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Are we sure that the neurological impact of ®

Check for

COVID 19 in childhood has not been
underestimated?
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Abstract

Background: Presently, it is known that, even if less frequently than in adults, children can develop a severe new
coronavirus disease 2019 (COVID-19). Children with the SARS-CoV-2 infection can have neurological signs and
symptoms of disease more frequently than previously thought, revealing the involvement of the central nervous
system, the peripheral nervous system, or both. Aim of this manuscript is to highlight the neurologic complications
associated with SARS-CoV-2 among pediatric patients with COVID-19, suggesting when to monitor carefully
neurologic development.

Main findings: Children with a severe chronic underlying disease, infants and toddlers and those who develop the
so-called multisystem inflammatory syndrome (MIS-C) are those with the highest incidence of neurological
complications. Fortunately, in most of the cases, neurological manifestations, mainly represented by headache and
anosmia, are mild and transient and do not significantly complicate the COVID-19 course. However, in some cases,
very severe clinical problems associated with relevant alterations of neuroimaging, electroencephalography, nerve
conduction studies and electromyography findings can develop. Generally, almost all the children with COVID-19
and neurological manifestations till now described have made a complete recovery, although in some cases this
has occurred after several weeks of treatment. Moreover, COVID-19 infection during pregnancy has been found
associated with an increased risk of obstetric complications that can lead to neurological acute and long-term
manifestations in neonates.

Conclusions: Based on data showing the neurologic impact of COVID-19 in pediatric age, we suggest monitoring
neurological development a few months after healing in pediatric patients who have presented MIS-C, seizures or
other neurological manifestations and in children of pregnant women with COVID-19 in order to detect overt and
subtle deficits.
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Background

In the first months of new coronavirus disease 2019
(COVID-19) pandemic, results of several epidemiological
studies had led to the conclusion that, compared to
adults, children were less susceptible to severe acute re-
spiratory syndrome coronavirus-2 (SARS-CoV-2) infec-
tion and that, when infected, they remained more
frequently asymptomatic or developed a mild disease
[1-3]. Most of the symptomatic children had only minor
respiratory or gastrointestinal problems. Moreover, the
risk of hospitalization and the need for intensive care
unit (ICU) admission was found very low and death was
an exceptional event [4, 5]. These findings explain why
pediatric COVID-19 was initially considered a minor
clinical problem.

However, with the prolongation of the pandemic and a
more accurate evaluation of a greater number of chil-
dren, this belief was, at least in part, changed. Presently,
it is known that, even if less frequently than in adults,
children can develop a severe COVID-19. At higher risk
are subjects with severe underlying medical conditions,
younger children and those that develop the so-called
multisystem inflammatory syndrome (MIS-C) [1, 6].
Moreover, the review of the clinical picture of pediatric
COVID-19 has shown that its impact extends beyond
the pulmonary morbidity and mortality of the disease.
More frequently than previously thought, children with
the SARS-CoV-2 infection can have neurological signs
and symptoms of disease, revealing the involvement of
the central nervous system (CNS), the peripheral ner-
vous system (PNS), or both [1]. Their presence has prog-
nostic significance and their impact could be fully
clarified after many years of careful follow-up, and not
only in the acute and subacute phase of the infection [1].

Aim of this manuscript is to highlight the neurologic
complications associated with SARS-CoV-2 among
pediatric patients with COVID-19, suggesting when to
monitor carefully neurologic development.

Neurologic complications associated to COVID-19

in pediatric age

Children with a severe chronic underlying disease, in-
fants and toddlers and those who develop the so-called
MIS-C are those with the highest incidence of neuro-
logical complications [7-9]. A systematic review and
meta-analyses of studies involving about 3700 pediatric
COVID-19 patients have shown that 17% of them had
nonspecific neurologic conditions and 1% had signs and
symptoms of severe brain involvement [7]. In MIS-C pa-
tients, the incidence of abnormal neurological findings
has been reported in up to 55% of the cases [8]. Fortu-
nately, in most of the children, neurological manifesta-
tions, mainly represented by headache and anosmia, are
mild and transient and do not significantly complicate
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the COVID-19 course. However, in some cases, very se-
vere clinical problems associated with relevant alter-
ations of neuroimaging, electroencephalography, nerve
conduction studies and electromyography findings can
develop. A not marginal number of encephalopathy, en-
cephalitis, central or peripheral acute flaccid paralysis,
acute disseminated encephalomyelitis, seizures, stroke
has been diagnosed in children with laboratory con-
firmed SARS-CoV-2 infection [9].

These findings seem to confirm what have been sug-
gested by the studies involving other human corona-
viruses (hCoVs), i.e. the risk that pediatric infections due
to this group of agents may be associated with the devel-
opment of neurological insults and that these may lead
to a significant neurodevelopmental impairment [10].
Except for Middle East Respiratory Syndrome (MERS)-
CoV, for all the other known hCoVs neurological com-
plications have been described. In case of SARS-CoV-2
infection, the risk seems further increased by the evi-
dence that neurological manifestations can develop both
during the acute phase of COVID-19 as the first signs
and symptoms of disease in previously healthy children
and over days to weeks after a previously asymptomatic
SARS-CoV-2 infection. In both cases, diagnosis and po-
tentially effective therapy may be severely delayed or
completely missed with high risk of persistent neurologic
damage.

Mechanisms that cause COVID-19-related
neurologic damage

Several mechanisms have been postulated to explain
acute and postacute neurologic manifestations of
COVID-19. Although neurologic damage can simply be
the consequence of hypoxia, hypotension and liver and
renal insufficiency that are characteristic of the most se-
vere cases of COVID-19, a number of specific mecha-
nisms are considered the main causes of CNS and PNS
damage [11]. It has been supposed that SARS-CoV-2
may infect olfactory neurons and subsequently invade
brainstem, basal ganglia and cortex, with a direct de-
structive effect [11]. Moreover, as SARS-CoV-2 depletes
Angiotensin-Converting Enzyme 2 (ACE-2) causing a
significant renin-angiotensin system disequilibrium, it is
thought that, following the infection, a prothrombotic
state with impaired large vessel and microvascular blood
flow can occur and lead to increased risk of thrombotic
and hemorrhagic stroke [11]. The most important mech-
anism seems, however, the immune dysregulation lead-
ing to autoimmunity and the hyperinflammation [11].
Most cases occur in children with MIS-C and most neu-
roimaging findings resemble those detected in parainfec-
tious and postinfectious syndromes that involve the CNS
and the PNS [12].
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Moreover, in some patients with acute disseminated
encephalomyelitis (ADEM)-like magnetic resonance im-
ages, antibodies against brain components have been de-
tected, strongly suggesting that COVID-19 can be
associated with an immune-mediated pathology [13].
However, regardless of the pathophysiology, in all these
cases, early identification, prompt diagnosis and careful
implementation of the most effective therapeutic inter-
ventions are needed to assure the resolution of the acute
disease and the potential long-term abnormalities.

Outcome of COVID-19-related neurologic
complications in pediatric age

Generally, almost all the children with COVID-19 and
neurological manifestations till now described have
made a complete recovery, although in some cases this
has occurred after several weeks of treatment [7-9].
However, definitive conclusions about long-term conse-
quences cannot be drawn due to the low number of
study cases and the time-limited follow-up. On the other
hand, the risk that, at least in some cases, some long-
term neurological problems may persist cannot be ex-
cluded. When prognosis of the clinical conditions de-
scribed in COVID-19 pediatric cases is analyzed, it can
be observed that some of them can cause long-term
problems [13]. An example in this regard is given by
ADEM. Generally, ADEM cases have complete reso-
lution. However, a recent meta-analysis has found that,
despite a generally positive neurocognitive outcome, a
reduction of intelligence quotient, attention, executive
functioning, processing speed, learning and memory,
visuospatial skills and internalizing symptoms could per-
sist in up to 43% subset of individuals several months
after the apparent resolution of the disease [12]. This ex-
plains why experts have suggested that COVID-19 is in-
cluded among the medical conditions that can
potentially cause long-term neurological problems and
that children with SARS-CoV-2 infection even without
neurological manifestations in the acute phase of disease
should be carefully monitored for a long time. To favor
the early identification of potential neurodevelopmental
impairment, the use of an age-related clinical practice
guidance for pediatric providers treating children with
SARS-CoV-2 infections has been proposed [9].

The importance of monitoring children involved in
the problem of SARS-CoV-2 in-fection is further
highlighted by the recently acquired evidence that infec-
tion of the pregnant women can have a relevant negative
impact on the neonates [14, 15]. Maternal infections
during the second and the third trimester of pregnancy
have been frequently found associated with an increased
risk of obstetric complications leading to preterm birth,
low birth weight and several neonatal diseases, including
respiratory distress syndrome, hyperbilirubinemia and
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need for assistance in ICU [14]. As all these conditions
can lead to neurological acute and long-term manifesta-
tions, implications of SARS-CoV-2 as a cause of neuro-
logical problems in children are significantly more
important than those simply due to the direct infection
of the child.

Conclusions

Based on data on neurological involvement in SARS-
CoV-2 positive pediatric patients and on neonatal com-
plications observed in children of pregnant women with
COVID-19, we suggest monitoring neurological develop-
ment a few months after healing in pediatric patients
who have presented MIS-C, seizures or other neuro-
logical manifestations and in children of pregnant
women with COVID-19 in order to detect overt and
subtle deficits. As the focus of healthcare shifts from the
‘crisis’, diligence, attention and multicentric collabora-
tions will be required to ensure ongoing international
collaboration in maintaining registries to monitor for
possible later behavioral complications of COVID-19 in
children who have being infected, even without clinical
evidence of neurological signs and symptoms. In particu-
lar, it will be important to evaluate subtle neurobehav-
ioral impairment which can be evident only many years
later because of the known SARS-CoV- 2 localization in
certain cerebral areas linked to neurobehavioral develop-
ment skills (i.e., orbito-frontal and pre-frontal areas).

In addition, during the pandemic, the chronic-
relapsing neurological pathology (i.e., epilepsy) was
neglected by many families due to the fear of being in-
fected by SARS-CoV-2 with access to the Emergency
Room and being subjected to diagnostic delays related
to COVID-19 before hospitalization (which often also
meant strict isolation and estrangement from the fam-
ily). Thus, it is crucial that management of these patients
could return to previous clinical practice since this could
avoid that they are admitted to the Emergency Room in
extreme conditions.
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