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The Role of Exercise as a Treatment and
Preventive Strategy during Covid-19
Pandemic

Covid-19 Salgininda Egzersizin Bir Tedavi ve Onleyici
Strateji Olarak Rolu

Abstract

On 11 March 2020, World Health Organization has made the assessment that COVID-19 can
be characterized as a pandemic. COVID-19 is a usually self-limited infection but it can be
present a severe and fatal disease in patients with comorbitidies and the elderly. The charac-
teristics of the virus and general health condition of the host determine disease progression.
Scientists have been investigating on the pathophysiology of this disease, diagnostic tools,
effective treatment protocols, and the development a vaccine. Preventive strategies are as
important as the treatment modalities. This review focuses on the pathophysiological mecha-
nisms of COVID-19, in addition to the roles of exercise in the immunomodulatory mechanisms,
host defense systems, and also prevention and treatment of COVID-19. Exercise exerts many
important effects such as immunomodulation, augmented defense system on the immune
system via mainly muscle derived myokines and increased cardiorespiratory endurance. CO-
VID-19 pandemic once again demonstrated the importance of prophylactic approaches such
as healthy life, maintaining and strengthening of health, and immune system modulation. This
pandemic may start a period in which humanity prioritizes healthy living principles, functio-
nal foods, maintaining health and welfare approaches, and increased effort to develop and
maintain them.
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Oz

11 Mart 2020°'de Dunya Saglik Orgati (WHO) COVID-19 kuiresel salginini ilan etti. COVID-19
genellikle kendi kendini sinirlayan bir enfeksiyon oldugu halde yashlarda ve komorbiditesi
olan bireylerde cok daha ciddi ve 6lumcul seyretmektedir. Virtistin 6zellikleri ve konagin genel
saglik durumu hastaligin nasil seyredecedini belirlemektedir. Bilim adamlari bu hastalidin fiz-
yopatolojisini aciklamak, teshis yontemlerini, etkili tedavi protokollerini ve asisini gelistirmek
icin calisiyorlar. Onleyici stratejiler tedavi yontemleri kadar dnemlidir. Bu derleme COVID-19
fizyopatolojisine, ve egzersizin immunomodulatér mekanizmalarda, konakcl savunma sistem-
lerinde ve COVID-19'un 6nlenmesinde ve tedavisindeki rollerine odaklanmaktadir. Egzersiz
kardiyopulmoner dayanikliligi ve kaslardan miyokinlerin Gretimini artirarak immadn sistemi
guclendirir ve immun yaniti dtzenler. COVID-19 salgini, saglikli yasam, sagligin korunmasi ve
gUglendirilmesi ve badisiklik sistemi modulasyonu gibi profilaktik yaklasimlarin énemini bir
kez daha gostermistir. Bu salgin, insanoglunun saglikli yasam prensiplerini, fonksiyonel gida-
lart, saghgini korumayi ve refah yaklasimlarini daha 6n planda tuttugu, ve bunlari gelistirme ve
surdtrme cabalarinin arttidi bir donemi baslatabilir.

Anahtar Sozciikler: Covid-19 pandemisi; fizyopatoloji; immun sistem, egzersiz; myokin

238  Anadolu Klinigi Tip Bilimleri Dergisi, Ocak 2020; Cilt 25, Ozel Sayi 1

Meltem Yalcin', Elif Kocak?,
Mehtap Kacar3,*

' Yeditepe University Graduate School
of Health Sciences, Department of
Physiology, Istanbul, Turkey

2 Kog University School of Medicine,
Istanbul, Turkey

3 Yeditepe University Faculty of
Medicine, Department of Physiology,
Istanbul, Turkey

4 Yeditepe University Graduate School
of Health Sciences, Department of
Pathophysiology, Istanbul, Turkey

Received/Gelis :04.05.2020
Accepted/Kabul : 22.05.2020

DOI: 10.21673/anadoluklin.731902

Corresponding author/Yazisma yazar
Mehtap Kacar

Yeditepe University, Faculty of Medicine,
Department of Physiology,

34755, istanbul, Turkey
E-mail: mehtap.kacar@yeditepe.edu.tr

ORCID

Meltem Yalcin: 0000-0001-8474-6464
Elif Kocak: 0000-0002-0042-0633
Mehtap Kacar: 0000-0002-1572-4787



Yalcin et al.

The Role of Exercise in Covid-19 g

INTRODUCTION

In December 2019, several cases of pneumonia of un-
known etiology were detected in Wuhan City, China.
On 7 January 2020, Chinese authorities identified the
etiology as a new type of coronavirus and named the
disease 2019-nCov. As of 20 January 2020, 282 con-
firmed cases of 2019-nCov have been reported from
China, Thailand, Japan, and the Republic of Korea (1)
Rapidly spreading, this outbreak has affected hundreds
of countries and millions of people in a short period
of time. On 11 March 2020, World Health Organiza-
tion (WHO) has made the assessment that COVID-19
can be characterized as a pandemic (2). As of 2 May
2020, 215 countries were affected from the pandemic,
total number of cases were reported as 3.267.184, and
total number of deaths were 229.970 (3). Scientists
around the globe are working to control the spread of
this disease, to develop faster and more accurate di-
agnostic tools, to define effective treatment protocols,
and to develop a vaccine. Preventive strategies are as
important as the treatment modalities and should be
addressed promptly.

Typical presentation of COVID-19 is pneumonia
and acute respiratory distress syndrome in more se-
vere cases. However, the virus affects many organ sys-
tems such as the cardiovascular and urinary system.
Like other infectious diseases, characteristics of the
virus (virulence, viral load to exposed, infectivity) and
general health condition of the host determine disease
progression. Course of COVID-19 is much more se-
vere and fatal in patients older than 65 years and in
patients with comorbidities. Accordingly, the impor-
tance of general wellbeing and healthy aging are un-
derstood once more. The concepts of healthy aging,
wellness, and wellbeing are studied more and more by
many clinicians and researchers every day. To be and to
stay healthy, one should follow a certain lifestyle where
a balanced diet, regular exercise, staying away from
smoking and alcohol abuse, high sleep quality, and
effective stress management are key aspects. Among
these, exercise is now being accepted as a treatment
modality as well. In this review, the role of regular ex-
ercise in healthy aging through immunomodulatory
mechanisms and host defense systems in viral diseases
are assessed, especially regarding prevention and treat-
ment of COVID-19.

A Brief Pathophysiology of Covid-19

Members of the coronaviridae family are enveloped,
positive-sense, single-stranded RNA viruses, which
cause respiratory infections in humans. MERS corona-
virus (MERS-CoV; Middle East Respiratory Syndrome
Coronavirus), SARS coronavirus (SARS-CoV; Severe
Acute Respiratory Syndrome Coronavirus), and novel
coronavirus (2019-nCoV or SARS-CoV-2) are some
members of this family (4).

COVID-19 is classified as a p CoV of group 2B by
WHO. A common feature of the first cases of COV-
ID-19 detected in Wuhan was that these patients vis-
ited a seafood and wet animal market in the city. These
patients were most probably exposed to bats, which
serve as a large CoV reservoir. Accordingly, SARS-
CoV-2 can lead infections in humans, bats, and wild
animals. Person-to-person transmission is the main
route for spreading COVID-19 infection. An infected
person usually transmits viruses via direct contact or
through droplets to another person from mucosal sur-
faces such as throat, nose, and conjunctiva (5).

In most cases COVID-19 causes mild symptoms
and patients recover within 10-14 days without spe-
cific treatments. Because of this, COVID-19 has been
noted as a self-limiting infectious disease. Clinical
outcomes of COVID-19 can be listed as following; in-
fected people without symptoms (in adult 1.2%; under
10-years old 15.8%), mild to medium cases (80.9%),
severe cases (13.8%), critical cases (4.7%), and death
(2.3% in all reported cases) (6).

In symptomatic patients, symptoms appear within
2-14 days of exposure. Symptoms vary from mild to
severe. Common symptoms are fever, chills, cough,
new onset of loss of taste and smell sensation, head-
ache, sore throat, muscle pain, and dyspnea (7).

Additionally, symptoms such as diarrhea, hemop-
tysis, rhinorrhea, sneezing, sputum productions, and
lymphopenia can also be seen. Diagnosis is confirmed
by clinical presentation (two or more symptoms) and
laboratory tests such as viral test, and computerized
tomography of thorax. In thorax CT, ground-glass
opacities are seen (5).

During life we are continuously exposed to many
microorganisms from the external environment. Mi-
croorganisms can enter the human body from differ-
ent ways such as mucosal surfaces, skin, blood. The
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nonspecific and specific defense mechanisms protect
body from these invaders. The mucosal and epithelial
integrity and secretions, surface IgA secretion, inflam-
matory response, innate and adaptive immune system
cells play important roles in this process. Many fac-
tors can lead to disruptions in these mechanisms and
provide a tendency for infectious diseases. There are
two important factors in the development of infec-
tious diseases: features of the virus and defense mecha-
nisms of the host. Viruses lead to infection via direct
cell damage and the host immune system respond to
this damage by immunopathogenesis. The balance or
modulation of immune responses determine effective
immune response to clearance of viruses. When the
immune response is exaggerated or sustained, this ex-
aggerated response leads to severe damage of respira-
tory tract or affected area. If immune response is weak
or ineffective, the virus cannot be eliminated and in-
fectious disease occurs (8) .

After exposed to SARS-CoV-2, viruses reach mu-
cosal surfaces especially throat, nasal mucosa and
conjunctiva. If SARS-CoV-2 copes with host defense
mechanism, it begins to multiply by active replication
in the upper respiratory tissues. SARS-CoV-2 has high
infectivity and binds angiotensin-converting enzyme 2
(ACE2) in order to enter the cells (9).

After inhalation of the virus, asymptomatic stage
starts, and its duration takes 1-2 days. SARS-CoV-2
probably attaches to epithelial cells in the nasal cavity
and viral replication begins. It has been demonstrated
that SARS-CoV primarily infects the ciliated cells of
conducting airways in vitro (10). For this reason, na-
sal swabs should be preferred for diagnosis, it can be
more sensitive than throat swabs. At this stage, innate
immune response starts. If this response is effective, it
limits viral propagation. If it is ineffective, the number
of virus increases, and viruses reach upper airway and
conducting airway cells within next few days (10). Vi-
ral replication continue in the lower respiratory tract
cells, and when virus enter the circulation, viremia
starts. SARS-CoV-2 viruses attack many tissues and
organs that have ACE2 receptors like kidneys, and
heart. The severity of viremia is associated with dete-
rioration of clinical presentation (9).

ACE2 is a monocarboxypeptidase enzyme, and is
responsible for degradation of angiotensin I and II to
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produce Angl-7 and Ang 1-9. In addition, ACE2 is
a functional SARS-CoV receptor and an amino acid
transporter (11). ACE2 is commonly expressed as a
type I membrane protein in many tissues and organs
such as lungs, heart, kidney, testes, brain, vascular sys-
tem, cardiomyocytes, coronary vascular endothelium,
cardiac fibroblasts. It plays protective roles in these or-
gans and tissues in physiological conditions (11).

SARS-CoV-2 binds to the extracellular domain of
ACE?2 via its SPIKE (S protein) protein. The host pro-
tease TMPRSS2 leads to cleavage of the S protein to
produce the S1 and S2 subunits. This step is critical for
attachment of the virus to host cell membrane, which
occurs due to the generation of S2 subunit. After at-
tachment, virus enters pulmonary epithelial cells by
ACE2 mediated endocytosis. The S1 subunit of viral
protein provides the greater virulence and higher af-
finity for ACE2. The increased ACE2 internalization
causes decreased levels of ACE2 in the tissues. This
reduction is responsible for loss of useful and protec-
tive effects of ACE2 on the heart, lungs and other tis-
sues and dysfunction of the renin-angiotensin system
(RAS). The decreased effectiveness of ACE2 may be as-
sociated with severity of clinical presentation such as
heart failure, shock, respiratory failure (12).

The strong and rapid viral replication in the pul-
monary epithelial and endothelial cells may lead severe
immune response characterized by aberrant produc-
tion of pro-inflammatory cytokines and chemokines.
The exaggerated inflammatory response may result in
severe tissue damage, increased capillary permeability,
and tissue edema in the pulmonary system. Absence
of ACE2 function in respiratory system may be associ-
ated with acute lung injury. It has been observed that
immune dysfunction, exaggerated inflammatory re-
sponse, and cytokine storm, causes reduced peripheral
CD4 and CD8 T cell counts, and increased proinflam-
matory CD4 T cells and cytotoxic granules in CD8 T
cells (6). The other source of proinflammatory cyto-
kines is mast cells that are localized on the mucosal
surface and connective tissue of the respiratory system.
Mast cells are activated by viruses, bacteria and fungi
via their toll-like receptors (TLRs). The increased lev-
els of proinflammatory cytokines such as IL-1, IL-6,
TNF-a are resulted from activation of mast cells. On
the other hand, mast cells produce and secrete some
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mediators such as histamine, prostaglandin-D2, leu-
kotriene-C4 that are responsible for bronchoconstric-
tion during respiratory system infection. SARS-CoV-2
may lead to exaggerated activation of mast cells. This
activation may contribute to cytokine storm and se-
vere lung inflammation during COVID-19 (13).

On the other hand, researchers recently dem-
onstrated ACE2 mediated internalization of SARS-
CoV-2 in the various cranial nerves and the presence
of virus in the brain. Viruses probably reach to brain
via cranial nerves. This important finding can explain
why some patients present with loss of taste and smell
sensation, syncope, or balance problems as COVID-19
symptoms. However, the decreased levels of ACE2 in
the extracellular compartments cause lack of useful
ACE2 effects in the central nervous system. The car-
diovascular and respiratory control centers cannot
function properly, and for this reason the regulation
of blood pressure and respiration is disrupted. Gener-
alized endothelial damage, exaggerated inflammation,
and disorganization of amino acid transport occur in
many tissues. After COVID-19, some chronic diseases
including atherosclerosis, diabetes, hypertension can
develop in patients (12).

Exercise and COVID-19

In COVID-19 infection, the status of the host’s im-
munity plays a highly critical role in the response to
the virus. Healthy immune system produces effective
and proper response which reduces the severity of the
disease and recovery time. According to researchers in
the field of exercise, immunology and physiology, reg-
ular physical activity might be one of the best ways to
support the immune system components and also to
cope with the risk factors of the COVID-19, as a non-
pharmacological, inexpensive, and easily reachable
way for individuals when not contraindicated (14).
Although there is no scientific relationship between
physical activity and COVID-19 yet, it is well-known
that the immune system can be modulated by the
regular physical activity (15). Epidemiological studies
have showed that, in individuals who maintain regu-
lar physical activity as an active lifestyle in accordance
with the conditions set by WHO (at least 150 minutes
per week, moderate to vigorous exercise); incidence of
age-related chronic diseases and comorbidities are re-

duced, host body response against infections as well as
vaccination is improved and basal inflammatory level
is decreased (16). It has been demonstrated that physi-
cally active individuals show upper respiratory illness
symptoms less than sedentary ones (17,18). Regular
physical activity might be an effective tool against viral
infections like influenza, rhinovirus and herpesviruses
since the decreased mortality and incidence rates (19).

Although all age groups are at risk of COVID-19,
older people have an increased risk of developing se-
vere illness as a complication of COVID-19 due to age-
induced physiological changes, immune dysregulation
with aging (immunosenescence), potential underlying
comorbidities (20). Regular moderate-intensity exer-
cise can delay the immunosenescence and risk of in-
fection through mechanisms associated with oxidative
stress and immune system regulation (21). Pollock et
al (2018) showed that amateur cyclists from old age
group (55-79 years old) still had the healthy immune
systems like young people (22). Therefore, engaging
with regular physical activity is very important for el-
der populations and they should be encouraged to do
it. Children are less likely to be infected in this pan-
demic according to the reports (23). It has been noted
that the moderate-to-high levels of physical activity
are associated with lower incidence of infection and
illness in children (24).

Leading organizations like WHO recommends
multicomponent exercise programs consisting of
aerobic and resistance exercise modalities for all age
groups (25). It is widely accepted regular moderate-
intensity aerobic exercise (40-60% heart rate reserve
or 65-75% of maximal heart rate, 150 minutes/week)
such as walking is ideal for reaching the optimal im-
mune health (26). On the other hand, although the
direct linkage between the resistance exercise (weight
lifting, push-ups, etc.) and immunity is unclear, it has
general beneficial effects on wellbeing by improv-
ing muscle strength, balance and mobility and also
through decreasing psychological distress, and risk
factors for chronic diseases (27). It is important to
keep in mind that vigorous intensity beyond the rec-
ommended range can supress the immunity, some
researchers indicate (28,29). Thus, during quarantine
times, moderate intensity should be the ideal choice to
benefit from the protective role of exercise (21).
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The understanding the ability of regular physical
activity effects on the host immunity requires a com-
plex multisystem approach and there are still some un-
determined mechanisms behind it. In general, exercise
promotes an anti-inflammatory and antioxidant state
through multiple mechanisms by recirculation of key
immune cells.

During exercise, contracting skeletal muscle fibers
express and secrete various cytokines which are called
myokines. Myokines are accepted as responsible for
the exercise’s overall metabolic and anti-inflammatory
effects (30). Muscle-derived IL-6 is the first myokine
identified and Steensberg et. al. (2003) showed that
this myokine mediates the immunomodulatory effects
of the exercise by trafficking the immune cells to the
infection area, increasing the levels of neutrophils and
T-helper cells (31). In addition, IL-6 regulates the post-
exercise inflammatory status by increasing the plasma
levels of anti-inflammatory cytokines such as IL-1Ra
and IL-10 and suppressing pro-inflammatory cyto-
kines like TNF-a. The exercise-dependent increase
in IL-6 is transient and acts as an anti-inflammatory
myokine, whereas physical inactivity and sedentary
lifestyle choices are associated with a chronic low-level
of IL-6 which can contribute increased and persistent
levels of inflammation (32). Some mechanistic studies
showed that exercise-induced myokine release is dose-
dependent and a more pronounced increase is likely to
occur during the intense exercise than the moderate
one. (33). In addition to IL-6 there are other myokines
which can also contribute to proper immune regula-
tion in response to exercise. IL-7 and IL-15 regulate
T-cell production and NK-cell homeostasis which can
contribute to hosts immune system via muscle con-
traction in sufficient dose of exercise (34). By this way,
exercise can modulate the innate immune function
through muscle-derived myokines.

Physical activity augments the immunity with the
increase number of immune cells (15). During moder-
ate- and vigorous-intensity aerobic exercise; compo-
nents of the immune system like immunoglobulins,
macrophages, neutrophils, anti-inflammatory cyto-
kines, NK cells, cytotoxic T cells, and immature B cells
recirculate with downregulated expression of Toll-like
receptor 4 (35). These enhanced immune cells keep
guard on the vulnerable areas like upper respiratory
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tract and lungs and prevent viruses and other invad-
ers. These changes are transient but make the physi-
cal activity a strong promoter of immunosurveillance.
When the physical activity is conducted regularly, it
will lead to decrease in illness incidence by enhanc-
ing immunosurveillance (16). When the exercise is
regular, the recruitment of the cells such as M1 macro-
phages and cytotoxic T cells which are associated with
insulin resistance will be limited by decrease the mass
of adipose tissue (36).

Exercise can increase the level of immunoglobulins
(surface IgA, IgM, IgG) in the mucous membranes.
Exercise-induced increase of IgA is particularly criti-
cal due to its significant role in the respiratory tract
infections (37).

Exercise training decreases the oxidative load of
the cells by enhancing anti- oxidative system compo-
nents like glutathione, catalase, superoxide dismutase,
glutathione peroxidase. (35).

Beyond these benefits of regular moderate intensity
aerobic exercise, emergent evidence shows another per-
spective about the potentially relationship between aer-
obic capacity and COVID-19 infection through respira-
tory biomechanics. Mohamed and Alawna (2020) sug-
gested that enhanced cardiorespiratory level and aero-
bic capacity can be preventative and also therapeutic in
the respiratory system dysfunctions like acute respira-
tory distress syndrome through acting as an antibiotic,
and antimycotic, improvement of lung tissue elasticity
and augmentation of respiratory muscles strength (38).
On the other hand, it is well-known that higher cardio-
respiratory fitness levels are associated with decreased
incidence of chronic diseases like cancer, cardiovascu-
lar dysfunctions, type 2 diabetes mellitus, hypertension
which are the most reported comorbidities and risk fac-
tors with COVID-19 (34,39).

For the patients diagnosed with COVID-19, train-
ings should be discontinued from the beginning of the
acute symptoms until the completion of treatments.
During the course of COVID-19, patients can perform
pulmonary rehabilitation exercises under the supervi-
sion of their doctors in addition to medical treatment
modalities (40). In cases recovered from COVID-19
infection, there are some exercise approaches in the
physiotherapy and rehabilitation applications which
may be needed due to loss of some respiratory and
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physical functions due to prolonged mechanical ven-
tilation and intensive care unit stay, beyond with the
multi-system effects of COVID-19. For 6-8 weeks,
patients are recommended to perform low-intensi-
ty physical activity / exercises (<3 MET, metabolic
equation, 3 points for dyspnea and / or fatigue in the
modified Borg Scale). The exercise program should
be started with relatively simple, gradual functional
strengthening exercises without using equipment or
body weight. Training intensity should be increased
slowly over days (41,42).

Several studies have been done on the effects of ex-
ercise on aging, microbiota, or immune system modu-
lation. Woods et al pointed out that in elderly, regu-
larly done moderate-intensity cardiovascular training
had anti-inflammatory properties and increased the
strength of vaccine-induced immunity against influ-
enza virus. Physical exercise is strongly recommended
during the COVID-19 pandemic while paying atten-
tion to social distancing and isolation rules. For the
patients diagnosed with COVID-19, trainings should
be discontinued from the beginning of the acute
symptoms until the completion of treatments. Regular
physical exercise can be resumed after completion of
treatments and full recovery. (43).

The world have been dealing with another pan-
demic for years besides COVID-19, physical inactivity
and it continues to contributes to risk factors of the
of COVID-19 (44). Thus, to deal with the negative
consequences of isolation and more sedentary lifestyle
conditions than before, physical activity should gain
importance as a crisis and strongly promoted. The
World Health Organization, Centers for Disease Con-
trol and Prevention, and other public health counsel-
ling organizations encourage individuals to regularly
join physical activity to maintain physical and mental
health and well-being, when they are not contraindi-
cated and comply with public health and community
safety (45,46). Hence exercise is one of the important
supportive treatments options and also one of the crit-
ical preventive strategies.

I
CONCLUSION

Pandemics have always been existed throughout his-

tory, have affected humanity from time to time, and

led to permanent changes and developments in many
different areas of public life. The COVID-19 pandemic
once again demonstrated the importance of prophylac-
tic approaches such as healthy life, health protection,
strengthening, and immune system modulation. This
pandemic will lead to a completely different period in
which adopting, developing and maintaining healthy
living principles, functional foods, wellness, and well-
being approaches will be at the forefront. The condi-
tion of the immune system of the person and the ap-
propriate response of the immune system, i.e. immune
modulation, are very important in the progression of
the disease and the success of the treatment. The indi-
vidual’s ideal health level and healthy aging approach-
es are the most powerful weapons in the fight against
not only to COVID-19, but also against to all existing
infectious diseases. Future studies should focus on de-
termining and standardizing exercise as a supportive
treatment protocol for patients with COVID-19. On
the other hand, one of our future goals should be de-
termining and developing specific exercise modalities
that support the immune system of healthy individuals
at risk. The direct effects of the regular physical activ-
ity on the immune system cannot be ignored and the
physiological and molecular mechanisms under these
effects must be highlighted more by further researches.
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