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Abstract

The novel coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has instigated a global pandemic as a formidable and highly contagious infectious disease. Although the respiratory
system remains the most frequently affected organ, several case reports have revealed that the complications are not merely
limited to the respiratory system, and neurotropic and neuroinvasive properties have also been observed, leading to neuro-
logical diseases. In the present paper, it was intended to review the possible neuroinvasive routes of SARS-CoV-2 and its
mechanisms that may cause neurological damage. Additionally, the neurological manifestations of COVID-19 across the
globe were discussed with emphasis on Iran, while highlighting the impact of SARS-CoV-2 on the central and peripheral

nervous systems.
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Introduction

The novel coronavirus disease 2019 (COVID-19) initiated
from Wuhan in China, and since then, it has rapidly spread
around the globe. The most prevalent sign in patients with
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confirmed COVID-19 cases is the involvement of the respir-
atory system; however, apart from respiratory and systemic
symptoms, there are several reports regarding the neuro-
tropic properties of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the cause of COVID-19 (Conde
et al. 2020). Although the exact pathway through which
SARS-CoV-2 reaches the brain is not yet fully understood,
two main routes appear to explain this neurological attack:
peripheral nerves route and hematogenous spread (Baig
et al. 2020; Montalvan et al. 2020; Netland et al. 2008). Val-
uable evidence regarding the SARS-CoV-2 neuroinvasiveness
was found by animal models of SARS and MERS (the Mid-
dle East respiratory syndrome), both caused by corona-
viruses (CoVs) of similar structure, SARS-CoV and MERS-
CoV, during the 2002 and 2012 epidemics, respectively. All
these pathogens exploit angiotensin-converting enzyme 2
(ACE2) to gain access to the target cells. The so-called CoVs
fusion to their host cell membrane receptor, ACE2, is facili-
tated by CoV spike glycoprotein (Natoli et al. 2020). ACE2
receptors are distributed among the nervous system tissue,
endothelial cells, and tissues of many other organs. Com-
pared with previous CoVs, the SARS-CoV-2 spike glycopro-
tein demonstrates a higher affinity toward the ACE2 recep-
tor, and therefore, it may have higher neuroinvasive potential
as well (Berger 2020). The present study aimed to review the
possible mechanisms of SARS-CoV-2 neuroinvasion along
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with the major neurological signs and symptoms reported
in patients with COVID-19 all over the world, particularly
in Iran (Table 1).

SARS-CoV-2

The latest CoV, SARS-CoV-2, is classified as a beta-CoV
that shares high genetic similarities (79.5%) with SARS-
CoV (Ahmadirad and Ghasemi 2020; Conde et al. 2020).
Both viruses employ spike proteins present on the virion
surface to recognize and interact with ACE-2 expressed on
mammalian host cells. Afterward, the transmembrane serine
protease 2 (TMPRSS2) allows the virus to utilize ACE-2
as a receptor to gain entry inside the host cells (Zubair
et al. 2020). Human ACE?2 is highly expressed by airway
epithelia, lung parenchyma, gastrointestinal system, kid-
neys, and blood vessels through the entire body and exten-
sively throughout the central nervous system (CNS) (Chen
et al. 2020). In the brain, ACE2 protein is generally found
on glial cells and neurons (Gowrisankar and Clark 2016;
Xia and Lazartigues 2010). Interestingly, it was reported
that ACE2 has a 10-20-fold higher binding affinity toward
the SARS-CoV-2 spike protein than that of the SARS-CoV
(Wang et al. 2020). The question of how SARS-CoV-2 can
reach the CNS is not yet answered; nonetheless, studies on
humans and experimental models revealed that the CoVs
access the CNS either via the neuronal retrograde or hema-
togenous route (Conde et al. 2020).

Entry routes of SARS-CoV-2 to CNS
Neuronal retrograde route

In this type of CNS invasion route, SARS-CoV-2 infects a
peripheral neuron and then continues to infect other neurons
by means of traveling through a retrograde transport sys-
tem facilitated by dinein and kinesin proteins. After being
released into the presynaptic terminal by exocytosis, the
virus interacts with the existing ACE2 receptors on the post-
synaptic neuron membrane to gain entry using the receptor-
mediated endocytosis (Bohmwald et al. 2018).

Olfactory pathway

In the case of viruses that infiltrate the body via intranasal
delivery, the olfactory pathway is an excellent mechanism to
gain access to the brain (Swanson II and McGavern 2015).
An olfactory neuron is in direct contact with the external
environment with the gateway to the CNS, i.e., the olfactory
bulb (Bohmwald et al. 2018; II and McGavern 2015). In a
series of studies, rodent models were used for understanding
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the neuroinvasiveness of several CoVs via the so-called nerve
route (Dubé et al. 2018; Netland et al. 2008). For instance,
Netland et al. demonstrated that following the intranasal inoc-
ulation, CoV was detected after 60 h in the olfactory bulb and
after 4 days in the piriform as well as the infralimbic cor-
tex, basal ganglia, and the midbrain (Montalvan et al. 2020;
Netland et al. 2008). Similar results were also reported for
another type of CoV, human CoV OC43 (HCoV-0C43), in
another study. In this inquiry, CoV was detected four days
after inoculation in the piriform cortex, brain stem, and spi-
nal cord (Dubé et al. 2018). Interestingly, another research
from the 1990s indicated that once the olfactory pathway
was interrupted, the transneuronal movement of the mouse
hepatitis virus (MHV; a type of CoV) was prevented in an
animal model (Perlman et al. 1990). Furthermore, Jacomy
et al. reported that nasal instillation of HCoV-OC43 in
BALB/c and C57BL/6 murine models resulted in a general-
ized CNS infection, representing the neuroinvasiveness and
neurovirulence of HCoV-OC43 (Jacomy and Talbot 2003).
Similar findings were also reported by St-Jean et al. using
HCoV-0OC43 inhalation in mice. In this case, viral antigens
were detected in the olfactory bulb by the third day of inhala-
tion, and the virus was detected throughout all brain regions
after seven days, evidently implying that it can rapidly rep-
licate and cause fatal encephalitis once set in CNS (St-Jean
et al. 2004). Glass et al. described that SARS-CoV could
infect the bronchial and bronchiolar epithelial cells of the res-
piratory system, and eventually reach the brain and lead to a
systemic nonlethal infection in B6 mice (Glass et al. 2004). A
plethora of studies has revealed that the brainstem is among
the severely infected areas, both in patients’ and in experi-
mental animals’ brains. As the most characteristic symptom
of COVID-19 patients is respiratory failure, it remains to
determine whether the neuroinvasive potential of SARS-
CoV-2 plays a role in the patients’ acute respiratory distress
with COVID-19 (Li et al. 2020b).

Gut-brain axis

Accumulating evidence supports the theory that the intes-
tines probably act as an “entrance door” through which
viruses may either directly invade the brain or indirectly
trigger immune responses in the enteric nervous system
(ENS) and ascend to CNS through intestinal vagal affer-
ents. The enteric glial cells (EGCs) function as antigen-
presenting cells (APC) by providing the immune cells
located in the gut-associated lymphoid tissue with viral
antigenic material. A gut infection may prompt a periph-
eral immune response (e.g., an adverse cytokine storm) and
promote enteric neuroinflammation (Esposito et al. 2017).
Scientists suggest that SARS-CoV-2-associated diarrhea
ought to be considered as gastrointestinal dysfunction that
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is a conceivable sign of ENS/EGC involvement, offering
an alternative pathway for SARS-CoV-2 neuroinvasion
(Esposito et al. 2020).

Hematogeneic pathway
The blood-brain barrier

For accessing the CNS through arteries, the virus must over-
come the blood—brain barrier (BBB). Paniz-Mondolfi et al.
found virion-like particles in capillary endothelial cells of
the brain sprouting across the endothelium. Henceforth, the
endothelial bed and the hematogenous pathway are intro-
duced as the possible route for brain entrance of SARS-
CoV-2. The production of ACE2 by the capillary endothelial
tissue also confirms the asserted hypothesis (Paniz-Mondolfi
et al. 2020). Moreover, McCray et al. demonstrated that a
consequence of enhanced cytokine and chemokine secre-
tion in the lung tissue of K18-hACE2 mice compared with
nontransgenic mice is the augmented permeability of BBB,
which probably assists the wide-ranging delivery of SARS-
CoV into the CNS (McCray et al. 2007).

Trojan horse mechanism

Some viruses, such as the Zika virus and the human immu-
nodeficiency virus (HIV), enforce leukocytes to transport
them as cargo through the BBB instead of directly penetrat-
ing the BBB, which is known as the “Trojan horse” mecha-
nism (Huang et al. 2020; McGavern and Kang 2011). In
other words, CoVs have the ability to employ leukocytes as
vectors (Huang et al. 2020). One example is the HCoV-229E
virus that infects monocytes/macrophages (Collins 2002;
Desforges et al. 2007), dendritic cells, and peritoneal mac-
rophages, and uses them as reservoir to induce chemokine
secretion (Wentworth et al. 2005).

Cellular and molecular mechanisms
of CoV-mediated CNS damage

Neuronal cell death following CoV infection has been doc-
umented in several reports. Lavi et al. demonstrated that
MHV-AS59 (an experimental murine coronavirus) is able to
reach the brain via intranasal or intracerebral routes, and its
neurovirulence is almost certainly facilitated by cytokines
secreted from microglia and type I astrocytes. The pathogen-
esis of MHV-AS59 infection is comparable to that of COVID-
19 (Lavi and Cong 2020). Wheeler et al. found that pro-
inflammatory cytokines such as interleukin 6 (IL-6), IL-12
p40, IL-15, and tumor necrosis factor o (TNF-a) in com-
parison with a non-neurotropic MHV were increased in pri-
mary glial cultures of MHV-A59-infected cells. These find-
ings suggest that infection with a neurotropic virus causes

activation of glial cells and secretion of pro-inflammatory
cytokines (Bohmwald et al. 2018; Wheeler et al. 2018).
TNF-a secreted from activated microglial cells is also
able to induce neuronal apoptosis. Jacomy et al. reported
that HCoV-OC43-infected cells release elevated levels of
TNF-a in vitro, which is possibly involved in at least part
of the apoptosis detected in nearby non-infected neurons,
and might be responsible for CNS impairment in surviving
animals (Jacomy et al. 2006).

Neurological manifestation of COVID-19

According to an increasing number of studies, a variety of
neurological symptoms have been explained in COVID-19
patients. Neurological manifestations of COVID-19 are
generally divided into two categories: CNS-related mani-
festations such as acute necrotizing encephalopathy (ANE)
and ischemic stroke (IS), and the peripheral nervous sys-
tem (PNS)-related manifestations such as Guillain—Barré
syndrome (GBS) and myasthenia gravis (MG) (de Goés
et al. 2020).

CNS manifestations
Acute necrotizing encephalopathy

Acute necrotizing encephalopathy (ANE) is an unusual brain
condition that occurs following a viral infection associated
with intracranial cytokine storms that lead to BBB collapse
without direct invasion of virus or parainfectious demyeli-
nation (Poyiadji et al. 2020). ANE’s initial presentations
usually occur 12-72 h after the viral infection symptom
onset comprised of seizures, reduced consciousness, and
vomiting (Dixon et al. 2020). The first presumptive case of
COVID-19-mediated ANE was described by Poyiadji et al.
in a 50-year-old female patient who presented with a 3-day
history of fever, cough, and altered mental status. Magnetic
resonance imaging (MRI) of the brain demonstrated hem-
orrhagic rim-enhancing lesions within the medial temporal
lobes, subinsular regions, and bilateral thalami. The intra-
venous immunoglobulin (IVIG) injection was administrated
for therapy. Therefore, it could be induced that the cytokine
storm syndrome has frequently been observed in patients
with COVID-19 that might play a leading role in ANE
development (Poyiadji et al. 2020). Dixon et al. reported
another case of hemorrhagic ANE with early involvement of
brain stem, which is possibly associated with COVID-19. A
59-year-old female with a history of transfusion-dependent
aplastic anemia presented with reduced consciousness and
seizures 10 days after the initiation of COVID-19 symp-
toms. The patient was positive for SARS-CoV-2 as proved
by nasopharyngeal swat testing but cerebrospinal fluid (CSF)
PCR for SARS-CoV-2 was negative. By the sixth day, MRI
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revealed progressive swelling of the brain stem accompa-
nied by symmetrical hemorrhagic lesions of the brain stem,
putamina, thalamic nuclei, and amygdalae. The patient did
not respond well to treatment with steroids and died after
eight days of admission (Dixon et al. 2020). Afshar et al.
reported a 39-year-old female presenting with fever, ano-
rexia, drowsiness, dry cough, and myalgia. Although the
patient tested negative for COVID-19 in the nasopharyngeal
swab and CSF, she was diagnosed with COVID-19 based on
the chest CT and the clinical laboratory along with imaging
findings were compatible with parainfectious encephalitis
(Afshar et al. 2020). She maintained IgG- and IgM-positive
status during the admission. The patient received a 3-day
IVIG therapy before diagnosis of neurologic involvement,
and IVIG therapy was sustained predicated on improved
clinical and radiological results. However, following the
emergence of the headaches, IVIG therapy was stopped, and
the patient was managed with methylprednisolone, which
resulted in complete resolution of neurological symptoms.
The patient was fully asymptomatic upon hospital discharge
(Afshar et al. 2020). Based on the aforementioned reported
evidence, COVID-19 might be related to severe acute
encephalopathy (Dixon et al. 2020).

Meningoencephalitis

The first case of SARS-CoV-2-associated meningoencepha-
litis was reported in a 24-year-old male presenting with
fever, generalized fatigue, unconsciousness, neck stiffness,
and seizures during admission. The patient tested positive
for COVID-19 in the CSF, while the nasopharyngeal swab
yielded negative results. Brain MRI suggested meningoen-
cephalitis, demonstrating hyperintensity in the wall of the
right lateral ventricle wall, right mesial temporal lobe, and
hippocampus (Moriguchi et al. 2020). Furthermore, Duong
et al. reported meningoencephalitis in a 41-year-old woman
who was positive for COVID-19 and complained about neck
stiffness, fever, and pleocytosis (Duong et al. 2020).

Seizures

Seizures are usually caused either following primary viral
infection or via restimulation of the latent viral infections
(Karimi et al. 2020). SARS-CoV-2-infected patients have
occasionally been presented with seizures (Mao et al. 2020).
Mao et al. reported that 0.5% of COVID-19 patients suffered
from seizures (Mao et al. 2020). In a multicenter retrospec-
tive study of 304 COVID-19 cases with no background his-
tory of seizures, only two patients showed seizure-like symp-
toms associated with hypocalcemia, suggesting a minimal
risk of seizure development during acute COVID-19 illness
(Lu et al. 2020). Furthermore, Karimi et al. described the
first case of frequent seizures in association with COVID-19
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in a 30-year-old woman, with no medical history. The patient
was presented with 5-day dry cough followed by fever and
fatigue, and 2 days prior to admission, she had experienced
a generalized tonic—clonic seizure for the first time. Naso-
pharyngeal swab for COVID-19 infection was positive;
nevertheless, the CSF sample was unremarkable for SARS-
CoV-2. She was treated with intravenous phenytoin and lev-
etiracetam (Karimi et al. 2020).

Acute cerebrovascular disease

Apart from respiratory complications, one of the neurologi-
cal manifestations that were reported in some of the COVID-
19 patients is acute cerebrovascular disease (ACVD). Mao
et al. demonstrated that 5.7% of severe COVID-19 cases
developed ACVD, which was commonly presented as a
stroke, with ischemic stroke (IS) being prevalent than hem-
orrhagic stroke (HS) (Mao et al. 2020). In a retrospective
investigation on 304 COVID-19 patients, 27% of the cases
were reported to develop an IS throughout the infection (Lu
et al. 2020). In another study on 184 patients, three cases
were described to be affected by an IS (Klok et al. 2020).
Another retrospective study implied that 10.8% of 92
patients who died due to the COVID-19 developed a cer-
ebrovascular event (Yang et al. 2020). COVID-19 poses a
risk of IS, most probably through excessive inflammation
inducement, hypoxic conditions, immobilization, or diffuse
intravascular coagulation (Klok et al. 2020). Li et al. sug-
gested the presumption that elderly patients are more vul-
nerable to ACVD development as they observed the ACVD
following the COVID-19 infection in eleven elderly patients
(Li et al. 2020a). Moreover, Avula et al. reported that four
patients who had initially experienced a stroke later tested
positive for SARS-CoV-2 (Avula et al. 2020). Al Saiegh
et al. presented two cases with confirmed SARS-CoV-2
infection who had concurrent neurological symptoms while
repeatedly testing negative for the virus RNA in their CSF.
In the first case, a 31-year-old male without any hyperten-
sion or other chronic illness background presented with
acute subarachnoid hemorrhage and later tested positive
for SARS-CoV-2. In the second case, a 62-year-old female
developed an IS with hemorrhagic conversion without any of
the SARS-CoV-2 infection-associated symptoms and tested
positive for SARS-CoV-2 soon after (Al Saiegh et al. 2020).
As it was evident in the so-called studies and based on the
report by Neumann et al. (Neumann et al. 2020), CSF PCR
testing for SARS-CoV-2 is usually negative in patients with
neurological complications. However, like other viral brain
infections, a negative result by RT-PCR does not exclude
the viral presence in the brain tissue. Therefore, additional
studies on SARS-CoV2 antibodies in CSF would be ben-
eficial (Neumann et al. 2020). In a study by Sharifi et al.,
three adult patients were described with IS associated with
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COVID-19 infection. All patients were presented with severe
life-threatening symptoms and were mechanically ventilated
in the intensive care unit (ICU). The exact mechanism of
stroke subsequent to viral infection is yet enigmatic. One
of the proposed mechanisms is that the vascular wall is
probably disturbed during viral infection, either directly or
indirectly, via the secretion of pro-inflammatory cytokines,
which then lead to the proliferation of smooth muscle cells
and platelet aggregation (Sharifi-Razavi et al. 2020). Inter-
estingly, Yaghi et al. aimed to compare the clinical presenta-
tions of stroke patients diagnosed with COVID-19, to those
without COVID-19. They observed a relatively low rate of
imaging-confirmed IS in hospitalized COVID-19 patients.
In COVID-19 patients with IS, most strokes were considered
cryptogenic, possibly due to the acquired hypercoagulabil-
ity, and were associated with high mortality. Further data is
required to assess the efficacy of anticoagulation therapy for
stroke and other thrombotic event prevention in COVID-19
patients (Yaghi et al. 2020).

PNS manifestations
Guillain—Barré syndrome

GBS is an acute immune-related neurologic disease (poly-
radiculoneuropathy) that is usually elicited by various infec-
tions (Sedaghat and Karimi 2020). The mechanism underly-
ing GBS is that the molecular mimicry between certain viral
proteins and peripheral nerve proteins such as gangliosides
can cause the host immune system to mistakenly attack the
adjacent peripheral nerves by damaging their myelin insula-
tion or axons (Guidon and Amato 2020). It is not yet clear
whether SARS-CoV-2 infection triggers the expression of
anti-ganglioside antibodies that normally coincide with cer-
tain GBS forms (Sedaghat and Karimi 2020).

Based on recently published reports, an increase in the
number of GBS cases following the COVID-19 suggests
a possible correlation. The first case of COVID-19-related
GBS was described by Zhao et al. in a 61-year-old female
with acute progressive lower limb weakness who had traveled
to China. She was diagnosed with GBS and was given IVIG
and antiviral administration. She showed classic symptoms of
COVID-19 by the eighth day and tested positive later on. Fol-
lowing the therapy and isolation, she eventually demonstrated
an acceptable motor recovery (Zhao et al. 2020).

In another similar case observed by Virani et al., a 54-year-
old male suffered from weakness and numbness of his lower
extremities. The patient also had fever, cough, and diarrhea and
tested positive for SARS-CoV-2. Due to acute polyneuropa-
thy diagnosis, he received therapy with IVIG, and responded
well and was finally subjected to physical therapy (Virani
et al. 2020). A more thorough report regarding the association
between the GBS and COVID-19 described five COVID-19

cases in Italy. Based on these findings, the main neurologi-
cal symptoms included paresthesia and lower-limb weakness.
Nasopharyngeal swabs for SARS-CoV-2 were positive in four
patients at the beginning of the neurologic manifestations. In
contrast, the other patient was negative for a nasopharyngeal
swab and bronchoalveolar lavage tests and later was positive
by serologic test. It is worth mentioning that the CSF test for
SARS-CoV-2 was negative for all of the cases, and all five
patients received IVIG treatment (Toscano et al. 2020).

Mozhdehipanah et al. described four patients (three
females, one male mean age 43) who developed GBS symp-
toms 21 to 30 days after the onset of COVID-19 symptoms.
Of these cases, three patients suffered from paresthesia
and lower-limb weakness, and one presented with pares-
thesia and facial paresis, who subsequently developed mild
lower-limb weakness accompanied by autonomic instability.
Treatment was managed with IVIG therapy in three patients
and one with a course of therapeutic plasma exchange
(TPE) (Mozhdehipanah et al. 2020). Later, Sedaghat
and Karimi described a 65-year-old male presented with
progressive ascending quadriparesis and bilateral facial
paralysis following 2 weeks of the SARS-CoV-2 infec-
tion. The patient received five days of IVIG administration
(Sedaghat and Karimi 2020). In another report, Ebrahimzadeh
et al. presented two COVID-19 cases associated with GBS
(Ebrahimzadeh et al. 2020). Case 1 was a 46-year-old man
who complained about the pain and numbness in the dis-
tal upper and lower extremities for six days. The common
symptoms of COVID-19 were revealed eighteen days before
the onset of neurological symptoms as confirmed by a high-
resolution CT scan (HRCT) of the chest and nasopharyngeal
sample PCR. Case 2 was a 65-year-old male who developed
paresthesia and progressive ascending weakness in the upper
and lower extremities 10 days after COVID-19 diagnosis
(validated by HRCT and nasopharyngeal sample PCR).
Although the vital mechanism underlying GBS develop-
ment in COVID-19 cases is not yet fully described, it was
hypothesized that SARS-CoV-2 primes the inflammatory
cells to produce and secrete a series of pro-inflammatory
cytokines, which subsequently initiate immune-associated
polyneuropathy (McGonagle et al. 2020). However, further
investigations are exceedingly required regarding the mecha-
nism of GBS formation in COVID-19 patients.

Miller Fisher syndrome

As apossible variant of the GBS, Miller Fisher syndrome (MFS)
is clinically defined by a triad of symptoms, including ataxia,
areflexia, and ophthalmoplegia. COVID-19 patients were also
reported to experience other symptoms relating to this triad,
such as astasia, trunk ataxia, and dysplasia (de Goés et al. 2020).
Gutiérrez-Ortiz et al. reported two COVID-19 patients presented
with acute MFS and polyneuritis cranialis, respectively. Case 1
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received immunoglobulin therapy, and case 2 was treated with
acetaminophen; both satisfactorily progress. It was concluded
that neurological symptoms could occur due to an abnormal
immune response to SARS-CoV-2. However, the clinical spec-
trum of neurological symptoms regarding the COVID-19 has to
be fully elucidated (Gutiérrez-Ortiz et al. 2020).

Myasthenia gravis

Restivo et al. described three patients without previous
neurologic or autoimmune disorders who were acetylcho-
line receptors (AChR) antibody-positive MG after the onset
of COVID-19. Two male patients initially had a fever and
developed muscular fatigability and diplopia a few days later.
Nasopharyngeal swab testing for SARS-CoV-2 was positive
for both patients. The third patient was a female who had
fever and cough at the disease onset and developed bilateral
ocular ptosis, diplopia, and hypophonia 5 days later. Naso-
pharyngeal swab testing of COVID-19 was negative for the
first time but yielded positive in the second test a few days
later. One patient was treated with pyridostigmine bromide
and prednisone, the second one received a cycle of IVIG
administration, and the third one was given hydroxychloro-
quine (Restivo et al. 2020).

In an observational retrospective study, Camelo-Filho
et al. described clinical characteristics and outcomes of 15
hospitalized patients presented with diagnosed MG (based
on antibodies or electrophysiological findings) and concur-
rent COVID-19 infection. One patient was treated with IVIG,
and four patients with plasma exchange therapy (PLEX). Six
patients underwent continuous neuromuscular blocking agents
(NMBs) for mechanical ventilation (MV), four of whom
were deceased, and one was still hospitalized and mechani-
cally ventilated (Camelo-Filho et al. 2020). Moreover, Sri-
wastava et al. reported the first case of ocular myasthenia
gravis (OMG) developing concurrently with SARS-CoV-2
infection in a 65-year-old female. Two weeks before being
admitted to the hospital, the common symptoms of COVID-
19 were revealed and she tested positive for COVID-19 via
a nasopharyngeal RT-PCR swab test. Based on the patient’s
history, laboratory tests, and electrodiagnostic findings, she
was diagnosed with seropositive OMG and responded well
to a standard pyridostigmine dose. These studies highlight
the notion that the production of antibodies against neuro-
muscular junctions triggering MG could be a consequence of
COVID-19 infection (Sriwastava et al. 2020).

Anosmia and hypogeusia
Anosmia and hypogeusia are often reported as symptoms

of COVID-19, both of which may be the consequence of an
aberrant immunological or neurological response preceding
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the respiratory symptoms (Kipnis 2018; Pallanti 2020). Bon
et al. hypothesized that sudden hyposmia or anosmia related
to COVID-19 might arise from the apoptosis of olfactory
receptor neurons as a protective host defense mechanism.
Since olfaction is the only sense with regenerative properties
in adults, it seems logical to sacrifice smelling for neuro-
protection (Le Bon and Horoi 2020). Brann et al. analyzed
the expression of genes that are mediating the cell entry of
SARS-CoV-2 (ACE2 and TMPRSS?2) in olfactory mucosa
to investigate the sudden anosmia associated with COVID-
19. As they described, ACE2 expression was sparsely
observed in support cells, stem cells, and pericytes but not
in olfactory nerves. Therefore, olfactory dysfunction is not
directly originated from a viral infection of olfactory recep-
tor neurons (ORNGs), rather by a secondary inflammation or
infection of olfactory neurons. Interestingly, they found that
CoV infection of rat olfactory epithelial cells resulted in
extensive loss of neurosensory cilia from ORNS, and limited
infection of supporting cells. The evidence collectively sug-
gests that the COVID-19-mediated olfactory disturbance is
probably mediated by the immune defenses against SARS-
CoV-2 rather than direct viral damage (Brann et al. 2020).
The effect of SARS-CoV-2 in the nasal cavity was first
investigated by Bryche et al., who demonstrated olfactory
loss and dysfunction in the SARS-COV-2-infected golden
Syrian hamsters. By the second day of nasal instillation of
SARS-CoV-2 particles, they detected extensive damage of
the olfactory epithelial cells, leading to a massive lack of
cilia essential for odor recognition. These complications
were caused due to the infection of a significant number of
sustentacular cells, and were not associated with olfactory
nerves. Additionally, no virus was detected in the olfactory
bulbs. Furthermore, massive infiltration of immune cells
into the olfactory epithelium and lamina propria of infected
animals was observed, which could be associated with des-
quamation of the olfactory epithelial tissue. The olfactory
epithelium was restored in part after 14 days of infection.
These findings partially explain the anosmia observed in
COVID-19 patients, but need to be further validated by addi-
tional studies involving human olfactory epithelium (Bryche
et al. 2020).

Conclusion

Like the rest of the world, Iran is experiencing an unprec-
edented massive outbreak of COVID-19 infections and
according to statistics ranks 11th in the number of total
deaths due to COVID-19 as of February 16, 2021 (https://
www.worldometers.info/coronavirus/). Based on the epi-
demiological study of COVID-19 patients in Iran, elderly
male patients who also have comorbidities are significantly
associated with the risk of mortality among patients with
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COVID-19 (Nikpouraghdam et al. 2020). Respiratory mani-
festations are the most common features reported in patients
who suffered from COVID-19; however, there are already
reports of neurological complications in some cases. To
date, our knowledge is still limited regarding the mecha-
nisms and complications of newly emerged SARS-CoV-2
interacting with the nervous system. Therefore, meticulous
investigation of COVID-19-associated neurological mani-
festations is a step toward the improved understanding of
SARS-CoV-2 infection, designing novel intervention strate-
gies based on disease severity, and avoiding further spread.
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ANE: acute necrotizing encephalopathy; APC: antigen-presenting
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