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Abstract

Objective
To describe the presentations, radiologic features, and outcomes of children with autoimmune
encephalitis associated with myelin oligodendrocyte glycoprotein antibodies (MOG abs).

Methods

Identification of children fulfilling the diagnostic criteria for possible autoimmune encephalitis
(AE) and testing positive for serum MOG abs. Chart review and comprehensive analysis of
serum MOG abs using live cell assays and rat brain immunohistochemistry.

Results

Ten children (4 girls, 6 boys) with AE and serum MOG abs were identified. The median age at
onset was 8.0 years (range: 4-16 years). Children presented with a combination of encepha-
lopathy (10/10), headache (7/10), focal neurologic signs (7/10), or seizures (6/10). CSF
pleocytosis was common (9/10, median 80 white cell count/ pL, range: 21-256). Imaging
showed cortical and deep gray matter involvement in all in addition to juxtacortical signal
alterations in 6/10 children. No involvement of other white matter structures or contrast
enhancement was noted. MOG abs were detected in all children (median titer 1:640; range: 1:
320-1:10,540). Nine children had a favorable outcome at discharge (modified Rankin scale of <
2). Five of 10 children had up to 3 additional demyelinating relapses associated with persisting
MOG abs. One child had NMDA receptor (NMDAR) abs at initial presentation. A second
child had a third demyelinating episode with MOG abs with overlapping NMDAR encephalitis.

Discussion

AE associated with serum MOG abs represents a distinct form of autoantibody-mediated
encephalitis in children. We therefore recommend including MOG abs testing in the workup of
children with suspected AE.
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Glossary

ab = antibody; ADEM = acute disseminated encephalomyelitis; ADS = acquired demyelinating syndrome; AE = autoimmune
encephalitis; AQP4 = aquaporin 4; CBA = cell-based assay; FLAIR = fluid-attenuated inversion recovery; FLAMES = unilateral
FLAIR-hyperintense Lesions in Anti-MOG-associated Encephalitis with seizures; HSV = herpes simplex virus; IVIG = IV

immunoglobulins; IVMP = IV methylprednisolone; MOG

myelin oligodendrocyte glycoprotein; MOG-SD = MOG

spectrum disease; mRS = modified Rankin scale; NMDAR = NMDA receptor; NMOSD = neuromyelitis optica spectrum
disorders; ON = optic neuritis; TBA = tissue-based screening; WCC = white cell count.

During the past decade, antibodies (abs) against myelin oli-
godendrocyte glycoprotein (MOG) have been described in
different subgroups of acquired demyelinating syndromes
(ADSs) distinct from aquaporin 4 (AQP4) abs-associated
syndromes and MS."> MOG spectrum diseases (MOG-SDs)
manifest primarily in children with isolated or recurrent optic
neuritis (ON), isolated or combined with myelitis, or acute
disseminated encephalomyelitis (ADEM).>”’

The defining features of ADEM are the presence of encepha-
lopathy, polyfocal neurologic signs, and typical MRI findings.>”

Relapsing forms other than MS in children which are nearly
always associated with MOG abs include multiphasic
ADEM, ADEM followed by optic neuritis (ADEMON), and
AQP-4 negative neuromyelitis optica spectrum diseases
(NMOSDs). >0

More recently, adult studies described patients with autoim-
mune encephalitis (AE), MOG abs, and MRI features such as
cortical involvement of the brain.">"** One study reported 3
adult patients with encephalitis, unilateral cerebral cortical
lesions, and epileptic seizures in association with MOG abs."?
Recently, Budhram et al."> reported an adult patient with
MOG abs, encephalitis, seizures, and unilateral cortical in-
volvement terming the acronym FLAMES (unilateral fluid-
attenuated inversion recovery [FLAIR]-hyperintense Lesions
in Anti-MOGe-associated Encephalitis with seizures) after
a detailed literature review of similar cases.

Reports of children with clinical and radiologic presentations in
the context of MOG abs are limited. In a recent study of 18
patients with ab-mediated encephalitis, 2 children with unilateral
cortical involvement on MRI and MOG abs were identified.'®

The aim of this study was to describe the clinical features,
treatment response, outcome, and the neuroradiologic fea-
tures of 10 children presenting with encephalitis associated
with MOG abs.

Methods

Patients

We identified 10 pediatric patients who (1) fulfilled the cri-
teria of possible AE,"” (2) were tested positive for serum
MOG abs, (3) had brain MRI findings primarily restricted to
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the cortical and deep gray matter structures, and (4) showed
no involvement of deep white or periventricular white matter
areas, cerebellum, brainstem, or spinal cord at initial pre-
sentation, thus failing the classification criteria for ADEM.

Nine children were followed prospectively, and one child was
identified retrospectively (Pat 1, table). Three children were
primarily seen at the Children’s Hospital Datteln (A.W.-P,,
AB., and K.R.) where testing of MOG abs is routinely per-
formed in patients with ADS and encephalitis. One child was
initially included in the GENERATE study—a study focusing
on patients presenting with encephalitis in which testing for
MOG abs is also included. In the remaining 6 children, MOG
ab testing was performed as part of a locally established pro-
tocol and discovered by chance with the exception of patient 7
who had previously a MOG ab-positive ON. All 7 children were
referred to the attention of the senior author (K.R.) because of
the unusual combination of clinical findings, MOG ab posi-
tivity, and cortical involvement as seen on MRI. All children
had virologic, bacterial, and immunologic workup according to
the local guidelines. Clinical features, laboratory, and neuro-
imaging findings performed in the first 48 hours of clinical
presentation and outcome of all children were reviewed. Se-
verity at onset and outcome at the last clinical evaluation was

measured with the modified Rankin scale (mRS).'®

Serological studies

In 9 children, serum MOG ab testing was performed using live
cell-based assays (CBAs), and end point titrations were per-
formed as previously described.'” Median titers in patients
with and without relapses were compared using Mann-
Whitney U tests (GraphPad Prism 8). Serum MOG abs were
tested in one child with a fixed CBA (Euroimmun, Liibeck,
Germany), and this titer was not included in the statistics.
CSF was available in 7 children and tested with live CBAs."
Tissue-based screening (TBA) for neuronal surface abs in
serum and CSF using rat brain was performed in 7/10 chil-
dren. Nine of 10 children (7 serum and CSF, 2 serum only)
were examined by commercially available biochips (Euro-
immun) for the following antigens: NMDA receptor
(NMDAR) consisting of NR1 subunits only, GAD6S, LGI1,
CASPR2, AMPAR subunit 2, y-aminobutyric acid-B recep-
tors, and glycine receptors.

MRI
MRI scans were evaluated by 3 neuroradiologists (A.-W.-P.,
R.C,, and M.B.). All reviewers were blinded for the patients’
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Table Demographic, clinical data, laboratory findings, and MRI features of children with MOG-E
Clinical presentation Laboratory Findings MRI findings Outcome
CSF  Serum Cortical Juxta WM, BS,
Age Fever > cells/ MOG-ab CSFMOG Positive gray cortical Insular Lesion cerebral, CM mRS/last MOG ab
Pat. (y) Sex Prodrome 38.5°C Symptoms mRS pL titer 1:  ab titer 1: CSF-OCB  Awake EEG matter WM DGM cortex pattern myelon enhancement Treatment FU (mo) FU-titer Final Dx Relapses Remarks
1 14 F Headache Yes Mental status 4 256 640 ND No Marked Yes No No Yes Unilateral No No PB, aciclovir 1/48 2mo: 1:100 MOG-E/ 3 2. relapse
changes, slowing right (1. relapse, relapsing MOG/
somnolence, hemisphere Euroimmun); MOGSD NMDAR-E
focal seizures, 3 mo: 1:100 (10/2015)
left (2. relapse, SCIG/
hemiparesis Euroimmun); monthly
40 mo: 1:320 after 3.
(3. relapse); relapse
46 mo: 1:640 (11/2018)
2 12 M  Headache, Yes Mental status 5 21 320 Neg No Generalized Yes Yes Yes  Yes Bilateral No No IVMP, IVIG, 1/6 3 mo: 1:40 MOG-E 0
GE changes, slowing prednisolone-
somnolence, taper 8w
ataxia
3 16 m Headache Yes Severe 4 44 640 Neg No Slowing right  Yes No No No Bilateral No No IVMP, 1712 12mo:1:80 MOG-E 0 Bilateral
headache, parietal lobe prednisolone- hippocampus
somnolence, taper 8w involvement
dysarthric
speech,
unable to
walk securely
4 10 M Headache Yes Seizures, 4 96 320 Traumatic Traumatic Slowing right  Yes Yes No Yes Unilateral No Yes IVMP, IVIG, 1/6 4mo:1:160 MOG-E 0 Concomittant
dysesthesias of LP LP temporal RTX x 2, NMDAR abs
the left leg, prednisolone- in
audiovisual taper 8w CSF1.
hallucinations, episode
sleep disorders
5 5 M URTI, Yes Encephalopathy 4 4 1280 Neg No Generalized ~ Yes Yes Yes  Yes Bilateral  No No IVIG, IVMP 1/42 12mo: 1:160; MOG-E/ 2 RTX 7x
febrile with slowing, 30 mo: 1: relapsing
seizure somnolence, bilateral SWs 2560 MOGSD
ataxia (1. relapse),
33 mo:1:
10,240
(2. relapse)
6 6 M Headache No Severe 4 136 640 ND ND Severe Yes Yes No No Bilateral No No IVMP, IVIG, 1724 6mo:1:640 MOG-E/ 1
headache, generalized MMF, (1.relapse)  relapsing
somnolence, slowing levetiracetam 17 mo: 1:160 MOGSD
focal seizures
7 7 F URTI Yes Somnolence, 3 32 1280 Neg No Slowing right ~ Yes No No  Yes Unilateral No No IVMP 1/48 3mo: 1:1,280 MOG-E/ 1 1. episode
left temporal lobe relapsing with ON;
heimiparesis, MOGSD 3 mo prior:
focal seizures MOG abs:
1:1,280
8 6 F GE Yes Somnolence, 4 91 2540 32 No Normal Yes Yes No No Unilateral No Not done IVMP 17/ 4mo:1:640 MOG-E/ 1
ataxia (1.relapse)  relapsing
MOGSD
Continued


http://neurology.org/nn

Y53 clinical data. Minimum requirements of the brain MRI
§ §§§ sequences for inclusion were axial T2, axial FLAIR, sagittal
5 g3 T2, diffusion-weighted, and contrast-enhanced axial T1
g ST 3 8
2 —E‘E 2 images, which were not administered in one child. In 2 chil-
H >
5 £5 o dren, the MRI was performed on scanners with a field strength
: ° ° Eg & of 1.0 T, in 6 with 1.5 T and in 2 with 3.0 T. In 8 patients,
= § § y :-; 'é spinal cord MRI was performed.
<
| s s seE£
T
. ié% = Distribution of lesions was assessed regarding the in-
o o = n . . .
g g g 3ux volvement of certain regions such as cortical gray matter,
=2 | 2 © e juxtacortical, deep and periventricular white matter, corpus
o 2 . .
§ i3 ég 5 callosum, thalamus, basal ganglia, brainstem, and cerebel-
3| 25 |8 g E=3 lum.*' Furthermore, the following features were recorded: (1)
=52 ) g L2 e .
¥ | 188% areas of restricted diffusion (high signal on diffusion-weighted
g g ié é g §, % "ED 9 ﬁlg imaging and low signal on apparent diffusion coefficient) and
H %é 2 %“éﬁ g | £=p § (2) gadolinium-enhancing lesions. Spinal MRI was analyzed
= =al = [F] o FE L.
: % @ £5 for the presence of transverse myelitis (figure 1).
£ o0 &®o
g 72925 . .
5 Bu' S Standard protocol approvals, registrations,
= [} o) =g 9 .
5§ | 2 2 weeg and patient consents
<= Q iy -
855 %§‘§ £ This study was approved by the Ethics Committee of the
88 |2 3 938 Witten/Herdecke University, Germany (BIOMARKER-Study
= = 3 . .
3 s | B s 28 = number AN4059). All caregivers gave informed consent.
N - o o L O . . .
S % : k3 é zZ5 One patient was included in the GENERATE-study (study
- C
E ] £ s 2 £Eo Ry number EK 26-16) approved by the Ethics Committee of the
=0 =T
g = 48 é % Medical University RWTH Aachen, Germany.
a | 2 2 dE =8
c _ 8°c®
= 3 2coE . ore
2 885 . 0T Y e Data availability
& o D o5 =
S |E|2%% = g b g.%o E All relevant data generated or analyzed are included in this
o E 2 > . éégé published article. Further anonymized data will be shared
SHELCEL R = 2 ,;8 2 upon request from any qualified investigator.
© Q.-
o 9 | § ) pc2g
st X S 5 £ o0 L X
> [ - c 2, e - 8
2 L §2s | g§o8f Results
< ee ToER
x £0Q =50z We identified 10 children fulfilling the criteria of possible AE"”
s @ o 0 >cz g 1%
o wn o
- b = 2. £ g g in whom as part of the workup serum MOG abs were found.
& |8 3% 38S% The cohort consisted of 4 female and 6 male patients with
L |5| =2 Eftga: P
OE| B2 | . g EQ é £ amedian age at onset of 8.0 years (range: 4-16 years). Five of
c 7 o . . . . . . .
5 . B=zco 10 children had signs of a mild preceding infection affecting
5T | 8 8 £8°c% . . .
& 21288 | 8 Se' the upper respiratory or gastrointestinal tract (table and
Z“ S|wES - A ogz9 Pp P ry g
5|3 1gZF figure 2).
S 18l832|s = 353 &
P “ E‘ cgq @
_(% €< - 329 g All children presented with signs of encephalopathy associated
99
g 2 §<D: £ with fever (temperature > 38.5°C) (8/10), severe headache (7/
< g ¢ |g 9] Il . . . .
_r;u' S e | 2,5 835 8 %g E 10), febrile or afebrile seizures (6/10), and neurologic symp-
g g | oca |oB2 . . . . . . .
= |3 & g8z |z g é‘ L2 toms, including ataxia, hemiparesis, or dysarthria (7/10). The
2 38 = = [ . X . o s
2 | & 328|328 Sus g modified Rankin scale (mRS) in the initial phase was 3 (n = 1),
El k: 8b | ERZ @ 4 (n=7),and S (n = 2). Four children were referred tempo-
2[5l &&= =z % =93 rarily to the intensive care unit. CSF pleocytosis (>4 white cell
o o S ..o . . . .
% £ 2 sL%= count/pL) was detected in 9/10 children with a median of 80
= . g =i [V} . . .
& 2|2 g B e %g cells/pL (range: 21-256). CSF protein was elevated in 3 chil-
o w I - =
g x £ So_§ dren (range: 56-120 mg/dL).
e v | e S8<3
()] g’o;‘ ‘g g .EJZJ 8 . . . .
] == e N £T82 EEG was performed in 9 children, revealing generalized or
i Ela e 2NEE focal slowing in 7/9 children in the first 48 hours of the

4 Neurology: Neuroimmunology & Neuroinflammation | Volume 7, Number 4 | July 2020 Neurology.org/NN


http://neurology.org/nn

Figure 1 Clinical details and brain MRI from patient 1 with autoimmune encephalitis and serum myelin oligodendrocyte

glycoprotein (MOG) antibodies

Cerebral MRI of a 14-year-old girl (Pat 1) who presented to
the emergency department with severe headache, mental
status changes, and seizures. Fluid-attenuated inversion
recovery image shows pronounced signal alterations and
effacement of the cortical gray matter, particularly in the
right temporal-parietal lobe (A). In addition, increased signal
intensity was noted on signal diffusion weighted-imaging,
but no corresponding hypointense apparent diffusion co-
efficient areas reflecting vasogenic edema rather than cy-
totoxic injury (B and C). Contrast enhancement of the right
temporal-parietal lobe was not seen (D). Four months later,
she developed a third episode with sudden onset of memory
problems, aggression, sleeping problems, and social with-
drawal. Autoantibody studies in CSF and serum revealed
NMDA receptor antibodies (abs) in addition to serum MOG
abs. MRI of the brain showed a new and large T2 signal al-
teration in the pons with contrast enhancement (E and F).
She was treated with steroids and rituximab. A fourth epi-
sode occurred 2 years and 10 months after the initial onset
with dizziness and ataxia. Cerebral MRI showed a new pat-
chy T2-hyperintense signal in the right pons and in the left
cerebellar white matter (G and H). All lesions resolved
completely without residuals. Since the third relapse, she
was treated with subcutaneous immunoglobulins.

presentation. Epileptic discharges were recorded only in one
child in the acute phase. EEG recording in all children nor-
malized after steroid treatment.

Search for different pathogens in stool, throat swab, serum,
and CSF was undertaken in all children including Herpes
simplex virus (HSV)-PCR, which was negative in all.

In addition to antibiotic and antiviral therapy, 8/10 children
were treated with high-dose IV methylprednisolone (IVMP)

Neurology.org/NN
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for 3 to S days with a daily dose of 20 mg/kg (maximum 1 g/d).
One child received IV immunoglobulins (IVIG; 2 g/kg/
bodyweight) given for S days.

At 4 weeks, 9 children had a favorable neurologic outcome
(mRS 1), and one child had a residual left-sided hemiparesis
(mRS 2) needing further rehabilitation. This child only re-
ceived the diagnosis of MOG encephalitis 4 years later and
had not been treated with IVMP nor IVIG at the time (sup-
plementary file 1, Pat 1, links.lww.com/ NXI/A245).

| Volume 7, Number 4 | July 2020
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Figure 2 Clinical details and brain MRI from patient 2 with autoimmune encephalitis and serum myelin oligodendrocyte

glycoprotein antibodies

First cerebral MRI of a 12-year-old boy (Pat 2) with enceph-
alopathy, fever, and ataxia reveals generalized edema of the
cerebral cortex and the basal ganglia including the caudate
nucleus, putamen, and globus pallidum. The initial exami-
nation was superimposed with strong movement artifacts,
despite which the cortical edema can still be noted in the
shown fluid-attenuated inversion recovery images (A and B).
The second MRI of the brain performed 7 days later after
treatment with high-dose cortisone and immunoglobulins
still showed cortical involvement of the right fronto-tempo-
ral lobe (C). In the diffusion-weighted images, “T2-shine-
through” (D) but no apparent diffusion coefficient (ADC)
signal depression was found. In addition, a single new cen-
tral pontine lesion was noted in the sagittal T2 images with
increased signal intensity in diffusion-weighted imaging and
ADC signal depression this time as a sign of cytotoxic injury
(E and F) but still without contrast enhancement. In the third
MRI of the brain performed 18 days after admission, the
central pontine lesion was still present (G and H) associated
with ADC depression (not shown).

The follow-up interval was between 6 and 48 months in all
children with an average follow-up of 20 months. Five chil-
dren had a monophasic disease course, and 5 children re-
lapsed. Time to 1 relapse was between 2 and 30 months. Two
children developed one relapse, one child had 2 relapses, and
one child had 3 relapses, and all were diagnosed with relapsing
MOG-SD. In one child (Pat 7), MOG encephalitis developed
after an initial episode of unilateral ON 3 months earlier.

Two children with relapsing episodes were started on
disease-modifying therapies. One child receives monthly

Neurology: Neuroimmunology & Neuroinflammation
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subcutaneous immunoglobulins (0.85 g/kg/mo) (table, Pat
1). The other child was started on rituximab with a dose of
375 mg/m” body surface area and 7 consecutive applications
(table, Pat S).

Serum MOG abs were detected in the acute phase in all
children with a median titer of 1:640 (range: 1:320-1:
10,240). In the S children with a monophasic course, all serum
MOG ab titers declined to below 1:160 during the median
follow-up interval of 11 months (range: 6-24). In 2 children
with one further relapsing event, serum MOG abs dropped to

Neurology.org/NN
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Figure 3 Clinical details and brain MRI from patient 3 with autoimmune encephalitis and serum myelin oligodendrocyte

glycoprotein (MOG) antibodies

MRI of the brain of a previously healthy 16-year-old boy (Pat
3) who presented to the emergency department with a 6-day
history of severe right-sided headache shows bilateral signal
alterations in both hippocampi, particularly in the coronal
fluid-attenuated inversion recovery sequences more pro-
nounced on the right than left side (A). In the T2-weighted
images, the alterations are less pronounced (C). Diffusion
restriction or contrast medium enhancement was not noted
in this patient (B and D). Follow-up MRI of the brain 3 months
later did not reveal any abnormalities (not shown).

undetectable levels (<1:40) after 6 and 10 months, re-
spectively. In the other 3 children with relapsing events, MOG
ab titers remained in the range of 1:320 and 1:640 over
a follow-up period of 33 months (range: 9-48 months). At the
time of the last relapse or last follow-up, median MOG serum
titers were higher in patients with relapses (median 640, 95%
CI 320-10,240) than in patients without relapses (median 60,
95% CI20-160, p = 0.016). In 7 children, MOG abs were also
tested in CSF (table) with no apparent intrathecal synthesis.
Serum and/or CSF samples of 3/7 children reacted strongly
with rat epitopes of MOG, showing a myelin staining pattern,
which was not observed in any of the other 4/7 children tested
using rat brain immunohistochemistry. Of note, one child also
had NMDAR abs in serum and CSF (titer 1:10 in CBA and
confirmed in TBA). Interestingly, although this child pre-
sented primarily with somnolence, increasing headache, and
seizures, hallucinations were also described in the acute phase
(table, Pat 4).

NMDAR abs were found in one other child in CSF and serum
who developed symptoms suggestive of NMDAR encephalitis
in addition to MOG encephalitis (Pat 1, see below). In both
children, subsequent testing for serum NMDAR abs 12 (Pat
1) and 4 months later was negative (Pat 4).

MRI findings in children with encephalitis and
MOG abs at disease onset

MRI was performed in 6 different hospitals. All children had
involvement of the cerebral cortex and to a lesser extent of
deep gray matter structures, including the thalami (3/10). In

Neurology.org/NN
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addition to cortical involvement, a small rim of the adjacent
juxtacortical white matter was affected in 6/10 children. In
none of the children additional lesions in the corpus callosum,
deep, or periventricular white matter were detected. In-
volvement of the optic nerves, brainstem, cerebellum, or
spinal cord was also not noted. Bilateral limbic involvement of
both hippocampi was present in one patient (table, Pat 3,

figure 3).

Diffusion restrictions were not found, and pathologic contrast
enhancement was absent in all patients, except for a single
case with presumed hemorrhagic and unilateral encephalitis
(table, Pat 4, figure 4D) in whom vascular leakage resulted in
contrast medium accumulation with no lesion-specific pat-
tern. This child had a single lesion affecting the left temporal
cortical and juxtacortical region.

Distribution of lesions was unilateral in 4 children and bi-
lateral in 6 children. The anatomical localization of the cortical
changes in the initial MRI of the brain was mostly parietal (8/
10), less frequently frontal (7/10), temporal (5/10), and
occipital (3/10). The insular cortex was affected in 6 children.

In the first available MRI study, several radiologic features
were noted in all children: (1) involvement of cortical and
deep gray matter structures often associated with juxtacortical
signal changes, (2) absent diffusion restriction, (3) no in-
volvement of the optic nerves or other white matter structures
such as deep white and periventricular matter, spinal cord, and
(4) no lesional contrast enhancement.

| Volume 7, Number 4 | July 2020
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Figure 4 Clinical details and brain MRI from patient 4 with autoimmune encephalitis and serum myelin oligodendrocyte

glycoprotein antibodies

Brain MRI of a 10-year-old boy (Pat 4) with focal seizures,
encephalopathy, and fever revealed a large hyperintense
lesion of the right insular cortex and the adjacent juxta-
cortical white matter (A, fluid-attenuated inversion re-
covery). In the diffusion-weighted images, there is “T2-shine-
through” but no apparent diffusion coefficient signal de-
pression and therefore no diffusion restriction (B and C).
This was the only patient in whom after administration of
contrast agent, a streaky, garland-like contrast enhance-
ment in the area of the insular cortex and the juxtacortical
white matter on the right was noted (D). We assume that
vascular leakage resulted in contrast medium accumulation
with no lesion-specific pattern. In this patient, no other areas
of the brain were affected.

Case presentation of 3 children with

MOG encephalitis

In the supplemental material, we describe the clinical pre-
sentations and further course of 3 patients (see supplemen-
tary file 1, links.lww.com/NXI/A245, Pat 1-3, table).

Discussion

Here, we describe the clinical characteristics, neuroimaging
features, and outcome of children presenting with AE asso-
ciated with MOG abs, which were distinct from ADEM as-
sociated with MOG abs.

All children had a brief prodromal period associated often
with severe headache, followed by impairment of conscious-
ness associated with other neurologic symptoms and seizures.
All children fulfilled the criteria for possible AE as proposed by
Graus et al."”

Children presenting with a presumed encephalitis require
immediate treatment to improve neurologic outcome. The
differential diagnosis entails pathogen-driven diseases and
autoimmune-mediated diseases. In particular, ab-mediated
forms of encephalitis have been shown in several studies to be

. 17,22
important causes.

On clinical grounds and standard laboratory testing, the
different entities cannot be separated with a high degree of
certainty. MRI plays an important role in the first assess-
ment of patients presenting with clinical signs of
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encephalitis. Our analysis of the imaging studies of children
with MOG encephalitis shows that these children have
a radiologic pattern that is distinct from pathogen-induced
encephalitis, other forms of ab-mediated AE or ADEM. All
children in our sample showed involvement of cortical re-
gion with absent diffusion restriction and contrast en-
hancement. In addition to optic nerves, white matter
structures such as deep white were not affected initially,
which is in contrast to children with ADEM and MOG abs.
Imaging in MOG-positive ADEM is characterized by hazy,
large lesions confined to subcortical and deep white areas in
addition to areas including the spinal cord. Here, cortical
areas can be affected too but not exclusively, as shown
previously.”'°

MRI findings in HSV encephalitis are mainly restricted to
the temporal lobes affecting cortical and white matter areas
and are associated with features indicating substantial
structural damage such as an increased signal intensity on
diffusion-weighted imaging and contrast-medium en-
hancement. MRI in children with NMDAR encephalitis is
often unremarkable, with one-third of patients showing
only unspecific MRI changes and very rarely cortical
enhancement.>>**

Our study further shows that MOG encephalitis in children
can (1) occur as a monophasic disease, (2) can continue as
a relapsing disease in half of all children with different de-
myelinating syndromes, and (3) present with features of
NMDAR encephalitis at the same time (Pat 1, 4) (table).
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In one study, 2 children with encephalitis, unilateral cortical
involvement on MRI, and MOG abs were reported, con-
firming the presence of MOG encephalitis in children.'®
Budhram et al. reviewed the literature of patients with serum
MOG abs, encephalitis, and seizures. They found that MRI in
these patients often reveals a unilateral cortical involvement
and coined the acronym FLAMES (unilateral FLAIR-
hyperintense Lesions in Anti-MOG-associated Encephalitis
with seizures).'> Two further single cases were recently
published, describing children with symptoms suggestive of
encephalitis associated with MOG abs but with MRI features
more reminiscent of ADEM underscoring the need for precise
terminology and diagnostic standards for children with
MOG-SD.***® Recently, Armangue et al. showed that the
spectrum of MOG-SD is wider than previously reported in-
cluding children with encephalitis.”” In their large cohort of
children with ADS and encephalitis, they found that 22/296
children with definite or possible AE harbored MOG abs.

We could not delineate serologic or CSF findings specific to
MOG encephalitis in comparison to other MOG-SD. Re-
action with rat epitopes has been described as associated with
NMOSD phenotype, yet we did observe this in 3/7 of our
patients,28 supporting the notion of including TBA using rat
brain sections in the workup of pediatric AE. Intrathecal
synthesis of MOG abs has been speculated earlier to be as-
sociated with ADEM in contrast to NMOSD phenotypes, yet
this was not observed in any of the 7 patients with testing
available in CSF and serum.”” Another interesting observation
in our case series is that 2 children with MOG encephalitis
either had NMDAR abs in serum and CSF at initial pre-
sentation or presented with a severe clinical manifestation of
NMDAR encephalitis 4 months later. In adults, the occur-
rence of overlapping demyelinating syndromes associated
with MOG or AQP4 abs and subsequent episodes of en-
cephalitis with NMDAR abs has been described.*® The si-
multaneous presence of both abs was also reported recently in
a large study of children with NMDAR encephalitis, which
found that more than 10% of affected children also harbored
MOG abs.'® There was no difference in the CSF cell count of
children with MOG encephalitis in our cases series compared
with children with ADEM or NMDAR encephalitis.7

Encephalitis in children remains a severe disease despite
recent advances. Timely diagnosis is of utmost importance,
and delay may thus contribute to significant long-term se-
quelae. The differential diagnosis is broad, ranging from vi-
ral, bacterial, fungal, and parasitic infections to possible and
definite cases of AE and other forms of immune-mediated
diseases such as ADEM. Metagenomic next-generation se-
quencing is emerging as a new approach for the diagnosis of
infectious causes which can be identified by using a single
assay, most likely increasing the detection rate of pathogen-
induced encephalitis.>’ In addition, novel neuronal cellsur-
face and synaptic autoantibodies have been identified in
recent years expanding the spectrum of definite causes of
AE, 3234
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MOG abs directed against epitopes of MOG of the myelin
sheath of oligodendrocytes appears to be another culprit in
the events leading to the manifestation of an AE. In contrast to
the variable clinical manifestation in NMDAR encephalitis,
children with MOG encephalitis, as far as we observed,
present commonly with fever, headache, somnolence, seiz-
ures, and a characteristic imaging pattern with good response
to steroids.

Limitations that need to be addressed as follows: (1) small
sample size and a lack of comparison with other children who
fulfill the diagnostic criteria for AE but do not have MOG abs,
(2) not all children were followed prospectively, and (3)
children with a monophasic disease course had shorter follow-
up period compared with the one with a relapsing disease
course. In addition, (4) not in all children, autoantibody
testing for neuronal antigens was performed in the CSF, thus
leading to an underestimate of other autoantibodies involved.
Finally, (S) the outcome was tested only with mRS, thereby
not accurately assessing cognitive function in this form of
encephalitis.

AE with serum MOG abs represents a further form of
autoantibody-mediated encephalitis in children and MOG
encephalitis should therefore be considered in the differential
diagnosis, particularly in the presence of cortical involvement
on MRI Diagnostic workup of pediatric patients with sus-
pected AE should include TBA using rat brain immunohis-
tochemistry and live cell MOG abs assays.
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