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Dear Editor,

We read with great interest the recently published articles regarding
neurological involvement associated with COVID-19 infection by Asadi-
Pooya et al. and Roman et al. [1,2]. Compared with adult patients,
children account for only 1-5% of COVID-19 (SARS-CoV-2) cases, of
which more than 80% are asymptomatic or mild cases [3]. SARS-CoV-2
may have neuroinvasive potential because 36% of adult patients are
reported to have a variety of neurological manifestations, including
headache, dizziness, acute cerebrovascular events, and changes in
mental status. [4]. However, another study of 171 Chinese children
with COVID-19 infection did not report neurological involvement [5].
According to the latest data from Western countries, non-specific
headaches were the only reported neurological symptoms, accounting
for 4-28% of COVID-19 infected children [3].

Of note, recent reports described emerging cases diagnosed with
multisystem inflammation syndrome in children (MIS-C) related to
COVID-19 infection, which share common characteristics with toxic
shock syndrome and incomplete Kawasaki disease. [6]. When re-
viewing 187 children from the six latest reports of MIS-C cases, we
found that these children had an unexpectedly high incidence (34%) of
neurological involvement [6-11]. Compared with Kawasaki disease
shock syndrome (KDSS), which shares several clinical features and se-
verity with MIS-C, the neurological manifestations of KDSS have been
found in as high as 54% of the affected children [12]. The high in-
cidence of neurological complications in children with MIS-C Kawasaki-
like disease remains unclear; nevertheless, the mechanism might be
different from the thromboembolic mechanism of the cerebrovascular
system observed frequently in adult COVID-19 patients.

In these MIS-C cases, 46% and 92% of children were reported positive
COVID-19 reverse transcription polymerase chain reaction (RT-PCR) and
serum antibody (IgG and/or IgM), respectively. This evidence suggests
that while MIS-C occurred, most children might not have an active
COVID-19 infection (Table 1). Of the 187 children, 64 had varying de-
grees of neurological symptoms, most of which were headaches, positive
meningeal signs (meningism), and altered mental status. However, al-
though their symptoms strongly implied the need to rule out the

https://doi.org/10.1016/j.jns.2020.117096

possibility of meningoencephalitis associated with COVID-19, only eight
patients underwent cerebrospinal fluid (CSF) study, and one of them had
received a brain computed tomography (CT). In the CSF results, five
children showed non-specific pleocytosis, suggesting a diagnosis of
aseptic meningitis, but SARS-CoV-2 was not detected in RT-PCR. Brain
CT showed cerebral edema suggesting a neuroinflammatory reaction in
one case [6]. Accordingly, the clinicolaboratory and neurological char-
acteristics of MIS-C patients strongly suggest a post-infectious immune
response, similar to the mechanism of COVID-19-related autoimmune
meningoencephalitis recently reported in adult COVID-19 patients [13].
Autoimmune meningoencephalitis may occur at all ages, but in some
cases, it mainly affects children and young adults. It is imperative to
investigate whether children may have similar neurological complica-
tions related to COVID-19 infection. Correspondingly, all children with
MIS-C had increased inflammatory acute-phase reactants in their serum,
including C-reactive protein, calcitonin, ferritin, or interleukin 6, which
suggests a dysregulated immune response after infection with COVID-19.
Brain magnetic resonance imaging (MRI) is essential for the diagnosis of
meningoencephalitis; however, there are no MRI reports of these MIS-C
cases complicated with neurological involvement.

The pathophysiological characteristics of SARS-CoV-2 associated
meningoencephalitis are still under investigation but may be related to
possible causes. One of the plausible causes is neuronal cell edema
secondary to neuroinflammatory injury. Such immune-mediated neu-
ronal damage may be due to cytokine storm syndrome induced by the
overreaction of monocytes, macrophages, and T cells after SARS-CoV-2
infection. Further release of interleukins-6 (IL-6) might aggravate da-
mage to neuronal cells. Moreover, the pathomechanism may be related
to acute necrotizing encephalopathy, a parainfectious disease pre-
dominantly described in the pediatric population, which has been re-
ported in an adult case with COVID-19-induced cytokine storm syn-
drome [2]. Direct invasion of COVID-19 virus to CNS system or
metabolic encephalopathy associated with severe hypoxia caused by
severe respiratory compromise has also been reported in adult cases
[2]. Given no positive findings of SARS-CoV-2 RT-PCR in CSF and re-
latively mild lung involvement in these cases, it seems unlikely to cause
MIS-C-related encephalopathy.
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Treatment with plasma exchange or intravenous immunoglobulins
(IVIG) has been reported of potential benefit for several neuroin-
flammatory crises. In an adult case-series study, plasmapheresis was
found useful in COVID-19 patients with autoimmune meningoence-
phalitis [13]. The therapeutic effect of plasmapheresis in children with
MIS-C associated encephalopathy is unclear. However, it should be
cautious that children appear to be at higher risk for plasmapheresis-
related complications, including hemodynamic instability, allergic re-
actions, and electrolyte imbalance [14]. Interestingly, most MIS-C cases
treated with the standard treatment regimen for Kawasaki disease (IVIG
and/or steroids) recovered uneventfully without neurological sequelae.
In conclusion, further investigations on the pediatric COVID-19 popu-
lation, including the extensive brain MRI examination, CSF study, and
children-specific therapies, are encouraged to decipher this emerging
neurological complication.
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