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Abstract: The outbreak of coronavirus disease 2019 (Covid-19) was first identified in Wuhan, China, in early December 2019. In the
past few months, it has spread rapidly all over the world. This pandemic is an unprecedented worldwide health crisis and has shaken
the core of the medical health system. Covid-19 is caused by SARS-CoV-2, a highly infectious pathogen that is genetically similar to
SARS-CoV. Apart from the typical respiratory symptoms, significant neurological manifestations are being recognized increasingly in
Covid-19 patients involving the central and peripheral nervous system. It could be involved resulting in a wide variety of manifestations
started from headache, dizziness, anosmia, dysgeusia, impaired consciousness, to specific neurological diseases such as cerebral
infarction, meningitis, encephalitis, Guillain-Barré syndrome, and painful neuropathy. Novel clinical trial designs need to be
considered since the virus has attacked the nervous system in various aspects. This paper aims to review the possibility of neurological
symptoms involvement in Covid-19 in order to understand the pathogenesis potential of this virus in the nervous system. By doing so,
we could manage and prevent the long term effects of Covid-19 patients with neurological manifestations.
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increase up to 869.600 with a 2.9% case fatality rate.® As for
Covid-19, several studies have described typical clinical

1. Introduction

Since the emerging of the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection in Wuhan, China, in
the end of 2019, the coronavirus disease 2019 (Covid-19)
has consequently sparked a global pandemic for months.* As
of 14™ January 2021, this virus has led to over 90.7 million
confirmed infections and almost 1.9 million deaths from
coronavirus  disease-2019  (Covid-19) worldwide.? In
Indonesia, the number of Covid-19 positive cases continue to

manifestations include fever, cough, diarrhea, and fatigue.
The Covid-19 disease also has characteristic laboratory
findings and lung computed tomography (CT)
abnormalities.* However, a rapidly accumulating set of
clinical studies revealed typical symptoms of Covid-19 that
involve neurological signs, including headache, dizziness,
anosmia, dysgeusia, damage to respiratory centers, and
cerebral infarction (Figure 1).%”
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Figure 1: Schematic illustration of COVID-19-related symptoms. Primary issues associated with COVID-19 are shown
within the inner circle (see white text). These symptoms are widely reported in a large majority of patients infected with
Covid-19. The outer circle (see black text) depicts neurological issues/symptoms that have been reported after Covid-19.
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Indeed, a wide range of neurological manifestations of
Covid-19 infection have been recognized, and evidence of
their severity and persistence is increasing.®® The
pathogenesis potential of Covid-19 in the nervous system
remains unclear'®, and the range of neurological disorders
associated with Covid-19 is not fully defined. This paper
aims to provide a comprehensive overview of neurological
manifestations associated with Covid-19 (SARS-CoV-2)
infection and analyze their potential mechanisms of the
nervous system damage.

2. SARS-CoV-2 versus Nervous System

Several studies suggest that the human coronavirus namely
HCoV-229E, HCoV-OC43, Severe Acute Respiratory
Syndrome Coronavirus 1 (SARS-CoV-1), and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) might
involve the nervous system. For instance, in a post-mortem
study of the brains of patients with multiple sclerosis,
HCoV-229E and HCoV-OC43 has been detected, suggesting
neuro-invasion by these viruses."* However, this could also
be due to a disturbance in the Blood Brain Barrier (BBB);
further studies would be required to distinguish between
opportunistic and disease-associated viral presence. In cell-
based studies, astrocytes, oligodendrocytes, neurons, and
microglia were susceptible to infection by HCoV-OC43.'2
Polyneuropathy, myopathy, rhabdomyolysis, and large artery
ischemic stroke have also been reported in a few patients
with SARS-CoV-1.* The SARS-CoV-1 has been detected in
the cerebrospinal fluid (CSF) of some patients, and an
autopsy study found SARS-CoV-1 in the brain.** Arabi et al.
(2017) reported the presence of MERS-CoV in three patients
with encephalitis.”> Compared with MERS-CoV, there are
more reports of neurological manifestations with SARS-
CoV-1. There is a high similarity between the genomes and
cell entry mechanisms of SARS-CoV-1 and SARS-CoV-2,
and thus raising the possibility of neurological involvement
in Covid-19.

The possible pathway of penetration of the Covid-19 into the
nervous system could be either hematological or through the
peripheral nerves.’® SARS-CoV-2 particles have already
been identified in capillary endothelia and neurons of frontal
lobe brain sections in an autopsy of a Covid-19 patient,
corroborating this hypothesis.” In the hematological route of
entry, the Covid-19 either enters the leukocytes or the
bloodstream and also to the blood through the mucosa. Many
viruses can breach the Blood Brain Barrier (BBB). The BBB
in a healthy state prevents the breach by pathogens.
However, if there is immunosuppression and inflammation,
invasion of viruses can occur. Clinical and experimental
animal studies report that the neuro-invasive potential of
coronavirus spread from the respiratory tract to Central
Nervous System (CNS) occurs via retrograde axonal
transport from peripheral nerves, such as the olfactory nerve,
or through the hematogenous pathway (Figure 2).*® The
olfactory nerve is mainly held responsible for the infection
of the CNS through the neuronal pathway due to its
proximity to the nasal cavity, a common locus of virus
infection, and the communication of the nasal epithelium
with the olfactory bulb, through the cribriform plate of the

ethmoid bone, thereby allowing the entrance of the virus.**%

Supporting this hypothesis, a recent report presents the
magnetic resonance imaging of Covid-19 patient brain,
demonstrating anosmia.?* From this observation, it shows
signal alteration in the olfactory bulbs and frontal lobe of a
patient with anosmia with SARS-CoV-2 infection. After the
disappearance of the symptoms, the control image is
normal.?!
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Figure 2: Possible entry routes of SARS-CoV-2 into brain,
(A) Describe entry of SARS-CoV-2 from nasal epithelium to
olfactory bulb entering CNS, (B) Explain entry of SARS-
CoV-2 from the nasopharyngeal region to cerebrospinal
fluid, thus gaining access to CNS, (C) Describe binding of
SARS-CoV-2 to ACE-2 receptors on the endothelial cells of
BBB thus invading CNS and stimulating the cytokine storm
by binding to ACE-2 receptors on the glial cells and
neurons.

*ACE-2: Angiotensin Converting Enzyme 2, BBB: Blood
Brain Barrier, CNS: Central Nervous System

3. Neurological Manifestations by SARS-CoV-
2 (Covid-19)

As the Covid-19 pandemic progresses, reports of the patient
with neurological manifestations have seen increasingly.
Most viral infections begin in the peripheral tissues. Despite
protective barriers and the immune systems, viruses could
invade the nervous system through the bloodstream or infect
the nerves connecting to the peripheral tissues.?**® A recent
study has reported SARS-CoV-2 infection of the brain,
causing disturbances in the mental health of the patients with
Covid-19.2% At the same time, an increase in symptoms
like anxiety and depression are expected during the
circumstances and restrictions of the global pandemic.

Given that SARS-CoV-2 causes a large number of
asymptomatic or mildly symptomatic infections, it is crucial
to remember that patients with neurological diseases from
other causes might be infected coincidentally with the virus,
including in-hospital through the nosocomial transmission. A
full investigation, which is absent in many reports to date, is
needed to rule out other established causes of brain
infections before attributing diseases to Covid-19.24%
Distinguishing  between nasopharyngeal SARS-CoV-2
infection and nervous system infection is also key. A cohort-
based study on neurological manifestations of Covid-19 has
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been reported. In this retrospective study of 214 Covid-19
patients in Wuhan, China, 36.4% suffered from neurological
symptoms.® The researchers and neurologists analyze the
data and categorize the symptoms into three categories. If
the Central Nervous System (CNS) have been affected, the
patients developed symptoms such as dizziness, headache,
impaired consciousness, acute cerebrovascular disease,
ataxia, and seizure. Patients with affected Peripheral
Nervous System (PNS) have clinical manifestations
including taste, smell, and vision impairment as well as
nerve pain.®

The final category is for patients who have suffered
sustained-injury to their skeletal-muscular system. Patients
who have more severe infections, as well as those who are
older and have other underlying disorders such as
hypertension, are more likely to have these neurological

symptoms. Patients with more severe infections were 5.1%
more likely to have acute cerebrovascular diseases, 12.4%
more likely to have impaired consciousness, and 14.5%
more likely to have a skeletal muscle injury.®%

Recent literature has reported cases of Guillain-Barré
Syndrome (GBS) as a complication of the novel
coronavirus.”?" GBS is a polyneuropathy that commonly
develops post-infection. Immune attack of nerve cells causes
the typical tingling in the extremities that is commonly
reported as being the first symptom of GBS. Little is known
about the interaction between SARS-CoV-2 infection and
GBS. However, clinicians should be aware of the possibility
of GBS complication when treating patients who have tested
positive for SARS-CoV-2. Table 1 summarizes the common
neurological manifestations in the Covid-19.

Table 1: Cohort Studies on Neurological Manifestations in the Covid-19

Study N Headache Dizziness Impaired Acute Skeletal Ataxia Seizure

(%) (%) consciousness cerebrovascular muscle (%) (%)
(%) disease (%) injury (%)

Li et al® 221 NA NA NA 5.8 NA NA NA

Maco et al.® 214 13.1 16.8 75 2.8 10.7 0.5 0.5

Qin etal’ 452 11.4 8.1 NA NA NA NA NA

Helms et al.’” 58 NA NA NA 23 (3/13) NA NA NA

Wang et al.'? 138 6.5 94 NA NA 34.5° NA NA

COVID-19: coronavirus disease 2019; N: number of patients; NA: not analyzed (all studies were conducted in 2020); MRI: magnetic resonance imaging.
*Brain MRI scans were done in |3 patients and cerebral ischemic stroke was identified in three

*Only myalgia was considered.

4. Conclusion and Future Recommendation

SARS-CoV-2 primarily affects the respiratory and
cardiovascular system. However, it might affect the nervous
system as well, and there is a lot of evidence to suggest that
multiple cytokine expression profiles are involved in the
initial host’s immune response to the infection, which might
lead to immune impairment in the brain. Neurological
involvement is not uncommon and could impact in serious
complications if not detected and managed early and
properly. Therefore, a high index of suspicion is required
while dealing with the cases for prompt treatment and
prevention. Further cohort studies about neurological
involvement in the Covid-19 are necessary to be performed
in a larger number of patients on a multicenter basis. Current
advanced  technology such as  brain  imaging,
electroencephalography (EEG), cerebrospinal fluid (CSF)
analysis, and histopathology might also help and provide a
better understanding of the effect of SARS-CoV-2 in the
nervous system.
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