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Abstract

Acute disseminated encephalomyelitis (ADEM) affects the central nervous system (CNS) via a rapid and auto-immune
process. It has been associated to viral and bacterial infections, as well as after immunization. Since the beginning of the
SARS-CoV-2 (COVID-19) pandemic, reports of COVID 19 infection have been linked to ADEM. We present a case of
an | |-year-old female with neurological symptoms during the acute phase of her COVID-19 illness, with MRI changes
and positive Myelin Oligodendrocyte Glycoprotein (MOG) antibodies, with clinical presentation consistent of ADEM.
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Case Presentation

An 11-year-old previously healthy female, with no sig-
nificant past medical history, presented to the emergency
department with complaints of bilateral lower extremity
weakness and numbness. Initial symptoms started 5 days
prior to admission, with fatigue, chills, headache,
abdominal discomfort, as well as a mild sore throat and
muffled voice. On the fifth day, she began experiencing
bilateral lower extremity weakness and numbness that
progressed upwards to the knees, with associated uri-
nary incontinence, and falls. She denied nausea, vomit-
ing, diarrhea, rhinorrhea, cough, anosmia, or fevers.

On admission, a routine hospital admission SARS-
CoV-2 infection (COVID-19) test resulted positive. Of
note, there was a history significant for multiple family
members who tested positive for COVID-19 a few days
prior to the patient’s ED visit during a visit to Florida.
Her physical exam was notable for bilateral lower
extremity weakness (right > left) ranging from 4 to 4+,
ataxia, left upgoing plantar response, as well as reduced
sensation to pinprick bilateral lower extremities to L3
dermatome, with normal sensation of bilateral upper
extremities. Her gait was unsteady and wide-based, but
she presented with intact deep-tendon reflexes, proprio-
ception, mental status, cranial nerves II-XII, and coordi-
nation. Admission laboratory findings were remarkable
for an elevated creatine kinase of 252 U/L (normal

42-196 U/L) and D-dimer 700 ng/mL. FEU—Fibrinogen
Equivalent Units (normal < 500 ng/mL FEU). MRI neu-
roaxis revealed restricted diffusion in splenium of cor-
pus callosum, with multifocal T2/FLAIR hyper
intensities in supra- and infra-tentorial white matter,
edema in the cervical and thoracic intramedullary cord
with thoracic level syrinx, with patchy intramedullary
enhancement edema (Figures 1 and 2).

Infectious disease and neurology sub-specialty ser-
vices were consulted. A lumbar puncture was done,
with extensive cerebrospinal fluid (CSF) analysis, that
was significant for an elevated total nucleated cells
34/uL (normal 0-5/ul), glucose 53 mg/dL (normal
60-80mg/dL), protein 39 mg/dL (normal 15-45 mg/dL).
Immunoglobulin G (IgG) was 3.1 (normal 1.0-3.0 mg/
dL), with IgG index 0.65 (normal 0-0.61). The Myelin
Oligodendrocyte Glycoprotein Fluorescence-Activated
Cell Sorting (MOG-IgG1 FACS) assay was positive,
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Figure |. T2/FLAIR axial image of the brain, showing high
T2/FLAIR signal scattered in the subcortical white matter,
particularly in the splenium of the corpus callosum.

with titers 1:1000 (normal < 1:20). Aquaporin-4 Receptor
Antibody IgG (NMO Ag4 IgG) was negative. Myelin
Basic Protein was elevated at 85 ng/mL (normal 0-5.5ng/
mL). Oligoclonal bands were not seen in the CSF. A com-
plete blood count showed mild leukocytosis 12.74k/ulL
(normal 4.27-11.40k/uLl), with a normal C-reactive pro-
tein. Blood and CSF cultures did not result in any bacte-
rial growth.

Hospital Course

Our patient was started on IV methylprednisolone
1000 mg/day for 5days, followed by a gradual steroid
taper with oral prednisolone, with a total of 30 days on
steroids. Her diagnosis was most consistent with ADEM,
based on the clinical history, MRI, and CSF findings.
She was discharged on day 6 of admission, and she was
seen for outpatient neurology follow-up 28 days later. At
that visit, she was back to her baseline with a normal phys-
ical exam and was able to play sports, with no further need
for physical and occupational therapy that was started dur-
ing hospital admission. Her only active issue was noctur-
nal enuresis, presumed to resolve as she continues to
recover. She denied other neurological symptoms, such as
urinary incontinence while awake, bowel incontinence,
polydipsia, or sleep disturbances. The plan was to recheck
MOG titers approximately 6months after, to ensure
decreasing levels, but the patient lost follow up.

Discussion:

Since the beginning of the COVID-19 pandemic,
84,762,952 cases of COVID-19 have been reported as of
June 6, 2022 in the United States.! Neurological symp-
toms have been reported as complications of the
COVID-19 infection, especially in adults, such as anos-
mia, headache, encephalopathy, meningitis, Guillain-
Barre syndrome, stroke, myopathy, and ADEM.?
Although the majority of the pediatric patients are
asymptomatic, there are a few reports of neurological
manifestations.?

Acute disseminated encephalomyelitis (ADEM) (or
post-infectious encephalomyelitis) affects the central
nervous system (CNS) via a rapid and auto-immune
process. Vaccines and viral infections have been linked
to the condition, though bacteria have also played a
role.*3 Most recently, reports of SARS-CoV-2 (COVID-
19) infection have been linked to ADEM.>3 The esti-
mated incidence of ADEM in the pediatric population is
0.2 to 0.4/100,000, with a male predominance of 1.3:1
females.

While the pathophysiology of the disease has not
been fully elucidated, it is believed that a trigger
(infection, vaccination) may lead to an autoimmune
response, leading to demyelination and a rapid onset
of multifocal neurological deficits.>” Another pro-
posed mechanism is increased vascular permeability,
leading to increased immune complexes and inflam-
mation in the CNS.%7 According to the criteria estab-
lished in 2013 by the International Pediatric Multiple
Sclerosis group, the diagnosis of ADEM require meet-
ing the following criteria®: “(1) a first polyfocal, clinical
CNS event with presumed inflammatory demyelinating
cause; (2) encephalopathy that cannot be explained by
fever; (3) no new clinical and MRI findings emerge
3 months or more after the onset; (4) brain MRI is abnor-
mal during the acute (3 month) phase; (5) typically on
brain MRI: (a) diffuse, poorly demarcated, large (>1-
2 cm) lesions involving predominantly the cerebral white
matter; (b) T1 hypointense lesions in the white matter are
rare; (c) deep gray matter lesions (eg, thalamus or basal
ganglia) can be present”.

There is no confirmatory diagnostic test for ADEM
and diagnosis relies on a thorough history and physical
exam, supplemented by imaging.® Clinical presentation
consists of a non-specific sudden onset of encephalopa-
thy, with or without fever. Neurological deficits are clas-
sically polyfocal and may include visual field deficits
and hemiparesis. Also, a preceding history of viral ill-
ness supports the diagnosis. Brain MRI imaging is also
consistent with bilateral and asymmetrical brain lesions
in the supra- or infra-tentorial white matter, which are
hyperintense on T2-weighted and FLAIR sequences.’
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Figure 2. T2 sagittal image of the cervical spine, showing T2 hyperintense longitudinally extensive lesion from C3 down to T2.

Initial lesions may persist and new lesions may appear
during the immediate recovery period.’

The presence of elevated Myelin Oligodendrocyte
Glycoprotein (MOG) antibodies is not specific for
ADEM and have also been described in multiple sclero-
sis, neuromyelitis optica, transverse myelitis and optic
neuritis. However, it can be useful for long-term moni-
toring, as monophasic and multiphasic presentations
have been reported in ADEM.®

Treatment/Management

The mainstay of treatment for ADEM is steroids (intra-
venous methylprednisolone 30mg/kg/day [maximum
1000 mg/day] for 3 to Sdays, followed by an optional
oral steroid taper for 4-6 weeks). In refractory cases, [V
immunoglobulin and plasma exchange demonstrated
improved outcomes. Steroid response is seen in patients
with high MOG antibodies; however, these patients may
be more vulnerable to relapse during steroid reduction
or cessation.® The majority of patients recover fully neu-
rologically by 3 months.®

The patient described in this case report had neuro-
logical symptoms during the acute phase of her COVID-
19 infection. She also presented with MRI changes, with
multifocal T2/FLAIR hyperintensities in supra- and
infra-tentorial white matter, cervical and thoracic intra-
medullary cord lesions. She was positive for MOG

antibodies and had a good response to steroid therapy,
but still needs monitoring of MOG antibody levels due
to the chance of recurrence. This presentation is one of
the neurological manifestations of COVID-19 infection
that needs to be considered in a pediatric patient with
central nervous system presentation.
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