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Abstract

Coronavirus disease 2019 (COVID-19) disease caused by a new cor-
onavirus, severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has been associated with many neurological symptoms. The
purpose of this article is to describe the neurological manifestations
so far reported and their probable pathogenesis. We conducted a lit-
erature review on EMBASE, MEDLINE and SCIELO databases us-
ing the terms “COVID-19”, “COVID”, “neurological”, “neurologic”,
“manifestations”, “implications”, “Guillain-Barre syndrome”, “en-
cephalopathy”. A total of 33 articles including clinical series, retro-
spective studies, and case reports were selected and thoroughly re-
viewed to describe neurological manifestations of COVID-19. There
are several neurological manifestations of SARS-CoV-2 infection
with different clinical presentations, severity, and prevalence. The
most critical ones, such as cerebrovascular disease, encephalopathy,
and Guillain-Barre syndrome, were less common and usually associ-
ated with previous medical history, known risk factors for cerebrovas-
cular disease or advanced age. The main hypotheses for the spread of
the virus are through the hematogenous route or the cribriform plate
of the ethmoid bone or a disseminated severe immune response by a
cytokine storm. The presence of neurological disturbances associated
with laboratory tests alterations is an important clue for the physicians
to promptly recognize neurological manifestations of SARS-CoV-2.
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Introduction

Since the appearance of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in December 2019 until the last
week of May 2020, the World Health Organization registered
5,206,614 cases and 337,736 deaths. Up to writing date of this
article, 216 countries have been affected by this pandemic, and
accordingly the economic, financial, social, and mental hav-
oc along with severe lockdown measures is of great concern.
And the damage in the healthcare, mental, social, educational
and economic areas, combined with severe lockdown meas-
ures, is a major concern. It has been demonstrated that the vi-
rus dissemination is through respiratory droplets, fomites and
person-to-person contact. Transmission by stool removal has
also been reported in healthcare workers, while taking care of
infected patients [1-3].

Coronavirus disease 2019 (COVID-19) is a disease caused
by a new coronavirus which can provoke several implications
that vary from simple cold symptoms to the severe acute res-
piratory syndrome of which fever, cough and shortness of
breath are the most common ones. Regarding neurological
manifestations, anosmia and ageusia were the most common
ones; however, cerebrovascular disease, headache, encepha-
lopathy, Guillain-Barre syndrome (GBS) and myalgia have
been reported as well. It is important to highlight these symp-
toms, so clinicians can consider SARS-CoV-2 as a probable
diagnosis if they are the first symptoms to appear and suggest
social isolation.

Mao et al have demonstrated that patients with severe
COVID-19 are more likely to develop neurological symptoms
such as acute cerebrovascular accidents, damage to skeletal
muscle, and altered level of consciousness when compared to
those with mild infection [4].

Initially, it was believed that SARS-CoV-2 manifested it-
self as a systemic flu syndrome affecting the respiratory tract.
As the pandemic progressed, the presence of neurological
symptoms of both the central nervous system (CNS) and the
peripheral nervous system were noted. Such symptoms aroused
the need to understand the pathophysiology of this virus in the
nervous system and the mechanisms of its neuropathogenesis.
The principal aim of this manuscript is to describe the neuro-
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Figure 1. The main hypothesis of the pathophysiological mechanism
of COVID-19 in the nervous system. COVID-19: coronavirus disease
2019; ACE: angiotensin-converting enzyme; IL: interleukin.

logical manifestations of COVID-19 which have been reported
so far, the severe immune response triggered by it, and the po-
tential neuropathogenesis.

Literature Search

We performed a literature search on EMBASE, MEDLINE and
SCIELO databases using the terms “COVID-19”, “COVID”,

“neurological”, “neurologic”, manifestations”, “implications”,
“Guillain-Barre syndrome”, “what about SARS-CoV-2".

Literature Review
Pathophysiology

Currently, there are several hypotheses for the pathophysi-
ological mechanism in the nervous system which are listed as
follows. The first is direct infection of the virus, a mechanism
proposed to justify the anosmia and hyposmia of patients [4].
The virus could spread directly through the cribriform blade
after penetrating the upper airway, which is also explained by
the trans-synaptic spread [5]. The second is hematogenous in-
fection. Several studies have described the role of angioten-
sin-converting enzyme 2 (ACE2), as a functional receptor for
SARS-CoV-2. Paniz-Mondolfi et al showed the presence of
the virus in neuronal endothelial cells [6, 7]. The sluggish cer-
ebral blood flow allows greater interaction between the virus
and neuronal cells. Some pathophysiological mechanisms are
still unknown, such as the presence of cerebral hemorrhagic
complications in some patients with COVID-19 [6]. Third, cy-
tokine storm syndrome (CSS) is another proposal for SARS-
CoV-2 injury to the nervous system. The neurotropism of the
virus induces the production of interleukin-6 (IL-6) by glial
cells. Thereafter, secondary to the action of neuroinflammatory
cytokines, there is a chronic inflammatory and consequently a
brain damage. There is also activation of the immune system
detected for the presence of CD4", justifying the immune-me-
diated profile of the infection. Based on the aforementioned
fact, it is evident that CSS is one of the many pathways used
by SARS-CoV-2 to damage the brain indirectly [3, 8]. Figure
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1 summarizes the pathophysiological mechanism of nervous
system involvement in COVID-19 infection.

Neurological manifestations

Table 1 summarizes the neurological manifestations of COV-
ID-19 [4, 9-25].

Discussion

Li et al suggested that the acute respiratory failure in patients
with COVID-19 may not only be caused by the direct damage
to the lungs, but also due to the brain stem damage [26].

SARS-CoV-2 is 79% genetically identical to SARS-CoV
and 50% to Middle East respiratory syndrome coronavirus
(MERS-CoV) [27]. Both SARS-CoV and SARS-CoV-2 use
ACE2 as the main functional receptor [28], while MERS-CoV
uses dipeptidyl peptidase 4 (DPP4, also known as CD26). Be-
yond the respiratory symptoms, SARS-CoV and MERS-CoV
can provoke many neurologic conditions [29, 30]; this matter is
emphasized by the presence of viral nucleic acid in cerebrospinal
fluid (CSF) and in a brain autopsy [31]. Table 1 summarizes the
most significant neurological manifestations. As a mechanism to
reach the CNS, neurotropic viruses like coronaviruses use anter-
ograde and retrograde transport with the assistance of kinesins
and dynein motor proteins, through the sensory and motor nerve
endings [32], particularly through the afferent nerve endings of
the vagus nerve in lungs [26]. Furthermore, when SARS-CoV-2
causes a gastrointestinal tract infection, it can reach CNS by the
enteric and sympathetic afferent nerve [33].

Based on the cytokine storm theory, Fotuhi et al proposed
three different stages of neurological involvement in COV-
ID-19. The first stage could be caused by low and controlled
cytokine release limited to nasal and gustatory epithelial cells.
Patients usually experience a temporary loss of smell and taste
which is typically a benign course [34].

The second stage may be induced by a strong immune re-
sponse expressed by elevated ferritin, C-reactive protein (CRP),
and D-dimer blood levels. This inflammation state leads to hy-
percoagulopathy, vasculitis and direct immune-mediated dam-
age to nerves and muscles. The related symptoms may be fa-
tigue, hemiplegia, sensory loss, aphasia and ataxia. The third
stage could be triggered by an even more severe cytokine storm
that compromises the blood brain barrier which eases the in-
filtration of more inflammatory factors and viral particles into
CNS. As a result, it leads to brain damage and injury that may
cause delirium, encephalopathy, and/or seizures. In addition, the
virus binds to the ACE2 receptor increasing peripheral vascu-
lar resistance causing hypertension which increases the risk of
intracranial hemorrhage [34]. Figure 2 summarizes this physi-
opathological mechanism of neurological involvement.

Anosmia and ageusia

The neurological deficits are reported in uncomplicated and
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SARS - Cov2 causes an increase in
the humoral response, making the
inflammatory response diffuse in the The cytokine storm breaks down the
brain. blood-brain barrier.
The levels of C-reactive protein, D- The cerebral inflammatory response
Dimer and ferritin are increased. causes edema and brain tissue damage.
There is a state of hypercoagulobility IL-6 Seizures, mental confusion, delirium,
installed, which stimulates the comaand death can be observed.
production of thrombi. *
At this stage, you can see strokes in
small or large arteries, deep vein /
thrombosis or CNS vasculitis,

TNF-a

The virus binds to angiotensin-
converting enzymes (ACE2)present in

olfactory and taste cells, causing /
localized inflammatory reaction. This

reaction causes anosmia and

ageusia.

Figure 2. lllustrative scheme of brain cytokine storm effects. SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2; ACE: angio-
tensin-converting enzyme; IL: interleukin; TNF: tumor necrosis factor;
CNS: central nervous system.

complicated patients with COVID-19 worldwide. It is suf-
ficient to establish that this deficit can be ongoing in patients
with COVID-19 without being noticed. SARS-CoV-2 causing
COVID-19 can take two routes to reach the brain. The hema-
togenous route seems to be the most probable way for SARS-
CoV-2 to reach the brain, but the other route to the CNS which
is through the cribriform plate on the ethmoid bone, near the
olfactory bulb, needs to be taken into account in the early-stage
cases. Early occurrences of loss of smell, ataxia, and seizures
should be evaluated for SARS-CoV-2 involvement in CNS [35].
The presence of neurological deficits associated with laboratory
tests such as serum urea, creatinine, electrolytes, and blood gas-
es (PO,, PCO,) may be useful to determine primary or second-
ary involvement of the CNS in patients with COVID-19 [11].

Due to the high contagiousness and rapid spread of SARS-
CoV-2 and zero to mild symptoms in early stages of the dis-
ease, observation of patients with subclinical symptoms is
crucial. Sudden anosmia and ageusia can help to immediately
identify and isolate infected patients.

In a retrospective and observational study by Mao et al,
214 hospitalized patients with laboratory confirmed SARS-
CoV-2 infection were evaluated [4]. The data were collected
from January 16, 2020 to February 19, 2020, at three care cent-
ers designated for COVID-19 (Main District, West Branch and
Tumor Center) at Union Hospital of Huazhong University of
Science and Technology in Wuhan, China. Out of the sample,
78 patients (36.4%) were reported to have manifestations as-
sociated with the nervous system. These manifestations were
divided into three subgroups: CNS, peripheral nervous system
(PNS), and skeletal-related injury. In PNS subgroup, impaired
taste, impaired sense of smell, impaired vision, and nerve pain
were evaluated. Among the PNS symptoms, the most reported
were impaired taste in 12 patients (5.6%) and impaired smell
in 11 patients (5.1%) [4].

In a multicenter peer-reviewed study involving 12 Eu-
ropean hospitals, Lechien et al evaluated 417 patients with
COVID-19 and observed that 85.6% and 88% had olfactory
and gustatory dysfunctions, respectively. The olfactory dys-
function occurred before other symptoms in 11.8% of cases.
The recovery rate was 44% in a short period and women were
significantly more greatly affected [12].
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In a cross-sectional survey, Giacomelli et al collected data
from 59 hospitalized patients with SARS-CoV-2 infection with
a questionnaire and a formal interview. This study noticed that
11 patients (18.6%) had both taste and olfactory disorders,
while 20 patients (33.9%) had at least one of these symptoms.
Furthermore, 20.3% and 91% had, respectively, anosmia and
ageusia before hospitalization. Olfactory dysfunctions were
more frequently reported in women as well as younger pa-
tients. All patients reported the persistence of olfactory and
gustatory disorders at the time of the interview [13]. Reinforc-
ing these findings, in another study, approximately 150 doctors
from the Daegu Medical Association prospectively collected
data from anosmia and ageusia cases by interviewing 3,191
patients over the phone in Daegu, Korea. In the early stage of
COVID-19, anosmia or acute ageusia was observed in 15.3%
of the 3,191 patients and, in the group of asymptomatic to mild
disease patients (2,342), these symptoms were observed in
15.7%. Its prevalence was significantly more common among
women and younger individuals (P = 0.01 and P < 0.001, re-
spectively). Most patients with anosmia or ageusia recovered
within 3 weeks. The average recovery time was 7 days for both
symptoms [36].

Kaye et al surveyed 237 COVID-19 patients in the USA
and found that anosmia was observed in 73% which was the
initial symptom in 26.6%. Some improvement was observed
in 27% of patients, with an average improvement time of 7.2
days (85% of this group showed improvement in 10 days) [37].

In a cross-sectional survey carried out between March 3 and
29 of 2020 by Yan et al, loss of smell and taste was reported in
68% and 71% of subjects positive for COVID-19, respectively,
compared to 16% and 17% of subjects in COVID-19-negative
patients. The impairment of smell and taste was independently
and strongly associated with the positivity of COVID-19 (anos-
mia: adjusted odds ratio (aOR) 10.9, 95% confidence interval
(CI): 5.08 - 23.5; ageusia: aOR 10, 95% CI: 4.74 - 22.1), while
sore throat was associated with COVID-19 negativity (aOR
0.23, 95% CI: 0.11 - 0.50). Of the patients who reported loss of
smell associated with COVID-19, 74% (28/38) reported resolu-
tion of anosmia with clinical resolution of the disease [35].

Thus, it is observed that anosmia and ageusia appear as
common symptoms in COVID-19, ranging from 5.1% to
85.6% for olfactory disorders and 5.6% to 88% for gustatory
disorders. Sudden anosmia or ageusia should be recognized by
the international scientific community as important symptoms
of COVID-19 infection, especially in the initial stage of the
disease. During the COVID-19 pandemic, doctors should be
suspicious of SARS-CoV-2 infection if they encounter patients
with these symptoms to avoid delayed diagnosis and break the
chain of infections. These symptoms are more prevalent in
women and younger people. The clinical resolution of most
patients occurs on average in 7 days, with the majority recov-
ering within 3 weeks. It was also found that these sensory im-
pairments were more prevalent in patients who developed less
severe disease manifestations [4].

Cerebral vascular disease

Although some authors have claimed that hospital visits for
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cerebrovascular events have been reduced during COVID-19
pandemic, several cases of cerebrovascular diseases have been
reported as comorbidities of COVID-19. However, such dis-
eases at 5.7% of total neurological implications of COVID-19
are considered as less common neurological complications
[1]. There are few reports of ischemic stroke as initials mani-
festation of COVID-19; the authors considered only patients
who had the ictus before the hospitalization and had positive
polymerase chain reaction (PCR) test for SARS-CoV-2 [19,
20]. Most patients were elderly, although some studies have
reported cases in patients of less than 50 years old [21, 22]. In
addition, the majority of them had previous comorbidities or
cardiovascular risk factors. In general, most of these patients
had a poor clinical outcome.

There are some hypotheses about the possible causes of
stroke due to COVID-19 infection, but none of them have been
proven yet. The most accepted one is that the coagulopathy is
induced by the systemic inflammatory response and this theory
is reinforced by finding high level of D-dimer and CRP levels
in most cases. In addition, antiphospholipid antibodies (aPLs)
were detected in three patients [38]. Another theory would be
the depletion of ACE2 and endothelial dysfunction. The ACE2
is expressed in lung, endothelial cells, glial cells and neurons.
It acts by protecting the brain and other organs from ischemia
as it disables the renin-angiotensin-aldosterone system by
cleaving angiotensin-II to angiotensin or to angiotensin-I that
is also converted in angiotensin. Angiotensin induces vasodila-
tation and has anti-inflammatory effects. As SARS-CoV-2 en-
ters the cell, it depletes ACE2 through receptor endocytosis
while ACE-1 that activates the renin-angiotensin-aldosterone
system is unopposed [39]. The treatment measures were me-
chanical thrombectomy and thrombolysis [19, 22]. Platelet
anti-aggregant and statins were also used.

Unfortunately, some patients were not candidates for
thrombolysis or neuro-intervention [19]. There are some new
drugs being tested such as recombinant human soluble ACE2
and angiotensin [39].

Other cerebral vascular diseases which were reported as
less common COVID-19 complications were aneurysmal sub-
arachnoid hemorrhage, cerebral venous sinus thrombosis, and
cerebral hemorrhage.

Encephalopathy

The first case of acute hemorrhagic necrotizing encephalopa-
thy was reported by Poyiadji et al [14]. This case was a COV-
ID-19-positive woman who presented with cough, fever and
altered mental status. Analysis of the CSF was negative to bac-
terial growth, herpes simplex viruses 1 and 2, varicella zoster
virus and West Nile virus. The presence of SARS-CoV-2 was
not tested in the CSF sample. On magnetic resonance imag-
ing (MRI) study the hemorrhagic rim enhancing lesions were
found in the medial temporal lobes, bilateral thalami, and sub-
insular lesions.

In addition, non-contrast head computed tomography (CT)
images demonstrated the presence of a symmetric hypo-atten-
uation in the bilateral medial thalami where CT angiogram and
CT venogram were normal [14].
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Filatov et al described a case of a 74-year-old man who
presents with headache, altered mental status, cough, and fever
1 week after arriving to the USA from Netherlands. He had a
past medical history of atrial fibrillation, cardioembolic stroke,
Parkinson disease, chronic obstructive pulmonary disease, and
cellulitis. The patient was encephalopathic, nonverbal, and
unable to follow any commands without nuchal rigidity. He
was able to move all his extremities and answered to noxious
stimuli. Head CT was normal, but the electroencephalography
showed bilateral slowing and focal slowing in the left temporal
region with sharply countered waves. Analysis of the CSF was
normal. The patient was transferred to the intensive care unit
(ICU) due to the progression of the disease [15].

In a retrospective multicenter study by Lu et al, 304 indi-
viduals with coronavirus disease were evaluated among which
eight patients were encephalopathic (six were comatose, one
was delirious, and one was obtunded) [16]. In Chen et al study,
among 113 patients who died of COVID-19, 23 (20%) indi-
viduals developed hypoxic encephalopathy as a complication
of COVID-19 [17].

Helms et al developed an observational study with 58
French patients with COVID-19. In the admission to ICU,
eight patients showed neurological symptoms, and after the
withdrawal of the sedation and neuromuscular blocker this
number increased to 39 patients. Seven patients had a past
medical history of previous neurologic disorders as transient
ischemic attack, partial epilepsy, and mild cognitive impair-
ment. Due to unexplained encephalopathic features, 13 patients
underwent MRI of the brain, of which eight had enhancement
in leptomeningeal spaces. All the 11 patients who underwent
perfusion imaging had bilateral frontotemporal hypoperfu-
sion. Electroencephalography was performed in eight patients
in whom nonspecific changes were found and one patient had
also diffuse bifrontal slowing, suggestive of encephalopathy.
The CSF analysis performed on seven patients showed neither
cells nor SARS-CoV in the reverse transcription-polymerase
chain reaction (RT-PCR) assays [18].

There is still no clear data about the physiological path-
ways that lead to these manifestations. It was noticed that pa-
tients who had previously neurological conditions and showed
acute respiratory symptoms were more likely to have encepha-
lopathy [15]. Hypoxia was the most common risk factor among
the patients evaluated by Lu et al [16]. Other conditions that
may be related to encephalopathy in COVID-19 patients are
the cytokines storm, the critical illness-related encephalopathy,
the withdrawal of medications, and even a possible direct ef-
fect caused by SARS-CoV-2 infection [18].

GBS

The GBS is caused by an accentuated immune response that
generates cross-reactivity to gangliosides peripherical com-
ponents causing demyelination. It is believed that IL-6 plays
an important role in the malfunction of several organs which
can be fatal to patients with COVID-19. Probably the same
immune mechanisms are involved with neurological compli-
cations. It was observed that people who developed severe
respiratory syndrome were the ones who also had severe neu-
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rological complications [40].

Patients diagnosed with GBS commonly complain about
facial inclination, diplopia, dysarthria, dysphagia, ophthalmo-
plegia, pupillary disorders, paresthesia, numbness, tachycar-
dia, bradycardia, facial flushing, paroxysmal hypertension,
orthostatic hypotension, anhidrosis and/or diaphoresis and
urinary retention. The main respiratory symptom is dyspnea
on exertion and eventually most patients need support from an
ICU to deal with respiratory failure [41].

It is believed that the histopathological mechanism of
GBS is related to Campylobacter jejuni infection. This micro-
organism has capsule antigens similar to antigens on nerve
cells resulting in the cross immune response to the ganglioside
GM1 in myelin, causing damage to the peripheral nervous sys-
tem. The histopathological findings are lymphocytic infiltra-
tion of the roots of the spine and peripheral nerves, followed
by macrophage-mediated multifocal myelin removal. This
process causes a change in the propagation of nerve impulses,
with eventual absence or profound delay in conduction, caus-
ing flaccid paralysis. Recovery is usually associated with re-
myelination [41].

Although GBS is mostly associated with campylobacte-
riosis, viral infections such as cytomegalovirus, Epstein-Barr
virus, human immunodeficiency virus and Zika virus have
also been reported to be associated with this syndrome. It is
also possible to find an intrinsic relationship with COVID-19.
There is a case report, reinforcing the mentioned possibility, of
a patient that was in an areflexic paralytic state with ascend-
ant symmetrical weakness, fever, and cough. The mentioned
neurological symptoms usually happen 3 days to 6 weeks after
the infection. In this case, COVID-19 was probably the trigger
illness [9].

Most reports of GBS related to COVID-19 involved the
elderly and presented as an acute areflexic quadriparesis. Se-
vere respiratory failure was also observed due to lobar pneu-
monia and interstitial pneumonitis. They had motor axonal and
motor sensory axonal polyneuropathy as well [42].

In addition, in a case report, facial diplegia, facial sym-
metrical weakness, and ocular weakness along with albumi-
nocytological dissociation in CSF, were observed in a patient
10 days after SARS-CoV-2 confirmed infection. The final con-
jecture is that SARS-CoV-2 infection may have triggered this
atypical clinical variant of GBS in the patient [10].

Other findings

Although fever and respiratory symptoms have been com-
monly used to identify suspects of COVID-19, Tape et al have
demonstrated a different case [23], a 79-year-old woman, who
arrived at the hospital after a syncope episode at her home.
Initially, she was afebrile with a normal chest X-ray and there
was no suspicion of COVID-19. Then she experienced fever
and tested positive for COVID-19. The patient had a history
of coronary artery disease with multiple stents, hypertension,
and congestive heart failure. An assessment of the syncope’s
etiology revealed orthostatic hypotension with blood pressure
of 116/62 mm Hg in the supine position and 85/50 mm Hg
when standing. The electrocardiogram did not reveal any ar-
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rhythmias. The chest CT showed bilateral peripheral ground-
glass opacity. She was discharged home after the improvement
in symptoms and resolution of the dizziness. At the time of
discharge, she continued with low-grade intermittent fever of
38 to 38.2 °C.

Later, she got worse at home and was readmitted to anoth-
er hospital with respiratory arrest. Thus, a normal chest X-ray
and atypical signs of infection such as syncope cannot disre-
gard COVID-19. This unique case highlights the increased di-
versity of COVID-19 presentations, errors in initial diagnosis,
and delays in implementing the suitable precautions [23].

Seizures were also reported as neurologic manifestations
of COVID-19 [3, 24]. There is a case report of a 78-year-old
woman with a previous history of a herpetic encephalopathy
2 years ago with no seizure episodes since then. In this case
the focal status epilepticus was the only manifestation of the
SARS-CoV-2 infection [24]. In 2004, a case of a 32-year-old
pregnant woman who had COVID infection was reported. She
had tonic-colonic convulsion and the PCR exam of the CSF
was positive for SARS-CoV [43]. As both viruses are very
similar taxonomically, it is important to relate this report.

In a study among 1,099 patients evaluated by Guan et al,
164 (14.9%) presented with myalgia [25]. In another study
conducted by Chen et al, 25 (19%) of the 113 deceased pa-
tients also had this symptom [17]. Skeletal muscle injury was
reported by 10.7% of the patients in the study of Mao et al. The
authors noticed that patients with muscular symptoms showed
higher creatine kinase and lactate dehydrogenase levels com-
pared with patients without these symptoms. The muscle in-
jury may occur due to infection-mediated harmful immune re-
sponse, elevated proinflammatory cytokines or the interaction
between SARS-CoV-2 and the ACE2 in the skeletal muscle
[4].

Another symptom was headache that may happen by a
variety of causes. One of them is the direct invasion of the
virus to the nervous system causing damage to nerves resulting
in pain. Another theory is hypoxia caused by alveolar gas ex-
change disturbance so the anaerobic metabolism in mitochon-
dria of cerebral cells increases. Therefore, an acid accumula-
tion occurs that can provoke cerebral vasodilatation, cerebral
cell swelling, interstitial edema, obstruction of the brain blood
flow and consequently headache [44].

Conclusions

Several neurological manifestations of SARS-CoV-2 infec-
tion have different presentations, severity and prevalence. The
most critical ones, such as cerebrovascular disease, encepha-
lopathy, GBS, were less common and usually associated with
previous medical history illness, vascular disease risk factors,
or advanced age. The mechanisms of neurological implica-
tions are not well determined yet. The main hypotheses are: 1)
The spread of the virus through hematogenous route; 2) The
cribriform lamina of the ethmoid bone; and 3) Disseminated
severe immune response by cytokine storm. The presence of
neurological disturbances associated with lab exams’ altera-
tions is an important clue for doctors to identify SARS-CoV-2
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infection, promote social isolation, and offer adequate support.

As COVID-19 is a new emergent highly infective disease,
there is still lack of studies with stronger levels of evidence
and larger study populations. Therefore, the neurological man-
ifestation studies are limited to retrospective studies and case
reports.
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