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The Neurologic Manifestations of Coronavirus Disease 2019
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Abstract

The coronavirus disease 2019 (COVID-19) is an ongoing global pan-
demic that has so far affected 216 countries and more than 5 million 
individuals worldwide. The infection is caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). While pulmonary 
manifestations are the most common, neurological features are in-
creasingly being recognized as common manifestations of the COV-
ID-19, especially in the cases of severe infection. These include acute 
cerebrovascular disease, encephalitis, and Guillain-Barre syndrome 
(GBS). Here, we review the neuropathogenesis of SARS-CoV-2 and 
the central and peripheral nervous system manifestations of COV-
ID-19.
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Introduction

The coronavirus disease 2019 (COVID-19) is an ongoing 
global pandemic that has so far affected 216 countries and 
more than 5 million individuals worldwide [1]. The infection 
is caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), which is a part of beta-coronaviruses (CoVs) 
and shares sequence similarity with SARS-CoV, the cause of 
2003 SARS pandemic [2].

CoVs are a group of enveloped viruses with a single-
stranded, positive sense RNA genome [3]. Under the electron 
microscope, they display evenly arranged surface protrusions, 
giving it a crown-shaped appearance [4]. Based on the phylo-
genetic characteristics, they are divided into four groups: al-
pha-, beta-, gamma-, and delta-CoV [4]. The envelope of the 
beta-CoV consists of five structural proteins, known as spike, 

envelope, membrane, nucleocapsid, and hemagglutinin-ester-
ase [5]. The spike protein appears to be the key structure for 
infectivity and virulence as it recognizes and binds to the re-
ceptors on the host cells [4-6].

Respiratory droplets and contact are the main routes of 
transmission for COVID-19; however, there is also evidence 
for transmission through the digestive tract or through aerosols 
during a prolonged exposure [4].

Neuropathogenesis

The SARS-CoV-2, like SARS-CoV, uses the spike protein 
to interact with the host angiotensin-converting enzyme 2 
(ACE2) receptor, which is expressed in various tissues includ-
ing the airway epithelial cells, and serves as the entry point 
for the virus [7, 8]. The ACE2 receptors are also expressed 
in the glial cells and neurons, thus making them a potential 
target for the infection [2]. In fact, the neuro-invasive property 
of CoV has been well demonstrated in previous studies. The 
SARS-CoV particle has been detected in the brain tissue and 
in the cerebrospinal fluid (CSF) of affected patients [2]. Fur-
thermore, studies on transgenic mice have shown that SARS-
CoV-34, when given intranasally, can spread to the brain, pos-
sibly via the olfactory nerves [9]. The neuro-invasive potential 
of SARS-CoV-2 remains yet to be established. However, a lot 
may be extrapolated from previous studies on CoVs given its 
similarity in structure and infection pathways [10]. The hy-
pothesized pathways for central nervous system dissemina-
tion of the virus include spread from the systemic circulation 
or across the cribriform plate via the olfactory bulb [2]. The 
neurological manifestations may be secondary to host immune 
responses and/or direct viral toxicity [5].

Neurological Features

The COVID-19 infection usually manifests as acute pneumo-
nia, similar to that reported in SARS-CoV and SARS-CoV-34 
infections. The common symptoms of COVID-19 include 
fever, dry cough, and shortness of breath [11]. A majority of 
the patients with dyspnea end up needing intensive care [11]. 
Neurological features are increasingly being recognized as 
common manifestations of the COVID-19, especially in the 
cases of severe infection [12]. In this review, we will focus 
on the reported neurological manifestations of COVID-19 and 
discuss the current evidence for each of them. A summary of 
these manifestations is elicited in Table 1 [11, 12-26].
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Central nervous system manifestations

Cerebrovascular disease

1) Ischemic stroke

A wide range of infections have been associated with increased 
risk of acute ischemic stroke [27], with respiratory infections 
posing the greatest risk [28]. A surge of clotting factors and cy-
tokines has been proposed as a potential mechanism for stroke 
in COVID-19 infection [29, 30].

Acute ischemic stroke has been reported in 2-5% of pa-
tients hospitalized due to COVID-19, with a higher incidence 
reported with severe infections and in patients with advanced 
age and comorbid conditions, especially hypertension [12, 13].

COVID-19 has impacted acute stroke care by decreasing 
the number of patients receiving thrombolysis with or without 
endovascular intervention; however, there has been an increase 
in the rate of primary thrombectomy due to delayed presenta-
tion [31]. This might stem from patients’ and care providers’ 
concerns about the risk of acquiring infection from the hospital 
setting. These findings highlight the importance of adopting 
specific protocols to safely care for stroke patients. The Ameri-
can Heart Association/American Stroke Association released a 
temporary guidance regarding optimal care of stroke patients 
during COVID-19 pandemic [32].

2) Hemorrhagic stroke

Hemorrhagic stroke has been reported in patients with COV-
ID-19. Direct neural invasion via ACE2 receptors and dys-
regulation of blood pressure have been postulated as potential 
underlying mechanisms for hemorrhagic stroke [10, 33-35]. 
Future studies are needed to identify the risk factors and out-
comes of hemorrhagic stroke in patients with COVID-19.

Encephalitis

Encephalitis refers to inflammation of the brain parenchyma 
[36]. Acute necrotizing encephalopathy has been reported as 
a rare complication of respiratory viral infections [37, 38], 
which might be related to blood brain barrier breakdown and 
increased cytokine production [39]. The sequences of SARS-
CoV genome were detected in the brain tissue of confirmed 
SARS autopsies [40]. SARS-CoV and SARS-CoV-2 share 
similar receptor-binding domain genomic sequences [41], 
which suggests that areas of predilection for infection might 
be the same.

Moriguchi et al reported the first case of encephalitis as-
sociated SARS-CoV-2. Despite a negative nasopharyngeal 
swab, SARS-CoV-2 was detected in the CSF and brain mag-
netic resonance imaging (MRI) showed hyperintensity in 
the right mesial temporal lobe [14]. A more severe form of 
encephalitis with hemorrhages was later reported with brain 
MRI showing hyperintense signals with a ring of contrast en-Ta
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hancement [15].

Seizure

Seizures have been reported to be among the most common 
neurologic manifestation in patients with severe viral respira-
tory illnesses [42-45], including CoVs [46]. There has been a 
single report of focal status epilepticus in a patient with COV-
ID-19 who developed postencephalitic epilepsy [16]. How-
ever, one study has evaluated the development of new onset 
seizures among 304 patients hospitalized with COVID-19 and 
found no increased risk of acute symptomatic seizures [47].

Myelitis

Myelitis, or inflammation of the spinal cord, presents with 
acute to subacute onset of pyramidal, sensory, and/or auto-
nomic dysfunction according to the spinal cord tracts that are 
affected [48]. Several respiratory viral infections have been as-
sociated with the development of acute post-infectious myeli-
tis [49-52]. The ACE2 receptors, which have been implicated 
in the pathogenesis of COVID-19, are expressed in the spinal 
cord [53, 54]. There has been one reported case of acute onset 
flaccid paralysis of the lower extremities, urinary and bowel 
incontinence, and a thoracic 10 sensory level in a patient who 
tested positive for COVID-19 [17]. However, CSF testing and 
MRI of the spinal cord were not performed so the diagnosis 
was not confirmed.

Peripheral nervous system spectrum of disorders

Guillain-Barre syndrome (GBS) and its variants

GBS is a demyelinating disorder characterized by acute to 
subacute onset of weakness and sensory symptoms ascending 
over the course of days [55, 56]. A preceding respiratory or 
gastrointestinal infection is reported in approximately two-
thirds of patients [57]. Several mechanisms, based on anec-
dotal evidence from case reports, have been proposed for the 
pathophysiology of GBS in COVID-19 patients including 
para- and post-infectious phenomena. The former has been 
reported in two cases, where patients developed GBS within 
1 week of COVID-19 diagnosis [18, 19]. The post-infectious 
phenomenon, which involves antibodies’ cross reactivity with 
neuronal gangliosides, was reported in one case study [58] and 
a case series of five patients [20]. The clinical course of GBS 
in COVID-19 has been reported to be similar to that seen with 
other infections [59].

The GBS variants, Miller Fischer syndrome (MFS) and 
polyneuritis cranialis, have been reported in two cases of pa-
tients with COVID-19. CSF examination was negative for 
SARS-CoV-2, suggesting a post-, rather than para-, infectious 
etiology. Both patients had resolution of neurological com-
plaints, except for anosmia and ageusia in the patient with 
MFS [21].

Anosmia

Anosmia, or olfactory impairment, has emerged as one of 
the specific clinical features of COVID-19. The exact patho-
physiologic mechanisms underlying its development remain 
unclear. Olfactory disturbance after a viral upper respiratory 
tract infection is a common cause of transient anosmia and is 
primarily attributed to conductive olfactory loss secondary to 
nasal mucosal congestion [60]. However, in a majority of the 
COVID-19 cases, anosmia is not linked to rhinorrhea or nasal 
obstruction [22]. Another speculated mechanism involves the 
direct virus-induced damage to the olfactory neuroepithelium 
and/or the neuro-invasive potential of SARS-CoV-2, which is 
supported by the expression of ACE2 and transmembrane ser-
ine protease 2 on the olfactory epithelial cells, the receptors 
involved in SARS-CoV-2 cellular entry [61, 62]. Furthermore, 
there is evidence for rapid trans-neuronal spread for SARS-
CoV after entry through the olfactory bulb in the transgenic 
mice models [63]; however, this has not been studied specifi-
cally in SARS-CoV-2.

There is a high variability in the reported prevalence of 
anosmia among patients with COVID-19, ranging from 5-47% 
in the retrospectively conducted studies [23, 12] to 39-86% in 
the studies based on self-administered questionnaires [22, 24]. 
There is only one study that evaluated quantitative olfactory 
function in patients with COVID-19 and found that 98% of pa-
tients had some olfactory dysfunction, and 58% had anosmia 
[25]. All in all, anosmia seems to be a frequent manifestation 
of COVID-19 and a lower prevalence reported in some studies 
could in part be attributed to passive instead of active ascer-
tainment and overall underreporting, possibly due to perceived 
benignity of the symptom.

Olfactory dysfunction has been described to have a sudden 
onset [64] and can appear as an initial manifestation without any 
other clinical symptoms in a sizeable proportion of patients with 
COVID-19 [22]. Short-term follow-up studies have shown that 
approximately 25-57% of these patients recover their olfactory 
function, while others may have persistent symptoms even after 
resolution of the infection [22, 24]. Younger patients and women 
have been shown to have a higher predisposition to the develop-
ment of olfactory symptoms [22, 24].

Overall, there seems to be compelling evidence to identify 
sudden onset olfactory dysfunction as an indicator of COV-
ID-19 infection, even in the absence of other significant symp-
toms. The American Academy of Otolaryngology has proposed 
the addition of new onset olfactory dysfunction to the screening 
symptoms of COVID-19 with prompt infection testing and pre-
cautionary isolation in the current epidemiologic context [65].

Ageusia

Along with anosmia, ageusia or gustatory dysfunction has also 
been confirmed as a significant symptom of COVID-19. Most 
cases of self-reported ageusia are in general found to be sec-
ondary to underlying anosmia [66]. Similarly, in COVID-19, 
ageusia has been shown to have a significantly positive asso-
ciation with anosmia [22], and is hence thought to be a second-
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ary symptom of underlying anosmia and not a result of damage 
to the gustatory afferents, per se [25]. Among patients with 
COVID-19, ageusia has been reported in 45-88% of the cases 
[22, 24]. Therefore, sudden onset ageusia, usually seen in con-
junction with anosmia, has been added to the list of COVID-19 
screening symptoms.

Myopathy

Patients with COVID-19 have been reported to have myopa-
thies, with symptoms ranging from myalgias to rhabdomy-
olysis [12]. Various pathophysiologic mechanisms have been 
speculated to underly the skeletal muscle injury. Immune-
mediated muscle damage has been suggested, given the sig-
nificant association between occurrence of myopathy and the 
severity of the inflammatory response [12]. Another possible 
mechanism is critical illness myopathy or polyneuropathy, 
which has been described in the SARS-CoV infection, and is 
associated with prolonged ventilatory assistance, use of neu-
romuscular blocking agents, and steroids [67, 68]. Finally, the 
direct viral myotoxicity must also be considered, as described 
in other viral infections [69-71] and supported by the presence 
of ACE2 receptors on the skeletal muscle [72]. Myalgia and 
fatigue have been reported in 44-70% of hospitalized patients 
[11, 26] and skeletal muscle injury in around 11% of patients 
[12]. Overall, muscle symptoms appear to be commonly asso-
ciated with COVID-19 and further studies are needed to eluci-
date the exact nature of the myopathy.

Conclusions

This review summarizes the current clinical evidence for neu-
rologic manifestations of COVID-19. While neurologic fea-
tures appear to be commonly associated with COVID-19, fur-
ther studies are needed to explain the exact pathophysiology 
and clinical course.
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