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Abstract

The authors present a case of acute disseminated encephalomyelitis in a COVID-19 pediatric patient with positive

SARS-CoV2 markers from a nasopharyngeal swab. A previously healthy 12-year-old-girl presented with a skin rash,

headache, and fever. Five days after that, she had an acute, progressive, bilateral, and symmetrical motor weakness. She

evolved to respiratory failure. Magnetic resonance imaging (MRI) of the brain and cervical spine showed extensive

bilateral and symmetric restricted diffusion involving the subcortical and deep white matter, a focal hyperintense T2/

FLAIR lesion in the splenium of the corpus callosum with restricted diffusion, and extensive cervical myelopathy

involving both white and gray matter. Follow-up examinations of the brain and spine were performed 30 days after

the first MRI examination. The images of the brain demonstrated mild dilatation of the lateral ventricles and widespread

widening of the cerebral sulci, complete resolution of the extensive white matter restricted diffusion, and complete

resolution of the restricted diffusion in the lesion of the splenium of the corpus callosum, leaving behind a small gliotic

focus. The follow-up examination of the spine demonstrated nearly complete resolution of the extensive signal changes

in the spinal cord, leaving behind scattered signal changes in keeping with gliosis. She evolved with partial clinical and

neurological improvement and was subsequently discharged.
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Introduction

Themajority of COVID-19 pediatric patients are asymptomatic

[1]. In the pediatric age group, very few reports of neurological

manifestations are available [2, 3]. Multiple COVID-19–related

neurological manifestations have been described in adults, such

as anosmia, ageusia, headache, encephalopathy, acute hemor-

rhagic necrotizing encephalopathy, meningitis, Guillain-Barre

syndrome, stroke, myopathy, and acute disseminated encepha-

lomyelitis (ADEM) [4–7]. Neurologic damage may occur by

direct virus lesion, cytokine-related injury, and secondary hyp-

oxia [7, 8]. We report a case of acute disseminated
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encephalomyelitis in a COVID-19 pediatric patient, with posi-

tive SARS-CoV2 markers from a nasopharyngeal swab.

Case presentation

A previously healthy 12-year-old girl presented with a skin

rash, headache, and fever (38 °C). Headache and fever lasted 1

day, and the skin rash lasted 6 days. Five days after the onset

of symptoms, she had an acute, progressive, bilateral, and

symmetrical motor weakness (inability to stand, walk, and

handle objects). In addition, she had tingling and numbness

in the inferior limbs but no sphincter abnormalities. Up to this

point, she had had no respiratory symptoms. Two days after

the onset of the neurological symptoms, she developed respi-

ratory distress (venturi mask at 50%; PCO2: 120 mmHg; PaO2

108 mmHg) that evolved to respiratory failure. She was

intubated and placed on mechanical ventilation.

She was unable to follow commands. Her oculocephalic,

corneal, cough, and gag reflexes were abolished but had

photoreactive isochoric pupils. She also had flaccid

tetraplegia, deep areflexia, and abolished abdominal cutane-

ous and plantar cutaneous reflexes. There was no history of

cardiorespiratory arrest or visual disturbances.

White cell count was notable for leukocytosis with

neutrophilia (13.87 × 103 white blood cells/μL). Red blood

cells, electrolytes, urea, and creatinine were normal. Her cre-

atine phosphokinase was 556 U/L; aspartate aminotransferase,

49 U/L; alanine aminotransferase, 104 U/L; lactate dehydro-

genase, 373 U/L; C-reactive protein, 4.1 mg/dL; fibrinogen,

461 mg/dL; D-dimer, 6.470 ng/mL; and troponin, 5.5. SARS-

CoV-2 real-time reverse transcriptase (rRT)-PCR from a na-

sopharyngeal swab, collected on the sixth day of symptoms,

was positive (XGEN MASTER COVID-19—CDC China

protocol—ORF1ab and N SARS-CoV-2 gene targets). CSF

analysis demonstrated 18 mg/dL of protein, 74 mg/dL of glu-

cose, no cells, and normal opening pressure. (rRT)-PCR for

SARS-CoV-2, Zika virus, and dengue viruses serotypes 1 to 4

(DENV-1-4) were negative in the CSF.

Low-dose computed tomography (LDCT) of the lungs

demonstrated no ground glass changes, but a right lower lobe

focal atelectasis, that resolved after 3 days of respiratory ther-

apy. LDCT of the lungs findings were not in keeping with

COVID-19-related changes and interpreted as due to airway

hypersecretion and mucous plug.

Magnetic resonance imaging (MRI) of the brain, acquired

on the seventh day after the fever and on the second day after

the onset of the neurological symptoms, showed extensive

bilateral and symmetric restricted diffusion involving the sub-

cortical and deep white matter (Fig. 1a and b). There was also

a focal hyperintense T2/fluid-attenuated inversion recovery

(FLAIR) lesion in the splenium of the corpus callosum (Fig.

1c and d) with restricted diffusion. No signs of blood–brain

barrier breakdown were identified in the contrast-enhanced

T1-weighted images. Susceptibility-weighted images were

obtained, which did not demonstrate hemorrhagic deposits

or pathological calcification in the brain parenchyma. MRI

of the cervical spine showed longitudinally extensive cervical

myelopathy involving both white and gray matter (Fig. 2a and

b). Diffusion-weighted images were not acquired, nor gado-

linium that was injected in the spine examination.

She was treated clinically under the institutional protocol,

including a 5-day therapy with methylprednisolone, which

was repeated due to little improvement of her weakness after

first pulse therapy. She remained on mechanical ventilation

for 20 days. Her cognition was spared, as was her cranial

nerve functions (except for mild dysphagia and dysphonia).

A follow-up examination of the brain was performed 30

days after the first MRI examination, which demonstrated mild

dilatation of the lateral ventricles, widespread widening of the

cerebral sulci, complete resolution of the extensivewhitematter

restricted diffusion, and complete resolution of the restricted

diffusion in the lesion of the splenium of the corpus callosum,

with a residual small gliotic focus. A follow-up examination of

the spine demonstrated nearly complete resolution of the exten-

sive signal changes in the spinal cord, with residual scattered

signal changes in keeping with gliosis.

Sixty-eight days after the onset of the condition, she had

evolved from flaccid to spastic tetraparesis. Her strength im-

proved from grade zero in the four limbs to grade three in the

left superior limb, grade three in the lower limbs, and grade

two in the right superior limb, using the Medical Research

Council Scale (MRC) for muscle strength. She regained cer-

vical control, being able to sit with support and reach objects

placed nearby. Global hyperreflexia and bilateral Babinski

signs were present. She had incomplete sphincter control. A

second SARS-CoV-2 (rRT)-PCR from a nasopharyngeal

swab was obtained 60 days after the onset of symptoms (be-

fore hospital discharge), which was negative.

Discussion

The striking neuroimaging features, in this case, are the dif-

fuse subcortical and deep white matter–restricted diffusion,

focal T2/FLAIR hyperintense lesions in the splenium of the

corpus callosum, and inferior medulla, and extensive cervical

myelopathy. The presence of acute and diffuse encephalomy-

elitis in a pediatric patient (mainly involving the cerebral white

matter) following a viral infection due to SARS-CoV-2 favors

the diagnosis of ADEM.

According to the consensus criteria established by the

International Pediatric Multiple Sclerosis Study Group in

2013 [9], the diagnosis of pediatric ADEM requires all of

the following: (1) a polyfocal, clinical central nervous system

(CNS) event with a presumed inflammatory demyelinating
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cause; (2) an encephalopathy that cannot be explained by fe-

ver; (3) no new clinical and MRI findings emerging 3 months

or more after the onset; (4) abnormal brain MRI during the

acute phase. Typical MRI findings include (a) diffuse, poorly

demarcated, large (> 1–2 cm) lesions involving predominantly

the cerebral white matter; (b) rare white matter T1 hypointense

lesions; and (c) possible deep gray matter lesions (e.g., thala-

mus or basal ganglia).

Five distinct patterns of cerebral involvement have been

described to classify the MRI findings in children with

ADEM: (1) ADEM with small lesions (less than 5 mm); (2)

ADEM with large, confluent, or tumefactive lesions, with fre-

quent extensive perilesional edema and mass effect; (3)

ADEM with additional symmetrical bithalamic involvement;

(4) acute hemorrhagic encephalomyelitis (AHEM), when the

blood products are identified within the large T2 hyperintense

demyelinating lesions; and (5) ADEM with a pseudo-

leukodystrophy pattern, with a diffuse, bilateral, symmetrical,

and usually nonenhancing white matter involvement [10–13].

We believe that the ADEM pattern that fits our patient is the

Fig. 1 Axial diffusion (a) and

apparent diffusion coefficient

map images (b) showing

extensive bilateral and symmetric

restricted diffusion involving the

subcortical and deep white matter.

Axial T2 (c), fluid-attenuated in-

version recovery (FLAIR) (d),

and ADC map images (e) show-

ing a focal hyperintense lesion in

the splenium of the corpus

callosum with restricted diffusion

(arrows)
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one that courses with diffuse, bilateral, symmetrical, and non-

enhancing white matter involvement (ADEM with pseudo-

leukodystrophy pattern).

Well-known entities associated with involvement of the

splenium of the corpus callosum include the reversible

splenial lesion syndrome (RESLES) and MERS, which is

a clinical-radiological entity characterized by mild enceph-

alitis or encephalopathy associated with reversible lesion of

the splenium of the corpus callosum [14]. Transient lesions

in the splenium of the corpus callosum can occur in several

conditions such as epilepsy, following the sudden with-

drawal of antiepileptic drugs, influenza encephalitis, and

other conditions such as hemolytic-uremic syndrome [15].

In addition, isolated involvement of the splenium of the

corpus callosum may also occur in patients with ADEM

[16]. We believe that the lesion in the splenium of the cor-

pus callosum in our patient is demyelinating in nature (like-

ly post-viral).

Children who have ADEMmay evolve with motor or cog-

nitive sequela. A recent study described the long-term out-

come of 102 children with ADEM [17]. According to this

study, 17.2% of the children had long-term motor or motor

and sensory deficit and 8% had MRC grade 3 or less power in

at least one limb.

Potential differential diagnosis in a child with acute

leukoencephalomyelopathy includes other viral encepha-

litides, neuromyelitis optica (NMO), and severe hypoxic-

ischemic injury. Negative rt-PCR for Zika and dengue

virus speaks against a co-infection with these endemic

viruses in our region and the absence of ophthalmologi-

cal abnormalities and cardiorespiratory arrest make the

possibility of hypoxic-ischemic injury and NMO less

likely.

Our patient had neurological symptoms during the acute

phase of COVID-19, which reinforces the possibility of a

causal relationship between this infection and the CNS in-

volvement. The simultaneous and monophasic brain involve-

ment, mainly in cerebral the white matter and the spinal cord,

lack of T1 hypointense lesions, and resolution of the acute

MRI findings (restricted diffusion and edema) corroborates a

post-infectious demyelinating process such as ADEM. This

unique case report highlights the polymorphism of COVID-

19 neurological manifestations and the possibility of activa-

tion of an autoimmune response against the CNS following

the SARS-Cov-2 infection.
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