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ARTICLE INFO  ABSTRACT 
 
Introduction: Studies have already shown that SARS-CoV-2 can penetrate the central nervous 
system by different mechanisms, triggering a series of pathologies, including viral encephalitis, 
meningitis and necrotizing encephalopathy. Therefore, the aim of this study is to describe the 
neural infection mechanisms performed by SARS-CoV-2 in severe cases of COVID-19. 
Methodology: This study is a descriptive literature review, carried out by searching the following 
databases: Google Scholar, PubMed and WHO newsletters. Results and Discussion: The brain 
invasion mechanisms of SARS-CoV-2 can occur in different ways. One of them is through neural 
dissemination through peripheral nerves, where viral penetration occurs through olfactory and 
enteric nerves, causing the virus to reach the central nervous system (CNS); on the other hand, the 
hematogenic pathway is related to infected leukocytes and direct infection of brain cells that 
express the angiotensin-converting enzyme 2 (ACE2) receptor, such as blood vessels in the 
cerebral microcirculation and neurons. Conclusion: Brain invasion by SARS-CoV-2 causes a 
number of serious problems for the patient. Among them, the brain inflammation generated by 
the presence of the virus is directly linked to neuronal death and the development of various 
sequelae in survivors. 
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INTRODUCTION 
 
Severe acute respiratory syndrome virus 2 (SARS-CoV-2), which 
causes COVID-19 disease, was first identified after some cases of 
pneumonia in the city of Wuhan, China, in December, 2019, has since 
spread to the rest of the world leading the World Health Organization 
(WHO) to declare a pandemic in March, 2020 (Chu et al., 2020). 
According to WHO data, the epidemiological update on March 12, 
2021, the number of confirmed cases reached 118,268,525, with an 
overall mortality rate around 2.21%. In addition, more than 2.7 
million new cases have been reported worldwide, with a 10% increase 
in the Eastern Mediterranean region and Africa and a 4% increase in 
Europe. However, there was a decline in Southeast Asia (-2%), 
America (-2%) and the Western Pacific regions (- 6%) (Who, 2021). 
Most infected patients are asymptomatic, a fact that contributed to 
viral spread. On the other hand, symptomatic patients may present 
mild, intermediate, severe and critical clinical conditions.  

 
 
 
The most common are: runny nose, cough, fever, sore throat, 
respiratory secretion and myalgia. There are also gastrointestinal 
ones, such as nausea, vomiting and diarrhea; in addition to more 
severe symptoms such as shortness of breath (dyspnea) and 
neurological impairment. The incubation period may vary from 2 to 
14 days (Xavier et al., 2020). A study carried out in March 2020 
showed that not all of the infected individuals present the severe 
forms of the disease. At about 14% of the patients need to be 
hospitalized, requiring specific support and treatments, such as 
oxygen therapy. Of this group, around 5% need intubation and 
intensive care (Xavier et al., 2020). It is noteworthy that among the 
laboratory methods for the diagnosis of COVID-19, the ones that 
stand out the most are the serological tests, such as ELISA, which is 
based on the detection of antibodies by enzymatic reaction, especially 
the immunoglobulin classes IgM, IgG; and rapid tests, which are 
related to high rates of false negatives, especially in the early days of 
the infection. In addition, performing RT-PCR (Reverse Transcription 
Polymerase Chain Reaction) is considered the gold standard for 
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diagnosis, as it is a molecular biology technique that exhibit enhanced 
sensitivity and specificity when compared to other ones; however, 
PCR is only effective in the latent phase of the COVID-19, since it 
looks for viral RNA (Menezez et al., 2020; Camargo et al., 2020). In 
addition to the respiratory system and others that may be involved in 
COVID-19, it is worth emphasizing that neurological manifestations 
can also occur. An example of this is the issue of loss of smell 
(anosmia) and changes in taste (augesia) that affect most infected 
individuals. The symptoms of hyposmia/anosmia and 
hypogeusia/algesia in patients who do not have nasal congestion or 
rhinorrhea highlight the neurological impairment directly associated 
with SARS-Cov-2 (Moriguchi et al, 2020; Mao et al., 2020). Reports 
of hospitalized patients with severe or critical symptoms show that 
37% of complications are neurological in origin. These data were 
related to the amplitude of the immune response in the brain tissue of 
these patients, since the inflammation generated by the presence of 
the virus leads to neuron death. Encephalopathy is associated with 
brain inflammation, which is caused by the activation of immune 
system cells with production and secretion of pro-inflammatory 
cytokines and chemokines (Najjar et al., 2020; Huang et al., 2020). 
Studies have already shown that SARS-CoV-2 can penetrate the 
central nervous system (CNS) through several mechanisms, triggering 
a series of problems, including: viral encephalitis, meningitis and 
necrotizing encephalopathy. It is noteworthy that these neurological 
manifestations are not restricted to individuals in a risk group such as 
elderly and patients with coronary heart disease. Furthermore, studies 
have also shown that stroke can occur in young people diagnosed 
with COVID-19 (Gama et al., 2020; Moriguchi et al., 2020). Thus, 
considering the contemporary context of the pandemic, the present 
study aims to make a compilation of studies on the mechanisms of 
neural infection performed by SARS-COV-2 in severe cases of 
COVID-19. 

METHODOLOGY 

The present study is a descriptive literature review, carried out 
through research and observation of scientific data related to the 
mechanisms of invasion of the SARS-CoV-2 virus in the CNS and the 
neural inflammatory response. The data collected and analyzed are 
published and available in databases on Google Scholar, PubMed, 
SciElo and WHO platforms. Due to the current research topic, the 
inclusion criteria for the selected articles were scientific works 
published between the years 2019 to 2021, which were published in 
english, portuguese and spanish. In addition, WHO data were also 
included in the bibliographic survey. The descriptors used in the 
research include: Central Nervous System, Immune Response, 
Neuroinvasion, SARS-CoV-2 and brain inflammation. Finally, 
articles that were not related to the proposed theme were excluded, 
especially scientific papers prior to the year 2019. 

RESULTS AND DISCUSSION 

SARS-CoV-2 structure and replication processes: Like many 
viruses, SARS-CoV-2 has two main structures, such as the capsid, 
which carries the viral RNA, and the envelope, whose main role is 
protection and also acts as an anchor for surface proteins, responsible 
for the interaction of the virus with cells. Among the RNA viruses, 
those of the Coronaviridae family stand out in relation to genome 
size, being one of the largest (Palú, 2020; Lima et al., 2020; Nogueira 
et al., 2020). A summary of the structure of SARS-CoV-2 and its 
main proteins can be seen in Figure 1. 
 
SARS-CoV-2 is a positive-stranded RNA virus (5'3' sense), which 
can be read and translated directly by the host's cell structures (via 
ribosomes) into two polypeptides, which are subsequently cleaved by 
proteases, giving rise to capsid and envelope proteins of new viral 
particles. Virus growth causes the death of infected cells, triggering a 
tissue inflammatory process (Uzunian et al., 2020). 
 
 

 
The structure of SARS-CoV-2 is constituted by spike proteins (S), envelope 
protein (E), membrane protein (M) and nuclear protein (N): The Author 

 
Figura 1. Basic structure of SARS-CoV-2 

 
The release of viral RNA from SARS-CoV-2 into the cell cytoplasm 
begins when the Spike glycoprotein (S) located on the viral surface 
(envelope), binds to angiotensin converting enzyme 2 (ACE2) on the 
cell membrane and, thus, allowing cellular infection (Souza, et al 
2020). As an RNA virus, its mRNA encodes several proteins. For the 
virus to enter the cell, an interaction between the virion and the cell 
membrane that expresses ACE2 needs to occur, this interaction takes 
place through S protein, expressed on the viral envelope (Baig et al., 
2020; Wang et al., 2020). The complete entry of the coronavirus into 
cells is also mediated by another proteins, such as the transmembrane 
protease serine 2 (TMPRSS2) and/or by the B and L cathepsins, 
which act by enabling the fusion of the envelope with the cell 
membrane, or entry by endocytosis, thus allowing the penetration of 
the nucleocapsid into the cell cytoplasm. After that, viral RNA, due to 
its positive polarity, is translated into two polypeptides, which, in 
turn, are cleaved by proteases, giving rise to structural and non-
structural proteins of the virus. After the translation process, new viral 
particles are assembled in the Golgi complex and then released by 
exocytosis (Lima et al., 2020). It is worth noting that in addition to 
the lung, other tissues also have ACE2 expressed in their cells, such 
as the nervous system, which explains the neurological symptoms, in 
addition to kidney cells, blood vessels and small intestine, therefore, 
all these organs can be infected by SARS-CoV-2 (Brazão et al., 2021; 
Pang et al., 2020). 
 
COVID-19 and the involvement of the nervous system: Reports 
referring to hospitalized patients affected by COVID-19, especially 
with severe or critical symptoms, show that 37% of the complications 
are of neurological origin. Furthermore, these complications have 
already been shown to be related to the neuronal immune and 
inflammatory responses, occurring as a result of the activation and 
recruitment of leukocytes (fromblood tobrain) and production of 
inflammatory mediators (mainly cytokines and chemokines) in the 
nervous tissue, causing inflammation with tissue loss and neuronal 
death(Najjar et al., 2020; Mehta et al., 2020). In addition, a study 
carried out recently with 214 critically ill patients with COVID-19 
showed that about 88% exhibited neurological manifestations, 
especially impaired consciousness and acute cerebrovascular 
dysfunctions (Mao et al., 2020). Within the neurological 
manifestations, two categories stand out: Peripheral and central. 
Peripheral manifestations are related to Guillain-Barré syndrome and 
isolated cranial nerve dysfunction, such as loss of smell and taste. 
Furthermore, encephalitis, mental confusion, memory loss, delusions 
and post-infectious autoimmunity are manifestations related to central 
disorders, which are caused by the cerebral inflammatory process 
(Najjar et al., 2020; Li et al 2020; Baig et al., 2020). 
 
Among the nervous tissue cells that can be infected by coronavirusare 
neurons, microglia, astrocytes and oligodendrocytes. Thus, because 
the surfaces of these cells present ACE2, SARS-CoV-2 is able to 
penetrate them and perform replication, triggering the immune 
response in these tissues and, therefore, generating neurological 
symptoms. It is worth noting that these lesions cause various 
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neuropathies, ranging from a simple headache to more severe 
symptoms such as seizures and coma. In brain tissue, several regions 
express ACE2, such as ventricular cells, middle temporal gyrus, 
substantia nigra, olfactory bulb and posterior cingulate cortex. The 
presence of the virus in these regions enables the activation of 
leukocytes and the inflammatory process in the brain, which is 
directly linked to neuronal death and the appearance of sometimes 
irreversible sequelae in survivors (Zubair et al., 2020; Pennisi et al., 
2020). Previously published reports with virus similar to SARS-CoV-
2 were already suggestive that the new coronavirus could infect the 
CNS. Within this context, in relation to the SARS-CoV-1 outbreaks 
during the years 2002 and 2003, there were evidences of neurological 
manifestations in a significant number of patients. In addition, studies 
have shown patients with a positive result for SARS-CoV-1 in the 
cerebrospinal fluid (CSF). Viral detection in the CSF of patients was 
performed using the polymerase chain reaction (PCR), which enabled 
the amplification of viral RNA. Complementarily, studies have 
already confirmed, through autopsies of brain tissue from patients 
affected by SARS-COV-1, the presence of the virus in the cytoplasm 
of neurons in different regions of the brain, such as in the cortex and 
hypothalamus (Baig et al., 2020). It is worth emphasizing that the 
SARS-CoV-1 virus is very similar to SARS-CoV-2, especially with 
regard to the sequentiality of its RNAs. Furthermore, both serotypes 
express mRNA referring to protein S translation, that is, they share 
the mechanisms of cell invasion. Another important factor for SARS-
CoV-2 invasion is that neural tissue has been shown to be rich in 
ACE2, which makes viral replication in the CNS possible with 
subsequent activation of the brain's immune and inflammatory 
responses (Chen et al., 2020). Despite genetic similarities, it has been 
proven that the affinity (binding strength) of the S protein of SARS-
CoV-2 is 10 to 20 times greater than that of the same protein 
expressed by the serotype SARS-CoV-1, in relation to binding to 
ACE2 expressed in host cells (Menezes et al., 2020). Although there 
is evidence of neurological manifestations resulting from COVID-19, 
the neuroinvasion routes, as well as the neural manifestations, are still 
not completely clarified. Currently, it is known that two routes of 
infection are important for the entry of the virus into the CNS: The 
hematogenous and neuronal routes (Paniz-Mondolfi et al., 2020). 
 
Immune response in nervous tissue triggered by Sars-CoV-2: When 
SARS-CoV-2 invades the CNS, microglia residing in the nervous 
tissue phagocyte these viral particles, activating a cascade of immune 
response, with subsequent production of cytokines and chemokines. 
Chemokines signal the recruitment of circulating leukocytes into 
nervous tissue; and cytokines act by activating these cells and 
amplifying the immune response, which can trigger nerve tissue loss 
as a result of the production of free radicals during inflammation. 
Among the important cytokines for the virus in question, we can 
highlight the interleukins (IL) IL-1, IL-6, IL-8, IL-21 and tumor 
necrosis factor beta (TNF-β). The exacerbated increase in these pro-
inflammatory cytokines is the event that characterizes the so-called 
"cytokine storm", which aggravates the immune and inflammatory 
response, since these cytokines induce an increased oxidative and 
nitrosative stresses, generating great nerve tissue loss and enabling 
the appearance of symptoms (Accorsi et al., 2020; Brito et al., 2020; 
Nunes et al., 2020). Released viral particles from infected cells are 
usually phagocytosed by macrophages and infected host cells are 
fought through a response mediated by CD8+ cytotoxic lymphocytes 
and natural killer cells. Initially, the innate mechanisms of the 
immune response try to control viral growth until the development of 
acquired immunity, which usually occurs in the second week after 
infection, with the activation of responses mediated by T and B 
lymphocytes (Soto et al, 2020). 
 
During the activation of the immune response, oxidative and 
nitrosative stresses, produced by leukocytes, configure two important 
sources of free radicals, reactive oxygen species (ROS) and reactive 
nitrogen species (RNS), in the CNS. Excessive production of these 
molecules is intended to destroy the invading pathogen, however, 
ROS and RNS also react with components of nervous tissue, 
especially through lipid peroxidation (free radical attack 
onphospholipids of the membrane), injuring the cells. It is important 

to note that free radicals attack any biomolecule, including lipids, 
proteins and nucleic acids, leading to cell degradation and increasing 
the immune and inflammatory responses, with even greater 
infiltration of leukocytes in the brain (Mingoti et al., 2021; Vellosa et 
al., 2021). The BeijinDitan Hospital in China reported on its clinical 
data, evidences of encephalopathies caused by SARS-CoV-2. These 
results were confirmed through the analysis of the cerebrospinal fluid 
(CSF), which was positive for the virus, being confirmed by the 
sequencing of the viral genome. In addition, autopsy studies have 
reported the degeneration of the nervous tissue, a result of the severe 
cases of COVID-19, in addition to the swelling of soft tissue, which 
occurs due to the increase in interstitial fluid resulting from the 
inflammatory process in the brain region (Mao et al., 2020). 
 
Hematogenous Pathway and Blood Brain Barrier: SARS-CoV-2 
brain invasion mechanisms can occur in different ways. One is 
through neural dissemination through peripheral nerves, where viral 
penetration occurs through the olfactory and enteric nerves, causing 
the virus to reach the CNS; on the other hand, the hematogenous route 
usually occurs through infected leukocytes and also by direct 
infection of brain cells that express ACE2, such as blood vessels of 
the cerebral microcirculation and some neurons (Raony et al., 2020). 
In order to talk about the invasion of the CNS through the blood, it is 
first necessary to understand what the blood-brain barrier (BBB) is. 
This structure is made up of a semi-permeable and selective 
membrane that lines the blood vessels of the internal cerebral 
circulation. It controls everything that enters and leaves the nervous 
tissue, through transporters (proteins) expressed in the cells of this 
barrier; anatomically, the BBB is formed by occlusion junctions 
between the endothelial cells of the cerebral vessels, that is, the 
endothelial cells have binding proteins transversely and 
longitudinally, connecting the cells to each other on all sides, 
"squeezing" the paracellular spaces (between cells). In this case, this 
endothelium joined by tight junctions is surrounded by cells called 
pericytes, which are responsible for the production and support of 
these proteins that contract the endothelium of cerebral microvessels; 
among the main proteins responsible for this phenomenon are 
Junctional Adhesion Molecule A (JAM-A) and Claudin-5 
(Kakogiannos, 2020; Aquino, 2019). 
 
The first mechanism occurs by infection and transport through the 
vascular endothelium. Vascular endothelial cells found in the BBB as 
well as throughout the body express ACE2, which considerably 
increases the risk of infection by SARS-CoV-2. The beginning of this 
route begins when the virus arrives in the cerebral microcirculation, 
where the coronavirus S protein makes contact with the endothelial 
cells that express ACE2. The interaction of these proteins causes the 
viral envelope to fuse with the cell membrane, internalizing the virus 
RNA; yet, coronavirus can also enter the cytoplasm by endocytosis, 
through the action of secondary proteins as previously described 
(Zubair et al., 2020; Li et al., 2020). Within endothelial cells, the 
virus replicates using ribosomes, which translate the viral genetic 
material into polypeptides (2 molecules). This last one is cleaved by 
proteases, giving rise to structural (4 molecules) and non-structural 
(16 molecules) proteins that interact with each other to form new 
virions. It is important to remember that SARS-CoV-2 carries its own 
polymerase (non-structural protein 12, NSP12), enabling viral RNA 
replication. The new viruses are assembled and packaged into 
vesicles in the Golgi complex, then transported to the cell membrane, 
which fuses with the vesicle and releases new viruses, both into the 
bloodstream and into the nervous tissue (Zubair et al., 2020; Baig et 
al., 2020; Natoli et al., 2020). An illustration of the blood-brain 
barrier can be seen in Figure 2. The first mechanism of SARS-CoV-2 
through blood routes is through the endothelium. These endothelial 
cells have ACE-2. So the virus is easy to invade. its penetration 
facilitates the multiplication of the virus. Since the central nervous 
system communicates with the endothelium through nerve cells, 
SARS-CoV-2 also contaminates these desease cells, Astrocytes for 
example.: The Author The new viral particles, when released from the 
opposite side of the bloodstream, trigger an immune response at these 
sites, disrupting vessels and internalizing the virus into the CNS. 
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Figure 2. Blood stream, blood-brain barrier and nervous tissue 
 
Once inside the neural tissue, viral particles can infect vessels, glias 
and neurons, inducing the brain tissue to inflammation. In response to 
the inflammatory stimulus, BBB increases its permeability, allowing 
the processes of chemotaxis (mediated by chemokines) and activation 
(mediated by cytokines) of circulating leukocytes to the CNS to 
occur. Blood vessel injuries also allow for a greater passage of 
virions, amplifying the inflammatory process and generating 
neurological manifestations (Zubair et al., 2020; Baig et al., 2020; 
Paniz-Mondolfi et al., 2020; Natoli et al., 2020). An autopsy study of 
cerebral and vascular tissue demonstrated viral particles of SARS-
CoV-2 in capillary endothelium and neurons in the frontal lobe. This 
study revealed that neurons had viral particles that were packaged in 
dilated vesicles in the cytoplasm. It was later demonstrated by 
electron microscopy that viral particles were in the phase of 
exocytosis and endocytosis in the endothelial cells, showing the viral 
entry and exit of the brain tissue (Zubair et al., 2020; Paniz-Mondolfi 
et al., 2020). The second mechanism of neuroinvasion is mediated by 
the passage of infected leukocytes, such as lymphocytes and 
monocytes, through the BBB in chemotaxis processes, allowing 
and/or amplifying neuroinvasion. Studies with the new coronavirus 
are still limited due to the short time of disease onset, however, 
previous studies with SARS-CoV-1 have already shown that 
coronaviruses could infect granulocytes, monocytes and lymphocytes 
that express ACE2. Electron microscopy data have already shown the 
process of endocytosis and exocytosis of the virus in leukocytes, 
endothelial cells and also in infected neurons (Zubair et al., 2020; 
Raony et al., 2020; Homes et al., 2020). It is important to emphasize 
that the presence of defense cells and viral particles in the nerve tissue 
considerably increases the oxidative and nitrosative stresses in the 
brain. Reactive oxygen (superoxide anion and hydrogen peroxide) 
and nitrogen (nitric oxide and derivatives such as peroxynitrite) 
species are directly linked to brain tissue damage in new coronavirus 
infections (Palomino et al., 2021).Figure 3 shows the passage of 
infected leukocytes through the BBB.Another important pathway for 
SARS-CoV-2 penetration in the brain is the neural pathway, which 
will be discussed below 
 
The second mechanism that the virus can invade the central nervous 
system is through the `` trojan horse `` mechanism. this mechanism is 
so called because of the defense cells that at first serve to defend the 
patient ends up contaminating the central nervous system: The Author 
 
Neurogenic Pathways: Recent studies prove that the spread of 
several neuroinvasive viruses can be associated with the axonal route 
of peripheral and central nerves. Among them, Herpes simplex 
andCoronaviruses can be mentioned (Costa et al., 2020). Mainly 
through transsynaptic axonal retrograde transport, in vesicles 
(endocytosis) or not, SARS-CoV-2 reaches neurons, which also 
express ACE2, infecting them, both peripheral and central. Thus, the 
axonal pathway becomes an alternative for the virus to be able to 
invade the CNS, mainly through access to the nerves of the peripheral 
nervous system, which connect with the cranial nerves and thus 

penetrate the brain (Pennisi et al., 2020; Li et al 2020; Raony et al., 
2020). 
 

 
 

Figure 3. Increased permeability of the BBB with passage of 
infected leukocytes from the bloodstream to the brain 

 
It is already evident that ACE2 is expressed in several brain 
structures, among them, we can highlight the brainstem, 
hypothalamus, cortex and striatum. Furthermore, ECA2 belongs to 
the cell membrane of glial cells and neurons throughout the brain. In 
this way, CNS becomes a vulnerable environment for infection to 
occur (Zubair et al., 2020). Since the virus remains lodged in the 
upper respiratory tract, a route that stands out regarding 
neuroinvasion is the penetration of the CNS through the terminal 
olfactory neurons, as they are present in an increased form in the 
respiratory tract, becoming the main vehicle of the SARS-CoV-2 for 
the brain (Nunes et  al., 2020; Li et al., 2020 ; Almeida et al., 2020). 
In the respiratory system, infection is initiated through the invasion of 
dendrites of olfactory neurons, which are nerve cells that remain in 
the nasal cavity and in the cribriform layer of the individual's ethmoid 
bone. Thus, viral particles tend to move to the axons and reach the 
olfactory bulb of the CNS (Jarrahi et al., 2020). As shown in figure 4. 
 

 
Figure 4. Transsynaptic axonal retrograde transport of SARS-

CoV-2 to the brain 
 
The main route that the virus invades the central nervous system is with the 
help of neurons. Through vesicles with mechanisms of endocytosis and 
exocytosis, the virus enters the neurons and is transported until it invades the 
central nervous system.: The Author  

 
Another important factor is that SARS-CoV-2 also invades the CNS 
through the brainstem, this can be explained mainly by the presence 
of the trigeminal nerve, which basically branches into three: The 
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ophthalmic (V1), maxillary (V2) and mandibular (V3) ones. 
Neuroinvasion occurs primarily through nerves present in the larynx, 
lungs and trachea, which are structures linked to the respiratory 
system, the main site of replication of SARS-CoV-2 (Yavarpour-Bali 
e Ghasemi-Kasman, 2020).   A case study published by Mao et al. 
(2020), with a 56-year-old male patient, affected by COVID-19, 
performed at the Beijing Ditan Hospital (Beijing-China), 
demonstrated the presence of viral RNA in the CSF, contributing to 
the evidences of infection of the nervous system by SARS-CoV-2. 
Furthermore, recent studies with a murine model have also shown that 
respiratory coronaviruses, such as SARS-COV-1, when inoculated in 
the nasal fossae of mice, can penetrate the CNS by the the disruption 
of the nasal epithelium, mainly through a local inflammatory process, 
also compromising the nerve fibers, which explains the anosmia (loss 
of smell), with subsequent neurological symptoms. Infection of the 
olfactory bulb nerves by SARS-CoV-2 has been shown to be a 
mechanism for olfaction loss. Studies with SARS-COV-1 are 
important to understand the mechanisms of SARS-COV-2, as they 
have similar infection processes (Paniz-Mondolfin et al., 2020; 
Zubair et al., 2020).  

CONCLUSION 

In view of the studies presented in this work, it is evident that SARS-
CoV-2 is not merely a respiratory virus, but a pathogen with the 
potential to infect different tissues. The structure of the COVID-19 
virus makes it able to infect cells that express ACE2, present in 
different organs. The CNS infection occurs through different 
pathways, including the hematogenous and synaptic ones. The 
hematogenous pathway is established by the infection of blood 
(leukocytes) and endothelial cells, contributing to the internalization 
of the virus in the nervous system; the neuronal pathway, on the other 
hand, consists of the infection of peripheral e central nerves that also 
express ACE2, especially the nerves of the respiratory system. When 
invading the CNS, the presence of virions released by infected cells 
triggers an immune response in the nervous tissue, with cytotoxic 
response, phagocytosis and brain inflammation, which can cause 
neuronal death and sequelae. 
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