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Summary

NMOSD MOGAD



Neuromyelitis optica spectrum disorder

AQP4 antibodies 

Pial layer Virkow Robin’s spaces

Lennon, 2007; Gastaldi, 2017



Laboratory testing for AQP4 antibodies

Waters, Clin Exp Neuroimmunol 2014

Priorities in AQP4 abs testing

• Most patients tested do not have NMOSD 

(low prevalence)

• Small differences in specificity have a 

relevant impact

20000 samples tested/year

Ratio NMOSD:MS=1:19

97% specificity 99.8% specificity

570 false positives 38 false positives

Highly specific assay are required when the positive rate is low



CBAs for the detection of AQP4 antibodies

Gastaldi, Neurotherapeutics 2016; Waters, Clin Exp Neuroimmunol 2014

Waters, 2016

Live CBA

(in house)

Fixed CBA

(commercial)

Cell Based Assay (CBA)



1882 consecutive samples sent for AQP4 testing

Live CBA  +  Fixed CBA

104 samples positive

13/104 had discrepant results

Both Live and Fixed CBA are reliable alternatives for AQP4 testing

Live vs Fixed CBA  for anti-AQP4 antibodies

Risi et al, in preparation



AQP4 testing perfomance in ”real life”

AQP4 Testing remains
critical in routine practice

www.nina.aini.it



AQP4 antibodies: CSF testing

o 616 patients with paired 

serum/CSF

o 58 patients with NMOSD

o No patient was pos in CSF 

and neg in serum

o CSF had lower sensitivity 

(5/58 were positive on serum 

only)

Serum is the specimen of choice for AQP4 abs

Mayed, 2016



China Cross 

validation

31 AQP4+ samples

Korea Cross 

validation

47 AQP4+ samples

13 MOG+ samples

13 AQP4/MOG-

Additional controls

116 MS samples

50 SLE samples

49 MG samples

22 HAM samples

7 other samples

Idots for the detection of AQP4 antibodies

Fu et al, 2023

• Samples excluded if they had turbidity (selection according to 

pre-analytical conditions)

• Controls have been pre-selected (200 were HC)

• Not tested yet in routine diagnostic



Summary

NMOSD MOGAD



Hacohen et al, 2015

Waters et al, 2015

O’Connor 2007

MOG-IgG in non MS demyelination
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Cell status

Readout

MOG Abs detection strategies

Lack of standardization



Live CBA are the gold standard for MOG diagnostic

Live vs Fixed CBA  for anti-MOG antibodies

Gastaldi, 2020; Reindl 2021



Testing MOG-IgG1 increases specificity

Waters, 2015; Gastaldi, 2021

IgG1



o MOG-IgG can occur in patients without MOGAD (False positives)

o Positive predictive value increases with titres

Positive predictive value of MOG-IgG is titre 
dependent

Gastaldi, Jneurol 2021; Sechi, Jama Neurol, 2023

Patients to be tested should be selected to increase pre-test 
probability



Fixed CBA titres and MOGAD diagnosis

Risi et al, submitted

Banwell, 2023



Evolved to MS

Non-IgG1 MOG subclasses

Waters, 2015; Mariotto, 2017; Gastaldi, 2021

One pt with MOG IgG3 (isolated)- probable MS

MOG IgA



MOG IgA: clinical relevance

o MOG-IgG are identified in patients with demyelinating 

syndromes and not controls (110 HC, no disease controls)

o MOG-IgA are identified in patients with diverse demyelinating 

conditions (MOGAD, NMOSD, MS)

 no relevance as diagnostic biomarker

o MOG-IgA associate with “specific” features in MOGAD and 

with “atypical” MS (how is “atypical” MS defined?)

 Potential role as clinical marker (to be confirmed)

Gomes et al, JAMA Neurology, 2023

15/81 (19%) 

of MOG-IgG+ 

patients



• 145/255 (56.8%) had CSF antibodies

• 31/255 (12.1%) had CSF only antibodies

• CSF-MOG patients had a higher EDSS score and 

sphyncteric symtoms

• CSF MOG positivity has been included as a supporting 

criterion in the recent MOGAD criteria

OPEN ISSUES

- Intrathecal synthesis should be systematically investigated

- CSF only MOG can occur in non-MOGAD phenotype at a variable percentage (0-30%)

Carta et al, 2020; Carta et al, 2023

CSF MOG antibodies



MOG IgG intrathecal synthesis or CSF positivity
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Greco et al, in preparation

MOG-IgG serum titre

MOG-IgG CSF titre

B-CSF-B (Qalb)

QMOG-IgG

MOG-IgG antibody Index>4

=

MOG-IgG Intrathecal

synthesis



0% 20% 40% 60% 80% 100%

MOG IS MOG NO IS

-100% -80% -60% -40% -20% 0%

Pyramidal

Sensory
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Optic neuritis

Transverse myelitis

ADEM

Brainstem

Brain MRI altered

Spinal cord MRI altered

Severe outcome

MOG CSF+ MOG CSF-

Total=905

Undetectable MOG-IgG

Low titre MOG-IgG (<1:160)

A

Total=55

Serum only MOG-

IgG (³1:160)

Serum (1:160) + 

CSF MOG-IgG

CSF only MOG-

IgG

Total=55

Intrathecal 
synthesis

No Intrathecal 
synthesis

Greco et al, in preparation

Relevance of MOG IgG intrathecal synthesis in MOGAD



Summary

• CBAs are the gold standard for AQP4 abs

• FCBA and LCBA have robust performances, but 

real life data reveal frequent inaccurate results

• Serum is the sample of choice

• Novel tests (idots) on their way

• CBAs are the gold standard for MOG abs

• LCBA has a better perfomance (despite lack fo 

standardization

• MOG-IgG can be found (especially at low titre) in 

non-MOGAD patients (pre-test probability!)

• Non-IgG1 subclasses and IgA: still pending 

judgment

• CSF MOG-IgG: watch out for intrathecal synthesis!

Diagnostic project for second opinion on critical samples for AQP4, MOG, ACHR and MUSK

www.nina.aini.it; ninaflow@aini.it

http://www.nina.aini.it/


matteo.gastaldi@mondino.it

Thanks for your attention!

www.nina.aini.it

ninaflow@aini.it

http://www.nina.aini.it/

