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Introduction 

Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), 

also called "COVID-19," is a potentially 

serious and highly transmissible 

infectious disease that was first 

identified in Wuhan, China in December 

2019 [1-12]. The virus spread rapidly to 

The knowledge of the spinal cord irrigation is important for the therapeutic planning 

"COVID-19" is a potentially serious, highly transmissible infectious disease that was first 

identified in Wuhan, China in December 2019. Individuals infected with SARS-CoV-2 can 

evolve asymptomatically, with respiratory symptoms or with systemic manifestations 

affecting, for example, the nervous system. This review aims to discuss the neurological 

manifestations of SARS-CoV-2 infection, citing the prevalence of each. This study analyzed 

scientific articles published from 2010 to 2021 in the PubMed database. More than 35% of 

patients who contract the novel coronavirus develop neurological symptoms. SARS-CoV 

enters the brain mainly through the olfactory bulb and spreads rapidly via transneuronal 

route to other related areas such as cerebellum, insula, encephalon, vessels and nerves, and 

the brain parenchyma itself. This causes manifestations in the CNS (dizziness and ataxias), 

PNS (anosmia and ageusia), and the musculoskeletal system. Given existing knowledge of 

other coronaviruses and respiratory viruses, the wide range of CNS and PNS associations 

with COVID-19 is not surprising, and this is the focus of most current reports. Neurological 

complications, particularly encephalitis and stroke, can cause lifelong disability, requiring 

long-term care and substantial costs in the social and economic sphere. 
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all continents, leading the World Health 

Organization (WHO) to declare a 

pandemic in March 2020 [13]. 

Noteworthy in terms of the severity of 

the pandemic context, more than 170 

million cases and 3.5 million deaths 

caused by the new coronavirus have 

been counted around the world by June 

1, 2021 [14]. 

          Coronaviruses are positive-sense 

non-segmented RNA viruses belonging 

to the family Coronaviridae, also bound 

to angiotensin-converting enzyme 2 

(ACE2) receptors in the nasal epithelium 

and lower respiratory tract, leading to 

respiratory symptoms [15]. The new 

coronavirus’ nucleotide sequence has 

89.1% similarity to the other 

Coronaviruses within the group, which 

makes it analogous to severe acute 

respiratory syndrome (SARS) [5, 11-12, 

16-17]. This microorganism is classified 

as the genus Betacoronavirus, subgenus 

Sarbecovirus, and is the seventh 

member of the Coronaviridae family 

that can affect humans [6-7, 12, 16]. 

Among these viruses, NL63, HKU1, 

229E and OC43 usually cause mild 

symptoms associated to a common cold, 

while the others are responsible for 

infectious diseases, including SARS in 

2002 and 2003 (SARS-CoV), MERSin 

2012 (MERS-CoV) and COVID-19 

(SARS-CoV-2) [16]. 

          CoVs, such as SARS-CoV and 

Middle East Respiratory Syndrome CoV 

(MERS-CoV), can adapt rapidly and 

cross the physiological barrier of species 

being capable of giving rise to 

epidemics or pandemics [1]. Although 

many aspects of COVID-19 are still 

unclear, it is known that the 

mechanisms of SARS-CoV and SARS-

CoV-2 to invade host cells involve the 

angiotensin-converting enzyme 2 

(ACE2) receptor [7, 9-12, 18], and that 

SARS-CoV-2 is highly virulent. 

Therefore, the scientific evidence of 

SARS-CoV may aid studies of the 

clinical manifestations and 

pathophysiology of the new coronavirus 

due to the similar viral structure and 

receptor binding domain between the 

two viruses [1, 5, 9, 11, 16-17, 19-20]. 

          COVID-19 virus can cross the 

blood-brain barrier through the ACE2 

receptor, present on endothelial cells of 

the cerebral vasculature, acting as a 

cellular entry point for the virus [1, 8-9, 

15, 21]. SARS-CoV-2 most common 

symptoms are fever, cough, shortness of 

breath and fatigue, but some atypical 

symptoms such as loss of smell, taste 

and neurological changes have also 

been described [22]. In observational 

studies more than 35% of patients who 

contract the new coronavirus develop 

neurological symptoms [2], however, 

the mechanisms underlying this 

neurotropic behavior have not been well 

established. 
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The neurotrophic mechanisms 

found previously in SARS-CoV and 

other viruses may serve as a reference 

for SARS-CoV-2 [16, 19-20]. There are 

two hypotheses to explain how COVID-

19 penetrates the Central Nervous 

System (CNS): 1) Hematogenous spread 

of SARS-CoV-2 through the systemic 

circulation into the cerebral circulation, 

where the slower flow is conducive for 

the virus to damage the capillary 

endothelium and gain access to the 

brain; 2) Dissemination through the 

cribriform plate and olfactory bulb via 

active axonal transport which, if similar 

to what occurs with HCoV-OC43, the 

virus would spread first to the cortex, 

then to the hippocampus, and finally to 

the medulla [10, 12, 17, 19, 23-24]. 

          The pathogenesis of COVID-19 is 

divided into three phases. In the first 

phase of infection, inflammation is 

present in the mucosa of the upper 

respiratory tract, and this is the period 

when the individual transmits the virus 

to others. During the second phase, 

SARS-CoV-2 invades and proliferates 

into the lungs, generating lung lesions, 

hypoxemia, and cardiovascular 

dysfunction. The last phase is 

characterized by the cytokine storm 

associated to vascular 

hyperpermeability, coagulopathies, and 

multisystem dysfunction [18]. 

      The neurological manifestations 

described include headache, anosmia, 

dizziness, loss of consciousness, strokes, 

seizures, ataxia, acute disseminated 

encephalomyelitis, viral encephalitis, 

and "brain fog" [25-28]. These 

manifestations can be associated with a 

clinical scenario ranging from fever, 

non-productive cough and vomiting to 

asymptomatic [2, 8-9]. In addition, due 

to its affinity with ACE2, the same virus 

can affect other systems (such as the 

cardiovascular, digestive, and 

neurological), causing various clinical 

manifestations. 

This literature review aims to 

discuss and contribute to a better 

understanding of the new coronavirus 

(SARS-CoV-2) as well as its neurological 

manifestations, given the limitation of 

previous studies involving COVID-19 

and the nervous system and also the 

recent attention this association has 

received. 

Methodology 

        This article presents a descriptive 

literature review based on the analysis 

of scientific articles published from 2010 

to 2021 in the PubMed. The keywords 

used were: "COVID-19", "New 

Coronavirus (2019-nCoV)", "SARS", 

"SARS-CoV", "COVID-19 coronavirus", 

"SARS-CoV-2", "neurology", 

"neurological", "Neurological 

Manifestations" and "symptoms". The 

terminologies used in accordance with 
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the Health Science Descriptors (DeCS) 

system. 

The data search was conducted 

from July 2020 to June 2021 through 

online journals. Subsequently, materials 

were selected using the following 

inclusion criteria: thematic approach; 

publication date between 2010 and 2021; 

article available in full and/or abstract, 

and study in humans. We restricted our 

search to studies written in English. In 

order to ensure content saturation, the 

authors reviewed the references of 

included studies and relevant reviews 

on the topic to identify any missing 

publications. The authors participated in 

each phase of the review (Eligibility, 

Screening, and Inclusion), selecting 

articles that met the aforementioned 

selection criteria. The results of the 

studies are summarized in narrative 

form in each section of this review. 

We present the process of 

selecting eligible data (Figure 1). 

 

Figure 1. Flowchart of article selection with inclusion and exclusion criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results (Review) 

          SARS-CoV enters the brain mainly 

through the olfactory bulb and spreads 

rapidly via transneuronal route to other 

brain-related areas [16, 19-20]. 

Neurological manifestations are divided 

into 3 categories: central nervous system 

(CNS) manifestations (dizziness, 

headache, impaired consciousness, 

acute cerebrovascular disease, ataxia, 

and seizures), peripheral nervous 

system (PNS) manifestations (taste 

difficulty, smell difficulty, vision 
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difficulty, and nerve pain), and 

musculoskeletal system manifestations 

[1]. 

Olfactory Bulb 

          Studies have observed that 

anosmia (loss of smell) has been 

manifested among some COVID-19 

patients. This is due to the entry of 

SARS-CoV-2 into the CNS via the 

olfactory bulb, where viral lesions have 

the possibility to trigger inflammatory 

cascades through the microglia and pro-

inflammatory cytokines, generating 

infection via the cribriform plate and 

olfactory bulb with subsequent trans-

synaptic dissemination of neural cells 

[19, 29]. The viral interaction with the 

membrane, where there are bound ACE-

2 receptors expressed not only in nasal 

receptors and oral mucosa, but also in 

the nervous system, is relevant to this 

mechanism, since the route of the virus 

in the olfactory bulb is compatible with 

the observation of anosmia in the new 

coronavirus [16, 20]. 

          Furthermore, studies have 

analyzed that the virus could undergo 

endocytosis in nerve terminals, being 

transported retrogradely and spread 

trans-synaptically to other brain regions 

[20]. Preliminary reports suggest that 

olfactory sensory neurons do not 

express ACE 2, thus preventing SARS-

CoV-2 from infecting these cells. 

However, cells of the olfactory 

epithelium do express ACE 2 and are 

vulnerable to infection by SARS-CoV-2. 

Consequently, damage to the olfactory 

epithelium, rather than neuronal lesions, 

appears to be the cause of anosmia [10]. 

Patients with olfactory loss may have 

alterations and high degeneration of the 

olfactory bulb, in addition to an 

olfactory cleft [30]. 

Cerebellum, encephalon and anterior 

insula of the brain  

          In addition, the study, 

"Neurological Manifestations of Patients 

Hospitalized with Coronavirus Disease 

2019 in Wuhan, China" analyzed a total 

of 214 patients hospitalized with 

confirmed SARS-CoV-2 infection. 

Seventy-eight patients (36.4%) had 

neurological symptoms: CNS (53 

[24.8%]), CNS (19 [8.9%]) and skeletal 

muscle injury (23 [10.7%]). Among 

patients with CNS manifestations, the 

most common symptoms were dizziness 

(36 [16.8%]) and headache ([28.1%]). 

Patients with PNS symptoms showed 

most commonly the appearance of 

dysgeusia (12 [5.6%]) and hyposmia or 

anosmia (11 [5.1%]) [1]. Although the 

sample size is limited, other studies 

with larger samples have found CNS 

symptoms such as headache and 

dizziness to be the most prevalent in 

patients with neurological 

manifestations. 

The study "Understanding the 

neurotropic characteristics of SARS-CoV-2: 

from neurological manifestations of COVID-
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19 to potential neurotropic mechanisms" 

performed a systematic review of 554 

patients with COVID-19, which showed 

that the mean prevalence of headache 

was 8% (95% CI 5.7-10.2%) and 

dizziness was 7-9.4% [5, 19]. These 

symptoms were also present in patients 

admitted to the Intensive Care Unit 

(ICU) (N=36) [16]. Furthermore, a meta-

analysis that analyzed the incidence of 

neurological manifestations in 11,678 

patients with COVID-19 showed similar 

results for headache and dizziness 

compared to the aforementioned study, 

but pointed out that individuals may 

also present impaired consciousness in 

1.90% of cases (95 % CI: 1.0% -2.79%) 

[31]. 

An analysis of the disease course 

found that impaired smell or taste are 

early manifestations of COVID-19 and 

usually appear within the first 5 days of 

the disease [19]. It is also noteworthy 

that a cross-sectional study involving 

287 individuals recovered from the new 

coronavirus found out that about 90% of 

patients with COVID-19 have symptoms 

after the acute phase of the disease [31], 

the most common neurological 

manifestations in this phase being "brain 

fog", a term meaning a set of nonspecific 

cognitive deficits, followed by headache, 

numbness, dysgeusia and anosmia [32-

33]. The severity during the acute phase 

and the presence of comorbidity in 

patients was related to the greater 

severity of symptoms in the post-acute 

phase [32]. Furthermore, the condition 

of immune-mediated inflammation and 

encephalopathy, common in COVID-19 

patients, can generate cerebellar ataxia. 

Such manifestation however seems to be 

atypical in patients infected with SARS-

CoV-2[V2] as only one patient in the 

"Neurologic Manifestations of Hospitalized 

Patients with Coronavirus Disease 2019 in 

Wuhan, China" study showed cerebellar 

ataxia [1]. 

Cerebral arteries and veins 

          There is few present direct 

evidence for SARS-CoV-2 neurotropism, 

however, it is known that the viral 

structure and receptors of SARS-CoV-2 

are similar to SARS-CoV [2]. Both 

viruses bind to the angiotensin-

converting enzyme 2 (ACE2) receptor to 

access human cells [1, 5, 9, 11, 16, 17, 19-

20]. 

          The review "The neurological 

manifestations of COVID-19: a review 

article" mentioned the hypothesis that 

angiotensin II receptor dysfunction due 

to SRA-COV-2 invasion may lead to 

impaired sodium and water regulation, 

resulting in arterial wall breakdown. 

Stroke associated with COVID-19 may 

be due to coagulation disorders and 

altered regulation of natural 

anticoagulant mechanisms which are 

caused by high levels of inflammatory 

mediators. It is observed that critically 

ill patients with the new CoV have a 
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significant susceptibility for clot 

formation. In such cases, administration 

of anticoagulant medications appears to 

be associated with a better prognosis by 

reducing the risk of venous 

thromboembolism [2, 34]. 

          The prevalence of neurological 

signs and symptoms is higher in 

patients with severe COVID-19 infection 

as the virus can affect the endothelium, 

favor a procoagulant state and involve 

the heart, which increases the patient's 

risk of developing a cerebral vascular 

accident (CVA) [35]. Stroke is a serious 

complication of SARS-CoV-2 infection, 

although the pathophysiology is not 

elucidated, evidence suggests the 

hypothesis that coagulopathy and 

endotheliopathy triggered by the 

cytokine storm are responsible for the 

incidence of associated cases [36]. It is 

emphasized that the relationship 

between this new virus and ACE2 is 

associated with the worsening also in 

patients with comorbidities because 

they have a weaker immune system [2]. 

          Another study, the "Assessment of 

neurological manifestations in hospitalized 

patients with COVID-19" with sample 

size of 452 patient - 13 being SARS-

COV-2 positive and 218 SARS-COV-2 

negative (control group) - found data 

suggesting that comorbidities, such as 

diabetes and hypertension, increase 

ACE2 receptor expression in the brain 

and consequently neurotropism of the 

SARS-CoV-2 virus [37]. However, a 

study in New York demonstrated that 

young patients (under the age of 50) 

developed large vessel strokes in the 

context of COVID-19, suggesting that all 

ages are vulnerable [6]. 

Researchers suggest that since 

patients died of COVID-19 exhibiting 

thickened pulmonary vascular walls, it 

must indicate pulmonary arterial 

hypertension (PAH) or at least a 

susceptibility for its development [37]. 

COVID-19 alterations in blood pressure 

control are another proposed 

mechanism to explain the increased risk 

of cerebral vascular complications. 

Normally, ACE2 signaling reduces 

blood pressure. Competitive blockade of 

ACE2 by SARS-CoV-2 virus reduces the 

expression of this enzyme leading to 

uncontrolled blood pressure and 

increased possibility of cerebrovascular 

events [21]. 

          Given this, cardiac lesions in 

patients infected with the new 

coronavirus may be associated with 

increased morbidity and mortality. The 

tropism of SARS-CoV-2 and interaction 

with the RAAS system, via the ACE2 

receptor, possibly increase the 

inflammation response and cardiac 

aggression in infected patients [38]. 

Peripheral nerves 

          Studies propose that the Guillain-

Barré syndrome, also known as acute 

demyelinating inflammatory 
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polyneuropathy (AIDP), although its 

exact etiology is still unknown, may 

develop after a gastrointestinal or 

respiratory infection [39]. This 

association can be explained through a 

molecular mimicry mechanism in which 

infecting viruses likely share epitopes 

similar to peripheral nerve components, 

which stimulates an autoreactive T- or 

B-cell response. The antibodies 

produced by the immune system to 

fight the virus cross-react by binding to 

gangliosides in the peripheral nervous 

system attracting inflammatory cells, 

such as macrophages, and subsequently 

causing neuronal dysfunction [6]. This 

disease is characterized by progressive 

and symmetrical limb weakness, 

absence of tendon reflexes on physical 

examination, sensory symptoms and 

facial weakness. According to case 

reports, 19 patients with Guillain-Barré 

syndrome associated with COVID-19 

have been identified, most of them over 

the age of 60 [40]. 

Another research that analyzed 

79 studies for qualitative synthesis and 

63 studies for meta-analysis, showed 

that most cases of Guillain-Barré 

syndrome appeared after a time interval 

from primary COVID-19 infection. 

Therefore, it is likely that the 

pathogenesis is immune mediated post-

infection [5]. 

 

 

Brain parenchyma 

          Another possible manifestation 

reported was the development of 

encephalitis associated with COVID-19 

[40]. It is defined as an altered mental 

state lasting ≥24 hours, together with 

one of the following criteria: a leukocyte 

count (WBC) in the cerebrospinal fluid 

(CSF) < 5 / mm³; or the presence of a 

corresponding acute lesion on brain 

MRI [11], which may be caused by a 

local infection or by the body's immune 

defenses. In this same study, 9 adults 

aged between 24 and 78 years old were 

described with encephalitis associated 

with the new coronavirus, showing 

neurological features from the onset of 

respiratory symptoms until 17 days later 

[40]. There are several types of 

encephalopathy seen in patients with 

COVID-19, as hypertensive 

encephalopathy, for example, that may 

result from ACE2 reduction by SARS-

CoV-2. This generates an increase in 

blood pressure, triggering a state of 

cerebral hyperperfusion and 

occasionally cerebral edema [11, 41]. 

Another category is hypoxic-ischemic 

encephalopathy, a syndrome resulting 

from a state of cerebral hypoperfusion 

following severe brain damage [11, 42]. 

Neurological symptoms such as 

headache, dizziness, loss of taste, and 

anosmia are the most prevalent in the 

studies cited in this review article. 

However, these signs will not always be 
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the main neurological symptoms, and 

COVID-19 infection may present 

aggravated neurological manifestations 

such as stroke, especially in patients 

with comorbidities. 

          Therefore, researchers and 

healthcare professionals should not 

underestimate the clinical neurological 

repercussions associated with SARS-

CoV 2. The reason for that is it being a 

new disease and having still many 

aspects remaining unclear, especially in 

the neurological field. 

Conclusion 

          Given existing knowledge of other 

coronaviruses and respiratory viruses, 

the wide range of associations of CNS 

and PNS with COVID-19 is not 

surprising and this is the focus of the 

most current reports. However, it is also 

likely that neurological disease will be 

seen increasingly in patients who are 

SARS-CoV-2-positive but with few or no 

features typical of COVID-19, based on 

knowledge of other epidemic viral 

infections and cases reported to date. 

Case control studies will be needed to 

help establish whether SARS-CoV-2 is 

causal or coincidental in such patients. 

Hypercoagulable states and 

cerebrovascular disease, which have 

been observed rarely for some acute 

viral infections, are an important 

neurological complication of COVID-19. 

          In general, the proportion of 

patients with neurological 

manifestations is small compared to the 

proportion of patients with respiratory 

disease. However, there is an 

expectation that 50-80% of the world's 

population may become infected before 

the development of herd immunity, 

suggesting that the total number of 

patients with neurological disease may 

become large. Neurological 

complications, particularly encephalitis 

and stroke, can cause lifelong disability, 

with associated long-term care needs 

and potentially large health, social, and 

economic costs. Health planners and 

policy makers need to be aware of the 

growing burden. 
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