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Resumo 

A pandemia causada pelo novo coronavírus trouxe consigo grandes desafios para a ciência visto sua 

alta taxa de transmissão, que gera uma crise nos sistemas de saúde e econômicos de todo o mundo e 

exige respostas rápidas por parte dos pesquisadores. Sabemos que o receptor para enzima conversora de 

angiotensina 2 desempenha um papel importante na infecção. Esse receptor também está presente em 

neurônios e células gliais do córtex motor, porção posterior do giro do cíngulo, paredes dos ventrículos, 

substância negra, bulbo olfatório, giro temporal médio, núcleo do trato solitário, medula ventrolateral e 

núcleo dorsal do vago. Motivo pelo qual o mecanismo de neuroinvasão precisa ser melhor 

crompreendido. Suas manifestações neurológicas podem, muitas vezes, se apresentar na forma de 

sintomas leves, como hiposmia e ageusia. A partir de revisão da literatura, neste artigo investigamos as 

repercussões neurológicas da infecção pelo vírus em que foram estudadas as consequências da Covid-

19 no sistema nervoso central, a resposta inflamatória causada por sua presença e o estado de 

hipercoagulabilidade, bem como a forma pela qual se desencadeiam as complicações, desde uma 

cefaleia até uma encefalopatia ou acidente vascular cerebral. 

Palavras-chave: Coronavírus, Manifestações neurológicas, Covid-19, SARS-CoV-2. 

 

Abstract 

The pandemic caused by the new coronavirus has brought great challenges to science, given its high 

transmission rate, which generates a crisis in the health and economic systems around the world and 

requires rapid responses from researchers. We know that the receptor for angiotensin-converting 

enzyme 2 plays an important role in infection. This receptor is also present in neurons and glial cells of 

the motor cortex, posterior portion of the cingulate gyrus, ventricles, substantia nigra, olfactory bulb, 

middle temporal gyrus, solitary tract nucleus, ventrolateral medulla and dorsal nucleus of the vagus. 

Which is why the neuroinvasion mechanism needs to be better understood. Its neurological 

manifestations can often present as mild symptoms, such as hyposmia and ageusia. From a literature 

review, in this article, we investigated the neurological repercussions of virus infection, in which the 

consequences of Covid-19 on the central nervous system, the inflammatory response caused by its 

presence and the state of hypercoagulability were studied, as well as the way complications, are 

triggered, from headache to encephalopathy or stroke. 

Keywords: Coronavirus, Neurologic manifestations, Covid-19, SARS-CoV-2. 
_______________________________________________________________________________________ 
 

Introduction 

In late December 2019, an outbreak of 

pneumonia of unknown etiology affected about 

two-thirds of the workers at a fish market in 

Wuhan, China, causing its ban.
1
 Retrospectively 

accessed data, however, run back the disease 

inception to the beginning of the same month, when 

records point to the symptomatic onset of the first 

patient.
2
 It was then identified that the disease was 
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caused by a category of coronavirus hitherto 

unprecedented. 

In February 2020, the International Virus 

Taxonomy Committee announced the appointment 

of the new agent as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2).
3
 

Following this announcement, the World Health 

Organization (WHO) named the disease caused by 

it as coronavirus disease 2019 (Covid-19), a term 

that quickly became popular.
3
 Such popularity was 

because, in a short period Covid-19, a previously 

circumscribed disease, was already spreading 

through several provinces of China
1
, reaching the 

point that on March 11, 2020, it would be raised to 

the pandemic category by WHO itself.
4
 

Less than three months after the first 

infected person felt the first symptoms, evidence of 

neurological complications was already increasing 

in the scientific community.
2
 Even more so when 

evidence pointed to the existence of heterogeneous 

neurological presentations in more than 36% of 

those infected.
4
 In addition, possible neurological 

implications of the virus on respiratory failure 

found in many patients
2
 and in neuropathological 

conditions, such as acute necrotizing hemorrhagic 

encephalitis and disseminated acute 

encephalomyelitis
5
, added special apprehension 

about the effects of this virus on the central nervous 

system and the possible neuro invasiveness. 

Following this initial surveillance period, a 

much more comprehensive neurological picture for 

Covid-19 is under construction. The spectrum of 

neurological manifestations is varied. Starting from 

mild findings, such as anosmia or ageusia
6
, 

symptomatology can even reach cases of 

encephalopathy
5
 or stroke

7
 in more severe cases.  

The urgency of fully understanding the 

neurological effects of this infection is becoming 

increasingly clear.
8
 In this sense, as new evidence in 

this field emerges, there is a higher demand for 

literature reviews, which can integrate that new 

information into the pre-existing works. In this 

work, the authors reviewed the main neurological 

complications, bringing the state of the art in order 

to highlight the multiple patterns of involvement 

caused by Covid-19 and transform the current view 

of the disease, still considered by many to be an 

exclusive respiratory condition. 

 

Methods  

A narrative review was made in the database 

Medical Literature Analysis and Retrieval System 

Online (MEDLINE/PubMed). The following search 

was made based on the MeSH descriptors and 

Boolean operators: “{(Covid 19) AND [ 

(neurological manifestation) OR (neurological 

complication)]}”. The search period was 

undertaken between May 1
st
, 2020 and May 5, 

2020. 

This review included articles found in the 

search that was published in the last year. Of these, 

articles that were outside the scope of the research, 

i.e., that did not focus on neurological 

complications related to Covid-19, were excluded. 

Additionally, works that were not written in English 

language, as well as files of the following types 

were disregarded for this work: editorials, 

comparative studies, comments/letters to the editor, 

guidelines, consensus, brief/short communications, 

and management protocols. 

Figure 1 is based on the PRISMA tool 

(Preferred Reporting Items for Systematic Reviews 

and Meta-analyzes) and summarizes the method 

used to search and select articles, showing the 

number of works related to each step of the process. 

The search in the database, as well as the initial 

selection of articles - by reading the titles - was 

carried out by two researchers independently 

(M.M.S.S. e M.A.O.F.). They were responsible for 

undertaking the same search and for applying the 

exclusion criteria. In the end, the selected articles 

were compared and the additions or removals of 

works were done in order to correct inconsistencies. 

In turn, the reading of the abstracts, as well 

as that of the full texts, was performed by four 

researchers individually, but in an integrated 

manner, who used the aforementioned exclusion 

criteria. 

As a result of this search, a total of 44 

articles were obtained, among which 21 were 

review articles and 23 original articles (Figure 1), 

which were used as the basis for making the results 

and discussing this article. In addition, relevant 

articles or data, which might be found in the 

references of the texts read, were added to this 

work.
2,3,5,8–23
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Figure 1.Article selection process  

Results and discussion 

Origin and transmission 

Coronaviruses are so named due to their 

microscopic crown shape. As a member of the 

coronaviridae family, SARS-CoV-2 is related to the 

severe acute respiratory syndrome virus (SARS-

CoV) and the Middle East respiratory syndrome 

virus (MERS-CoV).
19,24,25

 The transmission of 

SARS-Cov-2 is done mainly by contacting the oral, 

nasal or conjunctival mucosa with saliva droplets or 

nasal secretions from infected people, whether 

symptomatic or asymptomatic.
25

 Asymptomatic 

carriers of SARS-CoV-2, as well as those with mild 

symptoms, potentially contribute to the spread of 

the disease.
25

 The vertical transmission of this virus 

is not yet well defined, however, the neonatal 

infection occurs due to the contact of the caregiver 

with contaminated surfaces.
19,25

  

Incubation period 

The estimated average incubation period 

for SARS-CoV-2 is 2 to 14 days
8,24,25

, occurring 

mainly between 3 and 7 days. The understanding of 

the virus incubation period allows inferences about  

important public health activities for infectious 

diseases, as proposals for active monitoring,  

surveillance, control, and modeling can be 

developed.
26

  

Infection stages 

There are three stages of infection with 

SARS-CoV-2. Phase 1 has the clinic characterized 

by flu-like respiratory infection; phase 2 has the 

clinic characterized by a high risk of thrombosis, 

and phase 3 has the clinic represented by the 

critically ill patient in the intensive care unit. It was 

observed that patients who were at higher risk of 

poor disease evolution also had a higher risk score 

for Birmingham - 2009, which assesses the chances 

of thromboembolic events. These more severe 

patients are also more susceptible to neurological 

complications.
20

 

As described, the imbalance of coagulation 

factors present in phase 2 may enable the formation 

of platelet thrombi in small vessels and this is a risk 

factor not only for the respiratory condition but also 

for neurological manifestations.
20,27

 In this sense, it 

is necessary to predict or reverse the prothrombotic 

state of some patients using anticoagulants. D-

dimer, a fibrin degradation product, is also used to 

assess the risk of venous thromboembolism.
20,27

  

These degradation products are usually 

elevated in a serious SARS-CoV-2 infection, a 
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mechanism that can lead to cerebrovascular 

disorders, such as ischemic stroke.
27

 

Such an inflammatory state can leave 

patients even more vulnerable to central nervous 

system complications, as lesions in the vessels also 

favor the attraction of coagulation factors, which in 

turn, favor the state of hypercoagulability.
10,11

 

Pathophysiology 

Several routes of dissemination are proposed 

for SARS-CoV-2 based on the admissible pathways 

through which respiratory viruses can reach the 

central nervous system, such as hematological 

dissemination, neuronal dissemination by 

retrograde transport - through the use of olfactory 

and trigeminal nerves, via cerebrospinal fluid or 

lymphatic dissemination.
21

 Added to these findings, 

evidence of the possibility of infection by SARS-

CoV via transnasal, with dissemination from the 

olfactory nerve in rodent models, suggest the same 

route for SARS-CoV-2, if it is considered that there 

is sufficient homology between these viruses.
23  

The viruses of the coronaviridae family use 

binding affinities between host membrane receptors 

and spike proteins (S) of the capsule for cell 

adhesion and subsequent infection.
22

 The invasion 

mechanism shared by both SARS-CoV and SARS-

CoV-2 is based on affinity for the human 

angiotensin-converting enzyme 2 (hACE2)
23

, 

through a process aided by the serine 

transmembrane protease 2 (TMPRSS2).
22

 The 

hACE2 is a membrane protein from multiple body 

locations. Particularly in the brain, these receptors 

are expressed in the motor cortex, posterior portion 

of the cingulate gyrus, ventricles, substantia nigra, 

olfactory bulb, middle temporal gyrus, solitary tract 

nucleus, ventrolateral medulla, and dorsal vagus 

nucleus
28

, generating possible areas of vulnerability 

to the virus in the brain. 

In addition, one of the possible mechanisms 

for neurological manifestations resides in the high 

immune response led by the disease
24

, evidenced by 

the finding of lymphopenia and elevation of C-

reactive protein (CRP)
29

 in part of those infected, is 

even more evident in patients with neurological 

presentations.
4
  

Also, unusual but fatal immune 

complications can be described, such as cytokine 

storm syndromes.
9
 

Hypercoagulable state 

A recent description of complications in the 

severe inflammatory state due to infection with 

SARS-CoV-2 is associated with a considerable 

disturbance of hemostasis. Serological tests showed 

an immunological component, especially in 

critically ill patients.
10

 

 Also, the presence of anticardiolipin, IgA 

antibodies, as well as IgG and anti-β2-glycoprotein 

I antibodies have been detected. These 

antiphospholipid antibodies target abnormal 

phospholipid proteins and may temporarily increase 

in patients with critical illnesses and various 

infections, such as SARS-CoV-2 infection.
10

 

For patients with acute cerebrovascular 

disease, a pro-inflammatory state triggered by 

cytokines can contribute to vascular endothelial 

damage, as well as the state of hypercoagulability 

that can result in extensive thrombosis and 

dysfunction.
11

 Covid-19 can be a trigger for this 

storm of inflammatory cytokines.
8
 As a 

consequence, an endothelial lesion and ischemic 

stroke can occur.
10,27

 Other hemodynamic 

complications are deep venous thrombosis, cerebral 

venous sinus thrombosis, and pulmonary 

embolism.
11

 

Neurological complications of Covid-19 

Regarding the probable neurological 

complications resulting from Covid-19, there was a 

trend towards cerebrovascular outcomes. One of the 

studies carried out in a specialized neurology 

service showed a reduction in the number of new 

events of cerebrovascular events.
30

 However, there 

is a proportional increase in the registration of 

severe cases of the disease, with occlusion of large 

vessels, in patients evaluated with confirmation of 

infection by SARS-CoV-2.
30

 One of the possible 

explanations would be that in mild cases the local 

population avoided going to specialized services, to 

the detriment of more exuberant staff and due to 

access to services during the pandemic.
30

 

Other studies, however, point to a probable 

correlation between the virus and cerebral vascular 

outcomes, such as ischemic or hemorrhagic 

stroke.
4,7,30–32  

As so, a single-service study found 

that among 841 patients, 483 had neurological 

symptoms such as myalgia, headache, dizziness, 

syncope, disorders of consciousness, epilepsy, 
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muscle damage, myopathy, and encephalitis.
33

 

Furthermore, it is speculated that an inflammatory 

cascade could trigger or exacerbate neuropathic 

processes such as viral encephalitis, multiple 

sclerosis and post-Guillain-Barré Covid-19.
32–37

 

However, it is relevant to highlight that still 

questioned whether, in fact, the new coronavirus is 

involved in neurological outcomes or the incidence 

of these implications occurs in patients with 

cerebrovascular risk factors.
38

 In addition to these 

findings, they stand out, especially that in initial 

cases such as mild clinical presentations, anosmia 

and dysgeusia may prevail, and may be prolonged 

even after resolution of the respiratory 

conditions.
4,6,33,35,37,39–42

 

Neuropsychiatric involvement
33

 is also 

pointed out, although it cannot be said that they 

would be the exclusive cause of Covid-19 or due to 

socioeconomic circumstances arising from the crisis 

due to infection by SARS-CoV-2. Therefore, the 

literature points to several neurological disorders 

that may be present in patients who have the 

syndrome caused by SARS-CoV-2 and the 

recognition of these findings can be used for a 

better study and delimitation of the disease. 

The development of myopathies was also 

reported, in addition to the exacerbation of these 

conditions
24

. A retrospective study in China 

involving about 200 patients revealed that a subset 

of subjects (usually with comorbidities and the 

elderly) with Covid-19 had impaired consciousness, 

acute cerebrovascular disease, and skeletal muscle 

symptoms, suggesting the involvement of the 

central nervous system and the peripheral nervous 

system.
24

 It is estimated that the latency period of 

the virus may be enough to destroy neurons in the 

medulla oblongata.
8
 

A systematic review also showed brain 

complications related to SARS-CoV-2 infection: 

polyneuropathy, demyelinating diseases, 

encephalitis, and strokes.
27

 Other neurological 

outcomes such as the development of Guillain-

Barré syndrome after infection by this viral agent 

have been described (Table 1). In this way, better 

knowledge about the main symptoms related to 

these neuroaxis outcomes becomes relevant for the 

proper understanding, recognition, and management 

of cases of Covid-19. 

 

Anosmia, hypogeusia and Covid-19 

Hyposmia and anosmia, decreased sense of 

smell, and loss of smell, respectively, and less 

commonly taste disorders, are reported in patients 

with Covid-19, even in the absence of upper airway 

involvement.
14

 

It may occur initially or appears suddenly 

throughout the infection.
14

 A study of 417 patients 

from Covid-19 from mild to moderate, 85.6% and 

88% of patients, respectively, described disorders of 

smell and taste.
15

 Furthermore, dysfunction 

olfactory was the initial symptom in 12% of cases.
15

 

Guillain-Barré syndrome and Covid-19  

Despite the inconsistent onset of symptoms 

concerning the diagnosis of Covid-19, about the 

Guillain-Barré syndrome, most reports describe 

consistent clinical characteristics such as marked 

weakness of the lower limb on the upper limb, loss 

of deep reflexes with sensory changes, and various 

abnormalities.
48

 However, the increase in 

cerebrospinal fluid protein has not been universal in 

some studies and patients with significant 

respiratory impairment of SARS-CoV-2, measuring 

vital capacity due to Guillain-Barré syndrome.   

Cerebrovascular disease and Covid-19 

New evidence suggests that patients with 

Covid-19 could have neurological symptoms 

related to cerebrovascular diseases. Abboud and 

colleagues
49

 demonstrated an important correlation 

between SARS-CoV-2 infection and stroke, since 

from 34 patients with Covid-19 evaluated, up to 6% 

of them had an ischemic stroke. In another study, 

Jain and collaborators
32

 reaffirm the idea that these 

thromboembolic events are closely related to viral 

infection and assume neurological consequences. 

The authors confirmed, through neuroimaging, that 

69% of patients (n=26) had neuroradiological 

abnormalities compatible with ischemic stroke.
32

 

The mechanisms that involve this condition include 

hypercoagulability with elevated D-dimer levels, 

exaggerated systemic inflammation and 

cardioembolism due to virus-related cardiac 

injury.
8,10,11,30,49

 

Also, intracerebral hemorrhage has been 

reported in several elderly patients with Covid-19.
49

 

This is because, when binding to hACE2, SARS-

CoV-2 can cause an abnormal increase in blood 

pressure. This hypertension, associated with the 
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presence of thrombocytopenia
49

 and coagulation 

disorders, increases the risk of intracerebral 

hemorrhage in patients.
49

 In a study, Craen and 

colleagues
31

 reported subarachnoid hemorrhage in a 

66-year-old woman infected with SARS-CoV-2. 

 

Although Covid-19 is known for its 

respiratory symptoms, there is evidence that 

neurological symptoms may occur in the first 1-2 

days of infection and ischemic stroke 2 weeks after 

the onset of the clinical symptomatic phase. The 

key is to prevent the patient to progress from a 

moderate infection into a severe infection.
50

 

 

Table 2.Summary of the neurological implications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Encephalopathy and Covid-19 

There are recent reports on neurological 

presentations of SARS-CoV-2 confirmed by 

computed tomography and magnetic resonance 

imaging of the head. The patients showed 

symptoms of encephalopathy, which was confirmed 

by imaging examination as necrotizing hemorrhagic 

encephalopathy. This is a rare disorder that leads to 

brain dysfunction caused mainly by viruses, which 

results in seizures, liver problems, and mental 

disorientation after infection.
5
  

Encephalitis, Meningitis and Covid-19 

Moriguchi and collaborators
16

  reported the 

first confirmed case of Covid-19 associated with 

viral encephalitis in Japan. A 24-year-old man 

presented with fever, followed by seizures and loss 

of consciousness, as well as stiff neck.
16

  

Al-Olama and colleagues
43

 reported the 

case of a 36-year-old man who presented 

drowsiness, headache, body pain, and mild 

confusion. Cranial tomography showed a right 

Topography Implications 

Central nervous system Acute cerebrovascular disease
4,7,30–33

  

Ataxia
4
 

Dizziness
4,33,42

  

Encephalitis
32–36

 

Headache
4,33

 

Meningitis
43

 

Multiple sclerosis
37

 

Seizure
4,33

 

Peripheral nervous system Diminished sense of smell, taste
4,6,33,35,37,39–42

 

Entrapment neuropathy
44

 

Flaccid paralysis
7,37,45

 

Guillain–Barré syndrome
35,37,38,46,47

 

Nerve pain
4
 

Muscular symptoms Myalgia
33,42

 

Skeletal muscle injury
4
 

Cognitive impairment   Attention and memory deficit
7,36,45

 

Impaired visual–spatial abilities
4,7

  

Mood-altering behaviour Anxiety
33

 

Depression
33
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frontal intracerebral hematoma associated with 

subarachnoid hemorrhage in the ipsilateral Sylvius 

fissure and the temporal and frontal lobes.
43

 The 

findings were described as encephalitis, and the 

viral etiology was suspected. Also, abnormalities of 

supratentorial leptomeninges was detected, which 

subsequently supported the diagnosis of Covid-19 

related to meningoencephalitis.
17,43

 

Conclusion 

It is undeniable that the Covid-19 

pandemic takes on a challenging issue worldwide 

due to its consequences acutely and chronically, 

either in people's health or in its economic impact. 

The classic respiratory symptoms are well 

described, but the new neurological evidence 

already indicates an alarming danger of the possible 

neuropathogenicity of the coronavirus. The most 

relevant issue of this probable neurotropism of the 

virus is that the long-term effects may result in an 

increased risk of neurodegenerative diseases, with 

involvement in the pathogenesis of neurological 

disorders such as Parkinson's disease or multiple 

sclerosis. It is also considered that the severity and 

progression of the neurological condition are more 

likely to worsen in patients with Covid-19 with pre-

existing neuroaxis disorders. Therefore, more 

research and experimental models are of paramount 

importance to identify the neurological implications 

of Covid-19 and reduce the underreporting of this 

correlation. 
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