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Diagnostic Challenges in a Nine-year-old Boy with ADEM and
Longitudinal Extensive Transverse Myelitis

ADEM ve Longitudinal Ekstensive Transvers Miyelitli Dokuz Yasinda Bir Erkek Cocukta Tani
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Abstract

Acute disseminated encephalomyelitis (ADEM), or postinfectious
encephalomyelitis, is a demyelinating central nervous system disease
that typically presents with multifocal neurologic symptoms and
encephalopathy. Numerous pathogens have been associated with
ADEM, and the implicated viruses include coronavirus, coxsackie,
cytomegalovirus, Epstein-Barr, herpes simplex, hepatitis A, HIV,
influenza, measles, rubella, varicella zoster, and adenovirus. Although
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)
infection has been associated with ADEM, the incidence is quite low.
We present the case of a 9-year-old boy with ADEM plus longitudinal
extensive myelitis who had a SARS-CoV-2 infection history and acute
adenovirus infection. We evaluated the diagnosis and treatment
challenges. Although our patient had severe neurological respiratory
failure requiring intubation and tetraplegic flaccid paralysis, he had a
total recovery before hospital discharge.
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Akut dissemine ensefalomiyelit (ADEM) veya postenfeksiyéz
ensefalomiyelit, tipik olarak multifokal norolojik semptomlar ve
ensefalopati ile ortaya ¢ikan, demiyelinizan bir merkezi sinir sistemi
hastaligidir. Cok sayida patojen ADEM ile iliskilendirilmistir ve iliskili
virUsler arasinda koronaviris, koksaki, sitomegaloviriis, Epstein-Barr,
herpes simpleks, hepatit A, HIV, grip, kizamik, kizamikgik, varicella
zoster ve adenovirls yer alir. Siddetli akut solunum sendromu-
koronavirtis-2 (SARS-CoV-2) enfeksiyonu ADEM ile iliskilendirilse de
gorilme sikligr oldukca dustktir. SARS-CoV-2 enfeksiyon oykusl ve
akut adenovirls enfeksiyonu olan, ADEM ve eslik eden longitidinal
yaygin transvers miyelitli 9 yasinda bir erkek hastayr sunduk. Tani
ve tedavi zorluklarini degerlendirdik. Hastamizda entibasyon
gerektiren ciddi ndrolojik solunum yetmezIligi ve tetraplejik flask
paralizi olmasina ragmen hastaneden taburcu olmadan tamamen
iyilesti.

Anahtar Kelimeler: ADEM, adenovirlis, COVID-19, transverse
myelit, rituksimab

Introduction

Acute disseminated encephalomyelitis (ADEM), also known
as postinfectious encephalomyelitis, is a demyelinating central
nervous system disease that typically presents with multifocal
neurologic symptoms and encephalopathy.! A febrile or
viral infection precedes ADEM. Neurological complications
following severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Coronavirus disease-2019 (COVID-19) infection

have been reported in the literature, ranging from acute to
weeks following infection with SARS-CoV-2.2 There are only
a few case reports in the literature about postvoid or COVID-
related ADEM in children.? We know that adenoviral infection
can also result in neurological dysfunction and ADEM.* Here,
we present the case of a 9-year-old boy with ADEM plus
longitudinal extensive transverse myelitis (LETM) and evaluate
the diagnosis and treatment challenges.
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Case Report

A nine-year-old previously healthy boy presented to the
emergency room with a history of fever, nausea, vomiting,
and diarrhea. He was unconscious; his Glasgow Coma scale
(GCS) 8 (E:2, V:2, M:4), and his brain computed tomography
and diffusion brain magnetic resonance imaging (MRI) were
normal. His parents” COVID-19 tests were positive, and he lost
his sense of smell 6 weeks ago. On admission to our pediatric
intensive care unit (PICU), the patient was unconscious and
there was no nuchal rigidity. His GCS was 8-10, pupils were
bilaterally equal and reactive to light, deep tendon reflexes
(DTR) were negative, and the Babinski sign was bilaterally
positive. His basic laboratory markers (such as hemogram,
electrolytes, liver function tests, and kidney function tests)
were normal, but he had elevated inflammatory markers (such
as C-reactive protein and sedimentation). His nasopharyngeal
swap and stool analysis revealed an acute adenovirus
infection. A summary of his autoimmunity and infection

laboratory results is shown in Table 1. His antinuclear antibody
was positive. However, no other findings supported vasculitis
or lupus.

Empirical ceftriaxone and acyclovir treatment were started.
His EEG showed a delta coma. Brain MRI revealed bilateral
symmetric patchy and confluent white matter lesions in the
centrum semiovale and periventricular region as well as in
the brainstem compatible with ADEM (Figure 1a). The whole
spinal MRI showed multiple patchy expansile T2 hyperintense
intramedullary lesions predominantly involving the central part
of the spinal cord, which tended to merge with each other
and extend longitudinally, suggesting acute LETM (Figure 2).

We initially treated the patients with 1 g/kg/day
intravenous immunoglobulin for 2 days and 30 mg/kg/day
IV methylprednisolone for 5 days. We continued with IV
methylprednisolone, starting on 1 mg/kg/day and tapered
over 3 weeks. His symptoms continued progressively after
his initial treatment, and we started total plasma exchange

Table 1. Summary of infections and autoimmunity laboratory findings

Infections Autoimmunity

PCR SARS-CoV-2: Negative Anti-ds-DNA: Negative
Anti-SARS-CoV-2 IgG: Positive (986 U/mL) ANA screening: Positive

HIV 12: Negative Anti-SSA (anti-Ro): Positive
HSV 1/2 19G and IgM: Negative Anti-SSB (anti-La): Negative
HTLV I/11: Negative C3 (N: 88-201 mg/dL): 98 mg/dL
CMV IgG and IgM: Negative C4 (N: 15-45 mg/dL): 13.5 mg/dL
EBV IgG, IgM, EBNA: Negative Anti-MPO and anti-PR3: Negative
Blood cultures: Negative Anti-phospholipid antibodies: Negative
Viral respiratory PCR panel: Adenovirus positive ESR (N: <15 mm/h): 42 mm/h
Cerebrospinal fluid

Cells: 57/mm?3 (mononuclear) Cerebrospinal fluid

Proteins: 94 mg/dL Anti-MOG: Negative
Glucose: 70 mg/dL Anti-AQP4: Negative
PCR SARS-CoV-2: Negative Oligoclonal bands: Negative
PCR multiple viral panels: Negative

Cultures (bacterial, fungal, mycobacterial): Negative

ANA: Antinuclear antibodies, AQP4: Aquaporin-4, C: Complement, CMV: Cytomegalovirus, EBV: Epstein-Barr virus, ESR: Erythrocyte sedimentation rate, HIV: Human
immunodeficiency virus, HSV: Herpes simplex virus, HTLV: Human T-lymphotropic virus, MOG: Myelin oligodendrocyte glycoprotein, N: Normal range/value, PCR: Polymerase chain
reaction, SARS-CoV-2: Severe acute respiratory syndrome-coronavirus-2

Figure 1. (a-c): Axial plane flair sequence of the patient on admission (a) demonstrates bilateral symmetric patchy and confluent white matter lesions in the
centrum semiovale (arrows). One week later, the axial plane flair sequence of the follow-up MRI (b) shows that the white matter lesions coalesced over the
1-week period (arrows). One month later (c), the lesions substantially disappeared except for the left frontal cortical-subcortical lesion (arrow)

MRI: Magnetic resonance imaging

138



Akkuzu et al.
A Nine-year-old Boy with ADEM

Figure 2. (a-c): Sagittal plane T2-weighted images of the spinal cord (a, b) reveal multiple patchy expansile T2-hyperintense lesions that tend to merge with each
other, compatible with longitudinally extensive spinal cord involvement (arrows). Note the extension into the brainstem. An axial plane T2-weighted image of

the spinal cord (c) demonstrates the central involvement of the cord (arrows)

(PLEX) on the third day and continued for 6 consecutive
days. On the fifth day of PICU admission, we intubated him
because of neurogenic respiratory failure. On his 10" day
of PICU admission, he was intubated, his four limb muscle
strength was 1/5, and his DTRs were negative. We performed
a new brain MRI and observed that his white matter lesions
were extended (Figure 1b). We gave him rituximab on the
11 day of admission and continued it once a week for a
total of four doses. We extubated him on his 14" day, and he
started to eat orally and did not require respiratory support
or oxygen on his 17" day of PICU admission. He received
physiotherapy support in all his PICU days. We transferred
him to the pediatric ward on his 18" day in the PICU. We
performed a new brain and spinal MRI and observed that all
his lesions regressed (Figure 1c). He was discharged on the
38" day of his hospital stay. His examination on discharge
showed that his four limb muscle strength was 5/5, DTR was
normoactive, Babinski’s sign was negative, and he was able to
eat and walk without support.

Discussion

ADEM is an autoimmune disorder of the central nervous
system that is triggered by environmental stimuli in
genetically susceptible individuals." Numerous pathogens
have been associated with this disorder. Implicated viruses
include coronavirus (and SARS-CoV-2 infection), coxsackie,
cytomegalovirus, Epstein-Barr, herpes simplex, hepatitis A, HIV,
influenza, measles, rubella, varicella zoster, and adenovirus.'
Encephalopathy, the main characteristic feature of ADEM,
develops within 7 days of prodromal symptoms. Neurological
symptoms may include behavioral changes, confusion,
irritability, restlessness, and coma.? Our patient had all these
clinical features.

The pathophysiology of acute and post-acute neurologic
manifestations of COVID-19 is likely multifactorial. Each of
the following mechanistic pathways could interactively or
independently cause disease: directviralinvasionandreplication
in the CNS, large vessel or microvascular insufficiency due to
vasoconstriction or occlusion, non-specific effects of severe
systemic COVID-19 illness or treatment, and immune system
dysregulation and autoimmunity targeting cells, including
myelin, neurons, axons, and oligodendrocytes.”? The
non-specific characteristic of COVID-19-related myelitis makes
the diagnosis challenging, and it is mandatory to include
several differential diagnoses, including other causes of
infectious and metabolic syndromes.> Our case may have had
immune system dysregulation due to COVID-19 and direct
viral invasion due to adenovirus. However, our cerebrospinal
fluid (CSF) examination did not show adenovirus in the
patient’s CSF.

Ismail Il and Salama S reviewed the literature on COVID-19-
related demyelinating diseases and found that 71/78 patients
(90%) presented with encephalopathic clinical symptoms.
There were 40 cases of transverse myelitis (TM), of which 24
were isolated TM and 16 were part of diffuse demyelinating
processes. LETM was the most frequent future of spinal
involvement reported in 19 of 24 (72.5%) cases of isolated
TM.® They evaluated 20 children with ADEM with a median
age of 9 years and 5 of 20 patients with myelitis. Similar to
adults, 4 of 5 patients with myelitis showed LETM in children.®
Our patients also had ADEM with LETM and an acute
adenovirus infection. Adenoviral infection can also result
in neurological dysfunction and ADEM, and the lack of
adenovirus in the CSF does not exclude CNS involvement.*
MIS-C may cause neurologic dysfunction in children.” Our
patient had a positive COVID-19 serologic test but did not
completely meet the MIS-C criteria.
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The treatments might be divided into two categories:
treatments addressed to the cause and immunological
treatments to reduce inflammation and exacerbate the
immune response that causes myelitis. Antibiotics and
antivirals can be used to treat primary causes. We used
empirical ceftriaxone and discussed cidofovir; however, we
did not administer it. Because cidofovir has many side effects,
our patient was in the late period of his adenovirus infection,
and we did not demonstrate it in CSE The immunological
treatments are corticosteroids, immunoglobulins, PLEX, and
rituximab in severe cases.® Corticosteroids should be started
as soon as possible after diagnosis (methylprednisolone 30
mg/kg/day up to 1 g for 3 to 7 days), and PLEX is indicated
if corticosteroid treatment fails.® In severe cases, rituximab
may be used if the other firstline treatment fails. We used
rituximab for 4 weeks for our patient because the clinical
situation worsened after primary treatment.

The outcome of the children population was favorable in
13/20 (65%) COVID-19-related TM patients.> Rodriguez de
Antonio et al.* demonstrated that only 1/18 patients had
total recovery. Although our patient had severe neurological
respiratory failure requiring intubation and tetraplegic flaccid
paralysis, he had a total recovery before hospital discharge.

In Conclusion, COVID-19-related demyelinating diseases are
rare and life-threatening in children. Early diagnosis and
appropriate treatment are critical for lifesaving outcomes.
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