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Correspondence Abstract
Guilherme Furtado, Health Sciences SIE
Research Unit: Nursing (UICISA:E), The new coronavirus (SARS-CoV-2) appearance in Wuhan, China, did rise the new

Nursing School of Coimbra (ESEnfC),

Coimbra, Portugal. . i . .
Email: furts2001 @yahoo.com.br Health Organization to declare a new global pandemic. To contain and mitigate the

virus disease (COVID-19), which spread globally in a short time, leading the World

spread of SARS-CoV-2, specific public health procedures were implemented in vir-
tually all countries, with a significant impact on society, making it difficult to keep
the regular practice of physical activity. It is widely accepted that an active lifestyle
contributes to the improvement of general health and preservation of cardiovascu-
lar, respiratory, osteo-muscular and immune system capacities. The positive effects
of regular physical activity on the immune system have emerged as a pivotal trig-
ger of general health, underlying the beneficial effects of physical activity on mul-
tiple physiological systems. Accordingly, recent studies have already pointed out
the negative impact of physical inactivity caused by the social isolation imposed

by the public sanitary authorities due to COVID-19. Nevertheless, there are still no

current narrative reviews evaluating the real impact of COVID-19 on active lifestyle
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1 | BRIEF SUMMARY OF THE
COVID-19 ERA AND ITS IMPACT ON
THE LIFESTYLE

On 11 March 2020, the World Health Organization (WHO)
officially declared that the world was facing a pandemic situ-
ation caused by the new coronavirus (SARS-CoV-2), a virus
identified in December 2019 after the sequencing of clinical
samples from a group of patients presenting pneumonia-like
symptoms in Wuhan, China.' By phylogenetic analysis, this
new coronavirus (nCoV-2019) was allocated into the genus
Betacoronavirus, in which SARS-CoV and MERS-CoV are
also found and, for this reason, the name SARS-CoV2 was
coined.? It is worth mentioning that the disease caused by
SARS-CoV-2 is currently called ‘coronavirus disease-2019’
or simply COVID-19.!

Among WHO recommendations, social isolation and/or
social distance become mandatory and must be adopted by
the governments worldwide (with exceptions) to minimize
the SARS-CoV-2 splread.3 Currently, there is no doubt that
the quarantine period is of utmost importance to control the
rapid viral infection spread.1 However, as another side of
the same coin, the sudden onset of a quarantine period not
only implies a rapid change in people's lifestyles but also can
impact the health of these isolated persons, since it favours
impairment in dietary habits,* changes in psychosocial be-
haviour > and reduced levels of physical activity in all age
individuals.® In this regard, it is noteworthy to emphasize
that one of the most impacted habits in the current quaran-
tine were those associated with regular physical exercise
(rPE), including indoor or outdoor practice.7'9 Corroborating
these pieces of information, recent studies demonstrated that
during COVID-19 confinement, the overwhelming majority
of the population declared not only a significant reduction of
daily self-reported physical activity as well as an increase in
sedentary time.” 2

These studies showed that, in a general way, the confine-
ment imposed by the pandemic led to an expressive increase
of sedentary behaviour with an elevation in the time watch-
ing TV (72.3%), logging to social media (81.9%) and using
electronic gadgets (82.7%). These records are accordingly
in opposition to the reduction of 40%-60% of time spent in
some aerobic exercises (eg walking and jogging), as well as

or even discussing the possible beneficial effects of exercise-promoted immune up-
grade against the severity or progression of COVID-19. Based on the consensus in
the scientific literature, in this review, we discuss how an exercise adherence could
adequately improve immune responses in times of the ‘COVID-19 Era and beyond’.

COVID-19, inflammaging, lifestyle, physical inactivity, SARS-CoV-2, vaccination

in the practice of rPE at different intensities, either vigorous
(£15%) or moderate (<30%), both men (21%) and women
(9%) individuals.'"1?

There is a consensus in the scientific literature that main-
taining an active lifestyle with rPE benefits populations of
different age groups.”’14 Since the rPE is closely associated
with an establishment of favourable health status for the pop-
ulation, it is very important to define some points related to
its practice by individuals. In this sense, whilst the perfor-
mance of a single bout of exercise is named acute exercise,
the performance of repeated bouts of exercise during a period
of time is known as rPE, exercise training or chronic exercise.
Moreover, the benefits of rPE are dependent on exercise in-
tensity, which are defined as low [<40% of maximal oxygen
uptake capacity (VO,max)], moderate (40%-69% VO,max),
vigorous or high (70%-90% VO,max) and very high inten-
sity, when its performed about above 90% VOzmax.15

In order to contextualize the benefit of rPE on human
health, one should focus on the accurate and high respon-
siveness of the immune system (IS) upon tPE.'*'7 From this
point, one of the topics that have sparked a worldwide discus-
sion was the effectiveness of maintaining an active lifestyle in
order to strengthen the IS, which is of vital importance during
the ongoing pandemic of COVID-19.

2 | SYNOPSIS OF EVIDENCE ON
rPE AND IMMUNITY

Many clinical studies from the 70s were designed to clarify
how rPE could affect the human IS.'® The significant break-
throughs in this field were properly compiled in the so-called
‘Exercise Immunology’, a research field that grew exponen-
tially in the last decades, allowing health and sports profes-
sionals to generally state, over the years, that the rPE has
beneficial effects for IS, leading to the overall improvement
of human health, independently of age.18 Further, there are
several studies confirming the benefits provided by rPE on
the immune response, becoming a trigger and a sustainer of
a healthy condition.’ In association with rPE, the nutritional
status of subjects can also influence the immune response.19
Taken together, these aspects are being recently considered
as the corollary of the healthy ageing condition.”’
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Responses observed immediately after an single session or/and | Systematic exposure to exercise sessions, differentiating from a morpho-
observed in the 24 hours after an exercise session, characterized by | functional point of view a physically trained individual from asedentary one.

homeostatic physiological adjustments.
0-0-0 0-0-0

The main effects on the biomarkers of immune system

T NK cell activity and response;

T circulating neutrophils;

T intramuscular circulating CK

T lymphocyte (i.e. CD4+, CD8+, CD3+, CD19+, CD19+ subsets)

) circulating interleukins (i.e. TNF-a, IL-1, IL-6 and IL-1)

T mobilization of hematopoietic stem cells from bone marrow
T Circulating leukocytes, lymphocytes, platelets and hematocrit
T Sex steroids hormones (i.e. testosterone, DHEA, cortisol)

T Circulating antibodies ( IgA, IgM, 1gG)

T T-cell proliferative capacity
T Vaccination responses linked to influenza antibodies immunization
T Neutrophil phagocytic activity
T NK cell cytotoxic activity
T physiological balance of sex steroids hormones
! Pro-inflammatory cytokines circulation (i.e. IL-6, TNF-a, and CRP)
T physiological balance of MCV, MCH and MCH concentration
S circulating Leukocytes, lymphocytes, platelets and hematocrits

Notes: 1= incresed; |l decresead; S = maintenance; CK = creatine kinase; DHEA = Dehydroepiandrosterone; IL = Interleukin; TNF = Tumor necrosis factor; Ig =
immunoglobulin; CRP = C-reactive protein; MCV: mean corpuscular hemoglobin; MCH = mean hemogiobin

FIGURE 1
of immune function.'>!3!° Acute moderate-to-vigorous exercise is an important adjuvant to arouse the IS. In the same direction, chronic physical

General evidence summary of acute and chronic exercise interventions induced changes on several cell subsets and biomarkers

exercise is capable of regulating the IS and attenuate the onset of negative pro-inflammatory effects. For this review purposes, moderate-to-
vigorous physical exercises are differentiated using an intensity threshold of 60% of the oxygen update and heart rate reserve, and a medium of

duration threshold of 60 minutes '

Based on general health guidelines, rPE composed of a
moderate (40%-69% VO,max, 30 to 60 minutes, 3-5 days/
wk) to relatively intense volumes (70 to 85% VO,max, 30 to
45 minutes, 2-3 days/wk) are directly associated with a lower
upper respiratory tract infections (URTI) incidence.'>'® This
advance led to the ‘J-curve’ hypothesis, in which the URTI in-
cidence is reduced in the practitioners of a moderate-intensity
rPE regime, but increases again following periods of stren-
uous/intensive training or prolonged competitions. In these
latter situations, URTT incidence is higher than that observed
in sedentary people.16 Higher URTI incidence in overtraining
conditions could be explained by the fact that an excessive exer-
cising session may exceed the body s homeostasis limits, either
acute or chronically, leading to a transient immunosuppressant
status, known as the ‘open-window’ opportunity.21 In sum-
mary, whereas rPE performed at moderate intensities stimulates
both cellular and humoral immunity and, thus, could signifi-
cantly limit the risk of infections, exercise performances at high

intensities could impose a transitory immunosuppression status
that would jeopardize practicioners health.'®!

As aforementioned, beyond the exercise intensities, both
acute and chronic exercises could also significantly impact
people’s health."® In fact, exercise immunology researchers
have focused on the acute and chronic effects of exercise on
the IS, looking particularly at the immune cells and factors in-
volved in the innate and adaptive responses, aiming enhanced
immunosurveillance and reduced systemic inflammation.'®
For instance, both types of acute and chronic exercises can
act as promoters of the continuous exchange of leukocytes
(mainly Natural Killers cells, neutrophils, monocytes and
lymphocytes), between circulation and specific tissues, such
as spleen, lung and skeletal muscles, to improve immune cel-
lular clearance and functions.'*** Acute and chronic exercise
also act as inducers of stress hormones, like cortisol, that
down-regulates excessive inflammation, which, in fact, rep-
resents a double-edge sword regarding immune efficiency.”
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As observed in Figure 1, studies have shown recurrent pat-
terns of change, both in acute and chronic exercise, with age,
sex and magnitude of exercise modulating these specific
responses.

In this way, our group and colleagues have been consis-
tently observing that lifelong training helps to maintain an
adequate balance of pro-inflammatory, such as interleukin
(IL)-8 and IL-1pB, and anti-inflammatory cytokines, such
as IL-1ra and IL-4.>* In addition, we have also shown that
in both experimental (mice) and clinical (human) studies,
the maintenance of a controlled and anti-inflammatory en-
vironment by the rPE, particularly in the respiratory air-
ways, was able to significantly reduce pulmonary injury
and the occurrence of upper respiratory airways symptoms
after an exhaustive exercise session, such as running a
marathon.*'°

Also noteworthy is the fact that rPE apparently increase
the levels of anti-viral immunity markers—increased den-
dritic cell maturation, higher activation and proliferation of T
cells, and proper balance of T-helper responses—which can
optimize the immune response both locally and systemic in
physically and cognitively frail older peopl<3.23’27'31

To have all the exercise-related alterations occurring,
a whole set of integrated cell signalling cascades are con-
comitantly triggered.'® Consequently, complex and intricate
molecular events, including transcription factors activa-
tion, mRNA transcription and protein synthesis, are all ac-
tivated in almost all organs and tissues, with emphasis in
the contractile skeletal muscles.”**> Among all molecular
and cellular systems activated by exercises, the key role of
cytokines secreted by the muscle, also named myokines, is
of massive relevance.** Systemic elevations of myokines,
particularly of interleukin-6 (IL-6), not only can optimize
lipid and glucose metabolism but can also exert indirect anti-
inflammatory effects by promoting the secretion of classical
anti-inflammatory cytokines, IL-1ra and IL-10, with concur-
rent inhibition of TNF-a action.’

This is one of the most important myokines-driving anti-/
pro-inflammatory regulation mechanisms recently illustrated
by several authors as the yin-yang relationship.35 However,
we cannot exclude the key role of the redox signals hydro-
gen peroxide (H,0,) and nitric oxide (NO) in adjusting the
extension of oxidative stress and the inflammation processes
following any type of exercise.”® Both H,0, and NO are re-
active oxygen and nitrogen species (ROS/RNS) extensively
produced in contractile muscles, vascular endothelium, car-
diomyocytes (heart), lungs, plasma, etc during exercise, that,
due to their low reactivity and high diffusibility in aqueous
systems, could exert long-range redox signalling effects in
order to provide a proper and overall antioxidant, inflamma-
tory and cytoprotective responses against potentially harmful
oxidative stress.”’ Interestingly, the in situ antioxidant capac-
ity of all those aforementioned sites of ROS/RNS production

will exactly determine the intensity of the integrated redox
signal—here, understand, the effective concentration of H,0,
and NO produced—that will emanate from the active cells
and tissues during exercise. Therefore, genetic issues, but
mostly, adequate nutritional programs, gain major relevance
on discussing immunological efficiency upon rPE, especially
regarding elderly populations.SS’39

3 | FROM CHILDHOOD TO OLD
AGE: rPE IMPACTS ON IMMUNE
SYSTEM RESPONSE

Genetic, metabolic, environmental, anatomical, physiologi-
cal, nutritional and microbiological factors, as well as those
related to the rPE, are some of the useful modulators of
the immune and inflammatory responses upon exercise.*
However, the ‘age factor’ is the prominent one that gives
the IS its very unique endocrine and metabolic character-
istics that distinguishably affects, in a direct and indirect
way, the immune responsiveness of practitioners.16 The
IS development involves two parts: the Innate Immunity,
which brings the background (genetic) information ready to
act and protect the newborn . and the Acquired Immunity,
which is developed throughout the individual's life, based
on continuous exposure to immune-eliciting factors.*?
Therefore, the IS will achieve its functional peak after a rea-
sonably long life period in order to acquire additional im-
mune repertoire against recurrent pathogens present in outer
environment.*"*?

However, it is notorious that newborns, toddlers, and in-
fant individuals share higher susceptibility to infections with
the elderly populations, which is represented by the ‘inverted
U-shape’ curve of immune responsiveness capacity with age
in the human population.*’ Significant alterations in the ac-
tion potential of different leukocyte types, mainly T cells, and
cytokine production are mainly responsible for the diminished
immune response in these populations.44 These changes are
well-related to specific pathologies and physiological charac-
teristics of each age, despite the strong influence of genetic
factors, which can pre-determine, for example, the manifesta-
tion of autoimmune diseases.*’

Vaccination is considered the most effective mechanism
to boost the IS and there are consistent pieces of evidence
showing that rPE can improve the vaccination responses,
particularly in older people,46 which can putatively support
the positive relationship between physical exercises and the
maintenance of the normal functioning of the [S.47:48

As shown in Figure 1, these recommendations are ex-
tended to all ages and are associated with the specific health-
promoting responses of regular physical exercise within
each age group. Regarding the children, novel findings have
shown that several of the genomic and epigenetic pathways
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modulated by physical exercise in children's immune cells
were related to growth and oxidative repair, as well as dis-
ease prevention.“’44 Despite the inflammatory mediators
evaluated in childhood often being related to obesity and
other clinical conditions, it was reported that regularly active
children (engaged in rPE) presented lower levels of several
inflammatory parameters compared with healthy but seden-
tary ones.*’

During adulthood, behavioural factors such as an inac-
tive lifestyle, high-fat or hypercaloric diets, smoking and el-
evated consumption of alcohol have a prominent influence
on IS responses via increased oxidative stress and chronic
inflammation.***° In this age group, rPE can mediate several
health benefits, not only through the maintenance of the nor-
mal function of the IS by modulation of the gut microbiome,
affecting the host's IS pathways,”' as well as by improving
energy homeostasis and releasing certain neuroendocrine and
immune-modulatory factors that may lower inflammatory
and oxidative stress.

Regarding the elderly population, it is paramount to clar-
ify that ageing is a phenomenon that does not affect the IS
uniformly, by strict mechanisms, or with equal intensity.52
Therefore, these aspects have the potential to induce data mis-
interpretation about the possible interactions between differ-
ent types of physical exercises and immunity.” Nonetheless,
recent findings showed that adhesion in rPE programs may
induce a 'cascade' of cellular reactions that, by promoting
neurogenesis and synaptogenesis, will further delay immu-
nosenescence occurrence.”* It is well-known that immu-
nosenescence affects both innate and adaptive immunity by

sedentary ﬁ

S

disturbing negatively the different groups of T cells and B
cells.”* Immunosenescence is also involved in the activation
of powerful 'inflammatory pathways', which lead to the de-
velopment of a chronic, sterile, low-grade and ageing-related
inflammation, called ‘inflammaging’.56 Nowadays, this
coined term is used to describe complex organic responses
to various inflammatory stimuli mediated by high levels of
pro-inflammatory cytokines, which appears to be triggered
by chronic functional disorganization of the first cellular line
of immune defence.*°

Interestingly, laboratory and clinical data have shown that
the adoption of a rPE once, at any time, in lifetime amelio-
rates the IS profile for advanced ages.™ One of the most stud-
ied modulating mechanisms is based on the attenuation of the
age-related declines in the number and also in the lympho-
cyte receptor sensitivity, which allows the (catecholamine-
mediated) redistribution of NK cells and T cells, in special
viral-specific T cells, between tissues and blood.”” This
systemic immune cell redistribution can improve immuno-
surveillance, diminishing latent viral reactivation.”® In this
respect, there is also a close relationship between these rPE-
mediated mechanisms on the IS and a reduction in the risk of
viral respiratory infections.’® Figure 2

4 | EFFECTS OF rPE ON HOST
DEFENCE SYSTEM

As aforementioned, some lifestyles (ie PA levels, inade-
quate diet and pollutant exposure), combined with intrinsic

& ! moderate
5 ! exercise k
= i
Q H
g i extreme
: i exercise health
g % regular exercise span
£ - program
E
[ ] o, 6 [ ]
= sia
Newborn ~ Toddler ~ Child Teenager Adult Elderly Aging

Acquired immune competence
(epitope exposure, vaccination, etc.)

FIGURE 2

Inflammaging
Cellular events: Molecular events:
TNK cell population TROS/RNS production
Tthymic involution Toxidative modification

naive T cells TmtDNA mutation

INK cytotoxicity Imitochondrial efficiency
lautophagy LATP yield
Iphagocytosis lantioxidant capacity
Lchemotaxis Leytokine production

Immune function during lifetime, considering the application of regular and supervised exercises in the context. We assumed

here that: (*) no inborn (inherent) immune diseases was diagnosed in newborns and the studied subjects had a healthy childhood sufficient for

normal physiological and immunological development (including the common exposure to several epitopes and vaccination); and (**) as teenagers

(13-17y-0), the subjects initiated a regular (supervised) exercising program (sPA), either exhaustive/extreme or moderate, or simply entered

adulthood with sedentary habits, all of them under suitable nutritional conditions. The ‘inflammaging’ box illustrated major (immune) cellular and

metabolic/molecular events associated with the ageing-related decrease of immune functions

45.48
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alterations (ie modifications in body composition, noncom-
municable diseases), impact negatively innate and adaptive
immunity.13’59 Particularly to the ageing process, the inflam-
maging process can be considered an essential player on the
complex changes observed in immunosenescence,”® which
affects a range of immune cells, from their production by the
hematopoietic stem cells to their function in the secondary
lymphoid organs or in the mucosa, including in the mucosa of
the upper airways.52

The interaction between these biological and behavioural
factors associated with the reduction of IS responses not
only can lead to an increased susceptibility to URTI but
can also minimize the response to the influenza virus vac-
cination and other rhinoviruses.*’ Current data have shown
that these factors could also be characterized as a host risk
factor associated with severe COVID-19.%* Viruses, such
as rhinovirus, followed by influenza virus and respiratory
syncytia virus, are the leading cause of respiratory tract
infections.%! Respiratory viruses are sub-microscopic
infectious agents that invade the respiratory mucosa and
replicate within the host living cells.” Unlike bacterial in-
fections, viruses depend entirely on the host cells for their
metabolic functions, to promote viral replication, and in-
crease the synthesis of viral proteins, as can be found in the
respiratory infections by influenza virus, rhinoviruses and
SARS-CoV-2.>*

Based on epidemiological data, an intriguing association
between rPE and a decrease in the risk and severity of URTI
has been described.”® In addition, studies also show opti-
mized antibody responses to the influenza immunization in
elderly adults who are engaged in rPE programs,57’62
in this population, the Influenza virus vaccine-induced im-
munogenicity is of only 30-40%.% Recent findings by our
group showed that an elderly group that exercised regularly
presented higher levels of specific—IgM and IgG antibod-
ies after influenza vaccination than in the sedentary elderly
group.?” Moreover, bulk evidence shows that rPE can also
improve the host response to influenza vaccination in cases
with sub-optimal immunity or when antigen immunogenicity
is low, as shown in Figure 2.6

The improved host response was putatively obtained
through cell-mediated immune interactions, both by the in-
duction of influenza-specific lymphocyte proliferation and
anti-inflammatory expression of cytokines.47 These data
could indicate that rPE has a putative potential to reduce in-
fection rates for viral and bacterial diseases. As appealing as
these data could be, it is noteworthy to mention that current
pieces of evidence include dietary protein adjustments for
energy supply and accelerated protein turnover with rPE,
aiming at the enhancement of vaccination effects against the
influenza virus.®> These purposeful concepts may open new
hypotheses for future studies with vaccination against other
viral diseases.

since

5 | REGULAR SPA IN THE
COVID-19 ERA AND BEYOND

Taking into account the quantities of information previously
presented here, the applications of rPE as a powerful tool in
public health, especially against the susceptibility to URTIL®
could be useful against the symptomatology of COVID-19
and also on the benefits for the most susceptible population
to contract the SARS-CoV-2.%*

It should be emphasized that, following the recent find-
ings, middle-aged and elderly people presenting hyperten-
sion, obesity and obesity-diabetic are more likely to present
a higher degree of COVID-19 severity.5 758 Therefore, rPE is
a recommended and nonpharmacological strategy for body-
weight management and a co-adjuvant topic in the treatment
of hypertension and other cardiometabolic diseases, obvi-
ously taking the specificities of each aged population into
account.”’%* Besides, one of the distinctive hallmarks of
exercise training is its anti-inflammatory effect, which can
putatively adjust appropriate elevations of pro-inflammatory
cytokines and consequently create a favourable environ-
ment to maintain the IS function and prevention of URTI
occurrence.”®

Interestingly, the cumulative effect of rPE associated with
other healthy behaviours appears to have positive effects on
VO,max, and this fact has been suggested to confer a de-
creased risk of contracting chronic respiratory diseases.”
Complementarily, a recent study showed that VO,max has
the potential to be used as a clinically relevant triage tool for
identifying risk patients during the COVID-19 outbreak.*®
Another point that should be highlighted is the observation
that some of the patients after the severe manifestation of
COVID-19—who will group for a new wave of the disease
that will demand a high public health burden—should be in-
volved in a cardiorespiratory rehabilitation process, for re-
spiratory function recovery and re-integration into their daily
living and mobility activities.”” Subsequently, the involve-
ment in a specific rPE program (eg combining aerobic and
resistance exercises) can lead to a substantial increase in the
VO,max and also improve muscle mass, in order to recover
from long-term hospitalization.57

Concerning the musculoskeletal system, it has been shown
that this system, besides its motor functions, is also able to as-
sist the IS to maintain its functions through myokine signal-
ling pathways.34 All physiological processes associated with
exercise (aerobic, resistance or combined), including post-
exercise inflammation, are mediated by redox signals, such as
H,0, and NO, produced by contractile muscle cells, vascular-
endothelial cells, pro-oxidant agents in plasma..®’” Briefly,
rPE performed in a moderate-intensity impose mild oxidative
conditions in many cells and tissues—in terms of controlled
H,0, and NO concentrations—that will require antioxidant
responses through the activation of the Keapl-Nrf2-AREs
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FIGURE 3 Vaccine-induced immunogenicity during human life-span. (A) A sedentary behaviours during ageing process impact negatively

in vaccine-induced immunogenicity during ageing due to the progressive development of the phenomena of immunosenescence and inflammaging.

(B) Moderate-to-vigorous regular exercise can minimize the progressive development of the phenomena of immunosenescence and inflammaging,

which, consequently, can maintain the vaccine-induced immunogenicity during ageing

pathway for redox rebalance.%® On the other hand, extreme/
intense exercises impose massive oxidative challenges to
cells and tissues that could overwhelm present and inducible
antioxidant capacities, leading to increased oxidative/nitra-
tive modifications in vital biomolecules, inflammation, (p53-
mediated) apoptosis or even necrosis.*"

Ageing has been characterized by the gradual (chronic)
accumulation of oxidative modifications in proteins, lipids
and nucleic acid (DNA), which leads to mitochondrial and
cellular dysfunctions. Therefore, it is not surprising that, by
a hermetic principle, regular-moderate exercises efficiently
upregulate antioxidant defences to improve redox-dependent
immune responsiveness in physically active elderly sub-
jects and lead to physiological adaptations that will provide
general health and quality of life for these individuals.”"
Regular physical exercises will, thereby, upgrade antioxi-
dant defences on physically active individuals, which will
serve as an extended defensive barrier against free radical-
mediated pathological processes, such as chronic metabolic
syndromes, diabetes and even neurodegenerative-cognitive
disorders.”

Accordingly, recent studies have also shown the positive
effects of moderate exercises (either prophylactic or amelio-
rative) against several viral infectious diseases, representing
an efficient and nonpharmacological intervention to lower
risks, incidence and fatalities caused by SARS-CoV-2 during
the current COVID-19 pandemic.”’* Upstream but strongly

18,54

linked with redox signalling, mTOR pathway inhibitors,
such as rapamycin and metformin, have been currently tested
in Phase III (large clinical trials) with very promising re-
sults.”>"® Figure 3 illustrates the theoretical redox-dependent
cellular fates in sedentary or exercising young and elderly
subjects.

Based on current information, there is no doubt that the
rPE can positively benefit people in different Ways,33 and
taking the lessons already learned from other respiratory
viruses into account,””’® it is putatively expected that the
maintenance of an active lifestyle during the SARS-CoV-2
pandemic can establish a solid ground to elicit the immune
response necessary to be triggered by the long-awaited vacci-
nation for COVID-19.”

In conclusion, when the pandemic COVID-19 signifi-
cantly altered the lifestyle of the population in quarantine,
preventing people access to open areas, such as parks and
squares, or even closed areas, such as gyms, the home-
based physical exercise is here recommended as a low-cost
solution to sustain the efficient immune responsiveness
necessary to prevent or even remediate viral disease man-
ifestation.®”*® Further, rPE also assures cognitive benefits
to exercised elderly, attenuating negative health-related
psychosocial outcomes. %8182 Finally, it is worth clarify-
ing that the physical and mental benefits of rPE during the
pandemic should be encouraged for all ages, for preventive
purposes.
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