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Clinical	  approach	  in	  children	  with	  an	  
acute	  demyelina9ng	  episode,	  

differen9al	  diagnosis	  and	  role	  of	  
MOG	  an9bodies	  
Kevin	  Rostasy,	  MD	  
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University	  WiIen/Herdecke,	  Germany	  	  
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“NMO and NMO-like clinical presentations“	


isolated/recurrent 
myelitis	


isolated/recurrent 
optic neuritis	


AQP4-IgG, 	

MRI, CSF	


	

MS	


Clinical Isolated	

Syndrom (CIS)	


Rare MS variants: Marburg, Balo, Schilder	


“MS-spectrum“	


MRI, 	

CSF (IgG)	


Differentialdiagnosis of inflammatory- 	

demyelinating diseases of the CNS: 	

	


 	

MRI, CSF	


unclear 
cases	


	  	  	  	  	  

(1)	  Nearly	  exclusively	  relapasing-‐remiRng	  (>	  97%)	  

Important	  characteris9cs	  of	  children	  with	  MS	  	  

(2)	  Disease	  onset	  in	  the	  majority	  of	  children	  
	  	  	  	  	  	  during	  or	  aYer	  puberty	  

(3)	  CSF:	  Oligoclonal	  IgG	  present	  in	  the	  majority	  
	  	  	  	  	  	  of	  children	  aYer	  the	  2nd	  episode	  



27/02/2015	  

2	  

In	  children	  with	  severe	  episodes	  and	  persis9ng	  symptoms	  	  
consider	  rare	  forms	  of	  MS	  or	  an	  alterna9ve	  diagnosis!	  

video	  

Acute	  dissimina9ng	  encephalomyeli9s	  (ADEM)	  

Ø 	  children	  <	  8	  years	  
Ø 	  oYen	  preceeded	  by	  a	  viral	  infec9on	  
Ø 	  encephalopathy	  and	  polyfocal	  	  
	  	  	  	  neurological	  symptoms	  	  
Ø 	  CSF:	  rarely	  OCB	  
Ø 	  monophasic	  

Ø 	  good	  recovery	  

ADEM-‐	  MRI-‐changes	  are	  oYen	  reversible	  

	  	  
1.	  MRI	  (Day	  1)	  	   2.	  MRI	  (Day	  4)	   3.	  MRI	  (aYer	  8.	  weeks)	  
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Note:	  children	  with	  ADEM	  AND	  infratentorial	  MRI	  changes	  
oYen	  have	  neurological	  sequelae!	  (Nagl	  et	  al.,	  2010)	  

   
	  (A)	  8	  yo	  boy	  with	  encephalopathy,	  flaccid	  paresis	  of	  arms	  and	  legs	  aYer	  a	  viral	  infec9on	  	  
	  	  and	  bilateral,	  hazy	  MRI-‐	  changes.	  	  
	  (B)	  Atrophy	  of	  the	  lower	  brain	  stem	  and	  myelon	  with	  severe	  tetraparesis	  aYer	  12	  month.	  

A	   A	   B	  A	  

Ø  Episodes	  with	  op9cus	  neuri9s	  and	  transverse	  myeli9s	  
	  	  	  	  	  

	  	  	  	   	  	  	  	  Ø 	  	  MRI	  with	  lesions	  extending	  >	  3	  segments	  
Ø 	  	  no	  MS	  typical	  cerebral	  lesions	  
Ø 	  	  serum	  AQP4-‐IgG	  Ab	  present	  

	  
	  

Neuromyeli9s	  op9ca	  (NMO)	  
	  

Problem:	  	  
-‐  	  oYen	  children	  with	  NMO	  do	  have	  no	  serum	  
	  	  	  	  	  AQP-‐IgG	  Abs!	  	  
-‐  limited	  forms	  with	  AQP4-‐Abs	  (recurrent	  ON	  
	  	  	  	  	  brainstem	  syndroms).	  
	  
	  

Op9c	  neuri9s	  

Ø 	  bilateral	  or	  unilateral	  
Ø 	  	  isolated	  or	  recurrent	  
Ø 	  	  associated	  with	  MS,	  NMO,	  ADEM!!!!	  
	  	  	  	  

	  

Ø 	  	  Risk	  factors	  for	  MS:	  
	  	  	  	  1.	  presence	  of	  OCBs	  
	  	  	  	  2.	  	  white	  maIer	  lesions	  	  
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14	  yo	  girl	  with	  fever,	  	  
9redness,	  hemiparesis,	  	  
CSF:	  44	  cells/µl,	  	  
complete	  recovery	  aYer	  	  
steroids.	  
	  

Diagnosis:	  ???	  	  	  

8	  yo	  boy	  with	  altered	  	  
conciousness,	  hemiparesis	  
leY	  aYer	  an	  URI,	  
CSF:	  120	  cells/µl	  	  

Video	  and	  MRI	  

Glioblastoma	  

12	  yo	  girl	  with	  weakness	  	  
leY	  leg	  and	  back	  pain	  	  
CSF:	  88	  cells/µl,	  
Good	  response	  to	  steroids	  	  
	  

Ø 	  	  Episodes	  with	  op9kusneuri9s	  and	  transverse	  myeli9s	  
	  	  	  	  	  

	  	  	  	   	  	  	  	  Ø 	  	  spinale	  	  MRI	  with	  lesions	  extending	  more	  than	  3	  segments	  
Ø 	  	  no	  MS	  typical	  cerebral	  lesions	  
Ø 	  	  serum	  AQP4-‐IgG	  Ab	  present	  

	  
	  

Neuromyeli9s	  op9ca	  (NMO)-‐	  Defini9on	  
	  

Problem:	  	  
-‐  OYen	  children	  with	  NMO	  do	  have	  no	  serum	  AQP-‐IgG	  Abs	  	  
-‐	  	  	  	  limited	  forms:	  
	  	  	  	  	  recurrent	  ON	  with	  AQP4-‐Abs	  	  
	  	  	  	  	  brainstem	  syndroms	  with	  AQP4-‐Abs	  
	  
	  

Transverse	  Myeli9s-‐	  Defini9on	  	  
	  
	  
	  	  	  	  	  1.	  Symptoms	  indica9ve	  of	  a	  process	  located	  in	  the	  	  
	  	  	  	  	  	  	  	  myelon:	  weakness	  of	  both	  legs,	  sensory	  symptoms	  	  
	  	  	  	  	  	  	  	  associated	  with	  a	  sensory	  level,	  bladder	  dysfunc9on	  etc..	  
	  	  	  	  2.	  Laboratory	  signs	  of	  inflamma9on	  in	  the	  CSF:	  	  

	  	  	  	  Pleocytosis,	  intrathecal	  IgG	  produc9on	  (e.g.	  OCBs)	  or	  	  
	  	  	  	  	  	  	  	  	  presence	  of	  lesions	  with	  contrast-‐medium	  	  
	  	  	  	  	  	  	  	  	  enhancement	  in	  spinal	  imaging.	  
	  	  	  	  3.	  Absence	  of	  other	  diseases	  (e.g.	  tumour).	  
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Transverse	  Myeli9s-‐	  Imaging	  	  
	  
	  

MS NMO ADEM 6 weeks later 

LETM-‐	  	  
Longitudinal	  Extensive	  Transverse	  Myeli9s	  

14	  yo	  girl	  with	  fever,	  	  
9redness,	  hemiparesis	  right,	  	  
CSF:	  44	  cells/µl,	  	  
complete	  recovery	  aYer	  IVMP.	  
 

Diagnosis: ???   

8	  yo	  boy	  with	  altered	  	  
Conciousness,	  hemiparesis	  
leY	  aYer	  an	  URI,	  
CSF:	  120	  cells/µl	  	  

Video	  and	  MRI	  

MR- imaging in   
Macrophage Activation Syndromes 

is very variable !! 

Image	  to	  follow	  
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•  B-cells, IgG, complement and B-cell chemokines in MS 
lesions.	


•  CSF IgG production in >95% of MS patients!	


•  CSF chemokine levels of CXCL13 correlate with   
disease progression in MS.	


•  AQP4 – Abs are instrumental in the pathogenesis of 
NMO!	


   Antibodies and B-cells in CNS- demyelination 	


ANTIBODIES AND NMO 	


AQP4-IgG antibodies are 
important for:	


•  Diagnosis (Wingerchuk criteria 2006)	


•  Broader disease spectrum (NMOSD) 	


•  Predictive for NMO after single 
manifestation of myelitis or ON  	


•  Therapy monitoring 	


•  Pathogenesis of NMO 	


➡  NMO is an autoantibody-mediated 	

    demyelinating disease!	


2 
 

Figure 2 

Figure 2 a) Multiple sequence alignment of the Ig-V like domain of human MOG (hMOG), 

murine MOG (mMOG) and rat MOG (rMOG). Amino acid residues are coloured according to 

the sequence conservation of hMOG und mMOG along the spectrum, ranging from identical 

residues (blue) to least conservative substitutions (red). Residues that differ among rMOG and 

mMOG are shaded in dark blue. Below the alignment, the secondary structure elements of 

mMOG are shown. The FG-loop and neighbouring residues that represent the centre of the 

epitope on rMOG recognized by mAb 8-18C5 are marked by black circles. Residues that have 

been mutated in this study are marked with a red asterisk. b) Sequence conservation of 

mMOG and hMOG mapped onto the three-dimensional structure of mMOG (Clements et al., 

2003). Cα-atoms of mutated residues are shown as large spheres, Cα-atoms of non-conserved 

residues with side chains located inside the protein as small spheres and the remaining Cα-

atoms of non-conserved residues as mid-sized spheres. c) Ribbon representation of mMOG 

(Clements et al., 2003) with superimposed FG-loop residues 103/4 of rMOG double mutant 

H103A/S104E (DM2, Breithaupt, et al., 2008). Residues at positions that were mutated in this 

study are shown as stick model. In addition, close-up views of these regions show the 

superposition of the side chains of hMOG (grey) modelled with SWISS-MODEL (Schwede et 

al., 2003) and the corresponding side chains of mMOG (orange) and the DM2 mutant (green), 

respectively. 

	  	  	  
Myelin-‐oligodendrocyte-‐	  glycoprotein	  (MOG)	  
	  
	  
	  
	  
	  	  	  	  	  
	  

	  
•  is expressed on the outermost surface of the myelin sheath,	  

•  convincing evidence for the pathogenicity of MOG-
antibodies from patients is missing.	


	  
	  

•  human MOG-antibodies are from the IgG1-subtype and 	

    induce complement mediated cytotoxicity in-vitro,	
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Cell-‐based	  assays,	  which	  express	  na9ve,	  unfolded	  MOG	  
protein	  are	  used	  for	  the	  detec9on	  of	  MOG	  an9bodies:	  

 MOG-EmGFP transfected 
HEK- cells 

Detection of serum IgG 
bound to MOG-EmGFP 
transfected cells 

Colocalization of serum 
autoantibody binding and 
MOG-EmGFP expression 

Frequency of MOG-antibodies in ���
inflammatory-demyelinating diseases:	


High	  MOG-‐an9body	  9ters	  are	  present	  in	  40%	  of	  
children	  with	  ADEM!	  (di	  Pauli	  et	  al.,	  JCI	  2010)	  	  	  
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MOG-‐	  an9bodies	  decline	  over	  9me	  in	  children	  
with	  monophasic	  ADEM!	  (Proebstel	  et	  al.,	  Neurology	  2011)	  	  
	  

Mul(ple	  Sklerose	  

1.  Pa9ents	  with	  MOG	  an9bodies	  had	  a	  uniform	  MRI	  	  
	  	  	  	  	  	  characterized	  by	  large,	  bilateral	  and	  widespread	  lesions,	  	  
2.	  	  	  an	  increased	  frequency	  of	  LETM,	  	  
3.  a	  more	  favorable	  clinical	  outcome	  in	  contrast	  to	  children	  	  
	  	  	  	  	  	  lacking	  MOG	  an9bodies.	  	  
	  
	  
	  

Clinical	  and	  neuroradiological	  differences	  of	  	  
pediatric	  ADEM	  with	  and	  without	  an9bodies	  	  
to	  MOG	  (M.	  Baumann,	  JNNP,	  2014)	  	  
	  Main	  findings:	  

	  ADEM	  with	  MOG	  an9bodies	  
•  6	  yo	  girl	  with	  weakness	  of	  both	  legs,	  bladder	  dysfunc9on,	  	  
	  	  	  	  	  headache	  and	  irritability,	  OCB	  neg,	  CSF	  cells:	  60/μl	  
	  

1.	  MRI	   3.	  MRI	  aYer	  8	  weeks	  2.	  MRI	  aYer	  3	  days	  
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ADEM	  with	  MOG	  an9bodies	  
• 	  	  	  	  6	  yo	  girl	  with	  weakness	  of	  both	  legs,	  bladder	  dysfunc9on,	  	  
	  	  	  	  	  headache	  and	  irritability,	  OCB	  neg,	  CSF	  cells:	  60/μl	  
	  

1.	  MRI	   2.	  MRI	  aYer	  8	  weeks	  

MRI	  of	  	  children	  with	  ADEM	  and	  MOG	  an9bodies.	  

Spectrum	  of	  MOG-‐posi9ve	  diseases:	  	  
Mul9phasic	  ADEM	  
•  6	  yo	  girl	  with	  5	  episodes	  of	  encephalopathy	  and	  focal	  	  
	  	  	  	  	  neurological	  signs	  in	  3	  years,	  OCB	  neg,	  CSF:	  26/μl	  	  
	  	  	  	  	  and	  high	  MOG-‐an9body	  9ters.	  

	  	  

07/2011	   01/2012	   05/2013	  
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MOG-‐	  an9bodies	  are	  oYen	  present	  in	  children	  	  
with	  recurrent	  op9c	  neuri9s!	


 (Rostásy	  et	  al.,	  Arch	  Neurol	  2012)	  

MOG-antibodies in children with optic neuritis 	

(Rostásy	  et	  al.,	  Arch	  Neurol	  2012).	  
	


 	

Monophasic 
ON (n=10)	


Recurrent 	

ON (n=15)	


CIS/MS 
ON (n=12)	


	

P-value	


Female : male	
 8:2	
 9:6	
 10:2	
 ns	


Age at sampling (y)	
 13 (5-18)	
 12 (2-18)	
 16 (9-18) 	
 ns	


Follow-up (y)	
 2.2 (1.7-4.8)	
 2.5 (0.9-6.2)	
 1.9 (1.7-4.7)	
 ns	


AQP4-IgG 	
 0 (0%)	
 0 (0%)	
 0 (0%)	
 ns	


MOG-IgG 	

Titer	


2 (20%)	

0 	


(0-1:5,120)	


12 (80%)	

1:640 	


(0-1:5,120)	


3 (25%)	

0 	


(0-1:640)	


0.003	

0.007	


OCB 	
 2 (22%)	
 0 (0%)	
 11 (92%)	
 <0.001	


cMRI normal:ON 
swelling:ADEM:MS	


9:1:0:0	
 7:2:6:0	
 1:0:0:11	
 <0.001	


sMRI normal:MS:NMO	
 6:0:0	
 12:1:2	
 6:5:0	
 0.04	


MOGpos/AQP4neg pediatric NMO 	  	  
	  

ü  High	  MOG-‐an9body	  9ter	  present!!!!	  
ü  Diagnosis:	  Neuromyeli9s	  op9ca	  

• 	  	  	  12/2009:	  Weakness	  in	  both	  legs,	  bladder	  dysfunc9on	  
• 	  	  	  06/2010:	  Visual	  loss	  right	  eye	  
• 	  	  	  MRT-‐c:	  cerebellar	  and	  myelon	  lesions	  spanning	  >	  3	  segments	  
•  AQP4-‐an9bodies	  absent	  	  
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Persisting MOG-antibodies in AQP4-IgG negative pediatric NMO 
(Rostasy et al., MSJ 2013).	


No.	

Gender	

Age (y)	


MOG-
IgG 	


titer	


AQP4-
IgG	


titer	

Follow 
up (m)	


	

rela-
pses	


	

ON	
 TM	


	

LETM	


no MS-
like 

cMRI	

lesions	
 Tx	


1/M/12	
 negative	
 1:320	
 27	
 3	
 yes	
 yes	
 yes	
 yes	
 RTX	


2/F/15	
 negative	
 1:1,280	
 36	
 4	
 yes	
 yes	
 yes	
 yes	
 RTX	


3/F/8	
 negative	
 negative	
 21	
 2	
 yes	
 yes	
 yes	
 yes	
 Aza	


4/M/14	
 negative	
 negative	
 54	
 3	
 yes	
 yes	
 yes	
 no 	

Aza, 

Pred	


5/F/15	
 negative	
 negative 	
 12	
 1	
 yes	
 yes	
 yes	
 yes	
 none	


6/F/14	
 1:2,560	
 negative	
 18	
 2	
 yes	
 yes	
 yes	
 yes	

Aza, 

Pred	


7/F/3	
 1:2,560	
 negative	
 48	
 3	
 yes	
 yes	
 yes	
 yes	
 IVIG	


8/F/3	
 1:1,280	
 negative	
 28	
 2	
 yes	
 yes	
 yes	
 yes	
 IVIG	


MOG-‐an9bodies	  in	  children	  with	  MS	  

•  14	  yo	  boy	  with	  headache,	  double	  vision	  and	  gait	  instability,	  	  
	  	  	  	  	  CSF:	  OCB	  pos,	  10	  cells/ul.	  

•  Remission	  aYer	  
	  	  	  	  	  IVMP	  (20mg/kg	  3/d).	  

ü  In	  children	  with	  MS	  
	  	  	  	  	  -‐	  MOG-‐	  an9bodies	  are	  infrequently	  present	  ,	  	  
	  	  	  	  	  -‐	  but	  if	  present	  9ters	  are	  low	  and	  do	  persist.	  

Summary:	  

•   Spectrum	  of	  MOG-‐posi9ve	  diseases	  includes	  children	  	  	  
	  	  	  	  with	  ADEM,	  recurrent	  ON	  und	  aquaporin-‐nega9ve	  NMO.	  	  

•  Levels	  of	  MOG-‐an9bodies	  in	  ADEM	  decline	  aYer	  	  
	  	  	  	  the	  ini9al	  episode,	  which	  is	  then	  associated	  with	  	  
	  	  	  	  a	  good	  prognosis.	  
	  
	  	  
•  Persis9ng	  MOG-‐an9bodies	  are	  found	  in	  children	  	  
	  	  	  	  with	  recurrent	  ON	  and	  AQP4-‐	  nega9ve	  NMO	  .	  
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Open	  Ques9ons:	  

v  	  What	  is	  the	  role	  of	  MOG-‐	  an9bodies	  play	  in	  the	  	  
	  	  	  	  	  pathogenesis	  of	  ADEM,	  ON	  or	  NMO?	  
	  
	  
	  
v  	  Why	  do	  children	  with	  MOG-‐an9bodies	  present	  with	  	  
	  	  	  	  	  different	  and	  dis9nct	  clinical	  en99es?	  

v  	  Are	  other	  autoan9bodies	  in	  MOG-‐nega9ve	  demyelina9ng	  	  
	  	  	  	  	  diseases	  instrumental	  in	  the	  disease	  process?	  
	  	  
	  	  	  	  	  	  

Thank	  you	  very	  much	  for	  your	  aIen9on!!	  

K.Rostasy@kinderklinik-‐daIeln.de	  


