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Abstract 
 
COVID-19, is the disease caused by infection of the Severe Acute Respiratory Syndrome 
Corona Virus 2, that currently has pandemic influence on daily life, economics and lifestyle. 
Corona viruses are common knowledge, however COVID-19 pathology, physiology and long 
term consequences still are not completely known and of interest in current research. This 
review is meant to provide overview of research done on COVID-19 related to immune 
responses and physical exercise. Specifically the influence of physical exercise have been 
evaluated in COVID-19 immune response and long term sequelae progression and 
prevention. Physical exercise have been reported beneficial in prevention of non-
communicable diseases and supportive in immune responses.  
The first section of the review focuses on the general influence of physical exercise on 
immune responses. It is shown that exercise intensity and workload are able to modulate 
immune responses regarding neutrophil count increasement, immunoglobulin level 
modulation, interleukin-6 modulation and the Renin-Angiotensin-Aldosteron-System (RAAS) 
modulation. Acute and intense exercise negatively influences immune response whereas 
moderate exercise shows beneficial effects.  
The second part focuses specifically on physical exercise response on immune regulation in 
COVID-19. Immune effects related to physical exercise also are shown in COVID-19 cases. 
Interesting are the lifestyle and mental effects. Social confinement due to COVID-19 
restrictions influence physical activity and therefore the immune regulation.  
The last part focuses on the long term effects of COVID-19 and the role of physical exercise 
in this process. Currently there is little information known on mechanisms involved in long 
term sequelae. Frequent symptoms of long-covid are fatigue, dyspnea, palpitations, hair 
loss, anxiety/depression and cognitive disturbance. It is unknown whether the immune 
response modulation due to physical exercise also influences initiation and progression of 
long term sequelae. One current hypothesis is the involvement of latent immune memory 
because of sensitizing the immune system to viral particles even though they are eliminated 
from the organism.  
This review suggests a potential significant role for physical exercise in COVID-19 disease 
onset, progression and prevention, but certain mechanisms need to be clarified to be able to 
conclude. Longitudinal cohort studies can contribute in clarification of the Covid 19 
pathophysiology and treatment possibilities. 
 
 
 
 
 
 
 
 
 
 
 
 



 
1. Introduction 

 
Since 2019, a worldwide pandemic outbreak of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has been seen. SARS-CoV-2 is an enveloped RNA virus closely 
related to other coronaviruses, such as SARS-CoV and MERS-CoV (1). Coronaviruses mainly 
cause ‘cold-like’ symptoms except for SARS-CoV and MERS-CoV, that can cause fatal 
respiratory disease. SARS-CoV-2 possesses symptom-similarities with SARS-CoV.  
The main target of the virus are the respiratory organs but research also showed organ 
damage in the circulatory system, urogenital system, gastrointestinal system and nervous 
system (2). Some of the infection related consequences are symptoms of a sore throat, 
fever, cough, shortness of breath and loss of taste and smell (3). Loss of taste or smell  is a 
hallmark symptom of infection of SARS-CoV-2 infection. WHO also uses this as a definition 
for a probable case of COVID-19 disease (4).  
SARS-CoV-2 can infect the human cell by binding to the angiotensin-conversing enzyme 2 
(ACE2) via the spike protein binding (2, 5, 6). ACE2 is a component of the Renin-Angiotensin-
aldosterone system (RAAS). This system functions as an arterial blood pressure regulator and 
extracellular volume regulation (7). ACE2 receptor is highly abundant in tissues throughout 
the body which possibly explains the broad range of damage caused by the covid-19 virus. 
Interesting is the interaction with the immune system of ACE2. Several studies including 
Crowley et al. showed decreased macrophage expression as well as pro-inflammatory 
cytokines expression by inactivation of angiotensin type II (ATII) by ACE2 (8).  
Early studies show increased levels of pro-inflammatory cytokines in serum. The level of 
cytokines can be associated with disease severity (9). The cytokine storm is indicated by 
increase of interleukin-1/2/6/7,  interferon-γ inducible protein 10 and TNF-α (10, 11).  
 
Several studies showed association between physical activity and better health. A systematic 
review of longitudinal studies on long-term health benefits of physical activity from Reiner et 
al. showed positive long-term influence on physical activity and the incidence of 
noncommunicable diseases (12). Mechanisms attributed to improvement of human health 
by physical activity are reduced adiposity, maintenance of muscle mass, improvement of 
cardiorespiratory functioning and circulating lipid reduction (13).  
The World Health Organisation (WHO) defines physical activity as any bodily movement 
produced by skeletal muscles that requires energy expenditure (14). About 80% of the 
world’s adolescent population is insufficiently physical active and therefore 20-30% more 
susceptible for increased risk of death compared to sufficiently physically active people (14). 
Physical inactivity is known to be a major risk to develop noncommunicable diseases, e.g. 
cardiovascular diseases (15), type II Diabetes (16), respiratory diseases (17) and cancers (18). 
Guidelines, according the WHO, for the amount of physical exercise for adolescents (18-64 
years) should be at least 150-300 minutes moderate-intensity aerobic exercise per week 
(14).   
‘Physical activity’ and ‘exercise’ are terms that can be interpreted differently among the 
readers and even the community. As described previously, the WHO defines physical activity 
as any bodily movement produced by skeletal muscles that requires energy expenditure.  
 
 



 
Exercise on the other hand was defined by Caspersen et al. (1985) as a subcategory of 
physical activity defined as planned, structured movement undertaken to improve or 
maintain one or more aspects of physical fitness (19). These two terms are often 
interchangeable and during this review this will be the case.  
 
The goal of this review is to emphasis the importance of physical activity on human health 
especially in COVID-19 prevention, disease severity and recovery after infection. By 
addressing the literature on COVID-19 pathophysiology and relating this to physical exercise 
the importance of being physically active will be discussed. Specifically, three sub questions 
are tackled: the relation of physical exercise on the human immune system, the relation of 
physical exercise on COVID-19 and the relation of physical exercise on long-covid. Also the 
intensity level at which the exercise should be performed to benefit health is widely 
researched.  A case study was included to connect literature to practise. It is hypothesized 
that regular and moderate exercise benefits human health by modulation of the immune 
response and influences antiviral activity to function as a possible lifestyle factor in 
susceptibility to reduce disease severity and long-lasting sequelae. In this review this 
hypothesis will be tested using literature. 
 

2. Physical exercise involvement in immune response 
 

Exercise can modulate the immune system in various ways. Several studies have shown the 
differences between moderate exercise and acute/intense exercise. It is believed that 
acute/intense exercise may lead to suppressing of the immune response, however moderate 
exercise may enhance the immune response (20). There are a few cellular mechanisms 
known underlying the modulation of the immune response caused by different forms of 
exercise. Moderate activity led to an increase of neutrophil counts and a decrease of 
eosinophil counts (20). Neutrophils play an important role in innate and adaptive immune 
responses including involvement in immunomodulatory cytokine synthesis and release, 
clearance of extracellular pathogens and contribute to activation and expression of the 
adaptive immune response (21). Eosinophils play an important role in allergic responses, 
under influence of Interleukin-5, and stimulates B-cell growth and immunoglobulin secretion 
(22).  
 
Immunoglobulin-A is a secretory immunoglobin which prevents colonization of mucosal 
surfaces and developmental local growth of pathogens. Exercise can affect levels of this 
immunoglobulin, therefore modulating the first line of defence. A longitudinal study of 
Fahlman and Engels (2005) showed an inverse reaction on IgA levels and acute/intense 
exercise (23). One year of American Football significantly decreased secretory IgA levels and 
respectively an increased risk for developing upper respiratory tract infections (23). The 
decrease of salivary IgA was also observed in the study of S.J. Laing et al (2005) (24). This 
study determined the effects of prolonged exercise in hot conditions on salivary IgA levels in 
trained cyclists. There was no significant influence observed on salivary IgA levels during 
prolonged exercise under hot conditions. Thus, the role of exercise on secretory IgA levels 
has been determined in several studies with conclusive evidence for beneficial 
immunomodulatory influence of moderate exercise on salivatory IgA levels. This is 



 
confirmed by a study of Mohammad Ghaderi et al. 2011 in which they showed the effect of 
maximal progressive exercise on serum cortisol levels and immunoglobulin levels in young 
elite athletes (65). The study showed no significant change in immunoglobulin-A excretion in 
maximal progressive exercise but a significant increase in cortisol levels. The study showed 
no significant change in immunoglobulin-A excretion in maximal progressive exercise but a 
significant increase in cortisol levels. This indicates the importance of exercise intensity and 
workload. Klentrou et al. (25) investigated the role of moderate exercise on salivatory IgA 
levels and infection risk in humans. By using an aerobic exercise programme, the hypothesis 
of his study was tested. The study showed significantly increased IgA levels and significantly 
reduced number of upper respiratory tract infections in the moderate exercise group. This 
study indicates a possible enhancement of the immune response as a result of the increased 
IgA levels because of moderate exercise whereas intense/acute exercise is possibly able to 
induce an immunosuppressive response.  
 
Another molecular response of exercise on immune health is the modulation of interleukin 
6. Interleukin-6 is a pro-inflammatory cytokine produced in an acute phase response to 
infections and tissue damage (26). Interleukin-6 stimulates specific differentiation of naïve 
CD4+ T cells and therefore it functions as an important link between innate and adaptive 
immune responses. Although Interleukin-6 functions as a pro-inflammatory factor in 
immune response, it is also known that the acute phase proteins induced by Interleukin-6 
have anti-inflammatory and immunosuppressive effect when derived from skeletal muscles 
(myokine function) (27). Exercise primarily causes an upregulation (up to 100-fold) of 
Interleukin-6 in the circulation, followed by an increase in interleukin-1 receptor antagonist 
and interleukin-10 which are respectively a cytokine inhibitor and anti-inflammatory 
cytokine. Relating the excretion rate to physical exercise, researched showed limited 
response on short bouts of exercise at low intensity. Prolonged moderate exercise will 
systemically induce interleukin-6 response resulting in an enhancement of anti-inflammatory 
responses(28). 
 
 
Different studies have showed the effect of physical activity on RAAS system (29, 30). 
Physical exercise can induce systemic and tissue-specific ACE/ANGII/AT1R axis 
downregulation (31). This axis has effects on vasoconstriction, cell proliferation and sodium 
retention (32). Hyperactivation of the axis is 
associated with noncommunicable diseases such 
as Diabetes Mellitus, obesity and 
inflammation (33). The opposite axis of the 
ACE/ANGII/AT1R axis is the ACE2/ANG 1-
7/MAS axis. Stimulation of this axis promotes 
anti-inflammatory, cardioprotective and 
vasodilative responses (34). Physical exercise 
is able to stimulate this axis and shift the 
balance toward the ACE2/ANG 1-7/MAS axis 
(29, 30). This modulation toward the 

Figure 1: RAAS axis modulation  



 
protective arm by physical exercise indicates a protective role in immune response.  
In addition, Magalhães et al. (2020) showed that moderate physical exercise causes an acute 
increase in activity of the ACE2/ANG 1-7/MAS axis, leading to increased plasma and urinary 
levels of ACE2 (35). During this study two protocols were included, tested on physically 
active men, a High-Intensity Interval Exercise (HIIE) and a Moderate-intensity Continuous 
Exercise (MICE). Increased activity of the ACE2/ANG 1-7/MAS axis, determined by a greater 
increased urinary concentrations of ANG1-7, is caused by aerobic physical exercise, mostly in 
the MICE protocol compared to HIIE protocol. The results of this (and other) studies indicate 
the importance of the type and duration of physical exercise.  
 

3. Physical exercise related to COVID-19 
 
At the time of writing this thesis, there is no cure for COVID-19 severe implications. The 
beneficial role of physical activity on the immune response has been described widely, so in 
this review the effect of physical activity on COVID-19 and vice versa will be discussed. It is 
alarming that during COVID-19 physical activity decreased because of the confinement. 
Castañeda-Babarro et al. (2020) showed this alarming observation among 3800 healthy 
adults (18-64 years) from Spain (36). There was a significant decrease noted in self-reported 
physical activity in vigorous activity (16.8%) and walking time (58.2%) alongside an increased 
sedentary time (23.8%). However, on a slightly positive note, there was no significant 
decrease noticed in the people who reached the recommended 150 min/week of moderate 
exercise (1.4%). The longitudinal study of Feifei Bu et al. (2021) showed similar patterns in 
the physical inactivity because of the social confinement during Covid-19 (37). To conclude, 
(Social) confinement because of COVID-19 is therefore likely to cause a decrease of physical 
activity. As discussed in the previous paragraph, one of the results of physical inactivity is 
modulation of the immune system. Over the time, increased systemic inflammation and 
reduced T-cell proliferation and cytokine production is also noticed (38). Also, lower Natural 
Killer cell activity in physical inactive people is shown (39).  
 
A Longitudinal study of Jing Liu (2020) showed significant and sustained decrease in 
lymphocyte counts and increase in neutrophil counts and cytokine release (Interleukin-6, 
IFN-γ and Interleukin-10) in patients suffering COVID-19, and basically severe disease (40). 
Relating this longitudinal study to be more susceptible for physical inactivity during COVID-
19 confinement, which can cause immune modulation and increased systemic inflammation, 
the role of physical activity can be of a great interest, e.g. possible prevention of severe 
disease and accelerate recovery of disease.  
Interferon modulation by physical exercise is one of the mechanisms of the immune system 
to induce a more adequate immune response. Moderate exercise is associated with a rise in 
Interferon-2 (41). Interferons possess antiviral actions via RNA-dependent Protein Kinase 
(PKR), induction of inducible nitric oxide synthase (iNOS2) and histocompatibility complex I 
and II proteins (42). Physical exercise might be able via interferon modulation to stimulate 
the immune system for antiviral activity and control of viral replication.  
Another mechanism is to modulate the response of a viral infection by innate immune cells 
through physical exercise. Viruses are detected by pattern-recognition receptors (PRRs) that 
recognize pathogen-associated molecular patterns (PAMPs) which can lead to activation of 



 
downstream signalling pathways and type-I or type-III interferon production (43). An 
immune response against SARS-CoV-2 is initiated after activation of PRR by the recognition 
of binding to viral PAMPs such as Toll-like receptors, single- and double-stranded DNA or 
Interferon-regulatory factors (44). Several PAMPs are involved in SARS-CoV-2. PAMP1 is 
initiated in the recognition of viral lipopolysaccharide (LPS) followed by excretion of different 
cytokines (interleukin-1β/6/8/12) and interferons (44). Interferons are capable of activation 
of Natural Killer cells (45). As described earlier in this chapter, physical inactivity causes a 
decrease of natural killer cell activity. Nieman et al. (1993), some time ago, already showed 
the beneficial effects of moderate exercise on Natural Killer cell activity (46).  A protocol of 
treadmill exercise was initiated with high intensity (80% VO2Max) and moderate intensity 
(50% VO2Max). The study showed significant shifts in circulating NK cells during and 2 hours 
after the exercise. This indicates the possible important role for exercise in COVID-19 
pathophysiology.  
 
Besides the physiological benefits of physical activity there is also evidence for the 
importance of physical exercise on mental health and well-being of the people during 
COVID-19 pandemic. A study of Grazia Maugeri et al. (2020) showed in an online survey of 
2524 Italian subjects a significant decrease of physical activity between before and during 
COVID-19 pandemic (47). Especially men showed a significant decrease in physical activity. 
Also, a significant correlation was determined in physical activity variation and mental well-
being. Reduction of the physical activity had a profoundly negative effect on the 
psychological well-being of the population. 
 

4. Long-COVID and Physical Exercise 

Long-Covid or Post-acute COVID-19 syndrome is the non-resolving result of a SARS-CoV-2 
infection. After recovery of the acute infection, patients retain prolonged and persistent 
symptoms. Usually the acute effects of SARS-CoV-2 infection lasts up to 4 weeks after onset 
of symptoms. Therefore, any sequelae of COVID-19 that remain after 4 weeks from the first 
symptoms is called long-covid or post-acute COVID-19 syndrome. From this point on, the 
term long-covid will be used. Frequent symptoms of long-covid are fatigue, dyspnea, 
palpitations, hair loss, anxiety/depression and cognitive disturbance (48). Long-Covid,  
because of the recent onset of the COVID-19 pandemic, there is not much information on 
long-term sequelae, which is currently of major interest in longitudinal cohort studies. The 
incidence of long-covid shows a lot of fluctuations in studies, ranging from 30-90% (49, 50), 
with most patients experiencing fatigue, dyspnea and chest pain. The design of the studies is 
often heterogenous regarding epidemiological criteria since the variation in local prevalence 
of COVID-19 (51).  
The university of Washington performed a longitudinal prospective cohort study of adults 
with confirmed SARS-CoV-2 infection to conduct follow-up in the nine months after illness 
(52). The results showed approximately 30% of persistent sequelae. The most common 
sequelae experienced were fatigue and loss of smell and taste. 
 
Although the high number of studies conducting research on symptoms and incidence, 
treatment opportunities are less known. There is limited information on treatment specific 



 
for long-covid. General treatment advice for COVID-19 is currently use of IL-6 receptor 
inhibitors, antisense RNA, monoclonal antibodies and systemic corticosteroids, but none of 
them function as a dealbreaker (53). The role of vitamins as a preventive therapy for 
development of COVID-19 or even as a treatment is researched by Dehghani-Samani A et al. 
(2020) (54). Vitamins function as important micronutrients on the immune system and have 
been repeatedly reported as essentials in cellular immunity, intestinal immune defence and 
tolerance and anti-inflammatory effects. (55, 56). The study of Dehghani-Samani A et al.  
showed, among all vitamins, roles of vitamin A, C, D and E to be more effective on the 
immune system and possibly of interest for research to prevent viral infections like SARS-
CoV-2. However vitamin metabolism is a precise process and possible toxicity should be 
considered. At least the beneficial effects of vitamins on human health status can affect 
COVID-19 pathophysiology and recovery. Relating this to a retrospective multinomial logistic 
regression study by Alipio et al. (2020), statistical analysis showed correlation between 
disease severity and vitamin D level deficiency (57) indicating an increase in serum vitamin D 
could possibly improve clinical outcome. 
 
Physical exercise is a lifestyle factor previously described to benefit immune response and 
human health. There is sufficient evidence suggesting the contributing role of physical 
exercise for long-covid therapy, despite the need of further evidence for the type and 
workload management of the exercise. Physical exercise prevents both the onset and 
development of cardiovascular disease (58), improves neurocognitive abilities such as brain 
plasticity and psychological well-being through contraction-induced myokines release and 
brain-derived neurotrophic factor (59) and functions as an effective treatment in pulmonary 
disease through concurrent training to improve oxygen uptake, muscle strength, oxidative 
stress, muscle size and quality of life (60). The multiorgan nature of long covid sequelae 
invites people to improve physical health generally by tailored exercise to boost the immune 
system and decrease disease severity of SARS-CoV-2 infection.  
 
Molecular mechanisms responsible for SARS-CoV-2 related symptoms and organ modulation 
are widely describe in the literature. However, whether these mechanisms are also 
responsible for persistent sequelae after months of onset of the infection is currently 
unknown. One current hypothesis is the involvement of latent immune memory because of 
sensitizing the immune system to viral particles even though they are eliminated from the 
organism (61). 
 
The following case study is described to indicate the broad and extensive sequelae six 
months after onset of the laboratory confirmed SARS-CoV-2 infection. 
 
‘A female (25 years) elite athlete was infected with the SARS-CoV-2 virus six months prior to 
this writing. Daily routine prior to the infection existed of tailored and reviewed moderate 
and intense exercise, consisting of cycling, speedskating and muscle strength trainings. 
Patient is known to have exercise-induced asthma. Immediately after onset of symptoms 
related to Covid 19, infection was confirmed by laboratory PCR test followed by self-
quarantine. She experienced symptoms like fever, dry cough, chest pain, muscle strain, 
headaches and fatigue. Symptoms can be described as moderate severity, but medical 



 
intervention was never in need. Symptoms lasted for 10 days after which self-quarantine 
was cancelled. Two weeks after onset of the symptoms, exercise schedule was resumed in a 
reduced way. Training intensity never reached the same level prior to the infection of SARS-
CoV-2, expressed by up and downs during regular daily life and exercise experience and 
never fully relieved of the symptoms. After five months medical examination was done by 
the sports doctor using a cycle exercise test to indicate the maximum aerobic and anaerobic 
power (Watts/kg body weight) during exercise. Also, an ElectroCardioGram (ECG) was 
performed to test cardiac function, and a long function test to indicate the long function. 
The main result indicated an increase of respiratory rate of 1.5 times during rest with a 
normal lung function (FEV1/FVC). This phenomenon showed proportionate results during 
exercise. This can indicate autonomous dysfunction of the respiratory rate caused by the 
SARS-CoV-2 infection. The autonomous dysfunction can explain the daily fatigue and 
reduced exercise capacity. Treatment advice is a reset of the autonomous respiratory rate 
signal using speech therapy.’ 
 
NB. Prior to the infection, the patient had antibiotic administration for three months, 
probably influencing the immune response and therefore correlating with disease severity 
and the long-term sequelae. 
 
Interesting is the ‘hyperventilation-like’ response of the autonomous respiratory system. 
Mechanism underlying this was described by Motiejunaite et al. (2021) (62).  A case series of 
eight patients with exertional dyspnea at three months after onset was reported. All patients 
had no previous cardiovascular or pulmonary medical history. All patients showed normal 
lung function tests and significant impaired exercise tolerance. Five out of eight patients 
showed elevated VE/VCO2 ratios suggesting exercise hyperventilation. The study 
hypothesized hyperventilation-induced hypocapnia might be responsible for symptoms like 
dyspnea, fatigue and chest pain.  
Relating this to the case study, there is suggesting evidence for autonomous respiratory 
dysfunction because of SARS-CoV-2 infection and possible target for research. 
 

5. Conclusion/Discussion 

The goal of this review study was to relate physical activity to immune response and the 
immune response in covid 19 infection to describe variable outcomes of physical activity. 
The study was divided into three sub parts to describe the role of physical exercise to 
immune system, covid 19 and long covid.  
 
Relation physical exercise to immune system 
 
The intensity of the exercise in relation to beneficial effects on the immune response has 
been widely researched. Compelling evidence has been provided that moderate exercise 
enhances immune response whereas acute/intense exercise may lead to suppression of the 
immune response. Enhancement of the immune response was characterized by induced 
neutrophil counts and decreased eosinophil counts. The study of Romeo J et al. discussed 
has some limitations. Study design didn’t control for sex differences, only adult men were 



 
included. Other studies showed limited neutrophil infiltration as a response on tissue repair 
caused by acute exercise in women. It is thought this response is modulated by estrogenic 
levels and includes changes in cytokine production and cell proliferation and -activation (63). 
The differences in immune response between the sexes could potentially be mediated by 
adiposity (64). Also study design didn’t include cytokine level counts which might provide 
different interpretation of the results. 
Physical exercise also influences immunoglobulin excretion, particularly immunoglobulin-A. 
Intense/acute exercise showed an inverse excretion rate and moderate exercise showed 
increased excretion rate.  
The effects of physical exercise on interleukin responses have been described to respond on 
tissue damage and infections. Especially interleukin 6. Interleukin-6 primarily is a pro-
inflammatory cytokine in the immune response. However, the acute phase protein of 
interleukin-6 has anti-inflammatory and immunosuppressive effect when derived from 
skeletal muscles (myokine function). Exercise primarily causes an upregulation (up to 100-
fold) of Interleukin-6 in the circulation, followed by an increase in interleukin-1 receptor 
antagonist and interleukin-10.  
Physical exercise plays in important role in RAAS modulation. Figure 1 shows overview on 
two axes involved in immune response of the RAAS system. Increased activation of the 
ACE2/ANG 1-7/MAS axis by moderate exercise provides anti-inflammatory responses. 
Magalhães et al. (2020) showed this principle. Limitations in this study include again low and 
inclusive number of participants. Also, the major involvement in other physiological 
processes like blood pressure and extracellular fluid regulation can possibly influence the 
role of physical activity on RAAS modulation. Extra inclusion criteria should be added to limit 
this.  
 
Relation physical activity on Covid 19 
 
During Covid 19 confinement significant decreases in physical activity were noticed because 
of social isolation and quarantine. Result of physical inactivity is modulation of the immune 
response by systemic inflammation, reduced T-cell proliferation and cytokine production. 
Governmental restrictions have been implied in the Netherlands during high infection rate of 
Covid 19. One of the restrictions included limitations on group exercises and amateur sports 
because of the outdoor transmission concern. A review study of Mike Weed et al. (2020) 
consisting of 14 sources investigated the outdoor transmission of Covid 19 (66). Among 
25.000 cases, a very few cases showed outdoor transmission indicating the very little 
incidence of transmission in outdoor places. Relating this to the physical inactivity because 
of social isolation and quarantine, this evidence is considerably important to stimulate 
physical activity during quarantine to influence the beneficial effects on the immune 
response.  
 
A few mechanisms are responsible for the immune system to induce a more adequate 
immune response, also in Covid 19. Interferon modulation and modulation the response of a 
viral infection by innate immune cells, both under influence of physical activity. A cross-
sectional study of Schmidt F. et al (2016) to characterize a profile of pro- and anti-
inflammatory cytokines and the impact of physical activity in patients with obesity (67). 



 
Results showed significant up-regulation of pro-inflammatory cytokines in obesity. The role 
of physical activity has been described in the reduction of incidence of noncommunicable 
diseases, like obesity. This study again indicates the important need for a physical active 
lifestyle to encounter immune related diseases.  
 
Since the short onset of the Covid 19 pandemic, relatively little longitudinal data is available, 
simply due the limited timeframe. Analysis performed are likely to indicate responses on 
short-term notice but are unknown on the long-term. Therefore future research should 
focus on longitudinal cohort research to indicate long-term consequences of Covid 19 
infections and the role of physical activity.  
 
Relation physical activity and Long Covid 
 
The term Long Covid is a collective name for the persistent sequelae of SARS-CoV-2 infection 
after acute infection. Sequelae often consist of fatigue, dyspnea, palpitations, hair loss, 
anxiety/depression and cognitive disturbance. Since the sequelae are multifactorial, 
underlying mechanism are currently not completely understood. Heterogeneous study 
designs, because of the variation in local prevalence, are providing data possible inconsistent 
which makes it difficult to interpretate. Currently latent immune memory is hypothesized to 
cause persistent sequelae. Longitudinal cohort studies with consistent criteria can help in the 
understanding of underlying mechanisms responsible for persistent sequelae and whether 
disease severity plays a role in the development of these sequelae.  
The case study provided a possible role for SARS-CoV-2 in autonomous organ dysfunction, in 
this case respiratory dysfunction. The study of Motiejunaite et al. (2021) showed a case 
series of eight patients with exertional dyspnea at three months after onset. Normal lung 
function was determined. Specifically the autonomous respiratory response was targeted by 
the virus. Studies also reported loss of taste and smell function after SARS-CoV-2 infection 
which indicates modulation of the Central Nervous System by the virus. José Vergara et al. 
(2021) studied the potential influence of Olfactory, Gustatory, and Pharyngolaryngeal 
Sensory dysfunction on swallowing physiology in Covid 19 (68). Taste, smell and 
pharyngolaryngeal sensory function are important for normal swallowing function (69). 
Swallowing is an autonomous process. The study of José Vergara showed considerable 
evidence for Covid 19 as a potential neurologic invader, able to affect certain brain regions, 
in this case regions for smell, taste and perhaps swallowing. Covid 19 possibly act 
resemblant in autonomous respiratory dysfunction. Further research needs to be done.  
 
To conclude, physical activity is proved to play an role in innate and adaptive immune 
responses and therefore of interest in Covid 19 research. Due to the short onset of the 
pandemic, long-term consequences of Covid 19 are largely unknown and currently 
researched. Longitudinal cohort studies can contribute in clarification of the Covid 19 
pathophysiology and treatment possibilities.  
 
 

 



 
References 

1. Pedersen SF, Ho Y. SARS-CoV-2: a storm is raging. J Clin Invest. 2020;130(5):2202-5. 

2. Lopes-Pacheco M, Silva PL, Cruz FF, Battaglini D, Robba C, Pelosi P, et al. Pathogenesis of multiple 
organ injury in COVID-19 and potential therapeutic strategies. Frontiers in physiology. 2021;12:29. 

3. Lotfi M, Hamblin MR, Rezaei N. COVID-19: Transmission, prevention, and potential therapeutic 
opportunities. Clinica chimica acta. 2020;508:254-66. 

4. Menni C, Valdes AM, Freidin MB, Sudre CH, Nguyen LH, Drew DA, et al. Real-time tracking of self-
reported symptoms to predict potential COVID-19. Nat Med. 2020;26(7):1037-40. 

5. Fernández-Lázaro D, González-Bernal JJ, Sánchez-Serrano N, Navascués LJ, Ascaso-del-Río A, 
Mielgo-Ayuso J. Physical Exercise as a Multimodal Tool for COVID-19: Could It Be Used as a 
Preventive Strategy? International journal of environmental research and public health. 
2020;17(22):8496. 

6. Ortega JT, Serrano ML, Pujol FH, Rangel HR. Role of changes in SARS-CoV-2 spike protein in the 
interaction with the human ACE2 receptor: An in silico analysis. EXCLI journal. 2020;19:410. 

7. Naveed H, Elshafeey A, Al‐Ali D, Janjua E, Nauman A, Kawas H, et al. The Interplay Between the 
Immune System, the Renin‐Angiotensin‐Aldosterone System (RAAS), and RAAS Inhibitors May 
Modulate the Outcome of COVID‐19: A Systematic Review. The Journal of Clinical Pharmacology. 
2021. 

8. Crowley SD, Rudemiller NP. Immunologic effects of the renin-angiotensin system. Journal of the 
American Society of Nephrology. 2017;28(5):1350-61. 

9. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 
novel coronavirus in Wuhan, China. The lancet. 2020;395(10223):497-506. 

10. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19: consider cytokine 
storm syndromes and immunosuppression. The lancet. 2020;395(10229):1033-4. 

11. Ye Q, Wang B, Mao J. The pathogenesis and treatment of theCytokine Storm'in COVID-19. J 
Infect. 2020;80(6):607-13. 

12. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of physical activity–a 
systematic review of longitudinal studies. BMC Public Health. 2013;13(1):1-9. 

13. Febbraio MA. Health benefits of exercise—more than meets the eye! Nature Reviews 
Endocrinology. 2017;13(2):72-4. 

14. Copyright World Health Organization (WHO), 2021. All Rights Reserved. [Internet]. [cited 
Accessed on 18-11-2021]. Available from: https://www.who.int/news-room/fact-
sheets/detail/physical-activity. 

https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity


 
15. Lippi G, Sanchis-Gomar F. An estimation of the worldwide epidemiologic burden of physical 
inactivity-related ischemic heart disease. Cardiovascular drugs and therapy. 2020:1-5. 

16. Admiraal WM, van Valkengoed IG, L de Munter, J S, Stronks K, Hoekstra JB, Holleman F. The 
association of physical inactivity with Type 2 diabetes among different ethnic groups. Diabetic Med. 
2011;28(6):668-72. 

17. Hopkinson NS, Polkey MI. Does physical inactivity cause chronic obstructive pulmonary disease? 
Clin Sci. 2010;118(9):565-72. 

18. Sanchis-Gomar F, Lucia A, Yvert T, Ruiz-Casado A, Pareja-Galeano H, Santos-Lozano A, et al. 
Physical inactivity and low fitness deserve more attention to alter cancer risk and prognosis. Cancer 
Prevention Research. 2015;8(2):105-10. 

19. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: 
definitions and distinctions for health-related research. Public Health Rep. 1985;100(2):126. 

20. Romeo J, Jiménez-Pavón D, Cervantes-Borunda M, Wärnberg J, Gómez-Martínez S, Castillo MJ, et 
al. Immunological changes after a single bout of moderate-intensity exercise in a hot environment. J 
Physiol Biochem. 2008;64(3):197-204. 

21. Mantovani A, Cassatella MA, Costantini C, Jaillon S. Neutrophils in the activation and regulation of 
innate and adaptive immunity. Nature reviews immunology. 2011;11(8):519-31. 

22. Rao SP, Ge XN, Sriramarao P. Regulation of eosinophil recruitment and activation by galectins in 
allergic asthma. Frontiers in medicine. 2017;4:68. 

23. Fahlman MM, Engels H. Mucosal IgA and URTI in American college football players: a year 
longitudinal study. Med Sci Sports Exerc. 2005;37(3):374-80. 

24. Laing SJ, Gwynne D, Blackwell J, Williams M, Walters R, Walsh NP. Salivary IgA response to 
prolonged exercise in a hot environment in trained cyclists. Eur J Appl Physiol. 2005;93(5):665-71. 

25. Klentrou P, Cieslak T, MacNeil M, Vintinner A, Plyley M. Effect of moderate exercise on salivary 
immunoglobulin A and infection risk in humans. Eur J Appl Physiol. 2002;87(2):153-8. 

26. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold Spring 
Harbor perspectives in biology. 2014;6(10):a016295. 

27. Mathur N, Pedersen BK. Exercise as a mean to control low-grade systemic inflammation. 
Mediators Inflamm. 2008;2008. 

28. Fischer CP. Interleukin-6 in acute exercise and training: what is the biological relevance. Exerc 
Immunol Rev. 2006;12(6-33):41. 

29. Goessler K, Polito M, Cornelissen VA. Effect of exercise training on the renin–angiotensin–
aldosterone system in healthy individuals: a systematic review and meta-analysis. Hypertension 
Research. 2016;39(3):119-26. 



 
30. Frantz EDC, Prodel E, Braz ID, Giori IG, Bargut TCL, Magliano DC, et al. Modulation of the renin–
angiotensin system in white adipose tissue and skeletal muscle: focus on exercise training. Clin Sci. 
2018;132(14):1487-507. 

31. Evangelista FS. Physical exercise and the renin angiotensin system: prospects in the COVID-19. 
Frontiers in Physiology. 2020;11:1282. 

32. Santos SHS, Braga JF, Mario EG, Pôrto LCJ, Rodrigues-Machado MdG, Murari A, et al. Improved 
lipid and glucose metabolism in transgenic rats with increased circulating angiotensin-(1-7). 
Arterioscler Thromb Vasc Biol. 2010;30(5):953-61. 

33. Slamkova M, Zorad S, Krskova K. Alternative renin-angiotensin system pathways in adipose tissue 
and their role in the pathogenesis of obesity. Endocr Regul. 2016;50(4):229-40. 

34. Santos RAS, Sampaio WO, Alzamora AC, Motta-Santos D, Alenina N, Bader M, et al. The 
ACE2/angiotensin-(1–7)/MAS axis of the renin-angiotensin system: focus on angiotensin-(1–7). 
Physiol Rev. 2017. 

35. Magalhães DM, Nunes-Silva A, Rocha GC, Vaz LN, de Faria, Marcelo Henrique Salviano, Vieira 
ELM, et al. Two protocols of aerobic exercise modulate the counter-regulatory axis of the renin-
angiotensin system. Heliyon. 2020;6(1):e03208. 

36. Castañeda-Babarro A, Arbillaga-Etxarri A, Gutiérrez-Santamaría B, Coca A. Physical activity change 
during COVID-19 confinement. International journal of environmental research and public health. 
2020;17(18):6878. 

37. Bu F, Bone JK, Mitchell JJ, Steptoe A, Fancourt D. Longitudinal changes in physical activity during 
and after the first national lockdown due to the COVID-19 pandemic in England. medRxiv. 2021. 

38. Murdaca G, Setti M, Brenci S, Fenoglio D, Lantieri P, Indiveri F, et al. Modifications of 
immunological and neuro-endocrine parameters induced by antiorthostatic bed-rest in human 
healthy volunteers. Minerva Med. 2003;94(6):363-78. 

39. Jung YS, Park JH, Park DI, Sohn CI, Lee JM, Kim TI. Physical inactivity and unhealthy metabolic 
status are associated with decreased natural killer cell activity. Yonsei Med J. 2018;59(4):554-62. 

40. Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of lymphocyte 
responses and cytokine profiles in the peripheral blood of SARS-CoV-2 infected patients. 
EBioMedicine. 2020;55:102763. 

41. Vijayaraghava A, Radhika K. Alteration of Interferon Gamma (IFN-γ) in Human Plasma with 
Graded Physical Activity. Journal of clinical and diagnostic research: JCDR. 2014;8(6):BC05. 

42. Samuel CE. Antiviral actions of interferons. Clin Microbiol Rev. 2001;14(4):778-809. 

43. Bowie AG, Unterholzner L. Viral evasion and subversion of pattern-recognition receptor 
signalling. Nature Reviews Immunology. 2008;8(12):911-22. 



 
44. Kumar P, Sobhanan J, Takano Y, Biju V. Molecular recognition in the infection, replication, and 
transmission of COVID-19-causing SARS-CoV-2: an emerging interface of infectious disease, biological 
chemistry, and nanoscience. NPG Asia Materials. 2021;13(1):1-14. 

45. Paolini R, Bernardini G, Molfetta R, Santoni A. NK cells and interferons. Cytokine Growth Factor 
Rev. 2015;26(2):113-20. 

46. Nieman DC, Miller AR, Henson DA, Warren BJ, Gusewitch G, Johnson RL, et al. Effects of high-vs 
moderate-intensity exercise on natural killer cell activity. Med Sci Sports Exerc. 1993;25(10):1126-34. 

47. Maugeri G, Castrogiovanni P, Battaglia G, Pippi R, D'Agata V, Palma A, et al. The impact of physical 
activity on psychological health during Covid-19 pandemic in Italy. Heliyon. 2020;6(6):e04315. 

48. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al. Post-acute 
COVID-19 syndrome. Nat Med. 2021;27(4):601-15. 

49. Wang X, Xu H, Jiang H, Wang L, Lu C, Wei X, et al. Clinical features and outcomes of discharged 
coronavirus disease 2019 patients: a prospective cohort study. QJM: An International Journal of 
Medicine. 2020;113(9):657-65. 

50. Carfì A, Bernabei R, Landi F. Persistent symptoms in patients after acute COVID-19. JAMA. 
2020;324(6):603-5. 

51. Alwan NA, Johnson L. Defining long COVID: Going back to the start. Med. 2021;2(5):501-4. 

52. Logue JK, Franko NM, McCulloch DJ, McDonald D, Magedson A, Wolf CR, et al. Sequelae in adults 
at 6 months after COVID-19 infection. JAMA network open. 2021;4(2):e210830. 

53. Gavriatopoulou M, Ntanasis-Stathopoulos I, Korompoki E, Fotiou D, Migkou M, Tzanninis I, et al. 
Emerging treatment strategies for COVID-19 infection. Clinical and experimental medicine. 
2021;21(2):167-79. 

54. Dehghani-Samani A, Kamali M, Hoseinzadeh-Chahkandak F. The Role of vitamins on the 
prevention and/or treatment of COVID-19 infection; A Systematic Review. Modern Care Journal. 
2020;17(3). 

55. Childs CE, Calder PC, Miles EA. No title. Diet and immune function. 2019. 

56. Elmadfa I, Meyer AL. The role of the status of selected micronutrients in shaping the immune 
function. Endocrine, Metabolic & Immune Disorders-Drug Targets (Formerly Current Drug Targets-
Immune, Endocrine & Metabolic Disorders). 2019;19(8):1100-15. 

57. Alipio M. Vitamin D supplementation could possibly improve clinical outcomes of patients 
infected with coronavirus-2019 (COVID-19). Available at SSRN. 2020;3571484. 

58. Pinckard K, Baskin KK, Stanford KI. Effects of exercise to improve cardiovascular health. Frontiers 
in cardiovascular medicine. 2019;6:69. 



 
59. Marques-Aleixo I, Beleza J, Sampaio A, Stevanović J, Coxito P, Gonçalves I, et al. Preventive and 
therapeutic potential of physical exercise in neurodegenerative diseases. Antioxidants & redox 
signaling. 2021;34(8):674-93. 

60. Liu K, Zhang W, Yang Y, Zhang J, Li Y, Chen Y. Respiratory rehabilitation in elderly patients with 
COVID-19: A randomized controlled study. Complementary therapies in clinical practice. 
2020;39:101166. 

61. Silva Andrade B, Siqueira S, de Assis Soares, Wagner Rodrigues, de Souza Rangel F, Santos NO, 
dos Santos Freitas A, et al. Long-COVID and Post-COVID Health Complications: An Up-to-Date Review 
on Clinical Conditions and Their Possible Molecular Mechanisms. Viruses. 2021;13(4):700. 

62. Motiejunaite J, Balagny P, Arnoult F, Mangin L, Bancal C, d’Ortho M, et al. Hyperventilation: a 
possible explanation for long-lasting exercise intolerance in mild Covid-19 survivors? Frontiers in 
Physiology. 2021;11:1856. 

63. Bird MD, Karavitis J, Kovacs EJ. Sex differences and estrogen modulation of the cellular immune 
response after injury. Cell Immunol. 2008;252(1-2):57-67. 

64. Meksawan K, Venkatraman JT, Awad AB, Pendergast DR. Effect of dietary fat intake and exercise 
on inflammatory mediators of the immune system in sedentary men and women. J Am Coll Nutr. 
2004;23(4):331-40. 

65. Ghaderi M, Azarbayjani M, Atashak S, Molanouri-Shamsi M, Mokari-Saei S, Sharafi H. The Effect 
of maximal progressive exercise on serum cortisol & immunoglobulin a responses in young elite 
athletes. Annals of Biological Research. 2011;2(6):456-63. 

66. Weed M, Foad A. Rapid scoping review of evidence of outdoor transmission of COVID-19. 
MedRxiv. 2020. 

67. Schmidt FM, Weschenfelder J, Sander C, Minkwitz J, Thormann J, Chittka T, et al. Inflammatory 
cytokines in general and central obesity and modulating effects of physical activity. PloS one. 
2015;10(3):e0121971. 

68. Vergara J, Lirani-Silva C, Brodsky MB, Miles A, Clavé P, Nascimento W, et al. Potential influence of 
olfactory, gustatory, and pharyngolaryngeal sensory dysfunctions on swallowing physiology in COVID-
19. Otolaryngology–Head and Neck Surgery. 2021;164(6):1134-5. 

69. Wahab NA, Jones RD, Huckabee M. Effects of olfactory and gustatory stimuli on neural excitability 
for swallowing. Physiol Behav. 2010;101(5):568-75. 

  


