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Abstract

Acute viral respiratory infections are the main infectious disease in the world. In 2020, a new disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), coronavirus disease 2019 (COVID-19), became a global pandemic.
The immune response to the virus depends on factors such as genetics, age and physical state, and its main input receptor is
the angiotensin-converting enzyme 2. The practice of physical exercises acts as a modulator of the immune system. During
and after physical exercise, pro- and anti-inflammatory cytokines are released, lymphocyte circulation increases, as well as
cell recruitment. Such practice has an effect on the lower incidence, intensity of symptoms and mortality in viral infections
observed in people who practice physical activity regularly, and its correct execution must be considered to avoid damage.
The initial response is given mainly by type I interferons (IFN-I), which drive the action macrophages and lymphocytes,
followed by lymphocyte action. A suppression of the IFN-I response has been noted in COVID-19. Severe conditions have
been associated with storms of pro-inflammatory cytokines and lymphopenia, as well as circulatory changes and virus
dispersion to other organs. The practice of physical activities strengthens the immune system, suggesting a benefit in the
response to viral communicable diseases. Thus, regular practice of adequate intensity is suggested as an auxiliary tool in
strengthening and preparing the immune system for COVID-19. Further studies are needed to associate physical exercise
with SARS-CoV-2 infection.
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Introduction

Acute respiratory infections (ARIs) are caused by respira-
tory viruses and bacteria, being the most infectious disease
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ally varies from 2 to 14 days. Approximately 80% of the
cases are asymptomatic or with mild symptoms, and the oth-
ers can be severe or critical and can lead to death [8]. The
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dependent on the interaction between SARS-CoV-2 and the
host’s immune system, the immune response being influ-
enced by genetics (HLA genes), age, sex, nutritional status
and status physical [9].

The immune response includes two stages, innate immu-
nity and adaptive immunity. The first one comprises physical
and chemical barriers and the action of cells such as mac-
rophages, dendritic cells (DCs), natural killer cells (NKs),
neutrophils and molecules such as cytokines, interleukins
(ILs), nitric oxide (NO) and superoxide anion (O2-). The
second one has as mechanism of action the T lymphocytes
(TCD4 +and TCD8 +) and B lymphocytes and their prod-
ucts, such as antibodies and cytokines. Furthermore, the
adaptive immune response can be subdivided into cellular
immunity (mediate by cells as macrophages and lympho-
cytes) and humoral immunity (mediates by cells as mac-
rophages and lymphocytes) and humoral immunity (medi-
ated by antibodies) [10, 11]. The regular practice of physical
exercises promotes improvements in quality of life and can
act in the immune response, reducing the risk of developing
systemic inflammatory processes and stimulating cellular
immunity [12].

Therefore, the present article aims to perform an integra-
tive review of the literature relating the role of physical exer-
cise on the immune system in the fight against COVID-19.
For this purpose, the bibliographic study included knowledge
about respiratory infections, influences of physical exercise
on the immune system and proposed the comprehension of
the most recent information about the immunopathogenesis
of SARS-CoV-2 infection, also comprising its relationship
with the host’s physical and health conditions.

Influence of physical exercise
on the immunological response

Physical activity is considered one of the main components
of healthy living. In addition to the functions related to the
prevention of excess body weight, systemic inflammation
and chronic non-communicable diseases, a potential benefit
of physical exercise in reducing communicable diseases,
including viral pathologies, is suggested [13].

The practice of physical exercise, both in its acute form
and in its chronic form, significantly alters the immune sys-
tem [14, 15]. Studies indicate that the modulation of the
immune response related to exercise depends on factors such
as regularity, intensity, duration and type of effort applied
[13, 16].

Moderate-intensity physical exercises stimulate cellular
immunity, while prolonged or high-intensity practices with-
out appropriate rest can trigger decreased cellular immu-
nity, increasing the propensity for infectious diseases [14,
15]. According to the International Society for Exercise and
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Immunology (ISEI), the immunological decrease occurs
after the practice of prolonged physical exercise, that is,
after 90 min of moderate- to high-intensity physical activity
[17]. Cellular changes due to physical activity are illustrated
in Fig. 1.

Effects of physical exercise on immune
system components

Cytokines

Cytokines are classified as anti-inflammatory and pro-
inflammatory according to their functions. Among the anti-
inflammatory cytokines, we highlight IL-10 and transform-
ing growth factor-beta (TGF-f), responsible for inhibiting
the production of pro-inflammatory cytokines [18]. Among
the pro-inflammatory cytokines, we highlight IL-1, IL-2,
IL-12, IL-18, interferon-gamma (IFN-y) and tumor necrosis
factor-alpha (TNF-a) [19]. Cytokine production can be mod-
ified due to hormonal or oxidative stress and physical exer-
cise. The muscle contraction has the effect of increasing the
release of antinflammatory and pro-inflammatory cytokines
at levels that vary according to the volume of contractile
mass involved, duration and intensity of exercise [20].

Neutrophils

During the practice of physical exercise, the activation of the
muscle fiber is responsible for increasing the release of cal-
cium (Ca2 +) and, therefore, promoting the synthesis of pro-
inflammatory cytokines, namely TNF-o and IL-1p, which
act in the regulation of selectins, which, in turn, attract neu-
trophils to the site [21]. The neutrophilia induced by physical
activity is due to the release of neutrophils from the bone
marrow due to the influence of cortisol [22].

After aerobic physical exercise (approximately 24 h),
there is a significant reduction in neutrophil chemotaxis,
however, without compromising bactericidal activity. The
reduction in neutrophil chemotaxis is reversed within 48 h
after physical activity, during which the opportunistic activ-
ity of infectious microorganisms can occur [23].

Leukocytes

Physical activity is also responsible for increasing the con-
centration of circulating leukocytes [24]. This is due to
shearing of immune cells in blood vessels, especially sec-
ondary lymphoid tissues such as liver, spleen and lung [25].
The leukocyte concentration remains high with a peak of
30-120 min after constant physical activity, which may per-
sist for up to 24 h after [24].
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Fig. 1 Effect of physical activity on the immune system. Source: The Authors (2020)

Antigen-presenting cells (APCs)

The practice of aerobic physical exercise in an exacerbated
manner is responsible for decreasing the expression of Toll-
like receptors (TLRs) in macrophages, considerably reduc-
ing the presentation of antigens to T lymphocytes, thus
causing the suppression of the inflammatory T helper type
1 (Thl) response. Thus, the failure to develop an inflam-
matory activity precludes possible tissue damage resulting
from inflammatory mediators and, consequently, the risk of
chronic inflammatory processes. However, the susceptibility
to infections due to intracellular microorganisms increases
[26].

Natural killer cells (NKs)

During physical activity, blood flow increases in order to
supply the metabolic demands of the human body. The
recruitment of NK cells occurs through cellular stress pro-
moted by exercise and a consequent decrease in adhesion
molecules induced by catecholamines [27]. However, physi-
cal activity lasting more than three hours causes the concen-
tration of NK cells to return to the pre-exercise state or even

lower than this. This is because the NK cells migrate to the
muscle injury site [28].

Lymphocytes

During moderate physical exercise, the concentration of lym-
phocytes increases in the vascular bed and, after strenuous
exercise, decreases to levels below the pre-exercise period
[29, 30]. The CD4 +:CD8 +ratio decreases as TCD8 + cells
increase [14].

TCD4 + cells decrease due to the increase in NK cells
[14, 31]. After physical activity, the lymphocyte concentra-
tion decreases due to the apoptosis mechanism [32]. Thus,
the increase in lymphocyte concentrations favors the Thl-
mediated immune response, preventing infections by intra-
cellular microorganisms [24] (Fig. 2).

SARS-COV-2 virology and the role of the immune
system in COVID-19 infection

SARS-CoV-2 is constituted by single-strand positive-

sense RNA and belongs to the genus Betacoronavirus,
lineage B and subgenus Sarbecovirus. Viral genome
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Fig.2 Innate immune response to the presence of viruses. Source:
The Authors (2020)

studies have identified similarity of SARS-CoV-2 with
bat coronaviruses, as well as coronaviruses responsible
for two previous pandemics: the Severe Acute Respira-
tory Syndrome-Related Coronavirus (SARS-CoV) and
the Middle Eastern Respiratory Syndrome Coronavirus
(MERS-CoV) [33, 34].

Similar to SARS-CoV, the novel coronavirus uses a
structural glycoprotein to infect cells: the envelope Spike
protein (S), using the Angiotensin-Converting Enzyme-2
(ACE2) as entry receptor [33, 34]. ACE2 consists of a cell
membrane protein abundantly expressed in the organism,
which is present in cardiac, pulmonary, renal, intestinal
and vascular cells, and the binding of SARS-CoV-2 with
this enzyme has a strong affinity, which may explain the
high transmissibility of the virus [8, 9, 34].

Due to mainly respiratory symptoms, it is believed that
the target cells of SARS-CoV-2 are in lower airways [35],
as is the case of type 2 pneumocytes or alveolar cells,
the main site of expression of ACE2 receptors [8]. The
result of the interaction between the S receptor binding
domain (RBD) and ACE2 is the fusion of the viral and
host membranes, which proceeds for viral replication and
dissemination and may reach the other cells with ACE2
expression in the organism [8].

With the purpose of containing the infection, the innate
and adaptive immune system is activated by mechanisms
that are not yet completely elucidated. In spite of this, it
is known that effective immunological actions are essen-
tial to control viral replication and dissemination, cellular
inflammation and tissue injury, and many studies have
reported that the immune response of the host influences
the severity of COVID-19 [9, 36-38].
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Immune response to coronavirus infections

To initiate the antiviral response, cells of the innate
immune system need to recognize the infection, a process
performed through pattern-recognition receptors (PRRs)
such as TLR, NOD-like receptor (NLR), C-type lectin-
like receptor (CLR), RIG-I-like receptor (RLR) and free-
molecule receptors in the cytoplasm, which detect path-
ogen-associated molecular patterns (PAMPs). Once viral
nucleic acids are recognized as PAMPs, PRRs activate
molecular pathways of inflammatory response, stimulating
chemotaxis, maturation of immune cells, phagocytosis and
expression of inflammatory factors [39].

Viral recognition by TLR3, TLR7 and RIG-I receptors
leads to activation of the nuclear factor-xB (NF-kB) and
IRF3 signaling cascade, with nuclear transcription and
expression of type I interferons (IFNs-I) and pro-inflam-
matory cytokines, creating the first line of defense against
viral infections. The IFNs-I (IFN-a and IFN-P) are the
most important antiviral cytokines, and they act as immu-
nomodulators influencing the activities of macrophages
and lymphocytes, performing actions such as protection
of non-infected cells, containment of viral replication and
effective activation of the adaptive immune system [8, 9,
39].

A suppression or delay of IFNs-I response—due to viral
evasion mechanisms—results in impairment of early infec-
tion control, hyperinflammatory infiltrate of neutrophils,
macrophages and monocytes into the lungs, production of
cytokines by these cells and lung tissue damage. This pro-
cess, described in SARS-CoV and MERS-CoV, has been
suggested as a possible strategy to trigger or collaborate
to the pathology of COVID-19 [8, 9].

Macrophages and DCs act as APCs for lymphocytes
via MHC and produce a microenvironment of signal-
ing cytokines, activating the adaptive immune system. T
lymphocytes perform important functions against viral
microorganisms, since TCD8 4 can cause direct cyto-
toxicity against infected cells and TCD4 + stimulate B
lymphocytes to produce neutralizing antibodies. In turn,
T helper lymphocytes (Th)—predominantly Th1—con-
tribute to the organization of the adaptive response and
release cytokines that are able to recruit monocytes and
neutrophils and to promote other cascades of pro-inflam-
matory molecules, amplifying the immune response [8,
39] (Fig. 3).

The complement system can also be activated and
has an important role in coronavirus infections, because
it helps the innate immune system to identify antigens.
However, its activation can contribute to the disease due
to its potent capacity to stimulate neutrophils and to recruit
inflammatory cells, which can trigger tissue damage [39].
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Fig.3 Adaptive immune response to the presence of viruses. Source:
The Authors (2020)

Unbalanced immunological responses at COVID-19

Studies suggest that in mild cases, pulmonary tissue mac-
rophages are capable of containing SARS-CoV-2 and innate
and adaptive immune responses are efficiently activated
against viral replication. However, severe cases of COVID-
19 are associated with an imbalance in antiviral immunity,
characterized by two main situations: a pro-inflammatory
cytokine storm and a lymphopenia state [37, 38].

The degree of lymphopenia and cytokine storm was
related to the severity of COVID-19 [7], and similar situ-
ations had already been reported in other respiratory viral
infections, including influenza, SARS-CoV and MERS-CoV.
Activation of the complement system and abnormalities
in coagulation were also observed in severe patients with
markers such as C-reactive protein (CRP), dimero-D and
fibrin degradation products, which are usually elevated in
advanced stages of the disease [37, 38].

The mechanism of cytokine storm and lymphopenia asso-
ciated with circulatory alterations and viral dissemination to
several organs was proposed as being responsible for viral
sepsis. Among the complications of this condition are acute
respiratory distress syndrome (ARDS), septic shock, multi-
ple organ failure (MOF) and death [8, 38].

Cytokine storm

In patients with severe COVID-19, increased levels of
cytokines were observed, including IL-1f, IL-2, IL-6, IL-8,
IL-10, IL-17, interferon-gamma (IFN-y), tumor necrosis
factor alpha (TNF-a), granulocyte-colony stimulating fac-
tor (G-CSF), gamma-induced protein 10 (IP10), monocyte
chemoattractant protein 1 (MCP1), macrophage inflamma-
tory protein 1 alpha (MIP1-a) and other molecules, char-
acterizing the cytokine storm [37, 38]. Additionally, eleva-
tions of IL-1p, IFN-y, IP10 and MCP1 in infections by the
novel coronavirus were associated with the Th1 response;
however, an increase in interleukins of the T helper type
2 (Th2) profile, such as IL-4, IL-5, IL10, which suppress

the inflammation, was also associated with a greater sever-
ity of COVID-19, which may demonstrate an imbalance in
immune regulation and an attempt to minimize tissue inflam-
matory damage [35, 40].

The cytokine storm generates an immunological system
attack against the organism, which can cause substantial
lesions in organs such as the lung, heart, brain, kidneys,
spleen, liver and lymph nodes. The increase of neutrophils,
macrophages and monocytes in association with a dysfunc-
tion of the IFN-I response has been reported as the main
cause of lethality in SARS-CoV and MERS-CoV pneumo-
nia, and a similar conclusion has been suggested for SARS-
CoV-2[9, 37, 38].

In the lungs, alveolar macrophages and epithelial cells
are the most responsible for the production of cytokines
and chemokines. During infection by the novel coronavi-
rus, excessive secretion of these molecules by the immune
cells mediates a massive pulmonary infiltrate of neutro-
phils, monocytes and macrophages, which results in alveo-
lar damage due to wall thickening and formation of hyaline
membranes. In addition, the accumulation of neutrophils in
the lungs increases the production of reactive oxygen spe-
cies (ROS) and pro-inflammatory molecules, predisposing
to injury [41]. Therefore, high levels of pro-inflammatory
cytokines are associated with respiratory insufficiency,
ARDS and may lead to shock, MOF and death in the
COVID-19 [37, 38].

In comparison, pulmonary disease caused by SARS-CoV
also presents with formation of hyaline membranes, des-
quamation of alveolar space pneumocytes and interstitial
infiltration with lymphocytes and mononuclear cells. In the
serum of patients who develop SARS, there are high levels
of cytokines and pro-inflammatory chemokines [42].

Additionally, it has been observed that during viral infec-
tions, pro-inflammatory cytokines can stimulate an increase
in the levels of ACE2 protein, the receptor for SARS-CoV-2.
A larger quantity of this protein may accelerate the entry of
the novel coronavirus into the host cells and contribute to
its dissemination in the organism, negatively influencing the
antiviral response [34].

Changes in cellular counts

In critically ill patients, a state of immune suppression is
also described, with a significant and sustained decrease in
the absolute number of TCD4 + and TCDS8 + lymphocytes,
possible reduction of B lymphocytes, NK cells, monocytes,
eosinophils and basophils [37, 38]. The study conducted by
Liu et al. [7] did not observe significant changes in the total
counts of B lymphocytes, NK cells and monocytes; however,
there was a considerable reduction in the lymphocyte count
in peripheral blood of patients with severe COVID-19 at the
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beginning of the disease, especially cytotoxic TCDS + cells
[7].

Activation markers for TCD4 + and TCDS + lymphocytes
showed excessive stimulation and exhaustion markers for
TCDS8 + lymphocytes were elevated in the disease, sug-
gesting lymphocyte dysfunction [9, 37]. Additionally, an
increase in the number of neutrophils and a greater neutro-
phil-to-CD8 + T cell ratio (N8R) was associated with severe
COVID-19 and proposed as the most significant predictor of
poor prognosis [7, 37].

Cell death induced by interaction between Fas and Fas
ligand by activation of the TNF-related apoptosis induc-
ing ligand axis and by direct infection of T lymphocytes
by SARS-CoV-2 may be responsible for the origin of lym-
phopenia in COVID-19 [38]. The cytokine storm can also
influence the lymphopenia, since in the study of Liu et al.
[7], the peaks in cytokine levels IL-2, IL-4, IL-10, TNF-«
and IFN-y coincided with the lowest T lymphocyte counts,
about 4-6 days after the onset of severe COVID-19; there-
fore, the restoration of T cell numbers was associated with
reductions in circulating cytokines [7].

The fact that T cells are important regulators of the acti-
vation of the immune system during a viral infection may
explain how lymphopenia is related to the worsening of
inflammatory responses [7]. In consequence of lymphopenia
and lymphocyte dysfunction, the adaptive immune response
is ineffective and the infection is not adequately controlled,
further increasing the stimulation of cytokines and cellular
infiltrations [38].

Coagulation disorders

It was observed that patients with SARS-CoV-2 infection
present increased risk of venous thromboembolism (VTE)
and disseminated intravascular coagulation (DIC). Coagu-
lopathy associated with COVID-19, as it may be named,
is characterized by hypercoagulability and thrombosis and
is associated with worse prognosis in infection. Among
the altered coagulation parameters in patients with severe
COVID-19 are exacerbated coagulation activation, coagula-
tion factor consumption, prolongation of prothrombin time
(PT) and activated partial thromboplastin time (aPPT), mod-
erate to severe thrombocytopenia, increased D-dimer and
reduction of fibrinogen [43].

Through a retrospective analysis of 183 patients with
coronavirus pneumonia, high levels of the D-dimer and
fibrin degradation product have been identified, in addi-
tion to prolonged PT, as well as aPPT in patients who had
deceased. Tang et al. [44] considered the D-dimer as an
important coagulopathy marker in cases of SARS-COV-2
infection. The same findings were found in the studies by
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Han et al. [45] who see the use of hemostasis tests as tools
to be used in early diagnosis and in monitoring disease
progression [46].

Blood coagulation is the fastest mechanism in the con-
finement and inactivation of infections, being the first and
the last defense line of the innate immune system to take
place in tissues and blood circulation. The sore promotes
the activation of the endothelial cells and the dysfunc-
tion of the endothelium, thus generating a pro-thrombotic
state [47]. In cases hyperactivation of the immune system,
the coagulation may become intravascular and dissemi-
nated, therefore causing multiple organ failure. After all,
the amount of vascular endothelial lesions of organs and
tissues is, due to their activation intent, inversely propor-
tional to the amount of existing coagulation factors [48].

Thereupon, the first clinical studies carried out in
patients with pneumonia caused by the Coronavirus con-
firmed the occurrence of organ dysfunction and coagu-
lopathy as possible causes of the negative outcomes of
the disease [44]. The activation of the immune system,
in response to the infection, leads the production of
cytokines and tissue factor expression. The cytokines, in
large amounts, harm the gas exchange and lead not only
to inflammation but fibrinolysis, thus increasing D-dimer
concentration [49].

The tissue factor is related to an increase in thrombin
generation and fibrin deposition, leading to hypercoagu-
lability and CIVD and, thus, a worse prognosis [46, 49].
As a contributor to the coagulation process, there is the
presence of polymorphonuclear leukocytes (PMN) that
are activated during the inflammatory process, releasing
extracellular neutrophil traps (NETs) which contain pro-
teases that generate the inactivation of endogenous anti-
coagulants and the propagation of a procoagulant state.
The interaction of activated platelets with PMN can form
vaso-occlusive thrombotic complexes [47].

Some authors also elucidate the virus’s relationship
with the ECA2 functional receptor, present in the arte-
rial and venous endothelial cells of most human organs
and part of both axes of the renin—angiotensin system,
the vasoconstrictor ECA/Ang/ATI1R and the vasodilator
ECA2/Ang-(1-7)/MAS [50, 51]. Dalan et al. [52] cite that
both aging and metabolic disorders positively regulate the
ECA/Ang/ATI1R axis, leading to inflammatory, oxidative,
vasoconstrictor and fibrotic effects. Therefore, the ECA2/
Ang-(1-7)/MAS axis is negatively regulated, resulting
in a decrease in the anti-inflammatory and anti-fibrotic
effects [52]. The connection of SARS-COV-2 to the ECA2
receiver affects the balance between ECA/Ang/AT1R and
ECA2/Ang-(1-7)/MAS, making the effects of the ECA/
Ang/ATIR axis even more prominent [53].



Clinical and Experimental Medicine (2021) 21:15-28

21

Host condition and COVID-19
Aging

The different immune responses of the host to the SARS-
CoV-2 infection may explain the reason why men and
women, young and old, infected by the virus can suffer a
different severity of the disease [54]. Therefore, a consid-
erably higher mortality rate was observed in patients with
advanced chronological age [55].

Immune aging is related to an increase in individuals’ sus-
ceptibility to infections, due to the decline in immune func-
tion, which can occur at any stage of the immune response.
Such changes can be seen, especially when associated with
emotional stress [56]. Immune senescence is associated
with the suppression of the activation and presentation of
antigens by macrophages, which consequently prevent the
migration of dendritic cells and the activation made by Toll
receptors with less effect [56, 57]. Ewers et al. [58] mention
the decline and proliferation of T cells, in addition to the
increased production of pro-inflammatory cytokines IL-1,
IL-6 and TNF-a in the elderly.

Another point is the imbalance between Thl and Th2
cytokines, generating an increase in the susceptibility of
these individuals as infections by viruses and extracellular
bacteria [58]. In view of this, aging is associated with a con-
stitutive pro-inflammatory environment due to persistent and
low-grade immune activation, which can lead to increased
tissue damage caused by infections [57].

Also, there should be taken into account the positive
regulation of the ACE-Ang-II-AT axis that leads to pro-
inflammatory and pro-fibrotic effects. Although not very
detailed, it is still suggested the occurrence of a greater num-
ber of ECA2 receptors associated with aging, which would
increase this imbalance. After all, it is through this receptor
that SARS-COV-2 infects humans and thus contributes to
the development of COVID-19 in older people [52].

Obesity, type 2 diabetes mellitus (T2DM) and metabolic
syndrome (MS)

The precarious metabolic health is considered the main risk
factor for the development of severe forms of COVID-19.
This may occur in T2DM, obesity and MS, possibly due to
immune dysfunction in synergism with pathophysiological
complications of these comorbidities [59].

Increased ACE2 expression is a protective adaptive mech-
anism in T2DM; however, it may facilitate the viral entry
and spread of SARS-CoV-2 in the body [59]. Adipose tissue
also exhibits high expression of ACE2, so the population
with obesity may present greater vulnerability to COVID-
19 [43].

It was observed that the expression of ACE2 in the adi-
pose tissue of obese patients allows viral entry in adipocytes
and makes this tissue a reservoir for the viral dissemination
of SARS-CoV-2, since it is viscerally distributed [43, 51]. In
addition, obesity is an important factor for the development
of T2DM—especially when associated with low levels of
physical activity and poor physical conditioning—and as
mentioned, both diseases are related to higher expression of
ACE?2, increasing the risk of advanced infection by SARS-
CoV-2 [43].

Metabolic disorders lead to immune activation of tissues
such as the adipose, increasing the concentration of low-
grade chronic inflammation plasma markers, called meta-
bolic inflammation or meta-inflammation [61]. In this sense,
the release of pro-inflammatory adipokines such as leptin,
TNF-a, IL-6 and IL-1b is observed, with a reduction in anti-
inflammatory action through the suppression of adiponectins
[62, 63]. The presented relationship is directly proportional
to the presence of adipose tissue, the same that can be regu-
lated through the practice of physical activity [64].

The pro-inflammatory state found in metabolic syndrome
and T2DM may increase the probability of an unbalanced
inflammatory response in COVID-19, like the cytokine
storm described in patients with severe disease [59]. Simi-
larly, as obesity is a state of low-grade chronic inflamma-
tion, it shows a potential for immune amplification of patho-
gens, as the regulatory elements of the immune response
are absent or dysfunctional and this may contribute to the
cytokine storm, which is already in greater concentration in
obese individuals and which sustains and activates multiple
cytokine pathways for a long time after the viral insult [65,
66].

Damage to blood vessels caused by chronic diseases,
such as T2DM, associated with hypercoagulability present
in COVID-19 may intensify the risk of infection complica-
tions [59]. Obesity can also aggravate endothelial dysfunc-
tion present in COVID-19 due to inflammation triggered
by perivascular and vascular adipose tissue, combined with
changes in the synthesis of endogenous vasoactive agents,
leading to platelet hyperactivation, leukocyte adhesion and
other modifications related to endothelial inflammation, pro-
thrombosis and proatherogenesis [43].

Hypercoagulability is directly proportional to the sever-
ity of overweight in obese patients. Among the pathophysi-
ological mechanisms are the action of adipocytokinins, with
leptin and adiponectin, overactivity of coagulation factors,
reduction of fibrinolytic function and, once again, increased
inflammation (TNF and IL-6). Other contributors include
elevated oxidative stress, lipid and glucose tolerance disor-
ders, MS and venous stasis. Thus, it is considered a synergic
effect of obesity and MS on the state of hypercoagulability
in COVID-19, aggravating the risk of VTE and DIC even
more [43].
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There is also a greater amount of macrophages in the
adipose tissue of obese individuals due to areas of micro-
hypoxia, which lead to the nuclear factor-xB (NF-kB) path-
way activation, thus increasing the expression of genes
involved in inflammation [61]. This condition is the result
of the attraction of monocytes in the circulation made by
chemokines; when they infiltrate the adipose tissue, they
transform into macrophages, which, in turn, release TNF-a
and IL-6 which induce the tissue’s resistance to insulin
[63]. Insulin resistance is also related to the host’s immune
response, as it can inhibit the resolution of T cell-mediated
inflammation [61].

The adipose tissue is not the only one affected by the
deposition of fats, because of that, bone marrow and thymus
also present significant changes to the immune system of
obese individuals and those with MS [67]. Thus, there is a
marked deregulation of immune responses, which leads to a
lower presence of circulating T cells, reducing the response
to pathogens [60, 61, 65].

Physical exercise and COVID-19

Despite the lack of accurate data on how physical activity
improves the immune response against the new coronavirus,
there is evidence of lower rates of ARI incidence, duration
and intensity of symptoms and risk of mortality from infec-
tious respiratory diseases in individuals who exercise at high
levels appropriate. Furthermore, different studies suggest
that regular physical exercise is directly related to decreased
mortality from pneumonia and influenza, improvements in
cardiorespiratory function, vaccine response, metabolism of
glucose, lipids and insulin [13, 16].

Increased immune surveillance against infections has
been proposed as a mechanism responsible for improving
the immune response related to physical exercise. Moderate-
intensity physical activity is responsible for providing an
increase in the anti-pathogenic activity of macrophages, at
the same time as elevations in the circulation of immune
cells, immunoglobulins and anti-inflammatory cytokines
occur, thereby reducing the burden of pathogen on organs
such as the lung and the risk of lung damage due to the
influx of inflammatory cells [12].

During regular physical exercise practices, inflammatory
responses and stress hormones are decreased; in contrast,
lymphocytes, NK cells, immature B cells and monocytes
are at high levels. Thus, there is an improvement in immu-
novigilance, as well as a reduction in the systemic inflam-
matory process, factors that corroborate that regular physical
activity helps to improve the immune system, while helping
to prevent respiratory diseases and thus protect against infec-
tions such as COVID-19 [68].

@ Springer

Dynamic exercises that generate cardiorespiratory over-
load promote the mobilization and redistribution of effec-
tor lymphocytes, mediated by catecholamines. This action
primarily stimulates subtypes of lymphocytes capable of
migrating from reservoirs—such as blood vessels, spleen
and bone marrow—to lymphoid tissues and organs—such
as the upper respiratory tract, lungs and intestines, aiming
at recognizing and fighting pathogens and, thus, increasing
immune surveillance and improving the antiviral response
[16].

Similarly, regular exercise practices at moderate levels
favor the function of the human body’s immune surveillance
against pathogens, as they stimulate an exchange of white
blood cells between the circulatory system and tissues, a
fact that reduces morbidity and mortality from acute respira-
tory disease and infections viral. They are also capable of
promoting protection against infections triggered by intra-
cellular microorganisms, as viral agents, given that the pre-
dominant immune response is mediated by Th1 cells [68].

Regular exercise of moderate intensity has already
been associated with a reduction in respiratory infections
compared to sedentariness. However, exhaustive physical
practices before or during an infectious condition, such as
influenza or COVID-19, can trigger severe illness due to
changes in the immune system [40, 68]. This occurs due to
the production of Th2 anti-inflammatory cytokines in order
to reduce muscle tissue damage, but in strenuous activities
this effect can reach immunosuppression levels, thus provid-
ing the opportunity for infections [12, 40]. Therefore, atten-
tion should be paid to the importance of developing physical
training at appropriate levels of execution.

To the detriment of the world demographic change and
the habits arising from the technological revolution, the
population is aging more, becoming more obese and, con-
sequently, less active when it comes to physical exercise. In
this way, the immune system undergoes negative changes;
that is, there is a functional impairment of innate immunity
and adaptive immunity called immunosenescence, which
results in greater susceptibility to infectious diseases and
systemic inflammatory processes, decreased response to
antibodies and, therefore, compromised immunological
surveillance [68].

Therefore, for the elderly population, physical activity
is even more essential, as these individuals generally have
greater comorbidities and, in relation to the new coronavirus,
are more vulnerable to contracting the disease [69]. Damiot
et al. [70] suggested that individuals who have remained
active throughout their lives have less pronounced immu-
nosenescence characteristics, which may be a possible
protective factor against the development of complications
caused by COVID-19.

In this sense, beneficial effects of regular physical exer-
cise have been reported in the elderly population, including
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reduction in oxidative stress, improvement in immune com-
petence and reduction in cellular changes related to immu-
nosenescence [13, 16]. Elderly individuals who maintain
continued physical activity have levels of TCD4 + and
TCDS8 + lymphocytes similar to younger individuals, in
addition to not having harmful defects in the recruitment of
lymphocytes during the infectious process [58].

According to the study by Ferrer et al. [71] with 116
elderly volunteers, through physical activity there is a
decrease in the current levels of IL-6, as well as an increase
in the expression of IL-10 in active individuals [71]. A
low presence of circulating pro-inflammatory cytokines is
observed in contrast to the increase in anti-inflammatory
cytokines. Thus, there are positive changes in the immune
system of these individuals, including enhancements in host
response and vaccine immunoprotection [70].

Similarly, while prolonged maintenance or worsening
of obesity and MS perpetuates deregulation of immune
responses, promoting greater risks of the individual develop-
ing diseases and increasing their vulnerability to infection by
the novel coronavirus [43, 59, 61]. An association between
physical activity and reduction of inflammatory markers in
obese and overweight patients is suggested [13].

Luzi and Radaelli [72] add the lack of physical activity as
an important factor among obese patients, as it impairs the
immune response against microbial agents, from the activa-
tion of macrophages to the inhibition of pro-inflammatory
cytokines. On the other hand, both metabolic health and
immune health benefit from the practice of physical activ-
ity, which reduces the risk of infectious complications. Thus,
regular physical exercise appears as a preventive measure in
the defense of the host against viral infection [72].

Muscle contraction is responsible for the transient
increase in circulating levels of IL-6 cytokine, in proportion
to the duration of physical activity and the amount of muscle
mass recruited. The elevation of this interleukin seems to be
followed by increases in antinflammatory cytokines, such as
IL-10, released by cells of innate immunity and responsible
for promoting an antinflammatory environment, inhibiting
inflammatory mediators to limit tissue damage. This effect
may be beneficial in cases of chronic inflammation, such as
obesity, T2DM and MS, and may reduce the risk of a path-
ogenic inflammatory response such as the cytokine storm
present in severe COVID-19 [40, 59].

In addition, IL-10 is associated with enhanced insulin
sensibility and glycemic metabolism [40]. Physical practice
is able to reduce the excessive concentration of pro-inflam-
matory adipocin leptin and improve sensitivity to leptin and
insulin [72, 73]. In patients with T2DM and new coronavirus
infection, good glycemic control has been associated with
better prognosis in COVID-19 [59].

Thus, physical exercise is shown to be an immunomodu-
latory and non-pharmacological intervention, achieving

positive immunomodulation through exercises of light
to moderate intensity [72]. Through exercise, there is an
improvement in the response to infection in obese individu-
als, due to immune and cellular restoration [74]. Although
COVID-19 is not primarily a metabolic disease, there is a
need to maintain metabolic control of glucose, lipid levels
and blood pressure in order to prevent metabolic and cardio-
vascular complications, as well as to reduce the local inflam-
matory response and block the virus entering the cells [75].

As seen, innate immunity has an important role in the
pathogenesis of COVID-19 and ARDS, due to inflamma-
tory cascades, recruitment of neutrophils, macrophages and
DC cells and increased production of ROSs. In turn, by the
modulation mechanism of chemokine production, physical
training and therapeutic exercises can attenuate alveolar neu-
trophilia in the face of lung injury [41].

Furthermore, the expression of the extracellular superox-
ide dismutase enzyme (EcSOD), an important antioxidant
in the body and highly present in the lungs, is enhanced by
resistance physical activity and was associated with inhibi-
tion of endothelial activation and inflammatory adhesion,
with potential benefit to reduce oxidative stress and tissue
damage in COVID-19 [41]. The amplification of the anti-
oxidant defense generated by routine physical activity also
contributes to immunological surveillance [13].

Moreover, Womack, Nagelkirk and Coughlin [76] point
out that through the intensity of physical exercise, a change
in the potential for coagulation, platelet aggregation and
fibrinolysis can be seen. As an example, there is long-term
training through aerobic exercises where a decrease in the
clotting potential is observed in healthy individuals. Thus,
it is suggested that the practice of physical exercises con-
tributes to reducing the risk of ischemic events depending
on their intensity and duration [76] and may contribute to
attenuating coagulation disorders associated with SARS-
CoV-2 infection.

The anti-inflammatory, antioxidant and endothelial acti-
vation inhibitor benefits may also be linked to the reduction
in hypercoagulability related to COVID-19. This is because,
as previously mentioned, the exacerbated activation of the
immune system increases the expression of the tissue factor
and, consequently, the predisposition to the formation of
thrombi; in addition, metabolic disorders, oxidant stress and
changes in senescence positively stimulate the vasoconstric-
tor axis ECA/Ang/ATI1R, contributing to endothelial imbal-
ances [46, 47, 49-53, 69]. Therefore, the immunometabolic
improvements promoted by physical exercise may help in the
control of coagulation disorders in the COVID-19 (Fig. 4).

Finally, in view of the quarantine status adopted in several
countries as a measure to prevent and control the spread of
SARS-CoV-2 during the COVID-19 pandemic, social isola-
tion and restrictions on the movement of people reduced the
practice of physical activity, predisposing the population to
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Fig.4 Benefits of regular
moderate-intensity physical
activity on factors that influence
the response against to COVID-
19. Source: The Authors (2020)
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adopt sedentary behavior [77]. Social distancing is a sine
qua non in reducing the speed of contagion of COVID-19
and associated deaths. However, due to these measures,
sports clubs, gyms and fitness spaces have suspended their
activities in order to reduce agglomerations; thus, difficulties
regarding physical exercise were imposed [78].

Therefore, despite being one of the main strategies against
COVID-19, social isolation has been related to behavioral
and physiological changes, including the increased preva-
lence of sedentarism and eating disorders (food compul-
sion, hyperphagia), resulting in negative consequences for
metabolic health, such as weight gain, growth of fat tissue,
hyperglycemia and insulin resistance and loss of muscle tis-
sue [59]. Since this condition can harm the body’s defenses
and contribute significantly to the reduction in individuals’
physical condition, functional and health loss, the adoption
of healthy habits and an exercise routine can help in main-
taining health [59, 69].

It is significant to consider that contexts like this increase
the susceptibility to stressful events and elevations of gluco-
corticoids (cortisol), with consequent inhibition of the func-
tions of NK cells and TCD8 + lymphocytes in the antiviral
response. However, good physical conditioning was associ-
ated with lower risks of reactivation of latent viral infec-
tions in situations of isolation and confinement, indicating
a favored immune system compared to individuals with less
physical fitness [16].

Physical activity is considered a non-medication practice
for the prevention and treatment of diseases of psychologi-
cal, physical and/or metabolic origin [78]. Regular physical
exercise should be encouraged during social isolation as a
preventive measure for health, given that exercise is essential
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during the period of fight against the spread of coronavirus
[69].

The American College of Sports Medicine (ACSM) rec-
ommends that the practice of moderate physical exercise
should be maintained during the quarantine period, since it
helps in the immune reinforcement against SARS-CoV-2.
The WHO recommends that asymptomatic and healthy
individuals should exercise at least 150 min per week for
adults and 300 min per week for children and adolescents.
These times can be distributed during the days of the week
and according to the person’s routine [69]. It is important to
emphasize that physical activity should be interrupted and
a health professional should be consulted in case symptoms
such as fever, dyspnea at rest and dry cough are manifested,
because these symptoms can be related to COVID-19 [69,
79].

In social isolation, the home environment has become
the ideal and necessary place for physical activity. Activi-
ties that are satisfactory and that allow better exploring the
home space should be sought. Activities of daily living
such as organization of spaces, cleaning and maintenance
also help in coping with COVID-19. In environments with
children, playing and exercising with them is a great way
to promote energy expenditure, thus leaving the beginning
of sedentary rest. Meditation, stretching and relaxation are
allies in combating a sedentary lifestyle. It is important to
avoid long rest periods, which should be intercalated with
active practices [69].

The ACSM has published guidelines for moderate-inten-
sity activities that can be practiced during the pandemic
period, including aerobic exercises and strength training,
indoors, like at home, or outdoors, when permitted by
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government authorities. Options for aerobic activities to be
performed at home include walk briskly around the house,
up- and downstairs, dancing and jumping rope. When pos-
sible, walking or running outdoors, cycling, gardening work
and family games are interesting alternatives, as long as
infection prevention measures are maintained [79].

Among the strength activities, ACSM indicates down-
loading a strength workout app that does not require any
equipment and suggests exercises such as squat, sit-ups,
push-ups, lunges and yoga practice, which can also help in
anxious states [79]. Oliveira Neto et al. [80] suggest resist-
ance exercises based on ACSM recommendations to be per-
formed at home, including exercises involving the muscles
of the lower body, upper body and limbs, and lower limbs,
which can be adapted for beginners in physical practice or
experienced people.

Activities that make use of the individual’s own body
weight, associated with resistance training as well as the
use of elastic bands, provide excellent health results, results
similar to those achieved by traditional gyms. Thus, objects
such as backpacks, books, market bags and water bottles can
be used as an auxiliary tool in resistance physical activity.
Exercises such as squats, jumping jacks and going up and
down steps can be effective in physical training [78].

As for the intensity and volume of physical exercise
practices, these must be moderate, as they exceed both the
volume and the intensity, effects such as momentary immu-
nosuppression are achieved, thus providing greater vulner-
ability as to the contagion of the novel coronavirus. If indi-
viduals want to practice high-intensity exercises, a reduction
in exercise volume should be adopted as a preventive meas-
ure, in order to avoid strenuous exercises [78].

In addition, technological tools can contribute to the bet-
ter performance of these activities in the home environment,
as video calls with a physical education professional facili-
tate the orientation of the exercises to be performed, provid-
ing support that has, as a consequence, better results and
greater safety in the execution of the exercises. Regardless of
whether or not you are in the risk group for COVID-19, reg-
ular exercise, according to the ACSM, should be regularly
performed, given that it aims to improve the immune system,
reduce stress perceived and decrease anxiety disorders [78].

Conclusion

There are still gaps in the knowledge regarding the patho-
genic mechanisms involved in SARS-CoV-2 infection.
However, there is consensus in the scientific literature
about the important involvement of the immune system in
the susceptibility, progression and outcome of COVID-19.
The imbalance in innate and adaptive immune responses,
characterized mainly by changes such as cytokine storm

and lymphopenia, in addition to the disorders in coagula-
tion- and host-related conditions, including obesity, meta-
bolic syndrome and aging (immunosenescence), is among
the factors notoriously associated with a worse prognosis
of infection.

The benefits of exercise—regular and at appropriate
intensity levels—for the immune system in respiratory
infections such as COVID-19 include increased immu-
novigilance and improved immune competence, which
help in the control of pathogens, a fact that becomes more
important considering the immunosenescence and suscep-
tibility of the elderly population to severe infection. Other
favorable effects in relation to host factors, such as preven-
tion or reduction of overweight, increased physical and
cardiopulmonary conditioning, attenuation of the systemic
pro-inflammatory and pro-thrombotic states, decrease in
oxidative stress, improvements in glycemic, insulinic and
lipidic metabolisms, besides the enhancement of the vac-
cination response, also indicate how adequately physical
activity can help the organism’s immune response against
COVID-19.

In the COVID-19 pandemic situation, adopting mitiga-
tion practices is an essential strategy to reduce the risks
related to the novel coronavirus infection. These inter-
ventions include the use of personal protective equipment
(PPE), adherence to hygiene procedures and social isola-
tion measures, as well as actions that lead to a health-
ier lifestyle, minimize stress factors and strengthen the
immune system, such as regular physical activity.

However, remaining active at appropriate levels seems
to be a challenge in a context of confinement and social
isolation, which emphasizes the importance of developing
training with recommendations adapted to the new routine
of the population. Fortunately, there are viable alternatives
for performing physical exercises in restricted environ-
ments, enabling the population to enjoy the advantages
of physical training for health in the context of OVID-19.

Finally, future studies that deepen the relationship
between physical activity and infection by SARS-CoV-2,
including the influences of exercise on metabolic and
immunological disorders present in COVID-19, will cer-
tainly be relevant in view of the probable benefits already
mentioned and considering the impacts of infection by
the novel coronavirus in the global context. Faced with
the possibility of new pandemics by previously unknown
microorganisms, without totally effective prevention meas-
ures, vaccines or specific treatments of proven efficacy,
the host organism’s capacity against infections becomes
the most important line of defense, thus emphasizing the
importance of investing in lifestyle habits that promote
health and well-being, such as the practice of physical
activity.
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