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Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
This virus originated in Wuhan, China, in December 2019. It 
is currently pandemic, and as of 28 June 2020, there have 
been more than 10 million cases worldwide and over 500,000 
deaths. The common symptoms in COVID-19 include fever, 
dry cough, fatigue and shortness of breath. Respiratory dis-
tress/failure is seen in severe/critically ill COVID-19 
patients. The SARS-CoV-2 primarily affects the respiratory 
system, but increasing numbers of publications points to the 
involvement of the nervous system in a significant group of 
patients. This article outlines the common neurological man-
ifestations of COVID-19 and discusses the possible pathoge-
netic mechanisms.

Literature search

A literature search was performed in PubMed and Google 
Scholar to identify studies published on the neurological 
manifestations of COVID-19. The keywords used in the 
search were SARS-CoV-2, Neurological manifestations, 
COVID-19, stroke, loss of smell and taste, nervous system, 

encephalitis, coronavirus. Articles published from January to 
June 2020 were included. The initial selection was based on 
the article title and abstract, following which the full-text 
article was read. The reference lists in the full-text articles 
were scanned to obtain additional citations. After removing 
duplicates, the findings from 97 articles (primary research 
papers, case reports and case series) are summarized and 
discussed.

Coronaviruses and the nervous system

Previous studies suggest that four of the human coronavi-
ruses—HCoV-229E, HCoV-OC43, severe acute respiratory 

Neurological manifestations in  
COVID-19: A narrative review

Asma Rahman1, Roshan Niloofa2, Ishan M De Zoysa1,  
Akila D Cooray2, Jayani Kariyawasam3  
and Suranjith L Seneviratne1

Abstract
COVID-19, a respiratory viral infection, has affected more than 10 million individuals worldwide. Common symptoms 
include fever, dry cough, fatigue and shortness of breath. Some patients show neurological manifestations such as headache, 
dizziness, cerebrovascular disease, peripheral nerve and muscle symptoms and smell and taste impairment. In previous 
studies, SARS-CoV-1 and MERS-CoV were found to affect the nervous system. Given the high similarity between SARS-
CoV-1 and SARS-CoV-2, effects on the nervous system by SARS-CoV-2 are a possibility. We have outlined the common 
neurological manifestations in COVID-19 (information are up-to-date as of June 2020) and discussed the possible pathogenetic 
mechanisms and management options.

Keywords
COVID-19, SARS-CoV-2, neurological manifestations, cerebrovascular disease, taste and smell impairments, Guillain-Barré 
syndrome

Date received: 5 June 2020; accepted: 20 August 2020

1�Department of Surgery, Faculty of Medicine, University of Colombo, 
Colombo, Sri Lanka

2�Department of Zoology and Environment Sciences, Faculty of Science, 
University of Colombo, Colombo, Sri Lanka

3�Institute of Biochemistry, Molecular Biology and Biotechnology, 
University of Colombo, Colombo, Sri Lanka

Corresponding author:
Suranjith L Seneviratne, Department of Surgery, Faculty of Medicine, 
University of Colombo, Colombo, Sri Lanka. 
Email: suran200@yahoo.co.uk

957925 SMO0010.1177/2050312120957925SAGE Open MedicineRahman et al.
research-article2020

Review Paper

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/smo
mailto:suran200@yahoo.co.uk


2	 SAGE Open Medicine

syndrome coronavirus 1 (SARS-CoV-1) and Middle East res-
piratory syndrome coronavirus (MERS-CoV)—may involve 
the nervous system. For instance, in a postmortem study of 
the brains of patients with multiple sclerosis (MS), HCoV-
229E and HCoV-OC43 were detected in some, suggesting 
neuroinvasion by these viruses.1 However, this could also be 
due to a disturbance in the blood–brain barrier; further studies 
would be required to distinguish between opportunistic  
and disease-associated viral presence. In cell-based studies, 
astrocytes, oligodendrocytes, neurons and microglia were 
susceptible to infection by HCoV-OC43.2 Polyneuropathy, 
myopathy, rhabdomyolysis and large artery ischemic stroke 
have also been reported in a few patients with SARS-CoV-1.3 
The SARS-CoV-1 was detected in the cerebrospinal fluid 
(CSF) of some patients, and an autopsy study found SARS-
CoV-1 in the brain.4 Arabi and colleagues5 reported the pres-
ence of MERS-CoV in three patients with encephalitis. 
Compared with MERS-CoV, there are more reports of neuro-
logical manifestations with SARS-CoV-1. There is high simi-
larity between the genomes and cell entry mechanisms of 
SARS-CoV-1 and SARS-CoV-2, thus raising the possibility 
of neurological involvement in COVID-19.

Neurological manifestations by SARS-
CoV-2

Two large cohort-based studies on neurological manifesta-
tions of COVID-19 have been reported so far. In a study done 
in Wuhan, China, Mao et al.6 noted neurological manifesta-
tions in 36.4% of 214 COVID-19 patients and these were sig-
nificantly more common in patients with severe disease. 
Central nervous system (CNS) and peripheral nervous system 
manifestations were seen in 24.8% and 8.9%, respectively. In 
a study conducted in France, Helms et al.7 found 84% of 58 
patients admitted to the intensive care unit because of acute 
respiratory distress syndrome due to COVID-19 to have neu-
rological signs. The differences in percentage between the two 
studies may be because the second study focused on more 
severely affected COVID-19 patients. Table 1 summarizes the 
common neurological manifestations in COVID-19.

CNS manifestations

The main CNS manifestations observed are headache, diz-
ziness, cerebrovascular disease (CVD), encephalopathy, 
delirium and other related manifestations as discussed 
below.

Headache and dizziness

Headache and dizziness are the most common neurological 
manifestations recorded in several studies (Table 1).6,9 It is 
uncertain whether these two manifestations were caused by a 
direct effect of the infection on the nervous system or due to 
other factors such as stress, fear or anxiety.

Cerebrovascular disease

Li et al.,8 who analyzed the cohort of patients described by 
Mao et al. and seven more, found 5% to have acute ischemic 
stroke. Stroke was also reported in five patients younger than 
50 years from New York.11 Based on brain magnetic reso-
nance imaging (MRI) findings from 13 of their 58 patients, 
Helms et al.7 reported two to have acute cerebral ischemic 
stroke and one to have subacute cerebral ischemic stroke. In 
a retrospective cohort-based study from New York, 0.9% had 
imaging-proven acute ischemic stroke and most (65%) 
strokes were cryptogenic, possibly related to an acquired 
hypercoagulability.12 A recent systematic review showed the 
incidence of acute ischemic stroke in COVID-19 to be 0.9% 
to 2.7% with a mortality rate of 38%.13 In addition, several 
case reports of stroke in patients with COVID-19 have been 
published (Table 2). The CVD in COVID-19 may be due to 
high levels of inflammation and/or a hypercoagulable state. 
Raised serum interleukin and C-reactive protein concentra-
tion have been reported, and coagulation abnormalities are 
increasingly noted with raised D-dimer concentration point-
ing to a poorer prognosis.14 Awareness by clinicians of the 
possibility of CVD in COVID-19 patients may lead to more 
timely management decisions and thus a reduction in both 
morbidity and mortality.

Table 1.  Cohort studies on neurological manifestations in COVID-19.

Study N Headache 
(%)

Dizziness 
(%)

Impaired 
consciousness 
(%)

Acute 
cerebrovascular 
disease (%)

Skeletal 
muscle 
injury (%)

Ataxia 
(%)

Seizure 
(%)

Li et al.8 221 NA NA NA 5.8 NA NA NA
Mao et al.6 214 13.1 16.8 7.5 2.8 10.7 0.5 0.5
Qin et al.9 452 11.4 8.1 NA NA NA NA NA
Helms et al.7 58 NA NA NA 23 (3/13)a NA NA NA
Wang et al.10 138 6.5 9.4 NA NA 34.5b NA NA

COVID-19: coronavirus disease 2019; N: number of patients; NA: not analyzed (all studies were conducted in 2020); MRI: magnetic resonance imaging.
aBrain MRI scans were done in 13 patients and cerebral ischemic stroke was identified in three.
bOnly myalgia was considered.
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Encephalopathy and delirium

There are reports of encephalopathy in COVID-19 (Table 2), 
and healthcare workers need to consider testing for SARS-
CoV-2 in such patients.18,21 Delirium has been reported to 
occur in COVID-19, especially among older persons.7 Beach 
et al. presented a case series, where three of the four COVID-
19 patients had delirium, without the presence of significant 
respiratory symptoms.16 At present, in most reported studies, 
CSF had not been tested for SARS-CoV-2. In the patient 
described by Filatov et al.,18 CSF was tested and found to be 
negative. Encephalopathy and delirium may be due to direct 
invasion of the CNS by SARS-CoV-2, inflammation second-
ary to a cytokine storm or as a result of septic encephalopathy.

Other CNS manifestations

There are reports of encephalitis and meningitis in COVID-19. 
For instance, the SARS-CoV-2 virus has been detected in the 
CSF of two patients with encephalitis,34,36 raising the possibil-
ity of direct cerebral effects of the virus. Mao et al.6 reported 
seizures and hemiplegia in one and two patients, respectively, 
prior to the onset of respiratory symptoms. However, in a retro-
spective study, Lu et  al.49 did not find an increased risk of 
symptomatic seizures in COVID-19 patients. At present, it is 
uncertain whether the seizures are coincidental or due to 
SARS-CoV-2 viral effects or the drugs used in treatment.

Peripheral nervous system 
manifestations

In the study by Mao et al.,6 8.9% of patients had peripheral 
nervous system manifestations. The common manifestations 
include Guillain-Barré syndrome (GBS) and other related 
variants and loss of the sense of taste and smell.

GBS and other variants

Currently, a total of 27 reports on GBS and its variants in 
COVID-19 have been reported. Pathogen-associated anti-
bodies that attack peripheral nerves due to molecular mim-
icry have been previously put forward as a disease mechanism 
in GBS. COVID-19-related GBS is mainly seen in the 
elderly while typical GBS can occur in all age groups.50 
None of the patients with post-COVID-19 GBS tested posi-
tive for SARS-CoV-2 in the CSF,51 points to an immune 
mechanism such as inflammation secondary to a cytokine 
storm as a possible cause. Some variants of GBS such as 
Miller Fisher syndrome and polyneuritis cranialis have been 
reported in two COVID-19 patients from Italy; both recov-
ered fully within 2 weeks.52

Loss of the sense of taste and smell

Twenty cohort studies have reported on loss of smell (anos-
mia) and taste (ageusia) as early symptoms of COVID-19 

(Table 3). These symptoms may appear early in the course 
of the disease or in otherwise asymptomatic individuals. A 
European study of 417 COVID-19 patients, conducted 
across four counties, found 85.6% and 88% to have impair-
ment of the sense of smell and taste, respectively.53 At pre-
sent, there have been only a few studies on this aspect from 
the Asia-Pacific region. For instance, Mao et  al.6 found 
5.6% and 5.1% of their cohort to have taste and smell 
impairment, respectively. Compared with the European 
studies, the frequency of smell and taste impairment in the 
Chinese study was low, which may be because the latter 
study was not specifically designed to assess this aspect. 
Smell and taste impairment may also vary across different 
populations; individuals with a strong preference for spicy 
foods may have a reduced taste sensitivity than those with a 
lower preference. The variations may also be attributed to 
the method of testing, as most of the studies were question-
naire based. For instance, in a study by Lechien et al.,54 of 
the 61.4% of patients self-reporting olfactory disorders, 
38.3% were subsequently found to be normal on objective 
testing. A standard quantifiable test needs to be developed to 
validate the variations of smell and taste impairment. 
Increased awareness that olfactory and gustatory dysfunc-
tion is common and early symptoms in COVID-19 would 
allow earlier diagnosis and thus effective self-isolation. 
Currently, although complete recovery has been reported in 
the majority of patients, it may be too early to comment on 
the longer-term implications.

It is still uncertain whether the taste and smell alterations 
are due to inflammation of the nasal tract or damage to the 
sensory neurons in the olfactory bulb. A large number of 
cells in the nasal epithelium express the angiotensin-convert-
ing enzyme 2 (ACE2) receptor which is the cell entry recep-
tor for SARS-CoV-2.73 However, Brann et  al.74 noted an 
absence of ACE2 receptors in the olfactory sensory neurons 
and suggested inflammation may be the primary cause for 
small impairment. A previous mouse study found SARS-
CoV-1 to be able to enter the brain through the olfactory 
bulb.75 ACE2 receptors are found to be expressed in olfac-
tory sustentacular cells and other non-neuronal cells in the 
olfactory epithelium.76 These cells maintain the integrity of 
the sensory neurons and damage to these may lead to altera-
tions in smell and taste.

Skeletal muscle injury

Skeletal muscle injury was recorded in 10.7% of the COVID-
19 patients studied by Mao et  al. Creatine kinase (CK), 
D-dimer, C-reactive protein and lactate dehydrogenase lev-
els were found to be elevated in patients with skeletal muscle 
injury. In another report, myalgia was noted in 34.8% of the 
studied COVID-19 patients.10

Clinicians should be aware of the range of neurological 
manifestations in COVID-19, as this would facilitate early 
recognition and appropriate management. Further studies 
from different regions of the world, using appropriate brain 
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imaging, electroencephalography (EEG) and CSF analysis, 
could provide evidence for the neuro-invasive potential of 
SARS-CoV-2. Such studies would also shed further light on 
why many neurological manifestations are more common in 
the elderly with severe COVID-19.

Possible pathogenic mechanisms

Neurological involvement in COVID-19 may be due to direct 
SARS-CoV-2 viral damage to the nervous system or through 
indirect means. ACE2 receptors are highly concentrated in 
the substantia nigra and ventricles of the brain. It is also found 
in many neurons, astrocytes, oligodendrocytes, middle tem-
poral gyrus and posterior cingulate cortex.77 A mouse cell-
culture study found ACE2 receptor expression on astrocytes.78 
ACE2 receptors are also expressed on endothelial and arterial 
smooth muscle cells of blood vessels in the brain. These stud-
ies suggest that major CNS manifestations are possible if the 
virus invades the brain. A recent autopsy study found SARS-
CoV-2 viral particles, on electron microscopic examination, 
in the frontal lobe of the brain. Virus-like particles were 
observed budding out of endothelial cells in the blood vessels 
of the frontal lobe, thus pointing to a hematogenous pathway 
of spread through the blood–brain barrier.79

In a study by Ding et al.,4 SARS-CoV-1 virus was detected 
exclusively in the neurons of the brain. The SARS-CoV-1 
virus has also been found in the CSF. A transgenic-mouse 
study found SARS-CoV-1 entry into the brain via the olfac-
tory bulb,75 and a similar pathway has been postulated in 
humans. The entry of SARS-CoV-2 to the olfactory bulb 
through the cribriform plate might explain smell impairment 
in COVID-19.

Li et al.80 suggest the SARS-CoV-2 virus may spread to the 
medullary cardiorespiratory center in the brainstem via chemo 
and mechanoreceptors in the lung, as has been observed with 
some other respiratory viruses. This raises the possibility of a 
neurological mechanism for respiratory failure in some 
COVID-19 patients. While ACE-2 receptors are found in the 
alveolar epithelium of the lung, the mechanism of viral move-
ment from the lungs to the nervous system remains unclear. 
The detection of the SARS-CoV-2 in CSF or brain biopsies 
would further clarify this potential pathway. No previous stud-
ies have been published of such a mechanism in either SARS-
CoV-1 or MERS-CoV infections. In addition to inflammatory 
effects in the brain, neurological manifestations may also be 
caused by hypoxia-related injuries, as alveolar and interstitial 
lung inflammation may lead to CNS hypoxia. This in turn may 
cause cerebral vasodilation and cerebral edema.

Table 3.  Studies on taste and smell impairment of patients with COVID-19.

First author (country) N Method of testing Taste 
impairmentsa 
(%)

Smell 
impairmentsb 
(%)

Beltrán-Corbellini (Spain)55 79 Questionnaire 35.4 31.6
Bénézit (France)56 68 Questionnaire 62 45
Boscolo-Rizzo (Italy)57 54 Telephone surveys 64
Giacomelli (Italy)58 59 Questionnaire 33.9
Hornuss (Germany)59 45 Burghart Sniffin’ Sticks NA 40
Kaye (USA, Mexico, Italy, UK, Other)60 237 Validated survey NA 73
Klopfenstein (France)61 114 Medical records/physical examination NA 47
Lee (Korea)62 3191 Telephone survey 15.3
Lechien (Belgium, France, Spain, Italy)53 417 Questionnaire 88 85.6
Levinson (Israel)63 42 Questionnaire and interview 33.3 35.7
Luers (Germany)64 72 Questionnaire 69 74
Mao (China)6 214 Reported by patients 5.6 5.1
Menni (USA, UK)65 6452 (UK)

726 (USA)
Self-reported 64.76 (UK) 

67.49 (USA)
Moein (Iran)66 60 Odorant test NA 98
Sayin (Turkey)67 64 Questionnaire 71.9 67.2
Speth (Switzerland)68 103 Questionnaire 65 61.2
Spinato (Italy)69 202 Sino-Nasal Outcome Test 22  

(SNOT-22) Questionnaire
64.4

Vaira (Italy)70 72 CCCRC and validated taste test 48.6 83.4
Wee (Singapore)71 154 Self-reported 22.7
Yan (USA)72 59 Questionnaire 71 68

COVID-19: coronavirus disease 2019; N: number of patients positive for COVID-19; NA: not analyzed (all studies were conducted in 2020); CCCRC: 
Connecticut Chemosensory Clinical Research Center orthonasal olfaction test.
aTaste impairments include ageusia and mild to severe hypogeusia.
bSmell impairments include anomsia and mild to severe hyposmia.



Rahman et al.	 7

The possibility that medications used to treat COVID-19 
may cause neurological manifestations should be remem-
bered. For instance, other neurological infections that may 
occur due to the immunosuppressive effect of the medica-
tions or seizure thresholds may be reduced. Headache is a 
common side effect of the monoclonal antibody Tocilizumab 
and Chloroquine. Cases of Tocilizumab-associated multifo-
cal cerebral thrombotic microangiopathy and Tocilizumab-
related demyelinating disorders have been reported.81,82 
Chloroquine and hydroxychloroquine are also known to 
have certain neurological side effects such as seizure,  
balance disorder, peripheral neuropathy, parasthesia and 
hypaesthesia.83

Considering the high transmission rate of the SARS-
CoV-2 virus, carrying out autopsy studies are challenging. 
However, the findings from such studies would contribute to 
and shed light on the potential neurological mechanisms and 
prognosis in COVID-19 and direct more evidence-based 
treatment plans.

COVID-19 in patients with diagnosed 
neurological disorders

Individuals with MS and neuromuscular disorders may be 
prescribed medications which suppress the immune sys-
tem and thus are at a higher risk of developing severe 
COVID-19.84 However, guidelines specifically recom-
mend having discussions with neurologists prior to modi-
fying any courses of medication.85 Patients who suffer 
with CVD have a 2.5-fold higher risk of getting severe 
COVID-19.86 COVID-19 seems to have a worsening effect 
on patients with Parkinson’s disease too. Hainque and 
Grabli87 report two patients with Parkinson’s disease 
where early diagnosis of COVID-19 was challenging and 
thus associated with poorer outcomes. Currently, there is 
no evidence that individuals with epilepsy are at a higher 
risk of developing COVID-19.

Limitations of this review include the small number of 
studies reporting on certain neurological manifestations, thus 
making it difficult to provide more definitive conclusions on 
these aspects. It is possible that subtle neurological findings 
were not documented (and thus underestimated) due to the 
high workload during the early part of the pandemic. Further 
well-conducted studies from different regions of the world in 
the coming months would help expand this evidence base and 
thus provide better answers to the many questions at hand. 
Ours is a broad overview on the main reported neurological 
manifestations in COVID-19 and a more comprehensive clin-
ical picture would emerge in the coming months.

Future recommendations

During the COVID-19 pandemic, if a patient has neurological 
symptoms such as loss of the sense of smell and taste or delir-
ium, testing for SARS-CoV-2 should be considered irrespec-
tive of them not having the other typical symptoms. At present, 

the long-term effects of neurological manifestations are still 
uncertain but should become better defined as more studies 
using brain imaging, EEG and CSF findings become availa-
ble. Detailed and systematically conducted histopathology 
and autopsy studies should shed light on aspects of pathogen-
esis and pathology that are still undefined and uncertain.

Conclusion

Neurological manifestations have been reported in some 
COVID-19 patients. The detection of SARS-CoV-2 in the 
CSF of two patients and in endothelial cells of blood vessels 
of the frontal lobe of another provides evidence for a neuro-
tropic potential of this virus. The nervous system may also 
be affected via indirect methods such as hypoxia, inflamma-
tion or an immune-mediated damage. Future studies using 
brain imaging, EEGs, CSF analysis and histopathology 
would provide a clearer understanding of the effect of SARS-
CoV-2 on the nervous system.
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