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ABSTRACT
Physical exercise training (PET) has been considered an excellent non-pharmacological strategy to prevent and treat several diseases. 

There are various benefits offered by PET, especially on the immune system, promoting changes in the morphology and function of cells, 

inducing changes in the expression pattern of pro and anti-inflammatory cytokines. However, these changes depend on the type, volume 

and intensity of PET and whether it is being evaluated acutely or chronically. In this context, PET can be a tool to improve the immune 

system and fight various infections. However, the current COVID-19 pandemic, caused by SARS-CoV-2, which produces cytokine storm, 

inducing inflammation in several organs, with high infection rates in both sedentary and physically active individuals, the role of PET on 

immune cells has not yet been elucidated. Thus, this review focused on the role of PET on immune system cells and the possible effects 

of PET-induced adaptive responses on SARS-CoV-2 infection and COVID-19.
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INTRODUCTION
The beneficial effects of physical exercise training (PET) 

for individuals with type 2 diabetes and obesity1, inflamma-
tory illneses2, arterial hypertension3, heart failure4, Alzheimer´s 
disease5, among other diseases, are well established. Improved 
immune function is demonstrated with all types of PET, such 
as walking, running, swimming, and cycle ergometer. The ben-
eficial effects on the immune system include cell regulation and 
modulation of gene expression and signaling pathways associ-
ated with the inflammatory process6.

The effects of PET on the immunomodulatory response 
are related to the type of stimulus applied, taking into account 

exercise duration, intensity and frequency, both in physiolog-
ical and pathological situations7,8. Notably, the acute response 
(during or shortly after exercise) of high-intensity exercise 
results in transient suppression of the immune system, making 
individuals more susceptible to infections by viruses and bac-
teria9, as well as viral reactivation, whereas continued training 
(long training period) generates a chronic adaptation of this 
organism, increasing the defense of the immune system against 
microorganisms and pathogens10.

The ongoing COVID-19, caused by the novel coro-
navirus (SARS-CoV-2) rose questions about the appro-
priateness of PET during quarantine time, given the fact 
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that infection also affects the immune system11. Seen that, 
PET being used as a non-pharmacological tool during the 
COVID-19 pandemic is thus questionable. We aimed to 
briefly debate in two topics the enigmatic role of PET in 
favoring or not a positive adaptation of the immune system 
to prevent COVID-19: 1 – how PET acutely and chron-
ically induces adaptation of the innate immune system 
cells in response to aerobic and resistance training, and 2 
– the possible effects of PET-induced adaptive responses 
on SARS-CoV-2 infection.

INNATE AND ADAPTIVE 
IMMUNOLOGIC RESPONSE

The immune response is highly dynamic and involves cell 
components that can be simplistically described as belong-
ing to the Innate (II) and Adaptive Immune System (AI). 
The Natural Killers, Macrophages, Eosinophils, Neutrophils, 
and Dendritic Cells are the II cells, and they act on the pri-
mary defense against infectious agents, by quickly recogniz-
ing atypical molecules of pathogens, toxic products or dam-
aged tissue, and triggering the “danger” signal, that directs 
AI cells to a specific response against the invader12-15. The II 
cells are formed in the germ line; they do not divide, do not 
form clones, and do not produce memory cells. In contrast, 
AI cells bear specific antigen receptors (T lymphocytes and 
B lymphocytes), they are formed in the somatic lineage and 
may undergo hypermutations, thereby increasing their affin-
ity to the antigen. B and T cells possess genetically rearranged 
and highly diverse antigen receptors, imparting specificity in 
recognition to these cells. 

In contrast with the II response, the AI response becomes 
more efficient with each successive encounter with the 
same pathogen, a phenomenon called immune memory16,17. 
AI response is induced by successive memory formation by B 
an T cells and is influenced by the II response. PET induces 
changes in these lymphocytes because of the high shear stress 
on artery walls, of the stimulation of the sympathetic nervous 
system and of the increased adrenaline secretion. It induces 
lymphocytosis of both B and T lymphocytes18,19, and these 
changes are proportional to PET duration and intensity20. 
However, negative effects on AI function were also reported, 
such as T lymphocyte apoptosis after physical testing to 
exhaustion (Figure 1)21.

As SARS-CoV-2 is a new virus, human immunity is being 
developed during the pandemic outbreak in the general pop-
ulation. Thus, this review’s focus is mainly on PET-induced 
chronic and acute adaptation in the II cells, as described in 
the topics below. 

PHYSICAL EXERCISE 
AND NEUTROPHILS

PET induces changes in the phagocytic activity of neutrophils. 
This activity may be reduced as an acute response to different 
high-intensity exercise modalities22 or increased after moder-
ate-intensity training as a chronic adaptation23. However, this 
response is still controversial, since there are different proto-
cols for the same PET modality, besides the inherent peculiar-
ities of the studied populations. PET induces the production 
of reactive oxygen species (ROS) through the acute response 
or chronic adaptation of the immune system, according to its 
modality and protocol24. For example, increased ROS produc-
tion mediated by neutrophils and apoptosis were related to 
PET25; however, other studies have shown an opposite effect, 
with reduced ROS production by neutrophils after moderate 
intensity PET24,26. Still regarding the impact of PET on neu-
trophils, several studies have shown reduction of chemotaxis 
after high-intensity aerobic exercise9,27.

PHYSICAL EXERCISE 
AND MACROPHAGES

Acute and chronic adaptation of macrophage functions 
were shown as a result of PET. Unlike neutrophils, studies 
unanimously report increased phagocytic activity of macro-
phages after PET, regardless if moderate or of high intensity 
until exhaustion6,28. Other PET-modulated biological pro-
cesses in macrophages include augmented ROS production 
after intense exercise to exhaustion; improved antitumor 
activity upon moderate and high intensity exercise, due to 
increased cytotoxic activity against neoplastic cells29, higher 
nitric oxide production after moderate-intensity PET6, reduced 
expression of class II antigen presenting molecules in high 
and moderate-intensity PET and increased macrophage che-
motaxis after intense PET until exhaustion30. As observed in 
neutrophils, there are controversies regarding the beneficial 
effects of exercise on macrophage function due to the vari-
ety of types, modality, and protocols of PET, as well as the 
diversity of biological process evaluated.

PHYSICAL EXERCISE AND 
NATURAL KILLER CELLS

High-intensity PET reduced the cytotoxic activity of Natural 
Killer (NK) cells31. Increased NK cell apoptosis has also been 
reported after treadmill running32 and after a marathon com-
petition33. However, other studies have shown that both acute 
exercise and chronic PET increase NK cell number34, NK 
cytotoxicity, and the production of cytokines, such as IFN-γ, 
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TGF-β, and interleukin 10 (IL-10), after both moderate and 
high-intensity exercise35,36. The responses obtained may vary 
due to the different protocols analyzed, as well as different types 
of PET used (Figure 2).

PHYSICAL EXERCISE AND 
EXTRACELLULAR SUPEROXIDE 
DISMUTASE (ECSOD) ENZYMES

Moderate-intensity PET increased the expression of EcSOD 
enzymes and reduced ROS production, attenuating cytotoxic 
activity of immune cells37,38. Furthermore, EcSOD, a molecu-
lar transducer of health benefits of exercise, has been associated 
with lower endothelial tissues damages39.

PHYSICAL EXERCISE,  
IMMUNE SYSTEM AND COVID-19: 

WHAT IS THE EVIDENCE?
There is no available data about the effects of PET on the 

immune response against coronaviruses. The only original 

study considering possible effects of PET in the context of the 
COVID-19 pandemic focused on the need to consider the health 
condition of people who were not infected by  SARS-CoV-2, 
especially regarding individuals that ceased labor activities due 
to restrictive measures enforced during the outbreak. This con-
dition may predispose subjects to the development of mood 
disorders, such as depression36, and possibly modulate the 
responses of their immune system. Since there is no consis-
tent biological basis of a beneficial biological effect of exercise 
during the COVID-19 pandemic, the main focus to prescribe 
a PET program at this time should be light- to moderate-in-
tensity aerobic exercises, recreation, wellness and resilience-re-
lated to a new routine, and not to the development of sports 
performance (Figure 3).

FINAL CONSIDERATIONS
PET produces controversial effects on the immune sys-

tem, depending on the protocols adopted. Although many 
beneficial effects of PET were demonstrated in the prevention 
or treatment of a wide range of diseases, whether prescribing 

Figure 1. Impact of physical exercise training (PET) on cells of the adaptative immune system
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Figure 2. Effects of physical exercise training (PET) on innate immune system cells.

Figure 3. Elucidation of the mechanisms of physical exercise 
training (PET) on immune system cells in individuals with 
COVID-19: the great challenge

PET during COVID-19 leads to improved defense against 
the virus, when employed as a prophylactic measure, or 
induces changes in immune system, which would increase 
susceptibility to virus infection, or stimulate inflammatory 
processes and virus-induced damage, in the context of treat-
ment, remains unknown. Considering that high-intensity 
PET sessions might result in transient immune depression 
and predispose individuals to viral infections as well as viral 
reactivation, we suggest that exercise prescription during 
quarantine should be done with caution. We advise for 
intensified monitoring rather than what is usually performed 

in gymnasiums, focusing mainly on the control of exercise 
intensity, duration, and frequency. 

Further caution should be taken for PET practice given 
the fact that some individuals infected with SARS-CoV-2 
CAN BE asymptomatic, but may still develop symptoms as a 
result of PET-driven transient immune depression, which can 
be more harmful than beneficial for these individuals. On the 
other hand, uninfected individuals who perform PET may 
undergo adaptation of their immune defense system that may 
improve innate immune cell functionality, leading to a rein-
forced adaptive sensibilization and production of antibodies, 
compared to uninfected individuals who are not training, which 
can help in infection prophylaxis and symptoms attenuation 
in case of infection. 
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