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Abstract 

Coronaviruses are a large viral family, whose infections are recognized since 1960, varying 

from the common cold to more critical respiratory conditions. Regarding coronavirus 2019 

(COVID-19), a wide spectrum of neurological manifestations among infected patients were 

reported, raising concerns whether Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2) had tropism for the central nervous system. To clarify these questions, this 

bibliographic review was carried out by searching for articles based on national and 

international data during the period from December 2019 to June 2020. Thus, this review 

summarizes the current evidence on the transmission routes, focusing on the olfactory bulb 

and the hematogenic pathways, as well as the direct and indirect pathological mechanisms 

through which SARS-CoV-2 causes neurological damage. Moreover, clinical, laboratorial, 

and therapeutic aspects to manage patients with COVID-19 related neurological symptoms 

are outlined. Finally, development of treatments tackling specific structures and pathways 

related to viral entry and cardiovascular regulation on the brain are expected, in addition to 

monitoring of patients affected by the COVID-19 to assess long-term consequences on the 

nervous system. 

Keywords: Central nervous system viral diseases; Encephalitis; SARS virus; Viral tropism. 

 

Resumo 

Os coronavírus são uma grande família viral, cujas infecções são reconhecidas desde 1960, 

variando desde o resfriado comum até condições respiratórias mais críticas. Em relação à 
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doença causada pelo novo coronavírus (COVID-19), um amplo espectro de manifestações 

neurológicas entre os pacientes infectados foi relatado, levantando questões se o coronavírus 

da síndrome respiratória aguda grave 2 (SARS-CoV-2) tinha tropismo pelo sistema nervoso 

central. Para esclarecer tais questões, esta revisão bibliográfica foi realizada por meio da 

busca de artigos baseados em dados nacionais e internacionais durante o período de dezembro 

de 2019 a junho de 2020. Assim, esta revisão resume as evidências atuais sobre as vias de 

transmissão, focando no bulbo olfatório e na via hematogênica, bem como nos mecanismos 

patológicos diretos e indiretos pelos quais o SARS-CoV-2 causa danos neurológicos. Além 

disso, os aspectos clínicos, laboratoriais e terapêuticos para manejar pacientes com sintomas 

neurológicos relacionados a COVID-19 são descritos. Por fim, espera-se o desenvolvimento 

de tratamentos que abordem estruturas e vias específicas relacionadas à entrada viral e à 

regulação cardiovascular no cérebro, em conjunto ao monitoramento dos pacientes afetados 

pelo COVID-19 para avaliar as consequências de longo prazo no sistema nervoso.  

Palavras-chave: Encefalite; Viroses do sistema nervoso central; Tropismo viral; Vírus da 

SARS. 

 

Resumen 

Los coronavirus son una gran familia viral, cuyas infecciones son conocidas desde 1960, y 

varían desde el resfriado común hasta afecciones respiratorias más críticas. Con respecto a la 

enfermedad del coronavirus 2019 (COVID-19), se mostró un amplio espectro de 

manifestaciones neurológicas entre los pacientes infectados, lo que generó inquietudes sobre 

si el virus del síndrome respiratorio agudo severo tipo-2 (SARS-CoV-2) tenía tropismo por el 

sistema nervioso central. Para aclarar tales interrogantes, esa revisión bibliográfica fue 

realizada a través de la búsqueda de artículos en base a datos nacionales e internacionales 

durante el periodo de Diciembre de 2019 a Junio de 2020. Así, esta revisión resumen la 

evidencia actual sobre las vías de transmisión, centrándose en el bulbo olfatorio y las vías 

hematogénicas, así como los mecanismos patológicos directos e indirectos a través de los 

cuales el SARS-CoV-2 causa daño neurológico. Además, se describen aspectos clínicos, de 

laboratorio y terapéuticos para el manejo de pacientes con síntomas neurológicos compatibles 

con COVID-19. Por último, se espera el desarrollo de tratamientos que aborden estructuras y 

vías específicas relacionadas con la entrada viral y la regulación cardiovascular cerebral, 

además del seguimiento de los pacientes afectados por la COVID-19 para evaluar las 

consecuencias a largo plazo sobre el sistema nervioso. 
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Palabras clave: Encefalitis; Enfermedades virales del sistema nervioso central; Tropismo 

viral; Virus del SARS. 

 

1. Introduction 

 

In late December 2019 in Wuhan, China, several patients were admitted in hospitals 

with an incomprehensible pneumonia, whose causative agent was later identified as belonging 

to the Coronavirus family and named Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2), the etiological agent of coronavirus disease 2019 (COVID-19) (Kim et al., 

2020). 

Coronaviruses are a large viral family whose infections in humans are acknowledged 

since 1960, varying from common cold to severe acute respiratory syndrome (Graham et al., 

2013; The WHO MERS-CoV Research Group, 2013). Coronaviruses are enveloped positive-

sense single-stranded RNA virus, classified as a family in the order Nidovirales and divided 

into four genera: alpha, beta, gamma, and delta (Mattos et al., 2020; Nadeem et al., 2020; Yan 

et al., 2020).  

Seven main types of Human Coronavirus are known to exist, in which HCoV-OC43, 

HCoV-HKU1, HCoV-229E and HCoV-NL63 account for 5 to 10% of mild acute respiratory 

disorders (Ye et al., 2020). Conversely, three beta coronaviruses may lead to severe 

respiratory syndromes: Middle East Respiratory Syndrome Coronavirus (MERS-CoV), 

Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and, more recently, SARS-

CoV-2 (Ye et al., 2020). 

Primarily, most patients with COVID-19 had mild to moderate clinical manifestations, 

including fever, sore throat, dry cough, myalgia, and fatigue (Guan et al., 2020; Zhou et al., 

2020). However, with the pandemic evolvement, a wide spectrum of neurological syndromes 

among patients infected with SARS-CoV-2 are reported, ranging from mild ones, such as 

taste and smell impairment, dizziness, headache, ataxia, seizures, skeletal muscle injury, and 

acute cerebrovascular disease to more severe cases with development of Guillain-Barré 

syndrome and coma (Hoch et al., 2020; Mao et al., 2020; Zhao et al., 2020).  

Of the 841 subjects included for the ALBACOVID registry, 57.4% patients presented 

some form of neurological symptom (Romero-Sánchez et al., 2020). In other samples, 36.4% 

of subjects had manifestations in the nervous systems, with higher predominance on central 

nervous system (CNS) (24,8%) than peripherally (8,9%) (Mao et al., 2020). Additionally, 
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encephalopathy, agitation and corticospinal symptoms were found in patients with SARS-

CoV-2 (Helms et al., 2020). 

After confirming that SARS-CoV-2 was the etiological agent of meningitis cases, in 

which viral RNA was not detected in the nasopharyngeal swab but in the cerebrospinal fluid 

(CSF), this warns that COVID-19 transmission route is not limited to lower respiratory tract 

and that neurological symptoms can be the only clinical findings during disease onset 

(Moriguchi et al., 2020). Taking this into account, comprehension on SARS-CoV-2 

neurotropism is indispensable to make evidence-based recommendations and provide the 

greatest benefit for the patients. 

Therefore, the objective of this narrative review is to summarize the state of art 

regarding the transmission routes and pathological mechanisms by which neurological 

damage can occur in COVID-19, highlighting interventions to manage individuals with 

neurological symptoms caused by SARS-CoV-2. 

 

2. Methodology 

 

This study corresponds to a narrative bibliographic review, qualitative, with 

exploratory characteristic as recommended by Pereira et al. (2018), whose aim is to describe 

and discuss useful information regarding a subject, under a theoretical and contextual 

perspective. Usually, narrative reviews are used as a teaching tool to introduce a topic to a 

broader audience. Furthermore, narrative reviews consist of critical analysis of books and 

journal articles, in both printed and electronic forms (Rother, 2007). 

This bibliography review was carried out by searching for articles in databases 

including: National Library of Medicine (PUBMED), Scientific Electronic Library Online 

(SciELO), Google Scholar and national and international Hospitals Clinical Protocols. 

Articles from December 2019 to June 2020 were used, which included the keywords: 

COVID-19 and nervous system, SARS-CoV-2 infection, neurological symptoms, and 

treatment 

 

 

 

 

 

 



Research, Society and Development, v. 9, n. 12, e4291210724, 2020 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i12.10724 

6 

3. Results and Discussion 

 

3.1 Major Routes of CNS Infection and Pathological Mechanisms 

 

Regarding SARS-CoV-2 mechanisms to neuroinvasion, the olfactory bulb via trans 

synaptic transmission route should be considered (Steardo et al., 2020). Through this 

pathway, which is well documented for beta coronaviruses, the virus enters the hosting 

organism by peripheral nerves, sensory or motor ones, and gains access to the CNS by 

anterograde or retrograde transport (Y. C. Li et al., 2012; Matsuda et al., 2004; Wu, Xu, Chen, 

Duan, Hashimoto, & Yang, 2020). For this pathway, angiotensin-converting enzyme 2 

(ACE2) receptor plays a crucial role. ACE2, whose gene is located on chromosome Xp22, is 

an enzyme responsible for converting, respectively, Angiotensin I into Angiotensin 1-9, and 

Angiotensin II into Angiotensin 1-7 (Gheblawi et al., 2020). 

ACE2 has two domains: the N-terminus, a carboxypeptidase homologous to ACE, 

which metabolizes Angiotensin II into Angiotensin 1-7, and other peptides, like apelin 

(Alenina & Bader, 2019; Gheblawi et al., 2020); and the C-terminus, homologous to 

collectrin, that traffic amino acids transporters to the cell surface, such as neutral amino acid 

transporter, in order to regulate seric amino acids levels (Alenina & Bader, 2019; Gheblawi et 

al., 2020). 

ACE2 receptor is present in distinct brain regions, expressed at cytoplasmic level in 

neuronal cells, though in a lower degree in comparison to the lungs, airways epithelial cells, 

cardiovascular system, adipose tissue, gastrointestinal system, and kidney (Alenina & Bader, 

2019; Doobay et al., 2007; Gheblawi et al., 2020; Harmer et al., 2002; Nakagawa & Sigmund, 

2017). By taking advantage of the ACE2 receptor, SARS-CoV-2 invades host cells, like 

SARS-CoV. 

Firstly, SARS-CoV-2 spike protein binds onto target cells through the receptor-

binding domain (RBD), from spike subunit 1, to ACE2 (Tortoric & Veesler, 2020). This 

process also requires furin-like cleavage site and transmembrane serine protease 2 

(TMPRSS2) (Zhang et al., 2020). In sequence, SARS-CoV-2 is exposed to endosomal 

proteases, causing the union of Heptad Repeat 1 and 2 regions from spike subunit, which 

leads to membrane fusion and the virus’ release into the cell cytoplasm (Tay et al., 2020). 

Afterwards, the viral genome is liberated in the cytoplasm and begins to replicate, translating 

two polyproteins and structural proteins (X. Li et al., 2020). 
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Owing that SARS-CoV and MERS-CoV were encountered in the neurons from 

infected patients, and both SARS-CoV and SARS-CoV-2 share similar mechanisms to invade 

cells, the CNS infection must be considered (Guan et al., 2020; Lu et al., 2020; Tortoric & 

Veesler, 2020; J. Xu et al., 2005; Yamashita et al., 2005). In animal experimental models, 

SARS-CoV intranasal inoculation in human ACE2 transgenic mice caused a significant 

spread of the virus by subcortical and cortical regions (Gu et al., 2005). Albeit the whole brain 

was invaded, SARS-CoV had a notorious tropism for the brainstem and hypothalamus (Gu et 

al., 2005). In parallel, a mouse strain K18-hACE2 model demonstrated that SARS-CoV 

strongly infected the brainstem nuclei (McCray et al., 2007). Moreover, olfactory bulb 

ablation in mice prevented mouse hepatitis virus, a beta coronavirus, from spreading, upon 

nasal infection (Bohmwald et al., 2018). 

The brainstem includes both solitary tract nucleus and nucleus ambiguus, responsible 

for respiratory autonomic regulation, as well as the pre-Bötzinger complex, a neuronal 

network which serves as primary respiratory oscillator (Gandhi et al., 2020; Ogier et al., 

2020). Hence, the olfactory bulb via offers a reasonable explanation for those patients with 

COVID-19 who presented respiratory insufficiency, despite the absence of breathing 

symptoms during disease onset (Mao et al., 2020). 

Besides, incompatibility between respiratory failure and neuronal pathway is 

corroborated by a second via, in which SARS-CoV-2 reaches the brainstem through trans 

synaptic mechanisms, starting from the mechanoreceptors and chemoreceptors in the lung and 

lower respiratory airways, resulting in cardiorespiratory dysfunction (Y. C. Li et al., 2020; 

Natoli et al., 2020). 

Another possible route to contribute to CNS infection is through blood circulation, 

supported by the observation that SARS-CoV infiltrates immune cells, such as monocytes, 

macrophages, T lymphocytes and dendritic cells (Gu et al., 2005; Law et al., 2005; Spiegel et 

al., 2006).  

This via suggests SARS-CoV and, subsequently, SARS-CoV-2 drive 

immunopathogenesis by direct infection of immune cells. Conversely, there is still no 

consensus regarding this transmission route, provided that, on SARS-CoV and MERS-CoV 

studies, a large majority of non-neuronal cells did not present the virus particles on the 

infected brain areas (Ding et al., 2004; Y. C. Li et al., 2020). 

In more severe cases, COVID-19 may lead to dysfunctional immune response, and, 

therefore, an insight on angiotensin conversion is required (Tay et al., 2020). This process 

depends on the actions of two receptors: angiotensin type 1 receptor (AT1R) and angiotensin 
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type 2 receptor (AT2R), associated, respectively to deleterious and anti-inflammatory 

responses (Biancardi et al., 2016; Gheblawi et al., 2020). 

Once Angiotensin II activates AT1R, a signaling cascade culminates in p38 Mitogen-

Activated Protein Kinases activation and ADAM metallopeptidase domain 17 (ADAM-17) 

phosphorylation by Nicotinamide Adenine Dinucleotide Phosphate (NADPH) oxidase 2-

induced reactive oxygen species formation (Gheblawi et al., 2020; Patel et al., 2014). ADAM-

17 is a transmembrane protein which promotes extracellular domain shedding and activation 

of Tumor Necrosis Factor alpha (TNF-α), conferring a chronic inflammatory response. 

Furthermore, as ADAM-17 mediates proteolysis and ectodomain shedding of ACE2, 

and its functionality is enhanced in COVID-19, a high shedding of ACE2 occurs (Alenina & 

Bader, 2019; Gooz, 2010). This not only causes the ACE2 loss at the membrane, but also a 

decreased enzymatic function, generating harmful effects mediated by renin angiotensin 

system (RAS) overactivation in a positive feedback cycle (Gheblawi et al., 2020; Patel et al., 

2014). 

If the immune system is overactivated, disfunction of T Helper 17 and regulatory T 

cells happens, prompting an enhanced secretion of pro-inflammatory cytokines, able to cause 

multiple organs failure and death, and compromising blood brain barrier (BBB) permeability, 

in COVID-19 severe cases (Gheblawi et al., 2020; Ruan et al., 2020) 

This process is called “cytokine storm”, an unsuppressed local inflammation provoked 

by pathogen and damage associated molecular patterns’ detection, which leads to a systemic 

inflammatory response syndrome. Additionally, this state is marked by an increased secretion 

of pro-inflammatory cytokines and chemokines, such as interleukins 1, 2, 6, 7, interferon 

gamma, among other factors (X. Li et al., 2020). Hence, either by direct CNS infection or 

systemic inflammation, COVID-19 can destabilize the BBB, promoting SARS-CoV-2 entry 

in the brain as well as neuronal damage (Wu, Xu, Chen, Duan, Hashimoto, & Yang, 2020).  

 

3.2 Covid-19 And Neurovascular Disruption 

 

Both purinergic signaling system and RAS play important roles in cardiovascular 

regulation in the brain. The first system exerts such task by autonomic modulation, also being 

responsible for controlling communication among astrocytes as well as the interaction 

between astrocytes and neurons (Haspula & Clark, 2018). In agreement, RAS components are 

expressed in glial cells and neurons, with astrocytes being the main angiotensinogen source in 

the brain (Haspula & Clark, 2018). 
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In neuroinflammation conditions, glial cells morphofunctionality disrupt, resonating in 

the cardiovascular regulation (Haspula & Clark, 2018). On the one hand, AT1R activation 

produces a rise in oxidative stress and inflammatory cytokines, especially in cardioregulatory 

centers of the hypothalamus and brainstem (Haspula & Clark, 2018; Jiaxi Xu et al., 2018). On 

the other, AT2R is more expressed in neurons, having a cerebroprotective effect, since it 

promotes the oxidative stress reduction and attenuates neuronal apoptosis due to the release of 

some Nitric Oxide Synthase (NOS) isoforms, thus stabilizing BBB (Haspula & Clark, 2018; 

Jiaxi Xu et al., 2018). 

Angiotensin II mediates reactive oxygen species production, through interaction 

between AT1R and Toll-like receptor 4 of microglial cells in the paraventricular nucleus 

(Biancardi et al., 2016). Accordingly, microglia shift to proinflammatory phenotype whereas 

astrocytes become overactive, a feature observed in a wide scope of neurological disorders 

(Biancardi et al., 2016; Haspula & Clark, 2018).  

Owing to the reactive glial cells pattern, glutamate homeostasis is compromised, and 

such overstimulation is neurotoxic. Additionally, AT1R activation can hamper synaptic 

strength and activity, as this receptor modulates the impulses generated by neurotransmitters 

such as glutamate, gamma aminobutyric acid (GABA), and norepinephrine (Haspula & Clark, 

2018). 

In a riveting perspective, glutamate excitotoxicity is involved in the pathogenesis of 

some brain disorders, such as Alzheimer disease and Parkinson's disease, as it decreases 

ACE2 activity through ADAM-17 (Jiaxi Xu et al., 2018). This implies that decreased ACE2 

function contributes to the development of neurodegenerative disorders, as it reinforces 

mechanisms, as inflammation and apoptosis (Alenina & Bader, 2019; Jiaxi Xu et al., 2018). 

Consistently, ACE2 activation generates angiotensin 1-7 which, after binding to the 

mitochondrial assembly receptor, causes an anti-inflammatory and antifibrotic effect. 

Therefore, in case SARS-CoV-2 reaches human CNS, the virus is able to reduce the ACE2 

protective effect, based on the described mechanisms, aggravating neuronal injury (Lu et al., 

2020).  

Nonetheless, post-infection systemic inflammation by SARS-CoV-2 further 

corroborates to neuroinflammatory processes, as it increases the probability to thrive 

neurological syndromes, including severe encephalitis which produces intermittent damage to 

doparminergic neurons, which can have implications on Parkinson’s disease (Wu, Xu, Chen, 

Duan, Hashimoto, Yang, et al., 2020). 
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3.3 Management and Treatment 

 

On the ground of the current evidence, in case a patient is charged presenting 

neurological symptoms, physicians should consider SARS-CoV-2 infection as a differential to 

avoid delayed or misdiagnosis (Mao et al., 2020). During screening, patients reporting early 

neurological symptoms must be tested for COVID-19 and kept under observation, since the 

latency period may be enough for SARS-CoV-2 to annihilate medullary neurons and lead to 

life threatening consequences (Das et al., 2020).  

In terms of physical examination, it is crucial to perform detailed neurological 

examination, especially cognitive assessment, to detect possible impairments (De Felice et al., 

2020). In patients who develop severe neurological complications, whenever possible, 

investigation of CSF samples to assess the presence of viral antigen and inflammatory 

mediators must be performed, in order to determine direct CNS infection (De Felice et al., 

2020). 

Concerning hyposmia and anosmia management, 66-80% of patients with smell 

impairment associated with COVID-19 reported improvement or spontaneous resolution 

within days-weeks after recovery from a clinical illness, whereas 2.5%-5.0% of patients with 

COVID-19 have strokes, with ischemic stroke (5%) being more common than intracerebral 

hemorrhage (0.5%) (Mao et al., 2020; Vaira et al., 2020). 

Stroke was associated with older age; risk factors such as hypertension, diabetes, prior 

cerebrovascular disease; elevated C-reactive protein; and elevated D-dimer (Aggarwal et al., 

2020). Although severe cases have a stronger relation to stroke incidence, some patients may 

have asymptomatic strokes incidentally discovered on brain magnetic resonance imaging 

(Aggarwal et al., 2020; Helms et al., 2020). Accordingly, general protocol for stroke 

management should be followed. As COVID-19 can induce a hypercoagulable state, 

therapeutic anticoagulation is ought to be opted (Williams et al., 2020).  

About COVID-19 laboratory findings, during incubation phase, which lasts three to 

five days, an early infection marker is lymphopenia, even in the absence of fever and cough 

(Zhou et al., 2020). When neurological symptoms occur, complete hemogram should be 

checked routinely. If the infection is not controlled, a severe infection stage emerges. Once 

virus replication and consequent lung damage reach critical proportions, symptoms such as 

fever, coughing and shortness of breath ensue, requiring ventilatory support. D-dimer can be 

used as a marker of infection severity, owing that high levels were related to COVID-19 

advanced stages, but should not be accounted for prognosis (Školoudík et al., 2010; Zhou et 
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al., 2020). In severe cases, SARS-CoV-2 induces a cytokine storm and coagulation cascade 

activation, causing thrombotic phenomena (Dolhnikoff et al., 2020). 

Because cerebrovascular complications may be caused by SARS-CoV-2 infection, 

anticoagulation plays a pivotal role on the treatment of neurological conditions at systemic 

level. American Society of Hematology indicates that all hospitalized patients with COVID-

19 receive pharmacologic thromboprophylaxis with low molecular high heparin (LMWH) or 

fondaparinux, unless the risk of bleeding is judged to exceed the risk of thrombosis 

(Kreuziger et al., 2020). Due to the COVID-19 severe cases high mortality, heparin 

application is recommended for these patients to reduce the risk of disseminated intravascular 

coagulation and venous thromboembolism (Tang et al., 2020). 

One study compared groups composed by critically ill patients diagnosed with 

COVID-19, to analyze the effect of heparin administration during 28 days hospitalization, 

assessing the risk of coagulophilia, prothrombin time, platelet count and sequential organ 

failure assessment (Tang et al., 2020). In both groups, prothrombin time was positive whereas 

platelet count was negative, results that correlated with 28-day mortality (Tang et al., 2020). 

Nevertheless, mortality in the same period was lower among heparin users when compared to 

patients who did not use anticoagulant. Taking these into account, anticoagulant therapy, 

especially with LMWH, seems to be associated with a better prognosis in COVID-19 

critically ill patients (Tang et al., 2020). 

Strikingly, heparin has been implicated in binding to SARS-CoV-2 spike protein as 

well as down-regulating interleukin 6, which has been shown to be elevated in COVID-19 

patients, and, therefore, unfractionated heparin or LMWH remains as the best choice for 

admitted patients (Atallah et al., 2020). 

 

4. Conclusions 

 

Emerging evidence suggests that SARS-CoV-2 presents a neurotropism feature, in 

similarity to previous coronaviruses outbreaks, an observation supported by the prevalence of 

neurological manifestations on COVID-19 patients, and on enriching preclinical and clinical 

studies. 

SARS-CoV-2 infection on the CNS can precipitate direct neurological alterations, 

worsen pre-existing neurological conditions, and aggravate damage caused by other insults, as 

well as increasing its susceptibility. With respect to transmission routes, olfactory bulb via 

trans synaptic is the most likely to take place, while the hematogenous pathway require 
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clarifications. In the pathological point of view, SARS-CoV-2 effects on the CNS arise from 

direct or indirect mechanisms, including encephalitis, encephalopathy, coagulation cascade 

activation and systemic inflammation. 

Provided the lack of specific antiviral treatment able to prevent the disease’s 

progression, anticoagulants should be deemed for clinical management. Rapid public health 

interventions with antibodies, antivirals or novel vaccine strategies are highly essential to 

contain SARS-CoV-2 infection and disease transmission (Shanmugaraj et al., 2020). Major 

research is focusing on anti-viral molecules targeting the spike protein as it mediates viral 

entry and induces host immune responses (Shanmugaraj et al., 2020). 

ACE2 plays a key role on viral entry into healthy host cells, including on nervous 

tissue, and noteworthy progress has been made in understanding the main interactions 

between ACE2 and spike protein’s RBD, so antibody drugs could be designed targeting 

SARS-CoV-2 RBD (Das et al., 2020). Structure-guided therapeutics as small molecules or 

peptides that interfere with viral receptor recognition could possibly halt the disease 

progression, so strategies to block AT1R and balance the function RAS components deserve 

further attention. 

Because long-term consequences of COVID-19 are uncertain, follow-up on patients 

who had neurological manifestations must be performed, initially through observational 

studies such as cohorts and case-control studies, to analyze if SARS-CoV-2 infection 

promotes accelerated aging phenotypes in survivors in the brain and other organs, as well as 

its involvement with aging-associated conditions (De Felice et al., 2020; Lippi et al., 2020).  

In the light of these data, new studies should be carried on the SARS-CoV-2 viral 

phenotype, main symptoms at the CNS, peripheral nervous system, and skeletal muscle, as 

well as the emergence of new treatments effective in mitigating symptoms, thus bringing 

benefits to the patient's health and quality of life. 
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