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Elite athletes use high-intensity training to maintain their fitness level. However, intense training can harm the immune

system, making athletes suspectable to COVID-19 and negatively affecting their performance. Although high-intensity

exercise can suppress the immune system, elite athletes should not stop training in the time of infection but use low- and

moderate-intensity training. Moderate-intensity exercise can improve immune function and maintain physical fitness. In

addition, it is also better for athletes not to undertake high-intensity training at the time of vaccination, but instead perform

moderate to low-intensity training.
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1. Exercise Intensity and Immune System

1.1. Low-Intensity Exercise and Athletes’ Immune Systems

There is very little research on low-intensity training and athletes’ immune systems. Low-intensity training (e.g., below the

first ventilatory threshold, at stable lactate concentrations < 2 mM or with an intensity of less than 37–45% VO ), is also

referred to as long slow distance training or zone-1 training. Steensberg et al.  reported increased IL-6 and IL-10 after 3

h and 26 min of low-intensity exercise. Mee-Inta et al.  concluded in their study that low-intensity exercise can reduce

inflammation. It has also been reported that low-intensity exercise (less than 60% VO ) for less than 60 min can

reduce inflammation and improve immune function . Tenorio et al.  examined the effect of low- versus high-intensity

exercise training on inflammation and endothelial dysfunction biomarkers in adolescents with obesity in a 6-month

randomized exercise intervention study. Interestingly, they found that high and low exercise intensities can improve

immune function (neutrophils, monocytes, tumor necrosis factor-alpha).

Generally, low-intensity exercise has been considered to be a good strategy for elite athletes’ recovery and reducing post-

competition stress . Taken together, these studies indicate that low-intensity exercise can create a positive adaptation in

the immune system.

1.2. Moderate-Intensity Exercise and Athletes’ Immune Systems

Moderate-intensity exercise performed between first and second lactate or ventilatory threshold (i.e., zone-2) and causes

accumulated lactate levels . Performing exercise with an intensity of 45 to 65% VO  is considered moderate-intensity

exercise.

MacIntosh et al.  reported that regular moderate-intensity training can reduce inflammation, and increase IL-10 and T-

cell function. Other studies showed that if moderate-intensity exercise is performed for more than 60 min, it can increase

inflammation ; otherwise it decreases inflammation . It has been reported that IL-10, an anti-inflammatory cytokine,

increases in both intense and moderate-intensity exercise . However, moderate-intensity exercise has been shown to

reduce cytokine storms and increase white blood cells, lymphocytes, and T cells .

In another study, Fashi et al.  concluded that four weeks of aerobic exercise reduced inflammation in the lung. Shiri et

al.  examined the effect of six weeks of endurance training on tumor tissue IL-10 levels in breast cancer-bearing mice,

and reported a significant increase in IL-10 levels.

Taken together, these studies demonstrate that moderate-intensity exercise is the best strategy in preventing suppression

of the immune system.
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1.3. High-Intensity Exercise and Athletes’ Immune Systems

High-intensity exercise refers to an intensity higher than 70% of VO max . High-intensity or “zone-3” training (e.g., >4

mmol lactate/L blood, >90% maximal heart rate) involves intermittent intervals exercises (short, high-intensity sprints) .

Some markers of the immune function change within a few days after long-term intense endurance physical exercise.

Neutrophils and NK cell functions, salivary immunoglobulins A (IgA), and some types of inflammatory macrophages are

shown to undergo negative changes following this kind of exercise training . In addition, based on the “open window”

theory, 3 to 72 h after intense exercise an infectious agent may be able to invade the host body, thus increasing the risk of

opportunistic infections  (Figure 1).

Figure 1. Open window theory after high-intensity training.

2. Respiratory Infections and Exercise

Evidence suggests that chronic exercise can increase upper respiratory tract infections in athletes . The risk of athletes

getting respiratory infections after intense exercise training is 7 times more than inactive individuals and 2 times more than

active individuals . Recurrent infections in athletes can be dangerous during a coronavirus pandemic .

Svenndsen et al.  reported that intense skiing increases the risk of infection by 3 times compared to recreational skiers.

Nieman & Wentz  reported that intense physical activity lasting less than 60 min can suppress the immune system. In

line with these results, other studies have reported that intense exercise lasting more than 60 to 90 min can suppress

immune function . It has also been found that elite athletes who perform intense exercise to prepare for professional

competitions may be more susceptible to infectious diseases . Thus, elite athletes are more prone to URTI during

preparation for a professional competition. Being overtired may make this situation worse. Mackinnon et al.  reported

that after 4 weeks of high-intensity training in swimmers, 33% of athletes showed symptoms of restlessness and 42% self-

reported symptoms of URTI. During intense exercise, the activities of the lymphatic system are disrupted, which can

negatively affect the immune system .

Allergic rhinitis is common among athletes due to regular high-intensity exercise . To prepare for competitions, elite

athletes undertake high-intensity training chronically trying to improve their physical fitness. It has been reported that, of

216 Olympic athletes, 56% had a history of conjunctivitis and rhinitis . Allergic rhinitis impairs physical performance in

professional athletes by affecting sleep, decreasing the ability to concentrate, or reducing physical fitness . Continuous

exposure to allergic rhinitis can increase the number of lymphocytes, eosinophils, neutrophils, basophils, and other

leukocytes. This can cause the airways to overreact and eventually lead to fibrosis . Allergens can also stimulate the

airway epithelium to release IL-25, IL33, and thymic stromal lymphopoietin (TSLP). These cytokines can activate innate

submucosal lymphocytes (ILC2) and release IL-4, IL-5, IL-9, and IL-13 , thereby causing airway wall remodeling,
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bronchial hyperresponsiveness, and goblet cell metaplasia . These data, along with the open window theory, suggest

that elite athletes are at high risk for COVID-19, highlighting the importance of vaccination and health care during

infection.

3. Management during Athletes Infection

It has been found that viral infections can happen due to intense training in elite athletes, leading to a decrease in aerobic

performance, especially among those affected by COVID-19 . It has also been shown that athletes develop a fever

during infection, and their muscle strength decreases . The first step in managing athletes’ infections is to reduce

exercise intensity and use nutritional strategies . Infection management in athletes can be divided into two categories:

(a) strategies for severe infections, and (b) strategies for athletes with minor symptoms. Athletes who develop viral

infections due to intense exercise and have a severe physiological condition must have active rest (i.e., low-intensity

exercise) . Protein catabolism increases in this situation ; thus, low-intensity resistance training and protein

supplementation are the best choice . For the second group, aerobic and moderate-intensity training can be

appropriate. It is recommended that athletes do not stop exercising when they develop URTI or COVID-19 as it makes the

situation worse because the sudden cessation of exercise due to illness can further weaken the immune system.

4. How Can Athletes Get Vaccinated While They Continue Training?

In the previous sections, the importance of vaccination in elite athletes was highlighted. One concern with athlete

vaccination is that the first dose may have short-term side effects. These side effects vary depending on the type of

vaccine . It is recommended that athletes reduce exercise intensity when receiving the first dose of the vaccine .

Athletes performing moderate- to low-intensity exercise training do not need to reduce exercise intensity . It has been

found that nearly 94% of athletes experience arm pain, general fatigue, and fever after receiving the vaccine for 2 days

. Therefore, it can be suggested that, during this period, the intensity of training should be reduced in athletes who

undertake high-intensity training. After the symptoms disappear, the intensity can gradually increase intensity. High-

intensity training can continue until a day before the second dose, when training intensity should be reduced again. Elite

athletes have been shown to experience headaches, chills, fever, and muscle aches for 1 to 3 days after receiving the

second dose . Thus, the exercise intensity should kept low until the fourth day after receiving the second dose and

then increase gradually .
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