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The world is facing an unprecedented crisis due to the pandemic of current coronavirus 
disease 2019 (COVID-19). Coronavirus (CoVs) infections not only are always involving 
the respiratory tract but also possess significant neuroinvasive potential. The literature 
regarding neuropathogenic potential of human CoVs is sparse. Thus, the number of 
COVID-19–related neurologic complications is likely to be underestimated. Awareness 
regarding the possible spectrum of neurologic complications is essential for therapeu-
tic decision-making and individualized treatment and thereby limiting the COVID-19–
related morbidity and mortality. The aim of this review is to address the neurologic 
manifestations of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2).
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Introduction
The world is facing an unprecedented crisis due to the pan-
demic of current coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2).1 Since its origin in late 2019 in China, the 
infection was disseminated all around the globe by affect-
ing 1,812,734 with a fatality rate of 6.2% (World Health 
Organization [WHO], April 14, 2020).

The SARS-CoV-2 is an enveloped 29,903 bp single-stranded 
positive-sense RNA (ss-RNA) coronavirus (CoV). It is a member 
of the genus Betacoronavirus with an 82% identical genomic 
sequence with SARS-CoV. The clinical presentation is similar to 
the previous outbreaks of SARS-CoV in 2002 and MERS-CoV in 
2012.2,3 However, reproductive number (R0), for SARS-CoV-2, 
is between 3.6 and 4, indicating higher infectivity.4,5 The virus 
shedding usually peaks at the onset of symptoms and contin-
ues even after weeks of recovery.6,7 CoV infections not only are 
always involving the respiratory tract but also possess signifi-
cant neuroinvasive potential.8,9 However, neurologic manifesta-
tions of SARS-CoV-2 are not well addressed so far.

Neuroinvasive Potential of SARS-CoV-2
The SARS-CoV-2 infection is mediated by angiotensin-con-
verting enzyme 2 (ACE2) receptor, which is abundantly 
expressed in airway epithelium, lung parenchyma, and 
vascular endothelium.10,11 The presence of ACE2 receptors 

over glial cells and neurons12,13 makes them a potential tar-
get of COVID-19. Lysosomal-related components, cathep-
sin L, 1-phosphatidylinositol 3-phosphate 5-kinase, also play 
a crucial role in viral interaction with the host cell. In vitro 
experiment indicates that the receptor-binding spike protein 
has been recognized in CD147. Both cathepsin L and CD147 
are abundant in the central nervous system (CNS).14-17

SARS-CoV particles have been found in the brain of 
patients with SARS in 2002 and 2003.18-20

Experimental studies on transgenic mice with SARS-CoV21  
and MERS-COV22 have demonstrated that the spread of infec-
tion in the brain is possible via the olfactory nerve, and there-
after involving the thalamus and brainstem. The CoVs may 
first invade peripheral nerve terminals, and then affects the 
CNS via a synapse-connected route.23-25

The transsynaptic transfer has been well established in 
other CoVs, such as hemagglutinating encephalomyelitis 
virus 67N strain (HEV67N)24 and avian bronchitis virus.26

Viral antigens have been detected in the brainstem, 
nucleus of the solitary tract, and nucleus ambiguous in mice 
with intranasal inoculation of avian influenza.11,27

Such neuroanatomic interconnections indicate that the 
mortality of infected animals may be due to the dysfunction 
of the cardiorespiratory center. The neuroinvasive propen-
sity of CoVs has been well established. Because of the high 
genomic similarity, it is quite likely that SARS-CoV-2 also 
bears a similar potential.11
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Host–Virus Interaction Routes
Studies on CoVs have demonstrated retrograde neuronal trans-
port as a viable route for viral invasion.28 A retrograde neuro-
nal transport via vagal from the lungs11 and enteric nervous 
system29to the CNS has been postulated. However, it is yet to 
be established for SARS-CoV-2. The hematologic spread is a 
known route for systemic viral dissemination.30 Exosomal cellu-
lar transport may also be act as another mode of systemic viral 
dissemination.31 The SARS-CoV-2 infection leads to decrease 
CD4+ T cells, thereby promoting granulocyte-macrophage colo-
ny-stimulating factor and interleukin-6 (IL-6), which occasion-
ally results in a catastrophic cytokine storm.32 No experimental 
data indicate the lymphatic spread of the virus.33

Indirect Neurologic Complications
CoVs generally cause respiratory and enteric diseases.34 
According to the Chinese Centers for Disease Control and 
Prevention report, 81% of cases presented as mild pneu-
monia, 14% were characterized by dyspnea and hypoxia, 
and 5% had respiratory failure, shock, or multiorgan 
dysfunction.35

A recent report of Wuhan, China, described that the inci-
dence of confusion and headache was 9 and 8%, respectively, 
in 99 COVID-19 patients.36

A study from France has reported that the incidence of 
neurologic complications is ~14% of the patients on admis-
sion to the intensive care unit (ICU) and 39% of patients 
developed the symptoms on discontinuation of sedation and 
neuromuscular blockade.37

Another report of 214 patients found 36.4% of patients with 
various neurologic manifestations. The neurologic symptoms 
can be categorized into three main areas: CNS symptoms or 
disease (53 [24.8%]), peripheral nervous system (PNS) symp-
toms (19 [8.9%]), and muscular symptoms, with elevated serum 
creatine kinase level above 200 U/L (23 [10.7%]). In patients 
with CNS symptoms, the most common symptoms were diz-
ziness (36 [16.8%] and headache (28 [13.1%]). In patients with 
PNS symptoms, the most common symptoms were hypogeu-
sia (12[5.6%]) and hyposmia (11 [5.1%]). The patients with CNS 
symptoms had significantly lower lymphocyte, platelet counts, 
and higher blood urea nitrogen levels than those without CNS 
symptoms.38

Secondary neurologic manifestations of COVID-19 may be 
the result of pulmonary, renal, hepatic, and cardiovascular 
injury. The direct and indirect cardiotoxicity due to cytokine 
storm, hypercoagulability, and myocardial invasion leads to 
myocardial infarction, heart failure, and arrhythmias, which 
are primary risk factors for cerebrovascular accident.39

Mao et al38 reported that 5.7% of severely infected COVID-
19 patients died because of acute cerebrovascular disease. 
Patients with COVID-19 have high D-dimer levels and may be 
at higher risk of cerebrovascular diseases40

The SARS-CoV-2 infection causes hypoxemia and exces-
sive secretion of inflammatory cytokines, which may lead 
to ischemic stroke. Helms et al37 have reported two patients 
with acute ischemic strokes.

Direct Neurologic Complications
Autopsy studies during previous SARS-CoV infections 
described the presence of viral RNA within the brain tissue of 
affected individuals.18 SARS-CoV has also been demonstrated 
in cerebrospinal fluid (CSF) of severely ill patients. CoV-
related meningitis, encephalitis, and acute flaccid paralysis 
have been reported over the years.41

The exact mechanism by which SARS-CoV-2 enters the CNS 
remains unclear. It may disrupt the nasal epithelium and via the 
olfactory bulb and retrograde transsynaptic spread affects the 
CNS.21 A recent experimental study suggests that the direct neu-
ronal injury within brainstem cardiorespiratory centers may be 
the cause for the acute respiratory failure.42

Primary neuronal infection causes raised secretion of 
IL-6,43 an established mediator of the cytokine storm. Thus, 
neuroinflammation due to systemic dissemination can lead to 
encephalitis. The systemic inflammation related to metabolic 
derangements can also cause encephalopathy44 (►Fig. 1). 

Acute necrotizing encephalopathy is a rare complication 
of influenza and related to intracranial cytokine storms, 
which result in blood–brain barrier disruption. COVID-19–
associated acute necrotizing hemorrhagic encephalopathy 
has been reported.45

Recently the association between COVID-19 and olfactory 
and gustatory dysfunction has been described. The American 
Academy of Otolaryngology suggested that anosmia, hypos-
mia, and dysgeusia be included in the list of COVID-19 
screening symptoms for precautionary isolation even in the 
absence of respiratory disease.46

Postinfectious Neurologic Complications
Of the discharged patients, 33% have shown dysexecutive 
syndrome comprising inattention, disorientation, or poorly 
organized movements in response to command.37

It is too early to describe the long-term neurologic com-
plications of exposure to SARS-CoV-2. The persistence of 
human CoVs in the CNS after the acute phase of the infection 
may alter host immune responses.41 Long-term sequelae 
may lead to increased risk for neuroinflammatory and 
neurodegenerative diseases. In experimental studies, CoVs 
have been implicated in the pathogenesis of Parkinson’s dis-
ease,47 acute disseminated encephalomyelitis (ADEM),48 or 
multiple sclerosis (MS).49,50

Fig. 1  Pathogenesis of nervous system invasion by coronavirus. 
ACE2, angiotensin-converting enzyme 2; COVID, coronavirus disease 
2019.
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In ADEM51 and MS52 patients, CoV RNA has been detected 
in the CSF. CoV infections also have been associated with 
Guillain–Barré syndrome (GBS).53 Recently, a case of 
COVID-19 presenting with acute GBS has been reported.54

The molecular mimicry between CoV and myelin basic 
protein and direct invasion of leukocytes and other immune 
cells may aggravate the situation.55

Neuroimaging and Other Investigations
Magnetic resonance imaging (MRI) of the brain of the 
patients with unexplained encephalopathic features has 
not found any focal signs suggested stroke. However, 
enhancement in leptomeningeal spaces and bilateral 
frontotemporal hypoperfusion was noted in the majority 
of the patients.37

MRI of olfactory bulb has also been found to be 
inconclusive.56

Nonspecific changes were detected in electroencephalog-
raphy in a majority of the patients, while a single patient had 
diffuse bifrontal slowing associated with encephalopathy.37

Management
Antiviral drugs (lopinavir/ritonavir, remdesivir), hydroxy-
chloroquine, azithromycin, and other experimental agents, 
particularly aimed for mitigating the “cytokine storm” seen 
in severe cases, are currently under evaluation and being 
used in controlled clinical settings as they have own lim-
itation and drug interactions (►Table  1).57 The U.S. Food 
and Drug Administration (FDA) recently approved the use 
of COVID-19 convalescent plasma in patients with a severe, 

life-threatening condition requiring mechanical ventilation, 
which has shown promising results in small preliminary 
uncontrolled case series.58

A multicenter, randomized controlled trial of IL-6 receptor 
blocker: tocilizumab is also under evaluation for severely ill 
patients with COVID-19.59

The use of immune-modulating therapies in patients with 
MS, myasthenia gravis, and other neuroimmune disorders 
has also become a matter of concern.

The National Multiple Sclerosis Society (NMSS)60 and the 
Association of British Neurologists (ABN)61 have advised for 
the judicious use of disease-modifying therapies and immu-
nosuppressive drugs (►Table 2).

It has been advised that patients with preexisting active 
neurologic disease except for myasthenia gravis or neuro-
myelitis optica should stop their routine medication during 
infection with SARS-CoV-2. Even MS patients can safely stop 
their immunotherapy for up to 4 weeks. However, patients on 
steroids (<20 mg prednisolone) should continue it and may 
require higher doses during infection. Hydroxychloroquine 
and sulfasalazine can be continued safely. Human stem cell 
transplant and apheresis are strictly avoided.61

Conclusion
The full clinical spectrum of COVID-19 remains to be 
described. There is a higher propensity for SARS-CoV-2 
to have a similar potential for extrapulmonary and CNS 
invasion. It is very difficult to identify whether these 
neurologic features are due to critical illness-related 
encephalopathy, cytokines, or the effect or withdrawal of 
medication, and specific to SARS-CoV-2 infection. Because 
of the paucity of current medical literature regarding the 
neuropathogenic potential of human CoVs, the number 
of COVID-19–related neurologic complications is likely 
underestimated.

Awareness regarding the possible spectrum of neuro-
logic complications can guide therapeutic decision-mak-
ing and individualized treatment and thereby limiting the 
COVID-19–related morbidity and mortality.

Table 1   Antiepileptic drug interactions with drugs for  
COVID-19 under trial57

*LPV/r RDV2 HCLQ

Carbamazepine ⇩↑ × ×

Clonazepam ↑ ↔ ↔

Clobazam ↑ ↔ ↔

Diazepam ↑ ↔ ↔

Ethosuximide ↑ ↔ ↔

Gabapentin ↔ ↔ ↔

Lamotrigine ↓ ↔ ↔

Levetiracetam ↔ ↔ ↔

Lorazepam ↔ ↔ ↔

Oxcarbazepine ⇩ ⇩ ⇩

Phenytoin ⇩ × ×

Pregabalin ↔ ↔ ↔

Valproic acid ⇧ ↔ ↔

Abbreviations: HCLQ, hydroxychloroquine; LPV/r, lopinavir/ritonavir; 
RDV, remdesivir.
*Should not be administered without booster drug ritonavir.
↑ Potential increased exposure of the comedication.
↓ Potential decreased exposure of the comedication.
×  Drugs should not be coadministered.
⇧ Potential increased exposure of COVID drug.
⇩ Potential decreased exposure of COVID drug.
↔ No significant effect.

Table 2   Potential risks associated with conventional 
immunosuppressant therapies61

Therapy Risk

Intravenous immunoglobulin N

Beta-interferons N

Natalizumab N

Glatiramer acetate N

Prednisolone: 10–19 mg/d monotherapy
>20 mg/d

L
H

Methotrexate M

Azathioprine H

Mycophenolate mofetil M/H

Cyclophosphamide IV or oral H

Abbreviations: H, high risk; IV, intravenous; L, low risk; M, moderate risk; 
N, no increased risk.
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