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Abstract
Children are susceptible to infection with the novel coronavirus SARS-CoV-2. In this time of uncertainty, this review attempts to
compile information that may be helpful to pediatric neurologists. This review consolidates current data on the disease associated
with SARS-CoV-2, called COVID-19, and information from past coronavirus epidemics, to discuss diseases of pediatric neurology
including Guillain-Barre syndrome (acute inflammatory demyelinating polyradiculoneuropathy); central demyelinating diseases like
multiple sclerosis and acute disseminated encephalomyelitis; infantile spasms; febrile seizures; and maternal-fetal transmission of virus.
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Background

Coronavirus is an enveloped virus with a large positive-sense,

single-stranded RNA genome belonging to the Coronaviridae

family. Human pathogenic CoVs (HCoVs) include HCoV-

229E, HCoV-OC43, HCoV-HKU1, HCoV-NL63, severe acute

respiratory syndrome CoV (SARS-CoV), and Middle East

respiratory syndrome CoV (MERS-CoV).1,2

In December 2019, a novel coronavirus was reported to cause

severe pneumonia in Wuhan, China. In February 2020, the viral

strain received the taxonomical designation “severe acute respira-

tory syndrome coronavirus 2” (SARS-CoV-2), and the World

Health Organization (WHO) named the disease caused by the

virus COVID-19. On January 30, 2020, the WHO declared the

outbreak a Public Health Emergency of International Concern,

and on March 11 the WHO declared it a global pandemic.

Clinicians and scientists gather new information about this

virus and this disease daily. This review should be read with the

understanding that our knowledge is changing and evolving rap-

idly. Current information may differ from what is presented here.

It is particularly challenging to appropriately interpret indi-

vidual case reports. At a time when many people are infected

with SARS-CoV-2, the presence of the virus may be incidental

and may not indicate that the virus is responsible for neurologic

symptoms.

COVID-19

Principal symptoms in patients who present for medical care

include fever, cough, and dyspnea. Many have bilateral

abnormalities on chest radiograph.3-5 Other less common

symptoms include myalgias, headache,3 gastrointestinal symp-

toms,6 anosmia, and angeusia.7

A summary of 72,314 cases in China, the largest cohort to

date, was published in February 2020. Of these cases, 62%
(44 672) had COVID-19 confirmed by viral RNA testing; 1%
(889) were asymptomatic, but tested positive for the virus; and

the rest were diagnosed clinically based on symptoms and

exposures. This study noted that of the 44 672 confirmed cases,

36 160 cases (81%) were classified as mild, with either no or

mild pneumonia; 14% were severe, with dyspnea, tachypnea,

reduced blood oxygen levels, and/or infiltrates in >50% of the

lung fields seen on imaging within 24-48 hours of initial

presentation; and 2087 cases (5%) were critical, with respira-

tory failure, septic shock, and/or multiple organ dysfunction or

failure. The overall fatality rate was 2.3%.5

In the initial stages of this pandemic, testing has been lim-

ited. These statistics are very likely to change as population-

based epidemiologic studies emerge.

COVID-19 in Children

Children are vulnerable to COVID-19 infection and shed the

SARS-CoV-2 virus, but a smaller proportion become ill when

compared to adults. Children can shed the virus without
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symptoms,8 but severe illness has been seen in children as

young as 55 days of life.9 In the large study of 72,314 cases

cited above, 416 (1%) of the 44,672 confirmed cases were less

than 10 years old, and 549 (1%) cases were between 10 and 18

years of age.5 In another study in China of 2143 patients less

than 18 years old, more than 94% of the 731 cases that tested

positive for SARS-CoV-2 fell into the classification of asymp-

tomatic, mild, or moderate cases. Although 5.9% were classi-

fied as severe or critical, “severe” was defined as fever, cough,

dyspnea, and oxygen saturation below 92% but did not neces-

sarily mean the patient was intubated or admitted to the hospi-

tal. One patient, a 14-year-old boy, died; his comorbidities

were not identified, and it is not clear what role COVID-19

played in his death.10

Other HCoVs generally cause milder respiratory disease in

children than adults, but underlying medical conditions can

increase the risk for hospitalization, mechanical ventilation,

or death in children infected with MERS-CoV and other

coronaviruses.11,12

Does COVID-19 Cause Neurologic
Symptoms in Children?

It is challenging to appropriately assess the risk to children of

neurologic symptoms from COVID-19. Most of the literature

has focused on adults.

In one Chinese case series of 214 adult patients, neurologic

symptoms—including cerebrovascular accidents, impaired

consciousness and skeletal muscle injury—were more common

in the 45.5% of patients who had severe disease.13 Although

most strokes related to COVID-19 described to date occur with

severe and prolonged illness,14,15 stroke can also be the pre-

senting symptom of SARS-CoV-2 infection.16,17 This has not

been described in the pediatric population.

Seizures have rarely been reported as a complication of

COVID-19 in adults.13 In a Chinese study of 304 adult patients

with COVID-19, no patients had new onset of seizures during

hospitalization, despite metabolic disturbances during illness

and injury to the brain from hypoxia.18

We can also attempt to determine the risk to our patients by

evaluating how children respond to other human coronaviruses

(HCoVs). Historically, viral meningoencephalitis is rarely due

to HCoVs. There is a single case report of a child with immu-

nosuppression due to leukemia who died of progressive ence-

phalitis from HCoV-OC43.19

Anosmia

Some patients with COVID-19 complain of anosmia and ageu-

sia.7 The association of temporary or permanent anosmia with

viral respiratory infection is not new or limited to corona-

viruses.20-22 Anosmia is associated with many other viruses,

including influenza, rhinovirus,23 and Zika virus,24 although

one Spanish study in adults found this symptom may be more

common with COVID-19 than with influenza.25

An American study of 169 adult patients who tested positive

for SARS-CoV-2 found that reporting loss of smell predicted a

milder clinical course and decreased likelihood of hospitaliza-

tion.26 Studies from Europe and Iran also report anosmia in the

setting of mild or otherwise asymptomatic COVID-19.27,28 As

children frequently have mild disease, loss of smell may be an

important indicator of infection, although anosmia has not yet

been studied in the pediatric population.

Guillain Barré Syndrome (Acute
Inflammatory Demyelinating
Polyradiculoneuropathy)

Guillain Barré syndrome, also known as acute inflammatory

demyelinating polyradiculoneuropathy, is an autoimmune syn-

drome with both infectious causes and non-infectious causes

(notably vaccination and surgery). Infection with the bacteria

Campylobacter jejuni is responsible for 25% to 50% of cases of

Guillain Barré syndrome. Viral infection can also precede

Guillain Barré syndrome, including infections with cytomega-

lovirus, Epstein-Barr virus, measles, influenza A virus, Myco-

plasma pneumonia, enterovirus D68, and Zika virus.29,30

MERS has only rarely been associated with Guillain Barré

syndrome.31 SARS-CoV has been associated with a small num-

ber of cases of Guillain Barré syndrome, specifically the axonal

variant known as acute motor axonal neuropathy.32,33

Individual case reports have associated COVID-19 with

Guillain Barré syndrome, all in older adults; of the 3, 1 was

demyelinating, 1 consistent with acute motor axonal neuropa-

thy, and 1 did not have nerve conduction studies.34-36 At this

time, it seems COVID-19 is unlikely to cause a large number of

cases of Guillain Barré syndrome, although there is potential

for axonal disease.

Acute Flaccid Myelitis

Acute flaccid myelitis is a recently described distinct syndrome

of sudden onset of asymmetric flaccid weakness, primarily

affecting the upper extremities and cranial nerves. This disease

is more commonly seen in children and has been associated

with enterovirus D68 infection.37,38 While children with acute

flaccid myelitis may test positive for other viruses than enter-

ovirus D68, there is only a single case report of acute flaccid

myelitis associated with a positive nonsterile site respiratory

specimen test for HCoV (in this case strains 229E and OC43).

It is unclear whether this was incidental detection, viral shed-

ding, or whether the detected virus was associated with neuro-

logic disease.39 Again, the presence of a single case study

highlights the rarity of this occurrence.

Central Demyelinating Disease

There have been many investigations into the connection of

coronaviruses with multiple sclerosis, with inconclusive

results. In rats,40,41 mice,42 and primates,43 intracerebral inocu-

lation with coronaviruses can lead to demyelination resembling
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multiple sclerosis, in a model termed coronavirus-induced

encephalomyelitis. In humans, antibodies to HCoV have been

found in the cerebrospinal fluid of patients with multiple

sclerosis44-46 and optic neuritis.44 Some strains of HCoV RNA

has been found at higher levels in the brains of patients with

multiple sclerosis on autopsy (although it is notable that HCoV

RNA was also identified in the brains of donors with other

diagnoses).47 In 2004, HCoV OC43 was detected in the cere-

brospinal fluid of a 15-year-old with small enhancing lesions in

the white matter of the brain, most consistent with acute dis-

seminated encephalitis.48

The theory that coronaviruses might be involved in the

initiation or flares in multiple sclerosis is still highly specula-

tive. This literature search did not find any descriptions of

increased incidence of multiple sclerosis or flares following

increased incidence of other coronavirus diseases, including

the SARS-CoV epidemic in 2003 and outbreaks of MERS-

CoV in 2013 and 2015.

Cell-depleting treatments for multiple sclerosis, including

alemtuzumab, ocrelizumab, and rituximab, have the potential

to increase the risk of severe disease in COVID-19. Other

immunomodulatory medications are believed to confer less

risk.49 However, there are no data to recommend switching

medications at this time.

Of note, an ongoing clinical trial is investigating the use of

fingolimod in COVID-19.50 Fingolimod is a sphingosine-

1-phosphate receptor modulator which acts to sequester

lymphocytes in lymph nodes. It has been approved by the Food

and Drug administration for treatment of multiple sclerosis in

children 10 and older.51 No data are available from this trial at

the time of this writing.

Steroids and Adrenocorticotropic Hormone
(ACTH)

The CDC is currently advising physicians to avoid treatment of

COVID-19 with corticosteroids.52 It is very difficult at this

time to extrapolate this advice to the treatment of neurologic

patients with corticosteroids and ACTH.

Treatment of autoimmune encephalitis, myasthenia gravis,

muscular dystrophy, and acute demyelinating disease, includ-

ing acute inflammatory demyelinating polyradiculoneuropathy

(Guillain Barré syndrome, acute inflammatory demyelinating

polyradiculoneuropathy), multiple sclerosis, acute dissemi-

nated encephalomyelitis, optic neuritis, and transverse myeli-

tis, may require use of high-dose steroids to reduce long-term

morbidity and mortality. Clinicians will need to make careful

judgments and balance the risk of withholding steroids in

infected patients because of the risk of possibly worsening

disease.

The syndrome of infantile spasms carries a high risk of

neurodevelopmental regression. Hormone therapy with ACTH,

or increasingly, high-dose steroids, is considered the first-line

treatment for infantile spasms not associated with tuberous

sclerosis.53-55 However, ACTH can profoundly suppress the

immune response in infection.56,57 If patients with infantile

spasms have comorbidities, or will be admitted to the hospital

for monitoring, increasing their risk of contracting COVID-19,

it may be reasonable to consider vigabatrin or steroids instead

of ACTH. However, if patients fail vigabatrin, ACTH or

equivalents should be considered given the risk to the infant

of delaying appropriate treatment.58,59

Febrile Seizures

Febrile seizures are most commonly associated with viruses

that provoke a high fever, including human herpes virus 6

(HHV-6) and influenza. HCoVs have been identified in

patients with febrile seizures. The incidence of HCoV in chil-

dren presenting with febrile seizures ranges from 6.9% to 9.9%,

but more than half of those who test positive may have a coin-

fection with another virus.60-62

Based on these studies, a child presenting with a febrile

seizure and respiratory symptoms is more likely to have a viral

infection from influenza, rhinovirus, or enterovirus than SARS-

CoV-2. However, in one study, up to 40% of children with

diagnosed COVID-19 had coinfections with other viruses.4

Maternal-Fetal Transmission

Some viruses can increase risk of fetal and neonatal mortality

and can increase the risk of childhood morbidity when acquired

in utero or perinatally. These include varicella, parvovirus,

rubella, cytomegalovirus, herpes simplex virus, lymphocytic

choriomeningitis virus, and Zika virus, among others.63,64 Ini-

tial findings suggested a lack of vertical transmission from

mother to fetus in pregnancy.65-67 Three neonatal cases of

SARS-CoV-2 infection were reported in China, but all were

exposed to infected parents and are assumed to have contracted

the infection after birth.68

This is consistent with a lack of maternal-fetal transmission

in other HCoVs.67,69 In the SARS-CoV epidemic of 2003, an

increased rate of miscarriage, intrauterine growth restriction,

and preterm birth was attributed to maternal respiratory failure

and hypoxia, as viral particles were not found in the products of

conception.66,70

However, recent case reports of infants with evidence of

infection shortly after birth, despite rapid isolation from

infected mothers, suggest that vertical transmission may be

possible, if rare.71 We do not yet know whether infection early

in pregnancy with SARS-CoV-2 confers any additional risk to

the fetus.

Discussion

There is much unknown about the disease associated with the

novel coronavirus SARS-Cov-2. Although HCoV viral RNA

can be found in cerebrospinal fluid, and in human brains on

autopsy, neurologic complications from HCoV, including sei-

zures, encephalopathy, and demyelinating disease, have his-

torically been rare. We can use this information to reassure
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patients and their families, while continuing to watch for new

information about this new disease.
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