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Abstract

We report an 8-year-old girl with COVID-19 infection 
and acute disseminated encephalomyelitis (ADEM). She 
presented with 2 weeks of fatigue, headache, malaise, and 
new onset of unsteady gait. She was positive for COVID-19 
infection on the respiratory PCR panel with CSF analysis 
negative for direct infection. Brain MRI demonstrated acute 
demyelinating lesions on bilateral cerebral hemispheres 
and right cerebellar peduncle. She received 5-day high-dose 
intravenous methylprednisolone with significant improve-
ment of neurologic symptoms. This case report highlights 
the association between ADEM and COVID-19 infection in 
children. Pediatricians should be aware of the severe spec-
trum of neurologic complications associated with COVID-19 
infection.

Abbreviations: COVID-19: Coronavirus Disease 19; SARS-CoV-2: 
Severe Acute Respiratory Syndrome Coronavirus 2; CNS: Central 
Nervous System; ADEM: Acute Disseminated Encephalomyeli-
tis; ED: Emergency Department; OSH: Outside Hospital; CBC: 
Complete Blood Count; CMP: Complete Metabolic Panel; UA: 
Urinalysis; PCP: Primary Care Provider; PCR: Polymerase Chain 
Reaction; IV: Intravenous; ESR: Erythrocyte Sedimentation Rate; 
RBC: Red Blood Cell; MS: Multiple-Sclerosis; MOG: Myelin Oli-
godendrocyte Glycoprotein (MOG).

Introduction

COVID-19 has led to an ongoing worldwide pandemic and 
is caused by the Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) [1,2]. Confirmed cases of COVID-19 have 
surpassed 359 million globally [3]. COVID-19 is relatively new, 
thus, the exact range of illness both in the adult and pediat-
ric population is yet unknown. COVID-19 has a wide scope of 

symptomatic presentations including headache, fever, cough, 
anosmia, and loss of taste. Pneumonia leading to respiratory 
distress is the most common cause of morbidity and mortality 
of COVID-19 [2,4]. Other established complications of COVID-19 
that have been reported in literature include cardiomyopathy, 
hematologic dysfunction, and liver injury presumably second-
ary to cytokine storms. A multisystem inflammatory syndrome 
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Figure 1: MRI demonstrating bilateral punctate areas of in-
creased T2 signal in both cerebral hemispheres.

due to immune dysregulation resulting in cardiac circulatory 
dysfunction among other presentations is one of the most seri-
ous comorbidities associated with COVID-19 disease that has 
been identified in the pediatric population to date [4]. 

ADEM is a demyelinating disease of the central nervous sys-
tem associated with multifocal neurologic symptoms and en-
cephalopathy [5]. The incidence of ADEM is around 0.2-0.5 per 
100,000 children [6,7]. It is theorized to be due to a cell-mediat-
ed delayed hypersensitivity reaction commonly triggered by an 
environmental or infectious stimulus in genetically susceptible 
individuals. Patients may experience a rapid onset of a wide 
range of neurologic symptoms (e.g., lethargy, confusion, and 
ataxia) as a result of demyelination of Central Nervous System 
(CNS) neurons, typically followed by a repair phase resulting in 
the remyelination of the neurons [5]. Recent literature has as-
sociated ADEM with COVID-19 in adult patients [8]. 

ADEM as a rare complication of COVID-19 infection in pediat-
ric population sparingly reported in literature. Recognizing that 
ADEM is a possible manifestation of COVID-19 in the pediatric 
population is critical to ensuring the best possible outcomes. 
This case report highlights the previously unreported presen-
tation of ADEM in a pediatric patient, the initial diagnostic di-
lemma, and the subsequent approaches taken to arrive at a 
diagnosis.

Case presentation

Our patient is a previously healthy 8-year-old female who 
presented to the Emergency Department (ED) at our facil-
ity with complaints of progressive weakness. Mother reported 
that symptoms began 13 days prior to presentation. On day 3 
after the onset of symptoms, the patient complained of associ-
ated malaise, headache, and poor appetite. Upon developing 
these symptoms, she presented to the ED at an Outside Hos-
pital (OSH) and COVID-19 test, Complete Blood Count (CBC), 
Complete Metabolic Panel (CMP), and Urinalysis (UA) were per-
formed. Mom reported that the patient’s UA was suggestive of 
a Urinary Tract Infection (UTI), and other tests were unremark-
able. Subsequently, she was prescribed a 7-day course of oral 
cephalexin and discharged from the ED. On day 9, she visited 
her Primary Care Provider (PCP) due to persistent weakness de-
spite adequate antibiotic compliance. A respiratory Polymerase 
Chain Reaction (PCR) was ordered, and she was advised to com-
plete the antibiotics course. On day 11, weakness persisted and 
she developed a new onset of right lower quadrant abdominal 
pain. She presented to our ED where she was worked up for 
acute appendicitis however, laboratory workup and abdominal 
ultrasound was negative for acute appendicitis. After receiving 
a bolus of Intravenous (IV) fluid, the patient had full resolution 
of right lower quadrant abdominal pain and she was discharged 
from the ED. Two days later, the patient’s mother was called by 
her PCP, she was informed that the respiratory PCR was posi-
tive for mycoplasma and the patient was placed on oral azithro-
mycin. The patient’s weakness and fatigue worsened through 
the course of the day with the patient being unable to stand or 
ambulate as reported by the mother, and she had 2 episodes 
of non-bilious, non-bloody emesis. Of note, two weeks prior to 
the onset of her symptoms, the patient was in contact with her 
father who reported positive for COVID-19. 

Mother reported that the patient was sent to live with her 
grandmother to prevent her from contracting COVID-19 while 
they quarantined until resolution of symptoms.

On day 13, the patient revisited the ED due to persistent 
symptoms, physical examination findings were positive for 
Kernig’s and Brudszinki’s signs, exaggerated deep tendon re-
flexes, and wobbly gait. Her cranial nerves II-XII and muscle 
strength in both upper and lower extremities were within nor-
mal limits with intact sensation to light touch, proprioception, 
and vibration. The patient was admitted for investigation and 
treatment of the underlying cause of presentation. The labo-
ratory workup showed leukocytosis with a WBC of 15,400 th/
uL with predominant neutrophilia (82.7%) and elevated ESR (26 
mm/hr). CSF analysis showed slightly elevated glucose of 77 
mg/dL, total protein of 67 mg/dL, cell count showed elevated 
WBC of 91 cells/uL, elevated RBC of 3 cells/uL, elevated neutro-
phils of 20% and elevated monocytes of 4%. Other tests were 
negative.

On day 1 of admission (day 14 from symptom onset), her 
nausea and emesis subsided; however, she continued to com-
plain of weakness. She endorsed back pain from LP, otherwise, 
she had no additional complaints with unchanged physical ex-
amination findings. Due to a high index of suspicion for differ-
ential diagnosis of Postinfectious encephalitis, and Acute Dis-
seminated Encephalomyelitis (ADEM), pediatric neurology was 
consulted and further tests consequently ordered, including 
respiratory PCR, COVID-19 antibodies, meningitis/encephalitis 
panel, CSF PCR for COVID-19, and MRI of the brain and spine 
with and without contrast. Respiratory PCR was positive for CO-
VID-19 with positive COVID-19 IgG. Of note, patient’s CSF PCR 
for COVID-19 PCR were also sent and returned negative. MRI 
demonstrated “bilateral punctate areas of increased T2 signal in 
both cerebral hemispheres and in the right cerebellar peduncle 
compatible with the characteristic finding of ADEM” (Figure 1).

The patient was started on a 5-day course of high dose In-
travenous (IV) methylprednisolone at 600 mg daily and physical 
therapy. Upon completion of IV methylprednisolone therapy, 
her oral intake, gait/balance, and jitteriness improved, although 
not at her baseline from an ambulation standpoint. She was 
subsequently discharged home in stable condition on oral pred-
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nisone for 5 days, to follow-up with Neurology and with outpa-
tient physical therapy. At the 4 month follow-up visit with neu-
rology, the MRI of the spine ordered was a normal study, and 
the patient had complete resolution of weakness and unsteady 
gait. The patient was subsequently cleared from a neurological 
standpoint.

Discussion

ADEM secondary to COVID-19 in a child is a rare complica-
tion secondary to COVID-19 infection. Our study is important 
as it demonstrated the neurological complications associated 
with COVID-19 pandemic with global confirmed case numbers 
surpassing 90 million. Furthermore, it showed the efficacy of 
pulse corticosteroids for treating a child with ADEM secondary 
to COVID-19.

COVID-19 is associated with various neurologic complica-
tions, ranging from anosmia, Guillain Barre Syndrome, acute 
flaccid myelitis, to ADEM. ADEM is a demyelinating disease of 
the central nervous system associated with various neurologic 
symptoms [9]. Clinical symptoms of ADEM include encepha-
lopathy (e.g., altered mental status), pyramidal signs, acute 
hemiparesis, cerebellar ataxia, cranial neuropathy, as well as 
transverse myelitis [10]. Lumbar puncture with CSF analysis is 
required to rule out infectious causes and for identification of 
pleocytosis and oligoclonal bands [10]. Testing for serum au-
toantibodies (e.g., myelin oligodendrocyte glycoprotein, aqua-
porin-4 IgG) are also indicated to rule out other demyelinating 
diseases of the central nervous system. The radiographic char-
acteristics included bilateral deep and subcortical white matter 
lesions on T2-weighted and FLAIR sequence MRI [10]. ADEM 
is typically preceded by a viral illness. This suggests ADEM is 
an autoimmune disorder with autoantibodies attacking host 
myelin antigens that may have shared antigenic determinants 
with preceding infectious pathogens. Similar to others’ findings 
[11-13], our negative result on CSF viral PCR panel and bacte-
rial culture suggested the underlying pathogenesis of ADEM is 
not directly resulting from viral toxicity or infection. Reported 
associated pathogens included Coxsackie virus, cytomegalovi-
rus, Epstein-Barr virus, herpes simplex, HIV, and coronavirus. 
Recently, the newly emerged COVID-19 has been associated 
with ADEM in adults [14]. Several case reports have described 
patients with a history of COVID-19 infection who had clinical 
and neuroimaging findings compatible with ADEM [12,13,15]. 
Yeh et al. also reported that coronavirus could lead to ADEM 
[16]. The treatment for ADEM associated with COVID-19 in-
cluded high-dose steroids, intravenous immunoglobulin, and/
or plasma exchange with variable outcomes [17]. While the ma-
jority of patients recover without lingering neurologic sequelae, 
occasionally patients may have persistent neurologic deficits 
and even mortality. It is reported that those with hemorrhagic 
changes in the MRI are associated with worse outcomes. In our 
case, our patient responded well to the steroid pulse treatment. 
Further studies will be needed to investigate which population 
might need more treatment in addition to pulse steroids.

The pathophysiology of the neurologic complications associ-
ated with COVID-19 were hypothesized not just from the direct 
toxic effects of the virus, dysfunction of the Renin-Angiotensin 
System (RAS), but also the profound systemic response to the 
infection [17]. The high level of circulating cytokines may lead 
to endothelitis as well as thrombophilia. The above-mentioned 
effects of dysregulated immune response are particularly im-
portant in the pediatric population [17]. MIS-C, a multisystem 
inflammatory status mediated by cytokine storms with presen-

tation similar to Kawasaki disease. It might be that children are 
more susceptible to immune-mediated pathologies (e.g., MIS-
C, ADEM) secondary to COVID-19 infection. As the COVID-19 
pandemic evolves, clinicians should therefore be cautious and 
aware of the potential immune-mediated complications sec-
ondary to COVID-19 infection. 

Diseases with presentations similar to ADEM include but are 
not limited to Multiple Sclerosis (MS) and Myelin Oligodendro-
cyte Glycoprotein (MOG) antibody-associated diseases. The MRI 
findings are characteristics for ADEM. Unfortunately, we did not 
collect enough CSF samples for additional labs to definitively 
differentiate ADEM from MOG antibody-associated disease. 
Regardless, the initial treatment for ADEM or MOG antibody-
associated disease would be a course of steroid treatment. 

Conclusion

This case report illustrates that ADEM could be associated 
with COVID-19 infection in children. A course of pulse steroids 
was demonstrated as an effective management for ADEM as-
sociated with COVID-19. Given the high infectivity rate of CO-
VID-19, and the tendency for children to experience a dys-
regulated immune response following COVID-19 infection, 
pediatricians should be aware of severe neurologic complica-
tions such as ADEM to avoid delayed diagnosis and treatment.
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