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ABSTRACT

In 2002/2003 there was a pandemic denominate SARS (severe acute respiratory syndrome), caused by the SARS-CoV virus that belongs to the genera Betacoranavirus
and the family Coronaviridae, generally responsible for influenza infections. In mid of 2019, a new disease by the coronavirus named by COVID-19 (SARS-CoV-2)
emerged, both infections have flu symptoms, however they are infections that variable intensity, being medium to severe. In medium infections individuals have the
virus and exhibit symptoms, however hospitalization is not necessary, in severe infections, individuals are hospitalized, have high pathology and in some cases
progress to death. The virus is formed by simple positive RNA, enveloped, non-segmented, and presenting the largest genome of viruses constituting 32 Kb, consisting
of envelope proteins, membrane, nucleocapsid and spike protein, which is essential in the interaction with the host cells. As for the origin of this virus, research has
been intensified to determine this paradox and although the similarity with SARS-CoV, this virus did not has necessarily the same place of origin. As for the immune
system, it is currently unknown how this new virus interacts. In this brief review, we demonstrate important considerations about the responses to this infection.

1. Introduction

The acute respiratory syndrome is a disease caused by the SARS-CoV-
2 virus (COVID-19), where symptoms include difficulty breathing, high
fever, and cough [1]. Belonging to the genera Betacoranavirus and the
family Coronaviridae [2] in Gorse et al., 2020 [3]; in Gorse et al., 2020
[4]; in Gorse et al., 2020; [5]. This pandemic has currently highlighted
in the media due to its rapid propagation across the globe through
migration processes, totaling 183 affected regions (countries, areas or
territories) [6], (China, Japan, Republic of Korea, Italy, Spain, France,
Germany, Brazil, among others). It has a mortality rate of around 3-4%,
being more severe in the elderly and immunocompromised individuals
[7]. Before approaching the current virus, it is necessary to report on its
origin, starting from the discovery of this family.

1.1. General characteristics of the family coronaviridae

Discovered in the decade of the 1960s, this family subdivided into
the genera Alphacoronavirus (HCoV-229E, HCoV-NL63) and Betacor-
onavirus (HCoV-OC43, HCoV-HKU1, SARS-CoV, MERS-CoV) respon-
sible for infection in humans. However, there are other genera
(Gammacoronavirus, Deltacoronavirus, Torovirus and Bafinivirus) that
cause injuries to animals [8,9] in Phan et al., 2018 [10]; in Phan et al.,
2018; [11]. Consist of viruses with the largest genomes (32 kb), with a

simple positive sense RNA strand, not segmented and enveloped [12].
This structure is constituted of four proteins: the envelope (E) (9-12
kDa), membrane (M) (23-35 kDa), nucleocapsid (N) (50-60 kDa) and
the spike (S) (180-220 kDa) (Fig. 1) [12-14].

In 2002/2003 there was a SARS (Severe Acute Respiratory Syn-
drome) pandemic, caused by the SARS-CoV virus, affecting about 29
countries, with a mortality rate of 9.6% [15]. This virus has a definitive
host insectivorous bat of the species Rhinolophus sinicus. The trans-
mission to human probably occurred because of the manipulation or
consumption of meat of the intermediate hosts, the species Nyctereutes
procyonoides and Peribases larvata [8,16,17]. Later in mid of 2012, a
new disease emerged to MERS (Middle East Respiratory Syndrome) [18]
with confirmed cases in 27 countries [19]. It is a zoonotic disease, where
the species Camelus dromedarius the dromedaries are definitive hosts, the
transmission to humans occurs through contact with these animals [20,
211, with a mortality rate of 34.4% [22]. In both infections mentioned,
the dissemination of the viruses in other countries occurs through close
contact between the infected person and non-infected person.

The infection starts when the virion enters in the host cell, provided
by the connection of the viral S protein with the ACE2 receptor
(angiotensin-converting enzyme 2) in the case of SARS-CoV however
depending on the virus, the receptor of cell connection differs (Ex:
MERS-CoV uses the DPP4 receptor), at this moment endocytosis of the
virus occurs. Within the endosome, the S2 region of the S protein
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undergoes modifications, usually performed by proteases (cathepsin,
TMPRRS2), in order to release its domains (RBD region, fusion domain)
and to expose the fusion peptide. This peptide is inserted into the
endosomatic membrane, where occurs your connection with the hepti-
fied hydrophobic repeating regions (HR1 and HR2) forming a nucleus
with six helices. Through this transformation, the virus is now able to
fuse with the host cell membrane and release the genomic RNA in the
cytoplasm, at this moment this RNA will go through the translation
process. The Open Reading Frames (ORF), ORFla, and ORFlab se-
quences are translated into ppla and pplab (viral replicase poly-
proteins) that will be cleaved into smaller proteins, which join to form a
replicase-transcriptase (RTC) complex. In this complex, the formation of
a complete negative-strand RNA occurs and several copies are generate
and used as a template for the synthesis of a complete positive-strand
RNA. The subgenomic mRNA’s are generated by discontinuous tran-
scription and will be translated into structural proteins (S, E, M, N). The
proteins will be transported to the lumen of the intermediate compart-
ment of the endoplasmic reticulum-Golgi (ERGIC) and with the genomic
RNA, virion formation occurs (the nucleocapsid is formed by the N
protein in the cytoplasm and the genome). After complete formation, the
virion is released from the cell by exocytosis and restarts the infection
process in new cells (Fig. 2) [12,23-28].

Years after the infections caused by SARS-CoV and MERS-CoV, in
2019, a new disease established in China, caused by the virus later
designate by SARS-CoV-2, disseminate to several countries [1,5].
Currently, the origin of SARS-CoV-2 is uncertain. Studies have demon-
strated that it shares ~76% amino acid identity with SARS-CoV and both
viruses uses ACE2 to interact with protein S and TMPRSS2, a protease
that cleaves protein S to release its domains, essential processes in viral
infection [29], so it would be a possibility that SARS-CoV-2 performs the
same infection process in host cells. In addition, that due to this simi-
larity to SARS-CoV and as previously mentioned the origin of this virus,
SARS-CoV-2 probably arises from a natural selection in the animal host
or a selection in humans [30].

This virus is preferred in cells of the respiratory tract, epithelial hair
cells of the airways and type 2 alveolar pneumocytes in SARS-CoV in-
fections [31] in Totura & Baric, 2012), in MERS-CoV we can cite
pneumocytes and syncytial epithelial cells [32]. Because of this prefer-
ence, the damages caused during this infection are of high predomi-
nance in the respiratory tract. In SARS infections we can mention
infiltrations by monocytes, macrophages, and neutrophils and with a
result of the presence of these cells, the increase in pro-inflammatory
cytokines (IFN-y, TNF-a, IL-1, IL-6, IL-12, TNF) and chemokine’s
(CCL2, CXCL9, CXL10). These are probably responsible for diffuse
alveolar damage (edema, fibrosis, the formation of a hyaline mem-
brane), in addition, the alveolar collapse, desquamation of epithelial and
alveolar cells, and damage to other organs (spleen, liver, bone marrow,
among others) [33,34]. In MERS infections, however, there is limited
information about its pathogenesis, but it includes diffuse alveolar

/
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damage, epithelial denudation, hyaline membrane, edema, type II
pneumocyte hyperplasia, severe acute hemorrhagic pneumonia,
intra-alveolar macrophages, and lymphocyte infiltrates (CD3 +, CD4 +,
CD8 +) in the pulmonary parenchyma, multinucleated syncytial cells
[32,35]. As well in SARS infection, the inflammatory response is pre-
dominant with the production of TNF-a, IL-6, CXCL-10, CCL-2, CCL-3,
CCL-5, and IL-8 contributing to tissue damage [36]. in Liu et al., 2020
[37]; in Liu et al., 2020).

1.2. Clinical features of coronavirus

In infections with these viruses, the clinical characteristics variate
depending on the individual’s immune response, presenting as asymp-
tomatic (positive for the disease but without clinical manifestation),
mild symptomatic (positive for the disease with clinical manifestations)
or severe symptomatic (positive for the disease with manifestations in
high degree). In MERS the classification in the population prevails as
asymptomatic, mild symptomatic, for these, the symptoms generally
include fever, cough, and shortness of breath, some have, pneumonia or
diarrhea. The symptomatic presents respiratory failure, requiring me-
chanical ventilation in a specialized unit, in addition to leukopenia,
lymphocytopenia, thrombocytopenia and high levels of creatinine,
lactate dehydrogenase, liver enzymes, this stage usually develops in the
elderly, immunodeficient, diabetics and individuals with chronic dis-
eases or cancer [38,39]. In SARS-CoV infection, there are asymptomatic
individuals, the mild symptomatic individuals present: fever, dry cough,
shortness of breath, malaise, headache, diarrhea, and tremors. The se-
vere symptom consists in fever, tachycardia, tachypnea, lymphocyto-
penia, thrombocytopenia, neutrophilia, and oxygen desaturation. These
patients require oxygenation and in some cases treatment in the inten-
sive care unit (ICU) (WHO; [40,41], usually this phase develops in in-
dividuals with advanced age, severe lymphopenia, chronic hepatitis B
infection, high LDH peak, other infections, elevated neutrophils, among
others [42]. In SARS-CoV-2 the same classification remains asymptom-
atic individuals, the mild symptomatic individual’s presents dry cough,
fever, and fatigue, difficulty breathing, some have diarrhea, sore throat,
congestion, and runny nose. According to the National Health Comission
of China severe symptomatic patients have difficulty breathing (greater
than 30 times/minute), oxygen saturation at rest (less than 93%), the
ratio between partial pressure of arterial oxygen and oxygen concen-
tration in arterial blood (less than 300 mmHg) and greater than 50% of
pulmonary image evolution in the short term. Critical individuals have a
respiratory failure with the need for mechanical ventilation, organ
failure or need for treatment in the ICU, individuals who develop severe
and critical forms include the elderly, immunodeficient, individuals
with high blood pressure, diabetes, heart disease, lung disease and
cancer [1,43-45]. The symptomatology in infected people diverge and
most of the severe symptomatic patients evolve to death.
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Fig. 1. Representative design of the essential structures of the coronavirus.
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Fig. 2. Representative design of the viral replication cycle (SARS-Cov).

1.3. Immune response in SARS-CoV and SARS-CoV-2 infection

Infections caused by a coronavirus, in general, will be mediated by T
lymphocytes, which will become active the moment the pathogen pre-
sented by antigen-presenting cells (dendritic cells or macrophages) is
recognized [46]. In the moment of activation, there will be the pro-
duction of inflammatory mediators (IFN-I, TNF-g, IL-1, IL-6, CCL2) and
probably the production of perforin and granzyme B, processes that
usually occur in others airways infections [47,48]. What several studies
indicate is not knows for sure how this response occurs in both
SARS-CoV and SARS-Cov-2 infections. In the acute phase of responses, in
both infections, occurs lymphopenia [46,47]. Is still believed that
decrease of lymphocytes in SARS-CoV infections is must failures in their
activation, through strategies developed by the virus as an escape from
the immune response, for example the suppression of IFN-I, which im-
pairs the activation of dendritic cells and the processes of activation,
differentiation and expansion of T cells [49,50].

In more severe cases, high pathogenesis is observed caused by an
intense inflammatory process that isn’t controlled by the cytokine storm
(release of inflammatory mediators: IFN-a, IL-1p, IL-6, TNF-a, CCL2,
CCL5, among others), responsible for the development of lung injuries,
which culminates in respiratory failure, organ failure and death [48,50].
In addition, the most severe SARS-CoV infection is observed in the lungs
histology, a presence of the inflammatory infiltration, caused by mac-
rophages and neutrophils which correlated with the increase in the
number of cells in the peripheral blood [51] in Channappanavar &
Pelrman, 2017 [52]; in Channappanavar & Pelrman, 2017 [53]; in
Channappanavar & Pelrman, 2017 [54]; in Channappanavar & Pelrman,
2017).

Therefore, possibly in the later stage of the disease, the predomi-
nance of the immune response is directs by these cells. They are cells that
participate in the innate immune response and are key components in
activating an adaptive immune response, during this infection that
response fails to activate T cells. With a constant stimulus caused by the
virus infection, these cells continue to produce inflammatory mediators
to reduce viral replication, however, this process causes tissue damage
that evolves into an intensified pathogenesis. To avoid this process, it is
necessary to have a balance in the immune response, with the produc-
tion of anti-inflammatory mediators, such as IL-10 [55].

This fact probably is seen in individuals who have the disease in its
non-severe form. In this case, the immune system is able to control the
infection and minimize the damage caused by the inflammatory
response. [56]; show an infected individual, with the mildest form of
SARS-CoV-2 infection, which presented a frequency of activated CD4 "
and CD8™ T cells, follicular T cells and increased antibody-secreting cells
and minimal levels of inflammatory cytokines and chemokines. Enough
to activate an efficient immune response to control viral replication and
not intensify the exaggerated immune response.

In the most severe cases of the disease, this profile is not observed.
However, this variation will depend on the individual’s immune
response and if it belongs to the risk group [57]. For example, in the
article of Gong and collaborators 2020, severe patients present a high
production of IL-10 and IL-6, patients with medium changes had low
production of IL-6 (less than 100pg/mL) and for patients critical (who
died) IL-6 levels were greater than 100pg/mL. The levels of IL-6 and
IL-10 related to the severity of the disease, as well as TNF-a, IL-12R,
ferroprotein, lymphocyte count, neutrophil, eosinophil, and procalci-
tonin. The reduction of peripheral CD4" and CD8™ T cells in the blood is
observed, but present in inflammatory infiltrate in the lung. While in
these patients the inflammatory response is high [58], demonstrate that
in asymptomatic individuals the inflammatory response is reduce in
relation to healthy controls.

The article of [59]; shows an excessive activation of lymphocytes in
infection by SARS-CoV-2 and in non-serious infections, there is a
lymphocyte response. Therefore and what was been previously reported
about infections with SARS-CoV-2, lymphocytes are essential cells for
infection control and the immune responses performed by these cells
vary from individual to individual. Thus, the immune system of a
healthy individual has control of the infection, elderly and immunode-
ficient patients may develop the most severe form, in this case, the
infection becomes intense, as well as the immune responses.

In children, the infection is generally mild or moderate, or even
asymptomatic (which makes diagnosis difficult) and the amount of viral
RNA is high in children under 5 years old in their nasopharynx [60]. In
the work developed by Refs. [61]; the authors demonstrate a low acti-
vation of T cells and a high production of IL-12 and IL-1p in children in
compare to adults infected with SARS-CoV-2. With this, we can raise a
hypothesis that there is a control of the virus development by the
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immune system without an intense inflammatory process. In their article
[62] raise hypotheses about possible mechanisms that may explain the
less susceptibility of children to development COVID-19 disease and that
this is probably based on the generation of antibodies by memory B cells
and their rapid response and the rapid production of antibodies natural
with wide reactivity and not selected. As a preliminary result, the au-
thors suggest an early polyclonal B cell response with production of
mainly IgM plamoblasts in children, and this profile is not observe in
adults with severe disease. Some articles approach about trained im-
munity [63-65] or the angiotensin-converting enzyme (ACE-2) in chil-
dren [64,66,67], however this hypotheses are not enough to obtain a
conclusive response in SARS-CoV-2 infection in children.

After eliminating the pathogen performed by the adaptive immune
response, the response resolves, in other words, the levels of inflam-
matory mediators become basal and the cells return to their place of
origin. In contrast, in the case of lymphocytes, an extremely important
characteristic is the generation of memory cells.

1.4. Immune Memory

Memory allows the immune system to develop a faster and more
efficient response since the cells have already had first contact with the
pathogen, the formation of a response will be a specific antigen, and
therefore eliminating the pathogen is more effective than a primary
response. In memory T lymphocytes, there is less demanding activation
than a naive cell (lower antigen concentration and co-stimulatory sig-
nals) and gradual proliferation, while B cells proliferate/differentiate
quickly and become plasma cells [68-72].

When memory T cells are activated, they produce inflammatory
mediators, such as IFN-y, CCL3, CCL4, CCL5, responsible by the acti-
vation and recruitment of other types of cells. Their proliferation and
survival depends on cytokine stimulation, such as IL -15 and IL-7 and are
cells with a half-life that vary from 8 to 15 years, that become the
responsible for the great part of the eliminated pathogens throughout an
individual’s life [69-71,73]. Memory B cells (usually IgG) differentiate
into plasma cells (antibody producer) or return to the germinal center
(usually IgM) they are also capable of producing cytokines and are
long-lasting cells [74,75]. In the infection process is also generate
neutralizing antibody and that remains after infection and they are
responsible for connecting directly to the virus that prevents it from
entering the host cell [75].

1.5. Memory in coronavirus infection

The potential of lymphocytes in SARS infection has been demon-
strated, the generation of memory is essential in reinfection processes.
Articles demonstrate the detection of IgG antibody titles in the 16th
month after SARS infection [76]. In 2 years after infection together with
neutralizing antibodies, in 6 years after infection and the presence of T
memory lymphocytes of CD4"/CD8" cytokine producers with a central
memory phenotype, are more frequent in severe than mild infections
[77]. In addition, the neutralizing antibodies generated in SARS in-
fections would be specific to the RBD domain of protein S, demon-
strating to be an immunogenic protein [78]. Hoffmann and
collaborators 2020 raise the hypothesis that antibodies generated during
this infection could have a certain influence on partial protection against
SARS-CoV-2. There could be a blockage in the entry of the virus since the
memory cell has already been exposed to the SARS-CoV protein S and
because of similarity to SARS-CoV-2, the virus’s performance would be
partially reduced. It currently not proven the individuals already
infected with SARS became infected again with SARS-CoV-2. However, a
study by Ref. [79] demonstrated there is a cross reaction between the
SARS-CoV-2 and SARS-CoV binding antibodies for the RBD and S1 re-
gions in patients recovered from COVID-19, but there was no develop-
ment of cross-neutralizing antibodies to the SARS-CoV-2 and SARS-CoV
protein S. Still in the in vitro assays, the antibodies present in the plasma
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of individuals infected with SARS-CoV-2 were not able to neutralize the
SARS-CoV infection. Demonstrating that S protein in both virus,
although has a similarity they will have a different response.

In relation to production of antibodies in SARS-CoV-2 infections, the
detection of IgM antibodies occurs from the fourth day of infection,
increasing with time until reaching the 20th day (approximate peak) and
reducing, while the detection of IgG occurred from the seventh day to
the peak on the twenty-fifth day and maintain high levels after 4 weeks
of infection [80].

In the production of antibodies according to the severity of the dis-
ease, it is possible to observe that three days after the onset of symptoms,
the IgM titers gradually increase in patients with mild and severe forms
over time, in the positive rate is higher in groups with the mild form
[81]. In the work developed by Ref. [82] it is possible to observe that the
IgG and IgM titers are high in the severe group in relation to the
non-severe group, with statistical difference in IgG two weeks after the
onset of symptoms. Furthermore, the seronegative patients evaluated
presented seroconversion of IgM or IgG twenty days after the onset of
symptoms.

We can still report as demonstrated in the work of Liu & [83] that
individuals with severe disease tend to have a more robust IgG response
than mild individuals (except for some cases), in contrast, mild cases
have a faster peak IgM response. In both cases, IgM levels disappear 4
weeks after the onset of symptoms. It is also important to note that the
responses of IgG and IgM (detection during the peak) were high in pa-
tients in ICU compared to non-ICU patients [84].

In asymptomatic individuals, IgM and IgG are produced, however,
IgG production was significantly higher in symptomatic individuals
during the acute phase compared to asymptomatic individuals. In the
initial phase of convalescence, IgG levels decreased in both groups
(asymptomatic - 93.3% and symptomatic - 96.8%). It is extremely
important to highlight that some individuals analyzed became sero-
negative for IgG (asymptomatic- 40.0% and symptomatic - 12.9%) [58].

In MERS infections, more than 20 antibodies isolated from humans
or humanized have been described [48]. Antibody and neutralizing
antibody titles generated and dosed 13 months after the MERS outbreak
in Jordan are the same when subsequently dosed 34 months after
infection [85]. However, in SARS-CoV-2 infection was demonstrate that
is a reduction in the levels of neutralizing antibodies 2-3 months after
infection [58].

In SARS CoV and MERS infection, the presence of memory cells is
demonstrate and how they are essential over the infection and in rein-
fection, mainly the neutralizing antibodies. Currently, articles debate
about the use of neutralizing antibody therapy, derived from the plasma
of previously infected individuals, as a possible form of viral control.
However the variability in sera is high [86], the response of this anti-
body after infection already installed would be reduced, so this method
would be appropriate for prophylaxis and the immune system is unique
in each individual, thus immunological reactions are predicted [87].
However, studies have demonstrated the use of convalescent serum in
infections by SARS, MERS, and SARS-CoV-2, showing positive results
[87].

In SARS-CoV-2 infections [88], demonstrated the process of rein-
fection in primates (rhesus monkeys) using the same strain, in this study
observed that was no viral replication after reinfection and as well was
no development of symptomatology, demonstrating an elimination of
the virus by the immune system, probably performed by neutralizing
antibodies [89]. e [90]; demonstrated that individuals previously
infected with SARS-CoV-2, after curing, presented a positive test (pres-
ence of viral RNA), however without presenting clinical manifestations
of the disease and without transmitting the disease to people close to
them. Summarize these data, it is possible to observe with that
post-infection immunity is essential for the elimination of the virus and
the inhibition of its entry into the cell, probably performed by memory
cells. It is still unclear if the infected individual, after curing, will be
re-infected with a different strain of the same virus and if there will be
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the develop of clinical characteristics of the disease. In the current sce-
nario, scientists have been engaged in the development of possible
treatments for this disease.

Such as the use of drugs such as remdesivir (used in MERS and
Ebola), nafamostat (anticoagulant), drugs that have been shown able to
control infection in vitro [83,91,92] and other types of drugs like im-
munomodulators, antiparasitic, histamine receptor inhibitor (Hy type)
[93]. The production of a suitable drug for treatment is complex for
several reasons, such as, for example, the tested compound may have an
effective dosage for controlling the virus, but it is toxic to the cell in vitro
or induce viral resistance or in vivo the selected dose has several side
effects [94]; Paintsil & Cheng, 2009). Depending on the compound we
have an influence on immune responses, for example if you think about
severe patients, a drug that has the ability to interrupt the intense in-
flammatory response (imunosuppression) would consequently reduce
the pathology, however it could increase viral multiplication, since it
would have an inhibition of the inflammatory response. Similarly, if
there is a treatment that would stimulate the immune system in
pacientes with non-severe disease, it could reduce the viral load, but it is
not possible to say that it will not cause cellular damage. Therefore are
several barriers prevent the development of an effective drug with the
ability to control the virus and reduce the pathology.

There is an effort to the elaboration of vaccines, of which 123 are pré-
clinical phase and 10 in clinical evaluation. Of these we can highlight
the one that is in phase 2b/3, two are in phase 2, five in phase 1/2 and
two in phase 1 [7]. Despite this, it is still unclear whether the vaccines
will allow the development of protection over the years, as observed in
other existing ones. It is noted that the neutralizing antibodies to
SARS-CoV-2 are in circulation in up to 2-3 months reported previously,
due to this it is possible to raise the hypothesis that probably the vaccine
would not have a long protection, having to be applied other doses, but
whether the antibodies generated by the vaccine are more durable
cannot be confirmed.

1.6. Perspectives futures

It is remarkable that the participation of the immune response in the
infection is essential for pathogenic elimination, cellular homeostasis,
tissue repair, and generation of memory cells. Over the years, research of
that complex system and how it interacts with infections is increasingly
notable, this is of paramount importance, since this allows for a greater
understanding of the pathogen, especially how it acts on this system and
how we can acquire knowledge to develop effective methods to control
and eradicate a disease.

In this article we focus on that current pandemic that is devastating
in humanity, COVID-19, in addition to reporting on other pandemics
belonging to this same family that has developed over the years, high-
lighting the principal points and immunological performance. It is
notable that the participation of lymphocytes in these infections is
essential for its control, this is demonstrated by the presence of
asymptomatic individuals and with mild forms of the disease, here we
hypothesize that the central targets of control are these cells.

In fact, an analysis as together is difficult, since each individual will
have an answer to this virus, which can adapt it. What would be the
reason behind the excellent activation of lymphocytes in asymptomatic
individuals? Because they are central cells in a more effective response,
they are able to mediate the activation of several components of the
immune system, in addition to the generation of memory cells and the
balance of the immune response. The big question is that in severe in-
dividuals the maintenance of the response probably occurs by other cell
types (Ex: neutrophils, macrophages) or there is sequestration of lym-
phocytes. Because of the multiplication of the virus, this immune
response becomes more and more intense, which it is responsible for the
developed pathology, such as cell infiltration, fibrosis, among others,
which prevents the proper functioning of the organ, causing the debil-
itation of the respiratory system. We can still report that in these
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individuals there is a production of anti-inflammatory mediators as a
way to maintain the dynamic balance in anti and pro-inflammatory re-
sponses, the attenuation of the inflammatory response promotes viral
persistence.

On the other hand, the immune system of individuals with the mild
and asymptomatic form of the disease probably perform an efficient
“control or elimination” of the virus, thus the course of the inflammatory
response follows a continuous flow (inflammation to the resolution of
the response) and there is no the development of severe pathologies
associated with exacerbated inflammation. Therefore, the inflammatory
response during the infection seems to be essential to define the course
of the disease.

Thus, the major key point in the immune response is not only the
activation factor, but also how the response is controlled, maintaining
the balance of the anti- and pro-inflammatory components. The response
will be efficient when this balance is established, generating less damage
to the host.
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