0-

38.5)$ 
(ii) 50.8 

(17.5-

206.4)$ 

(iii) 29.3 

(22.6–
44.3)$ 

(iv) 47.0 

(29.8–

90.1)$ 

NA NA NA 

Oregon Health 

& Science 

University, 

Portland, OR, 

USA — 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

(iv) CSF 

OCB Low 

Quantitati

ve Included 

104 serum 

and 56 CSF 

samples; 

unclear 

participants NA NA NA NA NA 

Liao, et al., 

2024 88 

 

Total 12 8.5 (2-12) 

8 

[72.7] 9 [75.0] 

Brain+uON (1), Brain (8), 

Brain+bON (2), Brain+bON+uON 

(1) NA 

Fixed NA 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

Xiangya 

Hospital of 
Central South 

University, 

Changsha, 

China 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

OCB 

(i) Serum 
MOG-

IgG titre 

(ii) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 6 9 (7-12) 

5 

[83.3] 

6 

[100.0] 

Brain+uON (1), Brain (3), 

Brain+bON (2) 

32 (range 

25.5-68.9) 

Nosadini, et 
al., 2023 89 

 75 

7 (1.8–

18.6) 

40 

[53.3] 

26/65 

[40.0] 

ADEM (30), ON ± CNS lesions (27), 

CNS demyelination (6), ADEM+ON 30 (1–130) 

Live 
and 

fixed NA NA 

University 
Hospital of 

Padova, Italy 

(i) CSF 

WCC 

(i) CSF 

WCC 

Mediu

m 

Quantitati

ve 



 
60 

Total (4), NMOSD (3), CIS (2), Brain (2), 

LETM (1) 

(ii) CSF 

protein 
(iii) CSF 

OCB 

(ii) CSF 

protein 
(iii) CSF 

OCB Included 51 NA NA 

18 

[35.3] NA ≥12 

Kang, et al., 

2023 90 
 

Total 48 

6.57 ± 

3.02* 

30 

[62.5] 

11 

[22.9] 

ADEM (24), NMOSD (4), 

Autoimmune Encephalitis Overlap 

Syndrome (8), ON (5), Cranial 
neuritis (2), Brain (2), Meningitis (2), 

Demyelinating pseudotumor (1) ≥12 

NA ≥1:10 

Referred CBA 

to Guangzhou 
Medical 

Laboratory 

Center and 

Kindstar 

Medical 
Laboratory, 

China 

Hunan 

Children’s 

Hospital, 
Changsha, 

China 

(i) Serum 

MOG-IgG 

titre 
(ii) CSF 

WCC — Low 

Quantitati

ve Included 48 

6.57 ± 

3.02* 

30 

[62.5] 

11 

[22.9] 

ADEM (24), NMOSD (4), 

Autoimmune Encephalitis Overlap 

Syndrome (8), ON (5), Cranial 
neuritis (2), Brain (2), Meningitis (2), 

Demyelinating pseudotumor (1) ≥12 

Yao, et al., 

2022 91 

 
Total 11 27 (16–32) 

4 
[36.4] 2 [18.2] Brain (11) 10 (3-23) 

Fixed ≥1:10 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

Xiangya 

Hospital, 
Central South 

University, 

Changsha, 

China 

(i) Serum 

MOG-IgG 

titre 
(ii) CSF 

WCC 

(iii) CSF 

protein — 

Mediu

m 

Quantitati

ve Included 4 

24.5 (18-

31) 

1 

[25.0] 1 [25.0] Brain (4) 21 (12-23) 

Bauer, et al., 
2022 92 

 

Total 40 

23.7 (3.3-

72.0)^ 

22 

[55.0] 

16/32 

[50.0] NA 12 (6-38) 

Live ≥1:160 

In-house CBA 
at Medical 

University of 

Innsbruck, 

Innsbruck, 

Austria 

Medical 

University of 

Innsbruck, 

Innsbruck, 

Austria 

(i) Serum 

cytokines 

and 

chemokine

s 

(i) Serum 

cytokines 

and 

chemokin

es Low 

Qualitativ

e Included 40 

23.7 (3.3-

72.0)^ 

22 

[55.0] 

16/32 

[50.0] NA 12 (6-38) 

Rechtman, et 

al., 2024 93 

 

Total 26 

29.91 ± 

15.62* 

18 

[69.2] NA NA NA 

NA NA NA 

Hadassah-

Hebrew 

University 

Medical 

Center, Ein–
Kerem, 

Hebrew 

University of 

Jerusalem. 
Jerusalem, 

Israel 

(i) Serum 

thyroid 
function 

profile — Low 

Qualitativ

e Included 26 

29.91 ± 

15.62* 

18 

[69.2] NA NA NA 

Nguyen, et 

al., 2024 94 
 

Total 43 

(i)  10.7 

(5.8-13.2)$ 

(ii)  5.0 
(4.3-

12.2)$o 

20 

[46.5] 

10 

[23.3] 

ADEM (14), ON (22), TM (3), Other 

(4) 

(i) 13.7 

(5.1-30.4)$ 

(ii) 52.1 
(28.5-

105.2)$o 

Live 

and 

fixed NA NA 

University of 

Texas 
Southwestern 

Medical 

Center, Dallas 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

protein 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

Mediu

m 

Quantitati

ve Included 5 4 (3-6) 

2 

[40.0] 2 [40.0] ADEM (5) 

86 (21-

151) 

ZhangBao, 

et al., 2023 95 
 

Total 186 25 (2–65) 

100 

[53.8] 

112 

[60.2] 

Onset attack:  ON (94), TM (29), 

Brain (20), ADEM (19), Brainstem 
(5), Other brain syndrome (3), Mixed 

(16) 51 (9–326) Fixed NA NA 

Shanghai 

Medical 
College, 

Fudan 

(i) Serial 

serum 
MOG-IgG 

status — 

Mediu

m 

Quantitati

ve 



 
61 

Included 44 NA NA 

38 

[86.4] NA 

108.5 (60-

326) 

University, 

Shanghai, 
People’s 

Republic of 

China 

Montalvo, et 

al., 2022 96 

 

Total 23 9 (2-47) 

12 

[52.2] 

16 

[69.6] 

ADEM (2), Brain (3), ADEM+ON 

(3), ADEM+Brain (1), Brain+ON (2), 
Brain+TM (1), Brain+ON+TM (4), 

ADEM+Brain+ON (2), 

ADEM+ON+TM (3), 

ADEM+Brain+ON+TM (2) NA 

Live NA 

Referred CBA 

to Mayo Clinic, 
USA 

Mayo Clinic, 
USA 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status — 

Mediu
m 

Quantitati
ve Included 2 13 (6-20) 

1 
[50.0] 

2 
[100.0] 

ADEM+Brain (1), 
ADEM+Brain+ON (1) 

156 (108-
204) 

Aktas, et al., 

2023 34 

 

Total 7 NA NA NA NA ≥24 

NA NA NA 

Heinrich 
Heine 

University 

Düsseldorf, 

Düsseldorf, 

Germany — 

(i) Serum 

GFAP 

(ii) Serum 

NfL 
(iii) 

Serum tau 

(iv) 

Serum 

UCHL1 Low 

Qualitativ

e and 

quantitati

ve Included 

8 serum 

samples; 

unclear 

participants NA NA NA NA ≥24 

Akaishi, et 

al., 2023 97 

 

Total 26 

43 (34.5–

56)$! 

18 

[69.2] NA NA NA 

Live NA 

In-house CBA 

at Tohoku 

University 

School of 

Medicine, 
Sendai, Japan 

Tohoku 

University 

School of 

Medicine, 
Sendai, Japan — 

(i)  

Peripheral 

blood 

count 

index 
ratios Low 

Qualitativ
e Included 26 

43 (34.5–
56)$! 

18 
[69.2] NA NA NA 

Wang, et al., 

2022 98 

 

Total 4 21 (20–51) 

1 

[25.0] 2 [50.0] Brain (3), Brainstem (1) 14 (6-72) 

NA NA NA 

Affiliated 

Hospital 

Xingtai 
People’s 

Hospital, 

Hebei Medical 

University, 

Xingtai, China 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

protein 

(v) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 3 20 (20-22) 

0 

[0.0] 2 [66.7] Brain (3) 16 (12-72) 

Wendel, et 

al., 2022 99 

 

Total 116 7 (4–12)$ 

57 

[49.1] 

44 

[37.9] 

Onset attack: ADEM (59), uON (21), 

bON (16), TM (6), NMOSD (8), 

Brain (6) 

43 (27-

69)$ ; 

all ≥24 

Live ≥1:160 

In-house CBA 

at Medical 

University of 

Innsbruck, 
Innsbruck, 

Austria 

Olga Hospital, 

Klinikum 
Stuttgart, 

Germany 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(iii) CSF 

WCC 
(iv) CSF 

OCB 

(i) Serum 

MOG-
IgG titre 

 Low 

Quantitati

ve Included 

107 
participants 

for CSF 

analysis and 

70 

participants 
for serum 

analysis; NA NA 

44 

[40.4] NA ≥24 



 
62 

unclear 

overlap 

Guzman, et 

al., 2023 100 

 

Total 35 30 (1–64) 

25 

[71.4] 

12 

[34.3] 

Onset attack: ON (12), TM (8), 

ADEM (5), Brain (4), ON+TM (3), 

Brainstem (1), Area Postrema 

Syndrome (1) 

24 (12–

348)p 

Fixed ≥1:10 

Commercially 

available 

Euroimmun, 

Lubeck, 
Germany 

Pontifical 

Catholic 

University of 

Chile, 

Santiago, 
Chile 

(i) Serial 

serum 

MOG-IgG 

status 

(ii) CSF 
WCC 

(i) CSF 
WCC 

Mediu
m 

Quantitati
ve Included 3 NA NA 2 [66.7] NA 30 (12-36) 

Gastaldi, et 

al., 2022 10 

 

Total 102 17 (6-33)$ 

59 

[57.8] 

44 

[43.1] 

uON (20), bON (18), TM (7), LETM 

(4), ADEM (28), NMOSD (16), 

Other (9) 29 (3-320) 

Live ≥1:160 

In-house CBA 

at IRCCS 

Mondino 

Foundation, 

Pavia, 
Lombardia, 

Italy following 

protocol from 

Medical 

University of 
Innsbruck, 

Innsbruck, 

Austria 

IRCCS 

Mondino 

Foundation, 
Pavia, 

Lombardia, 

Italy 

(i) Serial 
serum 

MOG-IgG 

status 

(i) Serum 

MOG-

IgG titre 

Mediu

m 

Quantitati

ve Included 

162 

samples for 

MOG-IgG 

titre 

analysis and 
80 

participants 

for serial 

MOG-IgG 

status 
analysis; 

unclear 

overlap NA NA 

36 

[45.0] NA 

30.5 (14-

320) 

Wu, et al., 

2023 101 
 

Total 9 29 (15–57) 

4 

[44.4] 2 [22.2] Brain (9) 9 (2-36) 

NA ≥1:10 

Referred CBA 

to Omeng 

Weiyi Medical 

Laboratory, 
Hangzhou, 

China 

The Affiliated 

Brain Hospital 

of Nanjing 

Medical 

University, 
Nanjing, 

China 

(i) Serum 

MOG-IgG 
titre 

(ii) CSF 

WCC 

(iii) CSF 

protein 
(iv) CSF 

OCB 

(i) Serum 

MOG-
IgG titre 

(ii) CSF 

WCC 

(iii) CSF 

protein 
(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 4 

23.5 (15-

29) 

1 

[25.0] 1 [25.0] Brain (4) 25 (13-36) 

Liu, et al., 

2024 102 
 

Total 15 

29.20 ± 

11.87* 

3 

[20.0] NA NA NA 

Fixed ≥1:10 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

Fujian 

Medical 

University, 

Fujian, China — 

(i) Serum 

prolactin  Low 

Qualitativ

e Included 15 

29.20 ± 

11.87* 

3 

[20.0] NA NA NA 

Zhou, et al., 
2022 103 

 

Total 19 6 ± 3*^ 

9 

[47.4] NA ON (2), ADEM (15), Other (2) NA 

NA NA NA 

Beijing 
Children’s 

Hospital, 

Capital 

Medical 

University, 
National 

Center for 

Children’s 

Health, 

Beijing, China — 

(i) Serum 

sTREM2 Low 

Qualitativ

e Included 19 6 ± 3*^ 

9 

[47.4] NA ON (2), ADEM (15), Other (2) NA 



 
63 

Zhou, et al., 

2022 104 
 

Total 30 

7.05 
(2.50–

12.75) 

17 

[56.7] 

30 

[100.0] 

NMOSD (10), MDEM (3), 
ADEM+ON (2), RON (2), 

Unclassified (13) 

45 (19.9-

105.9) 

Fixed ≥1:10 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

Beijing 

Children’s 
Hospital, 

Capital 

Medical 

University, 

National 
Center for 

Children’s 

Health, 

Beijing, China 

(i) Serum 

MOG-IgG 

titre — Low 

Quantitati

ve Included 30 

7.05 

(2.50–

12.75) 

17 

[56.7] 

30 

[100.0] 

NMOSD (10), MDEM (3), 

ADEM+ON (2), RON (2), 

Unclassified (13) 

45 (19.9-

105.9) 

Yang, et al., 
2024 105 

 

Total 6 

31.5 (29–

40)^ 

1 

[16.7] 2 [33.3] Brain (6) 

37.5 (6-

62) 

NA NA NA 

Tianjin 

Huanhu 

Hospital, 

Tianjin, 

People’s 
Republic of 

China 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(iii) CSF 

WCC 

(iv) CSF 

protein 
(v) CSF 

OCB 

(i) Serum 

MOG-
IgG titre 

(ii) CSF 

WCC 

(iii) CSF 

protein 
(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 2 

32 (30-

34)^ 

1 

[50.0] 0 [0] Brain (2) 47 (39-55) 

Wang, et al., 

2023 106 

 
Total 2 

1.75 (0.5-
3) 0 [0] 

2 
[100.0] Brain (2) 42 (36-48) 

Live NA NA 

Hebei 

Children’s 

Hospital, 

Shijiazhuang, 
China 

i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

protein 

(v) CSF 
OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

(iv) CSF 
OCB Low 

Quantitati
ve Included 2 

1.75 (0.5-
3) 0 [0] 

2 
[100.0] Brain (2) 42 (36-48) 

Roy, et al., 

2023 107 

 

Total 10 9 (1-58) 

6 

[60.0] 7 [70.0] 

ON (3), ADEM (3), ADEM+ON (3), 

ON+TM (1) 33 (16-98) 

Live ≥1:20 

Referred CBA 

at Mayo Clinic, 

USA 

Johns Hopkins 
University, 

Baltimore, 

MD, USA 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 
serum 

MOG-IgG 

status 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 10 9 (1-58) 

6 

[60.0] 7 [70.0] 

ON (3), ADEM (3), ADEM+ON (3), 

ON+TM (1) 33 (16-98) 

Lee, et al., 

2023 108 
 

Total 40 

32 (22.5–

44.5)$ 

11 

[27.5] 

16 

[40.0] 

ADEM (12), Brain (21), 

ADEM+Brain (5), ADEM+ON (2) 

29.5 

(18.5–
36.5)$; all 

≥12 

Live 

MFI 

≥2.60 

In-house CBA 

at Seoul 
National 

University 

Hospital, Seoul 

National 

University 
College of 

Medicine, 

Seoul National 

University 
Hospital, 

Seoul National 

University 

College of 

Medicine, 
Seoul, South 

Korea 

(i) Serum 

MOG-IgG 
titre 

(ii) Serial 

serum 

MOG-IgG 

status 
(iii) CSF 

WCC — Low 

Quantitati

ve Included 40 

32 (22.5–

44.5)$ 

11 

[27.5] 

16 

[40.0] 

ADEM (12), Brain (21), 

ADEM+Brain (5), ADEM+ON (2) 

29.5 

(18.5–
36.5)$; all 

≥12 



 
64 

Seoul, South 

Korea 

(iv) CSF 

protein 
(v) CSF 

OCB 

Xu, et al., 

2023 109 

 
Total 35 30 (15–73) 

22 
[62.9] 

14 
[40.0] Brainstem involvement (35) 38 (4–64) 

Live ≥1:10 

In-house CBA 

at Xuanwu 

Hospital 

Neuroimmunol
ogy Laboratory 

Xuanwu 

Hospital, 

Capital 

Medical 

University, 
Beijing, China 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
OCB Low 

Quantitati
ve Included 22 NA NA 

13 
[59.1] Brainstem involvement (22) 34 (13-58) 

Lin, et al., 

2023 110 

 

Total 31 

31.94 ± 

18.03* 

13 

[41.9] 

14 

[45.2] 

Overall phenotype not available; 

clinical symptoms at onset: ON (9), 

TM (9) ≥12 

Fixed ≥1:10 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

Affiliated 

Nanjing Brain 

Hospital, 

Nanjing 
Medical 

University, 

Nanjing, 

Jiangsu, China 

(i) 
Peripheral 

blood 

count index 

ratios  — Low 

Qualitativ

e Included 31 

31.94 ± 

18.03* 

13 

[41.9] 

14 

[45.2] 

Overall phenotype not available; 

clinical symptoms at onset: ON (9), 

TM (9) ≥12 

Horellou, et 

al., 2023 111 
 

Total 15 

(i) 

Monophas

ic: 6.8 ± 

3.8* 

(ii) 
Relapsing: 

5.8 ± 3.5* 

9 

[60.0] 8 [53.3] 

Overall phenotype not available; 
onset phenotype: ON (2), ADEM (5), 

Brain (4), NMOSD (4) 

(i)  
Monophas

ic:  4.5 ± 

2.7*& 

(ii)  

Relapsing:  
8.6 ± 

4.8*& 

Live ≥1:160 

In-house CBA 
at  Center for 

Immunology of 

Viral, Auto-

Immune, 

Hematological 
and Bacterial 

diseases 

(IMVA-

HB/IDMIT), 

Université 
Paris- Saclay, 

CEA, 

INSERM, Le 

Kremlin 
Bicêtre, France 

Center for 
Immunology 

of Viral, Auto-

Immune, 

Hematological 

and Bacterial 
diseases 

(IMVA-

HB/IDMIT), 

Université 

Paris- Saclay, 
CEA, 

INSERM, Le 

Kremlin 

Bicêtre, 
France — 

(i) Serum 
NfL Low 

Qualitativ

e and 

quantitati
ve Included 15 

(i) 

Monophas
ic: 6.8 ± 

3.8* 

(ii) 

Relapsing: 
5.8 ± 3.5* 

9 
[60.0] 8 [53.3] 

Overall phenotype not available; 

onset phenotype: ON (2), ADEM (5), 
Brain (4), NMOSD (4) 

(i)  

Monophas
ic:  4.5 ± 

2.7* 

(ii)  

Relapsing:  
8.6 ± 4.8* 

Hacohen, et 

al., 2014 112 

 

Total 7 12 (3-15) 

5 

[71.4] 2 [28.6] ADEM (2), ON (2), TM (1), MS (2) 12 

Live ≥1:20 

In-house CBA 

at University of 

Oxford, UK 

John Radcliffe 

Hospital, 
Oxford 

University 

Hospital, 

Oxford, UK 

(i) Serial 

serum 

MOG-IgG 

status 
(ii) CSF 

WCC 

(iii) CSF 

OCB — Low 

Quantitati

ve Included 4 6 (3-12) 

2 

[50.0] 0 [0] ADEM (2), ON (2) 12 

Salunkhe, et 

al., 2023 113 
 

Total 64 

(i) 
Encephalit

is group: 

14.5 

(11.75–

18)^ 
(ii) Non-

encephaliti

33 

[51.6] 

36 

[56.3] 

Encephalitis group: Brain (4), 

Brain+Brainstem/Cerebellar (2), 

Brain+ON (4), Brain+TM (3), 
Brain+ON+TM (3) 

Non-encephalitis group: NA NA Fixed NA NA 

All India 

Institute of 

Medical 
Sciences, New 

Delhi, India 

(i) CSF 

WCC 
(ii) CSF 

protein — 

Mediu

m 

Quantitati

ve 



 
65 

s group: 

28 (19.75–
42)^ 

Included 3 13 (11-15) 

1 

[33.3] 2 [66.7] Brain+ON (1), Brain+ON+TM (2) 36 (12-36) 

Huang, et al., 
2024 114 

 

Total 110 

(i) 

Paediatric 
onset: 6 

(3-13) 

(ii) Adult 

onset: 26.5 

(14-49) 
(iii) Late 

onset: 58 

(50-78) 

59 

[53.6] 

44 

[40.0] 

MS (12), NMOSD (24), ADEM (17), 

ON (28), TM (6), IIDDs (23) ≥12 

Fixed ≥1:10 NA 

The Third 

Affiliated 

Hospital of 

Sun Yat-sen 

University, 
Guangzhou, 

China 

(i) Serum 
homocystei

ne 

(i) Serum 
MOG-

IgG titre Low 

Qualitativ

e and 
quantitati

ve Included 

(i) 

Homocystei
ne level: 20 

(ii) MOG-

IgG titre: 

131 

samples; 
unclear 

participants NA NA NA NA ≥12 

Samadzadeh, 

et al., 2023 
115 
 

Total 22 

48.6  
(33.3-

56.5)$! 

8 

[36.3] NA 

Overall phenotype not available; 

Most recent attack phenotype prior to 
sampling: ON (7), TM (3), Brain (4), 

Unknown (8) NA 

Live NA 

In-house CBA 

at University of 

Southern 

Denmark, 

Odense, 
Denmark 

University of 

Southern 

Denmark, 

Odense, 
Denmark — 

(i) CSF 
MFAP4 Low 

Qualitativ
e Included 22 

48.6  

(33.3-
56.5)$! 

8 
[36.3] NA 

Overall phenotype not available; 

Most recent attack phenotype prior to 

sampling: ON (7), TM (3), Brain (4), 
Unknown (8) NA 

Liyanage, et 

al., 2024 39 

 
Total 202 

39.89 

(30.85–
51.24)$ 

121 
[59.9] 

137 
[67.8] 

uON (62), bON (31), ON NOS (2), 

uON+bON (24), ON+TM (23), TM 
(25), Brain (9), Mixed (26) 

48 (26.4-

86.4)$; all 
≥12 

Live 

MFI > 

mean + 3 

SD of 
control 

In-house CBA 

at Kids 

Neuroscience 
Centre, Kids 

Research at the 

Children’s 

Hospital at 

Westmead, 
Australia 

Kids 

Neuroscience 
Centre, Kids 

Research at 

the Children’s 

Hospital at 

Westmead, 
Australia 

(i) Serum 

MOG 

epitope 

recognition 
pattern — Low 

Qualitativ
e Included 202 

39.89 

(30.85–
51.24)$ 

121 
[59.9] 

137 
[67.8] 

uON (62), bON (31), ON NOS (2), 

uON+bON (24), ON+TM (23), TM 
(25), Brain (9), Mixed (26) 

48 (26.4-

86.4)$; all 
≥12 

Wang, et al., 

2023 116 

 

Total 11 20^q 

6 

[54.6] NA 

ON (1), TM (6), ON+TM (2), 

Brainstem (2) NA 

Fixed NA 

Commercially 
available 

Euroimmun, 

Lubeck, 

Germany 

The Sixth 

People’s 

Hospital, 

Shanghai Jiao 
Tong 

University, 

Shanghai, 

China — 

(i) Serum 

cytokines Low 

Qualitativ

e Included 11 20^q 

6 

[54.6] NA 

ON (1), TM (6), ON+TM (2), 

Brainstem (2) NA 

Yandamuri, 
et al., 2023 
117 25 

Number in 
Age 

Range: 0-9 

17 

[68.0] NA NA NA Live NA 

In-house CBA 
at Yale School 

of Medicine, 

Yale School of 
Medicine, 

New Haven, — 

(i) Serum 
MOG-

IgG Low 

Qualitativ

e 



 
66 

 

Total 

(1), 10-19 

(2), 20-29 
(5), 30-39 

(5), 40-49 

(3), 50-59 

(8), 

Unknown 
(1)^ 

New Haven, 

Connecticut, 
USA 

Connecticut, 

USA 

effector 

functions 
(CDC and 

ADCP) 

Included 25 

Number in 

Age 

Range: 0-9 

(1), 10-19 
(2), 20-29 

(5), 30-39 

(5), 40-49 

(3), 50-59 

(8), 
Unknown 

(1)^ 

17 

[68.0] NA NA NA 

Nguyen, et 

al., 2023 118 

 
Total 67 

(i) 9.99 ± 

4.15*r 

(ii) 6.06 ± 
3.56*r 

36 
[53.7] NA 

Overall phenotype not available; 

onset phenotype: ADEM (23), ON 
(27), TM (5), Other (12) 

(i) 45.09 ± 

41.05*r 

(ii) 73.12 
± 55.55*r 

Live NA 

Referred CBA 

at Mayo Clinic, 

USA and 

University of 

Oxford, 
Oxford, UK 

University of 

Texas 

Southwestern 

Medical 

Center, Dallas, 
TX, USA 

(i) Serum 
MOG-IgG 

titre 

(ii) Serial 

serum 

MOG-IgG 
status 

(i) Serum 

MOG-
IgG titre Low 

Quantitati
ve Included 10 7 (3-14)^ 

8 
[80.0] 5 [50.0] 

ADEM (3), ON (1), ADEM+Brain 

(1), ADEM+Brainstem/Cerebellar 

(2), ADEM+ON (1), 

Brainstem/Cerebellar+ON (1), 
ON+Other (1) 

57 (16-
192) 

Wendel, et 

al., 2022 119 

 

Total 19 5 (4-7)$ 

6 

[31.6] 0 [0] 

ADEM (14), ON (3), LETM (1), 

NMOSD (1) 

24 (24-

36)$ 

Live ≥1:160 

Referred CBA 

at Innsbruck 

Medical 

University, 
Innsbruck, 

Austria 

Olgahospital, 

Klinikum 

Stuttgart, 
Stuttgart, 

Germany — 

(i) Serum 

NfL Low 

Qualitativ

e and 
quantitati

ve Included 19 5 (4-7)$ 

6 

[31.6] 0 [0] 

ADEM (14), ON (3), LETM (1), 

NMOSD (1) 

24 (24-

36)$ 

Zhang, et al., 

2022 120 
 

Total 12 8 (6–14.5) 

3 

[37.5] 4 [33.3] 

Overall phenotype NA; onset 

phenotype: Brain/Brainstem (5), 
ON+TM (4), Brain/Brainstem+ON 

(3) 12 

Fixed NA NA 

Jinan Central 

Hospital, 
Cheeloo 

College of 

Medicine, 

Shandong 

University, 
Jinan, China 

(i) CSF 
OCB — Low 

Quantitati
ve Included 12 8 (6–14.5) 

3 
[37.5] 4 [33.3] 

Overall phenotype NA; onset 

phenotype: Brain/Brainstem (5), 

ON+TM (4), Brain/Brainstem+ON 
(3) 12 

Aubart, et 

al., 2022 121 

 

Total 3 4 (1-10) 

1 

[33.3] 0 [0] ADEM (2), ADEM+ON (1) 12-18e 

Fixed NA 

Commercially 

available 

Euroimmun, 

Lubeck, 
Germany 

University of 

Paris Cite, 
Paris, France 

(i) Serial 

serum 

MOG-IgG 

status 
(ii) CSF 

WCC 

(iii) CSF 

protein 

(iv) CSF 
OCB 

(i) CSF 

WCC 

(ii) CSF 

protein 

(iii) CSF 
OCB Low 

Quantitati
ve Included 3 4 (1-10) 

1 
[33.3] 0 [0] ADEM (2), ADEM+ON (1) 12-18e 



 
67 

Tzanetakos, 

et al., 2022 
122 

 

Total 11 37 (3-75)! 

8 

[72.7] 4 [36.4] 

uON (3), bON (3), Brainstem (1), 

NMO (1), Brain+uON (1), ADEM 

(1), TM (1) 18 (1-49) 

Live ≥1:20 

In-house CBA 

at Eginition 
Hospital, 

National and 

Kapodistrian 

University of 

Athens, Athens, 
Greece 

Eginition 

Hospital, 
National and 

Kapodistrian 

University of 

Athens, 

Athens, 
Greece 

(i) Serum 

MOG-IgG 

titre 

(ii) CSF 
OCB — 

Mediu
m 

Quantitati
ve Included 7 

56 (19-
75)! 

5 
[71.4] 3 [42.9] 

uON (3), bON (2), Brainstem (1), 
ADEM (1) 20 (13-49) 

Kim, et al., 

2022 123 

 

Total 6 

27.2 ± 

18.2*^ 

5 

[83.3] 3 [50.0] ON (6) 

25.2 (12-

48)% 

Live ≥2.5 

In-house CBA 

at Kyungpook 

National 
University, 

Daegu, Korea 

Kyungpook 

National 
University, 

Daegu, Korea 

(i) Serum 

LCN2 — Low 

Qualitativ

e Included 6 

27.2 ± 

18.2*^ 

5 

[83.3] 3 [50.0] ON (6) 

25.2 (12-

48)% 

Nguyen, et 

al., 2024 124 

 
Total 87 

8.3 (4.8-
12.2)$ 

44 
[50.6] 

27/61 
[44.3] 

Overall phenotype NA; onset 

phenotype: ADEM (32), ON (33), 
TM (6), Other (16) 

29.5 (8.7–

55.0)$ 
(85/87) 

Live 

and 

unkno

wn 

≥1:20 

(live) 

Referred CBA 

at Mayo Clinic, 
USA, 

University of 

Oxford, 

Oxford, UK, 

and unknown 

University of 
Texas 

Southwestern 

Medical 

Center, Dallas, 

TX, USA 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
WCC 

(iv) CSF 

protein 

(v) CSF 

OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
WCC 

(iii) CSF 

protein 

(iv) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 52 NA NA 

20 

[38.5] NA NA 

Fadda, et al., 

2022 125 

 

Total 12 

9.04 (6.50-

10.36)$ 

8 

[66.7] 7 [58.3] 

ON (4), TM (1), ON+TM (4), 

ADEM+TM (1), ADEM+ON+Other 

(1), Other (1) 

77.5 (12-

132) 

Live ≥1 

In-house CBA 

at Perelman 

School of 

Medicine, 

University of 
Pennsylvania, 

Philadelphia, 

USA 

Perelman 

School of 

Medicine, 

University of 
Pennsylvania, 

Philadelphia, 

USA 

(i) Serial 
serum 

MOG-IgG 

status 

(i) Serum 

MOG-

IgG titre Low 

Quantitati

ve Included 11 NA NA 7 [63.6] 

ON (3), TM (1), ON+TM (4), 

ADEM+TM (1), ADEM+ON+Other 

(1), Other (1) 

81 (12-

132) 

Vosoughi, et 
al., 2023 126 

 

Total 4 37 (18-45) 

2 

[50.0] 2 [50.0] uON (3), uON+TM+LETM (1) 

54 (12-

108) 

Live 
and 

fixed NA NA 

Max Rady 
College of 

Medicine, 

University of 

Manitoba, 

Winnipeg, 
Manitoba, 

Canada 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(i) Serum 
MOG-

IgG titre Low 

Quantitati

ve Included 4 37 (18-45) 

2 

[50.0] 2 [50.0] uON (3), uON+TM+LETM (1) 

54 (12-

108) 

Jiang, et al., 

2023 127 

 
Total 4 2.5 (2-5) 

2 
[50.0] 0 [0] Brain (1), ADEM (3) 

13.5 (11-
47) 

NA NA NA 

Hospital of 

Chongqing 

Medical 
University, 

National 

Clinical 

Research 

Center for 
Child Health 

and Disorders, 

(i) CSF 

WCC 

(ii) CSF 

protein 
(iii) CSF 

OCB 

(i) CSF 

WCC 

(ii) CSF 

protein 
(iii) CSF 

OCB 

Mediu

m 

Quantitati

ve Included 4 2.5 (2-5) 

2 

[50.0] 0 [0] Brain (1), ADEM (3) 

13.5 (11-

47) 
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Ministry of 

Education Key 
Laboratory of 

Child 

Development 

and Disorders, 

China 

Zeng, et al., 

2023 128 

 

Total 15 29 (4-65) 

7 

[46.7] 6 [40.0] 

ON (7), TM (1), Brain (2), Brainstem 

(1), Brain+Brainstem/Cerebellar (1), 

Brain+ON (1), 

Brain+Brainstem/Cerebellar+ON (1) 33 (24-64) 

Fixed ≥1:10 

Referred CBA 

at Guangzhou 

Jinyu Medical 

Laboratory, 

Guangzhou, 
China 

Liuzhou 

People’s 

Hospital, 

Liuzhou, 
China 

(i) Serum 

MOG-IgG 

titre 

(ii) Serial 

serum 
MOG-IgG 

status 

(iii) CSF 

WCC 

(iv) CSF 
protein 

(i) Serum 

MOG-
IgG titre 

Mediu
m 

Quantitati
ve Included 15 29 (4-65) 

7 
[46.7] 6 [40.0] 

ON (7), TM (1), Brain (2), Brainstem 

(1), Brain+Brainstem/Cerebellar (1), 

Brain+ON (1), 
Brain+Brainstem/Cerebellar+ON (1) 33 (24-64) 

Baek, et al., 

2023 129 

 

Total 39 37.4 ± 12* 

20 

[51.3] NA NA NA 

NA NA NA 

Sungkyunkwa

n University 

School of 

Medicine, 
Seoul, South 

Korea — 

(i)  

Peripheral 

blood 

count 
index 

ratios Low 

Qualitativ

e Included 39 37.4 ± 12* 

20 

[51.3] NA NA NA 

Singh, et al., 

2022 130 

 
Total 2 10 (5-15) 

2 
[100] 2 [100] uON+Brain (2) 

126 (36-
216) 

Live NA NA 

Texas Tech 

University 

Health 

Sciences 

Center, El 
Paso, USA 

(i) Serum 

MOG-IgG 

titre 
(ii) Serial 

serum 

MOG-IgG 

status 

(iii) CSF 
OCB 

(i) Serum 

MOG-

IgG titre 

(ii) CSF 
OCB Low 

Quantitati
ve Included 2 10 (5-15) 

2 
[100] 2 [100] uON+Brain (2) 

126 (36-
216) 

Wang, et al., 

2023 131 

 
Total 25 

27 (15-
35)$^ 

10 
[40.0] 8 [32.0] 

Overall phenotype NA; regions 

affected at NOS time: Brain (18), 

Brainstem (6), ON (4), ADEM (3), 
Cerebellar (2) 12 

Fixed NA 

Commercially 

available 

Euroimmun, 

Lubeck, 
Germany 

Qilu Hospital, 

Cheeloo 

College of 
Medicine, 

Shandong 

University, 

Jinan, 

Shandong, 
China 

(i) 
Peripheral 

blood 

count index 
ratios — Low 

Qualitativ
e Included 25 

27 (15-
35)$^ 

10 
[40.0] 8 [32.0] 

Overall phenotype NA; regions 

affected at NOS time: Brain (18), 

Brainstem (6), ON (4), ADEM (3), 
Cerebellar (2) 12 

Song, et al., 

2022 132 

 

Total 18 

9.5 (3-

13)^ 

12 

[66.7] 3 [16.7] 

Brain (13), Cerebellar (1), 

Brain+Brainstem (1), 

Brain+Cerebellar (2), 

Brain+Brainstem+Cerebellar (1) 17 (8-39) 

Fixed NA NA 

Children’s 

Hospital of 

Chongqing 

Medical 
University, 

National 

Clinical 

Research 

Center for 
Child Health 

and Disorders, 

(i) Serial 
serum 

MOG-IgG 

status 

(ii) CSF 

WCC 
(iii) CSF 

protein 

(i) CSF 

WCC 
(ii) CSF 

protein 

Mediu

m 

Quantitati

ve Included 17 9 (3-13)^ 

12 

[70.6] 3 [17.7] 

Brain (12), Cerebellar (1), 

Brain+Brainstem (1), 
Brain+Cerebellar (2), 

Brain+Brainstem+Cerebellar (1) 17 (13-39) 
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NA, not available. Phenotypes were directly reported as they appeared in the original manuscript 
$Median (IQR) 
%Mean (range) 

*Mean ± SD 

^Age not otherwise specified 
#Original study reports phenotypes for n=13; discrepancy with total participants n=12 
@Original study defines as “disease duration at last follow-up” 
!Age at sampling 
~Original study reported characteristic by following subgroups: (i) paediatric persistent MOG-IgG seropositivity, (ii) paediatric transient MOG-IgG seropositivity, (iii) adult persistent MOG-IgG seropositivity, and (iv) adult transient MOG-

IgG seropositivity 
aPhenotype partially available 
bOriginal study reported characteristic by following subgroups: (i) persistent MOG-IgG seropositivity and (ii) transient MOG-IgG seropositivity 
cOriginal study reported phenotypes for n=97; discrepancy with total participants n=84 
dOriginal study reported characteristic by following subgroups: (i) attack and (ii) remission 
eRange only 
fAll included participants had the same follow-up duration 
gOriginal study reported characteristic by following subgroups: (i) MOG-IgG titre 1:160-1:640 and (ii) MOG-IgG titre ≥1:1280 
hAge partially available 
iSex partially available 
jDisease course partially available 
kOnly age decade specified, therefore, estimated as mid-decade 
lOriginal study reported characteristic by following subgroups: (i) isolated recurrent ON (rON only) and (ii) recurrent ON with subsequent central nervous system demyelinating attack beyond the optic nerve (rON-plus) 
mFollow-up duration for participants with MOGAD, AQP4-IgG positive NMOSD, and double seronegative NMOSD 
nOriginal study reported characteristic by following subgroups: (i) paediatric monophasic, (ii) paediatric relapsing, (iii) adult monophasic, (iv) adult relapsing 
oOriginal study reported characteristic by following subgroups: lumbar puncture opening pressure (i) ≤28cm H2O and (ii) >28cm  H2O 
pUnclear if median (IQR) or median (range) from original study 
qMean only; no SD reported 
rOriginal study reported characteristic by following subgroups: (i) no subclinical disease activity on OCT and (ii) subclinical disease activity on OCT

Ministry of 

Education Key 
Laboratory of 

Child 

Development 

and Disorders, 

Chongqing 
Key 

Laboratory of 

Pediatrics, 

Chongqing, 

China 

Masuda, et 

al., 2023 133 

 

Total 18 

45 (26.25-

63.75)$! 

12 

[66.7] NA NA NA 

NA NA NA 

Graduate 

School of 

Medicine, 

Chiba 

University, 
Inohana, 

Chuo-Ku, 

Chiba-Shi, 

Japan — 

(i) Serum 

and CSF 

cytokines Low 

Qualitativ

e Included 18 

45 (26.25-

63.75)$! 

12 

[66.7] NA NA NA 
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Supplementary Table 5: Comparison of follow-up duration between included monophasic and relapsing 

participants as reported by 48 studies. Statistical significance assessed with Mann-Whitney U Test. 

Source 

Monophasic Relapsing 
Follow-up 

Data 

Format 

P-value Participants 

(n) 

Follow-up 

Duration, Median 

(range) (months) 

Participants 

(n) 

Follow-up 

Duration, Median 

(range) (months) 

Wendel, et al., 

2020 44 
6 31.5 (12-36) 3 36 (18-141) IPD 0.590 

Hyun, et al., 2017 
46 

4 39 (23-113) 15 65 (23-200) IPD 0.368 

Höftberger, et al., 

2015 47 
5 43 (18-127) 10 108 (17-415) IPD 0.371 

Horellou, et al., 

2021 48 
5 22.8 ± 26.4* 7 58.8 ± 26.4* AD 0.106 

Jarius, et al., 

2020 49 
42 21 (0-65)^ 38 63 (1-229)^ AD <0.0001 

Ikeda,et al., 2019 
51 

1 19& 3 46 (18-87) IPD 1 

Jurynczyk, et al., 

2017 53 
27 20 (12-131) 29 50 (12-438) IPD <0.0001 

Hino-Fukuyo, et 

al., 2019 54 
2 140 (68-212) 3 150 (87-322) IPD 0.800 

Serin, et al., 2021 
55 

5 25 (24-34) 4 41 (28-196) IPD 0.174 

Oliveira, et al., 

2019 57 
8 49 (34-77)$ 23 80 (38-105)$ AD 0.133 

de Mol, et al., 

2020 12 
12 23 (12-88) 8 41 (24-246) IPD 0.141 

Rostasy, et al., 

2012 60 
2 37.5 (35-40) 11 31 (19-74) IPD 0.923 

Han, et al., 2022 
64 

5 19 (12-54) 1 17& IPD 1 

Alshamrani, et 

al., 2020 68 
1 13& 4 126 (48-132) IPD 0.277 

Lui, et al., 2021 69 14 39 (15-150) 9 100 (18-300) IPD 0.034 

Hennes, et al., 

2017 8 
40 24# 25 24# AD — 

Tea, et al., 2019 
71 

8 31.5 (17-77) 8 34 (18-99) IPD 0.792 

Senanayake, et 

al., 2019 72 
4 12 (12-24) 13 84 (36-204) AD 0.010 

Wegener-Panzer, 

et al., 2020 73 
2 18 (12-24) 4 45 (24-48) IPD 0.153 

Baumann, et al., 

2015 76 
10 27.5 (14-81) 4 41.5 (30-67) IPD 0.357 

Armangue, et al., 

2020 79 
53 24 (12-24) 11 24# IPD 0.535 

Nakajima, et al., 

2015 80 
4 27.5 (15-53) 3 30 (22-52) IPD 1 

Mao, et al., 2019 
81 

10 13.5 (12-20) 10 30.5 (12-63) IPD 0.013 

Zhang, et al., 

2021 83 
25 33 (14-57) 6 42.5 (16-63) AD 0.339 

Huda, et al., 2021 
6 

34 35 (12-82) 41 107 (12-400) IPD <0.0001 

Nosadini, et al., 

2023 89 
33 29 (12-122) 18 51.5 (18-130) AD 0.032 

Yao, et al., 2022 
91 

3 17 (12-23) 1 20& IPD 1 

Nguyen, et al., 

2024 94 
3 52 (21-86) 2 132.5 (114-151) IPD 0.200 
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ZhangBao, et al., 

2023 95 
6 61 (60-66) 38 120 (66-326) IPD <0.001 

Wang, et al., 

2022 98 
1 16& 2 42 (12-72) IPD 1 

Wendel, et al., 

2022 99 
65 36 (24-60)$ 44 60 (36-84)$ AD 0.008 

Guzman, et al., 

2023 100 
1 12& 2 33 (30-36) IPD 0.667 

Gastaldi, et al., 

2022 10 
44 28.5 (14-142) 36 40 (14-320) IPD 0.003 

Wu, et al., 2023 
101 

3 24 (13-36) 1 26& IPD 1 

Roy, et al., 2023 
107 

3 34 (30-37) 7 32 (16-98) IPD 1 

Xu, et al., 2023 
109 

9 32 (13-48) 13 35 (13-58) IPD 0.547 

Horellou, et al., 

2023 111 
7 54 ± 32.4* 8 103.2 ± 57.6* AD 0.152 

Salunkhe, et al., 

2023 113 
1 36& 2 24 (12-36) IPD 1 

Liyanage, et al., 

2024 39 
65 33.5 (19.8-50.5)$ 137 64 (28.4-115.2)$ AD 0.003 

Nguyen, et al., 

2023 118 
5 48 (18-90) 5 66 (16-192) IPD 1 

Zhang, et al., 

2022 120 
8 12# 4 12# AD — 

Tzanetakos, et al., 

2022 122 
4 22.5 (19-33) 3 18 (18-49) IPD 0.629 

Nguyen, et al., 

2024 124 
34 35.8 (26.4-49.5)$ 27 71.9 (33.1-110.9)$ AD 0.017 

Fadda, et al., 

2022 125 
4 76.5 (38-90) 7 84 (12-132) IPD 0.649 

Vosoughi, et al., 

2023 126 
2 60 (12-108 months) 2 54 (36-72) IPD 1 

Zeng, et al., 2023 
128 

9 36 (24-48) 6 31.5 (26-64) IPD 0.814 

Wang, et al., 

2023 131 
17 12# 8 12# AD — 

Song, et al., 2022 
132 

14 17 (13-37) 3 35 (16-39) IPD 0.229 

*Mean ± SD 

^Original study defined as “disease duration at last follow-up” 
&Single participant follow-up duration 
$Median (IQR) 
#All included participants had the same follow-up duration 

IPD=individual participant data, AD=aggregate data 
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Supplementary Table 6: Investigating the association of serial serum MOG-IgG measurement at various 

sample collection intervals and relapsing disease course 

Based on ≥2 serum MOG-IgG results ≥3 months apart 

Predictor of 

Relapsing 

Disease Course 

Studies 

(n) 

Total 

Participants 

(n) 

Monophasic 

Participants 

(n) 

Relapsing 

Participants 

(n) 

OR (95% 

CI) of 

Relapsing 

Disease 

Course 

Univariable 

Random-

Effects Meta-

Analysis P-

value 

I2 Egger’s 

Test P-

value 

Serial Serum 

MOG-IgG Status 

 

 Transient 

seropositivity 

48 777 178 72 2.70 (1.82–

3.99) 

<0.0001 0% 0.2829 

 Persistent 

seropositivity 

245 282 

Based on ≥2 serum MOG-IgG results ≥6 months apart 

Predictor of 

Relapsing 

Disease Course 

Studies 

(n) 

Total 

Participants 

(n) 

Monophasic 

Participants 

(n) 

Relapsing 

Participants 

(n) 

OR (95% 

CI) of 

Relapsing 

Disease 

Course 

Univariable 

Random-

Effects Meta-

Analysis P-

value 

I2 Egger’s 

Test P-

value 

Serial Serum 

MOG-IgG Status 

 

 Transient 

seropositivity 

44 671 150 59 2.28 (1.51–

3.43) 

<0.0001 0% 0.2642 

 Persistent 

seropositivity 

211 251 

Based on ≥2 serum MOG-IgG results ≥12 months apart 

Predictor of 

Relapsing 

Disease Course 

Studies 

(n) 

Total 

Participants 

(n) 

Monophasic 

Participants 

(n) 

Relapsing 

Participants 

(n) 

OR (95% 

CI) of 

Relapsing 

Disease 

Course 

Univariable 

Random-

Effects Meta-

Analysis P-

value 

I2 Egger’s 

Test P-

value 

Serial Serum 

MOG-IgG Status 

 

 Transient 

seropositivity 

41 567 147 43 2.82 (1.79–

4.45) 

<0.0001 0% 0.8388 

 Persistent 

seropositivity 

169 208 
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Supplementary Table 7: Investigating the multivariable association of serial serum MOG-IgG measurement 

at various sample collection intervals and relapsing disease course alongside participant-level demographics. 
When persistent seropositivity is defined as ≥2 positive measurements ≥3 months apart 

Predictor of Relapsing Disease 

Course* 

Total 

Participants 

(n) 

Monophasic 

Participants (n) 

Relapsing 

Participants (n) 

OR (95% CI) of 

Relapsing Disease 

Course 

P 

value^ 

Serial MOG-

IgG status       

 

Transient 

seropositivity 32 23 9 1.00 (reference) 

0.0059  

Persistent 

seropositivity 96 18 78 14.56 (2.17-97.89) 

Sex       

 Male  59 25 34 1.00 (reference) 

0.9255  Female 69 16 53 1.07 (0.27-4.23) 

Age       

 Paediatric (<18) 77 27 50 1.00 (reference) 

0.7123  Adult (≥18) 51 14 37 1.51 (0.17-13.54) 

Phenotype       

 Brain/Brainstem 23 7 16 1.00 (reference) — 

 ADEM 26 18 8 0.05 (0.003-0.84) 0.0373 

 ON 20 8 12 0.99 (0.07-13.66) 0.9957 

 TM 5 3 2 0.20 (0.01-6.43) 0.3595 

 ADEM+ON 16 1 15 5.58 (0.15-205.13) 0.3497 

 ON+TM 10 2 8 6.67 (0.12-360.21) 0.3512 

 Mixed 28 2 26 

10.87 (0.61-

193.27) 0.1042 

^Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial 

heterogeneity (I2=76.93%). 

*Minimum subgroup sample size criterion (n ≥5); phenotype ‘Other’ was excluded due to insufficient participant numbers 

(n=3) 

When persistent seropositivity is defined as ≥2 positive measurements ≥6 months apart 

Predictor of Relapsing Disease 

Course* 

Total 

Participants 

(n) 

Monophasic 

Participants (n) 

Relapsing 

Participants (n) 

OR (95% CI) of 

Relapsing Disease 

Course 

P 

value^ 

Serial MOG-

IgG status       

 

Transient 

seropositivity 24 16 8 1.00 (reference) 0.1428 

 

Persistent 

seropositivity 86 17 69 5.09 (0.58–44.86)  

Sex       

 Male  50 20 30 1.00 (reference) 0.5194 

 Female 60 13 47 1.65 (0.36–7.60)  

Age       

 Paediatric (<18) 64 20 44 1.00 (reference) 0.7347 

 Adult (≥18) 46 13 33 1.61 (0.10–24.81)  

Phenotype       

 Brain/Brainstem 22 7 15 1.00 (reference) — 

 ADEM 19 12 7 0.06 (0.002–2.10) 0.1220 

 ON 16 6 10 1.89 (0.08–46.60) 0.6960 

 TM 5 3 2 0.24 (0.01–12.12) 0.4746 

 ADEM+ON 16 1 15 

10.45 (0.15–

726.97) 0.2783 

 ON+TM 10 2 8 8.36 (0.13–543.20) 0.3189 

 Mixed 22 2 20 8.64 (0.38–197.78) 0.1770 

^Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial 

heterogeneity (I2=94.1%). 

*Minimum subgroup sample size criterion (n ≥5); phenotype ‘Other’ was excluded due to insufficient participant numbers 

(n=2) 

When persistent seropositivity is defined as ≥2 positive measurements ≥12 months apart 
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Predictor of Relapsing Disease 

Course* 

Total 

Participants 

(n) 

Monophasic 

Participants (n) 

Relapsing 

Participants (n) 

OR (95% CI) of 

Relapsing Disease 

Course 

P 

value^ 

Serial MOG-

IgG status       

 

Transient 

seropositivity 21 13 8 1.00 (reference) 

0.1030  

Persistent 

seropositivity 75 15 60 5.79 (0.70–47.78) 

Sex       

 Male  46 18 28 1.00 (reference) 

0.7766  Female 50 10 40 1.26 (0.26–6.13) 

Age       

 Paediatric (<18) 53 16 37 1.00 (reference) 

0.9459  Adult (≥18) 43 12 31 1.09 (0.09–13.45) 

Phenotype       

 Brain/Brainstem 16 4 12 1.00 (reference) — 

 ADEM 16 11 5 0.04 (0.002–1.00) 0.0503 

 ON 14 2 18 1.70 (0.08–37.57) 0.7357 

 TM 5 5 9 0.20 (0.01–7.72) 0.3875 

 ADEM+ON 15 1 14 3.39 (0.08–146.58) 0.5250 

 ON+TM 10 2 8 5.28 (0.10–279.55) 0.4111 

 Mixed 20 3 2 4.32 (0.22–85.67) 0.3373 

^Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial 

heterogeneity (I2=82.9%). 

*Minimum subgroup sample size criterion (n ≥5); phenotype ‘Other’ was excluded due to insufficient participant numbers 

(n=2) 
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Supplementary Table 8: Random-effects meta-analysis of means to investigate serum GFAP and NfL 

biomarker levels during different disease activity 

Predictor Study 
Age 

Category 

Remission Attack 

Samples 

(n) 
Mean SD (±) 

Overall 

mean 

(95% CI) 

Samples 

(n) 
Mean SD (±) 

Overall 

mean 

(95% CI) 

GFAP 

Kim, et 

al., 2020 
19 

Adult 9 
75.33 

pg/mL 

20.17 

pg/mL 

97.78 

(75.60– 

119.97) 

pg/mL 

7^ 
89.71 

pg/mL 

21.65 

pg/mL 

176.75 

(64.99–

288.51) 

pg/mL 

Chang, et 

al., 2021 
20 

Combined 19 
158.42 

pg/mL 

232.22 

pg/mL 
23^ 

309.65 

pg/mL 

367.19 

pg/mL 

Hyun, et 

al., 2021 
21 

Adult 54 
107.07 

pg/mL 

47.14 

pg/mL 
17 

185.88 

pg/mL 

81.25 

pg/mL 

Aktas, et 

al., 2023 
34 

Adult 8 
107.14 

pg/mL 

42.71 

pg/mL 
— — — 

NfL 

Kim, et 

al., 2020 
19 

Adult 9 
11.11 

pg/mL 

4.99 

pg/mL 

17.25 

(10.12–

24.37) 

pg/mL 

7^ 
18.72 

pg/mL 

23.11 

pg/mL 

71.45 

(40.44–

103.46) 

pg/mL 

Chang, et 

al., 2021 
20 

Combined 19 
44.16 

pg/mL 

78.08 

pg/mL 
23^ 

68.26 

pg/mL 

84.83 

pg/mL 

Hyun, et 

al., 2021 
21 

Adult 55 
22.31 

pg/mL 

35.49 

pg/mL 
17 

164.76 

pg/mL 

154.12 

pg/mL 

Luo, et al., 

202122 
Combined 47 

13.00 

pg/mL 

11.71 

pg/mL 
22 

59.55 

pg/mL 

60.58 

pg/mL 

Aktas, et 

al., 2023 
34 

Adult 8 
30.29 

pg/mL 

27.91 

pg/mL 
— — — 

Horellou, 

et al., 

2023 111 

Paediatric — — — 15^ 
89.72 

pg/mL 

22.38 

pg/mL 

Wendel, et 

al., 2022 
119 

Paediatric — — — 19^ 
73.68 

pg/mL 

87.77 

pg/mL 
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Supplementary Table 9: Qualitative assessment of studies reporting novel biomarkers. 

Biomarker 
Sample 

Size (n) 
Study Specimen Key Findings 

Classification 

of Evidence* 

Properties of serum MOG-IgG 

MOG epitope binding 

pattern 

55 41 Serum 

• 0% (0/10) of individuals with non-P42 

MOG-IgG had a monophasic course 

compared to 18.3% (2/11) with P42 MOG-

IgG (p=0.476) 

• P42 MOG-IgG was associated with fewer 

total attacks during follow-up (median 2.0, 

IQR 1.8-3.5) compared to non-P42 MOG-IgG 

(median 2.5, IQR 2.0-5.0) (p=0.722) 

Class III 

202 39 Serum 

• Non-P42 MOG-IgG conferred significantly 

increased risk for relapsing course compared 

to P42 MOG-IgG (HR 1.7, 95% CI 1.15–

2.60) (p=0.009) 

• Among individuals with uON at onset, non-

P42 MOG-IgG conferred significantly 

increased risk of relapsing course compared 

to P42 MOG-IgG (HR 2.7, 95% CI 1.06– 

6.98) (p=0.038)  

• Epitope binding pattern was highly stable 

over time 

Class II 

Immune cells 

Complement-

dependent 

cytotoxicity (CDC) 

and antibody-

dependent cellular 

phagocytosis (ADCP) 

56 total; 

25 

MOGAD 

117 Serum 

• High-throughput assays assessed effector 

functions (complement activation (CA), 

CDC, ADCP, and antibody-dependent 

cellular cytotoxicity (ADCC)) of MOG-IgG 

from sera of individuals with MOGAD 

• Engagement of effector functions was 

bimodal; 67% (12.18) of serum samples 

induced CDC while 33% (6/18) did not  

• Magnitude of CDC and ADCP was 

significantly elevated closer to relapse 

(p=0.058 and p=0.011, respectively) 

• CDC and ADCP assays have potential to 

predict disease activity as well as individual 

response to complement inhibitor therapies 

Class III 

PBMCs 

29 total; 

12 

MOGAD 

48 Serum 

• PBMCs collected at onset were stimulated 

with rh-MOG 

• Th17-cells increased significantly in 

individuals with a monophasic course but not 

Class III 



 
77 

a relapsing course (p = 0.03 and p=0.25, 

respectively) 

• CD4+Foxp3+ Tregs increased significantly 

in individuals with a monophasic course but 

not a relapsing course (p = 0.046 and 

p=0.375, respectively) 

• CD45RA-Foxp3+ Tregs decreased 

significantly in individuals with a relapsing 

course but not with a monophasic course 

(p = 0.021; p-value for monophasic group 

not stated) 

96 total; 

26 

MOGAD 

59 Serum 

• Th17-cells were significantly increased in 

MOGAD, AQP4-IgG seropositive NMOSD, 

and MS compared to HCs at attack (p=0.001, 

p<0.001, and p=0.005, respectively) and 

remission (p=0.033, p=0.005, and p=0.004, 

respectively) 

• Th17/Treg ratios were significantly 

increased in MOGAD, AQP4-IgG 

seropositive NMOSD, and MS compared to 

HCs at attack (p=0.004, p<0.001, and 

p=0.006, respectively) and remission 

(p=0.019, p<0.001, and p=0.005, 

respectively) 

• Th17-cells were significantly increased in 

MOGAD, AQP4-IgG seropositive NMOSD, 

and MS at attack compared to remission 

(paired sample comparison) (p=0.015, 

p=0.012, and p=0.018, respectively) 

Class II 

41 total; 

17 

MOGAD 

63 Serum 

• Plasmablasts were significantly lower at 

attack in MOGAD compared to AQP4-IgG 

seropositive NMOSD (p < 0.05) 

• Transitional B-cells were significantly 

elevated at remission in MOGAD compared 

to HCs and AQP4-IgG seropositive NMOSD 

(all p<0.01) 

• MOGAD attack and remission B- and T-cell 

subsets were not explicitly compared 

Class II 

Peripheral blood 

count index ratios, 

including:  

156 total; 

17 

MOGAD 

78 Serum 

• NLR was significantly elevated at attack 

compared to remission in MOGAD 

(p<0.001) 

Class II 
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• Neutrophil 

percentage (N%) 

• Neutrophil-to-

lymphocyte ratio 

(NLR) 

• Platelet-to-

lymphocyte ratio 

(PLR) 

• Monocyte-to-

lymphocyte ratio 

(MLR) 

• Eosinophil-to-

lymphocyte ratio 

(ELR) 

• Systemic 

immune-

inflammation 

index (SII) 

• Systemic 

inflammation 

response index 

(SIRI) 

• NLR was significantly elevated at attack in 

MOGAD compared to MS (p<0.001) 

304 total; 

26 

MOGAD 

97 Serum 

• Total white blood cell count, neutrophil 

count, monocyte count, NLR, and MLR 

were all significantly elevated at attack 

compared to controls (p=0.0001, p<0.0001, 

p=0.0191, p=0.0002, and p=0.0320, 

respectively) 

Class II 

81 total; 

31 

MOGAD 

110 Serum 

• NLR, PLR, and MLR collected at onset were 

significantly elevated in MOGAD compared 

to HCs (all p<0.001) 

• NLR and PLR collected at onset were 

significantly elevated in MOGAD compared 

to MS (p<0.001 and p=0.001, respectively) 

• PLR was significantly positively associated 

with relapsing course in MOGAD 

(OR=1.016, 95% CI 1.001–1.031) (p=0.038) 

Class II 

39 129 Serum 

• NLR, PLR and N% were significantly 

elevated at attack compared to remission (all 

p<0.001) 

• ELR was significantly lower at attack 

compared to remission (p<0.001) 

Class II 

125 total; 

25 

MOGAD 

131 Serum 

• Onset MLR was significantly lower in 

individuals with relapsing MOGAD (median 

0.18, IQR 0.14-0.26) compared to 

monophasic MOGAD (median 0.29, IQR 

0.24-0.44) (p=0.013) 

• ROC analysis found that onset MLR 

predicted relapsing course with sensitivity 

and specificity of 75.0% and 88.2%, 

respectively 

• Onset MLR < 0.200 was significantly 

associated with relapsing course (p=0.005) 

• There were no statistically significant 

associations with NLR, PLR, SII, or SIRI 

and disease course 

Class II 

Immune molecules 

Complement 

210 total; 

109 

MOGAD 

75 Serum 

• Complement proteins C5a, SC5b9, Ba, and 

Bb were significantly elevated in MOGAD 

compared to paediatric controls (PCs), 

relapsing MS (RMS), anti-aquaporin-4 

antibody (AQP4-IgG) seropositive 

Class II 
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neuromyelitis optica spectrum disorder 

(NMOSD), and healthy donors (HDs) (all 

p≤0.0001) 

• Complement protein C3a was significantly 

elevated in MOGAD compared to PCs, 

RMS, and HDs (p≥0.0001, p≤0.001, and 

p≤0.0001, respectively) but not significantly 

different to AQP4-IgG NMOSD 

• Complement protein factor H was 

significantly elevated in MOGAD compared 

to RMS (p≤0.001) but not significantly 

different to PCs, AQP4-IgG seropositive 

NMOSD, or HDs 

• Within the MOGAD group, no difference in 

any complement protein levels at attack 

compared to remission nor individuals with 

monophasic compared to relapsing course 

Cytokines and 

chemokines 

93 total; 

21 

MOGAD 

43 Serum 

• IL-1β, IL-5, IL-6, IL-10, IL-12p70, IL-17A, 

tumour necrosis factor (TNF)-α, and 

interferon (IFN)-γ levels were measured in 

attack and remission samples  

• IL-1β (macrophage and dendritic cell-related 

cytokine) was significantly elevated in 

MOGAD compared to AQP4-IgG 

seropositive NMOSD (p<0.001) 

• IL-10 (regulatory T-cell-related cytokine) 

was significantly elevated in MOGAD 

compared to MS and other inflammatory 

demyelinating diseases (IDDs) (p=0.004 and 

p=0.002, respectively) 

• IL-12p70 (macrophage and dendritic cell-

related cytokine) was significantly elevated 

in MOGAD compared to AQP4-IgG 

seropositive NMOSD and IDDs (both 

p=0.003) 

• No significant difference between groups in 

levels of TNF-α, IFN-γ, IL-5, IL-6, and IL-

17A 

• Th1 dominance was more prominent in 

MOGAD compared to MS, but similar to 

AQP4-IgG seropositive NMOSD 

Class I 
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• IL-1β levels were significantly increased at 

attack compared to remission most markedly 

in MOGAD as well as AQP4-IgG 

seropositive NMOSD, and MS (all p<0.001) 

134 total; 

40 

MOGAD 

92 Serum 

• 65 cytokines, chemokines, and related 

molecules like growth factors and soluble 

receptors were measured in attack and 

remission samples 

• Both antibody-associated demyelinating 

diseases, MOGAD and AQP4-IgG 

seropositive NMOSD, had similar patterns of 

increased cytokines and chemokines 

compared to MS 

• IL-6 was significantly elevated in MOGAD 

compared to MS (p<0.001) but not 

significantly different to AQP4-IgG 

seropositive NMOSD, carrying implications 

for potential therapeutic IL-6 blockade 

• Within the MOGAD group, no significant 

differences in levels measured at attack 

compared to remission nor between 

individuals with monophasic compared to 

relapsing course 

Class III 

69 total; 

11 

MOGAD 

116 
Serum 

and CSF 

• IL-2, IL- 4, IL-6, IL-10, and IL-33 levels 

were measured at attack, pre- and post-

treatment with IV methylprednisolone; there 

were no remission samples for comparison 

• Pre-treatment, serum IL-2, IL-6, and IL-10 

were significantly increased in MOGAD 

compared to healthy controls (HCs) (p<0.01, 

p<0.05, and p<0.01, respectively), while IL-

4 and IL-33 were significantly decreased in 

MOGAD compared to HCs (both p<0.05) 

• Post-treatment, serum IL-6, IL-10, and IL-33 

were significantly increased in MOGAD 

compared to HCs (p<0.01, p<0.05, and 

p<0.05, respectively), while IL-2 and IL-4 

were significantly decreased in MOGAD 

compared to HCs (both p<0.05) 

• Pre-treatment, CSF cytokines were all 

significantly increased (IL-33 > IL-10 > IL-4 

Class III 
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> IL-2) in MOGAD (p<0.01, p<0.01, 

p<0.05, and p<0.05, respectively) and 

AQP4-IgG seropositive NMOSD (p<0.05, 

p<0.01, p<0.05, and p<0.05, respectively) 

compared to HCs, but more so in MOGAD 

• Metrics of BBB dysfunction (CSF QAlb, 

IgG index, and 24-h IgG synthesis rate) were 

all significantly elevated in MOGAD (all 

p<0.01) and AQP4-IgG seropositive 

NMOSD (p<0.05, p<0.01, and p<0.05, 

respectively) compared to HCs, but more so 

in MOGAD 

55 total; 

18 

MOGAD 

133 
Serum 

and CSF 

• Cytokines relevant to vascular remodelling 

were measured in samples obtained pre-

treatment and at attack or near attack 

(median 14 (range 1-81) days from attack to 

sampling); there were no remission samples 

for comparison 

• Serum hepatocyte growth factor (HGF) was 

significantly elevated in both MOGAD and 

AQP4-IgG seropositive NMOSD compared 

to HCs (p=0.0022 and p<0.001, respectively) 

• Serum fibroblast growth factor-2 (FGF-2) 

was significantly elevated in MOGAD 

compared to HCs (p=0.0070)  

• No significant difference in serum or CSF 

IL-6 between MOGAD and AQP4-IgG 

seropositive NMOSD; no HC measurement 

for comparison 

Class III 

Lipocalin-2 (LCN2) 
39 total; 6 

MOGAD 

123 Serum 

• LCN2 levels were significantly higher in 

MOG-IgG seropositive ON (mean 50.96 

ng/mL, SD not stated) at onset attack 

compared to MOG-IgG seronegative ON 

(mean 37.60 ng/mL) and HCs (30.86 ng/mL) 

(p=0.037) 

• LCN2 levels significantly positively 

correlated with MOG-IgG titres (r=0.553, 

p=0.0141) 

• ROC analysis found that LCN2 level of 36.2 

ng/mL predicted ON relapse with sensitivity 

and specificity of 62.5% and 81.8%, 

Class III 
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respectively; this was not statistically 

significant (p=0.133) 

sTREM2 

38 total; 

19 

MOGAD 

103 
Serum 

and CSF 

• sTREM2 levels were significantly elevated 

in serum and CSF of children with MOGAD 

compared to non-neuroinflammatory 

disorder controls (p=0.0012 and p<0.001, 

respectively); all samples were collected at 

attack 

Class III 

TNFAIP3 

68 total; 

24 

MOGAD 

62 Serum 

• TNFAIP3 levels were significantly reduced 

at attack compared to remission and HCs 

(p=0.04 and p=0.0001, respectively) 

Class II 

Neurological injury molecules 

GFAP 

49 total; 

16 

MOGAD 

19 Serum 

• No significant difference between 

GFAP levels in MOGAD at attack and 

remission 

Class I 

152 total; 

42 

MOGAD 

20 Serum 

• GFAP levels were significantly elevated 

in AQP4-IgG seropositive NMOSD 

(median 274.1, IQR 109.2-1680.6 

pg/mL) and MOGAD (median 136.7, 

IQR 97.8-220.1 pg/mL) compared to 

HCs (median 61.4, IQR 49.7-81.0 

pg/mL) (all p < 0.001) 

Class I 

41 total; 

15 

MOGAD 

21 Serum 
• GFAP levels were not significantly 

elevated at attack in MOGAD 
Class II 

225 total; 

7 

MOGAD 

34 Serum 

• GFAP levels were elevated (> 2 SDs from 

HD means) in 14% (1/7) of individuals with 

MOGAD at baseline 

• There was no significant attack-related 

pattern of GFAP in MOGAD 

Class I 

NfL 

49 total; 

16 

MOGAD 

19 Serum 
• No significant difference between NfL levels 

at attack and remission 
Class I 

152 total; 

42 

MOGAD 

20 Serum 

• NfL levels were significantly higher in 

AQP4-IgG seropositive NMOSD (median 

17.6, IQR 9.6–48.1 pg/mL), MOGAD 

(median 27.2, IQR 10.8–54.8 pg/mL), and 

RRMS (median 24.5, IQR 14.5–58.3 pg/mL) 

compared to HCs (median 7.4, IQR 5.6–9.4 

pg/mL) (all p<0.001) 

Class I 
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• NfL levels were significantly higher at attack 

(median 34.1, IQR 17.6–64.3 pg/mL) 

compared to remission (median 2.5, IQR 

9.1–48.4 pg/mL) in MOGAD (p=0.049) 

41 total; 

15 

MOGAD 

21 Serum 

• NfL levels were elevated in all (17/17) 

attack samples compared to 24% (14/59) 

of remission samples (p<0.0001) 

Class II 

120 total; 

49 

MOGAD 

22 Serum 

• NfL levels in adults were significantly higher 

at attack (median 31.0, IQR 15.8-

81.2 pg/mL) compared to remission (median 

8.1, IQR 5.7-14.4 pg/mL) and HCs (median 

10.3, IQR 8.1-13.3 pg/mL) (p=0.001 and 

p=0.004, respectively) 

• NfL levels in children were significantly 

higher at attack (median 46.8, IQR 5.8-

130.2 pg/mL) compared to remission 

(median 13.1, IQR 4.7-35.7 pg/mL) and HCs 

(median 8.2, IQR 6.4-11.3 pg/mL) (p=0.001 

and p=0.007, respectively) 

Class I 

36 total; 

18 

MOGAD 

65 Serum 

• NfL levels were increased at onset then 

stable or decreased with no significant 

elevation at subsequent attacks 

Class III 

76 total; 

38 

MOGAD 

67 Serum 

• NfL levels at onset were significantly higher 

in individuals with severe attacks (median 

15.3 pg/mL, range 4-101.5 pg/mL) compared 

to individuals with mild-to-moderate attacks 

(median 7.3 pg/mL, range 2.1–23.0 pg/mL) 

(p=0.002), independent of age and sex  

• NfL levels at onset did not significantly 

correlate with subsequent relapse rate 

Class II 

225 total; 

7 

MOGAD 

34 Serum 

• NfL levels were elevated (>2 SDs from HD 

means) in 43% (3/7) of individuals with 

MOGAD at baseline 

• There was no significant attack-related 

pattern of NFL in MOGAD 

Class I 

27 total; 

15 

MOGAD 

111 Serum 

• NfL levels were significantly elevated within 

3 months of onset in MOGAD (mean 89.72 

± 22.38 pg/mL) compared to HCs (mean 

12.47 ± 2.47 pg/mL) (p=0.0012) 

Class II 

164 total; 

19 

MOGAD 

119 Serum 

• NfL levels collected within 3 months of 

onset were significantly higher in children 

with MOGAD (median 56.7, range 4.1–

Class I 
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372.8 pg/mL), other ADS (median 26.5, 

range 1.5–2444.3 pg/mL), and MS (median 

39.1, range 4.2–474.7 pg/mL) compared to 

controls with other neurological diseases 

(median 7.5, range 3.0–31.8 pg/mL) (all 

p<0.001) 

Tau 

49 total; 

16 

MOGAD 

19 Serum 

• Tau levels were significantly higher at attack 

(median 0.5, IQR 0.4–0.5 pg/mL) compared 

to remission (median 0.2, IQR 0.1–0.3 

pg/mL) (p=0.027) 

Class I 

225 total; 

7 

MOGAD 

34 Serum 

• Tau levels were not elevated (> 2 SDs of HD 

means) at baseline in any individuals with 

MOGAD nor was any significant attack-

related pattern observed 

Class I 

Ubiquitin Carboxy-

terminal Hydrolase 

L1 (UCHL1) 

225 total; 

7 

MOGAD 

34 Serum 

• UCHL1 levels were not elevated (> 2 SDs of 

HD means) at baseline in any individuals 

with MOGAD nor was any significant 

attack-related pattern observed 

Class I 

Genetics 

HLA genotype 

576 total; 

95 

MOGAD 

66 Serum 

• Frequency of DQB1*05:02 allele was 

significantly higher at 18.95% in MOGAD 

compared to 10.71% in controls (OR=1.95, 

95% CI 1.25–3.0) (p=0.002) 

• Age subgroup analysis revealed a significant 

association for paediatric-onset MOGAD 

with DQB1*05:02 (OR=2.43, 95% CI 1.39–

4.11) (p=0.001) and DRB1*16:02 (OR=3.28, 

95% CI 1.55–6.25) (p=0.001) but no 

significant associations for adult-onset 

MOGAD 

• 80% (8/10) of paediatric-onset MOGAD 

carriers of the DQB1*05:02–DRB1*16:02 

haplotype had a relapsing course compared 

to 37% (15/41) of non-carriers (p=0.030) 

Class II 

Metabolic and endocrine molecules 

Homocysteine 20 114 Serum 

• Homocysteine was elevated at onset in 40% 

(8/20) of individuals with late-onset (≥ 50 

years) MOGAD; of those, 87.5% (7/8) had a 

monophasic course and 12.5% (1/8) had a 

relapsing course 

• Homocysteine was normal at onset in 60% 

(12/20) of individuals with late-onset 

Class III 
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MOGAD; of those, 50% (6/6) had a 

monophasic course and 50% (6/6) had a 

relapsing course 

• No findings reached statistical significance 

(p=0.158) 

Prolactin 

138 total; 

15 

MOGAD 

102 Serum 
• No significant difference between prolactin 

levels in MOGAD at attack and remission 
Class II 

Thiol 
85 total; 8 

MOGAD 

58 Serum 

• Total thiol and native thiol levels were 

significantly lower in samples collected at 

attack compared to remission in a combined 

cohort of MOGAD, AQP4-IgG seropositive 

NMOSD, and MS 

Class III 

Thyroid function 

profile 

261 total; 

26 

MOGAD 

93 Serum 

• FT4 levels were significantly higher in 

relapsing MOGAD (mean 16.46 ± 3.14 pM) 

compared to monophasic MOGAD (mean 

13.68 ± 1.46 pM) (p=0.03) 

• ROC analysis found that FT4 level 15.125 

pM predicted relapsing disease course with 

sensitivity and specificity of 72.7% and 

87.5%, respectively 

Class III 

Extracellular matrix molecules 

MFAP4 

152 total; 

22 

MOGAD 

115 CSF 
MFAP4 levels were significantly reduced at 

attack compared to remission (p=0.001) 
Class II 

*Classification of evidence was assessed using the American Academy of Neurology (AAN) Criteria for Rating Diagnostic 

Accuracy Studies. 
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Chapter 3 | Discussion and Concluding Remarks 

This concluding chapter synthesises our key findings and their implications for clinical 

practice. The strengths and limitations of this project are considered. Finally, we highlight 

future directions and propose a series of relevant recommendations for this undertaking.  
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Summary of Key Findings 

MOGAD is an inflammatory autoantibody-mediated demyelinating pathology of the CNS. 

Two key differential diagnoses of MOGAD include NMOSD – a primary autoantibody-

mediated astrocytopathy with subsequent demyelination –  and MS – an inflammatory 

demyelinating condition with lesions composed of activated macrophages and microglia and 

CD8 + T-cells, with fewer CD4 + T-cells and B-cells 1-3. MOGAD follows either a monophasic 

or relapsing disease course, with relapse reported to affect 72% of individuals when follow-up 

is extended beyond 5-years 4. The morbidity burden associated with MOGAD is significant; it 

has been reported that the median EDSS at recovery following later episodes was higher than 

the median EDSS at recovery following earlier episodes, which suggests that neurological 

disability accumulates with relapse 5. Relapse prediction in MOGAD is an integral yet elusive 

goal that has the potential to guide early immunosuppressive therapies and limit the accrual of 

disability in relapsing individuals while simultaneously ensuring monophasic individuals are 

not unnecessarily exposed to long-term immunosuppression. To date, numerous clinical factors 

have been assessed for disease course prediction. Male sex, TM onset attack phenotype, and 

corticosteroid wean ≥1-month duration have all been associated with a reduced risk of relapse 

6. There is mixed evidence regarding age at onset and relapse risk, with one group reporting 

that age at onset >16 years was associated with reduced risk of relapse 6, while another group 

found that young adult age at onset (>18-40 years) was associated with increased risk of relapse 

compared with older adult age at onset (>40-years)7. Rapid corticosteroid taper and 

corticosteroid withdrawal have been shown to confer increased risk of relapse 5, 8, 9. Laboratory 

biomarkers capable of predicting relapse offer another attractive solution to this conundrum of 

disease course prediction. Primary studies in the field of MOGAD have been consistently 

challenged by limited sample sizes due to the incidence rarity of this disease – estimated at 1.6-

3.4 per 1,000,000 person-years 10, 11. We conducted a systematic review and meta-analysis to 

investigate the capability of laboratory biomarkers to predict disease course, as well as 

differentiate remission compared to attack disease activity, while addressing the common 

constraint in this research field of underpowered statistical analyses.  

We were able to quantitatively analyse at least 1710 individuals from a total of 106 included 

studies; however, 6 studies specified sample numbers not participant numbers for part or all of 

their dataset. Firstly, we examined biomarkers for capability to predict relapsing course. Most 

pertinently, we demonstrated that persistent seropositivity (≥2 positive serum MOG-IgG 

measurements collected ≥3 months apart) was significantly associated with relapsing course. 
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This relationship remained statistically significant when individual-level covariables (age, sex, 

and phenotype) were examined in multivariable analysis and when sample collection interval 

was lengthened to ≥6 and ≥12 months apart. Multivariable analysis also highlighted the 

significant association of ADEM phenotype with monophasic course.  

These findings prompted us to further examine longitudinal serum MOG-IgG trends. We found 

that individuals with a relapsing course seroreverted to MOG-IgG negative status significantly 

later than monophasic individuals. Furthermore, relapsing course and female sex were 

associated with an overall significantly reduced likelihood of seroreverting to MOG-IgG 

negative status. In contrast, ADEM phenotype was significantly associated with an increased 

likelihood of reverting to MOG-IgG negative status, which is in line with the earlier association 

between ADEM phenotype and monophasic course. 

Next, we examined biomarkers for capability to differentiate between remission and attack in 

individuals with known diagnosis of MOGAD. Our primary findings were twofold. Firstly, 

serum MOG-IgG titre – semi-quantitatively categorised as negative, low positive, or clear 

positive as per the latest international MOGAD diagnostic criteria 12 – effectively discriminated 

between remission and attack. Both low positive and clear positive titres were significantly 

associated with attack, with clear positive titre demonstrating a more pronounced association 

than low positive titre. Negative titre was significantly associated with remission disease state. 

Secondly, CSF leukocytosis (≥5 cells/L), compared to a normal WCC, was significantly 

associated with attack. It remains to be seen whether serum GFAP and NfL have a role in 

disease activity monitoring in MOGAD as our meta-analysis was limited by considerable 

heterogeneity with regards to these more novel candidate biomarkers. 

Biomarkers collected at disease onset or in the first collected biospecimen that correlate with 

disease course offer valuable guidance for overall relapse risk stratification and therapeutic 

decisions regarding chronic immunosuppression; however, an important caveat is that these 

biomarkers do not necessarily inform timing of relapses. In comparison, biomarkers collected 

throughout disease that associate with nearby disease activity offer complementary value for 

prediction of relapse timing and the necessity of prompt acute immunosuppression. 

Currently, serum MOG-IgG itself is the strongest biomarker of MOGAD disease course and 

activity. Nonetheless, it is a blunt tool with the following key limitations: (i) determining 

persistent seropositivity requires serial serum MOG-IgG measurement, which confers an 

inherit delay for this to assist with relapse risk stratification, (ii) the range of titres within the 
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clear positive category is extremely broad, (iii) further reference data to characterise additional 

thresholds appropriately sensitive and specific for prediction of attack or remission are 

currently lacking, (iv) longitudinal sampling has revealed that titres may fluctuate 

independently of attacks 13, and (v) international standardization of all CBAs is required. 

 

Implications for Clinical Practice 

The findings of this study have clear and significant clinical implications. In Chapter 2, we 

were able to propose the following recommendations for clinicians: (i) serial measurement of 

serum MOG-IgG at 3-6 month intervals in the 12 months following disease onset may be 

considered to stratify risk of relapsing disease course; however, increased burden of sample 

collection and cost are important caveats, (ii) measurement of serum MOG-IgG titre may be 

diagnostically useful in settings of clinical uncertainty whereby an individual, who has an 

existing diagnosis of MOGAD, has symptoms that are not clearly attributable to a relapse of 

MOGAD, and (iii) balancing the risk of lumbar puncture procedure, the presence of CSF 

leukocytosis may be a useful auxiliary finding to diagnose MOGAD attack after CNS infection 

has been effectively ruled out. Our systematic review with meta-analysis was the first of its 

kind to examine biomarkers of disease course and activity in MOGAD and, thus, these 

recommendations reflect the highest quality evidence available and may be readily adopted 

into clinical practice.  

Nonetheless, there are important limitations to our work that must be discussed. First and 

foremost, treatment status at time of sample collection could not be accounted for due to limited 

reporting in the primary literature. Unfortunately, this methodological decision does not reflect 

the real-world context. We hypothesise that immunosuppressants acting via mechanisms of B- 

and T-cell depletion would likely reduce serum MOG-IgG titre and promote seroreversion to 

negative status. Omission of treatment status at time of sample collection may have 

underestimated serum MOG-IgG titres as well as the longitudinal trends of serial MOG-IgG 

measurements. Secondly, there was substantial between-study methodological diversity 

including sample size, geographic location, sample collection timing, and treatment status, 

which contributed to considerable heterogeneity in several of our analyses. We hypothesise 

that the extent of between-study methodological diversity observed was, in part, a contextual 

product of the fact that MOGAD is a relatively newly defined clinical entity and this field of 

research is rapidly expanding. The first consensus international diagnostic criteria for MOGAD 
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only recently became available in 2023 12. These guidelines were instrumental in unifying the 

current scientific and clinical understanding of MOGAD. 

 

Future Directions and Recommendations 

Our work highlights compelling areas for future research. As aforementioned, given the low 

frequency of MOGAD, we anticipate international multicentre collaboration as well as meta-

analysis to be core pillars underpinning this field of research. We have recommended key 

definitions for disease course, disease activity, and sample collection timing in the 

Supplementary Material of Chapter 2, with the goal of improving consistency of reporting and 

reducing the impact of between-study heterogeneity in future meta-analyses. Moreover, we 

encourage the reporting of individual participant data where possible to increase the number of 

studies eligible for inclusion in future meta-analyses. A significant number of potentially 

eligible studies were excluded from our meta-analysis because data was reported solely in 

aggregate format and unable to be extracted.  

Further characterisation of serum MOG-IgG titre thresholds, for example, ‘negative’, ‘low 

positive’, ‘moderate clear positive’, ‘high clear positive’, and ‘very high clear positive’, to 

increase granularity of this biomarker has the potential to improve its clinical usefulness for 

disease state discrimination. Importantly, such reference thresholds would need to be 

established for each CBA available globally.  

Finally, our findings may be extended to generate a tool capable of algorithmically 

incorporating individual-level clinical and laboratory parameters to estimate risk of relapse and 

guide personalised treatment recommendations. This would complement a recently proposed 

predictive risk score 14.  

 

Concluding Remarks 

This work contributes significantly to the landscape of relapse prediction in MOGAD. We 

demonstrated that relapsing disease course was significantly associated with persistent 

seropositivity, lower likelihood of seroreversion to MOG-IgG negative status, and delayed 

seroreversion compared to monophasic individuals. Moreover, serum MOG-IgG titre and CSF 

WCC effectively discriminated between remission and attack. The common constraint of 
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limited sample sizes due to rarity of MOGAD incidence was addressed with meta-analysis, 

which ultimately enabled the proposal of several clinical recommendations with the highest 

quality evidence available. Additionally, these findings established a framework of key 

definitions for future studies to adopt, with the goal of improving reporting consistency. 
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