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Purpose of review

Acute central and peripheral nervous system injury may occur in association with coronavirus disease
2019 (COVID-19) caused by infection with the severe acute respiratory syndrome coronavirus 2 virus. This
review will assist readers to recognize neurologic manifestations associated with COVID-19 including
common and life-threatening symptoms and diagnostic testing. We will also review current
recommendations for treatment of neurologic injury associated with COVID-19 infection in children.

Recent findings

Data from systematic reviews and prospectively collected cohorts of children with COVID-19 are beginning
to characterize the breadth of neurologic manifestations associated with COVID-19 in the acute infectious
and postinfectious periods. Among hospitalized children in particular, neurologic symptoms are common.
Life threatening conditions including encephalitis, myelitis, stroke, and demyelinating syndromes have been
reported. Within the pediatric population, age, and preexisting neurologic conditions appear to be
important factors in determining likely phenotypes. Treatment at this time is based on careful
neuromonitoring, supportive care, and neuromodulatory therapies as indicated.

Summary

Neurologic symptoms are common in children with COVID-19 and may be life threatening. The
pathophysiology, therapeutic options, and long-term outcomes from COVID-19 associated neurologic injury

are currently being investigated.
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INTRODUCTION

Acute central and peripheral nervous system injury
may occur in children and adults during or after
infection with the causative virus of coronavirus
disease 2019 (COVID-19). The purpose of this review
is to provide updates on diagnosis, evaluation and
treatment of neurologic manifestations associated
with COVID-19 in children and to provide insight
into directions for future research on this topic.

BACKGROUND

Severe acute respiratory syndrome coronavirus 2
(SARS-Co-V-2), the virus causing COVID-19, has
infected over 4 million children in the United States
per the American Academy of Pediatrics (AAP) [17].
As adult vaccination rates have risen, children now
account for over 20% of new cases reported [2].
Among pediatric patients, the case fatality rate for
COVID-19 remains low but morbidity associated
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with the disease may be significant. Neurologic
symptoms associated with COVID-19 have been
actively investigated in adult and pediatric patients
following documentation of headache, ageusia,
anosmia, cerebrovascular disease, and encephalop-
athy in the initial reports of SARS-CoV-2 outbreak in
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KEY POINTS

e Neurologic manifestations are common in children with
acute coronavirus disease 2019 (COVID-19).

e Central and peripheral neurologic injury in association

with COVID-19 may be life threatening.

e Treatment should incorporate supportive care,
neurocritical care for patients with life threatening
conditions, considered use of corticosteroids and other
immunomodulatory therapies, and
rehabilitation services.

Wuhan, China [3%,4"™]. Approximately 18 months
into the pandemic, COVID-19 associated central
and peripheral nervous system disease has been
reported in patients with acute infection, during
the postinfectious period, and following asymptom-
atic infection [5™"]. In this review, we will discuss
keys for recognition of COVID-19 associated neuro-
logical disease in children as well as current
approaches to management.

Early recognition of central and peripheral ner-
vous system injury associated with COVID-19 dur-
ing the acute phase of illness, as will be discussed in
this review, may facilitate appropriate long-term

monitoring and care to prevent or mitigate chronic
neurologic deficits. The long-term impact of
COVID-19 on the emotional and physical health
of adults, termed long COVID or postacute sequelae
of COVID-19 (PACS), is only beginning to be
reported in pediatric populations [6,7%8].

RECOGNITION OF ACUTE CORONAVIRUS
DISEASE 2019 ASSOCIATED
NEUROLOGICAL DISEASE

Given the breadth of neurologic symptoms reported
in patients meeting the World Health Organization
(WHO) criteria for probable / possible SARS-CoV-2
infection [9], this review will be divided into a
recognition of COVID-19 associated neurologic dis-
ease during the period of active infection and neu-
rologic disease in the immediate postinfectious
period (Fig. 1). We will review common and life-
threatening presentations, associated symptoms,
physical exam findings, and diagnostic studies.
Recognition of COVID-19 associated neurologic
disease requires maintaining a high index of suspi-
cion, particularly in patients presenting in or trav-
eling from highly endemic regions. The WHO and
the Centers for Disease Control and Prevention
(CDC) maintain COVID-19 tracking dashboards
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FIGURE 1. Central and peripheral neurologic manifestations associated with COVID-19. Neurologic manifestations that have
been reported at acute, postinfectious, and late timepoints in children with COVID-19 are shown in relation to typical viral
load and antibody response. ADEM, acute disseminated encephalomyelitis; CNS, COVID-19, coronavirus disease 2019;
central nervous system; MIS-C, multisystem inflammatory syndrome in children; PNS, peripheral nervous system.
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that include the number of positive cases, hospital-
izations, mortalities, and vaccinations administered
that will be useful to assess likelihood of infection.
Direct person-to-person respiratory transmission
remains the most common mode of SARS-Co-V-2
infection [10%]. Critical to assessing the likelihood of
infection is the proximity of the patient to an
infected individual, the duration of the exposure,
and the ventilation of the space (e.g. indoor vs.
outdoor). A recent investigation using an insurance
database compared COVID-19 infection rates
amongst households with or without a birthday
in the preceding 2 weeks discovered a 31% increase
above county-level prevalence in households after a
child’s birthday [11]. Because COVID-19 associated
neurologic disease has been reported with both
acute and chronic infection, close contacts over
the prior weeks may be relevant.

Clinical findings

The Overcoming COVID-19 US public health sur-
veillance registry of children and adolescents hospi-
talized with COVID-19-related complications was
utilized to investigate COVID-19 associated neuro-
logical disease. Overall, 22% of hospitalized children
had neurologic involvement with 12% of those
patients developing life-threatening neurologic
conditions [12""]. The overall incidence is consistent
with data from a systematic review of 3700 children
[5™] which included both hospitalized and nonhos-
pitalized patients, and reported an incidence of 17%
of cases with neurologic manifestations; 1% of
which were deemed life-threatening.

Generalized neurologic complaints, including
headache, fatigue, and nausea/vomiting are the
most common neurological manifestations in chil-
dren with COVID-19. Within pediatric cohorts age
appears to be strongly associated with the neuro-
logic presentation. Among hospitalized patients,
fatigue and headache are reported 2-4 times as
common in children 5-20 years old compared to
children <5 years old. Anosmia and ageusia are
reported approximately 10x more commonly in
older children [5"]. Importantly, these neurologic
symptoms may be underreported in the youngest
patients.

One third of children hospitalized with COVID-
19 require critical care [13]. Among hospitalized
children with COVID-19 associated neurologic dis-
ease 12% were determined through careful case
review to have life-threatening neurologic involve-
ment [12"]. Of the patients with life-threatening
illness, 25% died and 40% were discharged with new
neurologic deficits. Similar to the finding that pre-
existing conditions are a risk factor for severe
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COVID-19, a preexisting neurologic disorder
appears to be a strong risk factor for neurologic
manifestations associated with COVID-19.

In critically ill patients, severe encephalopathy
is the most common finding [12"]. This may be
related in part to multiorgan dysfunction, sedative
medications, hypoxemia, hypotension, and meta-
bolic disturbances. Delirium screening has become a
routine part of pediatric neurocritical care and
although reports in pediatric patients are limited,
adults with COVID-19 requiring intensive care have
high incidence of delirium [14"]. Other life-threat-
ening conditions reported during SARS-CoV-2 infec-
tion include: ischemic or hemorrhagic stroke, acute
CNS infection/acute disseminated encephalomyeli-
tis (ADEM), and fulminant cerebral edema. In chil-
dren <5 years old hospitalized with COVID-19,
seizure or status epilepticus was almost as common
a presenting symptom as encephalopathy [12"].

Cerebrovascular complications of COVID-19
have been reported in 1-5% of hospitalized adults
[15]. The International Pediatric Stroke Study Group
(IPSS) recently reported 8 cases in children associ-
ated with SARS-CoV-2 detected by PCR [16"]. The
Overcoming COVID-19 US public health surveil-
lance registry of children and adolescents hospital-
ized with COVID-19-related complications reported
12 ischemic or hemorrhagic strokes in hospitalized
children [12*"]. The IPSS has not detected an
increase in the incidence of neonatal or pediatric
stroke, however the survey was performed over a
relatively short time given the low baseline stroke
risk in children and many patients were not tested
for SARS-CoV-2. The Pediatric COVID Brain Imaging
Group (PECOBIG) has published a case series of
patients with abnormal imaging obtained within
3 months of COVID-19 diagnosis and reported that
18% of the patients in this group had evidence of
thromboembolic events or vasculopathy. Cerebral
microvascular injury has also been reported in adult
patients with severe COVID-19 [17"].

Diagnostic studies

Diagnosis of SARS-CoV-2 infection is primarily
made by detection of viral RNA by reverse-transcrip-
tion polymerase chain reaction (RT-PCR) in respira-
tory secretions. The accuracy of the test is highly
dependent on the sample quality and test character-
istics. However, RT-PCR is generally both highly
accurate and highly sensitive, particularly in com-
parison to other methods of detection. Case reports
of children with life-threatening neurologic injury
and detection of SARS-CoV-2 by RT-PCR in cerebro-
spinal fluid (CSF) have been published [18%,19]. A
systematic review which included both adult and
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pediatric patients identified 321 patients with CNS
symptoms and CSF testing for SARS-CoV-2 by RT-
PCR. Of these patients, only 6% had detectable
SARS-CoV-2 RNA.

Characteristic laboratory features of SARS-CoV-
2 include elevated C-reactive protein, elevated
serum ferritin, elevated aminotransaminase levels,
elevated lactate dehydrogenase levels, and lympho-
penia [20™]. These findings, although not unique to
COVID-19, should prompt specific testing for SARS-
CoV-2 if it has not already been performed. In adult
patients with neurologic symptoms, the use of brain
specific serum biomarkers has been investigated
including neurofilament light chain (NfL) and glial
fibrillary acidic protein (GFAP) [21%], markers of
neuronal/axonal and astrocytic injury respectively.
NfL and GFAP have been found to be elevated in the
blood, particularly in severe COVID-19, relative to
controls [22,23"]. Geis et al. investigated NfL levels
in children with asymptomatic to moderate COVID-
19, 30% of whom had neurologic symptoms, and
observed no significant change. It is unclear
whether the lack of detection was related to more
mild disease, differences in the pathobiology of
COVID-19 between children and adults, or other
factors. Brain specific biomarkers are not widely
available and require further investigation before
their use to recognize COVID-19 associated
neurologic disease.

RECOGNITION OF POST-INFECTIOUS
CORONAVIRUS DISEASE 2019
ASSOCIATED NEUROLOGICAL DISEASE

Hyperinflammatory shock, resembling the clinical
presentation of children with severe Kawasaki's dis-
ease, was initially reported in previously healthy
children with known exposure to COVID-19 [24"].
Now called multisystem inflammatory syndrome in
children (MIS-C), this condition was also a signal that
children could present with postinfectious compli-
cations of COVID-19. Acute neurologic disease in the
postinfectious period of COVID-19 can broadly be
characterized as those occurring in association with
MIS-C and those occurring with more isolated central
or peripheral nervous system involvement. Many of
these conditions are life threatening and require the
application of neurocritical care.

Multisystem inflammatory syndrome in
children neurologic disease

Diagnostic criteria for MIS-C and guidance for man-
agement of children with MIS-C have been published

by an expert panel convened by the American Col-
lege of Rheumatology [25%]. Although SARS-CoV-2
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RNA may still be detected by PCR in 13-69% of MIS-C
cases, detection of immunoglobulin G (IgG) antibody
to the SARS-CoV-2 nucleocaspid or spike protein will
be positive in 90-95% of cases [26]. Based on the
diagnostic criteria used to diagnose MIS-C (cardiovas-
cular involvement, Kawasaki disease criteria, or
broader MIS-C criteria) neurologic involvement is
reported in 5-55% of cases of MIS-C [26].

Neuroimaging is a key diagnostic tool for detec-
tion of COVID-19 associated central and peripheral
neurologic pathology. The American Society of
Pediatric Neurology Pediatric COVID Brain Imaging
Group solicited cases of COVID-19 in children with
abnormal neuroimaging. Findings in children with
MIS-C have included diffusion restriction or T2-
weighted signal abnormality in the splenium of
the corpus callosum, microhemorrhages, subcorti-
cal white matter changes, leptomeningeal enhance-
ment, cerebral edema, and myelitis [12"%,27%,28"].

Electroencephalography (EEG) may detect seiz-
ures and encephalopathic features such as diffuse
slowing [12%%,29%]. Nerve conduction and electro-
myelography studies, when performed, may show
myopathic or neuropathic changes.

Primary central and/or peripheral nervous
system involvement

Guillain-Barré syndrome (GBS) was reported in four
children in the overcoming COVID-19 public health
registry [12"] with numerous other case reports in
pediatric patients [30%,31,32]. Cases of GBS in adult
patients presenting in the first six months of the
pandemic was reviewed by Uncini et al. [33"] who, in
general, found fairly characteristic presentations of
GBS and GBS variants including weakness, hypoar-
eflexia, sensory disturbances, and albumin-cytolog-
ical dissociation in the majority of patients. Forty
percentage of patients required intensive care and
respiratory failure occurred in a third of patients. In
patients with SARS-CoV-2 testing of CSF performed,
all were negative. One child with GBS and SARS-
CoV-2 RNA detected in CSF has been reported [31].
Abnormal enhancement of cranial and spinal nerves
is a common finding in children with COVID-19
and abnormal neuroimaging [28"]. However, a
review of the National Immunoglobulin Database
found that the incidence of GBS in the United
Kingdom fell during the pandemic. This could be
due to social distancing and other prevention mea-
sures that dramatically reduced spread of other viral
infections [34"].

Several case reports of anti-NMDA receptor
encephalitis in pediatric patients have been reported
in younger males with COVID-19 [35%,36"], which is
in contrast to the typical epidemiology of anti-NMDA
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receptor encephalitis in pediatric patients. ADEM
may affect children with acute COVID-19, MIS-C,
or as an isolated finding in the postinfectious period
[5™,12"%,28™]. Myelitis (focal or long segment) may
also present without abnormalities in the brain or
brainstem [28"].

TREATMENT

The treatment of COVID-19 associated neurologic
injury in children is guided by the following: sup-
portive care, neurocritical care for patients with life
threatening conditions, considered use of immuno-
modulatory therapies, and rehabilitation services.

For conditions such as agnosia and anosmia,
which resolve over several weeks in the vast majority
of cases, reassurance to the child and caregivers may
be most beneficial. Nutritional intake and weight
should be monitored. Olfactory training is available
and may be beneficial. Inhaled corticosteroids have
been trialed in adults without an improvement in
time to resolution of symptoms [37].

For MIS-C and severe neurologic presentations
associated with COVID-19 there are no trials com-
paring therapies in children. Intravenous immuno-
globulin (IVIG) at a dose of 2 g/kg, corticosteroids,
and low-dose aspirin are considered first-line thera-
pies for MIS-C based on expert consensus and evi-
dence from patients with Kawasaki’s disease [25].
Anakinra is recommended as a second-line agent for
IVIG- and/or steroid-refractory MIS-C. Generally, at
this time, there is insufficient evidence to support
changing treatment approaches for conditions such
as pediatric stroke, GBS, ADEM, or cerebral edema in
the setting of COVID-19. Case reports are available
which suggest increased steroid responsiveness of
these conditions. For example, a child diagnosed
with anti-NMDA receptor encephalitis had no clini-
cal response to IVIG or plasmapheresis but showed
rapid improvement following treatment with high-
dose methylprednisolone [36"]. Our approach is to
provide standard neurocritical care for children with
COVID-19 and life-threatening neurologic manifes-
tations, with early consideration of corticosteroids
and other immunomodulatory therapies while
monitoring closely for secondary infections.

Early consultation of rehabilitation services,
including physical therapy, occupational therapy,
and speech therapy may be beneficial for patients
with COVID-19 and neurologic deficits. Rehabilita-
tion services can typically be safely applied in criti-
cally ill children [38]. Given persistent deficits that
may be present at 6 weeks and 6 months after initial
presentation [27%] referral for inpatient or outpa-
tient rehabilitation after recovery from acute illness
may also be warranted.
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CONCLUSION

Neurologic manifestations are common in pediatric
patients after infection with SARS-CoV-2. The
Global Consortium Study of Neurologic Dysfunc-
tion in COVID-19 (GCS-NeuroCOVID)-Pediatrics
[39"], Collaboration to Assess Risk and Identify
long-term outcomes (CARING) for Children with
COVID, and Researching COVID to Enhance Recov-
ery (RECOVER) are a few of the investigative groups
working to understand the epidemiology, pheno-
types, pathophysiology, and long-term impact of
COVID-19 in children and their families including
detailed neuropsychological evaluations. As we con-
tinue to learn more about the impact of SARS-CoV-2
on the neurologic system of children, earlier recog-
nition and treatment options to reduce neurologic
morbidity may be developed.
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