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Background: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been associated with many neurological symptoms but there is a
little evidence-based published material on the neurological manifestations of COVID-19. The
purpose of this article is to review the spectrum of the various neurological manifestations and
underlying associated pathophysiology in COVID-19 patients.

Method: We conducted a review of the various case reports and retrospective clinical studies published
on the neurological manifestations, associated literature, and related pathophysiology of COVID-19 using
PUBMED and subsequent proceedings. A total of 118 articles were thoroughly reviewed in order to

highlight the plausible
INTRODUCTION

The new public health pandemic COVID-19 is threatening
the world with the outbreak of the novel corona virus (2019-
nCOV) or severe acute respiratory syndrome corona virus 2
(SARS-CoV-2). In December 2019, a new virus epidemic in
Wuhan, China (covid-19) (1) emerged as a world pandemic and
has disseminated across many other countries (2). It has been
declared a public health emergency by WHO. As of statistics
obtained from Worldometer on April 11, 2020, the USA leads
with over 0.5 million people infected, followed by Spain and
Italy. The spread of this virus shows no evidence of plateauing
and the economic, financial, social, and mental havoc along
with severe lockdown measures is of great concern. The most
common features reported have been shortness of breath, fever,
and cough in the past since the epidemic but now new features,
either as a result of sequelae or viral infection itself, are coming
out. COVID-19 patients have been reported to develop many
neurological symptoms ranging from headache to encephalitis
(3). We present to outline the spectrum of different neurological
manifestations in patients with COVID-19. Physicians should
be cognizant of these manifestations while dealing COVID-
19 patients.

MICROBIOLOGY, ORIGIN, AND

TRANSMISSION

The coronavirus is an enveloped positive-sense single-stranded
RNA virus belonging to the coronaviradae family. Under electron
microscope, the virus appears crown-like due to the small
bulbar viral spike (S) peplomers on the surface envelope. SARS-
COV has shown to have a zoonotic origin with bats being the
primary reservoir adapted by humans. It has shown to spread
via respiratory droplets, fomites, and person-to-person contact.
Transmission via stool shedding has also been established but has
limited evidence (4).

PATHOPHYSIOLOGY

Many COVID-19 patients can develop neurological symptoms
in addition to common respiratory symptoms as established by
a retrospective case series study in Wuhan, China (3), which
shows patients with severe COVID-19 develop more neurological
symptoms such as acute cerebrovascular accidents, altered level
of consciousness, and skeletal muscle damage as compared to
those with mild infection. Li et al. proposed that the acute
respiratory failure that occurs in COVID-19 patients could be
partly because of the damage to the brain stem caused by SARS-
CoV-2, in addition to direct damage to lungs (5). It raises a
question over how SARS-CoV-2 enters brain? In this review
article we present the possible mechanisms used by SARS-CoV-
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GENOME OF SARS-CoV-2

SARS-CoV-2 is the seventh virus in the family of coronaviruses.
Coronaviruses have positive-sense single-stranded RNA viruses
in their genome and have spike membrane glycoprotein on
their surface (6). Genetically SARS-CoV-2 is 79% identical to
SARS-CoV and 50% to MERS-CoV (7). SARS-CoV and SARS-
CoV-2 act via the angiotensin converting enzyme-2 (ACE2) as
their main functional receptor (8), whereas MERS-CoV uses
dipeptidyl peptidase 4 (DPP4 also known as CD26) as its
predominant receptor. SARS-CoV and MERS-CoV cause many
neurological manifestations in addition to respiratory symptoms
(9, 10), as highlighted by the presence of the viral nucleic acid
in the cerebrospinal fluid. This fact was later reinforced by the
evidence of nucleic acid present in an autopsy of the brain (6).
Based on its structural homology with SARS-CoV and MERS-
CoV, it can be stated safely that SARS-CoV-2 is neurotropic and
there is a possibility that SARS-CoV-2 is also using the same
mechanisms of pathogenicity for neurological manifestations (6).

MECHANISM OF TARGETING CNS

After a thorough search the mechanisms by which SARS-Cov-2
enters the CNS could be enunciated as follows:

Direct infection injury
Blood circulation pathway
Neuronal pathway
Immune mediated injury
Hypoxic injury

Other mechanisms.

o UhEwN e

DIRECT SPREAD OF SARS-CoV-2 FROM
CRIBRIFORM PLATE TO BRAIN

One of the proposed mechanisms of SARS-CoV-2 entry into
brain tissues is via dissemination and spread from the cribriform
plate which is in close proximity to the olfactory bulb (11). This
idea of direct spread could be supported by the presence of
anosmia and hyposmia in COVID-19 patients as described by
Mao et al. (3).

HAEMATOGENOUS SPREAD OF
SARS-CoV-2 TO TARGET CNS

As previously mentioned, ACE 2 has been identified as the
functional receptor for SARS-CoV-2 and varied expression and
distribution of ACE2 receptors in different organs decide the
severity of clinical manifestation of SARS-CoV-2 (12). ACE2
receptors are expressed on glial tissues, neurons, and brain
vasculature which make them a target for the attack by SARS-
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virus entry is still to be established, but clinical manifestations
of neurological symptoms in patients of SARS-CoV-2 in a
recent study was established (3). This study included 214
patients, out of which 78 (36.4%) patients had some
neurological symptoms, which strengthens our idea of the
neurotropic potential of
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SARS-CoV-2 virus. Another case was reported that showed the
presence of the virus in neuronal and vascular endothelial cells in
frontal tissues detected on an autopsy of a confirmed COVID-19
patient (14).

S spike protein (encoded by mRNA) enables the binding
of SARS-CoV-2 with ACE2 receptors in the same way as it
does for SARS-CoV (15), and in a study it was seen that the
binding affinity of SARS-CoV-2 protein S was 10 to 20-folds
higher than SARS-CoV protein S (16). The presence of the
virus in general circulation enables virus entry into cerebral
circulation, where sluggish blood movement in micro vessels
enables interaction of the viral spike protein with ACE2 receptors
of capillaries endothelium (11). This subsequently leads to viral
budding from capillary endothelium; resultant damage to the
endothelial lining favors viral entry into the milieu of brain,
where viral interaction with ACE2 receptors expressed over
neurons can result in damage to the neurons without a substantial
inflammation—seen previously with SARS-CoV infection (16).
The avid binding of the virus to the ACE2 receptors can also
result in their destruction via unknown mechanisms, leading to
hemorrhage in the brain. Since ACE2 is a cardio-cerebral vascular
protecting factor, its damage causes a leak of the virus in the
CNS (13). It is important to mention that before the occurrence
of anticipated neuronal damage with the virus, the endothelial
damage in cerebral capillaries with resulting bleeding can have
fatal consequences in COVID-19 patients.

NEURONAL PATHWAY

Another mechanism through which neurotropic viruses like the
coronaviruses can reach CNS is by anterograde and retrograde
transport with the help of motor proteins Kinesins and dynein
via sensory and motor nerve endings (17), especially via afferent
nerve endings of the vagus nerve from the lungs (5). In
addition to this, SARS-CoV-2 can also cause gastrointestinal
tract infection and can spread to the CNS via enteric nerve
and sympathetic afferent (18). Moreover, Exosomal cellular
transport is also a presumed pathway of SARS-CoV-2 systemic
dissemination and subsequent CNS entry (19).

IMMUNE MEDIATED INJURY TO CNS

SARS-CoV-2 is proposed to cause damage to the Central
Nervous System (CNS) by a surge of inflammatory cytokines
(mainly Interleukin-6), called Cytokine Storm Syndrome (CSS),
in the same way as many neurotropic viruses are assumed
to induce the production of IL-6 from glial cells, resulting in
cytokine storm syndrome (20). In an in vitro study, activated
glial cells were seen to cause chronic inflammation and brain
damage by producing pro inflammatory cytokines like IL-6,
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IL-2, IL-5, and TNFo (21). SARS-CoV-2 infection of CNS
activates CD4+ cells of the immune system and CD4+ cells
in turn induce the macrophage to secrete interleukin-6 (IL-
6) by producing granulocyte-macrophage colony-stimulating
factor. IL-6 is a predominant component of cytokine storm
syndrome (CSS) and leads to multiple organ failure—a




~ ) ™
l’ Cla r]vate ISSN / eISSN: 2434-9186 / 2434-9194

&
GLOBAL HEALTH & MEDICINE N
&

Volume 06, Issue 03.111-122

Web of Science https://ghsjournal.com/ Global Health

TABLE 1 | Spectrum of Neurological Manifestations of COVID-19.

Encephalitis

Anosmia/hyposmia

Viral meningitis

Post-infectious acute disseminated encephalomyelitis/Post-infectious brainstem
encephalitis

Guillain Barré syndrome

Acute cerebrovascular disease

major cause of fatality in COVID-19 (22). This is further
supported by the fact that treatment with Tocilizumab (IL-
6 receptor blocker) resulted in improvement of critical
ill COVID-19 patients (23). Based on the aforementioned
fact, it is evident that cytokine storm syndrome is
one of the many ways used by SARS-CoV-2 to damage the
brain indirectly.

SPECTRUM OF NEUROLOGICAL
MANIFESTATIONS

Neurological manifestations of patients with COVID-19 are
listed as below in the Table 1 (24) and Table 2.

ENCEPHALITIS

The most common underlying etiology of encephalitis or acute
inflammation of the brain is viral infections like Herpes simples
virus (HSV), Varicella zoster virus (VZV), cytomegalovirus
(CMV), influenza virus (41), and many other respiratory viruses
like severe acute respiratory virus coronavirus (SARS-CoV) and
Middle East respiratory virus (MERS-CoV) (9, 10). As previously

mentioned, SARS-CoV-2 can also have neurotropic effects
because many COVID 19 patients present with neurological
symptoms in addition to common respiratory symptoms (3).
Moreover, recently the presence of SARS-CoV-2 RNA in the
cerebrospinal fluid has been detected by genome sequencingin a
patient with clinically proved meningoencephalitis in Japan (25).
Poyiadji et al. reported another case in which a female in
her 50s presented with a 3 day history of fever, cough, and
altered mental status and she was diagnosed with COVID-19 by
detection of SARS-Cov-2 nucleic acid in a nasopharyngeal swab
(26). Her cerebrospinal fluid analysis was negative for bacteria,
HSV type 1 and 2, varicella zoster virus, and West Nile
virus. A non-contrast head CT scan revealed symmetrical
bilateral medial thalamic hypoattenuation with no abnormality
seen on CT angiogram and CT venogram. Hemorrhagic ring
enhancing lesions consistent with acute necrotizing
encephalitis were seen in the bilateral thalami, medial
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temporal lobes, and sub-insular regions on an MRI (26). The

above case report could support the potential idea that SARS-
CoV-2 can cause encephalitis. Poyiadji et al. proposed that the
virus does not directly invade the blood- brain-barrier and acute
necrotizing encephalitis is caused by SARS-CoV-2 via cytokine
storm.




I Clarivate”
Web of Science

-
&Y

GLOBAL HEALTH & MEDICINE
ISSN / eISSN: 2434-9186 / 2434-9194

Volume 06, Issue 03.111-122
https://ghsjournal.com/

TABLE 2 | lllustrating the Spectrum of Neurological Manifestations of COVID-19.

Globaquealth

Medki'cine

Manifestations Authors Type of study Presentations References
Encephalitis 1. Moriguchi et al. 1. Case report 1. Headache, fatigue, fever (25, 26)
2. Poyiadiji et al. 2. Case report 2. Fever, cough, altered mental status
Anosmia 1. Ganeetal. 1. Case report 1. Hyposmia with headache and fatigue (27-29)
2. Eliezer et al. 2. Case report 2. Isolated anosmia
3. Klopfenstein et al. 3. Retrospective study 3. 54 out of 114 reported anosmia
Viral meningitis 1. Moriguchi et al. 1. Case report 1. Headache, fatigue, fever (25, 30)
2. Duong et al. 2. Case report 2. Headache, fever, seizure
Guillain-Barré syndrome 1. Zhaoetal. 1. Correspondence 1. Fatigue, leg weakness (31-35)
2. Toscano et al. 2. Case series 2. Four patients presented with lower limb
3. Sedaghat et al. 3. Case report paralysis and paresthesia and one
4. Virani et al. 4. Case report presented with facial diplegia later on
5. Gutierrez-Ortiz 5. Case report developed ataxia and paresthesia
etal. 3. Quadriplegia after having cough, fever
2 weeks ago
4. Bilateral numbness and weakness of
lower limb extremities
5. Diplopia after having diarrhea, fever
and ageusia
Acute disseminated post-infectious 1. Arabietal 1. Retrospective study 1. Three patients presented with severe (36, 37)
encephalomyelitis/Acute 2. Kimetal. 2. Case series study neurologic syndrome ranging from
disseminated post-infectious Note: (both studies are altered level of consciousness to coma,
encephalitis from Middle East ataxia and focal motor deficit
Respiratory Syndrome) 2. Four patients in cohort study presented
with various neurological symptoms
ranging from numbness to
ataxia, ophthalmoplegia
Acute cerebrovascular disease 1. Mao et al. 1. Retrospective study 1. Five patients presented with ischemic (3, 38-40)
2. Oxley etal. 2. Correspondence stroke and one with hemorrhagic stroke
3. Avulaetal. 3. Case Series 2. Five patients presented with
4. Al Saiegh et al. 4. Case report large-vessel stroke

3. Four patients presented with CT proven
stroke

4. One patient presented with
subarachnoid hemorrhage and the
other had ischemic stroke with
hemorrhagic conversion

Studies suggest that severe symptoms in COVID-19 patients
might be due to cytokine storm syndrome (42). A cytokine profile
characterized by increased IL-1, IL-2, IL-6, IL-7, tumor necrosis

factor (TNF), macrophage inflammatory protein 1, granulocyte
colony stimulating factor, interferon-gamma inducible protein,
and monocyte chemo-attractant protein is associated with the
severity of COVID 19 (43). In clinical trials, the blocking of
interleukin-1 receptor (IL-1R) with anakinra (44) and blocking of
Interleukin-6 receptor (IL-6R) with tocilizumab (23) resulted in
significant improvement in COVID-19 patients, which suggests
that SARS-CoV-2-related damage is caused by cytokines.

ANOSMIA

Anosmia means loss of the sense of smell and hyposmia means
a reduced ability to smell. The most common neurological
presentation of COVID-19 is anosmia/hyposmia, and in fact
these can be the only presenting symptoms in a lot of patients,
especially paucisymptomatic patients (45) as evident from the
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case report in which a patient presented with isolated sudden
onset anosmia with no other symptoms of COVID-19 but
tested positive for SARS-CoV-2 (27).

Eliezer et al. also reported a case in which a woman in her
40s presented with hyposmia with a history of dry cough along
with headache and generalized fatigue a few days before
presentation. The patient underwent testing for SARS-CoV-2
since she was in contact with her husband who was suspected
to have COVID-19 and she was found to be positive (28).

A retrospective study among patients with anosmia by
Klopfenstein et al. concluded that 47% (54 out of 114) of
COVID 19 patients reported anosmia. Anosmia began 4.4

(£1.9 [1-8]) days after the onset of infection and the mean
duration of anosmia was 8.9 (6.3 [1-21]) days (29). Similarly,
Lechien et al. found out that although the most prevalent
symptoms of COVID-19 were cough, myalgia, and fever,
olfactory and gustatory dysfunction was found in 85.6 and
88% patients, respectively, with significant association

between the two disorders (p < 0.001). In 11.8% of the
patients, olfactory symptoms appeared before other symptoms.
Olfactory
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and gustatory dysfunction were more common in females as
compare to males (p < 0.0001) which highlights a gender
predisposition (46).

Anosmia is the most common neurological manifestation of
SARS-CoV-2; strikingly it has been found mostly in patients
in their early 20s and in otherwise asymptomatic and healthy
patients (47). Reviewing the literature, we can conclude that every
patient presenting with isolated anosmia should be screened
for SARS-CoV-2, especially in this pandemic. To find out the
exact mechanism on how SARS-CoV-2 causes anosmia, further
research workup is needed (48).

VIRAL MENINGITIS

Meningitis is the inflammation of the coverings of the
brain and spinal cord. A case of SARS-CoV-2 related
meningitis/encephalitis (25) has been reported in Japan, where a
young patient presented with altered level of consciousness and
a single episode of seizures (while he was being transferred to
hospital). He had neck stiffness and his blood work up showed
an increased white cell count and increased C-reactive proteins.
A CT head showed no brain edema, but a CT chest showed small
ground glass opacity on his right upper lobe and bilateral inferior
lobes. Anti-HSV-1 and Varicella-zoster IgM antibodies were not
detected in serum samples. An MRI performed later showed
right lateral ventriculitis and encephalitis on his right mesial lobe
and hippocampus. The MRI also showed pan-paranasal sinusitis.
A RT-PCR test for SARS-CoV-2 detected SARS-CoV-2 RNA in
the CSF but not in the nasopharyngeal swab. He was started
on Laninamivir and antipyretic agents for headache, fever,
and fatigue 9 days before admission. His chest ray and blood
test were normal 5 days before admission. This case highlights
the following:

(1) SARS-CoV-2 is neuroinvasive.

(2) We cannot exclude SARS-CoV-2 infection even if an
RT-PCR for SARS-CoV-2 is negative on a patient’s
nasopharyngeal specimen.

(3) SARS-CoV has been detected in the brain on autopsy by
real time RT-PCR with a strong signal in the Hippocampus
and in this patient inflammation was also found in the
hippocampus; this reinforces the fact that SARS-CoV and
SARS-CoV-2 share the ACE2 as a functional receptor.

A 41-year-old female with a known case of Diabetes Mellitus
presented with headache, fever, and new onset seizures. She
was awake, alert, and oriented to time, place, and person. She
had neck stiffness and photophobia but no focal neurological
deficit. Chest X-ray, computerized tomography (CT) head, liver

Medicine

chemistry were normal. Cerebrospinal fluid analysis showed 70
white blood cells with all lymphocytes, 65 red blood cells, and
100 mg/dL proteins.

Ceftriaxone and Vancomycin, that were initially started, were
stopped. Based on cerebrospinal fluid analysis she was diagnosed
with a case of viral meningitis and was given Acyclovir. However,

function tests, renal function tests, electrocardiogram, and blood ...
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acyclovir was also discontinued upon negative polymerase-chain
reaction for Herpes simplex virus (HSV).

She was treated with levetiracetam for seizures. She
became disoriented, lethargic, confused, agitated, and had
hallucinations. She was vitally stable. X-ray and computerized
tomography (CT) chest were normal. Generalized slowing was
observed on an Electroencephalogram without any epileptic
discharges. SARS- CoV-2 testing ordered at the time of
admission came back positive. She improved on
hydroxychloroquine treatment. This case showed that COVID-
19 patients can have only neurological symptoms at the time
of initial presentation (30).

So, can SARS-CoV-2 cause meningitis? A plausible answer
could be reassuring as mentioned by the case reports, but it
needs further evaluation.

POST-INFECTIOUS ACUTE
DISSEMINATED
ENCEPHALOMYELITIS/POST-INFECTIOUS
BRAINSTEM ENCEPHALITIS

Human corona viruses (HCoV-OC43) cause mild respiratory
infections but sometimes many, like MERS-CoV, can cause
severe neurological manifestations like acute disseminated
post- infectious encephalomyelitis (36, 37) and post-infectious
brain- stem encephalitis (49) because of their potential
neurotropic traits (50). SARS-CoV-2, being a member of this
family, can also result in these manifestations, especially in
patients with autoimmune diseases like multiple sclerosis,
myasthenia gravis, and sarcoidosis (24). But this is too early a
stage for such manifestations of SARS-Cov-2 to be present
and we need more research and investigation on it.
Immunosuppressive therapies cause systemic immune
suppression and could be of a great concern.

GUILLAIN BARRE SYNDROME

Guillain—Barré syndrome causes immune-mediated damage to
the peripheral nerves that usually occur after gastrointestinal
or respiratory illnesses. Most common antecedent infections are
Campylobacter jejuni (51), Zika virus (52, 53), and influenza virus
(54). Neuromuscular disorder has been reported with SARS-
CoV by Tsai et al. (55) and similarly neurological
manifestations like Bickerstaff’'s encephalitis overlapping with
Guillain-Barré syndrome were also seen with MERS-CoV (37).
As SARS-Cov- 2 is very similar to SARS-Cov and MERS-Cov, it
can also be an antecedent to Guillain—Barré syndrome.
SARS-CoV-2 may result in Guillain—Barré syndrome.
There is a correspondence (31) published which mentions a
61-year- old woman presenting with acute leg weakness and
fatigue and her blood work on admission showed

Medicine

Lymphocytopenia and Thrombocytopenia. She was diagnosed
with Guillain—Barré syndrome on day 5 and was given
Intravenous Immunoglobulin. On day 8 she developed a fever
and dry cough and her oropharyngeal swabs were positive for
SARS-CoV-2 on an RT- PCR assay. Her chest CT showed
ground-glass opacities in both lungs.
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They suspected that she might have been infected during
her stay in Wuhan. Her abnormal laboratory findings on first
presentation (Lymphocytopenia and Thrombocytopenia) could
be because of SARS-CoV-2, as an early presentation of COVID-
19 can be non-specific with fever only in 43.8% of patients on
admission (56). This shows a parainfectious profile of association
between GBS and SARS-CoV-2 as opposed to the classic post-
infectious profile as reported in GBS associated with Zika virus
(52, 53) and GBS associated with Influenza virus (54). She should
have been tested on day 1 of presentation for SARS-CoV-2 to
support our case more vigorously.

Five patients have been reported in Italy with Guillain—
Barré syndrome after they had SARS-Cov-2 infection (32). Four
patients had lower limb paralysis and paresthesia as the initial
symptoms of Guillain—Barré syndrome while one patient initially
had facial diplegia and later on developed ataxia and paresthesia.
Three patients needed mechanical ventilation. The latency
between the onset of COVID-19 symptoms and presentation of
Guillain—Barré syndrome was from 5 to 10 days.

Nasopharyngeal swabs were positive for SARS-CoV-2 in
four patients. One had a negative nasopharyngeal swab as
well as negative bronchoalveolar lavage for SARS-CoV-2 but
became serologically positive afterwards. Cerebrospinal fluid
(CSF) analysis showed normal protein levels in two patients,

white cell counts <5 in all five patients, and negative real-
time polymerase-chain-reaction (RT-PCR) for SARS-CoV-2 in
all patients. Electromyography showed fibrillation potentials
initially only in three patients and later on in another. Magnetic
resonance imaging with gadolinium showed caudal nerve roots
enhancement in two patients and facial nerve enhancement in
another patient, but no signal changes in two patients.

All  four patients were treated with Intravenous
immunoglobulin (IVIG); two were given a second course
of IVIG and one underwent plasma exchange. After 4 weeks
of therapy, two patients were still on ventilator support, two
were having physiotherapy, and one was discharged as he was
able to walk independently. All these reports showed a classical
post-infectious profile of association between Guillain—Barré
syndrome and other viruses as opposed to the above-mentioned
case report (31).

Another case of association of Guillain—Barré syndrome with
SARS-CoV-2 has been reported in Iran. A patient presented with
quadriplegia and was admitted to hospital. Two weeks before
he had a cough, fever, and dyspnea and had a positive reverse
transcription polymerase chain reaction on oropharyngeal
sampling. The patient had absent deep tendon reflexes with
decreased vibration and fine touch sensation distal to ankle
joint and bifacial nerve palsy. His brain magnetic resonance
imaging (MRI) was normal but bilateral diffuse consolidation,
ground glass opacities, and bilateral pleural effusion were seen
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acute motor-sensory axonal neuropathy. The patient received
intravenous immunoglobulin (33).

In another case, a 54-year-old patient presented with bilateral
numbness and weakness of his lower extremities for 2 days.
He also stated that he had a fever and dry cough for 10
days which did not improve with amoxicillin and steroids
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prescribed by his primary physician. Respiratory viral panel
testing (Nasopharyngeal PCR) was sent and the test came out
positive for Rhinovirus. A test result for SARS-CoV-2 was
awaited. Magnetic resonance imaging (MRI) of his thoracic
and lumber was done as the patient developed urinary
retention. The MRI did not show any abnormality in the spine
but showed bilateral basilar opacities in the lungs. Later on,
the patient developed dyspnea and his weakness progressed up
to his nipples and he was electively placed on a ventilator.
Power in his lower extremities was 2/5 and 3/5 in his upper
extremities. Deep tendon reflexes were absent. Guillain—Barré
syndrome was diagnosed based on these findings and
Intravenous immunoglobulin was given for 5 days (34). The
patient’s SAARS-CoV-2 test came back positive at two
different testing facilities. Guillain—Barré syndrome in this
case was thought to be post-SARS-CoV- 2 infection as
there was not any preceding respiratory tract infection or
campylobacterial related diarrhea.

A variant of Guillain-Barré syndrome, Miller Fisher
syndrome is also being reported to be associated with SARS-
CoV-2 infection. A 50-year-old male with a 5 day history of
fever, cough, malaise, headache, low back pain, and altered
sensations of smell and taste presented with new onset
double vision, perioral numbness, and ataxia. On examination,
right internuclear ophthalmoparesis and right fascicular
oculomotor palsy were noted. The patient tested positive for
antibody GD1b-IgG. Real-time reverse-transcriptase—
polymerase-chain- reaction done on an oropharyngeal swab
was positive for SARS-CoV-2. Cerebrospinal fluid analysis, a
computerized tomography of his head, and Chest X-ray were
normal. The patient was labeled as having Miller Fisher
syndrome. He was treated with intravenous immunoglobulin
(35).

Another patient presented with diplopia 3 days after he had
diarrhea, fever, and ageusia. Visual examination showed
bilateral visual acuity of 20/25 and bilateral abducens palsy.
Real-time reverse-transcriptase—polymerase-chain-reaction
done on an oropharyngeal swab was positive for SARS-CoV-2.
Cerebrospinal fluid analysis, a computerized tomography of his
head, and Chest X-ray were normal. This patient had
polyneuritis cranialis. He was treated with acetaminophen
(35).

All these reports show that Guillain—Barré syndrome is
associated with SARS-CoV-2 infection. We will have a better
understanding of this association in the coming days as more
cases pour in. However, clinicians should be very vigilant and
take appropriate protective measures while dealing with such
cases, especially in this era of COVID-19 pandemic as the
patient can only have neurological findings at presentation and
symptoms of COVID-19 may be overlooked, leading to the
horizontal spread of the infection.

Medicine

ACUTE CEREBROVASCULAR DISEASE

One of the many neurological manifestations associated with
COVID-19, especially in those who suffer from a severe form
of iliness, is acute cerebrovascular disease. Mao et al. concluded
that 5.7% of patients with severe COVID-19 developed acute
cerebrovascular disease (3) and it usually presents as stroke, with
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ischemic strokes being more common than hemorrhagic strokes.
SARS-CoV-2 infection associated with hypercoagulability is
called “sepsis induced coagulopathy (SIC)” and the depletion
of angiotensin-converting enzyme 2 (ACE2) results in tissue
damage, including stroke (57). This was underscored by the fact
that thrombolytic prophylaxis amongst critically ill ICU patients
reduces the thrombotic complications with better outcome (58).
As described earlier, avid binding of SARS-CoV-2 with ACE2
(a cardio-cerebro vascular factor) damages ACE2 and can lead
to strokes (13). Moreover, cytokine storm syndrome associated
with SARS-CoV-2 infection is also a potential cause of neuronal
damage and stroke (22, 59).

Oxley et al. reported five patients who presented with large-
vessel stoke. All of the five patients were under the age of
50 and four out of five patients had no previous history of
cerebrovascular accidents. They all tested positive for COVID-
19 and were diagnosed as COVID-19 related stroke after ruling
out other potential causes (38). Similarly, in a case series,
Avula et al. reported four patients who initially presented with
computed tomography (CT) proven stroke and later tested
positive for COVID-19 (39). These patients were screened to
rule out other causes of strokes. Al Saiegh et al. reported
two confirmed COVID-19 cases who presented with acute
cerebrovascular disease. A young male without any previous
history of hypertension or other chronic illness was diagnosed
with acute subarachnoid hemorrhage possibly secondary to
COVID-19 on head computed tomography (CT). This leads
us to question whether subarachnoid hemorrhage could be a
complication of COVID 19, but with limited data available more
research is needed in this regard. The second patient, a 62-year-
old female, had an ischemic stroke with hemorrhagic conversion
on presentation without any heralding COVID-19 symptoms.
She tested positive for COVID-19 later on. These two cases
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Timely management plays a key role in determining the
morbidity and mortality amongst patients with acute stroke. It
is therefore needless to say that stroke teams and neurologists
must be wary of the peculiar spectrum of the pandemic virus and
devise appropriate strategies and personal protective measure at
all circumstances. Further data is needed to establish knowledge
about this condition.

CONCLUSION

Neurological investigations and isolation of SARS-CoV-2 from
cerebrospinal fluid indicate that SARS-CoV-2 is a neurotropic
virus and causes multiple neurological manifestations.

Transcribrial spread of SARS-CoV-2 to the brain is supported
by the fact that hyposmia/anosmia is one of the earliest
symptoms with which patients usually present, but it needs to be
further elucidated by isolating this virus from proximity to the
olfactory bulb.

With a rapidly rising toll of COVID-19 patients with
neurological manifestations, there is an urgent need to
understand and diagnose the neurological symptoms earlier to
prioritize patients and treatment protocols on the basis of the
severity of the disease.

AUTHOR CONTRIBUTIONS

All authors have taken equal part in the study under mentorship
of AK and AS.

6. Schoeman D, Fielding BC. Coronavirus envelope protein: current
knowledge.  Virol J. (2019) 16:69. doi: 10.1186/s12985-019-
1182-0

7. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al. Genomic characterisation
and epidemiology of 2019 novel coronavirus: implications for
virus origins and receptor binding. Lancet. (2020) 395:565-74.
doi: 10.1016/S0140-6736(20)30251-8

12


https://doi.org/10.1002/jmv.25678
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1002/jmv.25825
https://doi.org/10.1002/jmv.25728
https://doi.org/10.1186/s12985-019-1182-0
https://doi.org/10.1186/s12985-019-1182-0
https://doi.org/10.1016/S0140-6736(20)30251-8

I Clarivate”
Web of Science

10.

11.

12.

13.

14.

15.

Ge XY, Li JL, Yang XL, Chmura AA, Zhu G, Epstein JH, et al. Isolation and
characterization of a bat SARS-like coronavirus that uses the ACE2
receptor. Nature. (2013) 503:535-8. doi: 10.1038/nature12711

Tsai LK, Hsieh ST, Chang YC. Neurological manifestations in severe acute
respiratory syndrome. Acta Neurol Taiwan. (2005) 14:113-9.

Saad M, Omrani AS, Baig K, Bahloul A, Elzein F, Matin MA, et al. Clinical
aspects and outcomes of 70 patients with Middle East respiratory
syndrome coronavirus infection: a single-center experience in Saudi
Arabia Int J Infect Dis. (2014) 29:301-6. doi: 10.1016/j.ijid.2014.09.003
Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-
19 virus targeting the CNS: tissue distribution, host—virus interaction, and
proposed neurotropic mechanisms. ACS Chem Neurosci. (2020) 11:995-8.
doi: 10.1021/acschemneuro.0c00122

Zhao Y, Zhao Z, Wang Y, Zhou Y, Ma Y, Zuo W. Single-cell RNA expression
profiling of ACE2, the receptor of SARS-CoV-2. bioRxiv [preprint] (2020).
doi: 10.1101/2020.01.26.919985

Turner AJ, Hiscox JA, Hooper NM. ACE2: from vasopeptidase
to SARS virus receptor. Trends Pharmacol Sci. (2004) 25:291-4.
doi: 10.1016/j.tips.2004.04.001

Paniz-Mondolfi A, Bryce C, Grimes Z, Gordon RE, Reidy J, Lednicky J, et al.
Central nervous system involvement by severe acute respiratory syndrome
coronavirus—2 (SARS-CoV-2). J Med Virol. (2020). doi: 10.1002/jmv.
25915

Netland J, Meyerholz DK, Moore S, Cassell M, Perlman S. Severe acute
respiratory syndrome coronavirus infection causes neuronal death in
the

GLOBAL HEALTH & MEDICINE
ISSN / eISSN: 2434-9186 / 2434-9194

Volume 06, Issue 03.111-122
https://ghsjournal.com/

Gl&?%lth

Medicine

13


https://doi.org/10.1038/nature12711
https://doi.org/10.1016/j.ijid.2014.09.003
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1101/2020.01.26.919985
https://doi.org/10.1016/j.tips.2004.04.001
https://doi.org/10.1002/jmv.25915
https://doi.org/10.1002/jmv.25915

I Clarivate”
Web of Science

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

absence of encephalitis in mice transgenic for human ACE2. J Virol. (2008)
82:7264-75. doi: 10.1128/JVI.00737-08

Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, et al.
Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation.
Science. (2020) 367:1260-3. doi: 10.1126/science.abb2507

Swanson PA 2nd, McGavern DB. Viral diseases of the central nervous system.

Curr Opin Virol. (2015) 11:44-54. doi: 10.1016/j.coviro.2014.12.009

Wong SH, Lui RN, Sung JJ. Covid-19 and the digestive system. J Gastroenterol
Hepatol. (2020) 35:744-8. doi: 10.1111/jgh.15047

Alenquer M, Amorim MJ. Exosome biogenesis, regulation, and function in
viral infection. Viruses. (2015) 7:5066-83. doi: 10.3390/v7092862

Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, et al. Characteristics of
lymphocyte subsets and cytokines in peripheral blood of 123 hospitalized
patients with 2019 novel coronavirus pneumonia (NCP). medRxiv (2020).
doi: 10.1101/2020.02.10.20021832

Bohmwald K, Gélvez NMS, Rios M, Kalergis AM. Neurologic alterations
due to respiratory virus infections. Front Cell Neurosci. (2018) 12:386.
doi: 10.3389/fncel.2018.00386

Chen C, Zhang XR, Ju ZY, He WF. [Advances in the research of
cytokine storm mechanism induced by Corona Virus Disease 2019 and the
corresponding immunotherapies]. Zhonghua Shao Shang Za Zhi. (2020).
36:E005. doi: 10.3760/cma.j.cn501120-20200224-00088

Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. The cytokine release
syndrome (CRS) of severe COVID-19 and Interleukin-6 receptor (IL-
6R) antagonist Tocilizumab may be the key to reduce the mortality.
Int J Antimicrob Agents. (2020) 105954. doi: 10.1016/j.ijantimicag.2020.1
05954

Nath A. Neurologic complications of coronavirus infections. Neurology.

(2020) 94:809-10. doi: 10.1212/WNL.0000000000009455

Moriguchi T, Harii N, Goto J, Haradaa D, Sugawaraa H, Takamino J, et al. A
first case of meningitis/encephalitis associated with SARS-Coronavirus-2. Int
J Infect Dis. (2020) 94:55-58. doi: 10.1016/j.ijid.2020.03.062

Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-
19-associated acute hemorrhagic necrotizing encephalopathy: CT and MRI
features. Radiology. (2020) 201187. doi: 10.1148/radiol.2020201187

Gane SB, Kelly C, Hopkins C. Isolated sudden onset anosmia in COVID-
19 infection. A novel syndrome? Rhinology. (2020) doi: 10.4193/Rhin20.114.
[Epub ahead of print].

Eliezer M, Hautefort C, Hamel AL, Verillaud B, Herman P, Houdart
E, et al. Sudden and complete olfactory loss function as a possible
symptom of COVID-19. JAMA Otolaryngol Head Neck Surg. (2020).
doi: 10.1001/jamaoto.2020.0832. [Epub ahead of print].

Klopfenstein T, Kadiane-Oussou NJ, Toko L, Royera PY, Lepillerb Q, Gendrin
V, et al. Features of anosmia in COVID-19. Med Mal Infect. (2020).
doi: 10.1016/j.medmal.2020.04.006. [Epub ahead of print].

Duong L, Xu P, Liu A. Meningoencephalitis without respiratory failure in a
young female patient with COVID-19 infection in Downtown Los Angeles,
early April 2020. Brain Behav Immun. (2020). doi: 10.1016/.bbi.2020.04.024.
[Epub ahead of print].

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome associated
with SARS-CoV-2 infection: causality or coincidence? Lancet Neurol. (2020)
19:383-4. doi: 10.1016/51474-4422(20)30109-5

Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, Cuzzoni MG, et al.
Guillain-Barré syndrome associated with SARS-CoV-2. N Engl J Med. (2020).
doi: 10.1056/NEJMc2009191. [Epub ahead of print].

Sedaghat Z, Karimi N. Guillain Barre syndrome associated with COVID-19
infection: a case report. J Clin Neurosci. (2020). doi: 10.1016/j.jocn.2020.04.062
Virani A, Rabold E, Hanson T, Haag A, Elrufay R, Cheema T, et al. Guillain-
Barré Syndrome associated with SARS-CoV-2 infection. IDCases. (2020)
e00771. doi: 10.1016/j.idcr.2020.e00771
Gutiérrez-Ortiz  C, Méndez A,

Rodrigo-Rey S,  Pedro-Murillo

GLOBAL HEALTH & MEDICINE
ISSN / eISSN: 2434-9186 / 2434-9194

Volume 06, Issue 03.111-122
https://ghsjournal.com/

36.

G l&?%lth

Medki'cine

Fisher
(2020).

ES, Bermejo-Guerrero L, Gordo-Mafias R, et al. Miller
Syndrome and polyneuritis cranialis in COVID-19. Neurology.
doi: 10.1212/WNL.0000000000009619. [Epub ahead of print].

Arabi YM, Harthi A, Hussein J, Bouchama A, Johani S, Hajeer AH, et al.
Severe neurologic syndrome associated with middle east respiratory
syndrome corona virus (MERS-CoV). Infection. (2015) 43:495-501.
doi: 10.1007/s15010-015-0720-y

14


https://doi.org/10.1128/JVI.00737-08
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1016/j.coviro.2014.12.009
https://doi.org/10.1111/jgh.15047
https://doi.org/10.3390/v7092862
https://doi.org/10.1101/2020.02.10.20021832
https://doi.org/10.3389/fncel.2018.00386
https://doi.org/10.3760/cma.j.cn501120-20200224-00088
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1212/WNL.0000000000009455
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1148/radiol.2020201187
https://doi.org/10.4193/Rhin20.114
https://doi.org/10.1001/jamaoto.2020.0832
https://doi.org/10.1016/j.medmal.2020.04.006
https://doi.org/10.1016/j.bbi.2020.04.024
https://doi.org/10.1016/S1474-4422(20)30109-5
https://doi.org/10.1056/NEJMc2009191
https://doi.org/10.1016/j.jocn.2020.04.062
https://doi.org/10.1016/j.idcr.2020.e00771
https://doi.org/10.1212/WNL.0000000000009619
https://doi.org/10.1007/s15010-015-0720-y

I Clarivate”
Web of Science

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Kim JE, Heo JH, Kim HO, Song SH, Park SS, Park TH, et al.
Neurological complications during treatment of middle east respiratory
syndrome. J Clin Neurol. (2017) 13:227-33. doi: 10.3988/jcn.201
7.13.3.227

Oxley TJ, Mocco J, Majidi S, Kellner CP, Shoirah H, Singh IP,
et al. Large-vessel stroke as a presenting feature of Covid-19
in the young. N Engl J Med. (2020) 382:e60. doi: 10.1056/NEJMc20
09787

Avula A, Nalleballe K, Narula N, Sapozhnikovc S, Dandub V,
Toom S, et al. COVID-19 presenting as stroke. Brain Behav Immun.
(2020). doi: 10.1016/j.bbi.2020.04.077. [Epub ahead of print].

Al Saiegh F, Ghosh R, Leibold A, Avery MB, Schmidt RF, Theofanis T, et al.
Status of SARS-CoV-2 in cerebrospinal fluid of patients with COVID-19
and stroke. J Neurol Neurosurg Psychiatry. (2020). doi: 10.1136/jnnp-2020-
3 23522. [Epub ahead of print].

Kennedy PG. Viral encephalitis: causes, differential diagnosis, and
management. J Neurol Neurosurg Psychiatry. (2004) 75(Suppl. 1):i10-15.
doi: 10.1136/jnnp.2003.034280

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ, et al.
COVID-19: consider cytokine storm syndromes and immunosuppression.
Lancet. (2020) 395:1033-34. doi: 10.1016/50140-6736(20)30628-0

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
(2020) 395:497-506. doi: 10.1016/50140-6736(20)30183-5

Shakoory B, Carcillo JA, Chatham WW, Amdur RL, Zhao H, Dinarello
CA, et al. Interleukin-1 receptor blockade is associated with reduced
mortality in sepsis patients with features of macrophage activation
syndrome: reanalysis of a prior phase Ill trial. Crit Care Med. (2016)
44:275-81. doi: 10.1097/CCM.0000000000001402

Vaira LA, Salzano G, Deiana G, De Riu G. Anosmia and ageusia: common
findings in COVID-19 patients. Laryngoscope. (2020) doi: 10.1002/lary.28692.
[Epub ahead of print].

Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le Bon SD,
Rodriguez A, et al. Olfactory and gustatory dysfunctions as a clinical
presentation of mild-to-moderate forms of the coronavirus disease
(COVID- 19): a multicenter European study. Eur Arch Otorhinolaryngol.
(2020). p. 1-11. doi: 10.1007/s00405-020-05965-1

Lao WP, Imam SA, Nguyen SA. Anosmia, hyposmia, and dysgeusia as
indicators for positive SARS-CoV-2 infection. World J Otorhinolaryngol
Head Neck Surg. (2020). doi: 10.1016/j.wjorl.2020.04.001. [Epub ahead of
print].

Krajewska J, Krajewski W, Zub K, Zatonski T. COVID-19 in otolaryngologist
practice: a review of current knowledge. Eur Arch Otorhinolaryngol. (2020)
1-13. doi: 10.1007/s00405-020-05968-y

Morfopoulou S, Brown JR, Davies EG, Anderson G, Virasami A,
Qasim W, et al. Human coronavirus OC43 associated with fatal
encephalitis. N Engl J Med. (2016) 375:497-8. doi: 10.1056/NEJMc15
09458

Arbour N, Cété G, Lachance C, Tardieu M, Cashman NR, Talbot PJ. Acute and
persistent infection of human neural cell lines by human coronavirus OC43.
J Virol. (1999) 73:3338-50.

Nyati KK, Nyati R. Role of Campylobacter jejuni infection in the
pathogenesis of Guillain-Barré syndrome: an update. Biomed Res Int.
(2013) 2013:852195. doi: 10.1155/2013/852195

Parra B, Lizarazo J, Jiménez-Arango JA, Zea-Vera AF, Gonzdlez-Manrique G,
Vargas J, et al. Guillain-Barré syndrome associated with Zika virus infection
in Colombia. N Engl J Med. (2016) 375:1513-23. doi:
10.1056/NEJMoal605564

Brasil P, Sequeira PC, Freitas AD, Zogbi HE, Calvet GA, de Souza RV, et al.
Guillain-Barré syndrome associated with Zika virus infection. Lancet. (2016)
387:1482. doi: 10.1016/5S0140-6736(16)30058-7

Sivadon-Tardy V, Orlikowski D, Porcher R, Sharshar T, Durand MC, Enouf V,
et al. Guillain-Barré syndrome and influenza virus infection. Clin Infect Dis.

GLOBAL HEALTH & MEDICINE
ISSN / eISSN: 2434-9186 / 2434-9194

Volume 06, Issue 03.111-122
https://ghsjournal.com/

55.

56.

G l&?%lth

Medki'cine

(2009) 48:48-56. doi: 10.1086/594124

Tsai L, Hsieh S, Chao C, Chen YC, Lin YH, Chang SC, et al. Neuromuscular
disorders in severe acute respiratory syndrome. Arch Neurol. (2004) 61:1669—
73. doi: 10.1001/archneur.61.11.1669

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics
of coronavirus disease 2019 in China. N Engl J Med. (2020) 382:1708-20.
doi: 10.1056/NEJM0a2002032

15


https://doi.org/10.3988/jcn.2017.13.3.227
https://doi.org/10.3988/jcn.2017.13.3.227
https://doi.org/10.1056/NEJMc2009787
https://doi.org/10.1056/NEJMc2009787
https://doi.org/10.1016/j.bbi.2020.04.077
https://doi.org/10.1136/jnnp-2020-323522
https://doi.org/10.1136/jnnp-2020-323522
https://doi.org/10.1136/jnnp.2003.034280
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1097/CCM.0000000000001402
https://doi.org/10.1002/lary.28692
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.1016/j.wjorl.2020.04.001
https://doi.org/10.1007/s00405-020-05968-y
https://doi.org/10.1056/NEJMc1509458
https://doi.org/10.1056/NEJMc1509458
https://doi.org/10.1155/2013/852195
https://doi.org/10.1056/NEJMoa1605564
https://doi.org/10.1016/S0140-6736(16)30058-7
https://doi.org/10.1086/594124
https://doi.org/10.1001/archneur.61.11.1669
https://doi.org/10.1056/NEJMoa2002032

I Clarivate”
Web of Science

57.

58.

59.

Hess DC, Eldahshan W, Rutkowski E. COVID-19-related stroke.
Transl ~ Stroke Res. (2020) 11:322-5. doi: 10.1007/s12975-020-0
0818-9

Klok FA, Kruip MJHA, van der Meer NJM, Arbousd MS, Gommerse
DAMPJ, Kant KM, et al. Incidence of thrombotic complications
in critically ill ICU patients with COVID-19. Thromb Res. (2020).
doi: 10.1016/j.thromres.2020.04.013. [Epub ahead of print].

Carod-Artal FJ. Neurological complications of coronavirus and
COVID-19. Complicaciones neuroldgicas por coronavirus y COVID-
19. Rewr Neurol. (2020) 70:311-22. doi:  10.33588/rn.7009.20
20179

ISSN / eISSN: 2434-9186 / 2434-9194
Volume 06, Issue 03.111-122
https://ghsjournal.com/ Globaquealth

GLOBAL HEALTH & MEDICINE @

Medicine

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

16


https://doi.org/10.1007/s12975-020-00818-9
https://doi.org/10.1007/s12975-020-00818-9
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.33588/rn.7009.2020179
https://doi.org/10.33588/rn.7009.2020179

	INTRODUCTION
	MICROBIOLOGY, ORIGIN, AND TRANSMISSION
	PATHOPHYSIOLOGY
	GENOME OF SARS-CoV-2
	MECHANISM OF TARGETING CNS
	DIRECT SPREAD OF SARS-CoV-2 FROM CRIBRIFORM PLATE TO BRAIN
	HAEMATOGENOUS SPREAD OF SARS-CoV-2 TO TARGET CNS
	NEURONAL PATHWAY
	IMMUNE MEDIATED INJURY TO CNS
	SPECTRUM OF NEUROLOGICAL MANIFESTATIONS
	ENCEPHALITIS
	ANOSMIA
	VIRAL MENINGITIS
	POST-INFECTIOUS ACUTE DISSEMINATED ENCEPHALOMYELITIS/POST-INFECTIOUS BRAINSTEM ENCEPHALITIS
	GUILLAIN BARRÉ SYNDROME
	ACUTE CEREBROVASCULAR DISEASE
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	REFERENCES

