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Objective: To study the humoral immune response di-
rected at myelin oligodendrocyte glycoprotein (MOG)
in pediatric patients with isolated and recurrent optic neu-
ritis (ON).

Design: Observational prospective case series.

Setting: Six pediatric hospitals in Germany and Austria.

Patients: Thirty-seven patients 18 years or younger with
single or recurrent episodes of ON were recruited from
6 different hospitals.

Main Outcome Measures: Clinical features, mag-
netic resonance imaging findings, intrathecal IgG syn-
thesis, and outcome were recorded. A live cell–based im-
munofluorescence assay was used to measure serum IgG
antibodies to MOG and aquaporin 4.

Results: A single episode of ON was observed in 10 pa-
tients, and 15 experienced 2 to 12 episodes. The acute

episode of ON was part of a clinically isolated syndrome
in 12 patients, of whom 8 were subsequently classified as
having multiple sclerosis. High-titer serum MOG-IgG
antibodies (�1:160) were detected in 17 patients (46%).
In addition, high titers of MOG-IgG antibodies were
more frequently observed in 12 of the 15 patients with
recurrent episodes of ON (80%; median titer, 1:640)
compared with 2 of the 10 patients with monophasic ON
(20%; median titer, 0) and 3 of the 12 patients with ON
as part of a clinically isolated syndrome (25%; median
titer, 0).

Conclusion: High-titer MOG-IgG antibodies are pre-
dominantly detected in pediatric patients with recur-
rent ON, indicating that anti–MOG-specific antibodies
may exert a direct role in the pathogenesis of ON in this
subgroup.
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O PTIC NEURITIS (ON) IS AN

inflammation of the op-
tic nerve, resulting in dis-
turbed visual function
heralded or accompa-

nied by retro-orbital/eye movement pain.1

The differential diagnosis is broad and en-
tails metabolic, infectious, toxic, vascu-
lar, or space-occupying causes and auto-
immune-mediated mechanisms. In the
latter group, ON can occur in isolation, as
a recurrent condition, or as the initial
symptom of an autoimmune-mediated de-
myelinating disease, such as multiple scle-
rosis (MS) or neuromyelitis optica (NMO).

An increased risk for the subsequent
conversion to clinically definite MS within
2 years was observed in patients with a first
episode of ON, especially in those pre-
senting with typical T2-weighted mag-
netic resonance imaging (MRI) lesions in
the white matter.2 However, reliable bio-
markers to predict the individual disease

course of patients with acute monopha-
sic ON are not available. At present, in-
creasing evidence suggests that B-cell–
mediated mechanisms contribute to the
pathogenesis in at least a subgroup of pa-
tients with demyelinating diseases.3,4 One
extensively studied potential target struc-
ture for autoantibodies is the myelin oli-
godendrocyte glycoprotein (MOG), which
is localized on the outer surface of my-
elin sheaths—in particular, of the optic
nerves—and oligodendrocytes.5 Several
studies have demonstrated that the cor-
rect membrane topology and glycosyla-
tion are crucial for the pathogenic activ-
ity of anti-MOG antibodies, which can
induce demyelination in vitro.6,7 In-
creased serum levels of anti-MOG anti-
bodies in children and, to a lesser degree,
in adults with acute disseminating en-
cephalomyelitis (ADEM) and MS could
only be detected with cell-based as-
says.8-12 High-titer MOG-IgG antibody lev-
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els in particular were found in pediatric patients with
ADEM; the titers drop to undetectable levels in the re-
covery phase but persist in children with MS.8,9

For the management and prognosis of ON in chil-
dren, a biomarker to predict the subsequent course of MS
or NMO would be of great importance. Therefore, we de-
termined serum antibody levels against native MOG in
addition to aquaporin 4 (AQP4)–IgG in pediatric pa-
tients with an acute episode of ON.

METHODS

PATIENTS

We enrolled 37 pediatric patients with ON (aged, �18 years).
All patients were diagnosed, treated, and prospectively fol-
lowed up from January 1, 2004, through December 31, 2010,
at 6 pediatric hospitals in Germany and Austria with experi-
ence in the treatment of children with demyelinating diseases.
Twenty-two patients presented with a first episode of ON, and
15 had recurrent ON with 2 to 12 relapses. All patients ful-
filled the following inclusion criteria for ON: clinical presen-
tation characterized by acute or subacute visual loss without
evidence of a metabolic, infectious, toxic, vascular, or space-
occupying cause and a relative afferent papillary defect in the
affected eye; visual field defect; impaired color vision; and/or
pathological visual evoked potentials.

Demographic and clinical data collected for each patient in-
cluded sex, age at onset, follow-up interval, oligoclonal bands
(OCBs), MRI findings, presence of disease-modifying thera-
pies, and results of neurophysiological studies (eTable; http:
//www.archneurol.com). Three patients with recurrent ON were
treated with immunomodulatory drugs (2 received azathio-
prine sodium and 1 received monthly intravenous immuno-
globulin). From the group with ON as part of a clinically iso-
lated syndrome (CIS), 8 patients were subsequently diagnosed
as having MS. Four of those patients were being treated with
immunomodulatory drugs (interferon beta in 3 and glatir-
amer acetate in 1). All patients were treated with methylpred-
nisolone acetate, 20 to 30 mg/kg/d, for 3 to 5 consecutive days.
Serum samples were collected before corticosteroid treatment
and were sent to the Neurological Research Laboratory, Clini-
cal Department of Neurology, Innsbruck Medical University,
for MOG-IgG and AQP4-IgG antibody testing. Twenty-nine se-
rum samples were obtained at baseline and 8 samples at fol-
low-up (median, 1.3 years after the first clinical manifesta-
tion; range, 0.2-5.0 years; eTable).

Pediatric patients underwent clinical review at regular in-
tervals and at the time of an additional clinical event. The di-
agnosis of MS required clinical or MRI evidence of disease dis-
semination in time and space.13,14 Median follow-up of all patients
was 2.1 years (range, 0.9-6.2 years [�2 years for 25 of 37 pa-
tients]; also see the eTable). The study was approved by the
local ethical committee of the Innsbruck Medical University,
and all patients or their caregivers gave informed consent.

MOG-IgG AND AQP4-IgG
IMMUNOFLUORESCENCE ASSAY

All serum samples were analyzed for the presence of MOG-IgG
and AQP4-IgG antibodies by an extracellular live cell–staining
immunofluorescence technique using transiently transfected
MOG- or AQP4-expressing cells as previously described.8,15 Screen-
ing was performed at dilutions of 1:20 and 1:40 by 2 clinically
blinded investigators (K.S. and S.M.), and positive serum samples
were further diluted to determine the titer levels of antibodies.

STATISTICAL ANALYSIS

Statistical analysis was performed using commercially avail-
able software (IBM SPSS, release 18.0 [IBM Corporation], or
GraphPad Prism 5 [GraphPad Software Inc]). We compared
clinical, demographic, and serological data using the Kruskal-
Wallis test, Mann-Whitney test, Fisher exact test, �2 test, and
logistic regression analysis. Correlation of variables was ana-
lyzed with the Spearman nonparametric correlation. Statisti-
cal significance was defined as a 2-sided P value of less than
.05, and Bonferroni corrections were made for multiple com-
parisons when appropriate.

RESULTS

In the present study, we examined the clinical manifes-
tation and course of 37 patients (27 girls and 10 boys;
median age at first clinical manifestation, 13 [range, 2-18]
years) with an acute episode of ON who underwent se-
rum analysis for the presence of MOG-IgG and AQP4-
IgG antibodies. Thirty-four patients presented with uni-
lateral and 3 with bilateral ON (see the Table and eTable
for details). Twenty-nine patients were diagnosed as hav-
ing monophasic ON, whereas the remaining patients had
their second (n=4), third (n=2), fourth (n=1), or fifth
episode (n=1) of ON at the time of blood sampling. Thus,
29 serum samples were taken at baseline and 8 samples
at a later point (median, 1.3 years after the first clinical
manifestation; range, 0.2-5.0 years; eTable).

As part of the patients’ workup, MRI of the brain (ce-
rebral MRI) was available for all patients and MRI of the
spinal cord (spinal MRI) was performed in 27. In 36 pa-
tients, results of OCB testing in serum and cerebrospinal
fluid by means of immunoblot after isoelectric focusing
were available. The presence of serum IgG antibodies to
MOG and AQP4 was evaluated with a live cell–staining
immunofluorescence assay, as previously described.8,15

In contrast to 16 of 37 ON patients with seronegative
findings for MOG-IgG, serum MOG-IgG antibodies (me-
dian titer, 1:20; titer range, 0-1:5120) were detected in
21 patients (Figure and eTable). Furthermore, high-
titer (�1:160) anti-MOG antibodies were present in 17
patients. In addition, all patients had seronegative find-
ings for AQP4-IgG antibodies.

To further analyze whether patients with recurrent epi-
sodes of ON have high-titer antibodies to MOG-IgG, the
cohort was divided into 3 subgroups after a median clini-
cal follow-up of 2.1 years (range, 0.9-6.2 years [�2 years
in 25 of 37 patients]) (Figure and eTable ).

1. Patients with a single episode of ON and absent
white matter lesions on MRI (subgroup 1; 10 patients).

2. Patients with recurrent episodes of ON, absent
OCBs, and no MS-like lesions on MRI (subgroup 2; 15
patients).

3. Patients with a single episode of ON (subgroup 3;
12 patients), classified as a CIS owing to MS-like lesions
on MRI and/or positive OCBs.

SUBGROUP 1

Ten patients (8 girls and 2 boys; median age, 13 [range,
5-18] years; median follow-up, 2.2 [range, 1.7-4.8] years
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[�2 years in 8 of 10 patients]) were diagnosed as hav-
ing a single episode of unilateral ON (Table and eTable),
with normal cerebral MRI findings at the initial workup.
Only 1 patient had MRI evidence of swelling of the op-
tic nerve. Spinal MRI was available from 6 patients and
revealed no abnormalities. Oligoclonal bands in the ce-
rebrospinal fluid, measured in 9 of 10 patients, were pre-
sent in 2 patients with a single episode of ON.

Eight patients regained normal visual activity, whereas
2 continued to experience unilateral optic atrophy with
marked visual impairment. The MOG-IgG serostatus in
patients with a single episode of ON was negative in 6

or low-titer positive in 2, with levels of 1:20 and 1:40. In
contrast, high-titer anti-MOG antibodies were present in
only 2 patients, with titer levels of 1:640 and 1:5120
(eTable).

As shown in the Table and Figure, median levels of
antibodies to native MOG were significantly lower in this
group of patients (median, 0 [range, 0 to 1:5120]) com-
pared with patients with recurrent episodes of ON (me-
dian, 1:640 [range, 0 to 1: 5120]).

SUBGROUP 2

Fifteen patients (9 girls and 6 boys; median age, 10 [range,
2-16] years; median follow-up, 2.5 [range, 0.9-6.2] years
[�2 years in 11 of 15 patients]) experienced 2 to 12 epi-
sodes of ON, which occurred during a period of 3 months
to 5 years (Table and eTable). Bilateral visual impair-
ment was diagnosed in 3 patients with recurrent ON. Six
patients had normal cerebral and spinal MRI findings ini-
tially. Two patients showed swelling of the affected op-
tic nerve on MRI. Two patients had the first event of ON
associated with headache and altered mental status and
MRI findings suggestive of ADEM. In addition, 4 pa-
tients with ON had MRI lesions in the white matter or
basal ganglia. Two of 6 patients with cerebral MRI changes
had a lesion in the cervical and thoracic spinal cord ex-
tending more than 3 segments and classified as longitu-
dinal extensive transverse myelitis. One patient had only
a single T2-weighted lesion in the spinal cord not ex-
tending more than 2 segments (patient 14, eTable). All
follow-up MRIs showed resolution of the white matter
lesions. Additional episodes of ON in these patients were
not associated with new lesions in the cerebral MRI.

Table. Clinical and Immunological Characteristics of Pediatric Patients With ON

Characteristic

Patient Groups

P Value
Monophasic ON

(n = 10)
Recurrent ON

(n = 15)
CIS/MS
(n = 12)

Sex, No. of patients
Female 8 9 10

.34
Male 2 6 2

Age, median (range), y
At first clinical manifestation 13 (5 to 18) 10 (2 to 16)a 16 (9 to 18) .02
At sampling 13 (5 to 18) 12 (2 to 18) 16 (9 to 18) .07

Follow-up, median (range), y 2.2 (1.7 to 4.8) 2.5 (0.9 to 6.2) 1.9 (1.7 to 4.7) .40
MOG-IgG findings

No. (%) of patientsb 2 (20) 12 (80)a,c 3 (25) .003
Titer, median (range) 0 (0 to 1:5120) 1:640 (0 to 1:5120)a,c 0 (0 to 1:640) .007 (.03)d

No. of patients with UON:BON: ON�ADEM:ON/CIS 10:0:0:0 10:3:2:0 0:0:0:12 �.001
OCBs, No. (%) of patients 2 (22)e 0 11 (92) �.001
No. of patients with cMRI findings normal:ON swelling:ADEM-like:MS-like 9:1:0:0 7:2:6:0 1:0:0:11 �.001
No. of patients with sMRI findings normal:MS-like:NMO-like 6:0:0f 12:1:2 6:5:0e .04
Impaired visual outcome, No. (%) of patients 2 (20) 5 (33) 2 (17) .56

Abbreviations: ADEM, acute disseminating encephalomyelitis; BON, bilateral optic neuritis; cMRI, cerebral magnetic resonance imaging; CIS, clinically isolated
syndrome; MOG, myelin oligodendrocyte glycoprotein; MS, multiple sclerosis; NMO, neuromyelitis optica; OCBs, oligoclonal bands; ON, optic neuritis;
sMRI, spinal MRI; UON, unilateral ON.

aSignificantly different compared with monophasic ON.
b Indicates patients with high titers (�1:160).
cSignificantly different compared with CIS/MS.
dP value corrected for age at sampling and sex by logistic regression analysis.
eNot analyzed in 1 patient.
fNot analyzed in 4 patients.
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Figure. Myelin oligodendrocyte glycoprotein (MOG)–IgG antibody levels
were significantly elevated in children with recurrent episodes of optic
neuritis (ON) compared with children with an isolated episode or an ON as
part of a clinically isolated syndrome (CIS). The dotted line indicates a titer of
1:160; high titers are considered to be those greater than 1:160. MS
indicates multiple sclerosis.
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Only 3 of 15 patients with recurrent ON were sero-
negative for MOG-IgG antibodies, with no pathological
MRI abnormalities and only 2 episodes of ON (Figure
and Table). Most patients (12 of 15) with recurrent ON
were seropositive for MOG-IgG antibodies with levels of
1:160 or more (median, 1:640 [range, 1:160 to 1:5120]).

To exclude a possible confounding factor of age for
anti-MOG seropositivity, we adjusted our analysis for age
as a covariate using logistic regression analysis, and MOG-
IgG findings remained significant (Table).

Median MOG-IgG titers were significantly higher in
this group of patients compared with patients with a single
ON episode or ON as part of a CIS (P = .01) (Figure and
Table).

SUBGROUP 3

Eleven of 12 patients (10 girls and 2 boys; median age,
16 [range, 9-18] years; median follow-up, 1.9 [range, 1.7-
4.7] years [�2 years in 6 of 12 patients]) had a first epi-
sode of ON and evidence of dissemination in space with
2 or more T2-weighted MRI white matter lesions. One
patient had a single spinal lesion but OCBs in cerebro-
spinal fluid. Oligoclonal bands were present in the ce-
rebrospinal fluid of 11 of 12 patients. Eight patients with
CIS were subsequently diagnosed as having MS owing
to a second clinical episode with new symptoms or new
lesions on cerebral MRI. Four of the 8 patients with MS
receive disease-modifying treatments at present (eTable).

In contrast to 7 of 12 patients with CIS who had un-
detectable levels of MOG-IgG antibodies at the initial pre-
sentation, 2 had low-titer anti-MOG levels (1:20) and 3
had high-titer MOG-IgG antibodies (Figure, Table, and
eTable).

COMMENT

Anti-MOG antibodies have not been investigated in pe-
diatric patients with ON to date, to our knowledge. There-
fore, we assessed the presence of MOG-IgG antibodies
in the serum of 37 pediatric patients with an acute epi-
sode of ON by using a live cell–staining immunofluo-
rescence assay for the detection of IgG antibodies to na-
tively folded MOG.8,15 Overall, MOG-IgG antibodies were
detected in 21 of 37 patients with an acute episode of ON.
In addition, our results show elevated MOG-IgG anti-
body levels, particularly in pediatric patients with recur-
rent episodes of ON who had no clinical and/or MRI evi-
dence of a chronic demyelinating disease process,
including MS or NMO. Furthermore, this study con-
firms recently published results showing low MOG-IgG
antibody titers in patients with ON as part of CIS.8,9

Optic neuritis can occur as a single episode or as re-
current episodes affecting 1 or both eyes but can also be
associated with other acute or chronic autoimmune-
mediated demyelinating diseases, such as ADEM, CIS/
MS, or NMO. In clinical practice, different clinical, labo-
ratory, and radiological features are used to differentiate
these diseases. For example, children with isolated ON
and ADEM are usually younger, have a preceding viral
illness, or have other symptoms, such as an encepha-

lopathy, compared with children diagnosed as having CIS.
Patients with ON who eventually develop a chronic de-
myelinating disease often show MRI evidence of previ-
ous subclinical demyelinating episodes or exhibit evi-
dence of an intrathecal IgG synthesis. Nevertheless, at
the initial presentation of ON, it often remains difficult
to predict the future disease course. Therefore, the iden-
tification of disease-relevant and individually reliable bio-
markers would be highly important.

Our results suggest that pediatric patients with a single
episode of ON and normal findings on MRI of the brain
combined with low or absent levels of serum MOG-IgG
antibodies are less likely to develop recurrent episodes
of ON or MS. Moreover, high levels of MOG-IgG anti-
bodies (�1:160) indicate that patients with an initial ON
event will not develop a chronic demyelinating disease,
such as MS or NMO, offering an additional tool in the
differential diagnosis. Our findings further delineate a sub-
group of children with recurrent episodes and high MOG-
IgG levels, indicating that antibodies to MOG play an im-
portant role in the disease process of ON. Nine patients
with recurrent ON and high MOG-IgG antibody levels
had MRI findings in the brain at the first presentation
ranging from swelling of the optic nerves to brain and/or
white matter lesions of the spinal cord. All MRI lesions
resolved and no new lesions occurred, but patients had
subsequent episodes of ON. Levels of MOG-IgG from this
initial episode in this subgroup of patients were avail-
able from 4 and remained high in 3.

The presence of antibodies directed at MOG and their
relevance for the disease pathogenesis of MS or ADEM
have been studied extensively. Several animal studies have
demonstrated that MOG-IgG antibodies can induce an-
tibody-mediated demyelination and enhance experimen-
tal autoimmune encephalomyelitis.16,17 If MOG-IgG an-
tibodies are instrumental in the disease process, plasma
exchange may be a therapeutic tool for patients with se-
vere disease.

In our cohort, bilateral ON was seen in only 3 pa-
tients with recurrent episodes. Therefore, bilateral ON
occurred less commonly and was not predictive of MS,
as previously reported.2 However, the range of MRI find-
ings at the initial manifestation of ON and the rate of vi-
sual recovery were similar to other reports.2 White mat-
ter lesions on MRI and the presence of OCBs highly
predicted the conversion to MS, and most of our pa-
tients had full recovery with normal eyesight and nor-
mal visual evoked potentials.2

One limitation of our study is that serum MOG-IgG
antibody levels were measured only at the first episode
in 7 of 15 patients with recurrent ON. In the remaining
8 patients, serum MOG-IgG antibody levels were mea-
sured at the last episode of ON. Therefore, we do not know
whether MOG-IgG antibody levels at previous episodes
and, in particular, at the first episode of ON were el-
evated in these patients. However, serum samples from
6 patients could be obtained from subsequent acute at-
tacks of ON. These patients had elevated MOG-IgG an-
tibody levels at the initial ON event, and titers remained
persistently high and positive in 4 of them for up to 7 years.

Another limitation of our study is that in the mono-
phasic and/or recurrent ON groups, a conversion to re-
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current ON or CIS/MS is possible. We thus tried to ob-
tain a clinical follow-up longer than 2 years from all
patients. Although the median follow-up of both groups
was longer than 2 years, 2 patients in the monophasic
ON group (with follow-up of 1.7 and 1.9 years) and 4
patients in the recurrent ON group (with follow-up of
0.9, 1.2, 1.6, and 1.8 years) had a follow-up of less than
2 years.

In summary, high MOG-IgG levels were predomi-
nately detected in patients with recurrent ON who had
no intrathecal IgG synthesis and who had MRI findings
ranging from normal to optic nerve swelling and ADEM-
like lesions. Therefore, anti-MOG antibody serostatus may
be a new tool that can be used in combination with clini-
cal and imaging findings to separate these patients from
those who will eventually develop a chronic demyelin-
ating disease, such as MS or NMO. Our results further
indicate that MOG-specific antibodies may exert a di-
rect role in the disease pathogenesis in a subgroup of pa-
tients with recurrent episodes of ON.
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Mader, Schanda, Huppke, Gärtner, Kraus, Karenfort, Ti-
bussek, Blaschek, Bajer-Kornek, Leitz, Schimmel, and Di
Pauli. Analysis and interpretation of data: Rostasy, Bajer-
Kornek, Berger, and Reindl. Drafting of the manuscript:
Rostasy, Mader, and Reindl. Critical revision of the manu-
script for important intellectual content: Rostasy, Mader,
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