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eMethods 

Study participants 

We cross-sectionally screened sera from 305 adult patients with medical records reporting 

suspected (isolated optic neuritis/transverse myelitis [ON/TM], acute disseminated 

encephalomyelitis [ADEM], clinically isolated syndrome [CIS], or radiologically isolated 

syndrome [RIS]), or confirmed multiple sclerosis (MS)11, myelin oligodendrocyte glycoprotein 

(MOG) antibody-associated disease (MOGAD)8, or neuromyelitis optica spectrum disorder 

(NMOSD)6 assessed at the University Hospital of Basel between September 2012 and April 

2022. Additionally, sera from 39 healthy controls (HC) were screened. 

Findings of the discovery cohort prompted us to procure additional 1039 cross-sectional 

samples from other independent cohorts (confirmation cohort): n=698, Swiss MS Cohort Study 

(center Basel), Switzerland16; n=187, Hospital das Clínicas HCFMUSP, São Paulo, Brazil; 

n=76, Charité-Universitätsmedizin Berlin, Germany; n=39, St. Josef-Hospital, Ruhr University 

Bochum, Germany; n=39, Heinrich Heine University Düsseldorf, Germany. In addition, 71 HC 

from two centers were recruited as part of the confirmation cohort. Longitudinal samples were 

measured when available for MOG-Ig seropositive patients (n=48) and MOG-Ig seronegative 

patients (n=42). A median of 3 (range 2-17) samples were tested per patient over a median of 

28.7 (range 0.2-116.4) months. Patients with co-existing AQP4-IgG and MOG-IgG/-M/-A 

antibodies (n=5/1344) had AQP4-IgG remeasured by an independent laboratory (Laboratory 

Krone, Bad Salzuflen, Germany) to confirm its positivity and, upon confirmation, were 

excluded from all analyses to prevent analytic confounding between MOG-Ig isotypes and 

clinical features, as data suggests that patients with coexisting AQP4-IgG and MOG-IgG 

manifest with a clinical course consistent with AQP4-IgG seropositive NMOSD17. 

 

Clinical and laboratory data 

Available clinical data and diagnostic AQP4-antibody results were retrieved from hospital 

records, research databases, or electronic surveys. Clinical manifestations (brainstem 
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syndrome, encephalopathy, ON, myelitis) were described as topographic syndromes 

consisting of signs and symptoms confirmed by magnetic resonance imaging (MRI), retinal 

optical coherence tomography (OCT), or electrophysiological findings presented during 

attacks. Clinical phenotypes were categorized into MS (fulfillment of McDonald 2017 criteria 

for diagnosis of MS11), NMOSD (fulfillment of 2015 international consensus diagnostic criteria 

for diagnosis of NMOSD6), and other demyelinating diseases (patients not categorized as MS 

or NMOSD). Missing data is referred to as non-available (eTable 1). Vaccination and infection 

history was obtained via electronic survey and medical record/laboratory data review when 

available (n=30). EQUATOR (STROBE) reporting guidelines were followed. 

 

Imaging data 

Analysis of clinically available magnetic resonance images (MRI) was performed by 

consensus by three raters (A.C., R.C., N.S.) blinded to the clinical and serological data. Brain 

T2-hyperintense lesions were classified as periventricular, juxtacortical, deep white matter, 

deep gray matter, brainstem, and cerebellar18. Cortical lesions were identified on 

magnetization-prepared rapid gradient-echo (MPRAGE) images and categorized as either 

intracortical or leukocortical. The number, location, and longitudinal extension of spinal cord 

lesions were assessed on sagittal and axial T2-turbo spin echo (T2-TSE) images.  

All OCTs were performed on Heidelberg Engineering Spectralis devices (Heidelberg, 

Germany). We report the OCT-acquisition settings and scanning according to a previously 

described protocol19. All images underwent the quality assessment according to the OSCAR-

IB criteria20. The peripapillary retinal nerve fiber layer (pRNFL) was measured using 3.5-mm 

ring scans around the optic nerve head (12°, 1536 A-scans, 9≤ ART ≤100). The mean 

thickness was used in the analysis. Ring scans of three centers were measured with the 

“standard” Spectralis protocol, but two centers provided measurements using an anatomic 

positioning system (APS-RNFL). For the latter, we used the mean pRNFL thickness of the 3.4 

mm ring. Due to the overall small number of eyes with MOG-IgA, we analyzed all ring scans 
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(standard and APS) together. The volume of macular layers was provided from volume scans 

(25° x 30°, 61 vertical B-scans, 768 A-scans per B-scan, 11 ≤ ART ≤22). After an initial 

automated segmentation of all retinal layers using the software provided by Heidelberg 

Engineering (Eye Explorer 1.9.13.0), segmentation results were checked and corrected when 

needed by one experienced rater (NCF). The final segmentation was approved by a second 

experienced rater (AP). For the analysis, the volume of the inner nuclear layer (INL) and the 

combined GCIPL volume (composite of ganglion cell layer, GCL and inner plexiform layer, 

IPL, volumes) was used, in the 3 mm-diameter cylinder of the 1,2,3 mm ring adjacent to the 

fovea. Of 61 patients with isolated MOG-IgA or MOG-IgG for whom the OCT was available, 3 

patients (2 eyes per patient) were excluded (n=1, unclear history of optic neuritis; n=2, 

incidental findings). Additionally, 7 eyes (one per patient) were excluded (n=2, incidental 

findings; n=5 eyes, unavailable OCT). We included 109 eyes from 58 patients in the analysis, 

of which 36 maculas were excluded (n=34, different protocols; n=2, incidental findings). Thus, 

a total of 109 ring scans (n= 17 for MOG-IgA and n= 92 for MOG-IgG) and 73 macular volume 

scans (n= 13 for MOG-IgA and n= 60 for MOG-IgG) were included in the analysis. The time 

between scans and ON was the same between the compared groups (isolated MOG-IgA, 

median of 20 months; MOG-IgG, median of 58 months; p=0.16). 

 

Live cell-based MOG assay 

The human rhabdomyosarcoma cell line TE 671 stably transfected with the pRSV neo plasmid 

containing the full-length sequence of human MOG (247 amino acids, MOG cell line) or the 

empty vector (control cell line) was used to perform the live cell-based assay as previously 

described3,5. Humanized monoclonal 8-18C5 (h8-18C5)21 of IgG or IgA isotypes were included 

as positive controls. Secondary antibodies (all Jackson ImmunoResearch) against human IgA 

(α chain specific, 1:400, 109-605-011), IgG (Fcγ fragment specific, 1:800, 109-116-098), and 

IgM (Fc5μ fragment specific, 1:400, 109-545-129) were used to detect surface bound MOG-

specific antibodies. MOG-IgA positive sera were repeated at 1:20 and 1:100 dilutions to 

confirm assay specificity. 
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Statistical analysis 

Following the current clinical gold standard of diagnosing MOGAD based on positive MOG-

IgG regardless of co-existing -IgM and/or -IgA, the main comparator that we used in the 

manuscript was isolated MOG-IgA (MOG-IgAIsolated) versus MOG-IgG regardless of co-existing 

-IgM and/or -IgA (MOG-IgG±IgA/M) unless otherwise stated. For the unadjusted comparison of 

clinical, oligoclonal bands (OCBs), and MRI data between different antibody groups, we used 

χ2 and Fisher exact tests for categorical variables. For continuous variables, we used unpaired 

t tests. The significance cut-off was set at p<0.05. P values were designated as follows: 

*p≤0.05, **p≤0.01, ***p≤0.001, and ****p≤0.0001. For OCT analyses, we performed linear 

mixed models (LMM) at eye level with correction for age and sex (fixed effects) to account for 

intra-subject, inter-eye dependencies. We performed subgroup analysis according to the 

history of ON corrected for number of episodes.  
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eFigure 1: Serum and CSF (cerebrospinal fluid) myelin oligodendrocyte glycoprotein 

(MOG) immunoglobulin (Ig) levels. Individual patients’ measurements plotted as (average) 

geometric mean fluorescence intensity (geometric MFI) ratio of up to 4 individual experiments 

for MOG-IgG, -IgA and -IgM. A) Serum of patients of the discovery cohort. B) Serum of 

patients of the confirmation cohort. C) Serum of patients of pooled cohorts. D) Serum of 

healthy controls. E) Serum of isolated MOG-IgA seropositive patients (n=18) measured at a 

serum dilution of 1:100. F) Serum of isolated MOG-IgA seropositive patients (n=18) measured 
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at a dilution of 1:20. G) CSF from available MOG-Ig seropositive patients (n=9) measured at 

a 1:5 dilution. Triangle indicates MOG-Ig levels from one MOG-IgG seropositive patient with 

positive MOG-IgG, -IgM, and -IgA levels in CSF. H) CSF from available patients seronegative 

for any MOG-Ig measured at a 1:5 CSF dilution.  
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eFigure 2: Disease manifestations in MOG-Ig isotype subgroups. Disease manifestations 

in patients with MOG-IgAIsolated (red), MOG-IgG±IgA/M (MOG-IgG regardless of coexisting MOG-

IgA/M serostatus, blue), MOG-IgGIsolated (light blue), MOG-IgG+IgA (double-positive MOG-

IgG/A, light blue-red checkered), MOG-IgG+IgM (double-positive MOG-IgG/M, light blue-gray 

checkered) and MOG-IgMIsolated (gray). Fisher’s exact test, *p<0.05. 
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eFigure 3: Optical coherence tomography (OCT) stratified by optic neuritis (ON). A) 

Mean peripapillary retinal nerve fiber layer (pRNFL) thickness for MOG-IgAIsolated and MOG-

IgG±IgA/M patients. B) Mean ganglion cell-inner plexiform layer (GCIPL) volume for MOG-

IgAIsolated and MOG-IgG±IgA/M patients. Each data point represents one eye, three out of four 

isolated MOG-IgA patients included in the analysis had bilateral ON.  
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eFigure 4: Brain and spinal magnetic resonance imaging (MRI). A) Topography of brain 

T2-hyperintense lesions in MOG-IgG and -IgA seropositive patients. Fisher’s exact test, 

*p<0.05. B) Image gallery of all available MOG-IgA brain and spine MRIs. Running diagnoses 

per patient; Patient 1: RRMS, Patient 2: RRMS, Patient 3: Atypical demyelinating syndrome, 
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Patient 5, Seronegative NMOSD and diffuse cerebral B cell lymphoma; Patient 7: Atypical 

demyelinating syndrome, Patient 8: RRMS, Patient 10: ADEM, Patient 12: RRMS, Patient 13: 

RRMS; Patient 14: RRMS, Patient 16, PPMS; Patient 17, PPMS; Patient 18, RRMS. 

ADEM=acute demyelinating encephalomyelitis, RRMS=relapsing-remitting multiple sclerosis 

(MS), PPMS=primary progressive MS, OCBs=oligoclonal bands, IVMP=Intravenous 

methylprednisolone.  



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

 

 

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 2
MOG-IgG

MOG-IgA

MOG-IgM

G
eo

m
e

tr
ic

M
F

Ir
a

tio

Months

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 6

M
O

G
-I

g
A

ls
o

la
te

d
M

O
G

-I
g

G
ls

o
la

te
d

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 12

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 16

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 19

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 22

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 3

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 7

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 13

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 17

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 20

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200

Patient 23

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 5

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 8

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 14

0 2 4 6 8 10 10 30 50 70 90 110 130
0

1

2

3

4

5

6

7

8

9

10

50

100

150

200 Patient 18

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 21

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 24



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

 

 

M
O

G
-I

g
G

ls
o

la
te

d

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200

Patient 25

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 28

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 31

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 34

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 37

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 40

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200

Patient 26

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 29

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 32

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 35

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 38

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 41

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200

Patient 27

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 30

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 33

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 36

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 39

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 42



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

 

M
O

G
-I

g
G

Is
o

la
te

d

M
O

G
-I

g
G

+
Ig

A

M
O

G
-I

g
G

+
Ig

A

M
O

G
-I

g
G

+
Ig

A
M

O
G

-I
g

S
e

ro
n

e
g

a
ti

ve
M

O
G

-I
g

G
Is

o
la

te
d

M
O

G
-I

g
G

Is
o

la
te

d

M
O

G
-I

g
G

Is
o

la
te

d
M

O
G

-I
g

G
+

Ig
M

M
O

G
-I

g
G

+
Ig

M

M
O

G
-I

g
G

+
Ig

M

M
O

G
-I

g
M

Is
o

la
te

d

M
O

G
-I

g
A

+
Ig

M

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 43

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 46

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 49

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 52

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 55

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 58

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 44

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 50

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 53

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 56

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 59

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 45

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 51

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 54

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 57

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 60

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 61

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 62



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

 

M
O

G
-I

g
S

e
ro

n
e

g
a

ti
ve

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 64

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 67

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 70

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 73

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 76

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 65

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 68

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 71

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 74

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 77

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 63

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 66

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 69

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 72

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 75

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 78

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 79

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 80



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

 

M
O

G
-I

g
S

e
ro

n
e

g
at

iv
e

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 82

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 85

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 88

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 91

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 94

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 83

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 86

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 89

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 92

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 95

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 81

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 84

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 87

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 90

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 93

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 96

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200
Patient 97

0 2 4 6 8 10
0

1

2

3

4

5

6

7

8

9

10

10 30 50 70 90 110 130

50

100

150

200 Patient 98



© 2023 Ayroza Galvão Ribeiro Gomes AB et al. JAMA Neurology. 

eFigure 5: Longitudinal MOG-Ig serolevels. Longitudinally plotted serum levels of MOG-

IgA, -IgG, and -IgM for individual patients (n=90; MOG-IgAIsolated patients n=12, MOG-IgGIsolated 

patients n=28, MOG-IgG+IgA patients n=3, MOG-IgA+IgM patients n=1, MOG-IgG+IgM patients 

n=3, isolated MOG-IgMIsolated n=1, MOG-IgSeronegative patients n=42). Dotted lines represent cut-

offs for antibody isotypes of respective colors. 
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MOG-IgAIsolated  

(n=18) 
MOG-IgG±IgA/M 

(n=81) 
MOG-IgAIsolated  

(n=15)  from Basel 
MOG-IgG±IgA/M 

(n=51) from Basel 
MOG-IgAIsolated MS 

(n=10) 
MOG-IgSeronegative MS 

 (n=838) 

  P A N.A. P A N.A. P A N.A. P A N.A. P A N.A. P A N.A. 
Disease 
manifestations                   

Myelitis (n) 11 6 1 47 31 3 - - - - - - - - - - - - 
Brainstem 

syndrome (n) 7 9 2 14 61 6 - - - - - - - - - - - - 

ON (n) 4 11 3 46 27 8 - - - - - - - - - - - - 

Encephalopathy (n) 1 15 2 7 67 7 - - - - - - - - - - - - 

Paraclinical                   

CSF-specific OCBs 5 11 2 16 32 33 - - - - - - 4 5 1 325 26 487 

History                   
Preceding 

vaccination/infection - - - - - - 7 4 4 7 12 32 - - - - - - 
eTable 1: Non-available data for clinical parameters. MS=multiple sclerosis, P=Present, A=Absent, N.A.=non-available, ON=optic neuritis, 

CSF=cerebrospinal fluid, OCBs=oligoclonal bands.  
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Discovery cohort Confirmation cohort Pooled 

  MOG-
IgAIsolated 
(n=8) 

MOG-
IgG±IgA/M 
(n= 23) 

MOG-
IgGIsolated  
(n=16) 

MOG-
IgG+IgA  
(n=4) 

P MOG-
IgAIsolated 
(n=10) 

MOG-
IgG±IgA/M 
(n=58) 

MOG-
IgGIsolated 
(n=47) 

MOG-
IgG+IgA  
(n=11) 

P MOG-
IgAIsolated 
(n=18) 

MOG-
IgG±IgA/M 
(n= 81) 

MOG-
IgGIsolated  
(n=63) 

MOG-
IgG+IgA  
(n=15) 

P 

Female, n (%) 4 (50.0) 6 (25.0) 4 (25.0) 1 (25.0) ns 7 (70.0) 
34 
(57.6) 

29 (61.7) 
5 
(45.4) 

ns 11 (61.1) 40 (49.4) 
33 
(52.4) 

6 (40.0) ns 

Age at disease 
onset, y, median 
(range) 

36.55 
(22-76) 

32 (6-65) 
35.5 (9-
65) 

20.5 (6-
40) 

ns 
26.5 (3-
54) 

34 (3-
68) 

35 (3-62) 
33 
(10-
68) 

ns 
32.5 (3-
76) 

34 (3-68) 
36 (3-
65) 

28 (6-68) ns 

EDSS at 
sampling, 
median (range) 

2.5 (0-
9.5) 

2.5 (0-
8.5) 

2.75 (1-
8.5) 

2 (0-6) ns 3 (0-6.0) 
2 (0-
7.5) 

2 (0-7.5) 
1.75 
(0-6) 

ns 
2.75 (0-
9.5) 

2 (0-8.5) 
2 (0-
8.5) 

2 (0-6) ns 

No. of attacks at 
last follow-up, 
median (range) 

1.5 (1-3) 1 (1-14) 
1.5 (1-
14) 

3 (1-9) ns 2 (1-4) 2 (1-8) 2 (1-8) 
2 (1-
5) 

ns 2 (1-4) 2 (1-14) 2 (1-14) 2 (1-9) ns 

Time between 
first attack and 
sampling, m, 
median (range) 

1 (0-108) 6 (0-303) 
10 (0-
303) 

109.5 
(0-
282)† 

ns 
43 (3-
449) 

64 (0-
511) 

44 (0-
286) 

115 
(1-
511) 

ns 
24 (0-
449) 

44 (0-
511) 

44 (0-
303) 

115 (0-
511) 

ns 

Duration of 
follow-up, m, 
median (range) 

6.5 (0-
32) 

18.5  
(0-128) 

22.5 (0-
104) 

9.5 (0-
73) 

ns 
61.5 (0-
108) 

49 (0-
227) 

47 (0-
227) 

50 
(11-
116) 

ns 
25 (0-
108) 

43 (0-
227) 

43.5 (0-
227) 

42 (0-
116) 

ns 

CSF-specific 
OCBs, n (%) 

2/8 (25.0) 
3/16 
(18.8) 

3/13 
(23.0) 

0/1 (0) ns 
3/8  
(37.5) 

13/32 
(40.6) 

11/28 
(39.3) 

2/4(5
0.0) 

ns 
5/16 
(31.3) 

16/48 
(33.3) 

14/41 
(34.1) 

2/5 (40.0) ns 

Coexisting 
MOG-Ig 
antibodies, n (%) 

               

   MOG-IgA NA 4 (25.0) NA NA NA NA 
11 
(18.6) 

NA  NA NA 15 (18.5) NA NA NA 

   MOG-IgM NA 3 (13.0) NA NA NA NA 0 (0) NA   NA NA 3 (3.7) NA NA NA 
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eTable 2: Demographic and clinical features of MOG-IgA and -IgG seropositive patients of the discovery, confirmation, and combined 

cohorts. MOG-IgAIsolated refers to isolated MOG-IgA seropositive patients, MOG-IgG±IgA/M refers to MOG-IgG seropositive patients regardless of 

co-existence of MOG-IgA and/or -IgM. MOG-IgGIsolated refers to isolated MOG-IgG seropositive patients. MOG-IgSeronegative refers to MOG-Ig 

seronegative patients. P=p-value with one-way ANOVA, EDSS=Expanded Disability Status Scale, OCBs=oligoclonal bands, CSF=cerebrospinal 

fluid. † p<0.05 in pairwise analysis with MOG-IgA group (unpaired t test). 
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ID Cente
r 

Age at 
diseas
e 
onset,y
/ 
biologi
cal sex 

Age at 
sampli
ng, y 

Disease 
manifestati
on 

Current 
diagnosis 

Fulfils 
McDon
alds 
2017/IC
DC 
2015 
criteria 

Tim
e of 
follo
w 
up 
(mo
nths
) 

No. of 
attack
s 

EDSS 
at 
sampl
ing 

Treatme
nt at 
sampling 
(includin
g 90 
days 
prior) 

CSF 
cell 
count 
(RV 
<5) 

CSF 
protein 
(RV 150-
500)(mg/
L) 

CSF 
OCBs 

Other serum 
antibodies 

MOG-
IgA 
(>2.3
75) 
MFI 

MO
G-
IgG 
(>3.
0) 
MFI 

MOG-
IgM (> 
1.625) 
MFI 

AQP- 
IgG 
(> 
1:20) 

1 Basel Mid-
20s/F 

Mid-
30s 

Recurrent 
brainstem 
syndrome 

RRMS Yes/No 0 2 1.5 IFN beta-
1a 

N/A N/A N/A N/A 3.43 1.19 1.12 <1:20 

2 Basel Mid-
30s/F 

Mid-
30s 

Recurrent 
short 
myelites 

RRMS Yes/No 32 3 2.5 None 12 425 
(normal) 

Type 
II 

Rubella IgG, 
VZV igG 

4.33 1.64 0.82 <1:20 

3 Basel Early-
20s/M 

Early-
20s 

Monophasi
c brainstem 
syndrome 

Atypical 
demyelinati
ng 
syndrome 

No/No 6 N/A 0 None 4 247 
(normal) 

Type I Rubella IgG, 
Toxoplasmosis 
IgG, HAV IgG, 
EBV IgG, VZV 
IgG, HSV I+II 
IgM, Measles 
IgG, Mumps 
IgM 

3.78 1.63 1.07 <1:20 

4 Basel Late-
30s/F 

Late-
30s 

Monophasi
c brainstem 
syndrome + 
transient 
myelitis 

NMOSD 
(seronegati
ve) 

No/Yes 20 1 1.5 PRED 
(10mg/d
ay) 

8 201 
(normal) 

Type I HBsAg, HBc, 
Rubella IgG, 
EBV IgG, HSV 
I+II IgG, VZV 
IgG 

4.18 1.43 0.97 <1:20 

5 Basel Early 
60s/M 

Early-
60s 

Brainstem 
syndrome + 
LETM + 
cerebral 
syndrome 

Seronegati
ve NMOSD 
and diffuse 
cerebral B 
cell 
lymphoma 

No/Yes 7 N/A 9.5 None 9 500 
(normal) 

Type I VZV IgG, HSV 
I+II IgG, CMV 
IgG, Masles 
IgG. Mumps 
IgG, Rubeolla 
IgG, FSME IgG. 
, Toxoplasmosis 
IgG 

2.80 1.39 0.97 <1:20 
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6 Basel Late-
50s/M 

Early-
60s 

 LETM Suspected 
parainfecti
ous LETM 
(neurocysti
cercosis) 

No/No 30 3 2.5 AZA, 
PRED 
(35mg/d
ay) 

92 4379 
(elevated
) 

Type 
III 

Rubella IgG, 
EBV IgG, VZV 
IgG 

4.03 1.19 0.89 <1:20 

7 Basel Mid-
70s/M 

Mid-
70s 

Symptomati
c cerebral 
syndrome 

Atypical 
demyelinati
ng 
syndrome 

No/No 3 1 4 None 3 1056 
(elevated
) 

Type I Measles IgG, 
VZV IgG, CMV 
IgG 

5.23 1.29 1.02 <1:20 

8 Basel Early-
30s/F 

Early-
30s 

Monophasi
c short 
myelitis 

RRMS Yes/No 0 1 3.5 None 1 186 
(normal) 

Type I Measles IgG, 
Mumps IgG, 
VZV IgG, 
Borrelia IgM, 
Anti-Cardiolipin 
IgG, Solubles 
IL-2 

3.86 1.60 1.02 <1:20 

9 Sao 
Paulo 

Early-
teens/
M 

Mid-
teens 

Monophasi
c bilateral 
optic 
neuritis + 
pachymeni
ngitis 

Atypical 
demyelinati
ng 
syndrome  

No/No 10 1 4 AZA, 
PRED 
(5mg/day
) 

2 250 
(normal) 

Type I HSV I+II IgG 3.98 1.44 1.05 <1:20 

10 Boch
um 

Toddle
r/F 

Late-
teens 

ADEM ADEM No/No 43 2 1 None 3 223 
(normal) 

Type I N/A 6.14 2.66
** 

1.2 Negat
ive* 

11 Düss
eldorf 

Late-
30s/F 

Late-
30s 

Monophasi
c optic 
neuritis + 
LETM + 
short 
myelitis 

NMOSD 
(seronegati
ve) 

No/Yes 15 1 1  IVMP, 
IVIG, 
PLEX, 
RTX 

140 663 
(elevated
) 

Type I N/A 6.55 1.13 1.21 <1:10 

12 SMS
C 

Mid-
teens/
F 

Early-
50s 

N/A RRMS Yes/No 104 2 6 NTZ NA NA NA VZV IgG 2.69 1.12 1.00 NA 

13 SMS
C 

Late-
40s/F 

Early-
50s 

N/A RRMS Yes/No 88 4 3 None 2.7 246 Type I VZV IgG. 
Mumps IgG, 
Measles IgG 

5.65 1.68 0.94  < 
1:10 

14 SMS
C 

Late-
20s/F 

Late-
20s 

N/A RRMS Yes/No 78 3 0 N/A 5.6 320 Type 
II 

None 2.51 0.97 1.05  < 
1:10 

15 SMS
C 

Mid-
20s/F 

Late-
20s 

N/A RRMS Yes/No 0 3 3 IFN beta-
1a 

2 403 Type I VZV IgG 2.71 1.18 1.09 NA 

16 SMS
C 

Late-
40s/M 

Early-
60s 

N/A PPMS Yes/No 82 2 4.5 N/A NA NA Type 
II  

None 2.77 2.63 1.07 NA 
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17 SMS
C 

Mid-
50s/F 

Late-
50s 

N/A PPMS Yes/No 45 1 4 OCR 1 330 Type I ANA 2.50 1.03 1.06 NA 

18 SMS
C 

Mid-
20s/M 

Early-
30s 

N/A RRMS Yes/No 108 3 0 FYN 28.7 730 Type 
II 

VZV IgG 2.41 2.02 1.11 NA 

eTable 3: Clinical characteristics of MOG-IgA seropositive patients. 

*Data from external service. Unavailable raw values/** Borderline. ID=patient ID. ICDC=International consensus diagnostic criteria for neuromyelitis optica spectrum disorders, EDSS=Expanded Disability 

Status Scale, CSF=Cerebrospinal fluid, OCBs=Oligoclonal bands, IFN=interferon, PRED=prednisone, AZA=azathioprine, RTX=Rituximab, IVMP=Intravenous methylprednisolone, IVIG=Intravenous 

immunoglobulin, PLEX=Plasmapheresis, NTZ=Natalizumab, OCR=Ocrelizumab, FIN=Fingolimod, SMSC=Swiss Multiple Sclerosis Cohort-Study, LETM=Longitudinally extensive transverse myelitis, 

ADEM=Acute disseminated encephalomyelitis, RRMS=Relapsing remitting multiple sclerosis, NMOSD= Neuromyelitis optica spectrum disorders, PPMS=Primary progressive multiple sclerosis, 

VZV=Varicella-Zoster virus, HAV=Hepatitis A virus, EBV=Epstein-Barr virus, HSV=Herpes simplex virus, HBsAg=Hepatitis B surface antigen, HBc=Hepatitis B core antigen, CMV=Cytomegalovirus, 

FSME=Tick-borne encephalitis, ANA=Antinuclear antibodies. 
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