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ABSTRACT
Complications arising from COVID-19 reflect an abnormal immune response in people previously diagnosed 

with chronic, non-communicable diseases (NCD), such as cardiovascular, metabolic and pulmonary conditions. 
Physical inactivity is recognized as a condition that affects the development of chronic low-grade inflamma-
tion, NCD, and susceptibility to cell infections. Anxiety and mental stress, poor nutritional status, drug use and 
circadian rhythm disturbances can further aggravate the harm caused by physical inactivity. Therefore, the 
purpose of the review is to invite health professionals, their respective regulatory boards, universities, research 
promotion foundations, media, political authorities and lay citizens to raise awareness of immunity and health 
in the medium- to long-term control of the current pandemic. Level of evidence V; Expert opinion.
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RESUMO
As complicações decorrentes da COVID-19 refletem uma resposta imune irregular em pessoas previamente 

acometidas por doenças crônicas não transmissíveis (DCNT), como por exemplo, cardiovasculares, metabólicas e 
pulmonares. A inatividade física é reconhecidamente uma condição que impacta o desenvolvimento de inflamação 
crônica de baixo grau, DCNT e suscetibilidade a infecções celulares. Ansiedade e estresse mental, estado nutricional 
deficiente, consumo de drogas e ritmo circadiano perturbado podem agravar ainda mais os prejuízos da inativida-
de física. Sendo assim, o objetivo da revisão é convidar profissionais da área da saúde, seus respectivos conselhos 
regulatórios, universidades, fundações de amparo à pesquisa, mídia, autoridades políticas e cidadãos leigos para 
a conscientização sobre imunidade e saúde no controle em médio a longo prazo da atual pandemia. Nível de 
evidência V; Opinião do especialista.

Descritores: Pandemia; Exercício físico; Inflamação; SARS-CoV-2.

RESUMEN
Las complicaciones derivadas del COVID-19 reflejan una respuesta inmune irregular en personas previamente 

afectadas por enfermedades crónicas no transmisibles (ECNT) como, por ejemplo, cardiovasculares, metabólicas y 
pulmonares. La inactividad física es reconocidamente una condición que impacta en el desarrollo de inflamación 
crónica de bajo grado, ECNT y susceptibilidad a infecciones celulares. La ansiedad y el estrés mental, el estado nutri-
cional deficiente, el consumo de drogas y el ritmo circadiano alterado pueden agravar aún más los perjuicios de la 
inactividad física. Por lo tanto, el objetivo de la revisión es invitar a profesionales del área de la salud, a sus respectivos 
consejos reguladores, universidades, fundaciones de apoyo a la investigación, medios de comunicación, autoridades 
políticas y ciudadanos laicos para la concienciación sobre inmunidad y salud en el control a mediano y largo plazo 
de la actual pandemia. Nivel de evidencia V; Opinión del especialista.

Descriptores: Pandemias; Ejercicio físico; Inflamación; SRAG-CoV-2.

INTRODUCTION
An increasing number of people are affected by NCDs such as obesity, 

cardiovascular, metabolic, pulmonary and renal diseases as well as various 
types of cancer and mental, bone, and joint disorders.1-4 In addition to 
suffering, functional dependence and intangible investments in health 
systems, in 2016, an estimated 41 million adult deaths were attributed 
to these diseases, representing 71% of the total for this population in 
the world.4 In Brazil, NCDs correspond to around 70% of the causes 
of death in adults and a similar percentage in Brazilian Unified Health 
System (Sistema Único de Saúde – SUS) expenditures.5
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Physical inactivity features as one of the main causes attributed to the 
development of NCD,1,6 and the worsening of clinical conditions due to 
COVID-19 is related to a previous diagnosis of inflammation and NCD.7 
In Brazil, according to a survey published on the official website of the 
Ministry of Health, in mid-April (2020), seven out of every 10 COVID-19 
deaths recorded were of people over 60 years of age with at least one risk 
factor, such as heart or lung disease and diabetes. The Brazilian Ministry 
of Health also stated that people of any age with NCD are also in the 
high risk group, and need to redouble their efforts to take preventive 
steps to avoid COVID-19.8
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There is classic epidemiological1,6 and biological9-12 evidence su-
pporting moderate physical activity. Its potential benefits include the 
regulation and promotion of organ systems such as the nervous, cardio-
vascular, endocrine, respiratory, renal, digestive, and immune systems.9-12 
Although physical activity has been encouraged during the pandemic, 
a better understanding of its role in modulating the immune system, 
as a stress stimulus, can allow a more solid, contextualized and perma-
nent dissemination of its practice combined with other environmental 
factors (multifactorial approach). After all, viruses, such as Sars-CoV-2, 
undergo genetic mutation constantly and hinder remedial actions. 
Hence prevention against physiological and social chaos is indisputably 
the best solution.

Basic considerations about immune response and stress
The role of the immune system is to recognize normal and abnormal 

processes in the human body to repair possible damage and preserve 
homeostasis, in cooperation with other physiological systems.12-14 When 
carrying out its functions, the immune system can be divided into two cate-
gories: natural or innate immunity and acquired or adaptive immunity.12-14

The natural or innate immune response is immediate and includes 
physical (e.g., skin) and chemical (e.g. tear, complement system) barri-
ers, as well as the participation of phagocytic cells such as neutrophils, 
macrophages, dendritic cells and natural killers (NK), in addition to mi-
crobicidal molecules such as nitric oxide (NO) and superoxide anion.12-14 
It has limited specificity and does not develop memory.

The acquired or adaptive immune response has high specificity, in 
addition to developing memory, and can be divided into cellular and 
humoral/extracellular. The cellular immune response is mainly mediated 
by type 1 (Th1) auxiliary CD4+ T lymphocytes, type 1 cytotoxic CD8+ T 
lymphocytes, and cytokines (e.g. IFN-γ, TNF, IL-1, IL-2, IL-12, IL-17).12-15 It is also 
worth emphasizing the participation of macrophages and dendritic cells 
both in phagocyte function and in relation to the production of cytokines 
and presentation of antigens to virgin T lymphocytes for their differentia-
tion.12-14 Mutual stimulation of macrophage and lymphocyte functions 
represents an important mechanism for amplifying specific immunity.12

In the humoral/extracellular immune response, it is possible to 
highlight B lymphocytes, antibodies, type 2 (Th2) auxiliary CD4+ T 
lymphocytes, type 2 cytotoxic CD8+ T lymphocytes, and cytokines (e.g., 
IL-4, IL-5, IL-10 and IL-13).12-15 An important population in the harmony 
between cellular and humoral immunity is that of regulatory T cells, 
activated by cytokines such as IL-2, IL-10 and TGF-β.14 These cells are 
responsible for inhibiting the proliferation of effector T lymphocytes.14 
Their deficiency is related to inflammation and the development of 
severe autoimmune syndromes.14

Although there is no known consistent evidence of the blocking 
of Sars-CoV-2 reproduction to date, it is important to consider balance 
and integration between innate, cellular and humoral immunity against 
viruses. There is the production of type 1 interferons (IFN-alpha and beta), 
which act by inhibiting viral replication, thereby creating the so-called 
antiviral state, as well as the action of NKs, destroying cells infected by 
viruses. Moreover, the production of neutralizing antibodies produced 
by B lymphocytes, while still in the extracellular phase of the virus, blocks 
their entry into the target cell and the recognition of the viral antigen, 
with subsequent destruction of the infected cell by cytotoxic CD8+ T 
lymphocytes, representing important pathways against viruses due to 
adaptive immunity.13,4 In Sars-CoV-2 infection, when the body is unable 
to develop an adequate acquired response, persistent inflammation 
induced by innate immunity favors disease severity.16

The immunity of an asymptomatic and previously “healthy” organ-
ism is usually able to resolve intracellular infections.17,18 Under these 
conditions, a possible explanation for efficient repair is the balance 

between cellular and humoral responses, with a slight predominance of 
the cellular profile,17-22 as its exacerbation can result in tissue damage.15 
However, in situations of cumulative and/or NCD, i.e., when homeostasis 
is compromised prior to infection, chronic inflammation and/or immunity 
imbalance would appear to favor cell vulnerability.15 In actual fact, the 
immune response is extremely complex and involves numerous mecha-
nisms, but to corroborate this hypothesis, two examples are presented.

The senescence of the organism is accompanied by changes in the 
immune system (immunosenescence).23 Chronic low-grade inflamma-
tion associated with the aging process (inflammaging) can be explained 
by the decline in immune function, changes in innate immunity and 
imbalance between cellular and humoral immunity, contributing to a 
greater risk of exposure to pathogens in this population.24,25 In addition, 
the “open window of opportunity”, traditionally discussed in exercise 
and sport sciences for three decades, has been associated with the 
imbalance between cellular and humoral immunity.15,26 Following this 
theoretical rationale, the level of physiological stress and disturbance 
of homeostasis appears to be determinant for cellular susceptibility.

Stress is essential in adaptive processes, whether physical, chemical 
or psychological. It can be regarded as a wide-ranging set of events, 
consisting of a stressor stimulus, a reaction processed in the central ner-
vous system, and responses such as fight-flight (or freeze).27 To preserve 
homeostasis in stressful situations, several chemical messengers, such as 
cytokines, are secreted and act in an autocrine, paracrine and endocrine 
manner. These proteins not only orchestrate specific immunity, but also 
integrate the immune, nervous, endocrine, cardiovascular, renal, diges-
tive and hematopoietic systems.12-14

Interestingly, in previously inflamed organisms (e.g., with NCD) that 
are more vulnerable to Sars-CoV-2, the development of the “cytokine 
storm syndrome” is suggested.28 While in balanced conditions the cyto-
kines act efficiently in low concentrations, cytokine “storms” frequently 
observed in the more severe cases of COVID-19 reflect hyperinflamma-
tion,28 supposedly triggered by an exacerbated response to the alarm 
reaction caused by stress (infection). Tissue and functional damage in 
systems (e.g., the respiratory system) is imminent.

Basic considerations about immune response and physical exercise
Controlled doses of physical, chemical or environmental stimuli, with 

the potential to cause harm in higher amounts, appear to induce positive 
chronic effects on cells, tissues, organs and physiological systems.29 Phy-
sical exercise is included in this context. One of the various arguments 
to encourage moderate and periodic exercise refers to the protection 
of cells against infections caused by intracellular microorganisms (e.g., 
viruses), based on the balance between cellular and humoral immune 
responses, with discreet readiness for the Th1 profile.17-19

For example, data from our group revealed that lymph node cells 
and mouse macrophage supernatants, after 10 to 12 weeks of moderate 
exercise, expressed more pro-inflammatory cytokines (e.g., IFN-γ and 
TNF), while the concentration of anti-inflammatory cytokines (e.g., IL-4 
and IL-10) decreased significantly compared to the physically inactive 
group.17,18,30 The reduction of the post-intervention IL-10/IFN-γ ratio 
converged with the hypothesis of the predisposition of the protective 
cell profile (Th1) with moderate exercise.15,17-19,30 Furthermore, macro-
phages of mice infected with the protozoa Leishmania major produced 
more IL-12 and NO compared to macrophages in the sedentary control 
group.17,18 We should also take note of the greater microbicidal activity of 
these cells and the reduction infection rates and the number of parasites 
isolated from the paw of infected animals.17,18 The moderate physical 
training protocol has proven capable of controlling disease develop-
ment,17,18 corroborating classical theories of exercise and immunity in 
health, aging, and quality of life.15,31-33 
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In fact, randomized controlled clinical trials may allow greater ro-
bustness in terms of the hierarchy of scientific evidence. However, it 
should be emphasized that experiments on humans must protect their 
physical and emotional well-being, and that the use of animal models for 
in vivo and in vitro infections is crucial. Institutional review boards would 
censure more robust studies on the effect of exercise on modulating the 
immune response in people against different pathogens (e.g., viruses, 
bacteria, protozoa and helminths).

It should be noted, however, that any physical exercise program 
alone does not guarantee permanent positive effects.26 A study presen-
ted by our group in 2019, on chronic stress-induced excessive stress, 
verified the impairment of the cellular immunity of mice macrophages 
in these conditions.30 Aerobic training of considerably high volume 
not only impaired the physical performance of our study sample, but 
also increased the participants’ susceptibility to protozoan infections in 
macrophages, parallel to the predominance of Th2 profile, conditions 
similarly observed in the physically inactive group.30 Moderate training, 
on the other hand, served to protect against cell infections and showed 
a predominance of Th1 profile.30

There appears to be a consensus that immune responses to exercise 
reflect individual cumulative physiological and metabolic stress.26 The 
multifactorial approach is crucial as it takes into account factors such as 
sleep, anxiety, mental fatigue, nutrition, history of infections, personal 
hygiene, frequency of travel and weather conditions (environmental 
extremes).26 It is known that a balanced diet can, among several other 
benefits, prevent the deviation of the metabolic route of amino acids, 
which are vital for the health of macrophages, during situations of 
prolonged stress or inadequate protein intake.34,35 In addition, severe 
carbohydrate restrictions may favor chronic cortisol elevation and 
contribute to the cell immunosuppression process.36 Regular sleep is 
essential for the balance of the immune system and the relationship 
between anabolic and catabolic hormones.37 Anxiety, fear and gene-
ral concerns can trigger a “permanent” fight-or-flight response and 
chronic mental stress,38 completely unbalancing the immune system 
and making it more vulnerable.

Suggestions for medium- to long-term public health actions
• Joint actions to encourage practices that promote immunity and health 
can lessen the effects of the economic, political and social crisis in Brazil, 
as new outbreaks have been reported worldwide. It is suggested that 
physical activity be encouraged along with raising awareness of stra-
tegies to control mental stress and anxiety, diet, circadian rhythm, use 
of legal (e.g., medicinal products, tobacco, alcohol, other psychoactive 
substances such as caffeine), and illegal drugs.
• For a physical activity to have potentialized benefits and reduced 
risks, it is important to consider a minimum structuring and contex-
tualization with other stress factors/stimuli. Professional guidance is 
relevant in this regards, as it transforms physical activity into physical 
exercise. Basic principles and concepts of the prescribing practice 
must be respected so that sedentary individuals, elite, amateur and 
recreational athletes develop or maintain physical fitness and health, 
avoiding the trigger for cell immunosuppression or any other type of 
side effect of movement (e.g., injuries, apathy, chronic fatigue, parado-
xical deconditioning or exacerbated biological responses to the alarm 
reaction arising from all kinds of stress).
• It is known that health is not merely the absence of disease. The use of 
chemical products is an extremely important practice during the pandemic, 
but becomes limited in the medium to long term if cellular and humoral 
immunity are not in harmony (e.g., sedentary lifestyle). In addition, these 
products, when prescribed in excess, can compromise the microbiota 
and the symbiotic relationship favorable to coevolution.39 It would be 

advisable to draw attention to the importance of their conscious and 
moderate use, combined with the development of immunity and health.
• Worldwide pandemics are overlapping. The inability of the immune 
system to respond to stress to preserve homeostasis appears to be 
associated with chronic inflammation, physical inactivity and/or un-
satisfactory cardiorespiratory fitness. Taking into account the high risk 
of contagion in closed environments for collective use and the matter 
of exercise adherence, it may be a good time to rethink actions to 
combat a sedentary lifestyle. For instance, people who go for walks in 
the countryside significantly reduce the activation of areas of the brain 
responsible for ruminative thinking (e.g., induced by resentments and 
cumulative responsibility), which are associated with mental exhaustion 
and depression.40 Can physical activities in natural environments adjust 
the production of neurotransmitters such as dopamine, serotonin, anan-
damide, endorphin and oxytocin, thereby activating the brain’s limbic 
reward system, promoting positive intrinsic reinforcement, balancing 
different physiological systems, and providing more quality to psycho-
logical, immunologic and stress response functions? 
• The predisposition of the human body to numerous diseases, due to 
physical inactivity or interference with homeostasis, is incompatible 
with public health values and hypotheses. Professionals from the area, 
their respective regulatory boards, universities, research promotion 
foundations, media, political authorities and lay citizens are invited to 
take actions that go far beyond fighting disease. There is an urgent need 
to practice immunity and health. The “green light” in Figure 1 should be 
encouraged in order to reduce the impact of the “amber light” on the 
development of the “red light”.

Figure 1. Relationship between physical inactivity, NCD, stress, immunity, infections 
and associated factors.

“Green light”: moderate physical activities, preferably structured and contextualized, addressed in a multifactorial 
manner, taking into account the chronicity of sleep, anxiety, mental fatigue, nutrition, drug use, pollution and 
sun exposure, personal hygiene and history of infections, for example. “Amber light”: conditions that merit 
special attention because they have a direct impact on the development of the “red light”. NCD: chronic 
non-communicable diseases.
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CONCLUSION
Health professionals, their respective regulatory boards, universities, 

research promotion foundations, media, political authorities and lay 
citizens are expected to raise awareness of the relationship between 
physical inactivity, poor nutritional status, mental stress, immunity and 

health for the medium to long-term control of the current pandemic 
and the prevention of similar situations in the future.

All authors declare no potential conflict of interest related to this article.
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