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Abstract

First in 2002, severe acute respiratory syndrome coronavirus (SARS-CoV), second in 2012, Middle East respiratory syndrome
coronavirus (MERS-CoV), and now the third in the December 2019, emergence of tremendously pathogenic and large-scale
epidemic novel coronavirus (SARS-CoV-2) has brought the worst conditions into the human inhabitants of the twenty-first century.
The SARS-CoV-2 uses the resembling receptor, angiotensin-converting enzyme 2 (ACE2) as that for SARS-CoV, and mainly
feasts through the respiratory tract. The ACE2 receptor appearances have been also detected upon glial cells and neurons, which
makes them a potential target of SARS-CoV-2 disease (COVID-19). Consequently, cells expressing ACE2, apart from lung and
cardiovascular tissue, neurons and glial cells may act as targets and are thus vulnerable to SARS-CoV-2 systemic infection as well as
its central nervous system (CNS) comorbidities. Investigation of the neurological manifestations of COVID-19 is a step towards
better understanding the SARS-CoV-2 infections, inhibiting the additional spread and treating patients affected by this pandemic. In
this concern, more clinical examinations for CNS involvement of SARS-CoV-2 are warranted. In this article, we have reviewed the
neurological characteristic features of COVID-19 patients, latent neurotropic mechanisms of SARS-CoV-2 involvement in the
comorbidity associated with CNS disorders, and neurological manifestations associated with COVID-19. Therefore, in the per-
spective of COVID-19 pandemic, clinicians and healthcare workers should be aware of a wide spectrum of neurological manifes-
tations associated with COVID-19 along with their signs and symptoms for initial diagnosis and isolation of the patients.
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Introduction

One of the most contagious viruses is coronavirus (Family:
Coronaviridae), primarily targeting the human respiratory sys-
tem and infecting the epithelial cells of the respiratory tract,
but it also has neuroinvasive capabilities to spread from the
respiratory tract to the central nervous system (CNS) [1, 2].
Earlier epidemics or pandemics of coronaviruses comprise the
severe acute respiratory syndrome (SARS-CoV) during 2002
and Middle East respiratory syndrome (MERS-CoV) during
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2012 [3, 4]. The present pandemic is an acute respiratory
disease, caused by a novel coronavirus (SARS-CoV-2, earlier
known as 2019-nCoV); the SARS-CoV-2 disease 2019
(COVID-19) was spread throughout China and rapidly ac-
knowledged the global attention. On 30 January 2020, the
World Health Organization (WHO) officially stated the
COVID-19 epidemic as a public health emergency of global
concern. The symptoms of COVID-19 infection habitually
appear after an incubation period most commonly around
5 days (range from 1 to 14 days) [5].

The most common symptoms of COVID-19 illness are
fever, cough, and fatigue; other symptoms include headache,
hemoptysis, and dyspnea, among others. In the most severe
cases, patients may develop pneumonia, acute respiratory dis-
tress syndrome, acute cardiac problems, and multi-organ fail-
ure [2, 6]. The first cases of COVID-19 were reported in
December 2019 [7]. The appearance of SARS-CoV-2 marked
the third introduction of extremely pathogenic and large-scale
epidemic coronavirus into the human inhabitants after SARS-
CoV and MERS-CoV [8]. The elderly and people with
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underlying diseases are more susceptible to infection and
prone to serious outcomes, which may be related with
acute respiratory distress syndrome (ARDS) and cyto-
kine storm [9, 10].

The COVID-19 pandemic is of great global public health
concern in the twenty-first century. Special attention and ef-
forts should be applied to prevent and reduce the transmission
in susceptible populations, including children, elderly people,
and healthcare providers [6]. Recently, several reports on
meningitis, encephalitis, myelitis, and peripheral nerve affec-
tion in the context of COVID-19 were published, suggesting
that SARS-CoV-2 can directly or indirectly infect structures
and functions of the nervous system [11-20]. Coronavirus
infections have been associated with the neurological mani-
festations, viz., febrile seizures, convulsions, change in mental
status, and encephalitis [21].

In a recently published systemic review, the neurotropic
and neuroinvasive abilities of coronaviruses in humans have
been described [2]. A growing body of evidence shows that
neuroinvasion and neurotropism is a common feature of hu-
man coronaviruses. The neuroinvasive human viruses, respi-
ratory viruses, may damage the CNS as a result of misdirected
host immune responses that could be associated with autoim-
munity in susceptible individuals (virus-induced neuro-immu-
nopathology) and/or viral replication, which directly causes
damage to CNS cells (virus-induced neuropathology) [1, 2].
Coronavirus enters through nasal infection and reached to the
CNS through the olfactory bulb, causing neuro-inflammation
and demyelination of neuronal cells [9]. It has also been re-
ported and correlated that the patients infected with SARS-
CoV-2 show encephalopathy and neuro-inflammation
resulting from a cytokine storm [22]. Therefore, exploring
the neurologic manifestations associated with COVID-19 is
urgently required for better understanding the SARS-CoV-2
brain infections, inhibiting the additional spread and treating
patients affected by this pandemic. In this review, we have
explored the epidemiology and pathophysiology of COVID-
19, their comorbidity in brain disorders, and neurological
manifestations reported.

COVID-19: epidemiology
and pathophysiology

Coronaviruses are enveloped, pleomorphic, spherical particles,
150 to 160 nm in size, positive-sense single-stranded viruses
((+) ssRNA virus) belonging to the family Coronaviridae, and
containing 8—10 open reading frames (ORFs) [23]. ORFla and
ORF1b are translated into polyprotein 1a and polyprotein 1ab,
which are processed by viral proteases to produce 16 non-
structural proteins containing RNA-dependent RNA polymer-
ase enzyme (RdRp). The viral RNA is replicated via transcrip-
tion of a minus-strand template by RdRp. Coronaviruses
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generate 69 subgenomic mRNAs (sgmRNAs) during repli-
cation, which lead to translation of accessory and physical
proteins from downstream ORFs. Spike (S), envelope (E),
membrane (M), and nucleocapsid (N) proteins are required
for completion of a viral replication cycle, and these proteins
translated from sgmRNAs [24-27].

The antibodies generated against the N protein of SARS-
CoV may cross counter with COVID-19; however, the
heterophilic antibodies of SARS-CoV may not afford cross
protection to COVID-19, though it can be used for diagnostic
purposes [23]. An additional possible role of SARS-CoV-N
protein is its capability to counter host immune response as a
viral suppressor protein of RNAi (VSR) [28]. The VSRs sup-
press the RNAI at the pre-dicer or post-dicer level to overcome
the host defense to establish infection [23]. In a Clustal W
analysis of N-protein of SARS-CoV and COVID-19 by
NCBI amino acid blast, it is demonstrated and reported that
more than 90% sequence identity were similar in SARS-CoV
and COVID-19. So, the N-protein of COVID-19 may act in an
analogous fashion to SARS-CoV as a VSR to counter the host
defense mechanism [23].

COVID-19 has significant consequences for morbidity and
mortality worldwide since December 2019. To explore the
effects of comorbid chronic diseases on clinical outcomes of
COVID-19, it was found that diabetes present in 10%, coro-
nary artery disease/cardiovascular disease (CAD/CVD) was in
8%, and hypertension was in 20%, which were much higher
than that of 3% chronic pulmonary disease [29]. The occur-
rence of a core and receptor-binding domain (RBD) from the
crystal structure of SARS-CoV-2 has exposed that is more
closely involved in recognizing the hACE2. Although
SARS-CoV and SARS-CoV-2 both exploit the same receptor
hACE2 in humans to gain entry into the host, the SARS-CoV-
2 binding is more compacted by a four-residue motif from 482
to 485 in the hACE2 ridge, thus improving the binding affinity
of SARS-CoV-2 over SARS-CoV for hACE [30]. Moreover,
the two viral hot spots, namely, hot spot-31 and hot spot-353
on hACE?2, are stabilized more by the SARS-CoV-2 RBD as
compared to SARS-CoV. All this clearly indicates why
SARS-CoV-2 has a selective advantage over SARS-CoV in
causing infection and is a more evolved and lethal strain [22].

The key clinical manifestation of SARS-CoV-2 is severe
pneumonia causing immense respiratory distress in the pa-
tients, especially the aged or those with already pre-existing
conditions. SARS-CoV-2 leads to chronic inflammation of the
lungs, severe dyspnea, fever, dry cough, and cyanosis and in
more vulnerable patients a complete lung failure. ACE2,
which is the entry point for SARS-COV-2, has almost an
ubiquitous presence in human organs including lung paren-
chyma, gastrointestinal tract, nasal mucosa, renal and urinary
tract, human airway epithelia, vascular endothelium, lym-
phoid tissues, reproductive organs, as well as in brain [31].
The virus is expected to enter chiefly through the nasal



Neurol Sci (2020) 41:3409-3418

3411

mucosa or the gastrointestinal tract due to their higher expres-
sion of protein hACE2. The exciting part though is that re-
cently reported studies have noted altered mental health in
some COVID-19 patients (n =214) showing symptoms like
anosmia (5.1%) and ageusia (5.6%) without nasal obstruction
or other rhinitis symptoms, thereby indicating a neuroinvasive
nature of the virus [16, 32-34].

Specifically, pre-existing chronic conditions are strongly
correlated with disease severity and being admitted to inten-
sive care unit also, compared to COVID-19 patients with no
pre-existing chronic diseases. COVID-19 patients who pres-
ent with diabetes, hypertension, CAD/CVD, or chronic pul-
monary disease have a higher risk of developing severe dis-
ease, respectively. Surprisingly, the authors found no correla-
tion between chronic conditions and increased risk of mortal-
ity (OR 2.09, 95% CI 0.26 to 16.67) [29]. Engaged together,
cardio-metabolic diseases, such as diabetes, hypertension, and
CAD/CVD, were more common than chronic pulmonary dis-
ease in COVID-19 patients. However, each comorbid disease
was correlated with increased disease severity, and after an
active treatment, increased risk of mortality in patients with
pre-existing chronic diseases may reduce [29].

The ACE2 receptor expression in the brain has been also
reported and detected over glial cells and neurons, which
makes them a potential target of COVID-19 systemic infec-
tion as well as its CNS comorbidities. Thus, cells exposing
ACE2, such as neurons and glial cells, may act as targets and
are thus susceptible to SARS-CoV-2 infection [35]. It is pos-
sible that SARS-CoV-2 could infect the brain through olfac-
tory nerves located in the nasal cavity, like other neurotropic
coronaviruses. Moreover, it is also suggested that respiratory
failure in severe COVID-19 cases might be treated from the
perspective of the CNS [36]. In an independent prospective
clinical study, it was concluded that neurological symptoms
are often seen in patients with COVID-19. Moreover, the
headache was the most commonly seen neurological symp-
tom in this disease along with dizziness, impaired conscious-
ness, smell and gustation impairments, cerebrovascular disor-
ders, epileptic seizures, and myalgia [37].

CNS comorbidity and psychiatric disorders

The psychiatric disorders are common in several neurological
disorders, e.g., Alzheimer’s disease, Parkinson’s disease, epi-
lepsy, migraine, essential tremor, and stroke. These comorbid-
ities increase disease load and may complicate the treatment of
mutual disorders. Early studies of the comorbidity of psychi-
atric and neurological disorders were cross-sectional, and the
time order of the relatives was not possible to elucidate [38].
The latest work has clarified time associations between psychi-
atric disorders and neurological disorders, particularly in epi-
lepsy and stroke where epidemiological evidence recommends

that there is a bidirectional relationship [39]. Though these
associations are understood in many neurological disorders,
repetitive screening for psychiatric disorders in such cases is
infrequent, mostly due to the lack of partnerships between
psychiatrists and neurologists and the paucity of neuropsychi-
atrists [38]. Various evidences have been reported and support
the possible CNS comorbidities associated with COVID-19
pathophysiology [1, 2, 11-22]. Therefore, the healthcare pro-
vider should be aware of the wide spectrum of neurological
sign and symptoms associated with COVID-19 for early diag-
nosis and isolation of the patients [40]. Apart from these, much
more prerequisites should be done to improve the finding and
treatment of COVID-19 patients suffering from neurological
and psychiatric disorders and their comorbidities after SARS-
CoV-2 infection. There is also a need to understand the pros-
pect of these comorbidities which may motivate alliances to
improve the lives of the publics affected by neurological and
psychiatric disorders associated with COVID-19.

Encephalopathy in COVID-19

The neurological manifestations of SARS-CoV-2 have been
recently recognized from computed tomography (CT) and
magnetic resonance imaging (MRI) images of the brain of a
patient who contracted COVID-19 and showed symptoms of
necrotizing hemorrhagic encephalopathy [13]. A rare disorder
such as acute necrotizing encephalopathy (ANE) is leading to
brain dysfunction generally caused by viruses, which out-
comes in liver problems, seizures, mental disorientation, and
subsequent infection. This sickness is categorized by multifo-
cal symmetric lesions in the brain that influence the brain
stem, thalami, cerebellum, and cerebral white matter. The
causes of ANE is neuro-inflammation resulting from a cyto-
kine storm characterized primarily by the creation of the
interleukin-6 (IL-6), secreted by the macrophages, which have
been activated by the granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) produced by the helper T cells [22].
The resultant cytokine storm may also cause a surge in inter-
leukin (IL)-2, IL-7, interferon-y, inducible protein 10, mono-
cyte chemo attractant protein 1, macrophage inflammatory
protein 1-«, and tumor necrosis factor-« leading to
hyperinflammation [10]. The systemic inflammation causes
severe encephalopathy in the patient, and that may lead even
to stroke. In the patient, specifically infected with SARS-
CoV-2 showing ANE, the MRI images displayed clear evi-
dence of hemorrhage through hypointense signal intensity in
the susceptibility-weighted images and increase in the rim on
the post contrast images [22].

Neuroinvasion of SARS-CoV-2

As a pandemic virus, no effective treatment has been
established until date for this disease resulting from SARS-
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CoV-2. Thus, awareness of the possible entry and pathogenic-
ity of SARS-CoV-2 into the CNS will have important guiding
significance for the prevention and treatment of COVID-19.
To identify the possible routes by which this virus invades the
CNS, several studies have been postulated for the olfactory-
hematogenous pathway, trans-neuronal machinery, and lym-
phatic pathway, as putative routes of coronavirus entry into
the CNS [1, 19]. If the neuroinvasion of SARS-CoV-2 gets a
part in the extension of respiratory failure in COVID-19 pa-
tients, the precaution with masks will absolutely be the most
efficient measure to defend against the possible entry of the
virus into the CNS [41]. It might be estimated that the indica-
tion of the patients infected via conjunctiva will be lighter than
those infected intranasally. The probable neuroinvasion of
SARS-CoV-2 may also partially explain why some patients
developed respiratory failure, while others not. As SARS-
CoV-2 may conceal itself in the neurons from the immune
recognition, complete clearance of the virus may not be sure
even the patients have recovered from the acute infection [41].
In sustain of this, there is evidence that SARS-CoV-2 is still
detectable in some patients during the convalescent period.
So, given the probable neuroinvasion, the risk of SARS-
CoV-2 infection may be currently underestimated [31]. It is
also a prerequisite to find effective antiviral drug therapies that
can cross the blood-brain barrier to prevent and treat CNS
infections from SARS-CoV-2.

Currently, as encephalopathy also has been identified as
one of the symptoms of COVID-19 [13], therefore,
neuroinvasiveness of SARS-CoV-2 needs to be evaluated to
fully understand the neurological implications of COVID-19.
The brain reportedly, like most other organs, expresses the
hACE2 considered to be the entry point of the SARS-CoV-2
viruses in humans and is therefore not immune to viral infec-
tion [22]. Though SARS-CoV-2 is yet to be detected in cere-
brospinal fluid, SARS-CoV with similar structural and func-
tional features has been detected in the cerebrospinal fluid of
patients, indicating the ability of the virus to breach the ex-
tremely rigid blood-brain barrier [31]. If prior studies with
other CoVs are taken into consideration, then SARS-CoV-2
like its other family members will first infect the peripheral
nerve terminals and then slowly crawl its way through the
synapse-connected route into the CNS [42]. The associated
field with SARS-CoV and MERS-CoV earlier studies ob-
served that they infiltrate the brains of transgenic mice when
administered intranasally. The virus through infiltrates into the
brain took place via the olfactory nerves, ultimately affecting
the thalamus and the brain stem [31].

The brain stem has been observed and reported as worst
infected in COVID-19 patients. Several reports warranted for
subsequent investigational studies along with the hematologic
spread of SARS-CoV-2 in CNS as well as retrograde neuronal
transport from the lungs into the CNS through vagal nerve
afferents must be taken into consideration [31, 42—44]. Also,
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with reports appealing infection of the gastrointestinal tract by
SARS-CoV-2, the virus could even use the enteric nervous
system and its sympathetic afferent neurons to reach the CNS.
Now, with the reports of spontaneous breathing, hyposmia,
and ageusia in COVID-19 patients, scientists have started to
speculate that not only does SARS-CoV-2 infects lungs but it
has severe implications in neurons, specifically those in the
medulla oblongata, which regulates breathing, lung, and heart
functions, and any damage to it can result in chronic respira-
tory distress as reported in COVID-19 patients [22]. It has
been put forward that the latency period of the virus may be
enough to destroy the neurons in the medullary region of the
brain and can lead to coma or death. As reports of SARS-
CoV-2 reaching the blood-brain barrier through the circulat-
ing blood and breaching it by attacking the endothelial layer to
gain access to CNS emerge, the virus might just be using an
alternating route in the form of the olfactory bulb instead of
the common hematological route [1, 19]. The neuronal cells
infected with the virus, immune systems (microphase, T cells,
and monocytes) triggered, and inflammatory system activated
leads to cytokine storm and oxidative stress (Fig. 1). If this is
to be measured, the virus might just be making its way into
olfactory mucosa, mostly consisting of olfactory neurons
along with blood vessels and epithelial cells [22]. The olfac-
tory mucosa relates to the olfactory bulb through the cribri-
form plate, which is found at the very base of the frontal lobes
of'the brain [16]. This very much elucidates the hyposmia and
other neurological symptoms that are being increasingly ob-
served in COVID-19 patients. The fact to note here is that the
long-term effects of the neuroinvasive nature of the virus may
result in an increased risk of neurodegenerative diseases with
involvement in the pathogenesis of neurological disorders like
Parkinson’s disease and multiple sclerosis [42]. Further, the
conditions are more likely to be worsened in COVID-19 pa-
tients with pre-existing neurological disorders [22].

Neurological manifestations of COVID-19

Neurological manifestations in COVID-19 patients generally
arise between 1 and 14 days after the beginning of SARS-
CoV-2 infectious symptoms, and it has been predicted on
average of 5-day incubation period (time between infection
and symptoms onset) [45]. The SARS-CoV-2 is a single-
stranded RNA coronavirus, the genome of which has 89.1%
similarity in its nucleotide sequence to a group of SARS-like
coronaviruses. It has been classified as the genus
Betacoronavirus, subgenus Sarbecovirus, and is the seventh
member of the coronavirus family that can infect humans [35].
Naturally, common cold symptoms are caused by these four
human coronaviruses, viz., NL63, HKU1, 229E, and OC43,
whereas the three others are accountable for several pandemic
infectious diseases, such as SARS in 2002 (SARS-CoV),
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MERS in 2012 (MERS-CoV), and COVID-19 (SARS-CoV-
2)in 2019 [7, 46].

The neurological manifestations reported by SARS pa-
tients, SARS-CoV was detected in samples/specimens of
SARS patients. CSF samples of a SARS patient who present-
ed generalized tonic-clonic convulsion tested positive for
SARS-CoV, suggesting possible infection of the CNS by
SARS-CoV [18]. The SARS-CoV was isolated from a sample
of brain tissue of one patient with SARS that had presented
severe CNS symptoms, and pathological examination of the
brain tissue showed neuronal necrosis and glial cell hyperpla-
sia [15, 35]. Furthermore, SARS viral particles and its geno-
mic sequence were detected in the neurons in the brains of all
eight confirmed cases of SARS autopsies. Of these, six con-
firmed cases presented edema and scattered red degeneration
of the neurons [47].

The reported prevalence of neurologic manifestations asso-
ciated with COVID-19 patient is 36.4% in China and 57.4% in

Europe [32, 48]. In a recent published report from hospital
network in Chicago, Illinois, out of total 509 patients, neuro-
logic manifestations were present at COVID-19 onset in 215
(42.2%), at hospitalization in 319 (62.7%), and at any time
during the disease course in 419 patients (82.3%).
Furthermore, it was explained and reported in an independent
study that the most frequent neurologic manifestations in
COVID-19 patients were myalgias (44.8%), headaches
(37.7%), encephalopathy (31.8%), dizziness (29.7%),
dysgeusia (15.9%), and anosmia (11.4%) [49]. The aspect
for these differences in frequencies of neurologic manifesta-
tions might be due to genetic factors including polymorphism
in expression of the viral receptor ACE2 in the nervous system
and, possibly, SARS-CoV-2 strain variations [50].

The first case of meningitis/encephalitis associated with
SARS-CoV-2 was reported from the Yamanashi University
Hospital, Japan [11]. The SARS-CoV-2 RNA was detected in
the CSF specimen that confirms direct evidence of the
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Infection

Neurodegeneration/
CNS comorbidities and
Neurological
symptoms

Fig. 1 Neurodegenerations and CNS comorbidities associated with
COVID-19. SARS-CoV-2 reaching the blood-brain barrier through the
circulating blood and breaching it by attacking the endothelial layer to
gain access to CNS emerges. The neuronal cells infected with virus,
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neuroinvasiveness of SARS-CoV-2 [11, 35]. In addition to
this, the pathological findings in brain tissue of COVID-19
patients, diagnosed on the 13th day of hospital admission,
have been reported in the gross anatomy of a patient admitted
because of cerebral infarction. However, only non-specific
brain edema and atrophy without further histopathological
observations were found by gross anatomical examination of
this patient and without any signs of infection. Thus, detailed
neurological examination and attempts to separate SARS-
CoV-2 from the neuronal tissue are required to provide direct
neurotropic evidence of SARS-CoV-2 [16].

In a recent review [51], authors have categorized the re-
ported neurological findings related to COVID-19 into three
categories:

a) Central (headache, dizziness, impaired consciousness,
acute cerebrovascular disease, ataxia, seizures, and spe-
cial senses)

b) Peripheral (hypogeusia, hyposmia)

¢) Musculoskeletal (ischemic or hemorrhagic)

Apart from the above, increasing evidence indicated
that coronaviruses may invade the CNS, causing neuro-
logical disorders. Though headache has been the most
common neurological manifestations reported by
COVID-19 patients [52, 53], a systematic review of
COVID-19 patients concluded that the mean prevalence
of headache was only 8% (95% CI 5.7-10.2%) [54].
Apart from headache, dizziness is also a common neuro-
logical manifestations of COVID-19, with a reported
prevalence of between 7 and 9.4% [55, 56]. In an inde-
pendent study, authors have reported that out of total 138
admitted patients in hospital, those who required ICU
care (n=36) were more likely to report dizziness than
those who did not (n=102) (ICU 8/36 [22.2%] vs. non-
ICU 5/102 [4.9%], P=0.007). Confusion and headache
were the fifth (9/99 [9%]) and sixth (8/99 [8%]) most
common symptoms of the COVID-19 patients (n=99)
at admission, respectively [57]. Furthermore, it has re-
cently been reported that several cases of COVID-19
have concurrent severe neurological symptoms, such as
acute CVD (acute ischemic stroke, cerebral venous sinus
thrombosis, cerebral hemorrhage, subarachnoid hemor-
rhage), meningitis/encephalitis, acute necrotizing hemor-
rhagic encephalopathy, and acute Guillain-Barré syn-
drome [11, 58].

In another study with COVID-19 patients (n =214), 78
(36.4%) patients had neurological manifestations.
Furthermore, compared with non-severe patients, severe pa-
tients were more likely to have neurological symptoms (40
[45.5%] vs 38 [30.2%], P <0.05), such as acute CVD (5
[5.7%] vs 1 [0.8%], P <0.05), impaired consciousness (13
[14.8%] vs 3 [2.4%], P<0.001), or skeletal muscle injury
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(17 [19.3%] vs 6 [4.8%], P<0.001). As per this report, the
most common neurological manifestation was dizziness (36
[16.8%]), followed by headache (28 [13.1%]), impaired con-
sciousness (16 [7.5%]), acute CVD (6 [2.8]), ataxia (1
[0.5%]), and seizure (1 [0.5%]). In addition, symptoms in-
volving the cranial nerves, such as hypogeusia, hyposmia,
hypopsia, and neuralgia, have also been reported in 19
(8.9%) patients [32, 35].

An observational study was done with 6147 COVID-19
patients in Fars province, Iran, for the occurrence of seizures
in patients with COVID-19 and to clarify the circumstances
of the occurrence of seizures in these patients. Although
authors have found seizure rate 0.08% (n =5), they con-
cluded the new-onset seizures in critically ill patients with
COVID-19 should be considered as acute symptomatic
seizures [59].

As recognition of the disease has developed, the
reported incidence of chemo-sensitive impairment (loss
of taste and smell) in COVID-19 has been considerably
higher than in the initial stages, ranging from 19.4 to
88% [33, 60]; also, as stated by Bookstaver et al., the
clinical symptoms of viral infection are usually non-
specific and sometimes may be mild or symptomless
[17]. Therefore, the prevalence of neurological mani-
festations was very likely underestimated in the early
stages of the COVID-19 outbreak [17, 33, 61].
However, CVD is among the most prevalent comorbid-
ities of COVID-19 patients, especially in severe cases.
Chen et al. reported that cardiovascular and cerebro-
vascular diseases were the most prevalent (40/99;
40%) chronic underlying conditions [57]. They have
reported that out of total 138 hospitalized patients,
CVD (7/138, 5.1%) ranked fifth among the most com-
mon comorbidities, while the first to fourth comorbid-
ities were hypertension (43/138, 46.4%), cardiovascular
disease (20/138, 14.5%), diabetes (14/138, 10.1%), and
cancer (10/138, 7.2%). ICU patients were also more
likely to have CVD than non-ICU patients (ICU 6/36
[16.7%] vs non-ICU 1/102 [1.0%], P=0.001) [55].
Furthermore, coronary heart disease as well as CVD
has been confirmed to be independent risk factors as-
sociated with fatal outcomes [62]. Most of the reported
COVID-19 patients from these observations are ex-
plainable as have been elderly (age >50 years old,
70%) who are statistically more likely to have comor-
bidities and thus more likely to progress into severe
cases [63, 64]. Additionally, elderly patients’ CNS co-
morbidities might not be underestimated rather more
studies are warranted through clinical examinations
for CNS involvement of SARS-CoV-2.

It has been reported that SARS-CoV-2-infected children
tend to have a milder COVID-19 disease with lower mortality
[65]. However, the occurrence of underlying neurological
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disorder or CNS comorbid condition may predispose them for
severe COVID-19 manifestations [66]. Furthermore, children
with neuromuscular disorders are high-risk patients for severe
COVID-19 disease. Neuromuscular disorders exuberated the
conditions related to respiratory muscle weakness, tracheosto-
my, non-invasive or invasive ventilation, weak cough, and
compromised airway clearance and predispose for severe
COVID-19 conditions [67]. In a case-series study, Abdel-
Mannan et al. found that out of the 27 children with
COVID-19 pediatric multisystem inflammatory syndrome, 4
patients (14.8%) who were previously healthy had new-onset
neurological symptoms. Symptoms included encephalopathy,
headaches, brainstem and cerebellar signs, muscle weakness,
and reduced reflexes. Authors have concluded that children
with COVID-19 presented with new neurological symptoms
involving both the central and peripheral nervous systems and
splenial changes on imaging, in the absence of respiratory
symptoms. However, they have warranted additional research
to assess the association of neurological symptoms with
immune-mediated changes among children with COVID-19
as well as close neurodevelopmental surveillance is required
to assess the neurological and cognitive outcomes in these
patients [68]. Therefore, in view of the above reported neuro-
logical manifestations associated with COVID-19, further
studies should be carried out to gather evidences on the best
therapeutic and management options of COVID-19 and asso-
ciated comorbidities. However, at present, prevention aimed
on reducing transmission in the community remains the only
proven efficient option to combat COVID-19, until the phar-
macotherapies and/or vaccines are developed.

Concluding remarks

During the current context of the COVID-19 pandemic, clini-
cians and healthcare workers should be aware of a wide spec-
trum of neurological manifestation associated with COVID-19
along with their signs and symptoms for initial diagnosis and
isolation of the patients. There are increasing evidences that
indicated that coronaviruses may invade the CNS and exuber-
ated neurological disorders. An increasing number of reports
and inclusive clinical data have been emerged out
for COVID-19 patients of different age groups with severe neu-
rological symptoms. Moreover, further clinical studies
still needed to bring a reasonable concern of SARS-CoV-2,
being a new neuropathogenic agent that remains
underdiagnosed. Therefore, exploring the neurologic manifesta-
tions of COVID-19 is a stage towards better understanding the
SARS-CoV-2 infections, avoiding further spread, and treating
patients affected by this pandemic. In this concern, more clinical
studies are warranted to elucidate a possible impact of SARS-
CoV-2 infection on common neurodegenerative diseases, such
as Alzheimer’s, Parkinson’s disease, or multiple sclerosis.
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