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Abstract
The SARS-CoV-2-caused COVID-19 pandemic has resutiea devastating threat to human

society in terms of health, economy, and lifest@iighough the virus usually first invades and
infects the lung and respiratory track tissue ximeame cases, almost all major organs in the body
are now known to be negatively impacted often legdio severe systemic failure in some
people. Unfortunately, there is currently no effesttreatment for this disease. Pre-existing
pathological conditions or comorbidities such as age a major reason for premature death and
increased morbidity and mortality. The immobilinatidue to hospitalization and bed rest and
the physical inactivity due to sustained quarantnd social distancing can downregulate the
ability of organs systems to resist to viral infeotand increase the risk of damage to the
immune, respiratory, cardiovascular, musculoskeleistems and the brain. The cellular
mechanisms and danger of this “second wave” efie€@OVID-19 to the human body, along
with the effects of aging, proper nutrition, andyukar physical activity, are reviewed in this

editorial article.
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Introduction

COVID-19 is an infectious disease caused by therseacute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which was first detddte December 2019 in the city of Wuhan,
Chind?2 Currently, this pandemic has infected more th&mvillion people in nearly 200
countries around the world resulting in nearly 800, deaths. A pandemic of this scale has
never been seen since the Spanish Influenza dwing, and has already created dramatic
challenges all over the world in terms of econosogial interactions, and individual lifestyles.
Coronaviruses are one of the largest (27-34 kileppssitive-stranded non-segmented RNA
viruses, named after the ~120 nm diameter enves&seinbles of solar corona) around the
nucleic acid-protein complex. The foremost damdgéevirus is on human health, including
direct injury to the respiratory system, compronugéhe immune system, exacerbation of the
underlying medical conditions, and eventually systtc failure and deathDue to the COVID-
19 attack, tens of thousands of patients have besgpitalized, with additional thousands of
millions of people forced to stay in limited spaGanceivably, this dramatic change in lifestyle,
resulting from immobilization (hospitalization abdd rest), quarantine, and physical inactivity
can cause a second-wave attack on the health dhmking of the infected as well as general
populatior.

As a major journal of sport medicine and healttheworld, the Editor-in-Chiefs and the
Editorial Board share a strong sense of obligatoprovide an overview on the impact of
COVID-19 and related physical inactivity on humaahh, and to offer some physical activity
guidelines to individuals suffering from the adwemitcomes during the pandemic and those
recovering from an infection. Thus, the goal oktéditorial article is three-fold: 1) to highlight

the COVID-19 threats and damages to the variousahyphysiological systems; 2) to address



the harm of physical inactivity associated with r@s outbreak to the body; and 3) to
recommend some practical strategies to mitigat@diential damage. Specifically, we will first
give a brief overview on the pathology of COVID-48d its impact on the immune system. We
will then review the impacts of the COVID-19 outhkeand physical inactivity on the
respiratory, cardiovascular, and musculoskeletstiesys. Special sections will be devoted to
how the virus may specifically devastate the aggalfation and compromise the psychological
and mental wellbeing. Finally, we will provide sommctical suggestions as to how good
nutrition and exercise training can protect agaamst help recovery from the virus attack.
Ultimately, the harm and suffering that the coranas/can cause to an individual is determined
by not only the endowed factors such as age, aeg, medical conditions, but also the lifestyle
of the individual during the pandemic.
Impact of COVID-19 and Physical Inactivity on the Inmune System

SARS-CoV-2 causes coronavirus disease (COVID-18j)astterized by the major
symptoms of fever, dry cough, myalgia, and fatfg@urrently, there are neither vaccines nor
clinically proven effective therapeutics. Convalsicplasma and anti-viral drugs (e.qg.,
Remdesivir) have shown some promise in treating (DGM patient$, but their widespread use
await statistical rigor. Behavioral strategies @fial distancing and hygiene are currently the
best and only methods to limit the spread and redoarbidity and mortality. As this virus strain
is novel to the human immune system, we are depeteaspects of our innate immunity to
deal with the initial infection. Like most viralfiections, if we survive the infection, over the
course of weeks we develop antibody and cell-mediahmune responses specific to the virus.
In most instances, this exposure-related ‘trainofgdur immune systems offers us long-lasting

protection from re-infection or, if we are re-infed, disease symptoms are much milder.



However, we currently do not know if our respore&ARS-CoV-2 is sufficient to be protective
and long lasting. Along with tests for the preseotceral particles and plasma antibodies, a
clear need exists for research related to vacaneldpment and research to determine whether
our immune response is adequate to protect us.

The public health recommendations (i.e., stay-athorders, closures of parks,
gymnasiums, and fitness centers) to prevent SAR&-Zspread have the potential to reduce
daily physical activity (PA). These recommendatians unfortunate because daily exercise may
help combat the disease by boosting our immunegsand counteracting some of the co-
morbidities like obesity, diabetes, hypertensiorg aerious heart conditions that make us more
susceptible to severe COVID-19 illnss

Exercise affects the immune system and its angi-defenses®. Animal experiments
administering influenza and herpes simplex virds@dSV-1) in the respiratory tract, have
shown that moderate exercise, performed beforeti@iming) or after infection (for a few days
before symptom onset), improves morbidity and niioyteo the infection***#** Conversely,
preclinical studies have also shown that intengectse leads to poorer outcomes in response to
respiratory viral infectioné*>. Follow-up studies have elucidated some undersigraf the
mechanisms responsible for these observafidhs®?

An early epidemiological study suggested that is¢geprolonged exercise was associated
with an increase in upper respiratory tract infaesi®. This work led to the concept of the
inverted J theory, where moderate exercise redaogisprolonged, high intensity exercise
increases susceptibility to infectdnMany studies since have supported the theory neighect
to individual immune parameters including thosecefjeto viral defense. For example, salivary

lactoferrin and its secretion rate increased fotaup hours after moderate exeréfsdlucosal



lactoferrin is important because it can prevent DA RNA viruses form infecting cells by
binding and blocking host receptors. Conversely, levels or secretion rates of salivary
immunoglobulin A, which can bind to viruses andatieate them, has been shown to be
associated with upper respiratory tract infectiosdme athletes undergoing intense traiffing
In addition, because PA and exercise results ifopr@l movement of leukocytes in blood and
tissued®, many researchers theorize that being physicatlyaincreases immunosurveillance
against infectious pathogens including viruses.

Despite this, whether exercise-induced changdsaiimimune system affect respiratory
virus susceptibility in people is uncléarindeed, controversy remains whether intense,
prolonged exercise can alter immunity theaids to infectious disease risk ® or whether
moderate exercise-induced improvements in immusgorese reduces it. Definitive studies
where both exercise and infection are manipulatedcantrolled are needed and yet scarce due
to ethical concerns. In one such study, moderagecese training (40 min at 70% heart rate
reserve every other day for 10 days) was initiatfiéel nasal rhinovirus administration to
determine its effects on the severity and duratitinfectiorf®. No differences were found in
self-reported symptoms or mucus weight (collectechfprovided facial tissues) and concluded
that PA and exercise moderately are safe duritgnavirus-induced upper respiratory tract
infection. Of special note is these subjects wengnyg, healthy college students and (other than
mucus weight) and no measurement of viral infectipaubsequent antibody responses were
completed.

At this time, we know very little about how PA otezcise might interact with the
immune system to affect SARS-CoV-2 infectivity &b@VID-19 disease susceptibility. As the

pandemic proceeds, it will be important to perfeatrospective studies to determine whether



PA status had any bearing on SARS-CoV-2 infectio@©VID-19 outcome; valid virus and
antibody testing protocols will aid such studigsatidition, animal models determining the
effect of PA and exercise on coronavirus infecaon subsequent immune responses would also
be informative. Current practical advice dictatest people follow social distancing and hygiene
practices, and we propose exercise can be safsyparated. Disruption of PA and exercise
routines and reducing physical fitness may incresaseeptibility to infection and certainly
increase some comorbidities associated with podvIDEL9 outcomes if protracted. As animal
studies have documented that intense trainingtense, prolonged single exercise bouts can
lead to reduced immune responses, it is not pruddmgin an intense training regimen or
perform highly intense prolonged exercise if yoe aot accustomed to such activities. A good
practice is to start exercising at lower intensigead durations and build up slowly. For example,
walking is the most natural and practical form eéreise and beneficial to many organ systems.
For those who have underlying health conditionasadtation with a primary care provider is
warranted before beginning an exercise program.
COVID-19, Physical Activity, and the Respiratory Sytem

While the clinical course of the COVID-19 pandemantinues to be investigated, many
COVID-19 patients develop respiratory failure aaduire mechanical ventilation (MV) to
maintain adequate pulmonary gas exchange. Ingégrd, a recent report reveals that ~54% of
patients hospitalized due to COVID-19 experienspiratory failure and >30% require MV,
Although MV is often a life-saving intervention, anwanted consequence of prolonged MV is
the rapid development of respiratory muscle weakdeg to diaphragm muscle atrophy and
contractile dysfunction (collectively termed veatdr-induced diaphragm dysfunction, VIDD).

VIDD is clinically significant because diaphragnatveakness is a major contributor to the



inability to wean patients from the ventila&tbriMany COVID-19 patients often require
prolonged time on the ventilator that increasegsigieof weaning problems. Patients who
experience difficult weaning suffer higher morbydiind mortality than patients weaned quickly
on their first attempts to separate from the vatuif® and unfortunately, many COVID-19
patients succumb to ICU-related complications (&sepsis)’. Given that respiratory muscle
weakness is a primary risk factor for failure toanwdrom the ventilator, developing strategies to
protect the diaphragm against MV-induced weaknasslecome a priority in critical care
medicine. Interestingly, studies into the effedtermdurance exercise training on the respiratory
system have led the way. Details about this stoligw.

Although many organ systems adapt in responsedorance exercise training, the
structural and functional properties of the lund airways are not altered due to exercise
training™. Nonetheless, while the gas-exchange side ofethginatory system does not adapt to
exercise training, “the pump” side of the respirateystem does undergo adaptive changes in
response to endurance exercise. Specifically, amderexercise training promotes numerous
biochemical alterations in diaphragm muscle resglin a phenotype that is protected against
several challenges including prolonged fiMndeed, as few as 10 consecutive days of
endurance exercise training results in signifigantection against VIDE 3% Therefore, it is
predicted that endurance trained individuals tleaetbp COVID-19 and require ventilator
support will benefit from the exercise-induced mditioning of the diaphragm.

Unfortunately, many patients that develop COVIDat8 not endurance trained prior to
infection. Nonetheless, studies into the mechargsne§ponsible for endurance training
preconditioning of the diaphragm are a powerful todhe pursuit of pharmacological

treatments to prevent VIDD and reduce weaning groBlin patients exposed to long-duration



ventilator support. In this regard, preclinical @stigations reveal that endurance exercise
training alters the abundance of ~70 cytosolicginst and ~25 mitochondrial proteins in the
diaphragn?®. Studies investigating which of these proteinstigbute to protection of the
diaphragm against VIDD reveal that exercise-induttgghges in both mitochondrial proteins
(e.g., superoxide dismutase 2) and cytosolic pmeté.g., heat shock protein 72) contribute to
exercise preconditioning of the diaphragrii>**° This vital information has been used to
develop successful pharmacological treatmentsdteptr the diaphragm against MV-induced
diaphragmatic weakne®s$* Importantly, these preclinical studies provideeaample of how
exercise physiology research leads to improvedineale.

Impact of COVID-19 and Physical Inactivity on Cardiovascular System

PA is critical to cardiovascular health and deemsskntial during the pandemic. Part of
the strategy to reduce the spread of the virusr@igh social isolation, but social isolation runs
the risk of reduced PA with potential long-term sequences. Humans evolved as physically
active animals and regular PA is in our géhd% The effects of inactivity promote genes that
are detrimental to health. Inactivity for any reaseduces heart health and increases the long-
term risk of coronary artery disease and suddediaadeath. The positive impact of PA on the
prevention of coronary artery disease and suddehacadeath reduction is well known dating
back to the London Bus Drivers sti@§’. Current studies on steps per day and other messur
of exercise show that regular PA promotes cardiayas health and those who have higher
levels of fitness have better exercise stressigsiitcome¥ 2,

The muscle aches that accompany influenza and aaficad infections are a well-known
symptom and a result of direct and indirect harrtheotissue. Muscle soreness is likely due to a

combination of direct tissue infection and theanfimatory response of cytokines released to
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fight the viral invasion. Excessive cytokine rekedsytokine storm) is the dark side of the
immune response that is responsible for tissue darbayond that of the direct viral infection.
While both heart and peripheral muscle are infebiediruses, heart muscle infection has both
short- and long-term consequences. COVID-19 isifierdnt and may, as a novel virus, trigger
more extensive tissue damage in the heart. Heatlminfection leads to myocarditis with the
potential for acute myocardial infarction, heailufiee, and/or arrhythmf&' ** ** In the acute
infection phase, the adrenergic release can triggete coronary syndrome or fatal
arrhythmia&®. Systemic viral infections also cause an inflamamateaction that irritates the
lining of the arteries. In the coronary arteriedlammation allows tears in the tissue holding
plagues in place, leading to plaque rupture with fdrmation and hence either fatal arrhythmia
or local hypoxia and cardiac tissue death. Plagpture is a common cause of sudden cardiac
arrest and death both at rest and during exedisscle scarring induced by viral infection can
trigger potentially fatal post infection and exertirelated arrhythmias, which can be f4farhe
cardiac effects of COVID-19 can be present in canegh or after the respiratory symptoms
have abated in some patients.

During the COVID-19 pandemic, PA and exercise plidly both a positive and a
negative role in individual health outcomes. Onnkgative side COVID-19 infection increases
risk of cardiac damage and cardiac death duringceseeand the increased risk may extend into
the post infection time period. PA during any sgsteviral disease is not recommended because
the inflammatory reaction within the muscle celtsl@oronary artery walls put an affected
individual at risk for sudden cardiac death duramgl after the infection. Data from post mortem
analysis is showing this to be true for COVID-1%igats alsd”™*> The accompanying

myocardial scarring leaves individuals at riskgadden cardiac death for a lifetime. Non-
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steroidal anti-inflammatory drugs (NSAIDs) are ofigsed to relieve muscle discomfort but
increase risk of heart events under normal circantss. The risk is accentuated during
concurrent viral infections like COVID-19, so NSAd@re not the choice for muscle pain
control during a COVID 19 viral infection.

On the positive side, regular PA and exercise pteroardiorespiratory fitness and
longevity. Our recommendation for healthy indivitbuduring and following the COVID-19
pandemic is to remain physically active and exeruaiile socially distanced when you are well,
stop exercise when you develop symptoms or sigas @affection, and return to PA and exercise
slowly following recovery. Social distancing reggsrsome changes in perspective while
exercising. Recent models suggest the 2-meter deartimibble” of safety changes shape with
movement. The slipstream of dirty air created bynrag or biking requires 5 to 20 meters of
spacing for a person following directly behind afetted person to stay in clear*&ifhe 2-
meter safety zone may also be broken by forcedHtirgathat comes with vigorous exercise
based on the spread of the virus amongst churdhn ieonbers who met for practice and
maintained social spacing during the rehearsakeqmpately 75% of those in attendance
contracted the disease.

Once completely well, it is reasonable for mildiydacted individuals to gradually resume
PA and exercise with a goal of returning to preeation fitness. For people with more severe
COVID-19 iliness, return to PA may require testorgmaging prior to exercise. If exertion-
related symptoms like palpitations, chest painr@ge intolerance, or dyspnea occur during the
return to exercise, evaluation with cardiac imaging stress testing may be indicated to rule out
COVID-19 cardiac damage before progressing to migtdelevels.

Impact of COVID-19 and Physical Inactivity on Muscuoskeletal System

12



Staying healthy requires daily PA. Our body is ¢anly sensing internal environment
and responding to these charigeShe increased demands from the contracting sketaiscles
during exercise represent a major challenge tbday homeostasis provoking a plethora of
responses in several organs. The metabolic rateesfkeletal muscle can rise even 100-fold on
activation when compared to resting conditf3nk order to support the energy demand of the
working muscle fibers, temporary acute responsesgrda our organism to meet the PA and
exercise challenge. As a result of the accumulaifactivity sessions, the organism adapts to
the metabolic demands. PA and exercise adaptagdeisto the long-term changes that occur in
our body as a consequence of PA and training. Higaertrophy or resting bradycardia is two
well-known examples of these adaptat®3nslowever, the musculoskeletal system, one of the
largest tissues in the body, is the main targeixefcise training. Plasticity describes the ability
of our muscles to adapt to variations in activitylan working demand. The adaptive event
involves the whole muscle fiber structure from slaecolemma to the mitochondria, including
the myofibrils, the extracellular matrix, as wedl eapillaries surrounding the muscle fibérs

Exercise is one of the most frequently prescrilhedapies in both health and dise3&es
However, western societal lifestyle behaviors prmmhysical inactivity and sedentarin®ss
This situation is greatly aggravated by the comta&nt measures imposed by the countries to
control the expansion of the recent pandemic of @BIA. A large number of people have been
asked by health authorities to stay home in quararfior an extended period of time, and this
recommendation poses a significant challenge foameing physically active. Several models
have given us information on the effects of inattiin the musculoskeletal system: bed rest and
limb immobilization are extreme experimental mod&eduction of daily walking steps may

indicate a more physiological model of reduced R4t teflects the risk of long-term
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confinement. In terms of steps walked, ~10,000s#tizy is generally considered as a high level
of PA, while ~1500 steps/day is classified as alewel of PA®,

Physical inactivity is associated with many detniad effects, including loss of aerobic
fitness (~7% reduction in ®, peak in healthy young adults), musculoskeletal, @ygnitive
declin€®. It is also accompanied with metabolic effectd thelude alterations in insulin
signaling that leads to increased peripheral ing@sistance, an increase in inflammation, as
well as alterations in adipose tissue lipolysis amtbchondrial pathwaya In skeletal muscle
physical inactivity-induced reduction in insulinnséivity contributes to the distribution of
energy substrates into other tissues, which ineseesntral fat accumulatith The body needs
regular muscular activity during the day, whereame of the most powerful mechanisms
regulating disease susceptibility such as the rhdodrial function and the lipoprotein
metabolism are being downregulated during physiadtivity™.

PA and exercise are essential in preserving musass through the activation of muscle
protein synthesr. On the contrary, the lack of muscle contractifévity during inactivity,
especially in old individuals, is a leading cauamabolic resistance and muscle atraphy
Significant muscle atrophy (1-4% losses) has beparted with only 14 days of step reduction
in both young and older aduifsSkeletal muscle adapts to a prolonged physieattivity by
decreasing not only muscle fiber size (atrophy)adisw muscle function and quafity
Mechanosensor proteins, such as costameresfitagimjn-C, and Bag3, which allow muscle
fibers to sense mechanical forces, are also indalvéhe regulation of skeletal muscle mass.
Their activation during muscle contraction regugbeotein turnover through interaction with
the mammalian target of rapamycin complex 1 (mTORLM with the main proteolytic

pathways: the autophagic-lysosomal and the ubigpitoteasome systeris
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Mitochondrion, conventionally regarded as the “poiveuse” of muscle energy
generation, plays an important role in not onlytoalfing the proliferation and generation of the
new organelle (mitochondrial biogenesisput also regulating the elimination of dysfunnéd
mitochondria via mitophagy and the morphologicaiatyics via fusion and fissiot*®*

Studies in human subjects with long-term bedregtaher forms of confinements reveal that
mitochondrial homeostasis is disrupted by musclaafilization resulting in decreased protein
synthesis and enhanced protein degrad#tf3i* Research in rodents demonstrates that muscle
immobilization for a period of 2-3 weeks dramatigaeduces mitochondrial quantity and

quality because of the downregulation of mitochaddriogenesis, the upregulation of the
ubiquitin-proteolysis, and the overexpression dbpiagic genés.

Research shows that deterioration of mitochondhaaheostasis due to muscle
immobilization can lead to organic and systemitamimation, an important mechanism for
COVID-19 pathogenesis. Decreased mTOR activityasties forkhead box O (FoxO) family
transcription factor activation, which is an im@ort reason for enhanced proteolysis and
mitophagy®? Increased ROS generation also activates nucetorfkappa B (N&B) signaling
to produce pro-inflammatory cytokines such as &NRterleukin IL)-1 and IL-6 in the muscle
and exacerbates muscle atrophy and functionalreecli
COVID-19 Infection and the Brain Function
Does SARS CoV-2 infection threat and damage brain?

Although the main risks of COVID-19 is to causalngs to the upper and lower
respiratory track and lung, other organs are noesgarily void of this viral infection. It is
believed that the entry of SARS-CoV-2 in the hurtissues is facilitated via angiotensin-

converting enzyme 2 (ACE-2), however the poor abseri ACE-2 receptors in central nervous
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system (CNS) does not mean that CNS is resistamstghis type of virusé$ Indeed, it has
been shown that when SARS-CoV-2 types of virus gixasn through intra-nasally to mice, the
virus translocated into thalamus and brainstemveara significantly lethal suggesting that CNS
could be one of the targets of SARS-CoV-2. It iggasted that the virus can reach the CNS via
neural circuits through trans-synaptic pathwayshe relatively long latency period of the virus
of 5-12 days would allow the virus to significantgmage medullary neurons, and indeed,
patients infected by SARS-CoV-2 reported severeaiegic symptoms manifested as acute
cerebrovascular diseases, consciousness impaiemérskeletal muscle symptoffisTherefore,
these observations suggest that SARS-CoV-2s caldoh to the group of neuroinvasive
viruses.

One of the most common protections against virtections is quarantine. However,
social isolation often causes psychological andtaedelsorders including acute stress disorder,
exhaustion, detachment from others, irritabilihgomnia, poor concentration indecisiveness,
fear, and anxiety. Data suggest that depressiometgnand post traumatic disorders have
significant effects on the immune system, resulimmast cell activation, increased generation
of cytokines like IL-1, IL-37, TNE, IL-6, and C-reactive proteih Traumatic events activate
the hypothalamic—pituitary—adrenal axis (HPA) andta inflammation via activation of NFKB
and cytokine production. Apparently quarantine-asged mental and psychological disorders
weaken the protective capacity of the immune systgainst diseases making individuals more
vulnerable. Overall, it is suggested that SARS-CoWMrus directly or, with associated
conditions like quarantine-induced mental and pelaijical disorders, can damage or impact
the CNS negatively.

Can physical fitness protect or attenuate the consequences of infection?

16



There is currently no proven medicine to treatuinal infection, however the progress
and severity of virus-induced diseases could vaegtty. The general observation is that under
the age of 60 years, mortality rates and sevefigymptoms of SARS-CoV-2 infections are
much less then in advanced age. To date, no dataikble whether the level of physical
fitness affects the progress of SARS-CoCV-2 intewdi However, it is well documented that

regular exercise induced-adaptations enhance thetigéness of immune systétn which

actual level could affect the severity of SARS-C®Vifection.

However, quarantine-associated decline in the ineraystem as a result of the
development of depression or traumatic disordensegprevented and/or attenuated. Indeed, the
inflammatory process generated by ROS can be nitaetigely detoxified by antioxidant
systems in various organs including the brain df-wained individuals from adaptations to
exercise training. In addition, exercise training can efficientlycdease depression, and is one
of the power modulator of the neuroprotective amiitdepressive effects of PA and exercise is
the brain derived neurotrophic factor (BDN¥)Present data suggest depression is closely linked
to structural abnormalities and dysregulation shemeuroplastic mechanisms. Many brain
regions are affected by depression, but the mostistently affected area in individuals with
depression is the hippocampus, which is implicatedemory, emotion processing, and stress
regulation.

The exercise effect on the brain can elicit systanfluences on the entire body, as
exercise-induced euphoria is associated with tlease of endogenous opioids (endorphins).
Endorphins are identified as three distinct pegtigemed alpha-endorphins, beta-endorphins,
and gamma-endorphins. Euphoria is significantlyaased after running and is inversely

correlated with opioid binding in prefrontal/orbitontal cortices, the anterior cingulate cortex,
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bilateral insula, parainsular cortex, and temporiepa regions (region-specific effects in
frontolimbic brain areas that are involved in thiegessing of affective states and mdadJhus,
regular exercise can attenuate the symptoms arskqaences of quarantine-induced depression
and traumatic disorders with the systemic, compdexi powerful neuroprotective effects.
Recommendation to fight against COVID-19-associated neurological and mental disorders

Since vaccination is not an available option ages#sRS-CoCV-2 infection at present,
one alternative feasible option is to increaseefffiectiveness of the immune system. Research
data suggest that higher level of physical fitieggroves immune responses to vaccination,
lowers chronic low-grade inflammation, and improvasious immune markers in several
disease states including cancer, acquired humamimdeficiency syndrome, cardio-vascular
diseases, diabetes, cognitive impairments, andtybed he adaptive effects of exercise are
dependent upon the intensity and duration of egzersessions. Available information suggests
that to boost the power of the immune system, naidentensity exercise up to 45 min is best.
On the other hand, strenuous exercise can suppmease system function leading to upper
respiratory tract infections and appearance ohtatial reactivatiofi’. Although a debate exists
regarding possible suppressing effects of sevegecese training on immune system, moderate
intensity exercise clearly up-grades the powenwohune system.

Since the aged population has higher risk to sdiften SARS-CoV-2 infections and
generally this group benefits the most from reg®lArand exercise, moderate-intensity aerobic
exercise with 2-3 sessions/week lasting not legs 80 minute is suggested to as the lowest
exercise dose to exert beneficial brain effectsv Sidies aimed to investigate the relationship
between exercise intensity and relief of depresgiarendorphin secretion exist. In subjects with
moderate level of depression, it appears that tha@emate- and high-intensity exercise can

attenuate depression levels, whereas very-low sitieaxercise has no effect, and fhe
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endorphin results are inconclusivdt appears that exercise-associated-dose resgonse
individual and could be dependent on the type ef@se. Nevertheless, daily aerobic exercise is
highly recommended for all individuals at all ageégyure 1).
COVID-19 Impact on the Older Adults

COVID-19 is having a major impact on people's libgscausing hospitalizations and
deaths, but also through reducing quality of lésulting from social isolation, depression, fear,
and financial crists Older adults are experience the most burdensoome €OVID-19".
Indeed, the constellation of changes in cellulat pimysiological function that accompany the
aging process make older people especially vultetalCOVID-19. Hence, the identification
of health-related parameters predisposing oldeltsthuthe negative outcomes associated with
COVID-19 is of utmost importance. Here, we provaderief description of the mechanisms
through which SARS-CoV-2 infection might contribwtethe development or progression of
frailty and sarcopenia in older ages.

Possible Effects of COVID-19 on Muscle Atrophy and Physical Function

The pathophysiological mechanisms underlying COXMare under intense
investigation. Evidence is accumulating that SARS/@ invades and damage multiple organs,
such as the respiratory system, cardiovasculaesystentral nervous system, kidneys, and liver.
Yet, no studies have investigated whether the \ditesctly damages skeletal muscle. However,
information about the time-course of COVID-19 aethted hospital outcomes allows

speculating the disease may affect muscle home®sstas

Notably, acute respiratory distress syndrome (ARE) most worrisome consequence
of SARS-CoV-2 infection, seems to develop mainlglider adults with multimorbidityy 2

ARDS involves bilateral pulmonary infiltration linmg hematosis and reducing oxygen supply
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for mitochondrial bioenergeti€s Patients with ARDS are transferred to intensaeeanit

(ICU) to receive adequate oxygen supplementatioyutih non-invasive or mechanical
ventilatior/”’® The combination of ARDS and ICU-related procedurmy cause a major insult
to muscle by increasing protein breakdown(rhabddysy®) and reducing protein synthesis,
thereby establishing a catabolic environment lequtrsevere muscle atropflyMuscle wasting
is experienced by 50% of ICU patients involvingatieagmatic and lower limb muscle, causing
serious respiratory and physical complications thay remain for years after hospital
dischargd”. Observational studies have shown that ARDS sarsifiave substantially lower

performance on mobility tests relative to healtgg-aand sex-matched peofile

Are Frailty and Sarcopenia Possible Outcomes of COVID-19
Muscle atrophy and declining physical function leeg features of frailty and sarcopenia
8182 Frailty is a geriatric syndrome characterizeddnuced capacity to reach physiological

homeostasis after a stressful eventwhile sarcopenia is a heurodegenerative disease tha

involves muscle atrophy, loss of muscle strengthower, and physical dysfunctfinBased
on the aforementioned possible complications of @D, the plausibility that SARS-CoV-2
infection might promote the development of fradtyd sarcopenia and accelerate their
progression. Furthermore, extreme home isolatiahiaecreased physical inactivity, combined
with depression and anxiéfy could increase the susceptibility to falls oresthrominent
geriatric conditionsKigure 2). These topics are certainly areas for future stigation.

These premises have important implications durimdyafter hospitalization since both
sarcopenia and frailty are associated with ICU darapons and mortality, as well as negative
outcomes after hospital dischatg®. Health professionals responsible for the carlddr

adults with COVID-19 should assess the presenéeittfy and/or sarcopenia at patient

20



admission to identify those individuals at highiskrof negative outcomes an again at discharge.
Indeed, older patients who survive COVID-19 mighggent many conditions associated with
the progression of frailty and sarcopenia, inclgdiardiovascular, respiratory, metabolic,
muscular, cognitive, psychological, and social cbhcagions. Hence, health professionals
responsible for post-acute rehabilitation neede@itepared to manage weak patients with

extreme fatigue when performing simple movements (sitting).
Fighting COVID-19 with Proper Nutrition

Nutrition is an important factor for human healtigluding maintaining a strong immune
system. However, research up to date indicatesithaingle nutrient or dietary supplement can
prevent or treat COVID-19. On the contrary, inajpiate intake, especially overdoses of
dietary supplements might be more harmful than ti@ak Clinical data demonstrate that
patients dying from COVID-19 are mostly elder p&opith complication from other diseases
and malnutrition problem due to agffigAlso, development of COVID-19 from mild to ser&ou
symptoms is closely related to the nutritionalusft Therefore, assessing nutrition status is

necessary and important during COVID-19 infection.

SARS-CoV-2 virus, like other coronaviruses, causpglly generation of free radicals
and the release of cytokines (cytokine storm),ilggatb oxidative stress which promotes cell
death and ultimately results in organ faiftif€ Patients with COVID-19 have increased pro-
inflammatory cytokines, high-sensitivity C-reactipmtein (hsCRP) and increased risk for sepsis
and ARDS?. Experiences from treating SARS, MERS, and otlmeisvinfectious diseases and
from clinical trials in COVID-19 patients show theneficial effects of nutritional support

against COVID-19. Through reducing oxidative strasd enhancing immunity, nutritional
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support helps people to lower the risk of virugation or to alleviate the symptom of COVID-

19%,

In plasm from COVID-19 patients, hsCRP, a markeénfidmmation and oxidative
stress, is markedly elevat®d Therefore, increasing antioxidant status andaiedypro-
inflammatory cytokine release along with regulaatments is likely an effective strategy for
lowering ARDS and COVID-19 risk. Vitamin C is a comanly used antioxidant to scavenge
ROS and to protect cells from oxidative stresgak@nous (i.v.) or oral administration of high-
dose vitamin C has been reported to be safe aridgisagainst viral infection without major
adverse events In addition, high-dose vitamin C supplementatigri.v. administration
shortened the intensive care unit (ICU) stay by&ahd significantly reduced mortality rate
Several registered clinical trials are presentippeerformed to investigate the effects of
vitamin C in treatment of COVID-19 in several caugg such as NCT04264533, NCT04357782

and NCT04335084 (ClinicalTrials.gov).

Enhancing immunity is an important means for préimgnand managing viral infections.
Nutritional status affects immune homeostasis wimignutrition will impair immune response
to pathoger. Vitamins and trace elements are crucial to mairttee function of immune
systeni®. Therefore, supplementation of proper amountstafmins and trace elements may

enhance immunity against COVID-19.

Vitamin D is a group of steroids responsible fos@iption of calcium. Vitamin D not
only plays the vital role in maintaining proper leostructure, but also a modulate s immune
response. Several studies claimed that vitamindDaas antimicrobial peptides to kill the
invading pathogens, including bacteria, virus, amdji°®. Vitamin D can reduce the cytokine

storm by inhibiting expression of pro-inflammataytokines, such as TNFand interferory

22



(IFNy) while stimulating anti-inflammatory cytokines eegsion by macrophag®sin addition,
vitamin D supplementation may reduce hsCRP in dialpatients in whom vitamin D
deficiency increases the risk of ARBYSTherefore, vitamin D supplementation is highly
recommended to reduce the risk of COVID-19. Culyeseveral clinical trials are underway to
investigate the potential protective effects oémitn D supplementation at different doses and

durations against COVID-19 such as NCT04344041N0d@04326725 (ClinicalTrials.gov).

Vitamin A is a group of retinoids including retinoétinal and retinoic acid, and is one of
the most important factors in maintaining immunstegn function. Vitamin A supplementation
has been shown to reduce morbidity and mortalitmeésles, pneumonia, diarrhea, malaria, and
HIV infection®®. Vitamin A supplementation also enhances immuspaese after vaccination

for measles and influen¥a

Vitamin B is a group of water-soluble vitamins hayidifferent functions in the human
body. Vitamin B2 could decrease the titer of MERS¥in human plasf. During lung injury
induced by the ventilator, vitamin B3 treatmeningigantly inhibited the infiltration of
neutrophils into the lungs and elicited a stronti-mflammatory effect”. In addition, vitamin

B6 deficiency is known to weaken host immune resgn

Vitamin E is an antioxidant and its deficiency iritphumoral and cellular immunity
Vitamin E supplementation is particularly effectimemproving age-related immunity.
Protective effects of vitamin E supplementatiorhepatic B virus infection and bacterial
pneumonia infection have been reported, howevemin E supplementation apparently has no
protective effects on acute respiratory tract itifes"". In view of the protective effect of these
vitamins on viral infection, supplementation withultiple vitamins is recommended to reduce

COVID-19 risk.
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Other nutrients involved in strengthening immuraite trace elements such as selenium
and zinc. Selenium status is correlated with ttre cate and death rate of COVID-19 patiéhts
High hair selenium level has been shown to corgbasitively with treatment outcomes of
COVID-19 patients. The mechanism for the protecéiffect of selenium is likely related to the
selenium-dependent enzyme glutathione peroxidasgesh is an important antioxidant enzyme

to reduce ROS and oxidative stfss

Zinc is another important trace element for devielgand maintaining immune system
function. Previous research on the SARS coronayB#&kS-CoV) pandemic in 2003 reported
that combination of low concentrations of zinc g@ydthione inhibited coronavirus replication
% Since the SARS-CoV-2 virus belongs to the sammlyeof coronavirus as SARS-CoV, zinc
supplementation has high potential for preventib8@ ©VID-19. Considering the potential effect
of zine against COVID-19, adding zinc along withorbquine and hydroxychloroquine may
improve the treatment outcome of patients with COXB*®. Clinical trials are presently being
conducted to estimate the synergistic action of aimd chloroquine as therapy for COVID-19

(NCT04326725, ClinicalTrials.gov).

In summary, although definite proof for the potahéffectiveness of various nutrients in
alleviating harmful effects of COVID-19 is still fincoming, supplementation of sufficient
vitamins and proper trace elements is recommeraladlp prevent lung infection and alleviate
COVID-19 symptom. Importantly, all nutritional supments only reduce the possibility of
infection and are only adjuvant therapies, whetka®nly strategies for COVID-19 prevention

and treatment are in the development of vaccinedangs.

PA and Exercise Programming During a Pandemic
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Infectious and non-communicable diseases have allvaget humans, but the recent
appearance of COVID-19 has refocused public hgathpectives to infectious disease. In the
early part of the ZDcentury, advances in the prevention and treatwieinfectious disease was
primary, but deaths caused by noncommunicable shseantinued to riSé During the last part
of the 28" century, higher global death rates shifted thesiofrom infectious to
noncommunicable diseases and the scientific comsneaught to better understand prevention
and treatment of these dised8&&* The impact of PA and exercise on noncommunicable
disease are well-document&df?1%and also impact the immune system and thus affeets
bodies anti-virale defens&3

Unfortunately, modern lifestyle behaviors promobggical inactivity and sedentariness
53102103104 These poor lifestyle behaviors are intensifiedsbgial distancing and self-imposed
or government mandated quarantine measures inteéadeduce COVID-19 spread. These
circumstances pose significant challenges for remgiphysically active. During periods of
isolation, all socioeconomic groups, ethnicitiasl] ages should maintain good health by
following the WHO PA recommendations of 150 minutésnoderate-intensity or 75 minutes of
vigorous-intensity PA per week, or a combinatiorboth. Muscle-strengthening activities
involving major muscle groups are recommended andvmore days a we¥R. In
children/adolescents the recommendations inclutkaat 60 minutes per day of vigorous or
moderate intensity PAC.

To exercise or not to exercise when flu or COVID-19 symptoms are observed

Common COVID-19 symptoms are fever, cough, shostoébreath, and breathing

difficulties. In severe cases, infection causesupmania, ARDS, organ failure, and even death.

Symptoms usually appear within two to 14 days aedd#ficult for the non-health professional
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to differentiate between flu or COVID-19. In eithease, the PA or exercising individual should
seek medical diagnosis and discontinue PA and esecirmmediately. Present data suggest the
median time from onset to clinical recovery foran2OVID-19 cases is approximately two
weeks and is three to six weeks or longer for p&divith severe or critical disease.

When body aches, fatigue, fever or symptoms suehshsmachache or a hacking cough
are present, bed rest is recommended until sympsoimside. Even at this point, taking a break
from PA or exercise for a few days is sensiblettierbody to regain full function. Using the
body as a guide to determine when to resume PAacese is always useful but be careful not
to over-exert. If one is not sure whether or wheexercise, talking with your doctor is vital.
When becoming PA or starting exercise after ard#) reduce PA and exercise intensity and
duration for several days or even weeks. Compkzievery depends on the severity and the
length of time of illness. Each individual resporasl recovers differently to illnesses.
Attempting PA or exercise at regular exercise isityrand duration before completely
recovered, increases risk for more-serious injunjlreess.

Sarting an exercise programduring a pandemic

When starting a PA or exercise program while inrthést of a pandemic, public health
recommendations for social distancing and hygieaetjges are paramount considerations when
starting a PA or exercise program. Becoming phjlgieative and reducing sedentary behavior
is easily accomplished by avoiding sitting for Idirge periods, taking short movement or
activity breaks, utilizing online exercise classasg using mobile technologies such as telephone
applications and wearable sensors to encouragem@ante Examples of home exercises not
requiring large spaces or equipment while easiégipced at all times of the day include

walking, stair climbing, lifting and carrying grages, chair squats, pushups, sit-ups, rope
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jumping, yoga, Pilates, and Tai Chi. A beginningreise program should start at low intensities
for short durations and progress slowly to morerise PA or exercise periods of longer
durations. Because these activities are easilpprdd at home, difficulties in finding facilities
with proper space and specific equipment is redocediminated.

A goal of any beginning PA or exercise progranoipriogressively work toward
completing at least one-half hour of moderate Pérgday or at least twenty minutes of
vigorous PA every other day of the week. Idealtsgrsgthening-type activities are included in
daily activities at least twice a wei8k Individuals susceptible to chronic diseases ssch
cardiovascular or pulmonary disease should seekathom health care providers regarding
safe exercisé§°'%” Recommendations for children and youth agedtfive7 years are the
accumulation of at least 60 minutes of moderatevidorous-intensity daily PA. In addition,
vigorous-intensity activities that strengthen masahd bone are recommended at least three
times per week”>.

If engaged in regular PA or exercise and wantinfgitther enhance cardiovascular and
muscle fitness, suddenly beginning an intense aeeotl resistance exercise training program
or performing unaccustomed highly intense prolongpeetcise is not prudent, because such PA
or exercise training can lead to reduced immunetfan. Thus, if you are already physically
active or a regular exerciser but want to becomeemhbysically active, adjust exercise
programming slowly and progressively to obtain rigmess goals to reduce the likelihood of

any negative impact on the immune system.
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Figure Legend

Figure 1

SARS-CoV-2 can directly attack central nervouseystThe quarantine, which is used to
prevent the spreading of SARS-CoV-2, readily carsealepression, which has negative effects
on CNS and immune system. Regular exercise withemabel intensity curbs the quarantine-
associated harmful effects on the brain.

Figure 2

The detrimental effect of COVID-19 on the developinef sarcopenia and frailty among people
of old age. Potential influences of physical inatyiand social isolation on the pathogenesis are

illustrated.
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Abstract
The SARS-CoV-2-caused COVID-19 pandemic has resutiea devastating threat to human

society in terms of health, economy, and lifest@iighough the virus usually first invades and
infects the lung and respiratory track tissue ximeame cases, almost all major organs in the body
are now known to be negatively impacted often legdio severe systemic failure in some
people. Unfortunately, there is currently no effesttreatment for this disease. Pre-existing
pathological conditions or comorbidities such as age a major reason for premature death and
increased morbidity and mortality. The immobilinatidue to hospitalization and bed rest and
the physical inactivity due to sustained quarantnd social distancing can downregulate the
ability of organs systems to resist to viral infeotand increase the risk of damage to the
immune, respiratory, cardiovascular, musculoskeleistems and the brain. The cellular
mechanisms and danger of this “second wave” efie€@OVID-19 to the human body, along
with the effects of aging, proper nutrition, andyukar physical activity, are reviewed in this

editorial article.

Keywords: brain, cardiovascular, COVID-19, immune, muscleygical inactivity, respiratory



Introduction

COVID-19 is an infectious disease caused by therseacute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which was first detddte December 2019 in the city of Wuhan,
Chind?2 Currently, this pandemic has infected more th&mvillion people in nearly 200
countries around the world resulting in nearly 800, deaths. A pandemic of this scale has
never been seen since the Spanish Influenza dwing, and has already created dramatic
challenges all over the world in terms of econosogial interactions, and individual lifestyles.
Coronaviruses are one of the largest (27-34 kileppssitive-stranded non-segmented RNA
viruses, named after the ~120 nm diameter enves&seinbles of solar corona) around the
nucleic acid-protein complex. The foremost damdgéevirus is on human health, including
direct injury to the respiratory system, compronugéhe immune system, exacerbation of the
underlying medical conditions, and eventually systtc failure and deathDue to the COVID-
19 attack, tens of thousands of patients have besgpitalized, with additional thousands of
millions of people forced to stay in limited spaGanceivably, this dramatic change in lifestyle,
resulting from immobilization (hospitalization abdd rest), quarantine, and physical inactivity
can cause a second-wave attack on the health dhmking of the infected as well as general
populatior.

As a major journal of sport medicine and healttheworld, the Editor-in-Chiefs and the
Editorial Board share a strong sense of obligatoprovide an overview on the impact of
COVID-19 and related physical inactivity on humaahh, and to offer some physical activity
guidelines to individuals suffering from the adwemitcomes during the pandemic and those
recovering from an infection. Thus, the goal oktéditorial article is three-fold: 1) to highlight

the COVID-19 threats and damages to the variousahyphysiological systems; 2) to address



the harm of physical inactivity associated with r@s outbreak to the body; and 3) to
recommend some practical strategies to mitigat@diential damage. Specifically, we will first
give a brief overview on the pathology of COVID-48d its impact on the immune system. We
will then review the impacts of the COVID-19 outhkeand physical inactivity on the
respiratory, cardiovascular, and musculoskeletstiesys. Special sections will be devoted to
how the virus may specifically devastate the aggalifation and compromise the psychological
and mental wellbeing. Finally, we will provide sommctical suggestions as to how good
nutrition and exercise training can protect agaamst help recovery from the virus attack.
Ultimately, the harm and suffering that the coranas/can cause to an individual is determined
by not only the endowed factors such as age, aeg, medical conditions, but also the lifestyle
of the individual during the pandemic.
COVID-19 and Exercise Impact on the Immune System

SARS-CoV-2 causes coronavirus disease (COVID-18j)astterized by the major
symptoms of fever, dry cough, myalgia, and fatfg@urrently, there are neither vaccines nor
clinically proven effective therapeutics. Convalsicplasma and anti-viral drugs (e.qg.,
Remdesivir) have shown some promise in treating (DGM patient$, but their widespread use
await statistical rigor. Behavioral strategies @fial distancing and hygiene are currently the
best and only methods to limit the spread and redoarbidity and mortality. As this virus strain
is novel to the human immune system, we are depeteaspects of our innate immunity to
deal with the initial infection. Like most viralfiections, if we survive the infection, over the
course of weeks we develop antibody and cell-mediahmune responses specific to the virus.
In most instances, this exposure-related ‘trainofgdur immune systems offers us long-lasting

protection from re-infection or, if we are re-infed, disease symptoms are much milder.



However, we currently do not know if our respore&ARS-CoV-2 is sufficient to be protective
and long lasting. Along with tests for the preseotceral particles and plasma antibodies, a
clear need exists for research related to vacaneldpment and research to determine whether
our immune response is adequate to protect us.

The public health recommendations (i.e., stay-athorders, closures of parks,
gymnasiums, and fitness centers) to prevent SAR&-Zspread have the potential to reduce
daily physical activity (PA). These recommendatians unfortunate because daily exercise may
help combat the disease by boosting our immunegsand counteracting some of the co-
morbidities like obesity, diabetes, hypertensiorg aerious heart conditions that make us more
susceptible to severe COVID-19 illnss

Exercise affects the immune system and its angi-defenses®. Animal experiments
administering influenza and herpes simplex virds@dSV-1) in the respiratory tract, have
shown that moderate exercise, performed beforeti@iming) or after infection (for a few days
before symptom onset), improves morbidity and niioyteo the infection***#** Conversely,
preclinical studies have also shown that intengectse leads to poorer outcomes in response to
respiratory viral infectioné*>. Follow-up studies have elucidated some undersigraf the
mechanisms responsible for these observafidhs®?

An early epidemiological study suggested that is¢geprolonged exercise was associated
with an increase in upper respiratory tract infaesi®. This work led to the concept of the
inverted J theory, where moderate exercise redaogisprolonged, high intensity exercise
increases susceptibility to infectdnMany studies since have supported the theory neighect
to individual immune parameters including thosecefjeto viral defense. For example, salivary

lactoferrin and its secretion rate increased fotaup hours after moderate exeréfsdlucosal



lactoferrin is important because it can prevent DA RNA viruses form infecting cells by
binding and blocking host receptors. Conversely, levels or secretion rates of salivary
immunoglobulin A, which can bind to viruses andatieate them, has been shown to be
associated with upper respiratory tract infectiosdme athletes undergoing intense traiffing
In addition, because PA and exercise results ifopr@l movement of leukocytes in blood and
tissued®, many researchers theorize that being physicatlyaincreases immunosurveillance
against infectious pathogens including viruses.

Despite this, whether exercise-induced changdsaiimimune system affect respiratory
virus susceptibility in people is uncléarindeed, controversy remains whether intense,
prolonged exercise can alter immunity theaids to infectious disease risk ® or whether
moderate exercise-induced improvements in immusgorese reduces it. Definitive studies
where both exercise and infection are manipulatedcantrolled are needed and yet scarce due
to ethical concerns. In one such study, moderagecese training (40 min at 70% heart rate
reserve every other day for 10 days) was initiatfiéel nasal rhinovirus administration to
determine its effects on the severity and duratitinfectiorf®. No differences were found in
self-reported symptoms or mucus weight (collectechfprovided facial tissues) and concluded
that PA and exercise moderately are safe duritgnavirus-induced upper respiratory tract
infection. Of special note is these subjects wengnyg, healthy college students and (other than
mucus weight) and no measurement of viral infectipaubsequent antibody responses were
completed.

At this time, we know very little about how PA otezcise might interact with the
immune system to affect SARS-CoV-2 infectivity &b@VID-19 disease susceptibility. As the

pandemic proceeds, it will be important to perfeatrospective studies to determine whether



PA status had any bearing on SARS-CoV-2 infectio@©VID-19 outcome; valid virus and
antibody testing protocols will aid such studigsatidition, animal models determining the
effect of PA and exercise on coronavirus infecaon subsequent immune responses would also
be informative. Current practical advice dictatest people follow social distancing and hygiene
practices, and we propose exercise can be safgyparated. Disruption of PA and exercise
routines and reducing physical fitness may incresaseeptibility to infection and certainly
increase some comorbidities associated with podvIDEL9 outcomes if protracted. As animal
studies have documented that intense trainingtense, prolonged single exercise bouts can
lead to reduced immune responses, it is not pruddmgin an intense training regimen or
perform highly intense prolonged exercise if yoe aot accustomed to such activities. A good
practice is to start exercising at lower intensigead durations and build up slowly. For example,
walking is the most natural and practical form eéreise and beneficial to many organ systems.
For those who have underlying health conditionasadtation with a primary care provider is
warranted before beginning an exercise program.
COVID-19, Exercise, and the Respiratory System

While the clinical course of the COVID-19 pandemantinues to be investigated, many
COVID-19 patients develop respiratory failure aaduire mechanical ventilation (MV) to
maintain adequate pulmonary gas exchange. Ing¢gard, a recent report reveals that ~54% of
patients hospitalized due to COVID-19 experienspiratory failure and >30% require MV,
Although MV is often a life-saving intervention, anwanted consequence of prolonged MV is
the rapid development of respiratory muscle weakdeg to diaphragm muscle atrophy and
contractile dysfunction (collectively termed veatdr-induced diaphragm dysfunction, VIDD).

VIDD is clinically significant because diaphragnatveakness is a major contributor to the



inability to wean patients from the ventila&tbriMany COVID-19 patients often require
prolonged time on the ventilator that increasegsigieof weaning problems. Patients who
experience difficult weaning suffer higher morbydiind mortality than patients weaned quickly
on their first attempts to separate from the vatuif® and unfortunately, many COVID-19
patients succumb to ICU-related complications (&sepsis)’. Given that respiratory muscle
weakness is a primary risk factor for failure toanwdrom the ventilator, developing strategies to
protect the diaphragm against MV-induced weaknasslecome a priority in critical care
medicine. Interestingly, studies into the effedtermdurance exercise training on the respiratory
system have led the way. Details about this stoligw.

Although many organ systems adapt in responsedorance exercise training, the
structural and functional properties of the lund airways are not altered due to exercise
training™. Nonetheless, while the gas-exchange side ofethginatory system does not adapt to
exercise training, “the pump” side of the respirateystem does undergo adaptive changes in
response to endurance exercise. Specifically, amderexercise training promotes numerous
biochemical alterations in diaphragm muscle resglin a phenotype that is protected against
several challenges including prolonged fiMndeed, as few as 10 consecutive days of
endurance exercise training results in signifigantection against VIDE 3% Therefore, it is
predicted that endurance trained individuals tleaetbp COVID-19 and require ventilator
support will benefit from the exercise-induced mditioning of the diaphragm.

Unfortunately, many patients that develop COVIDat8 not endurance trained prior to
infection. Nonetheless, studies into the mechargsne§ponsible for endurance training
preconditioning of the diaphragm are a powerful todhe pursuit of pharmacological

treatments to prevent VIDD and reduce weaning groBlin patients exposed to long-duration



ventilator support. In this regard, preclinical @stigations reveal that endurance exercise
training alters the abundance of ~70 cytosolicginst and ~25 mitochondrial proteins in the
diaphragn?®. Studies investigating which of these proteinstigbute to protection of the
diaphragm against VIDD reveal that exercise-induttgghges in both mitochondrial proteins
(e.g., superoxide dismutase 2) and cytosolic pmeté.g., heat shock protein 72) contribute to
exercise preconditioning of the diaphragrii>**° This vital information has been used to
develop successful pharmacological treatmentsdteptr the diaphragm against MV-induced
diaphragmatic weakne®s$* Importantly, these preclinical studies provideeaample of how
exercise physiology research leads to improvedineale.

Impact on COVID-19 and Physical Inactivity on Cardiovascular System

PA is critical to cardiovascular health and deemsskntial during the pandemic. Part of
the strategy to reduce the spread of the virusr@igh social isolation, but social isolation runs
the risk of reduced PA with potential long-term sequences. Humans evolved as physically
active animals and regular PA is in our géhd% The effects of inactivity promote genes that
are detrimental to health. Inactivity for any reaseduces heart health and increases the long-
term risk of coronary artery disease and suddediaadeath. The positive impact of PA on the
prevention of coronary artery disease and suddehacadeath reduction is well known dating
back to the London Bus Drivers sti@§’. Current studies on steps per day and other messur
of exercise show that regular PA promotes cardiayas health and those who have higher
levels of fitness have better exercise stressigsiitcome¥ 2,

The muscle aches that accompany influenza and aaficad infections are a well-known
symptom and a result of direct and indirect harrtheotissue. Muscle soreness is likely due to a

combination of direct tissue infection and theanfimatory response of cytokines released to
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fight the viral invasion. Excessive cytokine rekedsytokine storm) is the dark side of the
immune response that is responsible for tissue darbayond that of the direct viral infection.
While both heart and peripheral muscle are infebiediruses, heart muscle infection has both
short- and long-term consequences. COVID-19 isifierdnt and may, as a novel virus, trigger
more extensive tissue damage in the heart. Heatlminfection leads to myocarditis with the
potential for acute myocardial infarction, heailufiee, and/or arrhythmf&' ** ** In the acute
infection phase, the adrenergic release can triggete coronary syndrome or fatal
arrhythmia&®. Systemic viral infections also cause an inflamamateaction that irritates the
lining of the arteries. In the coronary arteriedlammation allows tears in the tissue holding
plagues in place, leading to plaque rupture with fdrmation and hence either fatal arrhythmia
or local hypoxia and cardiac tissue death. Plagpture is a common cause of sudden cardiac
arrest and death both at rest and during exemdisscle scarring induced by viral infection can
trigger potentially fatal post infection and exertirelated arrhythmias, which can be f4farhe
cardiac effects of COVID-19 can be present in canegh or after the respiratory symptoms
have abated in some patients.

During the COVID-19 pandemic, PA and exercise plidly both a positive and a
negative role in individual health outcomes. Onnkgative side COVID-19 infection increases
risk of cardiac damage and cardiac death duringceseeand the increased risk may extend into
the post infection time period. PA during any sgsteviral disease is not recommended because
the inflammatory reaction within the muscle celtsl@oronary artery walls put an affected
individual at risk for sudden cardiac death duramgl after the infection. Data from post mortem
analysis is showing this to be true for COVID-1%igats alsd”™*> The accompanying

myocardial scarring leaves individuals at riskgadden cardiac death for a lifetime. Non-
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steroidal anti-inflammatory drugs (NSAIDs) are ofigsed to relieve muscle discomfort but
increase risk of heart events under normal circantss. The risk is accentuated during
concurrent viral infections like COVID-19, so NSAd@re not the choice for muscle pain
control during a COVID 19 viral infection.

On the positive side, regular PA and exercise pteroardiorespiratory fitness and
longevity. Our recommendation for healthy indivitbuduring and following the COVID-19
pandemic is to remain physically active and exeruaiile socially distanced when you are well,
stop exercise when you develop symptoms or sigas @affection, and return to PA and exercise
slowly following recovery. Social distancing reggsrsome changes in perspective while
exercising. Recent models suggest the 2-meter deartimibble” of safety changes shape with
movement. The slipstream of dirty air created bynrag or biking requires 5 to 20 meters of
spacing for a person following directly behind afetted person to stay in clear*&ifhe 2-
meter safety zone may also be broken by forcedHtirgathat comes with vigorous exercise
based on the spread of the virus amongst churdhn ieonbers who met for practice and
maintained social spacing during the rehearsakeqmpately 75% of those in attendance
contracted the disease.

Once completely well, it is reasonable for mildiydacted individuals to gradually resume
PA and exercise with a goal of returning to presation fitness. For people with more severe
COVID-19 iliness, return to PA may require testorgmaging prior to exercise. If exertion-
related symptoms like palpitations, chest painr@ge intolerance, or dyspnea occur during the
return to exercise, evaluation with cardiac imaging stress testing may be indicated to rule out
COVID-19 cardiac damage before progressing to migtdelevels.

Impact of COVID-19 and Physical Inactivity on Muscuoskeletal System
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Staying healthy requires daily PA. Our body is ¢anly sensing internal environment
and responding to these charigeShe increased demands from the contracting sketaiscles
during exercise represent a major challenge tbday homeostasis provoking a plethora of
responses in several organs. The metabolic rateesfkeletal muscle can rise even 100-fold on
activation when compared to resting conditf3nk order to support the energy demand of the
working muscle fibers, temporary acute responsesgrda our organism to meet the PA and
exercise challenge. As a result of the accumulaifactivity sessions, the organism adapts to
the metabolic demands. PA and exercise adaptagdeisto the long-term changes that occur in
our body as a consequence of PA and training. Higaertrophy or resting bradycardia is two
well-known examples of these adaptat®3nslowever, the musculoskeletal system, one of the
largest tissues in the body, is the main targeixefcise training. Plasticity describes the ability
of our muscles to adapt to variations in activitylan working demand. The adaptive event
involves the whole muscle fiber structure from slaecolemma to the mitochondria, including
the myofibrils, the extracellular matrix, as wedl eapillaries surrounding the muscle fibérs

Exercise is one of the most frequently prescrilhedapies in both health and dise3&es
However, western societal lifestyle behaviors prmmhysical inactivity and sedentarin®ss
This situation is greatly aggravated by the comta&nt measures imposed by the countries to
control the expansion of the recent pandemic of @BIA. A large number of people have been
asked by health authorities to stay home in quararfior an extended period of time, and this
recommendation poses a significant challenge foameing physically active. Several models
have given us information on the effects of inattiin the musculoskeletal system: bed rest and
limb immobilization are extreme experimental mod&eduction of daily walking steps may

indicate a more physiological model of reduced R4t teflects the risk of long-term

13



confinement. In terms of steps walked, ~10,000s#tizy is generally considered as a high level
of PA, while ~1500 steps/day is classified as alewel of PA®,

Physical inactivity is associated with many detniad effects, including loss of aerobic
fitness (~7% reduction in ®, peak in healthy young adults), musculoskeletal, @ygnitive
declin€®. It is also accompanied with metabolic effectd thelude alterations in insulin
signaling that leads to increased peripheral ing@sistance, an increase in inflammation, as
well as alterations in adipose tissue lipolysis amtbchondrial pathwaya In skeletal muscle
physical inactivity-induced reduction in insulinnséivity contributes to the distribution of
energy substrates into other tissues, which ineseesntral fat accumulatith The body needs
regular muscular activity during the day, whereame of the most powerful mechanisms
regulating disease susceptibility such as the rhdodrial function and the lipoprotein
metabolism are being downregulated during physiadtivity™.

PA and exercise are essential in preserving musass through the activation of muscle
protein synthesr. On the contrary, the lack of muscle contractifévity during inactivity,
especially in old individuals, is a leading cauamabolic resistance and muscle atraphy
Significant muscle atrophy (1-4% losses) has beparted with only 14 days of step reduction
in both young and older aduifsSkeletal muscle adapts to a prolonged physieattivity by
decreasing not only muscle fiber size (atrophy)adisw muscle function and quafity
Mechanosensor proteins, such as costameresfitagimjn-C, and Bag3, which allow muscle
fibers to sense mechanical forces, are also indalvéhe regulation of skeletal muscle mass.
Their activation during muscle contraction regugbeotein turnover through interaction with
the mammalian target of rapamycin complex 1 (mTORLM with the main proteolytic

pathways: the autophagic-lysosomal and the ubigpitoteasome systeris

14



Mitochondrion, conventionally regarded as the “poiveuse” of muscle energy
generation, plays an important role in not onlytoalfing the proliferation and generation of the
new organelle (mitochondrial biogenesisput also regulating the elimination of dysfunnéd
mitochondria via mitophagy and the morphologicaiatyics via fusion and fissiot*®*

Studies in human subjects with long-term bedregtaher forms of confinements reveal that
mitochondrial homeostasis is disrupted by musclaafilization resulting in decreased protein
synthesis and enhanced protein degrad#tf3i* Research in rodents demonstrates that muscle
immobilization for a period of 2-3 weeks dramatigaeduces mitochondrial quantity and

quality because of the downregulation of mitochaddriogenesis, the upregulation of the
ubiquitin-proteolysis, and the overexpression dbpiagic genés.

Research shows that deterioration of mitochondhaaheostasis due to muscle
immobilization can lead to organic and systemitamimation, an important mechanism for
COVID-19 pathogenesis. Decreased mTOR activityasties forkhead box O (FoxO) family
transcription factor activation, which is an im@ort reason for enhanced proteolysis and
mitophagy®? Increased ROS generation also activates nucetorfkappa B (N&B) signaling
to produce pro-inflammatory cytokines such as &NRterleukin IL)-1 and IL-6 in the muscle
and exacerbates muscle atrophy and functionalreecli
COVID-19 Infection and the Brain Function
Does SARS CoV-2 infection threat and damage brain?

Although the main risks of COVID-19 is to causalngs to the upper and lower
respiratory track and lung, other organs are noesgarily void of this viral infection. It is
believed that the entry of SARS-CoV-2 in the hurtissues is facilitated via angiotensin-

converting enzyme 2 (ACE-2), however the poor abseri ACE-2 receptors in central nervous
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system (CNS) does not mean that CNS is resistamstghis type of virusé$ Indeed, it has
been shown that when SARS-CoV-2 types of virus gixasn through intra-nasally to mice, the
virus translocated into thalamus and brainstemveara significantly lethal suggesting that CNS
could be one of the targets of SARS-CoV-2. It iggasted that the virus can reach the CNS via
neural circuits through trans-synaptic pathwayshe relatively long latency period of the virus
of 5-12 days would allow fthe virus to significanttamage medullary neurons, and indeed,
patients infected by SARS-CoV-2 reported severeategic symptoms manifested as acute
cerebrovascular diseases, consciousness impaiemérskeletal muscle symptoffisTherefore,
these observations suggest that SARS-CoV-2s caldoh to the group of neuroinvasive
viruses.

One of the most common protections against virtections is quarantine. However,
social isolation often causes psychological andtedehsorders including acute stress disorder,
exhaustion, detachment from others, irritabilihgomnia, poor concentration indecisiveness,
fear, and anxiety. Data suggest that depressiometgnand post traumatic disorders have
significant effects on the immune system, resulimmast cell activation, increased generation
of cytokines like IL-1, IL-37, TNE, IL-6, and C-reactive proteih Traumatic events activate
the hypothalamic—pituitary—adrenal axis (HPA) andta inflammation via activation of NFKB
and cytokine production. Apparently quarantine-asged mental and psychological disorders
weaken the protective capacity of the immune systgainst diseases making individuals more
vulnerable. Overall, it is suggested that SARS-CoWMrus directly or, with associated
conditions like quarantine-induced mental and pelaijical disorders, can damage or impact
the CNS negatively.

Can physical fitness protect or attenuate the consequences of infection?
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There is currently no proven medicine to treatuinal infection, however the progress
and severity of virus-induced diseases could vaegtty. The general observation is that under
the age of 60 years, mortality rates and sevefigymptoms of SARS-CoV-2 infections are
much less then in advanced age. To date, no dataikble whether the level of physical
fitness affects the progress of SARS-CoCV-2 intewdi However, it is well documented that

regular exercise induced-adaptations enhance thetigéness of immune systétn which

actual level could affect the severity of SARS-C®Vifection.

However, quarantine-associated decline in the ineraystem as a result of the
development of depression or traumatic disordensegprevented and/or attenuated. Indeed, the
inflammatory process generated by ROS can be nitaetigely detoxified by antioxidant
systems in various organs including the brain df-wained individuals from adaptations to
exercise training. In addition, exercise training can efficientlycdease depression, and is one
of the power modulator of the neuroprotective amiitdepressive effects of PA and exercise is
the brain derived neurotrophic factor (BDN¥)Present data suggest depression is closely linked
to structural abnormalities and dysregulation shemeuroplastic mechanisms. Many brain
regions are affected by depression, but the mostistently affected area in individuals with
depression is the hippocampus, which is implicatedemory, emotion processing, and stress
regulation.

The exercise effect on the brain can elicit systanfluences on the entire body, as
exercise-induced euphoria is associated with tlease of endogenous opioids (endorphins).
Endorphins are identified as three distinct pegtigemed alpha-endorphins, beta-endorphins,
and gamma-endorphins. Euphoria is significantlyaased after running and is inversely

correlated with opioid binding in prefrontal/orbitontal cortices, the anterior cingulate cortex,
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bilateral insula, parainsular cortex, and temporiepa regions (region-specific effects in
frontolimbic brain areas that are involved in thiegessing of affective states and mdadJhus,
regular exercise can attenuate the symptoms arskqaences of quarantine-induced depression
and traumatic disorders with the systemic, compdexi powerful neuroprotective effects.
Recommendation to fight against COVID-19-associated neurological and mental disorders

Since vaccination is not an available option ages#sRS-CoCV-2 infection at present,
one alternative feasible option is to increaseefffiectiveness of the immune system. Research
data suggest that higher level of physical fitieggroves immune responses to vaccination,
lowers chronic low-grade inflammation, and improvasious immune markers in several
disease states including cancer, acquired humamimdeficiency syndrome, cardio-vascular
diseases, diabetes, cognitive impairments, andtybed he adaptive effects of exercise are
dependent upon the intensity and duration of egzersessions. Available information suggests
that to boost the power of the immune system, naidentensity exercise up to 45 min is best.
On the other hand, strenuous exercise can suppmease system function leading to upper
respiratory tract infections and appearance ohtatial reactivatiofi’. Although a debate exists
regarding possible suppressing effects of sevegecese training on immune system, moderate
intensity exercise clearly up-grades the powenwohune system.

Since the aged population has higher risk to sdiften SARS-CoV-2 infections and
generally this group benefits the most from reg®lArand exercise, moderate-intensity aerobic
exercise with 2-3 sessions/week lasting not legs 80 minute is suggested to as the lowest
exercise dose to exert beneficial brain effectsv Sidies aimed to investigate the relationship
between exercise intensity and relief of depresgiarendorphin secretion exist. In subjects with
moderate level of depression, it appears that tha@emate- and high-intensity exercise can

attenuate depression levels, whereas very-low sitieaxercise has no effect, and fhe
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endorphin results are inconclusivdt appears that exercise-associated-dose resgonse
individual and could be dependent on the type ef@se. Nevertheless, daily aerobic exercise is
highly recommended for all individuals at all ageégyure 1).
COVID-19 Protection among the Aged People

COVID-19 is having a major impact on people's libgscausing hospitalizations and
deaths, but also through reducing quality of lésulting from social isolation, depression, fear,
and financial crists Older adults are experience the most burdensoome €OVID-19".
Indeed, the constellation of changes in cellulat pimysiological function that accompany the
aging process make older people especially vultetalCOVID-19. Hence, the identification
of health-related parameters predisposing oldeltsthuthe negative outcomes associated with
COVID-19 is of utmost importance. Here, we provaderief description of the mechanisms
through which SARS-CoV-2 infection might contribwtethe development or progression of
frailty and sarcopenia in older ages.

Possible Effects of COVID-19 on Muscle Atrophy and Physical Function

The pathophysiological mechanisms underlying COXMare under intense
investigation. Evidence is accumulating that SARS/@ invades and damage multiple organs,
such as the respiratory system, cardiovasculaesystentral nervous system, kidneys, and liver.
Yet, no studies have investigated whether the \ditesctly damages skeletal muscle. However,
information about the time-course of COVID-19 aethted hospital outcomes allows

speculating the disease may affect muscle homesstas

Notably, acute respiratory distress syndrome (ARE) most worrisome consequence
of SARS-CoV-2 infection, seems to develop mainlgplider adults with multimorbidity 2

ARDS involves bilateral pulmonary infiltration linmg hematosis and reducing oxygen supply
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for mitochondrial bioenergeti€s Patients with ARDS are transferred to intensaeeanit

(ICU) to receive adequate oxygen supplementatioyutih non-invasive or mechanical
ventilatior/”’® The combination of ARDS and ICU-related procedurmy cause a major insult
to muscle by increasing protein breakdown(rhabddysy®) and reducing protein synthesis,
thereby establishing a catabolic environment lequtrsevere muscle atropflyMuscle wasting
is experienced by 50% of ICU patients involvingatieagmatic and lower limb muscle, causing
serious respiratory and physical complications thay remain for years after hospital
dischargd”. Observational studies have shown that ARDS sarsifave substantially lower

performance on mobility tests relative to healtgg-aand sex-matched peofile

Are Frailty and Sarcopenia Possible Outcomes of COVID-19
Muscle atrophy and declining physical function leeg features of frailty and sarcopenia
8182 Frailty is a geriatric syndrome characterizeddnjuced capacity to reach physiological

homeostasis after a stressful eventwhile sarcopenia is a neurodegenerative disease tha

involves muscle atrophy, loss of muscle strengthower, and physical dysfunctfinBased
on the aforementioned possible complications of @D, the plausibility that SARS-CoV-2
infection might promote the development of fradtyd sarcopenia and accelerate their
progression. Furthermore, extreme home isolatiahiaecreased physical inactivity, combined
with depression and anxiéfy could increase the susceptibility to falls oresthrominent
geriatric conditionsKigure 2). These topics are certainly areas for future stigation.

These premises have important implications durimdyafter hospitalization since both
sarcopenia and frailty are associated with ICU darapons and mortality, as well as negative
outcomes after hospital dischatg®. Health professionals responsible for the carelddr

adults with COVID-19 should assess the presenéeittfy and/or sarcopenia at patient
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admission to identify those individuals at highskrof negative outcomes an again at discharge.
Indeed, older patients who survive COVID-19 mighggent many conditions associated with
the progression of frailty and sarcopenia, inclgdiardiovascular, respiratory, metabolic,
muscular, cognitive, psychological, and social cbheagions. Hence, health professionals
responsible for post-acute rehabilitation neede@itepared to manage weak patients with

extreme fatigue when performing simple movements (sitting).
Fighting COVID-19 with Proper Nutrition

Nutrition is an important factor for human healtigluding maintaining a strong immune
system. However, research up to date indicatesithaingle nutrient or dietary supplement can
prevent or treat COVID-19. On the contrary, inajpiate intake, especially overdoses of
dietary supplements might be more harmful than ti@ak Clinical data demonstrate that
patients dying from COVID-19 are mostly elder p&opith complication from other diseases
and malnutrition problem due to agffigAlso, development of COVID-19 from mild to ser&ou
symptoms is closely related to the nutritionalusft Therefore, assessing nutrition status is

necessary and important during COVID-19 infection.

SARS-CoV-2 virus, like other coronaviruses, causpglly generation of free radicals
and the release of cytokines (cytokine storm),ilggtb oxidative stress which promotes cell
death and ultimately results in organ faiftif€ Patients with COVID-19 have increased pro-
inflammatory cytokines, high-sensitivity C-reactipmtein (hsCRP) and increased risk for sepsis
and ARDS?. Experiences from treating SARS, MERS, and otlmeisvinfectious diseases and
from clinical trials in COVID-19 patients show theneficial effects of nutritional support

against COVID-19. Through reducing oxidative strasd enhancing immunity, nutritional
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support helps people to lower the risk of virugation or to alleviate the symptom of COVID-

19%,

In plasm from COVID-19 patients, hsCRP, a markeénfidmmation and oxidative
stress, is markedly elevat®d Therefore, increasing antioxidant status andaiedypro-
inflammatory cytokine release along with regulaatments is likely an effective strategy for
lowering ARDS and COVID-19 risk. Vitamin C is a comanly used antioxidant to scavenge
ROS and to protect cells from oxidative stresgak@nous (i.v.) or oral administration of high-
dose vitamin C has been reported to be safe aridgisagainst viral infection without major
adverse events In addition, high-dose vitamin C supplementatigri.v. administration
shortened the intensive care unit (ICU) stay by&ahd significantly reduced mortality rate
Several registered clinical trials are presentippeerformed to investigate the effects of
vitamin C in treatment of COVID-19 in several caugg such as NCT04264533, NCT04357782

and NCT04335084 (ClinicalTrials.gov).

Enhancing immunity is an important means for préimgnand managing viral infections.
Nutritional status affects immune homeostasis wimignutrition will impair immune response
to pathoger. Vitamins and trace elements are crucial to mairttee function of immune
systeni®. Therefore, supplementation of proper amountstafmins and trace elements may

enhance immunity against COVID-19.

Vitamin D is a group of steroids responsible fos@iption of calcium. Vitamin D not
only plays the vital role in maintaining proper leostructure, but also a modulate s immune
response. Several studies claimed that vitamindDaas antimicrobial peptides to kill the
invading pathogens, including bacteria, virus, amdji°®. Vitamin D can reduce the cytokine

storm by inhibiting expression of pro-inflammataytokines, such as TNFand interferory
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(IFNy) while stimulating anti-inflammatory cytokines eegsion by macrophag®sin addition,
vitamin D supplementation may reduce hsCRP in dialpatients in whom vitamin D
deficiency increases the risk of ARBYSTherefore, vitamin D supplementation is highly
recommended to reduce the risk of COVID-19. Culyeseveral clinical trials are underway to
investigate the potential protective effects oémitn D supplementation at different doses and

durations against COVID-19 such as NCT04344041N0d@04326725 (ClinicalTrials.gov).

Vitamin A is a group of retinoids including retinoétinal and retinoic acid, and is one of
the most important factors in maintaining immunstegn function. Vitamin A supplementation
has been shown to reduce morbidity and mortalitmeésles, pneumonia, diarrhea, malaria, and
HIV infection®®. Vitamin A supplementation also enhances immuspaese after vaccination

for measles and influen¥a

Vitamin B is a group of water-soluble vitamins hayidifferent functions in the human
body. Vitamin B2 could decrease the titer of MERS¥in human plasf. During lung injury
induced by the ventilator, vitamin B3 treatmeningigantly inhibited the infiltration of
neutrophils into the lungs and elicited a stronti-mflammatory effect”. In addition, vitamin

B6 deficiency is known to weaken host immune resgn

Vitamin E is an antioxidant and its deficiency iritphumoral and cellular immunity
Vitamin E supplementation is particularly effectimemproving age-related immunity.
Protective effects of vitamin E supplementatiorhepatic B virus infection and bacterial
pneumonia infection have been reported, howevemin E supplementation apparently has no
protective effects on acute respiratory tract itifes"". In view of the protective effect of these
vitamins on viral infection, supplementation withultiple vitamins is recommended to reduce

COVID-19 risk.
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Other nutrients involved in strengthening immuraite trace elements such as selenium
and zinc. Selenium status is correlated with ttre cate and death rate of COVID-19 patiéhts
High hair selenium level has been shown to corgbasitively with treatment outcomes of
COVID-19 patients. The mechanism for the protecéiffect of selenium is likely related to the
selenium-dependent enzyme glutathione peroxidasgesh is an important antioxidant enzyme

to reduce ROS and oxidative stfss

Zinc is another important trace element for devielgand maintaining immune system
function. Previous research on the SARS coronayB#&kS-CoV) pandemic in 2003 reported
that combination of low concentrations of zinc g@ydthione inhibited coronavirus replication
% Since the SARS-CoV-2 virus belongs to the sammlyeof coronavirus as SARS-CoV, zinc
supplementation has high potential for preventib8@ ©VID-19. Considering the potential effect
of zine against COVID-19, adding zinc along withorbquine and hydroxychloroquine may
improve the treatment outcome of patients with COXB*®. Clinical trials are presently being
conducted to estimate the synergistic action of aimd chloroquine as therapy for COVID-19

(NCT04326725, ClinicalTrials.gov).

In summary, although definite proof for the potahéffectiveness of various nutrients in
alleviating harmful effects of COVID-19 is still fincoming, supplementation of sufficient
vitamins and proper trace elements is recommeraladlp prevent lung infection and alleviate
COVID-19 symptom. Importantly, all nutritional supments only reduce the possibility of
infection and are only adjuvant therapies, whetka®nly strategies for COVID-19 prevention

and treatment are in the development of vaccinedangs.

PA and Exercise Programming During a Pandemic
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Infectious and non-communicable diseases have allvaget humans, but the recent
appearance of COVID-19 has refocused public hgathpectives to infectious disease. In the
early part of the ZDcentury, advances in the prevention and treatwieinfectious disease was
primary, but deaths caused by noncommunicable shseantinued to riSé During the last part
of the 28" century, higher global death rates shifted thesiofrom infectious to
noncommunicable diseases and the scientific comsneaught to better understand prevention
and treatment of these dised8&&* The impact of PA and exercise on noncommunicable
disease are well-document&df?1%and also impact the immune system and thus affeets
bodies anti-virale defens&3

Unfortunately, modern lifestyle behaviors promobggical inactivity and sedentariness
53102103104 These poor lifestyle behaviors are intensifiedsbgial distancing and self-imposed
or government mandated quarantine measures inteéadeduce COVID-19 spread. These
circumstances pose significant challenges for remgiphysically active. During periods of
isolation, all socioeconomic groups, ethnicitiasl] ages should maintain good health by
following the WHO PA recommendations of 150 minutésnoderate-intensity or 75 minutes of
vigorous-intensity PA per week, or a combinatiorboth. Muscle-strengthening activities
involving major muscle groups are recommended andvmore days a we¥R. In
children/adolescents the recommendations inclutkaat 60 minutes per day of vigorous or
moderate intensity PAC.

To exercise or not to exercise when flu or COVID-19 symptoms are observed

Common COVID-19 symptoms are fever, cough, shostoébreath, and breathing

difficulties. In severe cases, infection causesupmania, ARDS, organ failure, and even death.

Symptoms usually appear within two to 14 days aedd#ficult for the non-health professional
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to differentiate between flu or COVID-19. In eithease, the PA or exercising individual should
seek medical diagnosis and discontinue PA and esecirmmediately. Present data suggest the
median time from onset to clinical recovery foran2OVID-19 cases is approximately two
weeks and is three to six weeks or longer for p&divith severe or critical disease.

When body aches, fatigue, fever or symptoms suehshsmachache or a hacking cough
are present, bed rest is recommended until sympsoimside. Even at this point, taking a break
from PA or exercise for a few days is sensibletti@rbody to regain full function. Using the
body as a guide to determine when to resume PAacese is always useful but be careful not
to over-exert. If one is not sure whether or wheexercise, talking with your doctor is vital.
When becoming PA or starting exercise after ard#) reduce PA and exercise intensity and
duration for several days or even weeks. Compkxievery depends on the severity and the
length of time of illness. Each individual resporasl recovers differently to illnesses.
Attempting PA or exercise at regular exercise isityrand duration before completely
recovered, increases risk for more-serious injurnjlreess.

Sarting an exercise programduring a pandemic

When starting a PA or exercise program while inrthést of a pandemic, public health
recommendations for social distancing and hygieaetjges are paramount considerations when
starting a PA or exercise program. Becoming phjlgieative and reducing sedentary behavior
is easily accomplished by avoiding sitting for Idirge periods, taking short movement or
activity breaks, utilizing online exercise classasg using mobile technologies such as telephone
applications and wearable sensors to encouragem@ante Examples of home exercises not
requiring large spaces or equipment while easifgipced at all times of the day include

walking, stair climbing, lifting and carrying grages, chair squats, pushups, sit-ups, rope
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jumping, yoga, Pilates, and Tai Chi. A beginningreise program should start at low intensities
for short durations and progress slowly to morerise PA or exercise periods of longer
durations. Because these activities are easilpprdd at home, difficulties in finding facilities
with proper space and specific equipment is redocediminated.

A goal of any beginning PA or exercise progranoipriogressively work toward
completing at least one-half hour of moderate Pérgday or at least twenty minutes of
vigorous PA every other day of the week. Idealtsgrsgthening-type activities are included in
daily activities at least twice a wei8k Individuals susceptible to chronic diseases ssch
cardiovascular or pulmonary disease should seekathom health care providers regarding
safe exercisé§°'%” Recommendations for children and youth agedtfive7 years are the
accumulation of at least 60 minutes of moderatevidorous-intensity daily PA. In addition,
vigorous-intensity activities that strengthen masahd bone are recommended at least three
times per week”>.

If engaged in regular PA or exercise and wantinfgitther enhance cardiovascular and
muscle fitness, suddenly beginning an intense &eeold resistance exercise training program
or performing unaccustomed highly intense prolongpeetcise is not prudent, because such PA
or exercise training can lead to reduced immunetfan. Thus, if you are already PA or a
regular exerciser but want to become more physieallive, adjust exercise programming
slowly and progressively to obtain new fithess gdalreduce the likelihood of any negative

impact on the immune system.
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Figure Legend

Figure 1 (Radak).

SARS-CoV-2 can directly attack central nervouseystThe quarantine which is used to
prevent the spreading of SARS-CoV-2 readily carseaiepression, which has negative effects
on CNS and immune system. Regular exercise withemabel intensity curbs the quarantine-
associated harmful effects on the brain

Figure

The detrimental effect of COVID-19 on the developinef sarcopenia and frailty among people
of old age. Potential influences of physical inatyiand social isolation on the pathogenesis are

illustrated.
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