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Abstract
Background and Objectives
Antibodies to myelin oligodendrocyte glycoprotein (MOG-Ab) have recently been reported in
patients with encephalitis who do not fulfill criteria for acute disseminated encephalomyelitis
(ADEM).We evaluated a cohort of these children and compared themwith children with ADEM.

Methods
This retrospective, multicenter cohort study comprised consecutive patients <18 years of age
withMOG-Ab who fulfilled criteria for autoimmune encephalitis. These patients were stratified
into (1) children not fulfilling criteria for ADEM (encephalitis phenotype) and (2) children
with ADEM. Clinical/paraclinical data were extracted from the electronic records. Compari-
sons were made using the Mann-Whitney U test and χ2 Fisher exact test for statistical analysis.

Results
From 235 patients with positive MOG-Ab, we identified 33 (14%) with encephalitis and 74
(31%) with ADEM. The most common presenting symptoms in children with encephalitis were
headache (88%), seizures (73%), and fever (67%). Infective meningoencephalitis was the initial
diagnosis in 67%. CSF pleocytosis was seen in 79%. Initial MRI brain was normal in 8/33 (24%)
patients. When abnormal, multifocal cortical changes were seen in 66% and unilateral cortical
changes in 18%. Restricted diffusionwas demonstrated in 43%. Intra-attack new lesions were seen
in 7/13 (54%).When comparing with childrenwith ADEM, childrenwith encephalitis were older
(median 8.9 vs 5.7 years, p = 0.005), were more likely to be admitted to intensive care (14/34 vs
4/74, p < 0.0001), were given steroid later (median 16.6 vs 9.6 days, p = 0.04), and were more
likely to be diagnosed with epilepsy at last follow-up (6/33 vs 1/74, p = 0.003).

Discussion
MOG-Ab should be tested in all patients with suspected encephalitis even in the context of
initially normal brain MRI. Although exclusion of infections should be part of the diagnostic
process of any child with encephalitis, in immunocompetent children, when herpes simplex
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virus CSF PCR and gram stains are negative, these features do not preclude the diagnosis of immune mediated disease and
should not delay initiation of first-line immunosuppression (steroids, IVIG, plasma exchange), even while awaiting the antibody
results.

Introduction
Encephalitis in children and adolescence is associated with a
high rate of morbidity and mortality and poses difficult di-
agnostic and therapeutic challenges.1 The differential diagnoses
are diverse and include infectious, autoimmune, genetic, and
neoplastic etiologies. The clinical features of these disorders
overlap, and, inmany cases, the cause will not be apparent from
the history and examination at the initial presentation. Rigorous
clinical observations, alongside extensive investigations, and
empirical treatment of multiple, potentially life-threatening
causes are often required simultaneously. Often, immuno-
therapy may be overlooked in the fear of an infectious etiology.

The discovery that several forms of encephalitis are associated
with neuronal antibodies and often immunotherapy responsive
has led to a change in the diagnostic approach,2,3 which pre-
viously tended to assume infective etiologies, to recognize both
known antibody-mediated encephalitis and seronegative au-
toimmune encephalitis.2 Despite the rapidly expanding subset
of autoimmune encephalitis and the discovery of several novel
autoantibodies, most pediatric cases remain without an iden-
tified etiology.4,5 Furthermore, even within the spectrum of
autoimmune encephalitis, the exact pathogenic mechanism of
each syndromemay be different, such that although initial acute
treatment strategies may be similar, ongoing management re-
quires different treatment protocols.6 The lack of consistent
definitions and standardized diagnostic approach is a limiting
factor alongside access to diagnostic testing.

The identification of antibodies to myelin oligodendrocyte
glycoprotein (MOG-Ab) in patients with cerebral cortical
encephalitis has expanded the phenotype of MOGAD beyond
diseases restricted to the white matter.7 This phenotype which
accounts for approximately 7% of all patients with MOGAD8

is now included in the MOGAD diagnostic criteria.9 These
patients present with acute or subacute new-onset seizures
and evidence of cerebral irritation (encephalopathy, confu-
sion, headache, or focal neurologic deficits in addition to
seizure) T2-hyperintense signal in the cortex often with en-
hancement of the overlying meninges.9 This discovery has led
to the testing of MOG-Ab in children with encephalitis
without the imaging features of acute disseminated enceph-
alomyelitis (ADEM),4,10 and in a study of 64 patients with

autoimmune encephalitis, MOG-Ab were more common
than all other neuronal antibodies combined.11 These chil-
dren were previously labeled as seronegative autoimmune
encephalitis as they were negative for all known neuronal
autoantibodies.4 Importantly, a proportion of these children
do not have imaging features consistent with cerebral cortical
encephalitis and may even have a normal MRI.11,12 These
children do not fulfill the diagnostic criteria of MOGAD
which may results in diagnostic uncertainties.

Other reports and a systematic review have described features
of non-ADEM or cortical encephalitis, though the natural
history remains incompletely described.8,11,13 Here, in a ret-
rospective observational study, we describe the common
presentation, paraclinical features, treatment, disease course,
and outcomes in 33 children and compare them with children
presenting with ADEM-phenotype MOGAD.

Methods
This project was a multi-institutional, retrospective study run
within the UK Childhood Neuro-inflammatory Disorders
(CNID) Network and included patients from Great Ormond
Street Hospital (London), Evelina London Children’s Hos-
pital (London), Birmingham Children’s Hospital (Birming-
ham), Addenbrooke’s Hospital (Cambridge), Alder Hey
Children’s Hospital (Liverpool), Royal Manchester Child-
ren’s Hospital (Manchester), Great North Children’s Hos-
pital (Newcastle), and John Radcliffe Hospital (Oxford).

The study cohort comprised patients with positive serum
MOG-Ab who fulfilled criteria for autoimmune encephalitis.2

These patients were stratified into (1) those who fulfilled the
criteria for autoimmune encephalitis but did not fulfill diagnostic
criteria for ADEM14 (encephalitis phenotype) and (2) children
fulfilling diagnostic criteria for ADEM (ADEM phenotype).

Patients were consecutively seen in the 8 UK pediatric neu-
roscience centers between January 2014 and January 2022. All
patients were tested for MOG-IgG in the serum as part of the
routine clinical care using cell-based assays (fixed, live, or both).
Further diagnostic testing, including exclusion of infectious and
other causes of disease, was undertaken according to clinician’s

Glossary
ADEM = acute disseminated encephalomyelitis; EDSS = Expanded Disability Status Scale; GFAP = glial fibrillary acidic
protein; HSV = herpes simplex virus; IQR = interquartile range; MOG-Ab = antibodies to myelin oligodendrocyte
glycoprotein; MS = multiple sclerosis.
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discretion and was not standardized. Patients were scanned as
part of their routine clinical care using a routine protocol
supported by the UK-CNID network (eTable 1).

From this cohort, our inclusion criteria required the follow-
ing: (1) first clinical attack occurring before age 18 years and
(2) available acute brain MRI obtained within 4 weeks of the
attack nadir.

Clinical data including demographics, clinical findings, neu-
roimaging reports, and laboratory results, first and subsequent
relapse characteristics, and treatment information were ret-
rospectively reviewed from electronic medical records of pa-
tients and entered in a standardized database.

For the diagnosis of ADEM, radiologic features of ADEM
were required, which included abnormal MRI during the
acute phase with diffuse, poorly demarcated, large (>1–2 cm)
lesions involving predominantly the cerebral white matter.14

Where there was phenotypic overlap, the presence of typical
ADEM lesions resulted in inclusion in the ADEM phenotype.

Relapses were defined as “new neurologic symptom” or “clear
acute worsening of previous neurologic deficits” with objec-
tive clinical signs lasting for at least 24 hours and attributed to
an inflammatory CNS event and occurring after a period of
clinical remission of >1 month, as defined by the International
MOGAD Panel proposed criteria,9 confirmed by the treating
physician. Disability assessment was determined from patient
electronic medical record review at all subsequent clinical
follow-up time points using the Expanded Disability Status
Scale (EDSS). Educational impact was determined by the
need to change school setting to receive extra support.

All available MRI scans were clinically reported by pediatric
neuroradiologists. All MRI scans of patients with the en-
cephalitis phenotype were then independently re-evaluated
by 2 pediatric neuroradiologists (AB and KM). Intra-attack to
nadir MRI was evaluated for (1) lesion location, (2) patterns
on diffusion-weighted imaging, (3) parenchymal contrast
enhancement, and (4) leptomeningeal contrast enhancement.
If more than 1 intra-attack MRIs were performed, subsequent
brain MRIs within a single attack were evaluated for new T2
lesions(s), resolved T2 lesion(s), both, or no change.

Statistical Analysis
Descriptive statistics were performed on the demographic and
clinical variables. Mean, median, SD, and interquartile range
interquartile range (IQR) were reported as appropriate. To
compare the demographic, clinical, and paraclinical charac-
teristics between our encephalitis phenotype and ADEM
phenotype cohorts, parametric or nonparametric statistical
tests (Mann-Whitney U and Kruskal-Wallis tests) were used
for continuous distributions as appropriate given normality,
and Pearson χ2 test with Yates continuity correction or Fisher
exact tests were used for nominal data. The results associated
with a value of p < 0.05 were considered significant. Data were

analyzed with GraphPad Prism 8 (GraphPad Software) and R
(version 4.3.1; R Core Team 2020).

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by Great Ormond Street Hospital
Research andDevelopment Department (reference: 16NC10).
As the data analysis was retrospective and no additional data
were collected beyond that required for standard medical care
of the patient, participants were not required to give an in-
formedwritten consent to participate in the study before taking
part. Any data not published within the article will be shared on
request from any senior (tenured) investigator.

Results
From a cohort of 235 patients withMOGAD, we identified 33
(14%) with encephalitis phenotype and 74 (31%) with
ADEM phenotype. Patient demographics are summarized in
Table 1. The median length of follow-up from first clinical
presentation was 3.2 years in the encephalitis phenotype
group and 4.5 years in the ADEM phenotype group.

Children With MOG-Ab and
Encephalitis Phenotype
Of the 33 patients with encephalitis phenotype, 30 presented
with this phenotype initially and in 3 patients this was the attack
phenotype at the time of relapse (1 patient had an episode of
optic neuritis initially and 2 patients had multiphasic ADEM
[Figure 1] before the non-ADEM encephalitis relapse). Of the
13 who relapsed after the encephalitis phenotype episode, 6
had further encephalitis phenotype relapses and 7 relapsed with
optic neuritis. Figure 1 illustrates the disease course and attack
phenotypes with respect to the patient’s age. In addition to
the encephalopathy seen in all patients, patients with enceph-
alitis phenotype presented with headache in 29 patients
(88%), seizures in 24 (73%), fever in 22 (67%), ataxia in 7
(21%), vomiting in 6 (18%), and neuropsychiatric features in
4 (12%). Spinal cord or optic nerve involvement (detected on
imaging and or ophthalmologic assessment) was detected in 7
(21%) and 3 (14%) patients, respectively.

CSF pleocytosis occurred in 26 patients (79%) with median
14 cells (range 1–235, 6 patients >520 cells). Raised CSF
protein was seen in 10/30 patients (30%), and 4/30 (13%)
had intrathecal oligoclonal bands. Two patients were addi-
tionally positive for NMDAR-Ab in the CSF. These 2 patients
had a clinical phenotype consistent with NMDA receptor
encephalitis but imaging features in keeping with MOGAD.
EEG was performed during the acute presentation in 27
children and was abnormal in 23 (85%). Of the 19 with
generalized slowing, 17 were moderate and 2 were severe.
Epileptiform discharges were seen in 7 (26%).

Initial MRI was performed at a median of 10 days (IQR 3–19)
after symptom onset. The MRI brain was reported as normal
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in 8/33 patients (24%). A comparison between patients with
initially normal brain MRI vs patients with abnormal brain
MRI at onset is summarized in eTable 2. When evaluating
brain MRI lesion location at nadir, cortical changes were seen
in 24/33 (73%), including multifocal cortical changes 21
(64%), bilateral cortical changes in 17 (51%), and unilateral
cortical changes in 6 (18%). The cortical area most involved
were temporal (n = 10), frontal (n = 6), and parietal (n = 3)
with 5 patients having diffuse cortical swelling. Additional
changes were seen in the deep gray nuclei in 12/33 (36%),
brainstem in 9 (27%), and cerebellum in 6 (18%). Restricted
diffusion was demonstrated in 13/30 (43%), parenchymal
contrast enhancement in 3/19 (15%), and leptomeningeal
contrast enhancement in 7/19 (37%).

In 13 patients, there was a second MRI brain performed
within the same attack, after a median of 8 days (IQR 5.5–13)
from the first scan. Compared with the baseline scan, the
second MRI showed new T2-lesion(s) in 7 (54%), stability in
2 (both normal, 15%), resolution of T2-lesion(s) in 2 (15%),
or both new and resolved T2-lesions in 2 (15%). In 3 patients,
repeat intra-attack imaging demonstrated additional white
matter changes which would fulfill the criteria for ADEM. Of
the 8 patients with initially normal MRI (median 6 days in-
terval between symptom onset and first MRI), 4 became
abnormal on subsequent intra-attack imaging. Figures 2–5
highlight key radiologic features observed in this cohort and
Table 2 compares MRI lesion dynamic between patients with
ADEM vs encephalitis phenotypes in both acute attack and
follow-up imaging.

Fourteen patients were admitted to intensive care for a me-
dian of 5 days (IQR 2–11). Infective meningoencephalitis was
the initial diagnosis in 22 (67%). Antimicrobial and antivirals
for suspected infective encephalitis were given in 28/33
(84.8%), and 20/33 (60.1%) received antiepileptic medica-
tions during the acute admission. Immunotherapy was initi-
ated in 27/33 (81.8%); all 27 patients received steroids while
9 patients had IV immunoglobulin and 6 patients had plasma
exchanges. Four patients received all of steroids, IVIG, and
plasma exchange. The median time from symptom onset to
steroids was 16 days (IQR 5–23). Delayed time to steroids
were seen in patients who were initially diagnosed with in-
fective encephalitis with median 26 days vs 5 days (p = 0.005).
All 7 patients who did not receive immunosuppression at the
first attack in view of the suspected infectious diagnosis had a
further clinical relapse (median time to relapse 60 months,
IQR 4–80).

Patients were followed up for a median of 3.2 years (IQR
1.6–5.7). At last follow-up, 14(42%) patients had a relapsing
disease course. Eight patients received maintenance immu-
nosuppression (all after at least 1 relapse): MMF (n = 6),
monthly IVIG (n = 4, all also onMMF), and azathioprine (n =
2). At last follow-up, the median EDSS was 1 (IQR 0–1.5).
Cognitive difficulties were reported in 13 (39.4%) and 9 pa-
tients had ongoing seizures after the acute attack and were
treated with maintenance antiseizure medications (7 with
both cognitive difficulties and seizures).

Comparison Between Children With
Encephalitis and ADEM Phenotypes
ADEM phenotype presentation was more common than the
encephalitis phenotype and was seen in 74/235 (31%, p <
0.0001). Children presenting with the encephalitis phenotype
were older (median 8.9 vs 5.7 years, p = 0.005), more likely to
present with seizures (24/33 vs 6/74, p < 0.0001), and be
admitted to intensive cares (14/33 vs 4/74, p < 0.0001).
Epileptiform discharges on EEG were more common in the
encephalitis phenotype group (8/21 vs 0/12, p = 0.03), and
initial brain MRI was more frequently normal (8/33 vs 0/74,
p = <0.0001). Patients with encephalitis phenotype had

Table 1 Comparison Between Children With MOG-
Ab–Positive ADEM and MOG-Ab–Positive
Autoimmune Encephalitis

Encephalitis
n = 33

ADEM
n = 74 p Value

Demographics

Age (median, y) 8.9 5.7 <0.001

Sex (female: male) 17:16 30:44 0.3

Presentation

Seizures 24 (72.7%) 6(8%) <0.0001

Optic nerve involvement 7 (21.2%) 14 (18.9%) 0.8

Spinal cord involvement 3 (9.1%) 29 (39.2%) 0.0014

Investigations

Normal MRI at onset 8 (24.2%) 0 <0.0001

CSF pleocytosis (>5) 26 (78.8%) 30 (40.5%) 0.003

CSF protein (>0.4) 10 (30.3%) 24 (32.4%) 1.0

Intrathecal oligoclonal
bands

4/30 (13.3%) 10/46 (21.7%) 0.54

Interventions

Intensive care admission 14 (42.4%) 4 (5.4%) <0.0001

Steroid treatment during
acute attack

26 (78.7%) 58 (78.4%) 1.0

Time to steroids
(median, d)

16.6 9.9 0.04

Outcome at last follow-up

Follow-up time (median, y) 3.2 4.5 0.01

Relapse 12 (36.3%) 39 (52%) 0.4

Seizures 6 (18.2%) 1 (1.3%) 0.003

Cognitive problems 13 (39.4%) 17 (23.0%) 0.1

EDSS (median, IQR) 1 (0–1.5) 1 (0–2) 0.17

Abbreviations: EDSS = Expanded Disability Status Scale; IQR = interquartile
range; MOG-Ab = antibodies to myelin oligodendrocyte glycoprotein.
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delayed time to steroid initiation compared with patients with
ADEM phenotype (median 16.6 vs 9.6 days, p = 0.04) and
more likely to be diagnosed with epilepsy at last follow-up (6/
33 vs 1/74, p = 0.003). Relapsing disease course, EDSS, and
additional education needs did not differ between the 2
groups (Table 1).

Discussion
In this largemulticenter study from theUKNeuro-inflammatory
Disorders network, we describe a cohort of children with
MOG-Ab–associated encephalitis. Our key observation was
that the reported phenotype of this cohort shares many simi-
larities with infective encephalitis. The most common pre-
senting features were headaches, seizures, and fever, with CSF
pleocytosis seen in 78% of children. In fact, infective menin-
goencephalitis was the initial diagnosis in 22 patients (67%)
which was likely the cause of the delayed steroid initiation
reported in this group compared with children presenting with
ADEM phenotype. In other studies, delay in initiating treat-
ment was found to be associated with poorer outcomes,15

which was not demonstrated in this study by the relatively
insensitive measure of EDSS and additional educational needs.

Imaging features frequently observed in this MOG-Ab en-
cephalitis phenotype cohort, such as cortical involvement with

areas of restricted diffusion, have also been associated with
specific viruses such as herpes simplex virus (HSV) encepha-
litis.16 In contrast to our findings, a recent adult cohort (median
age 66 years) of patients with encephalitis suggested that dif-
fusion restriction is suggestive of infective encephalitis because
it was not seen in patients with limbic encephalitis secondary to
LGI1 and CASPR2 antibodies.17 In clinical practice, these
imaging features are frequently labeled as infective encephalitis
which may impede early diagnosis and appropriate manage-
ment of the MOG-Ab encephalitis phenotype cohort. Aseptic
meningitis in the context ofMOG-Ab has also been described18

in keeping with the already recognized imaging finding of
leptomeningeal enhancement19 in MOGAD.

The raised cell count in the CSF is not unique to the en-
cephalitis phenotype group and has also been reported in
other patients with MOGAD with different phenotypes.20

CSF pleocytosis can also be seen in other forms of CNS
autoimmunity, such as glial fibrillary acidic protein autoim-
munity,21 which can similarly mimic viral encephalitis clini-
cally. Although exclusion of infections should be part of the
diagnostic process of any child with encephalitis, in immu-
nocompetent children, when HSV CSF PCR and gram stains
are negative, these features do not preclude the diagnosis of
immune-mediated disease and should not delay initiation of
first-line immunosuppression (steroids, IVIG, plasma ex-
change), even while awaiting the antibody results.

Figure 1 Graphic Representation of Attack Phenotypes Over Time in the Autoimmune Encephalitis Study Population

X axis shows the age of the child at the time of clinical attack. Each horizontal line represents one patient, with dots corresponding to each clinical attack
stratified to ADEM (purple), autoimmune encephalitis (yellow), and optic neuritis (blue). Of the 12 patients who relapsed, 3 (25%) have relapsed within 3
months of the first attack.
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Two of our patients had both MOG-Ab and NMDAR-ab
positivity. They presented with a clinical phenotype in
keeping with anti-NMDAR encephalitis with imaging fea-
tures of MOGAD. Dual antibody positivity with both
MOG-Ab and NMDAR-Ab has been consistently reported in
approximately 20% of MOG-Ab–associated encephalitis,8,10,22

with 1 study suggesting that patients with dual antibodies
have a higher risk of relapse rate in this group.22 The asso-
ciation of MOG and NMDAR antibodies was also reported
in children with other types of acquired demyelination
syndromes23 and may occur sequentially in the same
individual.24

Figure 2 Intra-Attack Lesion Dynamic in Patient With MOG-Ab Autoimmune Encephalitis

(A–D) MRI on day 18 of illness. Axial T2-
weighted image (A) shows diffuse cere-
bral edema with mild cortical hyper-
intensity and some effacement of the
sulci and ventricles. Axial diffusion-
weighted imaging (DWI) (B) and corre-
sponding apparent diffusion coefficient
(ADC) (C) images show cortical re-
stricted diffusion which is asymmetric
with greater involvement of the right
cerebral hemisphere (arrows, B and C).
Contrast-enhanced axial T1-weighted
image shows leptomeningeal en-
hancement (arrows, D). (E–H) MRI on
day 24 of illness. Axial T2-weighted im-
age (E) shows improvement of cerebral
edema evidenced by resolution of sul-
cal and ventricular effacement. The
cortical T2 hyperintensity is now more
conspicuous (arrows, E). Axial DWI (F)
and corresponding ADC (G) images
show evolution of changes with new
involvement of the left posterior tem-
poral and parietal cortices (arrow, F).
The previously seen diffusion abnor-
malities in the right mesial frontal lobe
and right precuneus have now resolved
(dashed arrows, F and G). Contrast-en-
hanced axial T1-weighted image shows
persistent leptomeningeal enhance-
ment (arrows, H). MOG-Ab = antibodies
tomyelin oligodendrocyte glycoprotein.

Figure 3 Imaging Features Mimicking HSV Encephalitis in a Child With of MOG-Ab Autoimmune Encephalitis

(A–C) MRI on day 5 of illness. Axial T2-weighted
image (A) shows swelling and hyperintense sig-
nal involving the right insula, operculum, and
temporo-parietal regions. Subtle swelling and
signal change is noted, involving the left oper-
culum (arrows, A). Coronal fluid-attenuated in-
version recovery (FLAIR) image (B) demonstrates
bilateral, asymmetric swelling and hyper-
intensity involving the opercula and insular re-
gions (arrows, B). Axial apparent diffusion
coefficient (ADC) (C) image shows hyperintense
signal in keeping with facilitated diffusion be-
cause of vasogenic edema (arrows, C). (D–F) Fol-
low-upMRI after 3months. Axial T2-weighted (E),
coronal FLAIR (B), and axial ADC (C) images show
resolution of the previously seen lesions, without
evidence of scarring. HSV = herpes simplex virus;
MOG-Ab = antibodies to myelin oligodendrocyte
glycoprotein.
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Interestingly, when comparing children with encephalitis
phenotype to children with ADEM phenotype, children with
encephalitis phenotype were older with a median age of 8.9 vs
5.7 years, p = 0.005. The age-dependent phenotypes are well
recognized in MOGAD, with children younger than 9 years

more likely to present with brain inflammation and older
children and adults more likely to present with optic neuritis
and transverse myelitis with normal brain MRI.25 A further
subgroup of very young children presenting with a
leukodystrophy-like phenotype has also been reported.26 The

Figure 4 Cerebral Cortical Encephalitis in a Child With MOG-Ab

(A–C) MRI during first attack axial T2-weighted im-
age (A) shows swelling and hyperintense signal in-
volving the frontal lobe cortices bilaterally (arrows,
A).Axialdiffusion-weighted imaging (DWI) sequence
(B) and ADC image (C) demonstrates restricted dif-
fusion involving the left frontal cortex (arrows, B
and C). (D and E) MRI after second episode 6 years
later. Axial T2-weighted image (D) shows scarring
and volume loss in the frontal lobes as a sequela of
the first episode (dashed arrows, D). Axial fluid-
attenuated inversion recovery image (E) at the level
of the posterior fossa shows new swelling and
hyperintensity involving the right cerebellar hemi-
sphere, pons, and the middle cerebellar peduncles
(arrows, E). MOG-Ab = antibodies to myelin oligo-
dendrocyte glycoprotein.

Figure 5 Evolution of MRI Lesion Patterns During an Acute Attack and Subsequent Attacks in 2 Different Patients

(A–E) Case 1. Axial T2-weighted image performed
during 1st acute attack shows patchy hyperin-
tense lesions involving the deep gray nuclei (ar-
rows, A), which resolved on the follow-up MRI 3
months later. (B) Second attack, 4 years later, T2-
weighted sequence at this point showed diffuse
cerebral edema evidenced by sulcal and ven-
tricular effacement in addition to new thalamic
and basal ganglia lesions (arrows, C). These
changes resolved on 3-month follow-up MRI (D).
MRI during 3rd attack (8 years from initial attack)
showed bilateral cortical lesions in addition to
the deep gray lesions (arrows, E). (F–I) Case 2.MRI
at symptom onset (headache, lethargy, and
ataxia) was normal, except for features of raised
intracranial pressure, evidenced by bilateral
posterior scleral flattening (arrows, F). Note
normal appearance of the brainstem and cere-
bellum (G). CSF opening pressure was found to
be 40 cm, and patient was treated as “idiopathic
intracranial hypertension.” (A) Repeat MRI was
performed 3 weeks later because of ongoing
clinical symptomatology, which shows patchy
T2/fluid-attenuated inversion recovery hyperin-
tense lesions involving the brainstem, middle
cerebellar peduncles, and cerebellar white mat-
ter (arrows, H) and the left hypothalamus and
right thalamus (arrows, I).
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finding of this study with younger children presenting with
more whitematter involvement ADEMand older childrenwith
more cortical disease process in encephalitis is supportive of the
concept that the clinical and radiologic phenotypes of
MOGAD are heavily influenced by the degree of myelin mat-
uration and integrity at the time of the first attack. In keeping
with this concept, it can be hypothesized that the reverse will be
seen in adult patients, with younger adults more likely to pre-
sent with encephalitis and the elderly patients more likely to
present with ADEM, as the effect of aging on oligodendrocytes
impairs myelination repair and integrity.27

Nearly half of the encephalitis phenotype cohort required
intensive care admission, higher than seen in the ADEM-
phenotype cohort. Although not reported in this cohort,
malignant cerebral edema can also occur in these children,
which can be life-threatening and may require emergency
craniotomy.28 Successful treatment with anti-IL6 receptor
therapies was also reported in these patients.28 Although a
large proportion of the children with encephalitis phenotype
required PICU admission, only 5% of children with ADEM
phenotype did, in contrast to previous studies reporting up to
50%.29 This may reflect greater understanding and experience
of the condition, with the ability to manage these children on a
high dependency unit or ward setting.

Compared with the children presenting with ADEM pheno-
type, seizures and post-encephalitic epilepsy were more com-
mon in the encephalitis phenotype group. It is unclear if this
more frequent occurrence of seizures is due to specific cortical
lesions resulting in symptomatic seizures, a delay in appropriate

immunomodulation treatment, or simply part of the disease
phenotype. Only 18% went on to develop post-encephalitic
epilepsy compared with 72%who had seizures during the acute
attack. This raises questions regarding the need for antiepileptic
therapy beyond the acute event and the duration of treatment
required. Furthermore, when seizures do occur outside of the
acute event, investigation for a possible relapse should also be
considered. Further neuroimaging and repeat lumbar puncture
may be required in these challenging cases, as the treatment
approach would be different. This may be complicated because
seizure-related imaging changes, such as diffusion restriction,
cortical swelling, and increased T2 signal, may also be seen in
MOGAD encephalitis.30

The use of corticosteroids in patients with CNS inflammation
in whom the diagnosis of viral infection cannot be ruled out is
challenging. Although it is possible that corticosteroid use can
increase viral replication or reactivation rates, these risks are
likely abolished if given in conjunction with acyclovir. Evi-
dence that corticosteroid administration and concurrent an-
tibiotics reduces neurologic disability in immunocompetent
children with various forms of infective meningitis and en-
cephalitis provides additional reassurance regarding the safety
of corticosteroids in children with possible CNS infection.31

The development of the MOGAD diagnostic criteria9 con-
flicts and may supersede previous criteria. In this study, we
have adopted the MOGAD 2023 criteria definition of a re-
lapse over that of the 2013 ADEM criteria14 for consistency
across the groups.

The limitations of our study include its retrospective nature
and varied follow-up periods, which might affect the in-
terpretation of relapse risk. There is risk of selection bias
because the cohort comprises children seen within 8 tertiary
referral centers. Cases referred may therefore be more severe,
with higher rate of ICU admission, but also more extensively
investigated, therefore the phenotype may be wider and en-
compass milder presentations than described here.

Imaging from the encephalitis phenotype cohort was sys-
tematically reviewed by 2 neuroradiologists because this was
the cohort of interest, and the intention was to ensure typical
ADEM findings had not been overlooked. The MRI findings
of the ADEM phenotype were not rigorously reviewed and
are based on reports or single review of available scans. In
addition, imaging was not systematically performed, with
spinal and orbital imaging dictated by clinician’s discretion at
presentation.

The decision on antiepileptic treatment was not made sys-
tematically, and neurocognitive testing was only performed in
selected individuals as part of the routine clinical care. As
MOG-Ab–associated cortical encephalitis was only reported
in 2017,7 some of the earlier patients may have only been
diagnosed at the time of relapse, and this will therefore inflate
our relapse rate.

Table 2 Comparison of MRI Brain Lesion Dynamic
Between Children With MOG-Ab–Positive ADEM
and MOG-Ab–Positive Autoimmune Encephalitis

Encephalitis
n = 33

ADEM
n = 74 p Value

Lesion dynamic interattack

New T2 lesion 7/13 14/26 1.0

Stability 2/13 1/26 0.25

Resolution of T2 lesion(s) 2/13 8/26 0.45

Both new and resolved T2 lesions 2/13 4/26 1.0

Lesion dynamic at follow-up

New lesion 7 30/73 0.05

Stable 0 3/73 0.55

Both new and resolved lesions 1 7/73 0.43

Lesion disappearing but not
normal

14 15/73 0.03

Normal 8 18/73 1.0

Abbreviation: MOG-Ab = antibodies tomyelin oligodendrocyte glycoprotein.
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Classification of the cohort into encephalitis phenotype and
ADEM phenotype is based on the presence or absence of
typical white matter lesions on MRI. The International Pedi-
atric Multiple Sclerosis Study Group diagnostic criteria for a
diagnosis of ADEM would exclude a few patients in whom the
ADEMphenotype attack was preceded by other demyelinating
events. This study provides more evidence for the dynamic
nature of brain lesions in MOGAD which blurs the radiologic
distinction between the 2 groups as intra-attack repeat imaging
demonstrated white matter changes in 3 patients with en-
cephalitis phenotype. It may be that ADEM as an entity, with
the diagnostic criteria such as encephalopathy being previously
central in distinguishing multiple sclerosis(MS) from non-MS
(and now recognized more predominantly as MOGAD) pre-
sentations, is a less distinct entity within MOGAD encephalitis,
with its imaging appearance potentially more a function of age
(and myelin maturity) rather than a discrete pathogenesis.

Complementary syndrome-based criteria for suspected neural
antibody-associated autoimmune encephalitis have recently
been proposed as a diagnostic algorithm.32 Methodological
challenges resulting in different sensitivity and specificity of
the different diagnostic assays for antibody detection have
been well described, and the most recent MOGAD diagnostic
criteria aims to address these. Nevertheless, as 24% of children
in this cohort presented with a normal MRI, these children
would not fulfill the MOGAD diagnostic criteria.9 The higher
percentage of children with normal brain MRI seen in this
cohort compared with previous publications11 is likely due to
increase recognition of this clinical entity over the past few
years which is still likely to be underrecognized. Additional
studies are now required to evaluate the prevalence of MOG-
Ab in all children with encephalitis.
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