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ARTICLE INFO ABSTRACT

Key Words: Introduction: Coronavirus disease-19 (COVID-19) pandemic continues to grow all over the world. Several studies
COVID-19 have been performed, focusing on understanding the acute respiratory syndrome and treatment strategies.
SARS-CoV-1 However, there is growing evidence indicating neurological manifestations occur in patients with COVID-19.
MERS'C"Y . . Similarly, the other coronaviruses (CoV) epidemics; severe acute respiratory syndrome (SARS-CoV-1) and
lgz:;r?:/giizl manifestations Middle East respiratory syndrome (MERS-CoV) have been associated with neurological complications.

Methods: This systematic review serves to summarize available information regarding the potential effects of
different types of CoV on the nervous system and describes the range of clinical neurological complications that
have been reported thus far in COVID-19.

Results: Two hundred and twenty-five studies on CoV infections associated neurological manifestations in
human were reviewed. Of those, 208 articles were pertinent to COVID-19. The most common neurological
complaints in COVID-19 were anosmia, ageusia, and headache, but more serious complications, such as stroke,
impairment of consciousness, seizures, and encephalopathy, have also been reported.

Conclusion: There are several similarities between neurological complications after SARS-CoV-1, MERS-CoV and
COVID-19, however, the scope of the epidemics and number of patients are very different. Reports on the
neurological complications after and during COVID-19 are growing on a daily basis. Accordingly, comprehensive
knowledge of these complications will help health care providers to be attentive to these complications and
diagnose and treat them timely.

1. Introduction 1.1. History

Coronavirus disease-19 (COVID-19) pandemic continues to grow all
over the world. [1] Currently, several research studies have been per-
formed, focusing on the understanding of the acute respiratory syn-
drome and treatment strategies. [1] However, there is growing evi-
dence of the neurological manifestations in patients with COVID-19.
Similarly, the other coronaviruses (CoV) epidemics; severe acute re-
spiratory syndrome (SARS-CoV-1) and Middle East respiratory syn-
drome (MERS-CoV) have been associated with neurological complica-
tions. CoV neurotropism, direct invasion of the virus to the central
nervous system (CNS) and post infection neurological complications
were suggested as the cause of these presentations. [1]

Viral respiratory infection pandemic is not a new event in medical
history. Reports of respiratory infection outbreaks back to 1173 AD.
The first confirmed pandemic of respiratory infections, occurred in
1580. [2]. More recently, in the 20th and 21st centuries, there have
been several reposts of such pandemics and outbreaks, including the
Spanish Flu pandemic of the early 20th century, SARS-CoV-1 epidemic
in 2003 and MERS-CoV outbreak in 2012. [1,2] Neuropsychiatric
complications during and after these pandemics have been noticed by
many scientists. One of the first neurological presentations, which was
reported after the 1580 pandemic was encephalitis. [3]

The Spanish Flu Pandemic in 1918 was the first respiratory infection
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pandemic in the 20th century. It infected over 500 million people
worldwide. [3] Several investigations were performed during and after
the pandemic on neuropsychiatric symptoms, treatments, and delayed
complications. It was reported that many patients who recovered from
the respiratory symptoms of the disease had very pronounced nervous
system sequelae, such as depression, neurasthenia, acute post-flu psy-
chosis, and neuritis, some persisting until one year after the illness. [4]

Besides these neurological presentations, which were considered to
be caused directly by the infection, scientists believe that an auto-
immune response might have caused delayed neurological complica-
tions in these patients. [5] As an example, Encephalitis lethargica, a
neurological syndrome which widely coincided with, and lasted for a
decade after the Spanish Flu pandemic, was believed to be in relation to
the influenza infection. [5] Moreover, despite controversies, it was
shown that Parkinson's disease was two to three times more prevalent
among individuals who were born between 1888 and 1924. This group
was born or were young at the time of the Spanish Flu pandemic. [5]

With respect to the current pandemic, we reviewed the neurological
complications of CoV infection in human.

1.2. CoV

CoV are large, enveloped, positive-sense RNA viruses. They infect
humans and several groups of the animal species. They generally cause
upper and lower respiratory tract and gastrointestinal infections, he-
patitis or neurological manifestations. Human coronaviruses (HCoV)
which causes human infections were first discovered in 1965. [6] Until
now seven types of CoV have been discovered: SARS-CoV-2, SARS-CoV-
1, and MERS-CoV which are associated with the three epidemics and
caused severe disease in humans, HCoV-OC43, HCoV-229E, HCoV-
NL63 and HCoV-HKUL1. [7] CoV may invade the CNS, disseminate, and
participate in induction of neurological diseases. Before SARS-CoV-2,
three other types including: SARS-CoV-1, HCoV-229E and HCoV-OC43
had been shown to cause CNS infection. [7]

2. Methods

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Figure 1) statement. [8] We searched PubMed till July 7, 2020 for
HCoV-229E and HCoV-OC43 (Part A, B), from Jan 1, 2000, to July 7,
2020, for SARS-CoV-1 (part C), from Jan 1, 2010, to July 7, 2020, for
MERS-CoV (Part D) and from Jan 1, 2020, to July 7, 2020, for Covid-19

Record Identified through data base searching:
3073
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(Part E). These Keywords were used:

Part A: “HCoV-229E” AND “Neuro” OR “Brain”

Part B:” HCoV-OC43” AND “Neuro” OR “Brain”

Part C "Severe acute respiratory syndrome of Coronavirus" OR
"SARS" AND "Neuro" OR "Brain"

Part D: "Middle East respiratory syndrome coronavirus" OR "MERS"
AND "Neuro" OR "Brain"

Part E: “Coronavirus” OR “COVID” AND “Neuro” OR “Brain”

Articles written in English were included. The authors evaluated the
titles and abstracts of each article for screening and inclusion. Articles
evaluating CoV infections with respect to the neurological complica-
tions in human (original articles and reports of the cases (case series,
case reports, letters, correspondence, or short communications which
presented at least 1 case)) were reviewed in full text by the authors and
included. (In COVID-19 we just included the studies which described
neurological symptoms in adults) Studies not related to the CoV in-
fections or their neurological manifestations were excluded from the
review. Duplicated results were removed. We also reviewed relevant
references in each article. Data from each article was extracted into the
Microsoft Excel software.

3. Results and discussion
3.1. HCoV-0C43 and HCoV-229E

CNS damages caused by HCoV was suggested in the 1980s. In 1980
Burks JS et al. [10] isolated CoV from the brains of two MS patients.
Subsequently the hypothesis concerning the relationship between CoV
infection and demyelinating diseases in humans CNS was studied sev-
eral times. [10,11,12]

Arbour N et al showed that human CNS cells including oligoden-
drocytes, astrocytes, microglia, and neurons are susceptible to acute
infection with HCoV-OC43 during in vitro cultures, and other than
microglia, the rest have a potential of persistent infection. [13] In an-
imal studies, direct invasion of the virus via nasal canal caused a rapid
CNS infection. [14]. Cristallo A et al [11] reported presence of HCoV-
0OC43 RNA in the Cerebrospinal fluid (CSF) of MS patients; However,
Dessau RB et al. [12] did not find any evidence of chronic 229E or OC43
infection in brain tissue of MS patients. In 1992, Fazzini E et al showed
higher levels of HCoV-OC43, and HCoV-229E antibodies in CSF of
Parkinson disease patients compared to controls. [9]

Two cases of fatal encephalitis with HCoV-OC43 infection were
reported in 2 immunosuppressed infants (9-month old infant on

Records excluded:

~ 2347

Records screened according to titles and abstracts:
726

Records excluded:

Records screened according to duplicity :
278

Records excluded:

Records screened according to full texts:
241

Studies included in the final synthesis:
225

Recordsexcluded:

Fig. 1. PRISMA algorithm of this study
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Table 1
Neurological Complications Reported During and After SARS-CoV-1 Infection.
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No. Neurological Ref. No.  No. of patients Mean Age of the patients Notes
Symptom (Range)
Symptoms related to CNS
1 Ischemic stroke [21] 5 Patients 57.6(39-68) Large artery ischemic stroke especially in critically ill patients.
3F
2M
2 Headache [22] F 62
3 Seizure [23] F 32 CSF positive for SARS-CoV-1
4 Encephalitis [24] M 39 Autopsy tissue from the patient revealed neuronal necrosis, glial cell
hyperplasia, and infiltration of monocytes and T cells.
Symptoms related to peripheral nervous system (PNS)
5 Guillain-Barré syndrome [25] 3F 47(42-51) Both acute inflammatory demyelinating polyneuropathy (AIDP)
(GBS) and acute motor axonal neuropathy (AMAN)
6 Critical illness [26] F 51
polyneuropathy
Smell impairment [27] F 27
Symptoms related Skeletal Muscle injury
7 Myopathy [28] 5M 54.8(31-81) Leung TW et al. [28] study was a post-mortem study, steroid-induced
[25], myopathy suggested for these patients.(4 cases)

Abbreviation: M: Male, F: Female

chemotherapy for leukemia and 11-month boy with severe combined
immunodeficiency). [15,16] Moreover, acute disseminated en-
cephalomyelitisCADEM) was reported with HCoV-OC43 infection in a
15-year-old boy. In this case, CSF was positive for the virus. [17] In
2015, acute flaccid paralysis was reported in a 3-year-old girl after
infection with HCoV 229E and OC43 [18] In another study by Li Y et al.
[19] from China, CoV was suggested as an important cause of acute
encephalitis-like syndrome in children.

3.2. SARS-CoV-1

The outbreak of SARS-CoV-1 was in 2002- 2003 and affected more
than 8,000 people worldwide. [20] Clinical presentations in most of the
patients were a simple common cold. However, in patients with an
impaired immune system, it caused respiratory distress, pneumonia,
and even death. [20] In some of these patients, neurological compli-
cations were reported. (Table 1) [21-28]. Cerebrovascular pathologies
and ischemic strokes were reported in 5 patients. Most of these patients
had severe infection and several comorbidities, which might have made
them more susceptible to stroke. [21] In these cases, hypo-perfusion as
result of septic shock, utilization of intravenous immunoglobulin as a
part of the treatment regimen, hypercoagulability state, cardiogenic
shock, and vasculitis might represent the potential underlying me-
chanisms for the cerebrovascular events. [21]

Encephalitis was reported in a 39-year-old patient. In his autopsy,
SARS-CoV-1 RNA was isolated from the specimen and virions were
visualized in neurons on electron microscopy. [24] Other studies on
brain tissue specimens of autopsy donors detected SARS-CoV-1 in the
cytoplasm of neurons in the cortex and hypothalamus. [29]

Neuropathy and myopathy were seen in 9 patients. Tsai LK, et al.
[25] reported patients with different types of Guillain-Barré syndrome
(GBS) (acute inflammatory demyelinating polyneuropathy(AIDP) and
acute motor axonal neuropathy (AMAN)). Chao CC et al. [26] described
a patient with critical illness polyneuropathy. Myopathy was reported
in 5 patients. [25,28] (Table 1)

Despite many suggested that those complications were caused by
the direct attack of the virus to the nerves and muscles, critical illness
neuropathy and myopathy should be considered as another potential
underlying cause. In the case of myopathy, many of these patients were
treated with corticosteroids for the primary illness and steroid-induced
myopathy might have been a differential diagnosis in such patients.
[25,28]

3.3. MERS-CoV outbreak

MERS or Camel Flu caused by the MERS-CoV, was first identified in
2012 in Saudi Arabia and caused outbreaks in South Korea and Saudi
Arabia. Symptoms varied from none or mild common cold such as
fever, myalgia, and cough to acute respiratory distress syndrome
(ARDS), sepsis, multi-organ failure, and even death. [30] About 2500
confirmed cases were detected worldwide, and the fatality rate was
reported as 34.3%. [31].

Prevalence of neurological complications were high among patients
with MERS-CoV infection. In a study by Saad M et al. [32] 29 out of 70
patients with MERS-CoV infection had neurological manifestations.
Serious neurological complications such as ischemic stroke and en-
cephalitis were also reported in these patients. (Table 2) Some of these
complications did not coexist with the respiratory symptoms and were
delayed for approximately 2-3 weeks later. [36] Intracranial hemor-
rhage (ICH) was reported in 2 patients; in one, an abnormal coagulation
panel and disseminated intravascular coagulation (DIC) were noted
leading to severe multiple organ failure, but the other patient had a
normal coagulation panel and platelet count. [34,35] Both patients
were women and relatively young.

Contrarily to the fact that CNS infection were confirmed in animal
models after intranasal inoculation with MERS-CoV, the virus has never
been detected in the CNS of humans. [37]

3.4. COVID 19 pandemic

To date there are several reports on neurological complications of
COVID-19. We divided the neurological symptoms in such patients into
three different groups: symptoms related to CNS involvement [38-214],
symptoms related to the peripheral nervous system (PNS) involvement,
and symptoms related to skeletal muscle injury or neuromuscular
junction (NMJ) disorder. We also emphasize important clinical points
in each case. (Table 3,4,5)

Studies were performed in 25 different countries; the United States
with 46 publications had the highest number of publications on this
topic. (Figure 2) The most common neurological symptoms in COVID-
19 are headache, dizziness, anosmia, and ageusia. More severe neuro-
logical findings include stroke, impairment of consciousness, coma,
seizures, neuropathy, and encephalopathy. (Figure 3)

3.4.1. Symptoms related to CNS
3.4.1.1. Headache and dizziness. Headache and dizziness have been
reported as two of the most common initial presentations in many
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Table 2
Neurological Complications Reported During and After MERS-CoV Infection.
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No. Neurological Ref. No. of Mean Age of the patients Notes
Symptom patients (Range)
Symptoms related to CNS
1 Ischemic stroke [33] 2M 65.6(57-74)
2 Intracranial hemorrhage (ICH) [341, [35] 2F 38(34-42) ICH in one of the patients was related to DIC and thrombocytopenia but the
other patient had normal coagulation at the time of ICH.
3 Headache [32] 9 (12.9%) NR
4 Seizure [32] 6(8.6%) NR
5 Confusion [32] 18 (25.7) NR
6 Encephalitis [33] M 45 CSF: Not significant
7 Bickerstaff's encephalitis [36] M 55
overlapping with GBS
Symptoms related to Peripheral nervous system (PNS)
8 Guillain-Barré syndrome (GBS) [341, [36] 4 patients 38.7(28-46)
2M
2F

Abbreviation: M: Male, F: Female

patients with COVID-19. These two are very common symptoms in
many neurological pathologies such as meningitis, encephalitis and
vasculitis. It was shown that they can also occur in temporal association
with a systemic viral infection. [38,39,40]

In COVID-19, headache has been reported in 2073 patients in 34
studies. (Table 3) The severity of headache was reported to be moderate
to severe. Headaches were reported to have tension-type quality, [69]
pain was reported to be bilateral with exacerbation by bending over,
and mostly located in the temporo-parietal region or sometimes more
anteriorly toward the forehead. [38] In most of these patients, head-
aches occurrence was associated with a past medical history of head-
aches. [69]

Several potential underlying pathophysiological mechanisms were
suggested, particularly for headaches in the forehead and periorbital
regions [38]; notably, it could be due to a direct invasion of SARS-CoV-
2 to the trigeminal nerve endings in the nasal cavity. The other pro-
posed underlying mechanism is trigemino-vascular activation due to
involvement of the endothelial cells of the vessel walls with high ex-
pression of angiotensin-converting enzyme 2 (ACE2). A third proposed
mechanism, the release of the pro-inflammatory mediators and cyto-
kines during COVID-19 might stimulate the perivascular trigeminal
nerve endings and cause headache. [38] We summarized the studies
which reported Headache and dizziness in patients with COVID-19 in
Table 3.

Eleven studies reported dizziness as one of the presenting symptoms
of COVID-19 in 173 patients. (Table 3) Kong Z et al. [72] reported a 53-
year-old woman with dizziness as the initial symptom of COVID-19.

3.4.1.2. Cerebrovascular events. Acute Ischemic stroke(AIS) has been
reported in approximately 1-3% of patients with COVID-19 [39,77,84];
this is similar with other CoV infections (SARS-CoV-1 and MERS-CoV).
During the current pandemic, 370 patients with SARS-CoV-2 infection
out of 37 studies (Table 3) were reported to suffer from AIS or transient
ischemic attack (TIA). Most of these patients had several underlying co-
morbidities which made them more susceptible to thromboembolic
events. [21,77].

However, there are reports on AIS occurring in young adults with
SARS-Cov-2 infection and without any past medical history or cardio-
vascular risk factors. [80,85,95] (Figure. 4). Systemic effects of SARS-
Cov-2 might be the underlying mechanism in these cases. Coagulation
abnormalities have been shown in critically ill COVID 19 patients. This
was characterized by rise in procoagulant factors, including serum le-
vels of fibrinogen (94%), platelet (62%), interleukin-6 (IL-6) and D-
dimer (100%) which subsequently may contribute to elevated rate of
thromboembolic events and higher rate of mortality and morbidity.
[103]. SARS-CoV-2 may cause an inflammatory response in the body.

Elevated levels of C-reactive protein (CRP), interleukin-7 (IL-7), IL-6
and other inflammatory markers makes the existing atherosclerotic
plaque more susceptible to rupture [84]. Cardiac manifestations and
arrhythmic complications of COVID-19 can be another potential me-
chanism contributing to higher rate of ischemic events in these patients.
[104]. The other proposed mechanism involves ACE2. It was shown
that SARS-CoV-2 virus binds to ACE2 which is located in the lung, small
intestinal and brain vessel endothelial cells. Depletion of ACE2 by
SARS-CoV-2 virus may cause imbalance of the renin angiotensin system
(RAS) which might result in endothelial dysfunction and subsequently
ischemic events. [105]

Intracranial Hemorrhage (ICH) was seen in about 0.5% of the
patients with COVID-19 in large population studies. [39,60] Overall 61
patients in 19 studies were reportedly presented with ICH. (Table 3) In
the past CoV pandemic, ICH was reported as a neurological complica-
tion with MERS-CoV infection [34,35]. In critically ill patients, COVID-
19 has been associated with coagulopathies such as DIC, thrombocy-
topenia, elevated D-dimer, and prolonged prothrombin time which can
result in hemorrhage. [113] Another potential mechanism is the effect
of SARS-CoV-2 on ACE2. As mentioned earlier, SARS-CoV-2 has been
shown to use the ACE 2 receptor for cell entry. ACE2, the SARS-CoV-2
binding site, is a critical component of the counter-regulatory pathway
of the RAS, which is one of the most important regulators of blood
pressure. SARS-CoV-2-induced ACE2 downregulation may lead to va-
soconstriction and dysfunction of cerebral autoregulation and subse-
quently blood pressure spikes which eventually can causes arterial wall
rupture and hemorrhage. [106]. There are reports that suggested even
neurosurgical interventions were accompanied with more hemorrhagic
complications in patients with COVID-19. [113]

Cerebral Venous Sinus Thrombosis was reported in 13 patients
out of 9 studies. (Table 3). Overall it was shown that venous and arterial
thromboembolic complications are seen in 5-15% of patients with se-
vere COVID-19. [119] Combination of low-grade DIC and a localized
pulmonary thrombotic micro-angiopathy might be the cause. The
COVID-19 coagulopathy is characterized by a significant increase in D-
dimers, high fibrinogen levels, mild prolonged prothrombin time, and a
modest thrombocytopenia. [114,119] Besides, in patients with COVID-
19 a transient raise of antiphospholipid antibodies is seen which may
play a role in pathophysiology of thrombosis. [114,119] Cytokine storm
particularly in critically ill COVID-19 patients is the other possible
mechanism. It suppresses the anticoagulant pathways and release von
Willebrand factor which might lead to thrombosis in such patients.
[119]

3.4.1.3. Demyelinating diseases. As of now, five patients with ADEM
have been reported after CoV infection; one adolescent with HCoV-
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Table 4
PNS Complications Reported During and After SARS-CoV-2 Infection.
No. Neurological Ref. No. No. of Mean Age of the Notes
Symptom patients patients(Range)
Cranial Nerve abnormalities
1 Impaired [571, [58], [194], [215] 12 NR in all Pascual-Goii E et al. [194], reported a 36 Y/O F and
Eye movement articles. bilateral sixth nerve palsy with impression of
Wernicke encephalopathy.
4 Articles
Dinkin M et al. [215], reported a 36 Y/O M and third
nerve palsy and impression of Miller-Fisher syndrome.
2 Trigeminal neuropathy [571, [216] 9 NR in all
articles.
2 Articles
3 Facial nerve palsy [58], [217] 4 NR in all
articles.
2 Articles
4 Auditory Impairment [62] [57] 5 NR in all
articles.
2 Articles
5 Glossopharyngeal [57] 9 NR
neuralgia
1 Article
GBS and other Neuropathies
6 GBS and GBS variants [601, [63], [101], [191], [215], [218], [219], [220], 52 NR in all Su XW et al [226], reoorted a patient GBS with
[221], [222], [223], [224], [225], [226], [227], articles. dysautonomia.

36 Articles [228], [229], [230] [231] [232] [233] [234] [235]
[236], [2371, [238], [239], [240] [241] [242], [243],

[244] [245] [246], [247], [248]

Juliao Caamafio DS et al. [230], reported a patient
with Facial diplegia an
Atypical Variant of GBS

Pfefferkorn T, et al. [247] reported a 51 Y/O M acute
polyradiculoneuritis.

Abbreviation: M: Male, F: Female, NR: Not reported

0C43 [17] and 4 adults after SARS-CoV-2. [120-123] relation between
CoV infections and demyelinating diseases of CNS has been suggested in
last decades. [12,124] Despite the fact of ADEM usually occurring in
children [17], in the current pandemic all reported ADEM patients were
older than 50-year-old. This finding might be due to higher prevalence
of COVID-19 in adults. From the reported patients, two recovered with
methylprednisolone and intravenous immunoglobulins [120,121] and
two of them died [122,123], one was a 71-year-old-man with
underlying comorbidities and ADEM was diagnosed in post-mortem
biopsy. [122] The other one was a 58-year-old man who was treated
with dexamethasone and died as consequence of status epilepticus.
[123] (Figure. 5)

MS Exacerbation: Early insights about COVID-19 in MS patients
suggest that the risk of infection and associated morbidity in this po-
pulation is not significantly different from the non-COVID19 patients
[130] Moreover, worsening outcome with regards to with disease-

Table 5

modifying therapies has not been reported. [131]

Acute encephalomyelitis in COVID-19, were reported in 4 pa-
tients. (Table 3) Zoghi et al. reported a 21-year-old-man with en-
cephalomyelitis following SARS-CoV-2 infection. The patient reported
having upper respiratory infection symptoms for 2 weeks prior to this
presentation. [132] Based on the clinical and brain MRI findings, there
were suspicion of ADEM or neuromyelitis optica spectrum disorder
(NMOSD) following COVID-19. In another study, Demirci Otluoglu G
et al. [196] reported a 48-year-old man with acute encephalomyelitis
and positive CSF for SARS-CoV-2.

Acute Myelitis was reported in 5 patients after COVID-19.
[125-129] It was shown that 30-60% of idiopathic transverse myelitis
cases are associated with an antecedent respiratory, gastrointestinal, or
systemic illness. [126] In the recent reported patients, post-infectious
etiology in terms of secondary immunogenic overreaction was proposed
as the underlying mechanism for myelitis after COVID-19. [125] Sotoca

Complications related to Skeletal Muscles and Neuromuscular Junction (NMJ) Reported During and After SARS-CoV-2 Infection.

No. Neurological Ref. No.

Symptom

No. of patients

Mean Age of the patients Notes

(Range)

Symptoms related to Skeletal Muscles and Neuromuscular Junction (NMJ)
1 Skeletal muscles injury and Rhabdomyolysis  [39], [58], [60] 38
3 Articles

2 Myopathy [60], [250], [251] 28

3 Myositis [252] 1
4 Myasthenic crisis [253] 1
5 Neuroleptic Malignant Syndrome [254] 1

NR in all articles.

NR in all articles.

58 Y/OF 58 Y/O F with
muscle biopsy
suggestive of Myositis.
56 Y/OF With history of myasthenia gravis

Middle age man In patient with past medical history of psychiatric

disorders.

Abbreviation: M: Male, F: Female, NR: Not reported
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Fig. 3. Neurological Symptoms in COVID-19 (Designed with BioRender.com)

J et al. [127], reported a 69-year-old woman with acute necrotizing
myelitis.

Optic Neuritis after COVID-19 was reported in only one patient.
[60]

3.4.1.4. Impaired consciousness. Decreased level of consciousness
and Encephalopathy were reported in 7.5% [39] to 31% [98] of the
patients with COVID-19 in 22 articles encompassing 454 patients.
(Table 3) Altered consciousness is a general term with several
underlying mechanisms. In COVID-19 patients, possible mechanisms
include infections, parenchymal damages, electrolyte imbalance,
hypoxic, toxic and metabolic encephalopathies and non-convulsive
status epilepticus. [58,100,134,135]

Leukoencephalopathy after COVID-19 was reported in 18 patients
out of 3 studies. Radmanesh A et al. [145] reported diffuse white matter
T2 hyperintensity plus restricted diffusion in 11 critically ill COVID-19
patients. Despite the fact that these findings are nonspecific and that

their exact etiology is not certain; they attributed such findings to de-
layed post-hypoxic leukoencephalopathy. This pattern has been de-
scribed in patients approximately 10-14 days after a hypoxic insult such
as carbon monoxide poisoning, drug overdose, and cardiopulmonary
arrests [145] and It is believed to relate to oligodendroglial cell death
and subsequently demyelination. Other potential etiologies can be di-
rect cerebral infection, sepsis-associated encephalopathy, post-in-
fectious demyelination, and posterior reversible encephalopathy syn-
drome (PRES). [145]

Acute Necrotizing Encephalopathy(ANE) which was reported in 8
patients (Table 3) with COVID-19 is a distinct entity defined as rapid
onset of neurological symptoms often secondary to a viral infection
such as herpes viruses and influenza. Despite the association with viral
infection, ANE is usually not considered as an inflammatory en-
cephalitis. The cytokine storm which has been described with SARS-
CoV-2 and some other viral infections can cause ANE, particularly in
critically ill patients. In the absence of CSF pleocytosis, an intense surge
of pro-inflammatory cytokines causes focal damage to the blood-brain
barrier and induces edema and subsequent necrosis. [146,147] (Figure.
6)

Encephalitis following COVID-19 was reported in 22 patients out of
13 studies. (Table 3) Recently, SARS-CoV-2 was detected in brain tis-
sues and capillary endothelial cells at autopsy and viral infection of CNS
was confirmed. [159] Two different potential route of virus entry were
suggested; First possible route is through the trigeminal and olfactory
nerve endings. Infiltration through the olfactory system could explain
the increased FLAIR signal in the medial temporal lobe. Moreover,
signal changes which is seen in the brainstem and thalamus may re-
present a central infiltration through the trigeminal system. [146] The
second possible mechanism of viral invasion may be increased perme-
ability of the Blood Brain Barrier (BBB) due to high levels of pro-in-
flammatory cytokines in the CSF. [148]
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Fig 4. CT Angiography of the neck shows macro thrombus within the Common
Carotid artery bifurcation extending into the Internal Carotid artery in a pre-
viously healthy 33-Year-Old woman. (From Fara MG et al. [95])

Mild Encephalitis/Encephalopathy with a Reversible Splenial
Lesion(MERS) is suggested to be in relation with various viral infec-
tion, electrolyte imbalance disorders, organ failure, and administration
of a certain medications. [160] In relation with COVID-19, a 75-year-
old man with MERS was reported who presented with transient cere-
bellar ataxia and alteration of consciousness. [160] (Figure 7)

Posterior reversible encephalopathy syndrome (PRES) usually
presents with acute impairment in level of consciousness, headache,

Journal of the Neurological Sciences 417 (2020) 117085

visual disturbance and seizures. It is usually associated with cortical or
subcortical vasogenic edema, involving predominantly the parietal and
occipital regions bilaterally. [163] This condition is commonly asso-
ciated with fluctuation in blood pressure, renal failure, autoimmune
conditions, infections and sepsis, preeclampsia or eclampsia and certain
type of immunosuppressive-cytotoxic drugs. [163] PRES was reported
in ten COVID-19 patients out of 8 studies. (Table 3) Definitive etiology
is not fully understood but there are various proposed underlying me-
chanisms. In COVID-19, endothelial dysfunction related to SARS-CoV-2
in combination with hemodynamic instability and immunological ac-
tivation with release of cytokines may increase the vascular perme-
ability in the brain tissue. Furthermore, disruption of BBB in these cases
may cause vasogenic edema and PRES. [162-163] Kishfy L et al. [165]
suggested that COVID-19 patients may be at higher risk of con-
sequences of uncontrolled hypertension such as hypertensive en-
cephalopathy and PRES due to endothelial dysfunction. For this reason,
tight blood pressure control was suggested, particularly in ventilated
COVID-19 patients.

3.4.1.5. Seizure. Seizure has been reported as a mneurological
manifestation in patients infected with SARS-CoV-1 [23], MERS-CoV
[32] and SARS-CoV-2. In COVID-19, 48 patients out of 20 studies were
reported to have seizures. (Table 3). CNS viral infections and
subsequent activation of neuro-inflammatory pathways are known to
lower the threshold for seizures and potentially facilitate
epileptogenesis in certain individuals. [174] As an example, in a
COVID-19 patient with prior structural brain damage, focal seizures
originating from the lesion site was reported. [175] Moreover, the
accumulation of inflammatory markers associated with SARS-CoV-2
infection, may cause a local cortical irritation that precipitates seizures
[177]. In addition, viral encephalitis and direct invasion of the virus to
the CNS may cause seizure in the affected patients. [177,178] In
critically ill COVID-19 patients, metabolic and electrolyte imbalances,
ongoing hypoxia and inflammatory/infectious processes may also
contribute to seizure or abnormal EEG background. [134]

In a recent study on electroencephalography (EEG) findings of
COVID-19 patients by Galanopoulou AS et al. [180], sporadic epi-
leptiform activity, predominantly in the form of frontal sharp waves,
were detected in 40.9% of patients with altered mental status. [180].
“Generalized background slowing” particularly in patients with de-
creased level of consciousness was reported in several investigations.

Fig. 5. Fluid-attenuated inversion recovery (FLAIR)
mages show diffuse confluent white matter hyper-
intensity particularly at the left-side (A-D) without
significant enhancement on T1-weighted brain MRI
(C, F). Involvement of (black arrow), deep gray
matter (black arrowhead), and dorsal midbrain
(white arrow) is evident. From Abdi S et al. [123]
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Fig. 6. Fluid-attenuated inversion recovery (FLAIR) image shows hyper intensities within the bilateral thalami and medial temporal lobes (arrows) and also evidence
of hemorrhage on C, G, hypo intense signal (arrows) on susceptibility-weighted images(SWI) and rim enhancements in D, H. From Poyiadji N. et al. [148]

Fig. 7. Diffusion weighted image (DWI) shows high signal intensity in the splenium of corpus callosum. Apparent diffusion coefficient (ADC) map demonstrates

correlated slight decrease in ADC. From Hayashi M et al. [160]

[178,180,181] It was also shown that previous diagnosis of epilepsy can
be a potential risk factor for COVID-19-associated seizure. [181]

3.4.1.6. Movement disorders. There are few reports about movement
disorders in COVID-19. Rdbano-Suérez P et al. [182] reported 3 patients
with generalized myoclonus with both positive and negative jerks, with
predominantly involved the facial, sternocleidomastoid, trapezius, and
upper extremities muscles. In those patients, myoclonus occurred
spontaneously and were extremely sensitive to multisensory stimuli
(auditive and tactile) or voluntary movements. After Inmunotherapy,
all 3 patients improved, at least partially. [182]

Another study reported [183] a previously healthy 58-year-old man
with COVID-19 who developed generalized myoclonus, fluctuating
level of consciousness, opsoclonus, right-side dominant hypokinetic-
rigid syndrome, and frank hypomimia. The patient also had brief con-
jugated, multidirectional, and chaotic saccadic ocular movements. DaT-
SPECT confirmed bilateral decreased presynaptic dopamine uptake
asymmetrically involving bilateral putamen. Parkinsonian symptoms in
this patient improved spontaneously without specific treatment. Asso-
ciation between viral infection and Parkinson’s disease was suggested
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decades ago, namely since the Spanish Flu Pandemic [5]. As mentioned
earlier, Fazzini E et al revealed elevated levels of HCoV-OC43 and
HCoV-229E antibodies in the CSF of patients with Parkinson’s disease
[9] Given scanty available about such association, no definite conclu-
sion can be drawn.

3.4.1.7. CNS Vasculitis. Hanafi R, et al. [185] reported a 65-year-old
man with COVID-19 who had extensive diffuse subcortical ischemic
lesions in the brain resembling cerebral vasculitis. (Figure 8) He also
developed a characteristic lower extremity skin rash. SARS-CoV-2
infects the host through its CoV spike glycoprotein, which binds to
the ACE2 receptor. ACE2 receptor has higher expression in neurons and
cerebral vessel endothelial cells which can cause high level of CNS
invasion. [185,186] Histologic evidence of COVID-19-induced
vasculitis has been reported in several other organs including lung,
kidney, liver and skin. [186] Similarly, virus-related endothelial injury
and endotheliitis might cause CNS vasculitis.

3.4.1.8. Cranial Nerves abnormalities. Anosmia and Ageusia, the
prevalence of anosmia and ageusia ranges widely in different studies
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Fig. 8. Hyperintense lesions within the periventricular white matter, cerebellar peduncles and basal ganglia (white arrows), and the corpus callosum (red arrow)
indicative of diffuse ischemic lesions on the FLAIR image. From Hanafi R, et al. [185]

from 5% in a study from China [39] to about 88% in an Italian study
[56]. Smell impairment was also reported in SARS-CoV-1 and influenza
infections. [27] Anosmia was reported in 3730 patients out of 28
studies in the case of SARS-CoV-2. (Table 3) In COVID-19, anosmia is
typically not accompanied by nasal swelling or rhinitis and based the
findings of several studies it is an important common early clinical
presentation even in the absence of other respiratory symptoms. [209]
several studies reported that anosmia was more common among
females, younger and non-hospitalized patients. [211,214] In most
patients, anosmia went away on its own within 3 weeks. [211]

MRI abnormalities of the olfactory bulb of COVID-19 patients have
been reported in several studies. [207] Politi SL et al. [209], reported a
25-year-old female with anosmia and subtle hyper-intensity signal in
the olfactory bulbs and also cortical hyper-intensity in the right gyrus
rectus. In follow/up MRI after 28 days, the olfactory bulbs were thinner
and slightly less hyper-intense and the signal alteration in the cortex
had completely disappeared. (Figure 9) The olfactory system is also
considered as a potential route of virus entry. Various studies suggested
that CoV may have CNS direct invasion via olfactory bulb. [146,159]

Visual Impairments after COVID-19 was reported in 12 patients
out of 3 studies. Selvaraj V et al. [204] reported a middle aged woman
with COVID-19 who presented with sudden onset painless right eye
monocular visual blurriness. Brain and orbit MRIs were unremarkable
and eye examinations were normal. posterior ischemic optic neuro-
pathy was considered as the cause. Thromboembolic events, systematic
inflammation associated with COVID-19 and invasion of CoV to the
CNS through the hematogenous route or direct invasion through the
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cribriform plate or conjunctiva were considered the potential under-
lying mechanisms. [204]

3.4.2. Symptoms Associated with Peripheral Nervous System (PNS)
3.4.2.1. Cranial Nerve abnormalities. Impaired Eye movement
associated with COVID-19 was described in 12 patients out of 4
studies. (Table 4) Pascual-Goiii E et al. [194], reported a 60-year-old
woman with right abducens nerve palsy. In brain MRI examination,
FLAIR hyper-intensity of the pontine tegmentum and right sixth cranial
nerve nucleus was noted.

Trigeminal neuropathy was reported in 9 patients out of 2 studies.
(Table 4) de Freitas Ferreira ACA et al [216] reported a 39-year-old
man with trigeminal neuropathy associated with SARS-Cov-2 and
herpes zoster co-infection.

3.4.2.2. Guillain-Barré ~Syndrome (GBS). GBS can occur post
gastrointestinal or respiratory illness. The suggested mechanism is
molecular mimicry in which the pathogen likely share epitopes
similar to the components of the peripheral nerves. The antibodies
produced by the host immune system to fight the virus, cross-react and
bind to the peripheral nerves causing neuronal dysfunction. [249] AIDP
and AMAN variants have been reported after SARS-CoV-1 and MERS-
CoV infections. [25,34,46] Concerning COVID-19, 52 patients out of 36
studies were described to have different variants of GBS. (Table 4)
Miller Fisher Syndrome was also reported in several cases.
[101,228,237,239,246]
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Fig 9. FLAIR image shows cortical hyperintensity in the right gyrus (yellow arrowheads) in both axial and coronal sections and subtle hyperintensity in the bilateral
olfactory bulbs (white arrowheads) in the coronal section. From Politi SL et al. [209]
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Fig. 10. Venn diagram of neurological presentations in different CoV infections

3.4.3. Symptoms associated with Skeletal Muscle and Neuromuscular
Junction (NMJ)

Skeletal muscle injury and myopathy have been reported in COVID-
19 patients. (Table 5) In the severe COVID-19 patients, critical illness
myopathy has been reported. Major proposed risk factors for this type
of myopathy are severe respiratory distress, systemic inflammatory
response and sepsis. [250,251] Moreover direct invasion of the muscle
by the virus is the other potential mechanism for myopathy. Similar to
SARS-CoV-1, SARS-CoV-2 have the ability to penetrate the cells that
express ACE2 receptors. As ACE2 is expressed in the muscle cells, the
possibility of invasion of the muscles by the virus entering the cells via
the ACE2 receptors should also be considered. In addition, hyper-in-
flammation and cytokine storms in the advanced phase of COVID-19
could cause immune-mediated muscle damage. [250] Considering the
growing number of patients with COVID-19, myopathy should be
considered as a major cause of long-term physical disability [251]

4. Similarities between neurological manifestations of CoV
infections

There are several similarities between neurological manifestations
of different CoV infections. encephalitis was reported in HCoV-OC43,
SARS-CoV-1, MERS-CoV and SARS-CoV-2 infections.
[15,16,24,33,60,98,100,150,151,151,152,153,154,155,156,157,158]
ADEM was reported after HCoV-OC43 and SARS-CoV-2 infection.
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[17,120,121,122,123] Headache, ischemic stroke, encephalitis and
encephalopathy, seizure and neuropathy were reported in all the pan-
demics associated with CoV (SARS-CoV-1, MERS-CoV and SARS-CoV-
2). ICH was reported in MERS-CoV and COVID-19 and myopathy and
anosmia were reported in SARS-CoV-1 and COVID-19. (Figure 10)

Limitations

In this review, we tried to gather and summarize the results of all
the studies reporting neurological disorders observed in patients with
CoV infections. However, in some of the reported patients, the neuro-
logical manifestations might not be associated with the CoV infections
and just coincidentally occurred due to the patient’s underlying co-
morbidities. Moreover, in patients with severe CoV infections, the as-
sociated sepsis and organs failure my lead to different neurological
presentations which can be seen in any of critical conditions. In addi-
tion, in several studies, particularly in the case of COVID-19, sufficient
investigations have not been performed and hard to believe that the
neurological manifestation was related to CoV infection. Finally, yet
importantly, the neurological symptoms in some of these patients might
be medications side effects given CoV infected patients have been
treated with different classes of medications, which have side effects,
not necessarily reported in the studies.

5. Conclusion

There are similarities between the neurological complications
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associated with SARS-CoV-1, MERS-CoV and COVID-19. However, the
scope of the pandemics and number of patients involved in each are
different. Thus far, SARS-CoV-2 has infected millions of people world-
wide. Reports on the neurological complications after and during
COVID-19 are growing on a daily basis. Better understanding of the
potential associated neurological complications will help health care

providers to be more attentive to these complications and a more timely

diagnosis and management.
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