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Abstract
This review provides an overview of studies and case reports of neurological and neuromuscular complications associated
with severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-
CoV), and coronavirus disease 2019 (COVID-19) and describes the possible mechanisms of viral transmission to the central
nervous system (CNS). Coronavirus family has shown central and peripheral nervous system tropism in multiple retro-
spective studies and case reports from different parts of the world. To date, the reported cases of neurological and neuro-
muscular complications associated with coronaviruses, especially COVID-19, are increasing. Neurological and neuromus-
cular symptoms and complications ranging from headache and anosmia to more severe encephalitis and stroke have been
reported in many studies. However, the neurotropism mechanism of coronaviruses is still not clear and the evidence of
central nervous system (CNS) involvement is limited despite the number of studies that attempted to illustrate the possible
CNS invasion mechanisms. The reported neurological complications of coronaviruses are summarized in this article.
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Introduction

Coronaviruses are enveloped, positive-sense RNA viruses
with large genomes [1]. These viruses are members of the
Coronaviridae family within the order Nidovirales. Six

strains of coronavirus have been identified as human path-
ogens [2]. These include HCoV-229E, HCoV-OC43,
HCoV-HKU1, HCoV-NL63, severe acute respiratory syn-
drome CoV (SARS-CoV), Middle East respiratory syn-
drome, and more recently, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Coronaviruses are
mainly respiratory pathogens that cause a wide range of
upper and lower respiratory tract infections with various
neurological complications that will be highlighted in this
review paper.

Understanding the virological background of these differ-
ent viral infections might facilitate learners’ perception of the
disease’s prognosis and management. SARS-CoV is an acute
respiratory infection that was first reported in November 2002
in Guangdong Province [3]. It spread to other regions in
America, Asia, and Europe in late 2003, infecting about
8000 people worldwide, with a mortality rate of 10%. By
June 2012, a new strain of coronavirus called the Middle
East respiratory syndrome coronavirus (MERS-CoV)
emerged from Jeddah, Saudi Arabia [4]. MERS-CoV seems
to have originated from bats and infected the intermediary
reservoir (the dromedary camel) before being transmitted to
humans [2]. Similarly to SARS-CoV, MERS-CoV causes se-
vere respiratory infections that are complicated by multiorgan
failure and death in some patients [2]. At the end of January
2020, a total of 2519 cases had been identified worldwide,
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with 866 associated deaths (34.3%) [4]. Most of the cases
were reported in the Arabian Peninsula.

In December 2019, the novel coronavirus—severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)—was
isolated from a man who presented with severe symptoms of
pneumonia in Wuhan, China. Later the WHO called the dis-
ease COVID-19 and declared that the pandemic was a public
health emergency of international concern [5]. As of the end
of August 2020, COVID-19 had infected about 25 million
persons and killed around 800,000 patients [6]. The clinical
features of COVID-19 are fever, non-productive cough, and
fatigue; other symptoms might include headache, hemoptysis,
and dyspnea [5]. Table 1 provides a comparison of the three
viruses in terms of their epidemiology, morphogenesis, and
pathogenesis.

In addition, infections caused by coronaviruses have also
been associated with extrapulmonary complications involving
renal, hematological, and hepatological manifestations [2].
Moreover, many case reports have shown that these infections
were also complicated with central nervous system (CNS)
disorders and were associated with a wide range of neurolog-
ical symptoms in some patients. Growing evidence has sug-
gested that coronaviruses might have the ability to invade the
central nervous system and cause various neurological com-
plications. Padda et al. reviewed the neurological complica-
tions of COVID-19 with extensive discussion on the proposed
pathophysiology and prognosis [19]. Previous review paper
focused on neurological complications and the utility of using
certain inflammatory markers such as interleukin-6 and C-
reactive protein or coagulation tests such as D-dimer, pro-
thrombin time, and antithrombin III as a prognostication tool
for disease severity. In this review, we described viral trans-
mission to the CNS and provided a comprehensive review of
the neurological complications and their reported manage-
ment that were published in regard to different viral infections
such as SARS-CoV, MERS-CoV, and COVID-19.

Viral Transmission to the CNS

Viruses have been known to have neuroinvasive and neuro-
tropic properties that allow them to invade the CNS through
various mechanisms and infect neurons including glial cells
[2, 20, 21]. This eventually can trigger or be involved in the
development of neurological sequelae showing neurovirulent
properties. Previous data reported the ability of some respira-
tory viruses, such as respiratory syncytial virus (RSV), mea-
sles virus (MV), and influenza virus, to induce neurological
complications.

Human coronaviruses have attracted interest over the years
since various pathological strains have appeared, including
SARS-CoV, MERS-CoV, and recently COVID-19. Human
coronaviruses tend to be neuroinvasive; previous data has

reported the detection of coronaviral RNA in human brain
samp le s . Pos s ib l e mechan i sms o f co ronav i ru s
neuroinvasiveness include two main mechanisms: hematoge-
nous dissemination and neuronal retrograde dissemination.
Hematogenous dissemination occurs secondary to viremia,
which could trigger a systemic inflammation response syn-
drome (SIRS) with or without a cytokine storm [18, 22].
This inflammatory response may create transcellular,
paracellular, or intracellular penetration mechanisms through
the blood–brain barrier (BBB). The transcellular route of he-
matogenous dissemination is induced by infecting the leuko-
cytes and/or phagocytes in the bloodstream that subsequently
become a viral reservoir for viral dissemination reaching the
CNS. The paracellular route will be through the facilitation of
high degree viremia and SIRS to pass through the BBB using
its tight junctions. The intracellular route may be induced by
high degree viremia and cytokine storm in addition to cellular
proteases.

Neuronal retrograde dissemination is the secondmain route
of viral invasion to the CNS [2, 19–21]. This mechanism
happens after viruses invade the periphery neurons and enter
the CNS through the active transports of these periphery neu-
rons. For instance, the HCoV-OC43 has been observed to first
invade and infect the olfactory bulb and olfactory nerve fol-
lowing intranasal infection and then disseminate eventually in
the CNS of mice. In addition to neuroinvasive and neurotropic
properties, human coronaviruses were known to potentially
have neurovirulent effect. Several reports have been published
and shown a clinical correlation with the human coronaviruses
and cases of neurological pathologies like encephalitis and
acute disseminated encephalomyelitis (ADEM) [2, 19,
23–26]. Various neurological transmission mechanisms are
illustrated in Fig. 1.

Neurological Complications of Coronaviruses
(SARS-CoV, MERS-CoV, and COVID-19)

Neurological complications secondary to viral infections
could be induced by infectious or non-infectious pathophysi-
ology. Each neurological disease state will be discussed in
detail based on a summary of the reported data for SARS-
CoV, MERS-CoV, and COVID-19 infections.

Encephalopathy, Encephalitis, and Meningitis

Encephalopathy has been reported as a presenting symptom or
manifestation of COVID-19 in 67 cases [27–40]. The first
case of encephalopathy was reported by Poyiadji et al. of a
58-year-old female patient presenting with fever, cough, and
altered mental status who found to be positive for COVID-19
[27]. Her imaging was consistent with an acute necrotizing
encephalopathy, but cerebrospinal fluid (CSF) testing for
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COVID-19 was not possible, and patient was treated with
intravenous immunoglobulin (IVIG) with no reported out-
comes. Varatharaj et al. conducted wide surveillance that in-
cluded 114 patients with neurological complications of
COVID-19, of whom 16 (41%) reported to have encephalop-
athy [28]. Furthermore, Chen et al. conducted a retrospective
case series on 113 COVID-19 patients and reported that 24 of
them developed hypoxic encephalopathy, 23 died, while only
1 of them recovered [33]. Moreover, a case report by Dixon
et al. describes a 59-year-old female patient with a history of
transfusion-dependent aplastic anemia who presented with
neurological symptoms and seizure [34]. Her overall imaging
was consistent with acute necrotizing encephalopathy. The
patient was given ceftriaxone, acyclovir, amoxicillin,
clarithromycin, and high-dose dexamethasone; however, the
team decided to withdraw care after patient showed an ex-
tremely poor prognosis with no neurological improvement,
and she died on the 10th day after admission.

Encephalitis and meningitis were reported in SARS-CoV,
MERS-CoV, and COVID-19 patients in nearly 39 cases [25,
26, 28, 31, 41–47]. Arabi et al. reported a case of a 45-year-old
male with multiple comorbidities who presented with fever,
respiratory symptoms, and diarrhea associated with MERS-
CoV [25]. His hospital stay was complicated by severe shock,
acute kidney injury (AKI), and severe acute respiratory dis-
tress syndrome (ARDS). The patient subsequently developed

encephalitis, but the CSF was negative for MERS-CoV. The
patient was treated with peginterferon alpha-2b and ribavirin
andwas discharged 107 days after admission. In 2017, Li et al.
published a case series of 183 hospitalized children with
suspected encephalitis; SARS-CoV was detected in 22
(12.02%) patients [26]. However, the study did not report
the presence of the virus in the CSF. Recently, Ye et al. re-
ported a case of encephalitis associated with COVID-19 in-
fection [42]. The patient presented with alteration of con-
sciousness, confusion, and meningeal irritation signs; howev-
er, the CSF RT-PCR was negative for COVID-19. The patient
was treated with umifenovir and mannitol and was discharged
with full recovery 31 days after admission. Moreover, Pilotto
et al. reported a case of a previously healthy 60-year-old male
who presented with mild respiratory symptoms and developed
severe encephalitis [43]. The patient was started on antiviral
therapy and antibiotics; however, due to the limited response
after 3 days of therapy, high-dose methylprednisolone 1 g/day
for 5 days was initiated, then oral prednisone with continuous
tapering. The patient improved clinically after the first dose of
steroids, and he showed a normal neurological exam and was
discharged on day 11. McAbee et al. described another case of
COVID-19 encephalitis in an 11-year-old child who presented
with status epilepticus, requiring four antiepileptics [44]. The
child recovered in 6 days without any treatment. Nevertheless,
Moriguchi et al. reported a case of meningoencephalitis

Fig. 1 The possible mechanisms of coronavirus transmission to the central
nervous system. (1) Primary olfactory epithelium neurons and the olfactory
bulb. (2) Infected monocytes/macrophages can cross the BBB and infect
the neural cells. (3) Coronavirus interaction with ACE2 receptors on the

endothelial cells of the BBB. Lastly, trans-synaptic transmission between
PNS and CNS neurons. ACE2 angiotensin-converting enzyme 2, BBB
blood‑brain barrier, CNS central nervous system, PNS peripheral nervous
system. This figure was created using thewebsite https://app.biorender.com
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associated with COVID-19 in a 24-year-old male who first
experienced fever, sore throat, and neurological symptoms,
including headache, generalized fatigue, transient generalized
seizures, and neck stiffness [47]. His neurological function
deteriorated and presented to the hospital after 9 days from
symptom onset with Glasgow coma score (GCS) of 6. The
nasopharyngeal swab was negative for COVID-19 RNA;
however, the CSF analysis was positive for COVID-19. This
case is showing the neuroinvasive potential of COVID-19 and
the fact that we cannot rule out the infection based on a neg-
ative nasopharyngeal swab.

Acute Disseminated Encephalomyelitis

Although ADEM is a rare immune-mediated demyelinating
condition, it was reported in MERS-CoV and COVID-19 [25,
48]. Arabi et al. reported a case of a 74-year-old male with
multiple comorbidities presented with 3 days history of ataxia
and confusion [25]. The physical examination revealed
dysmetria and decreased motor power on the left side.
Virology testing was positive for MERS-CoV, and his imag-
ing was consistent with ADEM. He was treated with broad-
spectrum antibiotics, oseltamivir, bronchodilators, methyl-
prednisolone, sedation, neuromuscular blockers, inhaled nitric
oxide, vasopressors, peginterferon alpha-2b, and ribavirin.
However, his condition aggravated, and he died on day 34
of admission. Moreover, Zhang et al. reported a case of
ADEM associated with COVID-19 in a female in her early
40s with multiple comorbidities [48]. The patient presented
with dysarthria, aphasia and headache, bulbar impairment,
and inability to control secretions. The patient was treated
with hydroxychloroquine, ceftriaxone, and IVIG. Later, the
patient improved clinically.

Seizures

Seizure was reported as a neurological manifestation of
coronaviruses in 27 cases, and most of them were associated
with encephalopathy, encephalitis, or meningitis [26, 29, 31,
32, 34, 36, 37, 40, 41, 47, 49–53]. Hung et al. reported the first
case of SARS-CoV-associated seizure in a female patient with
IgA nephropathy [49]. The patient had episodes of four-limb
twitching, confusion, disorientation, and prolonged seizure (>
30 min) despite phenytoin administration. The virology anal-
ysis detected SARS-CoV RNA in her CSF. The patient was
treated with ribavirin and pulse steroids, but her seizures con-
tinued. Nevertheless, resolution of seizures was achieved after
administering extra doses of propofol and phenytoin.
Likewise, Lau et al. reported a case of a pregnant lady with
SARS-CoV [50]. On day 22 of her illness, the patient devel-
oped generalized tonic-clonic convulsion with loss of con-
sciousness for 1 min [50]. Reverse transcription polymerase
chain reaction (RT-PCR) of the CSF showed positive for

SARS-CoV. The patient was treated with hydrocortisone, ri-
bavirin, morphine, and midazolam, and patient was extubated
on day 27 of admission. For MERS-CoV infection, Saad et al.
conducted a prospective case series on 70 patients with
MERS-CoV and reported that 6 (8.5%) of them had seizure
[53]. Hepburn et al. reported focal seizures in two patients
with COVID-19 encephalopathy, but the seizure was subsided
by administering levetiracetam [29]. Another case of COVID-
19-associated seizure was reported by Moriguchi et al., with a
CSF RT-PCR positive for COVID-19 [47]. Additionally, in a
retrospective case series of COVID-19 patients conducted by
Mao et al., they reported seizure in 1 patient characterized by a
sudden onset of limb twitching, and loss of consciousness for
3 min [52].

Stroke

Stroke has been identified in coronavirus-infected patients in
several published articles [24, 25, 32, 35, 52, 54–78]. Most of
the reported cases were associated with COVID-19, three ar-
ticles for MERS-CoV, and one article for SARS-CoV. The
proposed mechanism of causing stroke, as described in most
of the articles, specifically in COVID-19 articles, depends on
several factors [79–82]. The mechanism likely involves endo-
thelial dysfunction, immune-mediated injury leading to cyto-
kine storm and coagulation abnormalities, and hypoxia-
induced injury. For SARS-CoV, a Singaporean study by
Umapathi et al. found five out of 206 SARS-CoV-infected
patients developed large-artery ischemic stroke secondary to
their viral infection [74]. The study also reported that four of
the five infected patients became critically ill, and three of
them died. Three of the infected patients were treated with
IVIG, which may play a role as cofounder since IVIG can
induce and participate in thrombosis through increasing vis-
cosity, especially in patients who have a hypercoagulable state
or are at high risk for vascular disease [74, 83]. MERS-CoV
can also lead and contribute to stroke, and we identified in the
literature three published articles by Algahtani et al., Arabi
et al., and Al-Hameed describing three cases of stroke [24,
25, 75]. The first case was a 34-year-old diabetic patient diag-
nosed with intracerebral hemorrhage [24]. The patient experi-
enced the worst outcome, developing multiorgan failure
followed by signs of irreversible brain stem dysfunction and
ending with death. The second case was a 57-year-old patient
with comorbidities, including diabetes, hypertension, and pe-
ripheral vascular disease, who was diagnosed with bilateral
anterior cerebral artery stroke [25]. This patient also had the
worst outcome, involving severe shock, acute kidney injury,
multiple cardiac arrests, and eventually death. The last case
was a 42-year-old obese patient with a new diagnosis of type 2
diabetes mellitus who developed a massive spontaneous intra-
cranial hemorrhage (ICH) after having MERS-CoV infection
[75]. The case was complicated, and the patient died after

2041SN Compr. Clin. Med. (2020) 2:2037–2047



developing intra-ventricular extension and tonsillar hernia-
tion. The reporting of stroke cases in MERS-CoV and
SARS-CoV was limited in the literature. We believe this
may be due to the likelihood of underreporting of stroke cases
or the limited ability of MERS-CoV and SARS-CoV to in-
duce extensive inflammatory and hypercoagulable states as
compared to the COVID-19 infection.

The majority of the reported stroke cases in the literature
were related to COVID-19 infection [32, 35, 52, 54–73,
76–78]. Furthermore, most of the COVID-19 patients who
experienced stroke had an elevated D-dimer level [32, 52,
57, 60, 62, 63, 66, 68, 76–78]. A retrospective Chinese study
showed that advanced age, a high sequential organ failure
assessment (SOFA) score, and an elevated D-dimer level
(more than 1 μg/mL) were associated with the increased in-
hospital mortality of COVID-19 patients [84]. The severity of
the COVID-19 infection was also linked with the incidence of
stroke [32, 52, 62, 72, 78]. According to previous reports,
strokes seem to occur more in severely and critically infected
patients [32, 52, 62, 72, 78]. Additionally, Mao et al.’s study
found that acute cerebrovascular events, including stroke,
manifested more in severely infected patients compared to
non-severe patients (5.7% vs. 0.8%, p = 0.03) [52]. The study
assumed that the high incidence of acute cerebrovascular
events was because of the elevated D-dimer level in severely
infected patients (0.9 mg/L vs. 0.4 mg/L, p = <0.001). Based
on stroke types, ischemic stroke was the predominant type of
stroke in COVID-19 patients [32, 52, 54, 57, 59–64, 66, 72,
73, 76–78]. Benussi et al. found that the incidence of cerebro-
vascular events among 56 COVID-19 patients was approxi-
mately 76.8%; most of them had an ischemic stroke, and only
7.0% had hemorrhagic stroke [54]. Another study of retro-
spective case series reported all six infected patients presented
with ischemic stroke except for two patients who were diag-
nosed with hemorrhagic stroke [32]. Interestingly, there is one
report published about a COVID-19 patient diagnosed with
cerebral venous sinus thrombosis (CVST) [55]. The patient
was obese, with a medical history of diabetes and hyperten-
sion. The patient received low molecular weight heparin
(LMWH) for CVST management. The patient showed im-
provement after receiving LMWH and then switched to
apixaban, 10 mg twice a day for 7 days, at discharge. The
etiology of this patient having CVST was most likely due to
the COVID-19 virus’s ability to induce hypercoagulopathy,
with a hypercoagulable state being considered one of the risk
factors for CVST development.

Neuromuscular Disorders

Multiple reports have documented the link between
coronaviruses and neuromuscular disorders. To date, there
have been 23 reported cases of Guillain-Barre syndrome
(GBS) associated with COVID-19 infections [85–101].

These case reports indicate the following results. CSF analysis
revealed albumin-cytological dissociation in most patients;
the polymerase chain reaction assay was negative for
COVID-19 in all patients. Nineteen patients were treated with
IV immunoglobulins—eight received a dose of 0.4 g/kg for
5 days, and two received a dose of 2 g/kg for 3‑5 days based
on the dosing strategy—while information about IVIG dosing
was not available in other patients. After treatment with IVIG,
outcomes were reported for 14 patients. Four patients fully
recovered, four pat ients were discharged to the
neurorehabilitation unit to receive physical therapy, five pa-
tients were critically ill, and one patient died. In two patients,
therapeutic plasma exchange was started after IVIG adminis-
tration due to inadequate response, and two other patients
received a second course of IVIG [91, 100]. In contrast, two
patients were not given any specific therapy for managing the
GBS symptoms, and they showed full recovery [89, 92].
Moreover, Caamaño et al. reported a case of a 61-year-old
male with a diagnosis of COVID-19 who presented with
symptoms of atypical GBS [93]. His GBS symptoms were
managed with low-dose oral prednisone and showed mild
improvement after 2 weeks of follow-up. Before the
COVID-19 pandemic, coronavirus-associated GBS was re-
ported in only two cases [85, 102]. The first was a man with
MERS-CoV who had Bickerstaff’s encephalitis overlapping
with Guillain-Barré syndrome and was treated with IVIGwith
full recovery. Another patient had respiratory infections
caused by HCoV-OC43 complicated with atypical GBS.

Other types of polyneuropathy were also reported with
SARS-CoV, MERS-CoV, and COVID-19 [24, 85, 103–106].
In SARS-CoV, a prospective case series from Taiwan reported
four patients who developed neuromuscular symptoms mainly
consistent with either critical illness polyneuropathy (CIP) or a
myopathy with elevated creatinine kinase [103]. All of those
patients had received a high dose of steroid therapy, and three
of them were intubated and admitted to the ICU prior to the
development of neurological symptoms. Other case reports from
South Korea and Saudi Arabia presented four patients with
MERS-CoV who had a diagnosis of ICU-acquired weakness,
toxic or infectious neuropathies, and critical illness
polyneuropathy [24, 85]. Patient with CIP was managed with
IVIG 0.4 g/kg daily for 5 days and was slowly improving after
6 months of follow-up [24]. The remaining three patients were
only treated with antivirals consisting of pegylated interferon,
ribavirin, and lopinavir/ritonavir and made full recovery [85]. In
the COVID-19 pandemic, a case report presented a 69-year-old
male patient who developed bilateral lower limb weakness,
numbness in both legs, and gait ataxia 7 days prior to the typical
symptoms of COVID-19, which was consistent with motor pe-
ripheral neuropathy [104]. There was no specific treatment giv-
en, and the patient had a spontaneous recovery. Another case
report from Iran reported a 68-year-old female who developed
generalized hypotonia in her lower extremities and bilateral
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weakness 6 days after the onset of COVID-19 [105]. The patient
was considered to have a virus-related immune reaction, and the
neurologist decided to administer methylprednisolone. After
3 days of treatment, the patient developed acute respiratory dis-
tress syndrome followed by cardiac arrest and subsequently
died. Direct causality between the neuromuscular disorders
and coronavirus infection is not established yet, and both para-
and post-infectious mechanisms were proposed. As mentioned
before, coronavirus infection might cause immune system dys-
regulation, activation of macrophages (cytokine storm), and
lymphocyte alterations leading to autoimmune damage to the
peripheral nervous system [2, 20, 21]. Further studies and inves-
tigations should be conducted to better understand the mecha-
nism of neuromuscular disorders in coronavirus infection to help
improve the management of these conditions.

Anosmia and Dysgeusia

Patients infected with COVID-19 commonly presented with
sensory symptoms, including anosmia and ageusia.
According to the initial finding of Kaye et al., 73% of 237
patients had anosmia prior to the diagnosis of COVID-19, and
anosmia was the first symptom in around 26% of the patients
[107]. Other cross-sectional studies from different countries
reported an incidence of anosmia ranging between 33.9 and
68%, with predominance among females in comparison to
males [108]. Another finding from Meng et al. revealed a
predominance of the chemosensory dysfunction in European
and North American countries while it was rarely reported in
China. These findings suggest that chemosensory dysfunction
could be a prominent and critical sign for the early detection of
COVID-19 infections. The study performed by Lechien et al.
analyzed the frequency of olfactory and gustatory dysfunc-
tions in 417 patients with confirmed COVID-19 infection,
identifying that 85.6% had olfactory dysfunction with 79.6%
being anosmic while the remaining 20.4% were hyposemic
[109]. In addition, it was discovered that 63% of the patients
who had the chemosensory dysfunction were females, and
they were significantly more affected than males (p = 0.001).
The treatment most commonly used for managing the olfac-
tory dysfunction were nasal saline irrigations in 16.7% of the
patients followed by nasal corticosteroids in 8.1%, oral corti-
costeroids in 2.5%, and others including vitamins, non-
corticoid decongestants, and trace elements in about 2.5%.
Moreover, this study reported that 88.0% of the patients had
gustatory dysfunctions and were managed in only 1.4% of the
patients with l-carnitine or trace elements and vitamins.
However, most of the chemosensory dysfunctions caused by
COVID-19 were reversible and spontaneously treated.

Unlike in COVID-19, anosmia and dysgeusia were report-
ed rarely inMERS-CoV and SARS-CoV infections. Only one
case report from Taiwan presented a 27-year-old female who
had complete anosmia 3 weeks after her almost complete

recovery from the SARS-CoV infection [110]. Her anosmia
was managed with a nasal spray steroid and oral vitamin B12,
but with no improvement and her complete anosmia persisted
during 2 years of follow-up. Based on the current literature,
there are no case reports of permanent anosmia in COVID-19
patients, and longitudinal studies are insufficient to prove
these findings. The summary of the reported neurological
complications associated with SARS-CoV, MERS-CoV, and
COVID-19 is provided in the supplementary table.

Conclusion

In conclusion, SARS-CoV,MERS-CoV, and COVID-19 tend
to have neuroinvasive properties. COVID-19 has more neu-
rological complications than SARS-CoV and MERS-CoV,
considering the risk of reporting bias about the COVID-19
pandemic. Awareness about these pathological coronaviruses’
neurological properties can help identify at-risk patients and
take the necessary measures to prevent the development of
neurological complications while guiding the appropriate
management.
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