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Abstract

During the present pandemic of COVID-19 disease, interest has shifted from the respiratory system affectation to involvement of

other organs and systems. Recently pre-eminence of neurological symptoms and signs has emerged. We have done a comprehen-
sive review of the literature published as open access in various databases with the purpose of increasing our understanding of the
disease and aid in the identification of patients with these neurological conditions. We have reviewed articles reporting neurologic
manifestations in young individuals and children. Although there is nor enough data to establish prevalence of the conditions affect-
ing pediatric population, as the number of worldwide cases increases we expect to find an increase in these reports. it is considered of
utmost importance to urge clinicians to document symptoms and neurological signs in the context of the disease in order to contrib-
ute to a better understanding of Neurocovid and to generate a body of knowledge that influences the optimization of the diagnosis

and approach of this entity, taking as a premise that the early installation of individualized and reasoned treatments will translate in

a better survival rate of those affected and lower the occurrence of eventual ongoing deficits.
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Introduction

Since December 2019, concern has been raised about the emer-
gence of cases related to infection by a capsular RNA virus of a he-
licoidal chain belonging to Class IV [1]. This family of viruses is
known for its relationship with other agents that produce high-se-
verity respiratory diseases such as SARS (Severe acute respiratory
syndrome) and MERS (Middle East respiratory syndrome). Due to

these close similarities it has been called SARS-CoV-2.

During the first quarter of 2020, the WHO recognizes the cat-
egorization of a pandemic due to the rapidly spreading number of
cases identified worldwide. The high similarity of the viral genome
with that of the bat coronavirus, has established that it is a patho-

gen originating from these animal species, with the subsequent

presence of a non-human intermediate host [2].

It is known that the specular structural proteins of the viral cap-
sid binds to the ACE-2 receptors of the cells of lung tissue, and then,
once released inside the cell, takes advantage of the intracellular

mechanisms of protein synthesis for it’s replication.

Although more attention was paid to the respiratory complica-
tions of the disease at the beginning of the pandemic, as the global
number of cases has raised, an increasing number of patients af-
fected by the new Coronavirus have been observed to present in-
volvement of the nervous system in more of 40% - 57% [3] of the
cases. Manifestations of varying severity are described, ranging

from headache, anosmia and dysgeusia [4], alterations in the state
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of consciousness, paralysis, paresthesias and convulsive symp-
toms [5], which may occur even after respiratory symptoms and in

other cases in the absence of respiratory symptoms [6].

Mechanisms of pathogenesis and models of approach

Severe neurological involvement in relation to SARS-CoV-2 has
been described with three categories based on the spectrum of
clinical presentation consisting of Cerebral thrombosis. with hem-
orrhagic infarcts in 5.7% of cases, demyelinating lesions [7] and
encephalopathy [8,9], which is why the term NEURO-COVID has

been coined for these entities.

Among the proposed pathophysiological mechanisms of neuro-
logical involvement by COVID 19, it is known that the virus induces
significant hypercytokinemia, with an increase in factors such as
IL-6, IL-1 Beta, and Tumor Necrosis Factor TNF alpha [10]. This
inflammatory process ends up generating vascular injury with
disruption of the blood-brain barrier. Additionally, it has been de-
scribed that in the presence of COVID-19 infection, helper T-cell
imbalance is observed with an exaggerated increase in Th1l [11]

responses, as well as direct invasion of the brain tissue [12].

An etiopathogenic model of neurological involvement by this
agent has been proposed, which consists of three steps, these be-
ing Neuroinvasion, CNS clearance, and Immune Response. During
the initial stage, SARS-CoV-2 reaches the brain through the blood-
stream or through the cribriform plate of the ethmoid to follow
the path of the olfactory nerve by axonal transport and reach the
frontal cerebral cortex. Other authors have raised the possibility
of SARS-CoV-2 entry through olfactory/cervical lymphatic vessels
that can facilitate direct brain invasion [13]. During this first stage
or phase, the viral load in the spinal brain fluid begins to rise pro-

gressively.

Through the interaction of the viral S1 specular protein and the
host ACE-2 receptors, the entry of the virus into the neuronal inte-
rior is facilitated, causing direct damage to the nerve endings and
generating the early symptoms of anosmia and dysgeusia of early
disease. During the CNS clearance phase, the viral load decreases,
however, in some patients the involvement of the structures of the
brain stem occurs, and this process may be an aggravating event of
severe respiratory symptoms due to nuclear invasion of the soli-

tary tract and determining torpid evolution.
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In the third phase the neocortex and the brain stem structures
are colonized by the virus, with the consequent alteration of the
state of consciousness and the eventual presence of seizures, co-
inciding with a level of greater severity of both direct and immune
mediated by the increase of antibodies against glia cells as a para or
post infectious phenomenon [14], which in the presence of hypoxia
as an enhancer of endothelial damage, and the presence of vascular
thrombosis leads to a response of multifactorial injury, sometimes
catastrophic of the nervous tissue [15]. The classification of the lev-
el of damage is then proposed with the categories of NeuroCOVID |,
NeuroCOVID II and NeuroCOVID III.

NeuroCOVID I being understood as the degree of damage lim-
ited to the epithelium of the nose, rhino and oropharynx, the main
manifestation being loss of smell and taste. NeuroCOVID II corre-
sponds to the activation of the exaggerated inflammatory response
at the pulmonary level that we know as the storm of cytokines that
pass into the bloodstream and spread throughout all tissues in-
cluding the brain, triggering the presence of thrombi that can cause

strokes of variable magnitude.

The category of NeuroCOVID III coincides with the exaggerated
and sustained activation of inflammatory and defense mechanisms,
maintaining and increasing the cytokine storm, disrupting the per-
meability of the brain capillaries with an increase of permeability
of the blood-brain barrier, allowing a series of Inflammatory sub-
stances, viral particles and blood components to penetrate the
brain causing even more severe damage, the clinical expression
of which are seizures, changes in the sensory level, coma and en-

cephalopathy [16].

Among the neurological entities described in the literature in
relation to the pandemic, in addition to reports of the presence of
anosmia, ageusia/dysgeusia, a report of cases with acute vestibular
dysfunction has been found as an isolated manifestation [17]. Like-
wise, there is literature on cases of progressive tetraparesis and
areflexia consistent with Guillain Barre Syndrome [18,19] with a
torpid and rapidly progressive course, in the context of previous in-
fection with mild symptoms or asymptomatic respiratory patients
with SARS-CoV-2.

Likewise, cases have been described of patients with acute
meningoencephalitis, clinically attributable to the virus or with

confirmed presence of SARS-CoV-2 by genomic sequencing in ce-
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rebrospinal fluid [20,21]. Other authors point out that in severe
cases, up to 40% of patients may present headache, changes in the
level of consciousness and other neurological symptoms, finding in
autopsy studies of these subjects show presence of cerebral ede-
ma [22], neuronal degeneration and meningeal vasodilation [23]
without significant cerebrospinal fluid changes, which supports

the occurrence of Toxic Infectious Encephalopathy.

SARS-CoV-2 infection has been widely documented not only as
a cause of cytokine-mediated syndromes that may contribute to
the installation of cerebral vascular disease [24], but additionally,
a significant increase has been found in patients with SARS-CoV-2
of dimer D and other substances that support the thrombotic ten-
dency in this pathology and are risk predictors for the presenta-
tion of acute events such as cerebral infarction [25] and at least
one case of cerebral venous thrombosis [26]. On the other hand,
knowing the protective role of the angiotensin-converting enzyme
in a variety of organs and systems, it is understood that by binding
the virus with ACE 2 receptors, abnormally high blood pressures
can be caused, which together with the impact of the virus in the
capillary endothelium and thrombocytopenia, can produce cere-

bral hemorrhagic injury [27].

A case of acute necrotizing hemorrhagic encephalopathy has
been described as a catastrophic complication of SARS-CoV-2 in-
fection, with neuroimaging findings consistent with involvement
of both gray and white matter, with important changes in the basal
ganglia and other structures of high metabolic rate, generally sym-
metrical and accompanied by equally bilateral hemorrhages with
perilesional enhancement after contrast injection in the presence
of undamaged regional vasculature elements, which although it is
a pathology of extreme severity with a higher frequency of presen-
tation in the pediatric population also occurs in adults contribut-
ing to further darken the prognosis of patients with neurological

involvement during the pandemic.

There are reports in the consulted literature of patients whose
only manifestation has been the presence of convulsive syn-
dromes, epileptic status in patients with a history of epilepsy
secondary to other conditions [28], describing a semi-rhythmic
background activity, in the delta range with slow outbreaks in
the left frontal-temporal center. Another case has been reported
with electroencephalographic alterations consisting of slow global

background activity with temporal focal activity due to outbreaks
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of hypervolted acute waves that are characteristic of an encepha-
lopathic pattern with specific epileptogenic activity [29]. However,
in a retrospective multicenter study, no evidence was found to sug-
gest that the seizures seen in patients with COVID-19 disease are
directly related to the SARS-CoV-2 virus, without underestimating
the role of triggers such as structural lesions. Previous, equally pre-
existing cortical electrical dysfunctions and hypoxic conditions, hy-
droelectrolytic disturbances and high metabolic stress in critically
ill patients [30].

Special considerations in pediatric population

Studies prior to the current pandemic report the occurrence of
central nervous system infection by coronavirus in children. The
authors draw attention to the neurotropism of these pathogens
and have identified expression profiles of cytokines involved in the
primary immune response as an inducer of brain damage in pedi-
atric patients, in addition to pointing out that children, like adults,
may experience neurological complications that will depend on
environmental variables and factors inherent to the host, such as

genetic alterations or immuno-mediated processes [31].

Also previously, other coronaviruses have been linked to some
demyelinating entities of the central nervous system. Finding re-
ports of acute encephalitis, flaccid paralysis and seizures; as well as
at least one case report of a healthy 15-year-old boy with a normal
neuroevolutionary history with a picture of Acute Disseminated
Encephalomyelitis, in which it is possible to identify human coro-
navirus by polymerase chain reaction with a significant increase in
the titers of antibodies in cerebrospinal fluid and in nasopharyn-

geal secretions [32].

Until now it has been weighted that the pediatric population has
protective factors like a lower expression of ACE-2 receptors [33],
the presence of cross immunity from previous infections by other
viruses, the lower incidence of comorbidities or chronic underlying
diseases and some immunological peculiarities that are thought to
decrease the inflammatory tendency in children and young indi-

viduals.

A study in Wuhan evaluating 2143 pediatric cases, found that
5.9% of affected children presented severe disease with 0.6%
evolving with multi-organ failure or Adult respiratory distress syn-
drome. Of these children with severe evolution, it was observed

that 10.6% corresponded to the age range of children in the infant
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stage, and at the same time, those children with pre-existing condi-
tions such as kidney disease and leukosis, as well as chronic respi-

ratory diseases, are identified as a category of increased risk [34].

Another retrospective case review study in children ages 0 - 16
confirmed for COVID-19. A total of 36 cases were identified in three
hospitals in Zhejiang city, of which 53% of the sample presented
moderate pneumonia and the remaining 47% were categorized as
mild cases (asymptomatic or with upper respiratory symptoms).
In the group with pneumonia, they describe an increase in CKMB,
an increase in procalcitonin and Dimer D and leukopenia with lym-
phopenia. These children were hospitalized and the authors do not

report fatalities or neurological symptoms [35].

Likewise, during the surveillance of cases in the United States,
the first pediatric case was reported on March 02 and by the be-
ginning of April 2020, a total figure of 2,572 cases was reached in
children under 18 years of age, corresponding to 1.7% of the total
number of cases identified. Of these 2,572 cases, a distribution was
observed in which it predominates with 32% of cases in patients
between 15 and 17 years old, 27% in the age range between 10
and 14 years, 15%. In the range of 5 and 9 years, 11% in children
from 1 to 4 years and 15% of children under one year of age, who
are the most frequently hospitalized, together with children with
underlying conditions. At the time of the aforementioned report
(April 2020), three deaths had been registered and were being
studied to identify a direct relationship with Sars-CoV-2 [35].

June 2020, it is established that in the group of North American
children from 0 to 4 years of age, 1.9% of the fatalities due to the
SARS-CoV-2 virus occur.

Although the data derived from the experience in China, as well
as recent CDC reports regarding the COVID-19 pandemic, continue
to indicate that the disease occurs with fewer manifestations and
severity in the population under 18 years of age. As world casu-
istry rises we are faced with an increase in pediatric cases. How-
ever, until recently, insufficient epidemiological data are available
to establish the true prevalence of neurological disease in children
as a consequence of COVID-19, including anosmia, dysgeusia [36],
cerebrovascular events, disorders of consciousness, cranial nerve
dysfunction, encephalopathy. acute hemorrhagic necrotizing and

Guillain Barré syndrome.
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In recent weeks, new research works appear, among which a
study in the city of London stands out, which analyzes the data from
electronic files of 27 children who attended between March and
May 2020 and were confirmed with Multisystemic Inflammatory
Syndrome associated with COVID-19. Of this group of patients, 4
children presented de novo neurological symptoms. The 4 patients
in this study presented early in the course of the multisystemic In-
flammatory Syndrome, decrease in proximal muscle strength and
hyporeflexia. Additionally, signs of encephalopathy, headache and
brain stem dysfunction (difficulties in the articulation of language
and dysphagia), ataxia and other signs of cerebellar involvement

were identified.

Magnetic resonance findings are characterized by changes in
the splenium of the corpus callosum were observed in the 4 pa-
tients, similar to those seen in other pathologies, which have been
related to possible intramyelin focal edema and have been reported
in patients with ischemia, after reversible encephalopathies and
in patients with severe hydroelectrolytic disorders, in addition to

some patients with Kawasaki syndrome [37].

Conclusion

In order to correct the paucity of data and increase the under-
standing of the pathology in both pediatric and adult populations,
prospective cohort follow-up multi-centric studies are currently
being implemented [38,39] and it is considered of utmost impor-
tance to urge clinicians to document symptoms and neurological
signs in the context of the disease in order to contribute to a better
understanding of Neurocovid and to generate a body of knowledge
that influences the optimization of the diagnosis and approach of
this entity, taking as a premise that the early installation of individ-
ualized and reasoned treatments will translate in a better survival
rate of those affected and lower the occurrence of motor, sensitive,
cognitive sequential deficits that, although they observed so far in
adults and seem not to have been identified in children, begin to

occupy the attention of the scientific community.
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