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ABSTRACT

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) or CoV disease 2019 (COVID-19) infection has spread throughout the world and
becomes a global pandemic. Various studies are still ongoing to be able to understand this viral infection in terms of symptomatology, transmission,
pathogenesis, its treatment, and prevention. In addition to respiratory symptoms that are commonly reported in SARS-CoV-2 infections, there are
many reports of symptoms appearing in other organ systems with one of them being neurological manifestation. The neurological manifestations
involve not only the central and peripheral nervous systems but also there was also a suspicion that the potential invasion of SARS-CoV-2 in the
nervous system might be able to take part in the occurrence of respiratory failure that is found in patients with COVID-19. The continuity of the
study and the awareness of medical personnel from various fields of science must be increased to fight against the COVID-19 pandemic and ensuring

optimal treatment for patients.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus (SARS-CoV-2) or
better known as CoV disease (COVID)-19 infection was first identified
in December 2019 in Wuhan city, China. Since this disease was first
discovered, in the span of 7 months from December 2019 until July
2020, this infection has spread rapidly to reach 10 million case findings
spread throughout 213 countries and had caused more than 500,000
deaths. The World Health Organization itself has determined COVID-19
infection as a global pandemic since March 11, 2020 [1].

SARS-CoV-2 spreads mainly through droplets or saliva or secretions
from the nose when an infected person coughs or sneezes [2,3]. The
time between exposures to the onset of symptoms is generally around
5 days but can range from 2 to 14 days. Most patients infected with the
COVID-19 virus experience mild-to-moderate respiratory symptoms
and can recover without the need for special therapy [4,5]. Older
people and patients with underlying or comorbid diseases such as
chronic respiratory disease, cardiovascular disease, diabetes mellitus,
or cancer are generally at greater risk of developing severe infections
and multiorgan failure [6].

In SARS-CoV-2 infection, the most common symptoms are those of the
respiratory system, which include fever, coughing, and shortness of
breath. Other symptoms that are often found are tiredness, sore throat,
digestive symptoms such as abdominal pain and diarrhea, muscle
pain, and disruption of the olfactory function. The transmission rate of
SARS-CoV-2 infection is very high with wide symptomatology ranging
from nonspecific symptoms or mild illness to severe pneumonia
accompanied by respiratory failure, septic shock, and death [7].
With the increasing number of cases every day, there were reports of
neurological manifestation of COVID-19 infection. In some cases, it had
also been found that neurological manifestations could become the first
symptom appearing in patients with SARS-CoV-2 infection [6].

Neurological manifestations have been observed in patients infected with
COVID-19. Several neurological manifestations reported include acute
stroke, impaired consciousness or altered mental status, and skeletal

muscle injury [7]. Mao et al. classified the neurological manifestations of
COVID-19 into three major groups that consist of central nervous system
symptoms, peripheral nervous system symptoms, and skeletal muscle
symptoms [7]. Acute cerebrovascular disease including ischemic stroke
and cerebral hemorrhage can increase the risk of death, but there is a
suspicion that respiratory failure in patients with COVID-19 pneumonia
can be influenced by the potential neuroinvasion of SARS-CoV-2 to the
respiratory center in the brain stem area [8-12].

Until now, it is still being studied about how SARS-CoV-2 invades
the central and peripheral nervous system, both in terms of
manifestations of symptoms, etiology, and pathogenesis to therapeutic
recommendations that can be given. In an effort to detect COVID-19
cases as early as possible to provide appropriate treatment, every
clinician not exclusive to neurologists only must raise awareness in
handling cases with neurological symptoms.

INTERACTION OF SARS-COV-2 WITH HOST CELLS

The genome for SARS-CoV-2 is 29,903 bp single-stranded RNS CoV.
Studies that have been conducted show that COVID-19 and SARS-
CoV shared the same receptor to invade cells which is angiotensin-
converting enzyme 2 (ACE2) [13,14], hence the name SARS-CoV-2.

CoV particles are covered by envelopes and they are having three
proteins on the membrane surface: Spike (S), envelope (E), and
membrane (M). The spike (S) protein appears projecting from the viral
membrane and resembles a crown, this protein is a key structure of the
infectivity and pathogenicity of COVID-19 [15]. COVID-19 attaches to
the ACE2 receptor through the spike protein (S). Spikes recognize and
bind to receptors on the surface of the host cell and then invade the
host cell. Organs that are known able to express ACE2 receptors include
lungs, heart, kidneys, intestines, brain, and testes, thus increasing
the awareness of the possibilities of becoming the target organs of
COVID-19 infection [16].

Studies show that the binding of ACE2 to the ectodomain spike protein
of SARS-CoV-2 has 10-20 times higher affinity power than SARS-
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CoV spike protein. Paired sequences of three CoVs were also being
compared and it was found that the spikes protein of the three CoVs was
very similar but not identical, this could be the reason why COVID-19
spike protein has a higher affinity in their binding with human ACE2
receptors [17].

Genomic analysis shows that SARS-CoV-2 also belongs to the group
of beta-CoV same as Middle East respiratory syndrome (MERS)-CoV
and SARS-CoV. SARS-CoV-2 also has a homologous sequence similar
to SARS-CoV. Public findings show that COVID-19 has a high similarity
of pneumonia pathogenesis as pneumonia caused by SARS-CoV or
MERS-CoV [8,18]. Most CoVs have a similar viral structure and infection
pathway, so the mechanism of infection found in other CoVs might
also be applied to explain the mechanism of infection by SARS-CoV-2.
At present, the evidence is developing that neurotropism is a common
characteristic of CoVs [8,19-21].

MECHANISM OF SARS-COV-2 INVASION TO THE NERVOUS SYSTEM

Until now, the exact mechanism of COVID-19 invasion to the nervous
system is still being studied. However, several studies suspected that at
least there are two pathways of the SARS-CoV-2 invasion to the human
brain. The postulated pathways are through the retrograde neuronal
route and hematogenous route [22-25].

As stated earlier, the human brain is able to express ACE2 receptors
which detected along neurons and glial cells, therefore, the brain can be
a potential target of COVID-19 infection. The previous studies of SARS-
CoV inoculation using mice as the animal model have demonstrated its
ability to cause neuronal death in mice. The study tested a model of
brain invasion using access through the nasal area near the olfactory
epithelium. The ability of this virus to invade and live in neural networks
or neurotropism can occur through circulation or transcribial routes
in the nose that allows COVID-19 to reach the brain and interact with
ACE2 receptors. These theories arise also based on previous research
on the spread of SARS-CoV to the brain through the systemic circulation
or through the cribriform plate in ethmoid bone [26].

Supporting hematogenous route theory, the COVID-19 virus which
circulated in the systemic bloodstream will allow it to reach brain
circulation. The slow movement of blood in the microcirculation can be
one factor that can facilitate the interaction of S protein from COVID-19
with ACE2 receptors in the capillary endothelium. The release of virus
particles through capillary endothelium and damage to the endothelium
wall necessitates viral access to the brain [26]. Fatal results of COVID-19
neuroinvasion can come not only from the impact of neuronal damage
but also from the rupture of cerebral capillary endothelium that can
cause a brain hemorrhage. However, there are also dubious study
results regarding SARS-CoV invasion through the hematogenous route,
especially in the early phase of infection. Ding et al. stated in their study
that almost no SARS-CoV virus particles were detected at non-neuronal
cells in the infected brain area [27].

The retrograde neuronal route through the cribriform plate to reach the
brain has become a widely reported theory in various studies [28-30].
The cribriform plate lies close to the olfactory bulb allowing the
virus to reach and influence the brain. The retrograde neuronal route
is supported by the fact that some COVID-19 patients experience
hyposmia [31,32]. Patients with olfactory disorders or hyposmia in the
early stages of COVID-19 should always be thoroughly examined to look
for possible involvement of the central nervous system.

Studies of SARS-CoV infections affecting the brain in humans and
animals show that the area of the infection is quite heavy in the brain
stem. Several types of CoVs are demonstrated to be able to spread
through a synapse-connected route to the medulla cardiorespiratory
center from the mechanoreceptors and chemoreceptors in the lungs
and lower respiratory tract [8]. Other evidence also shows that CoVs
can invade peripheral nerve terminals and then gain access to the
central nervous system through synapse-connected routes [33]. An
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experimental study using transgenic mice was carried out by Li et al.
and it was reported that either SARS-CoV or MERS-CoV when given
intranasally can enter the brain. The entry of the virus is suspected
through the olfactory nerve and then spread rapidly to specific areas in
the brain including the thalamus and brain stem [34].

The results of various studies on CoVs show that neuroinvasion is a
condition that is quite commonly found in CoVs infection. With the high
similarity between SARS-CoV and SARS-CoV-2, it is possible that SARS-
CoV-2 also has the same neuroinvasion potential [8].

NEUROLOGICAL MANIFESTATIONS OF SARS-COV-2 INFECTION

Recently, there has been an increase in the reporting cases of
neurological manifestations in COVID-19. In one of the largest
studies on the neurological manifestations of SARS-CoV-2 conducted
by Mao et al in Wuhan, China, it was found that more than one-
third of COVID-19 patients in the study experienced neurological
manifestations. Neurological symptoms observed vary which involve
the central nervous system, peripheral nervous system, and injury to
the skeletal muscle [35,36]. Neurological symptoms found in the central
nervous system include dizziness, headaches, impaired consciousness,
acute cerebrovascular disease, ataxia, and epilepsy. Symptoms of the
peripheral nervous system that has been found include smell, taste, and
vision disorder, neuralgia [35-39]. Skeletal muscle injury can be found
clinically as muscle pain with elevated levels of creatinine kinase (CK)
to above 200 U/L [7].

Central nervous system manifestations of SARS-CoV-2 infection
The most common manifestations of the central nervous system are
dizziness and headache. Central nervous system manifestations are
significantly more common in patients with severe COVID-19 infection
and could manifestas acute cerebrovascular diseases, includingischemic
stroke and cerebral hemorrhage. The severity of COVID-19 is defined
using international guidelines for community-acquired pneumonia.
Patients in the severe infection category were significantly older than
those in the non-severe infection category, while hypertension was also
significantly more prevalent in patients with severe infections [7].

The impact of clinical deterioration that can occur due to acute
neurological events such as stroke will increase the risk of patient
death. It is suspected that the main cause of clinical deterioration in
COVID-19 patients is hyperactivation of inflammatory factors that cause
inflammatory storms or also known as “cytokine storms” which can be
fatal (Fig. 1). Other than that, patients with SARS-CoV-2 infection often
experience coagulation system disturbances resulting in abnormalities
of D-dimers and platelets. Impaired blood coagulability will increase
the risk of cerebrovascular disease (Fig. 1) [40-42].

Many of SARS-CoV-2 patients already have previous cerebrovascular
risk factors such as hypertension, diabetes mellitus, hyperlipidemia,
smoking, and previous history of stroke (Fig. 1). Besides, some patients
also experience an acute ischemic stroke for the 1% time, therefore,
medical personnel must pay great attention to the neurological
manifestations that can occur. In a study conducted by Mao et al,, it was
found that in COVID-19 patients who have neurological manifestations,
as many as 38% of patients have at least one previous underlying
diseases, such as hypertension, diabetes, cardiovascular disease, and
malignancy [7].

Laboratory parameters of patients with severe infections SARS-CoV-2
showed a high inflammatory response, indicated by an increase in
white blood cells and neutrophil counts, decreased lymphocyte counts,
and increased levels of C-reaction protein compared to patients with
non-severe infections. This decrease in lymphocyte count may indicate
immunosuppression in severe COVID-19 infection group. Patients
with severe infections also generally experience increased D-dimers
compared to non-severe infections which indicate consumptive
coagulation [7]. D-dimer is the final product of plasma in the degradation
of thrombin that is rich in fibrin, with an increase in D-dimer, it can
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Fig. 1: Central nervous system involvement in coronavirus disease-19 infection

also be one explanation on how acute cerebrovascular events are more
common in patients with severe infections.

The proposed mechanisms that provoke ischemic stroke in COVID-19
infection are because of the increased inflammatory response and
hypercoagulability conditions [43-46]. Other mechanisms that may also
be the etiologies are hypercoagulability conditions from critical illnesses,
the occurrence of cardioembolism originating from injury or cardiac
disorders due to viruses, the direct role of viral infections, and also hypoxic
injuries. The exact mechanism is unknown and still being studied.

In previous SARS-CoV outbreaks, researchers have detected the
presence of CoV SARS nucleic acids in a patient’s cerebrospinal
fluid. SARS-CoV has also been identified in human brain tissue in
autopsy [47]. This was also supported by the first reported case of
meningitis/encephalitis which was caused by SARS-CoV-2 published
by Moriguchi et al. in March 2020. The reported patient initially had
symptoms of fever and aches in the body that was not specific, within
9 days of the symptom onset, the patient was taken to the hospital
because he was found unconscious, vomiting, and had generalized
seizures. Head computed tomography (CT) scan did not portray brain
edema, from the lumbar puncture RNA SARS-CoV-2 was detected, while
the nasopharyngeal smears showed negative results. Head magnetic
resonance imaging (MRI) performed 20 h after the patient admitted
indicated right lateral ventriculitis and encephalitis, especially in the
right mesial lobe and hippocampus [48].

Cytokines activation in SARS-CoV-2 infection such as interleukin
(IL)-1, IL-6, and tumor necrosis factor-alpha can cause injury to the
blood-brain barrier (Fig. 1). It allows cytokines to penetrate the brain
parenchyma, especially the mesial temporal lobes as it is having weaker
blood-brain barrier [49,50]. Central nervous system infections include
meningitis or encephalitis could occur since meninges have many blood
vessels with high ACE2 receptors. SARS-CoV-2 invasion can damage the
blood vessels and cause meninges inflammation. Neuron also presumed
to have ACE2 receptors so that it is hypothesized that viral particles can
directly invade neurons [49,51,52].

There was also a reported case of acute necrotizing hemorrhagic
encephalopathy which is considered to be caused by COVID-19

infection [53]. Acute necrotizing encephalopathy (ANE) is a rare case
of encephalopathy and is a rare complication of influenza or other viral
infections. ANE occurs associated with intracranial cytokine storms,
which have an impact on the disruption of the blood-brain barrier, but
without direct viral invasion or parainfectious demyelination [7].

The most common MRI findings of ANE are symmetrical, multifocal lesions
with constant thalamus involvement. Other locations that are frequently
affected are the brain stem, cerebral white matter, and cerebellum. The
lesion will appear hypoattenuating on CT while MRI shows a hyperintense
signal on fluid-attenuated inversion recovery T2 with internal bleeding.
Post-contrast images can show a ring of contrast enhancement [54].

Patients infected with SARS-CoV-2 may present with neurological
manifestation as their main signs or symptoms, it may be in the forms of
impaired consciousness, seizures, and signs and symptoms of intracranial
infections. When those aforementioned conditions are found, it is
recommended to perform a lumbar puncture to look for the SARS-CoV-2
nucleic acid by the polymerase chain reaction (PCR) method. A head MRI
with or without contrast should also be done. For COVID-19 patients with
intracranial infections, integrated treatment such as brain edema control,
managing and preventing seizures, and management of complications
that can occur should be given following standard guidelines.

Peripheral nervous system manifestations of SARS-CoV-2 infection
The involvement of the peripheral nervous system that has been
reported in COVID-19 infection includes smell, taste, vision
disorders, and neuropathy. In the study conducted by Mao et al,
the most common peripheral nervous system symptoms found in
patients with neurological symptoms were hypogeusia (5.6%) and
hyposmia (5.1%) [7]. This frequent discovery of hyposmia supports the
widely proposed theory of the retrograde neuronal route used by SARS-
CoV-2 viral particles to reach the brain (Fig. 2). Recent case reports of
hyposmia and acute respiratory failure found in COVID-19 patients
need to be further elucidated by isolating the SARS-CoV-2 virus from
the area close to the olfactory bulb.

Acute polyneuropathy has been documented in many reports of patients

infected with SARS-CoV, MERS-CoV, and SARS-CoV-2 [55]. Twelve cases
of Guillain-Barre syndrome (GBS) have also been reported on the current
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Fig. 2: Peripheral nervous system and skeletal muscle involvement in coronavirus disease-19 infection

evidences of patients with SARS-CoV-2 infection [55-57]. The interval
between the onset of viral illness and the development of GBS symptoms
was 10 days in approximation. The most common presented symptoms
are paresthesia, with progressive and flaccid ascending quadriparesis.
Cerebrospinal fluid study showed albumin-cytologic dissociation. Some
of them suffered severe illness and required mechanical ventilation.
Acute inflammatory demyelinating polyneuropathy subtype was most
commonly found [58-60]. Axonal polyneuropathies development in
the term of a viral infection suggests that the virus can cause a neural
inflammatory reaction through immune mimicry (Fig. 2) or present
as part of an inflammatory response syndrome [61]. Mechanism of
SARS-CoV-2-related neuropathy needs to be further elucidated.

GBS is believed to occur as a result of molecular mimicry, where there is
cross-reactivity from natural immunoglobulin. It is formed in response
to viral or bacterial antigen. The specific proteins can be found in
myelin, axon, and neuromuscular junction. Furthermore, cytokines
during SARS-CoV-2 infection can trigger vasculitis in and around nerve
and muscle with or without molecular mimicry [49].

Skeletal muscles injury related to SARS-CoV-2 infection

Skeletal muscle injuries are quite common in COVID-19 infections. It
is defined when a patient experiences pain in the skeletal muscle and
there is an increase in CK levels to above 200 U/L [3]. Besides muscular
aches, patients often only experience general weakness. Previously,
SARS-CoV has been known to cause inflammation of the heart/
myocardial muscle but during observation, some COVID-19 patients
also experience symptoms of skeletal muscle injury (Fig. 2). It is caused
by the inflammatory reaction of SARS-CoV-2 infection or can be caused
by the direct impact of the virus itself damaging the muscle [47]. Studies
showed that in patients with muscle injuries, there were increased
C-reactive protein and D-dimer level with higher neutrophil and lower
lymphocytes count when compared to COVID-19 patients without
muscle injuries. The presence of these abnormalities is a manifestation
of increased inflammatory response and blood coagulation [7].

Potential role of neuroinvasion in the respiratory failure of
SARS-CoV-2 infection

Several types of CoVs have been demonstrated able to spread through
the synapse-connected route to the center of the cardiorespiratory in

medulla from the mechanoreceptors and chemoreceptors in the lungs
and lower respiratory tract. Experimental studies using transgenic mice
show that either SARS-CoV or MERS-CoV administered intranasally
can enter the brain through the olfactory nerve. From the olfactory
nerve, the virus then spread rapidly to certain brain areas including
the thalamus and brain stem. Among the areas of the brain involved, it
was found that the brain stem area was heavily infected by SARS-CoV
or MERS-CoV [34]. There is also other evidence suggesting that CoVs
can invade the terminal part of peripheral nerves then gain access to
the central nervous system through the synapse-connected route [33].

In the cases of viral avian bronchitis, trans-synaptic virus transfer was
also reported [33]. Intranasal inoculation of the virus in mice causes
neural infections in addition to bronchitis or pneumonia. Viral antigens
are detected in the brain stem in certain parts including the nucleus
of the solitary tract and the ambiguous nucleus. The nucleus of the
solitary tract plays the role of receiving sensory information from the
mechanoreceptors and chemoreceptors in the lungs and the respiratory
tract, where the efferent fibers from the ambiguous nucleus and the
solitary tract nucleus provide innervation to the smooth muscles of the
airway, glands, and blood vessels. The neuroanatomic interconnection
indicates that the death of infected experimental animals could result
from dysfunction of the cardiorespiratory center in the brain stem [34].

It is necessary to explore further whether the neuroinvasion potential
of SARS-CoV-2 is partially responsible for acute respiratory failure in
patients with COVID-19 infection.

RECOMMENDATIONS FOR MEDICAL PERSONNEL AND
NEUROLOGISTS

Besides the respiratory symptoms that primarily appear in patients
with COVID-19 infection, various neurological manifestations can also
be found or might be the first symptoms that appear. These neurological
manifestations can include a variety of central and peripheral nervous
system symptoms [7]. If COVID-19 infection is detected too late, patient
handling will be hampered, while the risk of transmission of the virus
increases [62]. Medical workers and other parties also can be at risk
of contracting the virus if they do not apply standard precautions and
personal protective equipment, at last, they might also become agents
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of the virus spread [40]. All medical personnel must always wear
personal protective equipment by the standard recommendations that
have been issued by the government.

Until now, PCR examination for the detection of SARS-CoV-2 nucleic
acid is still an essential criterion and becomes the gold standard for
diagnosis confirmation. However, its sensitivity is low, and repeated
checks are often needed. Patients who are suspected of being clinically
infected with SARS-CoV-2 should immediately get proper treatment
even if they are still waiting for the results of the PCR test or if the PCR
test results are initially negative [40].

Older patients with a background of chronic illnesses are at greater
risk of developing impaired consciousness or altered mental status
in various acute infection conditions. Some case reports have also
reported patients who came to the hospital with encephalopathy and
later confirmed SARS-CoV-2 positive [6]. Special attention should be
given to cases of patients with altered consciousness.

Patients with COVID-19 infection in the middle age and elderly are
the group where stroke more prevalently be found, especially patients
with severe infections. Many of these patients already have previous
cerebrovascular risk factors such as hypertension, diabetes mellitus,
hyperlipidemia, smoking, and stroke history [7]. Some experience
acute ischemic stroke for the 1% time. Forming a multidisciplinary
team consisting of neurologists, infectious disease specialists and
pulmonologists is best considered in managing acute stroke patients
when the diagnosis of suspected or confirmed COVID-19 is established.
When thrombolytic therapy is indicated, the procedure must follow the
protected code stroke protocol [40].

Even when facing the current pandemic situation, patients with
hyperacute, acute, or subacute strokes must be treated per normal
procedure by sticking to the recent evidence-based guidelines.
Treatment time will expectedly increase, considering several adjusted
things according to protected code stroke protocol, such as the time
allocated for applying personal protective equipment, preparation
time, room and equipment decontamination, or sterilization if needed
as well as a reduction in the personnel number. It is still recommended
to work slowly but careful, get used to pre-brief before every procedure,
determine the position and role, limiting the number of team members,
avoiding tests or maneuvers that require repeated contact, minimizing
the number of people entering, and leaving hospital rooms and also
designated safety leader and clinical assessment leader [63,64].

Some limitations might be encountered in managing acute and subacute
strokes in the era of the COVID-19 pandemic. Direct discussion of cases
between doctors is limited, medical rehabilitation centers and patient care
are affected by the lockdown condition and there are service restrictions.
Patients with mild stroke symptoms might be afraid and are having more
difficulties in seeking medical treatments, also many elderly patients with
comorbidities are advised not to visit the red zone areas of COVID-19. The
psychological impact has also been felt by various parties. Some solutions
that can be applied to keep optimizing patient services include case or
scientific discussions by teleconference, optimizing patient and caregiver
education, facilitation of medical rehabilitation through online rehab,
holding post-stroke clinics, medication top up if possible, and increasing
educational videos and websites. In case of patient monitoring whenever
possible, it is advised to monitor patients at home using applications,
always monitor blood pressure, making a post-stroke checklist, and
communicates frequently with patients or caregiver through online.

CONCLUSION

Case findings and studies have reported neurological manifestations in
patients with SARS-CoV-2 infection. These neurological symptoms can
accompany respiratory symptoms or other organ symptoms and can
even be the presenting symptoms of COVID-19 infection. Every clinician
should increase their awareness of the various possible symptoms that
can be found in SARS-CoV-2 infection, stay up to date and keep up with
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the literature. These are important in efforts to establish an early and
appropriate diagnosis, to provide optimal treatment, and to reduce the
spread of COVID-19 infection.
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