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ACQUIRED DEMYELINATING SYNDROME (ADS) IN PEDIATRIC AGE

«An important advance in pediatric demyelinating disorders is the recognition that

an acute demyelinating syndrome can represent the first attack of not only

multiple sclerosis but also neuromyelitis optica spectrum disorder (NMOSD),

myelin oligodendrocyte glycoprotein (MOG) antibody–associated demyelinating

disease, and other multiphasic disorders in children» 

Chitnis 2019



ACQUIRED DEMYELINATIN SYNDROME (ADS) IN PEDIATRIC AGE
EPIDEMIOLOGY

ADS (0,8/100.000 children/years)

 Multiple Sclerosis (MS) 20%

 Neuromyelitis optica spectrum disorder
(NMOSD) 5%

 Myelin-oligodendrocite gLycoprotein
antibody associated disease (MOGAD) 
30%

A female preponderance is present among adolescents but not among younger children

Fadda Lancet Neurology 2021



Myelin oligodendrocyte glycoprotein (MOG)-targeted Autoimmunity

1) Anti-MOG autoantibodies are mainly produced in the 
periphery

2) They cross the BEE altered by infection-activated T 
lymphocytes or CNS antigens

1) They penetrate the CNS where they reach their target

Anti-MOG antibodies, predominantly of class IgG-1 
directed against extracellular conformational epitopes of 
glycosylated MOG, cause demyelination

McLaughlin KA, J Immunol. 2009 ; Rostásy K, Mult Scler. 2013



[Zamvil S and Slavin AJ Neurol Neuroimmunol Neuroinflamm 2015; Wingerchuk et al. 2007]

• Pathogenesis NMOSD involves generation of AQP4-IgG
autoantibody in the periphery and its entry into the
CNS.

• The target antigen AQP-4 water channel is located on
astrocytic foot process of BBB.

• Serum anti-AQP4-antibodies reach the CNS both
through endothelial transcytosis or at areas of relative
BBB permeability or injury

• The aquaporin-4 autoantibodies bind to aquaporin 4
expressed on astrocytes, activating the classical
complement cascade. This leads to the infiltration of
granulocytes and macrophages, astrocyte damage,
and, ultimately, demyelination

Aquaporin 4 Antibody (AQP-4)-targeted Autoimmunity



Aquaporin-4; AQP4-IgG, aquaporin-4 immunoglobulin G; BBB, blood-brain barrier; CDC, complement dependent cytotoxicity; CDCC, complement-dependent cellular cytotoxicity; MAC; membrane attack complex;
Treg, regulatory T cell
1. Kimura K, et al. Eur J Immunol 2010;40:1830–1835. 2. Lin J, et al. Int J Neurosci 2016;126(12):1051–60. 3. Weinshenker BD, Wingerchuk DM. Mayo Clin Proc. 2017;92(4):663–679. 4. Chihara N, et al. Proc Natl Acad 
Sci USA 2011;108:3701–3706. 5. Takeshita Y, et al. Neurol Neuroimmunol Neuroinflamm 2017;4:e311. 6. Obermeier B, et al. Nat Med 2013;19:1584–1596. 7. Uzawa A, et al. Clin Exp Neuroimmunol 2013;4:167–172. 8. 
Kaplin AJ, et al. J Clin Invest 2005;115:2731–2741. 9. Rothhammer V, et al. Semin Immunopathol 2015;37:625–638. 10. Papadopoulos MC, et al. Nat Rev Neurol 2014;10:493–506. 11. Erta M, et al. Int J Biol Sci 
2012;8:1254–1266. 12. Barnum SR, et al. Glia 1996;18:107–117. 
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2. Open photograph software. Take pictures from both transfected and untransfected areas of all reaction fields with different

magnifications. First, take one picture with 4x magnification for an overview, then take more pictures with 10x and 20x magnifications.

NOTE: The detailed protocol is shown in Table 1. Interpretation of the results is discussed in the representative results section.

3. Diagnosis of Patients

1. If the patient is serum anti-AQP4 IgG-positive and shows at least one core clinical characteristic of NMOSD (see discussion section),

diagnose the patient with NMSOD
5
. However, if the patient is anti-AQP4 IgG-negative, a diagnosis of NMOSD may not be excluded.

Representative Results

Using the procedure described here, specific anti-AQP4 IgG in serum is detectable. During the procedure, pre-diluted samples, a positive

control, and a negative control were added to the reaction fields, which contain transfected and untransfected areas (Figure 2). Fluorescence

of the negative control in a transfected area mainly indicated the unspecific binding of secondary antibody to the transfected cells on biochips

(Figure 3). Homogeneously weak fluorescence was visible (Figure 3). As for the positive control, anti-AQP4 antibody was added to the reaction

field. Strong fluorescence was observed in the transfected area, which indicated the specific binding of anti-AQP4 IgG to AQP4-M1 in the

transfected cells (Figure 4). Fluorescence of the positive control in an untransfected area showed hints of unspecific binding of anti-AQP4

IgG to fixed cells on biochips (Figure 4). For 10x diluted samples, anti-AQP4 IgG-negative serum showed a fluorescent pattern similar to

the negative control, while the positive serum showed a pattern similar to the positive control (Figure 5). The intensity of fluorescence was

associated with the anti-AQP4 IgG titer. Examples of different intensity of fluorescence are presented in Figure 5. Figure 5A and 5B were

from anti-AQP4 IgG-negative samples, while Figure 5C-H were from anti-AQP4 IgG-positive samples. As long as heterogeneous and granular

fluorescence appeared in transfected areas, the sample was considered anti-AQP4 IgG-positive, regardless of the strength of the fluorescence.

The diagnostic criteria for NMOSD, which is based on the serum anti-AQP4 IgG, will be further described in the discussion section.

In a few samples, only a small number of cells was strongly stained in transfected areas, and it was hard to determine whether the serum was

anti-AQP4 IgG-positive or negative (Figure 6). In this case, "probable positive" can be reported. In rarer cases, the fluorescence of a sample

in transfected areas was homogeneously stronger than in untransfected areas (Figure 7). In this case, the sample should be regarded as anti-

AQP4 IgG-negative. The high intensity of background fluorescence might be nonspecific. To create a reliable report, all photographs should be

blindly evaluated by at least two clinicians. The clinicians should be trained before evaluation. In this protocol, they were shown representative

photographs of different sample types and were informed as to how to evaluate results. Then, they evaluated photographs together with an

experienced clinician. Finally, the trained clinicians worked independently. In an ideal situation, it should be always the same clinicians who

evaluate results.

Figure 1: Flow chart of anti-AQP4 IgG detection protocol. AQP4-M1-transfected or untransfected EU 90 cells are fixed on the biochips. When

adding serum to biochips, anti-AQP4 IgG in serum is captured by the fixed transfected cells. Then, fluorescein-labelled secondary antibody is

applied to detect anti-AQP4 IgG. The fluorescence can be visualized by microscopy with various magnifications. Please click here to view a

larger version of this figure.
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Figure 5: Representative figures for anti-AQP4 antibody negative or positive samples. Samples were 10x diluted, and all figures shown

were taken with a 10x objective. (A,B) Negative fluorescence sample: the fluorescence was homogeneously weak in both (A) transfected and

(B) untransfected areas. (C,D) Weak fluorescence sample: when compared with untransfected areas (D), a small amount of cells (approximately

25% to 50%) in transfected areas (C) showed more intense fluorescence. (E,F) Moderate fluorescence sample: in transfected areas (E), strong

granular fluorescence was observed in a medium amount of cells (approximately 50% to 75%). (G,H) Strong fluorescence sample: cells in

untransfected areas (H) were weakly stained. However, in transfected areas (G), granular fluorescence with high intensity appeared in a large

number of cells (approximately over 75%). Generally, as the titer of anti-AQP4 IgG increased, both fluorescence intensity and percentage of

strongly stained cells elevated correspondingly. The fluorescence of untransfected areas was always homogeneously weak. Please click here to

view a larger version of this figure.

anti-AQP4 antibody negative or
positive samples. 

Human Serum Anti-aquaporin-4 Immunoglobulin G and anti-MOG Immunoglobulin G 

detection by Cell-based Assay 

Liu 2019 Jove

The stably transfected cell line (HEK) is used with the
human isoform MOG fused with the fluorescent
protein GFP, green, and with the isoform without the
fluorescent tag

anti-MOG antibody positive samples. 

McLaughlin KA, J Immunol. 2009 
Rostásy K, Mult Scler. 2013



DIAGNOSTIC AND THERAPEUTIC ALGORITHM FOR PAEDIATRIC ADS

Fadda Lancet Neurology 2021



NMOSD-AQP+

Wingerchuck Neurology 2015

NMOSD  < 5% in pediatric pts



NMOSD-AQP+: CLINICAL AND MRI FEAUTURES

❖ Neuroimaging =T2-hyperintense; T1-
hypointense and contrast-enhanced lesions
Long optic nerve >3 contiguous spinal segments
myelitis; dorsal brainstem (area postrema
lesion), hypothalamic lesion, diencephalic
lesion, periependymal destructive lesions

Cole J. et al. Pediatric Neurology 2019

❖ ON = Often bilateral. Longitudinally extensive with involment of
optic tract and chiasma

❖ TM = Longitudinally extensive transverse myelitis (LETM) with
cervic-thoracic spinal cord involvment

❖ Area postrema syndrome = prolonged and intractable vomiting and
hiccups

❖ Brainstem syndrome = diplopia, facial palsy, hearing loss,
hypogeusia, pruritus, trigeminal neuralgia, vestibular ataxia,
dysarthria, neurogenic respiratory disfunctions and nystagmus.

❖ Cerebral syndrome = hemiparesis, visual field involvement and signs
of encephalopathy

❖ Diencephalic syndrome = Hypotension, hypersomnia, hypothermia,
behavioral changes, amenorrhea, galactorrhea or narcolepsy

Tenembaum S. et al. Frontiers in Pediatrics 2019



Mog antibody associated disease
(MOGAD)

• 30%-40% of ADS in pediatric patients

Clinical phenotype
• Optic neuritis 20-60%
• Transverse myelitis 15-20%
• Acute disseminated encephalomyelitis 20-60%



MAIN CLINICAL AND PARACLINICAL FEATURES IN MOGAD: ADEM

Marignier Lancet Neurology 2021

ADEM
Clinical 
features

Most frequent presentation in children (<18 years); 
only in about 5% of adult presentations; seizures and encephalopathy at 
onset observed in up to 40% of children.

Imaging Large, hazy, and poorly demarcated asymmetrical bilateral lesions; deep 
grey matter involvement, most commonly affecting the thalamus; lesions 
might be highly enhancing; corpus callosum, brainstem and cerebellum 
involved; frequently associated to spinal cord involvement; frequent 
complete resolution at follow-up scan

Risk of 
relapses and 
outcome

Up to 50% of children (<18 years) will relapse after acute disseminated 
encephalomyelitis; behavioural and cognitive problems might occur and 
are more common in relapsing group; up to 10% (predominantly very 
young children [ younger than 7 years]) can develop a leukodystrophy-like 
phenotype

CSF
CSF=Rare oligoclonal bands (<10%)



MAIN CLINICAL AND PARACLINICAL FEATURES IN MOGAD : OPTIC NEURITIS

Marignier Lancet Neurology 2021

OPTIC NEURITIS

Clinical 
features

Up to 80% of patients, either at onset or during the disease 
course; simultaneous bilateral involvement in up to 40%; 
average high contrast visual acuity at nadir counting figures; 
optic nerve head swelling (papillitis); might have peripapillary 
haemorrhage; more steroid responsive than in AQP4-NMOSD 
and multiple sclerosis.

Imaging Extensive T2-weighted and gadolinium enhancing lesion in 
the optic nerve or chiasm; predominates in the anterior parts 
of nerve but might extend to optic chiasm; peripapillary retinal

nerve fibre layer thinning frequent on OCT but clinical-radiological
paradox (despite severe atrophy of retinal nerve fibre layer, visual acuity
is preserved)

Risk of 
relapses and 
outcome

Patients aged <18 years at higher risk of relapse than older 
ones (>45 years)

CSF
CSF=Rare oligoclonal bands (<10%)



CLINICAL AND PARACLINICAL FEATURES IN MOGAD : TRANSVERSE MYELITIS

Marignier Lancet Neurology 

2021

TRANSVERSE MYELITIS

Clinical features Spinal cord involvement in 30% of episodes at onset and up to 

50% during the disease course; urinary, bowel, and erectile 

dysfunction are common; more steroid responsive than AQP4-

NMOSD and MS 

Imaging Short myelitis in up to 40%; involvement of the conus medullaris 

(more frequent than in MS and AQP4NMOSD); abnormalities 

confined to grey matter and nerve roots; less frequent gadolinium 

enhancement than AQP4-NMOSD and multiple sclerosis; initial spinal 

cord MRI negative in 10% of patients; frequent complete resolution at 

follow-up scan

Risk of relapses

and outcome

Good or full recovery from the onset attack in 60% younger 

patients (<18 years); around 20% of patients had permanent 

motor disability at 2 years; permanent bowel, bladder, and 

erectile dysfunction are frequent despite good motor recovery

CSF
CSF=Rare oligoclonal bands (<10%)



Pediatric onset Multiple Sclerosis
(POMS)
• 20% ADS in pediatric patients

• 3-10% of total MS population
• Higher relapse rate
• Greater accumulation of MRI disease

activity
• Earlier age of disability
• Greater long term cognitive impairment
• Not a benign disease



DIAGNOSTIC CRITERIA POMS

Diagnostic criteria
Demonstration of dissemination in space by the presence 
of two or more T2 lesions, either:
• One or more periventricular
• One or more cortical or juxtacortical
• One or more infratentorial
• One or more in the spinal cord
And either:
• Demonstration of dissemination in time by one or more
contrast-enhanced lesions and one or more non-contrast 
enhanced lesions
• CSF oligoclonal bands
• Follow-up MRI showing at least one new enhanced or
non-enhanced lesion
• Two or more episodes typical of multiple sclerosis, each
lasting more than 24 h and separated by more than 30 
days

Thompson Lancet Neurol 2018

Diagnostic criteria : caveats for 
pediatric onset

1. Particular caution should be 
applied for children 
presenting before 11 years 
of age

2. The criteria should not be 
applied at the time of an 
incident event with ADEM 
phenotype. 

3. In children who present 
with ADEM, a future 
diagnosis of MS must be 
supported by additional 
clinical events typical of MS

Hacohen Mult Sclerosis 2020



The impact of MS onset during childhood on brain growth

Onset of MS during childhood and adolescence limits
age-expected primary brain growth and leads to
subsequent brain atrophy, implicating early
neurodegeneration

Aubert-Broche et al. Neurology 2014

Progression of atrophy (12 year old boy)

Presentation 1 year later 2 years later



POTENTIAL BIOMARKERS FOR DIFFERENTIAL DIAGNOSIS IN ADS

BIOMARKER MOGAD MS AQP4 positive 

NMSOD

NOTES/COMMENTS

OCB 7-11% >80% 15-30% Rare in MOGAD, high positive predictive value in MS

Nfl ++ +++ +++ Increases during relapses and correlates to EDSS;

possible biomarker for treatment response

Tau protein ++ + + Increases during relapses in MOGAD and correlates

to EDSS.

GFAP + + +++ Elevated in AQP4 but not in MOG positive NMSOD.

Increases during relapses particulary in AQP4

positive NMSOD and correlates to EDSS.

MBP ++ + ++ Little data in MOGAD; one study found higher levels

in MOGAD and AQP4 positive NMSOD than in MS

IL-6 +++ + +++ Correlates with MOG-abs titers

Armangue et al. Eur. J Paediatr. Neurol 2020



sNfL levels and MOG-Abs have been measured by
ultrasensitive single-molecule array and cell-based assay in a 
cohort of 37 children with ADS and negativity for serum anti-
aquaporin 4 (AQP4) antibodies.

The sNfL levels were compared in MOG-Ab+/MOG-Ab– and in 
two subgroups MOG-Ab+ with/without encephalopathy.

Frontiers Neurol 2021

40% ADS resulted MOG-Ab+. 

Higher sNfL levels were found in MOG-Ab+ 
and MOG-Ab– compared to age-matched
controls  without significant difference. 



Frontiers Neurol 2021

MOG-Ab+ with encephalopathy resulted significantly
younger at sampling (median/range: 4.5/2.17–11.17 vs.
14.16/9.8–17.5; p = 0.004), had higher sNfL levels and
showed a trend for higher MOG-Ab titer in comparison to
those without encephalopathy.

These findings suggest a role of acute demyelination in
association with axonal damage in the pathogenesis of
encephalopathy in pediatric ADS.



TREATMENT ALGORITHMS



E.U. paediatric MOG consortium consensus. 
European Journal of Paediatric Neurology 2020

MOGAD
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0.035, 10-fold lower than placebo, suggesting a more 
cost-effective regimen using rituximab.[73]

Tocilizumab is a humanized monoclonal antibody 
that targets the IL6 receptor and is used for the 
treatment of rheumatoid arthritis and systemic 
juvenile idiopathic arthritis. In NMOSD, Tocilizumab 
is supposed to block the IL6 mediated inflam matory 

cascade, notably the stimulation of plasmablasts and 
thereby reducing the production of auto-antibodies 
AQP4-IgG as well as MOG-IgG that are the keys of 
NMOSD pathogenesis [Figure 7]. Several retrospective 
studies showed the efficacy and safety of Tocilizumab in 

NMOSD.[74] Tocilizumab was compared with azathioprine 
in a head-to-head prospective, randomized open label 
phase II study (TANGO trial) in NMOSD.[75] Both 
groups had 59 patients with 85% and 90% AQP4-IgG+, 
respectively. Whereas only eight patients (14%) relapsed 
in the tocilizumab group, 28 (47%) patients relapsed 
in the azathioprine group (76% reduction). In the 
AQP4-IgG+ subgroup, risk reduction was 79% in the 
tocilizumab group compared to azathioprine. Although 
the effect of tocilizumab was not significant for the 

AQP4-IgG−  patients of the TANGO trial, a reduced 
relapse probability was recently shown in MOG IgG 
patients.[76]

Eculizumab

Eculizumab is a humanized monoclonal antibody that 
targets C5 of the complement, preventing its cleavage 
into C5a and C5b and thus inhibiting downstream 
effector mechanisms of the complement system.[77] The 
involvement of the complement system in the in the 
pathogenesis of NMOSD is well established[78] and an 
early open-label study showed very encouraging results 
with eculizumab in NMOSD patients.[79] Eculizumab 
w as then the firs t one entering a pi❖otal phase III trial 

in NMOSD.[80]

PREVENT was a multicenter, international, phase 
III, double blind, randomized, placebo-controlled, 
time-to-event clinical trial in NMOSD.[80] Importantly, 
the trial included only AQP4-IgG+ patients and patients 
were allowed continuing their prior immunosuppressive 
therapies (e.g., azathioprine and mycophenolate mofetil) 
in addition to the trial medication. Based on previous 
safety observations, patients were vaccinated against 
Neisseria meningitides before inclusion.

In the eculizumab group, the risk of adjudicated relapses 
was significantly reduced by 94% compared with 
placebo. The subgroup analysis for patients without 
concomitant immunosuppressive therapies revealed 
that none of the patients receiving eculizumab had 
any relapses at 96 weeks compared to 40% relapse free 
participants in the placebo group. As regards secondary 
endpoints, significa nt effects for adjudicated ARR but 

no inferences for disability and QoL were observed in 
eculizumab compared to placebo. Adverse events were 
comparable among treatments. There was one death 
in the eculizumab group due to pulmonary empyema. 
In June 2019, it became the first US-FDA approved 
treatment for AQP4-IgG+  NMOSD in addition to 
approval for paroxysmal nocturnal haemoglobinuria 
and atypical haemolytic uremic syndrome.

Inebilizumab

Targeting B-cells turned out to be a successful strategy in 
NMOSD treatment. Rituximab, an anti-CD20 antibody, 
led to the development of inebilizumab, a humanized 
monoclonal antibody targeting CD19. Inebilizumab 
eliminated a broader lineage of CD-19-expressing B 
cells, ranging from pre-B cells to plasmablasts and some 
plasma cells.

Inebilizumab was tested in the Phase II/ III trial, 
N-MOmentum,[81] that led to the approval of inebilizumab 
in the US and several other countries worldwide. 

Figure 8: Maintenance therapies for NMOSD. NMOSD = Neuromyelitis Optica Spectrum Disorder, FDA = Food and Drug Administration, IL6 = Interleukin 6, SC = Subcutaneous, 

PO = Per os, IV = Intravenous

Maintenance therapies for NMOSD

Yi-Ching Chu, Tzu-Lun Huan Taiwan J Ophthalmol 2022* 

Newly approved

for pediatric

NMOSD
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Interleukin 6 (IL6) signalling is the key player in 
NMOSD pathophysiology.[35] This is reflected by a 
strong association of IL6 CSF and serum levels with 
important disease markers, e. g. EDSS score and CSF 
cell counts.[35,36] Notably, the elevated IL6 levels are 
observed in both AQP4 IgG and MOG IgG NMOSD, 
but not MS patients. In the pathological mechanisms, 
IL6 signaling is thought to contribute in multiple 
ways.[35] IL6 induces naïve T-cell differentiation to Th17 
that are supportive for AQP4 specific activated B‑cells. 
IL6 activates B-cell differentiation to plasmablasts and 
the production of AQP4-IgG. IL6 contributes to an 
increased BBB permeability and thus antibody and cell 
infiltration into the CNS. In response to stimulation 
by proinfla

m

m atory cytokines produced by infilt rat ed 
granulocytes and microglia, astrocytes produce IL6 
as well. Thus, this contributes to the vicious circle 
of inflammation. Inflammation causes secondary 
demyelination, contributes to oligodendrocyte and 
axon damage and leads to neuron loss. In a novel 
in vitro BBB model, the proposed role of IL6 on the BBB 
could be recently confirm e d. [37] AQP4-IgG induced the 
IL6 release from astrocytes, the BBB was impaired by 
the IL6 signalling to the endothelial cells, and the BBB 
impairment was reversed by an anti IL6 receptor (IL6R) 
antibody.[37]

There are several pharmacological targets within 
these pathways for the maintenance therapies of 
NMOSD [Figure 7]: Azathioprine and mycophenolate 
mofetil lead to an unselective suppression of fast-dividing 
immune cells and thus depleting of T-cell and B-cell. 
Monoclonal antibodies, rituximab (specifica l ly binds to 
CD20) and inebilizumab (specifically binds to CD19), 
induce B‑cell depletion as well. Eculizumab specifica l ly 
binds to complement C5 and blocks all terminal pathways 
of complement activation. Tocilizumab and satralizumab 
specific

a
l ly  bind to IL6 receptors and therapy interfering 

with pathological pathways at multiple sites.

AQP4+  NMOSD is damaged from astrocytopathy. 
On the contrary, the pathological mechanism of 
MOG-IgG+ NMOSD is caused by oligodendrocyte injury, 
while its astrocytes remain intact.[18,38] The pathology for 
MOG-IgG+ NMOSD remains unclear but apparently 
involves peripheral MOG-autoantibody generation 
from specific

 

B cell.[38,39] The MOG-IgG crosses the BBB 
binds to MOG expressed in myelin of oligodendrocyte 
and activates complement and ADCC. Meanwhile, 
the MOG specific plasma cells and MOG-IgG may 
enhance T‑cells‑induced proinflam ma t ion cytokine, and 
chemokines, and then lead to oligodendrocyte damage 
and sequential demyelination.

M anagement of Acute Attacks

The timely management of acute attacks is crucial 
as the physical impairment in NMOSD accumulates 
with each relapse.[40] Irreversible damages may be 
prevented by a reduction of the acute inflammation. 
The mainstay of acute treatment is high-dose IVMP 
with 1000 mg for 3–5 days.[41] An early initiation of 
treatment within a few days seems to be associated 
with a better clinical outcome.[42,43] In an observational 
study of ON with AQP4-IgG and MOG-IgG, even a 
7 days delay in treatment initiation was detrimental to 
vision.[44] Another study emphasized the importance 
of an early intervention to reduce retinal nerve fiber 
layer loss.[45] In any way, a complete response to 
high-dose corticosteroids is observed in only 36% of 
NMOSD cases.[40] For severe and steroid refractory 
cases, an escalation therapy with PLEX alone or in 

Figure 3: Blood tests for differential diagnosis of acute optic neuropathy. Tests in 

the left column and the right upper column are used to exclude autoimmune and 

infectious optic neuropathy. Tests in the right lower column are less applicated, to rule 

out paraneoplastic, hereditary or other rare optic neuropathy. NMOAb = Neuromyelitis 

Optica antibody, AQP4 = Aquaporin 4, MOG‑IgG = Myelin oligodendrocyte 

glycoprotein immunoglobulin G, ANA = Antinuclear antibody, RF = Rheumatoid 

factor, LHON = Leber’s hereditary optic neuropathy, RPR = Rapid plasma regain, 

VDRL = Venereal disease research laboratory, TPPA = Treponema pallidum particle 

agglutination, TB = Tuberculosis, SSA = Anti‑Sjogren's Syndrome A antibody, SSB = 

Anti‑Sjogren's Syndrome B antibody

Figure 4: Flowchart for NMOSD diagnosis. (1) Initial diagnosis of optic neuropathy (2) Rule out other optic neuropathy.(3) If the NMOSD is most likely, AQP4‑IgG and MOG‑IgG 

was tested and a brain‑orbital MRI is arranged. (4) Treatment as soon as possible. NMOSD = Neuromyelitis Optica Spectrum Disorder, AQP4‑IgG = Aquaporin 4 immunoglobulin G, 

MOG‑IgG = Myelin oligodendrocyte glycoprotein immunoglobulin G, MRI = Magnetic resonance imaging, VF = Visual field, OCT = Optical coherence tomography, CST = Contrast 

sensitivity testing, FAG = Fluorescent angiography, CBA = Cell‑based assays, PLEX = Plasma exchange

The mainstay of acute 
treatment is high‐dose 
IVMP with 1000 mg for 3–
5 days 

For severe and steroid 
refractory cases, an 
escalation therapy with 
PLEX alone or in 
combination with steroids 
can be considered. 

Acute treatment



Current algorithm to treating children with MS

Diagnosis of multiple sclerosis

Initiate treatment with IFN β or GA
Teriflunomide/Dimethyl fumarate

Evaluate treatment tolerability – adverse events Evaluate treatment efficacy
▪Clinical evaluation every 3–6 months and at relapse
▪MRI every 6–12 months and at relapse

▪ GA: Persistent hypersensitivity reaction, inability to 
tolerate injections

▪ IFN β: Persistent increased hepatic enzymes, leukopenia, 
persistent systemic reactions, inability to tolerate 
injections, neutralising antibody + status

▪ Persistent relapses
▪ Increased disability
▪ MRI activity

Continue

Shift from GA to IFN β or from IFN β to GA

Shift to 2nd-line treatments
FINGOLIMOD/ NATALIZUMAB

No

Yes

?

No

Yes

Early High Efficacy treatment

Early Escalation treatment

Early treatment



TAKE HOME MESSAGES

❖ A first episode of acquired demyelinating disorder (ADS) in children is a diagnostic challenge as different
diseases can express similar clinical features.

❖ Antibodies to MOG and to AQP4 have emerged as biomarker of ADS, which clearly allows for the
identification of monophasic and relapsing forms of ADS other than MS predominantly in children.

❖ The main challenge is to identify early those patients who are at high risk of relapse and long-term
disability in whom long-term immunotherapy can improve outcome.

❖ The development of assays to detect immune responses to other CNS antigens, peripheral blood
research to define disease-specific circulating new biomarkers and more advanced MRI techniques
might aid in the identification of as yet unrecognised neuroimmune diseases.




