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Abstract

Aside from the respiratory distress as the predominant clinical presentation of SARS-CoV-2 infection, various neurological
complications have been reported with the infection during the ongoing pandemic, some of which cause serious morbidity
and mortality. Herein, we gather the latest anatomical evidence of the virus’s presence within the central nervous system.
We then delve into the possible SARS-CoV-2 entry routes into the neurological tissues, with the hematogenous and the
neuronal routes as the two utmost passage routes into the nervous system. We then give a comprehensive review of the neu-
rological manifestations of the SARS-CoV-2 invasion in both the central and peripheral nervous system and its underlying

pathophysiology via investigating large studies in the field and case reports in cases of study scarcity.
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Introduction

In 2019, novel cases of pneumonia of unknown cause in
Wuhan, China, were reported (Disease outbreak news 2019)
(Disease (Disease outbreak news 2019), and later that year,
the underlying pathogen was designated as severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2). Declared
by World Health Organization (WHO), the coronavirus dis-
ease 2019 (COVID-19) caused a global pandemic, posing a
major public health crisis (World Health Organization 2019;
Wuhan Municipal Health Commission 2020). As of Decem-
ber 2020, over 67 million cases with SRAS-CoV-2 infection
have been reported, with more than a million and a half
casualties worldwide (World Health Organization 2020).
SARS-CoV-2 can infect all age groups, regardless of
gender, ethnicity, and general health status. Direct contact,
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aerosol, and droplet transmission are the three main routes of
SARS-CoV-2 transmission (Mehraeen et al. 2020). Although
the pulmonary system is its primary entry site, a myriad
of non-respiratory clinical symptoms alongside cumulating
anatomical evidence has demonstrated the virus’s potential
to invade multiple organs throughout the body including the
nervous system.

A thorough grasp over the interplay between the virus
and its accompanying disease and the nervous system is
needed to identify new diagnostic measurements, further
unveil the disease’s mechanism of action, and ultimately
find ways to alleviate the neuro-pathophysiological compli-
cations of COVID-19 and discover novel therapeutic targets
and strategies.

To do so, in this article, we initially depicted the routes
the virus exploits to reach the central nervous system (CNS).
A multitude of studies was gathered to illustrate the anatomi-
cal traces of the virus’s presence within the CNS. We then
comprehensively analyzed the neurological complications
of COVID-19 and related probable mechanisms within the
CNS and the peripheral nervous system (PNS) by reviewing
the studies and case reports submitted until the date of pre-
paring this manuscript. We mainly focused on the underlying
physiopathology via evaluating the large studies in the field.
However, case reports were reported as well when no large
study was available on a specific topic.
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Anatomical Manifestations of SARS-CoV-2
Presence in the CNS

Generally speaking, the coronaviruses’ entry mechanism
includes binding of the spike (S) protein to a particular
cellular receptor. Subsequently, cellular proteases would
prime the S protein. Like its precursor SARS-CoV, cellular
entry SARS-CoV-2 initiates by binding of receptor binding
domain (RBD) portion of the virus’s Spike (s) protein to
angiotensin-converting enzyme 2 (ACE-2) receptor leading
to direct and indirect mechanisms of SARS-CoV-2 neu-
rotoxicity (Tancheva et al. 2020). The virus entry to the
cell requires S priming, and it is mediated by the serine
protease TMPRSS2. TMPRSS2 cleaves S protein at the S1/
S2 and the S2’ sites. The viral and cellular membranes are
then fused through a process driven by the S2 subunit, and
the virus enters the cell (Hoffmann et al. 2020; Sungnak
et al. 2020; Wang et al. 2008).

As reported previously for other coronavirus infection,
increasing evidence unravel the presence of SARS-CoV-2
in multiple CNS loci, concomitant with various neuropatho-
logical manifestations. Vascular events counted as one of
the most prevalent manifestations of SARS-CoV-2 presence
within the CNS (Dmytriw et al. 2020; Dorche et al. 2020;
Hamidianjahromi and Mowla 2021; Mowla et al. 2020a, b,
c¢; Shahjouei et al. 2021, 2020; Shakibajahromi et al. 2020b;
Sharifian-Dorche et al. 2020; Vahabizad et al. 2020). Multi-
ple postmortem anatomical dissections revealed thrombosis
and microthrombi (six out of 20 (Bryce et al. 2020) and
four out of 12 (Meinhardt et al. 2020)), concomitant with
ischemia and subsequently acute infarctions within the CNS.
In another study, three out of 17 autopsied cases had focal
ischemic necrosis was observed (Remmelink et al. 2020).
In the histopathological examination of 18 COVID-19
deceased patients’ brain specimens, Solomon et al. (2020)
reported atherosclerosis in 14 patients (Solomon et al. 2020).
It was proposed that the thromboembolic events provoked
by SARS-CoV-2 infection may represent a secondary anti-
phospholipid antibody syndrome (Cavalli et al. 2020).

Multiple studies reported intracerebral hemorrhage as
a neurological manifestation of SARS-CoV-2 CNS infec-
tion. ACE2 expression on the cerebrovascular endothelial
cells and its interaction with the virus is speculated to
cause a large intracerebral hemorrhage in a 79-year-old
patient, accompanied by intraventricular and subarach-
noid hemorrhage. Virus-mediated activation of ACE-2 is
hypothesized to disrupt the cerebral auto-regulation and
elevate the neurogenic hypertension (Mondal et al. 2020).
Eight of 11 COVID-19 non-survivors’ brain autopsies
displayed cerebral hemorrhage or hemorrhagic suffu-
sion (Remmelink et al. 2020). Hemorrhagic white matter
lesions were present throughout the cerebral hemispheres
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of another deceased patient with surrounding axonal
injury and macrophages (Reichard et al. 2020). Three of
six autopsies displayed massive intracranial hemorrhage
with diffuse petechial hemorrhage in the entire brain (von
Weyhern et al. 2020).

Although several studies reported no signs of enceph-
alitis within the patients’ CNS, Moriguchi et al. (2020)
were first to report encephalitis by detecting the viral RNA
within the CSF (Moriguchi et al. 2020). Focal parenchymal
infiltrate of T-lymphocyte was detected in two out of 20
samples, indicating focal encephalitis (Bryce, et al. 2020).
Alongside radiographic reports of acute hemorrhagic
necrotizing encephalitis (AHNE) and acute disseminated
encephalomyelitis (ADEM), Reichard et al. (2020) reported
widespread hemorrhagic white matter lesions resembling
AHNE and scattered clusters of macrophages, a range of
associated axonal injury, and a perivascular ADEM-like
appearance in the subcortical white matter (Poyiadji et al.
2020; Reichard et al. 2020). AHNE was also observed in
the brain MRI accompanied by mild lymphocytosis within
the CSF in a critically ill COVID-19 patient (Ghosh et al.
2020). SARS-CoV-2-induced encephalitis is pathophysi-
ologically explained by the immunologic response causing
inflammatory injury and edema, as it ameliorates when the
patient responds to the supportive therapeutic regimen (Wu
et al. 2020; Ye et al. 2020). Lymphocytic pan-encephalitis
is documented in a study on six postmortem brain speci-
mens (von Weyhern et al. 2020).

Perivascular and interstitial encephalitis were reported
in six brainstem autopsies. These events were accompanied
by axon degeneration and neuronal cell loss in the dorsal
motor nuclei of the vagus nerve, dorsal raphe nuclei, CN
V, fasciculus longitudinalis medialis, and nucleus tractus
solitarii. The direct viral invasion via the peripheral nerves
of the respiratory network into the medulla oblongata and
particularly the medullary cardiorespiratory center is pro-
posed as the underlying culprit of the respiratory complica-
tions of COVID-19 patients (Mehta et al. 2020). Anatomical
dissection of the CNS of a 54-year-old male revealed viral
infection and the resulting tissue damage involving the neu-
rons, glia, nerve axons, and myelin sheath in the medulla
oblongata, albeit less severe than those observed in olfac-
tory nerves, justifying the specific respiratory dyssynergia
observed in some patients (Bulfamante et al. 2020). Dif-
fusive swelling and symmetrical hemorrhagic lesions were
detected in the medulla oblongata of another COVID-19
non-survivor, serving as another case of necrotizing hem-
orrhagic encephalopathy afflicting the brain stem (Dixon
et al. 2020).

Hypoxia or anoxia injury to the nervous system is
one of the most critical complications in COVID-19
patients particularly among those with severe decreased
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O, saturation. Via microscopic examination, all of 18
brain specimens possessed acute hypoxic injury in the
cerebrum and cerebellum, with loss of neurons in the
hippocampus, cerebral cortex, and cerebellar Purkinje
cell layer, but no thrombi or vasculitis was observed.
Alongside the fact that immunohistochemical analysis
of the neurons, glia, endothelium, or immune cells in
neither of specimens stained positive for SARS-CoV-2,
Solomon et al. (2020) concluded that neuropathological
manifestations in COVID-19 patients predominantly rely
on hypoxia-related complications rather than encephali-
tis or other specific brain changes referable to the virus
(Solomon et al. 2020).

Direct evidence of the viral presence in the brain tissues
and endothelial cells are reported. From postmortem exam-
ination of a SARS-CoV-2-infected patient, viral particles
were detected in the capillary endothelial cells individually
and in small vesicles, pinpointing the virus’s transcellular
passage across the brain microvascular endothelial cells into
the neural niche, as the vascular endothelial cells express
ACE2. The pleomorphic spherical viral-like particles were
evident in the neural cell bodies as distended cytoplas-
mic vacuoles in transmission electron microscopy (Paniz-
Mondolfi et al. 2020). In another anatomical dissection of
COVID-19 demised patients at Mount Sinai Hospital in New
York City, brain parenchyma is reported to express ACE2.
As an alternative to conspicuous inflammation, the neuronal
impairment caused by hypoxia is claimed to be the cause of
the neuropsychiatric symptoms (Bryce et al. 2020). Cerebel-
lum, cornea, conjunctiva, oral mucosa, and gyrus rectus are
among the other brain regions in which the presence of the
viral RNA was reported (Bulfamante et al. 2020; Meinhardt
et al. 2020).

SARS-CoV-2 Entrance Routes into the CNS

As seen with the other respiratory viruses, including SARS-
CoV-1 and MERS-CoV, neuropathological characteristics of
SARS-CoV-2 shed light on its neuro-invasiveness and neuro-
virulence (DosSantos et al. 2020; Li et al. 2016; Netland et al.
2008). Specialized glial cells known as olfactory ensheath-
ing cells (OECs) are proposed to mediate ACE2-independent
virus dissemination via the release of viral particle-carrying
extracellular vesicles toward the olfactory receptor neurons
axons (Yavarpour-Bali et al. 2020). However, SARS-CoV-2
is hypothesized to invade the CNS through two major path-
ways, the hematogenous and the neuronal routes.

Hematogenous Route

It is well established that SARS-CoV infects the cerebrovas-
cular endothelial cells and passes through the blood—brain

barrier (BBB) into the CNS and also invades the CNS
through shedding inside the blood cells (Gu et al. 2005; Guo
et al. 2008). Like its predecessor, accumulating evidence
demonstrates the SARS-CoV-2 passage through the blood
into the CNS. Through the blood dissemination, the viral
particles reach to and enter the cerebral capillary endothelial
cells via binding to their predominantly expressed ACE2
receptors. Following posing substantial damage, the virus
is released into the extracellular fluid of the central nervous
system where neurons reside (Fig. 1a) (Mondal et al. 2020).

ACE?2 is also present ubiquitously on the epithelial cells
of the blood—cerebrospinal fluid barrier (BCSFB) across
the choroid plexus in the ventricles, and SARS-CoV-2 can
cross this barrier to reach the CNS since the viral RNA has
been recorded in the CSF of a COVID-19 patient (Fig. 1b)
(Desforges et al. 2019; Moriguchi et al. 2020).

Alternatively, since blood leukocytes, including lympho-
cytes, granulocytes, and monocytes, express ACE2, their
infection via SARS-CoV-2 mediates viral passage through
the BBB and the virus’s entrance into the CNS, a process
dubbed “Trojan horse mechanism.” Moreover, the BBB’s
permeability is widely promoted via the heightened sys-
tematic inflammatory mediators, which in turn facilitates
the viral dissemination into the CNS via the immune cells
(Fig. 1c) (Desforges et al. 2014; Gu et al. 2005; Trojanowicz
et al. 2017).

Neuronal Pathways

Multiple viral pathogens, including herpes simplex virus and
herpes zoster, have demonstrated trans-synaptic propagation into
the CNS or other nervous centers (DaSilva and DosSantos 2012;
DosSantos et al. 2020). Two major mechanisms have been pro-
posed for the nervous system-dependent entry of SARS-CoV-2
into the CNS, either through the transcribral route or via the
neuronal retrograde dissemination. Upon viral infection through
the nose, the olfactory epithelial cells, which express ACE2 and
TRPMSS?2, are ruptured, and heavy loads of the viral particles
are released into the olfactory bulb through the cribriform plate.
The virus is then transported into the various regions within the
CNS via the CSF (Baig and Sanders 2020). Distinct neurological
manifestations resulting from the damaged olfactory epithelium,
including anosmia or hyposmia, corroborates this viral entry
route (Fig. 2) (Baig et al. 2020; Mao et al. 2020).
Alternatively, the virus can travel back from the periph-
ery into the nervous centers through the retrograde spread
via trans-synaptic transfer. Nasal respiratory epithelium,
small intestine and colon epithelial cells, and epithelial cells
of the oral mucosa express high levels of ACE2. Upon entry
to the axons, the virus transfers backward toward the neural
bodies of nerves. Peripheral neurons including the vagal
nerves, enteric nerves, olfactory nerves, and trigeminal
nerves and in general, the majority of the cranial nerves,
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Fig. 1 Hematogenous route of SARS-CoV-2 entry into the CNS. (a)
SARS-CoV-2 is believed to pass the blood-brain barrier from the
CSF into the brain tissue. Cerebral capillary endothelial predomi-
nantly express ACE2, and after they drastically damage their host
cells, the viral particles are released into the extracellular fluid of
the central nervous system where neurons are present. (b) The epi-

are assumed to mediate viral passage through the retrograde
mechanism into various CNS centers. These centers, includ-
ing the medullary cardiorespiratory centers, are where res-
piratory complications may stem from (Fig. 2) (Ferreira
et al. 2020; Lamers et al. 2020; Liang et al. 2020; Zhou
et al. 2020).

Viral Infection of Cells Within the CNS

Upon the virus’s entry into the CNS, it enters the nervous
cells via ACE2 expressed on their membrane. Brain tran-
scriptome databases analysis revealed that ACE2 is highly
expressed in some brain regions, such as the substantia nigra
and lateral ventricles. The cell-type distribution analysis
revealed ACE2 presence in both excitatory and inhibitory
neurons and also some non-neuron cells including oligo-
dendrocytes and astrocytes, in posterior cingulate cortex and
middle temporal gyrus (Chen et al. 2020).

Several studies specifically delineated the viral dissemina-
tion within the neurons. Through transmission electron micros-
copy of deceased patients’ brain specimens, Paniz-Mondolfi
et al. (2020) recorded the blebbing of the viral-like particles
coming in/out of the endothelial wall and their subsequent
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thelium of BCSFB across the choroid plexus in the ventricles highly
expresses ACE-2, mediating the virus passage into the CNS. (c)
SARS-CoV-2 utilizes the Trojan horse mechanism to enter the CNS
by hiding into the blood leukocytes. Other factors including Trojan
horse mechanism further increases the BBB permeability, assisting
the viral dissemination into the CNS via the immune cells

release from the brain microvascular endothelial cells into
the neural niche. Distended cytoplasmic vacuoles containing
enveloped viral particles were also observed within the neural
cell bodies (Desforges et al. 2014).

New Potential Drugs for COVID-19 Therapies

According to suggested underlying pathophysiology, possible
novel drug options for the treatment of SARS-CoV-2 infection
were predicted including anti-proliferative drugs, such as mito-
gen-activated protein kinase, serine-threonine kinase, mamma-
lian target of rapamycin, and I kappa B kinase inhibitors (Fagone
et al. 2020). For example, baricitinib as an anti-rheumatoid JAK
inhibitor proposed with well-tolerated brain penetration may
reduce neurological deficits arising from SARS-CoV-2 infection
(D’Silva and Wallace 2021; Richardson et al. 2020).

Clinical Consequences of Nervous System
Following COVID-19 Infection

With the spread of SARS-CoV-2 worldwide, a myriad
of neurological complications has been reported within
the PNS and CNS (Elmashala et al. 2020; Tancheva et al.
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Fig.2 Neuronal pathways of SARS-CoC-2 entry into the CNS.
(a) Through the transcribral route, the virus enters and ruptures the
ACE2 and TRPMSS2-expressing olfactory epithelial cells. The viral
particles are then released into the olfactory bulb through the cri-
briform plate, and then they are transported into the various regions

2020). In some cases, neurological manifestations are the
presenting symptoms while typical pulmonary symptoms are
absent. While occurring in patients regardless of the sever-
ity of the disease, neurological manifestations are more fre-
quent in critically ill patients (Mao et al. 2020). A significant
correlation exists between the severity of the neurological
complications and the severity of the disease, cumulatively
leading to a higher rate of mortality (Merkler et al. 2020;
Yaghi et al. 2020). Thus, clinicians should be observant of
these manifestations, particularly in critically ill patients.
The following sections discuss a thorough review of the
neurological manifestations of the SARS-CoV-2 infection
in both CNS and PNS (Table 1).

Central Nervous System Complications

Compared to the PNS complications, CNS complications
are more prevalent in sicker patients and may worsen the
overall outcome of the disease (Mao et al. 2020). Impaired
consciousness, encephalopathy, cranial nerve palsy, cerebral
venous sinus thrombosis, ischemic stroke, intracerebral hem-
orrhage and subarachnoid hemorrhage, headache, seizure,
meningitis/encephalitis, and myelitis are the main CNS com-
plications following the SARS-CoV-2 infection.

Enteroendocrine Cell

.
e %

SARS-CoV-2 Mitral Cell Olfactory Olfactory Sensory Neuron

within the CNS via the CSF. (b and c¢) Nasal respiratory epithelium,
small intestine and colon epithelial cells, and epithelial cells of the
oral mucosa express high levels of ACE2. The virus can travel back
from the periphery into the nervous centers through the retrograde
spread via trans-synaptic transfer

Acute Confusional State

In acute confusional state consciousness impaired, includ-
ing both level and content of consciousness (Pezzini and
Padovani 2020). Altered mental status might lead to longer

Table1 The neurological complications emerging in COVID-19.
These complications can be rooted based on the locus of occurrence
either within the CNS or the PNS

Site Manifestations and complications

Cerebral venous sinus thrombosis
Intracerebral hemorrhage
Acute confusional state
Encephalopathy
Encephalitis

Nerve palsy

Meningitis

Headache

Myelitis

Seizure

Stroke

Central nervous system

Peripheral nervous system Guillain-Barré syndrome
Hypogeusia/ageusia
Hyposmia/anosmia
Neuropathy

Myopathy
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hospitalization and poor prognosis (Liotta et al. 2020). In
a study by Helms et al. (2020) in France, 140 COVID-
19 patients with ARDS enrolled, of which 118 (84.3%)
developed delirium and 88 (69.3%) presented with agita-
tion (Helms et al. 2020). In the USA, among 250 patients
included in Chachkhiani et al. (2020) study, 19 patients
(8%) reported altered mental status at presentation, and 73
(29%) developed altered mental status during hospitalization
(Chachkhiani et al. 2020). In another study in the USA, 27
out of 76 patients with COVID-19 displayed neurological
symptoms. Altered mental status was observed in 26 (96%)
(Scullen et al. 2020).

In Turkey, Karadag et al. (2020) investigated neuro-
logical manifestations in 239 patients with SARS-CoV-2
infection. Twenty-three (9.6%) patients developed impaired
consciousness, being the most prevalent neurological find-
ing following headache (Karadas et al. 2020). Mao and his
colleagues conducted a study in China on 214 patients, of
whom 16 (7.5%) developed impaired consciousness, with
13 of them having severe SARS-CoV-2 infection (Mao
et al. 2020). Three out of 73 COVID-19 patients with neu-
rological manifestations studied by Chougar et al. (2020)
in France, developed coma (Chougar et al. 2020). Among
101 patients participating in Lovell et al. (2020) study in
the UK, 24 individuals developed delirium, 36 drowsiness,
and 43 agitation (Lovell et al. 2020).

Encephalopathy

Encephalopathy associated with COVID-19 is mainly due
to hypoxia, metabolic dysregulation following organ failure,
and cytokine release that may lead to neuronal dysfunction
named cytokine sickness (Iadecola et al. 2020). Hence, it is
more frequent in patients with severe disease or associated
comorbidities (Pezzini and Padovani 2020). Among 12,601
hospitalized patients that were diagnosed with COVID-19
from January 20 to June 29, 2020, in the USA, 8.7% (1092
patients) developed acute encephalopathy. Compared to the
patients who did not develop encephalopathy, patients with
encephalopathy were older, had higher prevalence of comor-
bidities, were more likely to need intubation, and had higher
30-day mortality rate (Shah et al. 2020).

From March 1, 2020, to April 30, 2020, fiftty SARS-CoV-2
infected confirmed cases with neurological symptoms were
identified in a medical center in Chicago. Thirty patients had
encephalopathy, which was the first presentation in 12 (40%)
(Pinna et al. 2020). In another study based in the USA, 27 of 76
SARS-COV-2-positive patients showed neurological manifesta-
tion, of whom 20 were diagnosed with COVID-19-associated
encephalopathy and two with COVID-19-associated acute
necrotizing encephalopathy (Scullen et al. 2020).
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In addition, several cases of posterior reversible enceph-
alopathy syndrome (PRES) and AHNE have been reported
(Anand et al. 2020; Ghosh et al. 2020; Cariddi et al. 2020).

Cranial Nerve Palsy

The etiology of the isolated cranial nerve palsy in COVID-
19 patients that has been frequently reported is still
debated. Both direct and indirect neuroinflammatory and
autoimmune mechanisms associated with viral injury have
been proposed to be involved in the pathophysiology of the
disease (Vonck et al. 2020). In the USA, Pranusha Pinna
and her colleagues reported neurological manifestations
of 50 COVID-19 patients. Three of them experienced iso-
lated facial palsy, and in one of them, the neurological
symptom preceded COVID-19 flu-like symptoms (Pinna
et al. 2020). In another study in the USA, Falcone and
his team presented a case of abducens nerve palsy in a
30-year-old man with COVID-19 who developed acute,
binocular, horizontal diplopia. His visual symptoms initi-
ated 3 days after upper respiratory illness manifestations.
An atrophic left lateral rectus muscle was revealed in his
orbit MRI imaging (Falcone et al. 2020). In a similar study
by Alice Faucher and her team in France, a 21-year-old
man was reported to have had binocular horizontal diplo-
pia after discharge from the hospital following COVID-19
illness. He was further diagnosed with partial paralysis of
the left third cranial nerve which resolved spontaneously
(Faucher et al. 2020).

Cerebral Venous Sinus Thrombosis

As SARS-CoV-2 infection has been associated with hyperco-
agulable state, cerebral venous sinus thrombosis (CVST) occur-
rence is quite probable. Since CVST can lead to more severe
complications if not diagnosed in time, it should be considered
as a probable differential diagnosis in COVID-19 patients pre-
senting with headache, findings suggestive of elevated ICP and
decreased level of consciousness (Shakibajahromi et al. 2020a).
Twenty-two patients with COVID-19 developing acute cerebro-
vascular pathologies in the USA were included in a study by
Ahmad Sweid and his colleagues of whom, two was shown
to have dural sinus thrombosis (Sweid et al. 2020). Among
73 patients reported in Chougar study from France, extensive
deep cerebral venous thrombosis complicated by hemorrhagic
venous infarction was diagnosed in a 72-year-old male ICU
patient (Chougar et al. 2020). A case of postpartum extensive
CVST of multiple deep and superficial veins was reported by
Taylor et al. (2020) in the USA (Taylor et al. 2020).
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Stroke

The etiology of cerebrovascular disorders (CVDs) associated
with SARS-CoV-2 infection is proposed to be multifactorial,
including dysregulation of neuroinflammation, vasodila-
tion, oxidative stress, and thrombotic reaction (Divani et al.
2020). As CVD might lead to poor outcomes in patients
with COVID-19 (Pranata et al. 2020), physicians should be
more attentive about timely diagnosis and treatment of acute
ischemic stroke during the pandemic (Li et al. 2020). The
thrombotic effect of COVID-19 has been reported frequently
(Belani et al. 2020; Beyrouti et al. 2020; Chougar et al. 2020;
Diaz-Pérez et al. 2020; Khan et al. 2020; Majidi et al. 2020;
Oxley et al. 2020; Paterson et al. 2020; Sweid et al. 2020;
TunC et al. 2020; Usman et al. 2020). Among 239 COVID-
19 patients who had participated in Karadas et al. (2020)
study in Turkey, nine (3.7%) patients developed cerebrovas-
cular events, two hemorrhagic, and seven ischemic strokes
(Karadas et al. 2020). A single-center study of 221 consecu-
tive hospitalized patients with COVID-19 in China reported
that 11 (5%) suffered acute ischemic stroke, one (0.5%) cer-
ebral venous sinus thrombosis, and one (0.5%) cerebral hem-
orrhage (Li et al. 2020). In another study in China, of 214
patients with COVID-19 enrolled in Mao et al. (2020) study,
78 (36%) patients had some types of neurological manifesta-
tions. Central nervous system complications were recorded
in 53 patients (24.8%). Acute cerebrovascular diseases were
reported in six patients and were more prevalent in severe
COVID-19 infection compared to mild disease (5 versus 1)
(Mao et al. 2020). In France, Hautecloque and his colleagues
enrolled 674 patients with confirmed COVID-19 in their
study. Seven patients had ischemic stroke in a mean duration
of 14.5 days after the flu-like symptoms onset. None needed
to be admitted to the ICU. The predominance of cardioem-
bolic mechanisms, high levels of inflammatory markers, and
procoagulant state were reported in these patients.

In the USA, Pinna et al. (2020) evaluated 50 patients with
COVID-19 seen by their neurology service. Ten patients
suffered an acute ischemic stroke, and half of them had neu-
rological manifestations as their first symptom (Pinna et al.
2020).

Intracerebral Hemorrhage

Intracerebral hemorrhage ICH has been reported in COVID-
patients, leading to poor prognosis and high mortality rate
(Cheruiyot et al. 2020). Direct endothelial injury and indi-
rect pathway through cytokine release or coagulation cas-
cade activation have been proposed as the potential underly-
ing mechanisms (Benger et al. 2020).

Following SARS-CoV-2 S protein binding to ACE-2 and
its entrance into the cell, ACE-2 and angiotensin 2 (AT-
2) pathways may be downregulated (Zou et al. 2020). This

downregulation leads to unbalanced over-activation of AT-1
and inhibition of AT-2, which in turn results in increased
vascular permeability and acute organ injury (Iroegbu et al.
2020). As seen in four out of 20 demises from severe SARS-
CoV-2 infection, this mechanism is speculated to underlie
the disruption in brain capillary endothelium permeability
and integrity (Coolen et al. 2020). These events may conse-
quently lead to changes in cerebral blood flow autoregula-
tion, and the risk of cerebral hemorrhage or ischemia would
be elevated (Scoppettuolo et al. 2020; Sharifi-Razavi et al.
2020).

Among 214 patients involving in Mao et al. (2020) study
in China, 78 patients had neurological symptoms. Neuro-
logical manifestations were more frequent in patients with
severe disease. Six patients developed cerebrovascular dis-
ease: four ischemic stroke and one hemorrhagic stroke who
died due to respiratory failure (Mao et al. 2020). Twenty-six
COVID-19 patients with neurological complications were
detected by Taylor and his colleagues between March 1 and
May 24, 2020, from three academic tertiary care hospitals in
the USA. Seven patients suffered intracranial hemorrhage:
three hemorrhagic conversion of ischemic stroke, one intrac-
erebral hemorrhage, one subarachnoid hemorrhage, and two
hemorrhagic tumors (Taylor et al. 2020). Gogia et al. (2020)
reported a 75-year-old female with COVID-19, who pre-
sented with hypoxia and was intubated. A few days later,
she underwent a brain computed tomography (CT) scan due
to mental status changes which revealed a left-sided acute
subdural hematoma, causing left to right midline shift, a
large left temporal intraparenchymal associated with suba-
rachnoid hemorrhage and transtentorial herniation, leading
to death (Gogia et al. 2020). In Kuwait, Savié et al. (2020)
presented a 13-year-old case with severe intracerebral hem-
orrhage as the earliest manifestation of COVID-19 due to
ruptured cerebral pseudoaneurysm of the left middle cer-
ebral artery (Savi€ et al. 2020). In Iran, Sharifi-Razavi et al.
(2020) reported a 79-year-old male COVID-19 patient with
fever and cough for three days who referred to ED due to
loss of consciousness. Brain CT scan showed a massive
intracerebral hemorrhage in the right hemisphere, accom-
panied by intraventricular and subarachnoid hemorrhage
(Sharifi-Razavi et al. 2020).

Headache

Headache is a common symptom in viral infections. It has
been reported in COVID-19 patients with a high prevalence
(Mutiawati et al. 2020). However, several characteristics
of headache might differ in COVID-19 patients. The head-
aches are more common in males. They are bilateral, long
lasting, and resistant to analgesics, according to a study
conducted by Uygun et al. (2020) in Turkey (Uygun et al.
2020). Among 221 COVID-19 patients from Zhongnan
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Hospital of Wuhan, China, headache was reported in 17
patients (7.7%), and four of them had severe COVID-19 ill-
ness (Zhang et al. 2020). In Spain, 576 COVID-19 patients
recruited in Garcia-Azorin et al. (2020) study, 130 (22.6%)
had headache. One hundred four of them were studied. Sixty
(57.7%) mentioned a prior history of headache syndromes
(migraine in 17/104 (16.3%), tension-type headache in
30/104 (28.8%)). Twenty-seven (26.0%) patients described
headache as their first COVID-19 symptom (Garcia-Azorin
et al. 2020). Seventy percent of the 1420 patients included
in a study in France experienced headache (Lechien et al.
2020b). In another study with 108 participants in Italy, 46
(43%) reported headache. In another study in Spain, Trigo
and his colleagues described 576 COVID-19 patients with
a mean age of 67.2, 43.3% female. One hundred and thirty-
seven (23.7%) had headache, and 24 of them experienced
it as their first COVID-19 symptom. Headache was associ-
ated with lower mortality risk. Headache was more frequent
in female sex, in patients with prior history of headache,
anosmia, myalgia, and fever, according to this study (Trigo
et al. 2020).

Suleyman et al. (2020) reported that following prodromal
symptoms of COVID-19 in 463 patients, headache presents
in 74 (16%) of them. Twenty-eight (25.9%) were discharged
home, and 46 required hospital admission. Headache was
more prevalent among patients in the regular floors com-
pared to the patients in intensive care units (Suleyman et al.
2020). In Turkey, Toptan et al. (2020) published a report of
13 patients with mild COVID-19 infection who developed
headache. Three of them had headache as their first present-
ing symptom. The mean age of the patients was 40.2 + 11.
Their headache was moderate to severe in intensity, throb-
bing, holocranial with a predominant focus in bilateral fron-
tal and temporal areas. Seventy percent of patients recovered
within 3 days. Photophobia and/or phonophobia were often
seen with headache, and they were troublesome in patients
with a history of migraine (Toptan et al. 2020). Headache
was shown to be associated with poor outcome according to
another report from Spain (Gil-Rodrigo et al. 2020), and it
was more prevalent in patients with the history of headache
(81% versus 36%) (Vacchiano et al. 2020).

Seizure

Seizure is a rare complication of COVID-19 except in severe
cases (Hogan et al. 2020; Lu et al. 2020a). It might be a
consequence of hypoxia, cytokine release, cerebrovascular
events, or fever (Vohora et al. 2020). A total of 257 patients
were admitted to the University Medical Center New
Orleans (UMCNO) for COVID-19 during March 2020. Neu-
rological symptoms were recorded at presentation and dur-
ing hospitalization. One patient presented with seizure, and
10 patients had seizure during the hospital cure according to
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Chachkhiani et al. (2020). Furthermore, patients who expe-
rienced seizure had higher odds of demanding intubation
(Chachkhiani et al. 2020). In a study from the USA, sei-
zure was one of the most common neurological symptoms
among 50 patients with COVID-19 and was more frequent in
patients who presented with COVID pulmonary symptoms
rather than those who initially presented with neurologi-
cal manifestations (Pinna et al. 2020). In France, Chougar
and his team reported a retrospective study of 73 COVID-
19 patients with neurological manifestation. Ten (13.7%)
patients had seizure (Chougar et al. 2020).

Meningitis/Encephalitis

Encephalitis is the inflammation of the brain tissue. Viral
infections are the leading cause, followed by autoimmune
conditions. The inflammation of the meninges is called men-
ingitis. Similar to encephalitis, the most common cause of
meningitis is viral infection as well.

The first case of meningitis associated with COVID-19 in
Japan was reported by Moriguchi et al. (2020). A 24-year-
old man presented with flu-like symptoms. After 9 days of
symptom onset, he was brought to hospital with loss of con-
sciousness (GCS = 6). He developed a transient generalized
tonic-clonic seizure for about a minute during emergency
department admission. SARS-CoV-2 RNA was detected in
his CSF sample, and his brain MRI revealed hyperintensity
along the wall of the right lateral ventricle and hyperintense
signal changes in the right mesial temporal lobe and hip-
pocampus, suggesting the likelihood of SARS-CoV-2 men-
ingitis (Moriguchi et al. 2020).

In the UK, Khoo et al. (2020) described a 65-year-old
woman with presumed Alzheimer’s disease who presented
with generalized myoclonus, ocular flutter with convergence
spasm, and acquired hyperekplexia. She had fever and cough
the week before she developed neurological symptoms. Her
SARS-CoV-2 RT-PCR was positive. She was finally diag-
nosed with postinfectious immune-mediated encephalitis
and treated with corticosteroids (Khoo et al. 2020).

Bernard-Valnet and his colleagues reported two patients
with COVID-19 and neurological manifestations in Switzer-
land. The first patient was a 64-year-old female with acute
psychotic symptoms after 5 days of flu-like symptoms. She
developed seizure during hospitalization. Her lumbar punc-
ture revealed viral meningoencephalitis. The second one was
a 67-year-old woman who presented with an intense wake-
up headache, 17 days after COVID-19 diagnosis. She further
developed decreased consciousness, aggression, left-sided
hemianopia, and sensory hemineglect. Her lumbar puncture
displayed lymphocytic pleocytosis. Both patients were dis-
charged in good health after antiviral treatment (Bernard-
Valnet et al. 2020). Similarly, Parsons et al. (2020) reported
a 51-year-old woman with COVID-19 in the USA, who was
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referred to a tertiary hospital with coma, impaired unilateral
oculocephalic response, and left hemiparesis. Based on her
brain MRI findings, CSF, and clinical course, acute dissemi-
nated encephalomyelitis (ADEM) diagnosis was made. She
became oriented after methylprednisolone and IVIG admin-
istration (Parsons et al. 2020). Moreover, cytotoxic lesions
of the corpus callosum (CLOCCs) were reported in several
studies (Forestier et al. 2020; Gaur et al. 2020; Moreau et al.
2020).

Myelitis

Myelitis is the inflammation of the spinal cord which leads
to neurological symptoms. Several cases were reported with
myelitis as a manifestation of COVID-19.

In a study by Munz et al. (2020), a 60-year-old man
admitted to a hospital in Germany with respiratory symp-
toms of COVID-19, developed neurological manifestations
3 days after discharge. He complained of bladder dysfunc-
tion, progressive lower limbs weakness, hypesthesia below
the T9 level, and moderate spasticity of the legs. Bilateral
Babinski’s signs were shown on neurological examina-
tion. MRI of the spine showed T2 signal hyperintensity
of the thoracic spinal cord at T9 level suggestive of acute
transverse myelitis. He received methylprednisolone and
improved (Munz et al. 2020). In India, Chakraborty and his
colleagues presented a 59-year-old female with 4 days of
fever and progressive ascending flaccid paraplegia who ini-
tially had a negative RT-PCR test result for SARS-CoV-2.
MRI T2-weighted imaging of the spine revealed hyperinten-
sity in the spinal cord at T6—T7 level, suggestive of myeli-
tis. Methylprednisolone was started, and her neurological
symptoms improved. However, she passed away later due to
sudden-onset respiratory distress, and her repeated SARS-
CoV-2 RT-PCR test was positive (Chakraborty et al. 2020).
Sotoca and Rodriguez—Alvarez (2020) presented a 69-year-
old female with neck pain, imbalance, and motor weak-
ness and numbness in the left arm after 8 days of fever and
cough. Her spine MRI revealed T2-hyperintensity extending
from the lower medulla oblongata to C7, involving most of
the cord with diffuse patchy enhancing lesions, suggest-
ing acute transverse myelitis. She showed initial improve-
ment following methylprednisolone administration but
worsened after a few days, and her new spinal MRI dis-
played transversally and caudally progression down to T6
level with similar enhancement patterns and a new area of
central necrosis at the T1 level with peripheral enhance-
ment. Plasma exchange was performed, and she showed
some improvement. Her postplasmapheresis spinal MRI
demonstrated a substantial decrease in myelitis extension
and enhancement, but central necrosis at the C7-T1 level
remained unchanged. Acute necrotizing myelitis was diag-
nosed (Sotoca and Rodriguez-Alvarez 2020).

Peripheral Nervous System Complications

Compared to CNS symptoms, PNS symptoms are less severe
(Azhideh 2020), including hyposmia/anosmia, hypogeusia/
ageusia, neuropathies, myopathies, and neuromuscular junc-
tion disorders.

Smell and Taste Alteration

Alteration in smell and taste such as anosmia, hyposmia,
hypogeusia, or dysgeusia have been reported with COVID-
19 (Altin et al. 2020; Boddington et al. 2020; D’Ascanio
et al. 2020; Gémez-Iglesias et al. 2020; Liguori et al. 2020;
Ortiz-Brizuela et al. 2020; Paderno et al. 2020; Pinna et al.
2020; Salepci et al. 2020; Spadera et al. 2020). Although
these symptoms might occur with other respiratory infec-
tions, it has been proven to be more prevalent in SARS-
COV-2 infection compared to influenza virus infection
(Beltran-Corbellini et al. 2020). As such, it can be a help-
ful distinguishing symptom for the diagnosis of COVID-
19. Whether chemosensory impairment predicts mild or
severe form of disease is a matter of debate (Neto et al.
2020; Giacomelli et al. 2020; Yan et al. 2020). In France,
417 mild-to-moderate COVID-19 patients were enrolled in
a study by Lechien et al. (2020a, b); 85.6% and 88.0% of the
patients had olfactory and gustatory dysfunctions, respec-
tively. Of the cases, 11.8% experienced olfactory dysfunc-
tion before the other symptoms. According to this study,
females were more likely to have olfactory and gustatory
dysfunctions than males. Overall, 79.6% of the patients with
olfactory dysfunction were anosmic, 20.4% were hyposmic,
12.6% were phantosmic, and 32.4% were parosmic. Among
patients with gustatory dysfunction, reduced/discontinued
or distorted ability to taste flavors affected 78.9% and 21.1%
of patients, respectively (Lechien et al. 2020a). In a cohort
performed by Foster and his colleagues in the USA, 198
(20.9%) out of 949 patients with COVID-19 experienced
smell loss. Patients with a history of preexisting smell dys-
function, allergic rhinitis, or chronic rhinosinusitis, young
age, female sex, and higher body mass index were more
prone to acute smell loss (Foster et al. 2020). Yonker et al.
(2020) enrolled 192 children, of whom 49 were confirmed
to have COVID-19 in his study. Ten of them developed
anosmia/hyposmia (20.4%), and three had dysgeusia (6.1%)
(Yonker et al. 2020). Among 345 COVID-19 patients in
Vaira et al. (2020) study in Italy, 256 patients reportedly
had chemosensitive dysfunctions, 8.6% isolated olfactory
disorders, 12.1% isolated taste disorders, and 79.3% com-
bined chemosensitive disturbances (Vaira et al. 2020). In
Lechien et al. (2020a, b) study involving 1420 COVID-19
patients in France, loss of smell and gustatory dysfunction
were among common COVID-19 symptoms in 70.2% and
54.2% of the patients, respectively. According to this report,
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loss of smell was experienced by females more than males,
young adults more than elderly were and was not associ-
ated with rhinorrhea and nasal obstruction (Lechien et al.
2020b). A total of 151 patients were enrolled in a cohort by
Paderno and his colleagues in Italy. Olfactory dysfunction
was reported in 83% of the patients (26% partial olfactory
dysfunction and 74% anosmia), gustatory dysfunction in
30% as partial gustatory dysfunction, and 70% experienced
ageusia. Thirty-day recovery of olfactory dysfunction and
gustatory dysfunction rates were 87% and 82%, respectively.
Grade of dysfunction at onset (total versus partial), gender,
and presence or absence of nasal congestion were implicated
in late recovery (Paderno et al. 2020).

Neuropathy

Eshak et al. (2020) reported a 72-year-old man admitted
to a hospital in the USA with a week of fever and short-
ness of breath, diagnosed with COVID-19 infection. During
hospitalization, he had labile blood pressures due to acute
dysautonomia (Eshak et al. 2020). Pinna et al. (2020) also
noted dysautonomia in six out of 50 COVID-19 patients
who required neurology consultation (Pinna et al. 2020).
Among 43 patients screened by Paterson et al. (2020) in the
UK, one patient developed a brachial plexopathy 14 days
after COVID-19 symptoms and was given corticosteroids,
resulting in partial recovery (Paterson et al. 2020). Five
out of 214 patients (2.3%) evaluated by Mao et al. (2020)
in China experienced neuropathic pain. Four of them had
severe COVID-19 infection (Mao et al. 2020). Malayala
and Raza (2020) presented a case of a 29-year-old female
with persistent vertigo due to COVID-19-induced acute
vestibular neuritis (Malayala and Raza 2020). Acute poly-
radiculoneuritis was reported in a 51-year-old male with
COVID-19 infection in Pfefferkorn et al. (2020) study in
Germany (Pfefferkorn et al. 2020). Valliuddin and col-
leagues described a 61-year-old female with generalized
weakness after a week of chills and rhinorrhea. Later she
developed numbness and tingling in her hands and feet and
progressed to severe weakness in her lower extremities
bilaterally. Furthermore, the numbness had ascended to the
abdomen, and she started having constipation and difficulty
voiding. Her nasal swab test was positive for SARS-CoV-2.
The cervico-thoraco-lumbar spine MRI showed extensive
intramedullary disease throughout the entire length of the
cervical spinal cord, with an ill-defined patchy hyperintense
signal on the T2-weighted images along with mild enlarge-
ment of the caliber of the cord without contrast enhance-
ment. Electromyography/nerve conduction study findings
were compatible with a distal a motor, axonal-loss predomi-
nant, polyneuropathy impacting the lower extremities with
evidence of ongoing active denervation. There was sparing
of all sensory nerves tested. Elevated protein and albumin
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with a white-cell count of one per cubic millimeter were
detected in her CSF (Valiuddin et al. 2020).

Guillain-Barré Syndrome

Guillain-Barré syndrome (GBS) or acute inflammatory
polyradiculopathy is caused when the body’s immune sys-
tem attacks peripheral nerves. GBS can occur at the time of
viral infectious (parainfectious) or after that (postinfectious).
COVID-19-related GBS is mostly categorized in the latter
group. Considering the time, the underlying mechanism
is most likely immune-mediated rather than direct injury.
However, we cannot completely exclude the role of direct
attack. At least 220 patients with SC2-GBS were reported
in 95 papers that were collected by Finsterer J and Scorza
FA. Age of these patients (reported in n = 215) ranged from
8 to 94 years. Gender (reported in n = 213) was male in 146
and female in 67. Latency between onset of COVID-19 and
GBS (n = 194) ranged from — 10 to 90 days. SARS-CoV-2
was not positive in the CSF. Therapy of GBS (reported in n
= 215) comprised intravenous immunoglobulins (n = 191),
plasmapheresis (n = 15), steroids (n = 2), or no therapy (n
= 7). Forty-one patients required artificial ventilation. Out-
come (reported in n = 168) was assessed as complete recovery
(n = 37), partial recovery (n = 119), or death (Finsterer and
Scorza 2021). The first case of GBS associated with COVID-
19 was reported by Zhao et al. (2020) in China (Zhao et al.
2020). Of 43 patients studied by Paterson et al. (2020) in the
UK, 29 were SARS-CoV-2 RT-PCR positive and definite,
eight probable, and six possible according to World Health
Organization criteria. GBS was seen in seven of them. All
were male, with the age range of 20 to 63. Three required
intensive care unit care. Neurological symptoms onset ranged
from one day before to 21 days after typical COVID-19 symp-
toms (mean = 13). Three of them had a positive nasopharyn-
geal RT-PCR test result for SARS-CoV-2. Treatment with
IVIG was initiated, and two had complete recovery (Paterson
et al. 2020; Riva et al. 2020).

Myalgia

Myalgia is a common symptom in COVID-19 similar to
other viral infections (Boddington et al. 2020; Guan et al.
2020; Hong et al. 2020; Klopfenstein et al. 2020; Liguori
et al. 2020; Mo et al. 2020; Rep 2020; Wang et al. 2020;
Zayet et al. 2020) (2019, but is reported to be more severe
and last longer) (Kucuk, et al. 2020). COVID-19 infection
may exacerbate myalgia and fatigue for prolonged dura-
tion as compared to patients with other viral infections.
Myalgia reflects generalized inflammation and cytokine
response and can be the onset symptom of 36% of patients
with COVID-19. However, it is not a prognostic factor
for severity of the disease (Lippi et al. 2020). Almazeedi
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et al. (2020) conducted a cohort including 1096 patients in
Kuwait. Seventy-five (6.5%) of them experienced myalgia.
Of whom, four required ICU admission and two passed away
(Almazeedi et al. 2020). Among a total of 1000 patients
evaluated in Argenziano et al. (2020) study, 268 (26.8%)
complained of myalgia (Argenziano et al. 2020). In another
study, DeBiasi and associates screened 177 infected young
adults and children with the median age of 9.6 years (range,
0.1-34.2 years). Myalgia was reported in 25 (14%) of them,
among them 21/133 (16%) were non-hospitalized, 4 /44
(9%) were hospitalized, 2/35 (6%) were in non-critical care
units and 2/9 (22%) were in critical care units (DeBiasi et al.
2020).

Myopathy

Hyperinflammation and metabolic pathways may affect
muscles from hypo-excitability to necrosis (Versace et al.
2021). Myopathy was reported in COVID-19 patients admit-
ted to ICU, indicating a probable correlation between SARS-
COV-2 infection and myopathy (Cabafies-Martinez et al.
2020; Nasuelli et al. 2021; Versace et al. 2021).

Myasthenia Gravis

Myasthenia gravis is an autoimmune disorder that causes
weakness and rapid fatigue in skeletal muscles due to anti-
body-mediated blockade of neuromuscular transmission.
The first case of post-infectious myasthenia gravis asso-
ciated with SARS-COV-2 was presented by Huber et al.
(2020) in Germany. The patient was a 21-year-old woman
developing subacute, vertically shifted double vision
evoked by right sided partial oculomotor paresis and pto-
sis 4 weeks after mild respiratory symptoms. Positive test
edrophonium chloride and increased acetylcholine receptor
antibodies besides the positive SARS-COV?2 antibodies test
(IgA/1gG) established the diagnosis of COVID-19 postin-
fectious myasthenia gravis (Huber et al. 2020). Another
study was conducted by Sriwastava et al. (2020) in the USA,
in which a 65-year-old woman developed left eyelid ptosis
following 2 weeks of fever, cough, and diarrhea. She tested
positive for SARS-COV-2 RT-PCR and acetylcholine recep-
tor antibodies (Sriwastava et al. 2020).

Other Complications

Several other neurological complications have been reported
in COVID-19 cases with rarity. These manifestations appear
to be more bothersome to the patients rather than being fatal.
They should not be neglected and infection via SARS-CoV-2
should be suspected in those with such symptoms, despite
their scarcity.

Visual changes were reported in several articles. Karadag
et al. (2020) performed a prospective study of 83 COVID-19
patients with neurological manifestations in Turkey. Eight
of them developed visual field defects (3.3%) (Karadas et al.
2020). Selvaraj et al. (2020) reported a 50-year-old man who
tested positive for SARS-CoV-2 in the prior week and pre-
sented with painless right eye monocular visual disturbance.
It was described as a white cloud and blurriness involving
most of her right eye visual field, sparing the superior nasal
aspect. Her vision recovered spontaneously during the hos-
pitalization (Selvaraj et al. 2020).

Lack of hearing was observed in three patients in Karadag
et al. (2020) study in Turkey. In another study in Turkey,
Kilic et al. (2020) evaluated five patients with sole complaint
of unilateral sudden sensorineural hearing loss (SSNHL) in
SARS-CoV-2 infected patients confirmed by RT-PCR. One
of these patients had positive test and responded to hydroxy-
chloroquine, known as COVID-19 treatment according to
Republic of Turkey’s Health Ministry COVID-19 guidelines.
This demonstrates that non-specific neurological symp-
toms such as SSNHL could be the only symptom/sign of
COVID-19 (Kilic et al. 2020). In China, hearing changes
were reported in Lu et al. (2020a, b) article, in which one
patient experienced hearing loss (Lu et al. 2020b).

In a study involving 15 Italian hospitals, 43 out of 185
patients (23.2%) developed tinnitus in a period of > 30 to <
60 days after COVID-19 diagnosis with the following char-
acteristics: 17 recurrent (39.5%), 10 occasional (23.3%),
seven continuous floating (16.3%), four persistent (9.3%),
three pulsatile (7%), and two continuous (4.6%) (Viola et al.
2020). In another study based in Turkey, among 239 patients,
five patients (2.1%) had tinnitus, four (1.7%) had restless leg
syndrome, and six (2.5%) had balance disorder (Karadas
et al. 2020).

In Iran, Paybast and her colleagues reported a patient
with persistent positional vertigo with a history of malaise
and sore throat. He was diagnosed with COVID-19 after
performing chest CT (Paybast et al. 2020). Vertigo was
mentioned as a manifestation of COVID-19 illness in other
reports (Garcia-Azorin et al. 2020; Karimi-Galougahi et al.
2020).

A 70-year-old man admitted to a hospital in Spain with
a 7-day history of fever, and COVID-19 was diagnosed for
him. He developed progressive tremor 17 days after symptom
onset followed by gait instability and ataxia. Clonazepam was
prescribed and resulted in slight improvement. His symptoms
gradually resolved within a month after discharge (Diezma-
Martin et al. 2020). Ataxia was also reported in Mao et al.
(2020) study in China with a prevalence of one out of 214
patients (Mao et al. 2020). Rabano-Suarez et al. (2020)
reported three COVID-19 patients in Spain, who developed
generalized myoclonus and improved following immuno-
therapy (Rabano-Suarez et al. 2020). In a study published
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by Piscitelli et al. (2020) in Italy, a 39-year-old female devel-
oped lower limb tremor and abnormal movements seven days
after mild COVID-19 symptoms. She was diagnosed with
functional movement disorder (Piscitelli et al. 2020).

In France, Helms et al. (2020) reported corticospinal tract
involvement in 89 out of 140 COVID-19 patients referred
for ARDS (Helms et al. 2020). In another study in France,
Kremer et al. (2020) investigated 37 COVID-19 patients
with neurological manifestations. Four had clinical signs of
corticospinal tract involvement (Kremer, et al. 2020).

In Spain, Palao et al. (2020) described a case of 29-year-
old woman with optic neuritis as the first presentation of
demyelinating disease 2—-3 weeks after COVID-19 infection
diagnosis (Palao et al. 2020).

In a study published by Varatharaj et al. (2020) in the UK,
enrolling 153 patients with COVID-19, one patient devel-
oped CNS vasculitis (Varatharaj et al. 2020). Another study
in Italy presented a case of CNS vasculitis triggered with
SARS-CoV-2 infection in a 64-year-old male (Vaschetto
et al. 2020).

Kajani et al. (2020) reported a case of neuroleptic malig-
nant syndrome in a COVID-19 febrile middle-aged man who
had received haloperidol decanoate injection 3 weeks prior
to the hospital admission for altered mental status (Kajani
et al. 2020). Memory loss was also reported in association
with COVID-19 in several studies (Lu et al. 2020b; Pinna
2020).

Conclusion

SARS-CoV-2 pandemic has led to ever-increasing global
casualties, and many unanticipated complications through-
out the body including the nervous system. Although these
neurological complications will undoubtedly increase the
disease burden, they might be the presenting symptoms of
COVID-19. Better understanding of these potential com-
plications will help physicians to be more attentive to these
potential manifestations and might lead to more timely diag-
nosis and management.
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