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Introduction 
From the beginning of the COVID-19 pandemic, more than 215 million people in the 

world were affected with more than 4,5 million deaths, attributed to this disease [1]. 

Clinical manifestation and complications are much more common among the elderly, 

however many young people as well as athletes were also affected by the disease. Evidence 

was found that COVID-19 could be transmitted by asymptomatic or pre-symptomatic 

individuals which led to the cancellation of many sports events and championships as well 

as the Bulgarian Football League, which had a huge individual, financial and social impact 

[2].  On the basis of the limited available data, athletes who tend to be younger with no 

comorbidities are less likely to develop moderate to critical symptoms from COVID-19 

and may instead be asymptomatic or experience a mild, flu-like illness [3]. Since young 

athletes are people with a very good health status and strong immune response, the majority 

of cases were characterized by absent or very mild clinical sings such as fatigue, muscle 

pain, subfebrile core body temperature, loss of smell or taste and did not develop the 

complete clinical manifestation associated with pneumonia, dyspnea and acute respiratory 

distress syndrome. However, with time it was understood that COVID-19 is not only 

associated with acute complications but it can also cause an autoimmune response causing 

different chronic complications such as thrombosis, myocarditis, autonomic dysfunction 

[4], left or even right ventricular dysfunction, that were also observed in some athletes [5], 

arrhythmias and acute-onset heart failure [6], neuropsychiatric sequel [7]. Many athletes 

complained of inexplicable fatigue on the background of completely normal cardio-

pulmonary and blood tests, which could be speculated to be a result of the post COVID-19 

autonomic dysfunction [8], whoever some other authors suggested that the fatigue is not a 

result of the autonomic dysfunction [9]. These complications could be present up to 6 

months after COVID-19 and they not only affect the performance of the players but could 

hide the risk of fatal events during exercise such as sudden cardiac death (SCD) [10]. 

After it was proven that football, despite being a high contact sports, hides a very low 

risk for COVID-19 transmission, the elite football leagues were restarted [2]. However, to 

protect the health of the players, individual protocols for return to sport were implemented 

in different countries, that include epidemiological, diagnostic and training 

recommendations [11]. It was agreed that the return to intensive sports activity should 

happen only after undergoing a panel of cardio-vascular test, part of which should be the 

cardio-pulmonary exercise testing [5,6]. Its indications are not only diagnostical, finding 

some latent cardio-pulmonary disorders, but it can also assess the functional and physical 

capacity of the elite athletes after the lock-down situation where the possibilities for 

training were limited [12].  

COVID-19 affected a large number of Bulgarian professional football players as well. 

All of them were able to soon return to competitive games. There is scarce information 
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regarding the long-term potential effects of this infection for the professional athletes. 

Mehrsafar et al. point out a variety of reported post-COVID-19 complications, including 

sleep disorders, eating disorders, anxiety, depression, etc. which could be attributed not 

only to the disease itself, but to the stressful situation in which it puts professional athletes 

– with social isolation, inability to train effectively and all the other necessary lifestyle 

changes [13].  

 

Aim 

We aimed to evaluate the functional physical capacity by a cardio-pulmonary exercise 

test among elite Bulgarian football players before being medically diagnosed with COVID-

19 infection and after recovery has taken place. 

 

Subjects and Methods 

То reach our goal, professional football players were selected, strictly following the 

inclusion and exclusion criteria of the study. The inclusion criteria were as follows: a 

football player, part of an elite club from the First Bulgarian league, who had been tested 

positive with PCR test for COVID-19 during the screening of the team, or due to having 

symptoms of the disease. All subjects had to have suffered mild or moderate form of 

COVID-19 infection without acute complications and to have resumed their training and 

participation in competitive games. The player had to have undergone a primary cardio-

pulmonary exercise testing not more than 6 months prior to contracting the infection. 

Exclusion criteria were as follows: severe forms of COVID-19; patients who had been 

referred to the intensive care unit or intubated; severe cardio-vascular or respiratory 

complications; patients whose primary CPET took place more than 6 months prior to the 

disease contraction or performed on a different ergometer or protocol of testing, which 

would make the results incomparable.  

A total of 24 players of two clubs from the First Bulgarian Football league were tested 

positive with PCR, which makes more that 50% of the players tested. The majority of the 

players (11 players/ 46% of the positive) had an asymptomatic form of COVID-19. All the 

players were tested negative 14 days after the initial positive test. Six of the players 

experienced mild flu-like symptoms like subfebrile body temperature, sore throat, mild,  

non-productive cough, fatigue and headache. Pain in the muscles, joints and bones were 

the main symptoms in 2 of the players and intensive headache was the only symptom in 

another 2 of the cases. Eight of the players lost their olfactory sense and/or taste. Only three 

players experienced a more complete clinical manifestation of the disease with more severe 

symptoms like dyspnea, persistent cough, fever and medication therapy was applied in 

those patients. None of the players was referred to a hospital, intubated or needed oxygen 

treatment. All of the players were quarantined at home and all of them were tested negative 

14 days after the first test. The asymptomatic players and those with mild clinical 

symptoms were provided with cycling ergometers at home and were able to keep basic 

level of physical activity. Only 8 players covered the inclusion and exclusion criteria and 

were included in comparison analysis. The test of the players began with spirometry to 

evaluate their pulmonary ventilation. Then CPET was performed to each of the players. 

Six of the players were tested on a treadmill ergometer (Trackmaster, USA), using a 

standardized protocol, approved for athletes testing in Bulgaria with a constant slope of 2% 

and 1.5 minutes steps, increasing the speed by 1.2 km/h per step. Two of the players with 
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medical indications were tested on a bicycle ergometer (Ergoselect 100, Ergoline, Bitz, 

Germany) using 20W/min incremental ramping protocol. Each test was ended when 

maximal effort of the athlete was reached followed by 4 minutes recovery period with 

simultaneous recording of 12-channel ECG. The gas collection and metabolic analysis of 

the test was performed by CPET system Ultima PFX, Mortara, Saint Paul, MN, USA. The 

spirometry and CPET were performed strictly following the anti-COVID-19 

epidemiological recommendations [12]. 

The statistical analysis was performed using Independent-sample T-test (SPSS v.17.0). 

Normality of distribution was checked by Shapiro-Wilk test. Since the group of the tested 

players was not big enough, the individual changes in the CPET parameters before and 

after COVID-19 were also expressed and analyzed.  

All studies carried out on humans in the Department of Pathophysiology in the Medical 

University of Plovdiv are in compliance with the Helsinki Declaration. 

 

Results and discussion 

We found no statistically significant difference in the performance of the athletes 

before and after being ill with COVID-19 in terms of overall test duration (15.55±2.10 vs 

16.0±1.50 min, p=0.562) (Fig. 1), maximal oxygen consumption VO2max/kg (46.87±5.92 vs 

48.32±6.43 ml/kg/min, p=0.515), ventilatory treshold (VT1) as a percentage of the total 

duration (79.63±4.80 vs 78.38±5.85, p=0.719) and maximal heart rate (178.88±7.83 vs 

176.0±8.94 bpm, p=0.297). No change was found in the spirometric parameters, like forced 

vital capacity (% of predicted) (FVC%) (101.14±4.49 vs 100.63±8.16, p=0.884) and forced 

expiratory volume for 1 second (% of predicted) (FEV1%) (98.57±15.49 vs 98.0±15.62) 

(Table 1). 

Given the small sample size, we resorted to examining individual dynamics and there 

were some worth mentioning, regardless of the overall seemingly similar results before and 

after the disease. One of the subjects who had a richer clinical presentation of the disease 

had a decrease in the total duration of 30 seconds – from 18 min to 17 min and 30 seconds. 

That may seem not a big difference in general, but in professional sport is a substantial 

decrease of form. In the baseline test the VT1 in that subject appeared at 80% of the total 

duration of the test, while in the post-covid test the VT1 appeared at 75% of the duration. 

Considering the shorter duration of the second test, it turns out that after having recovered 

from COVID-19 this athlete reached his VT1 77 seconds earlier as compared to the 

baseline test. The maximal heart rate as well as the heart rate during recovery were almost 

identical between the two tests which suggests that he spent similar effort but produced a 

lower result the second time. Another of the players with milder symptoms had a drastic 

change in the recovery heart rate. Although maximal HR at the peak of exertion was similar 

in both tests, the HR at the 2nd minute of recovery was 141 vs 156 bpm in the baseline and 

post-COVID-19 tests, respectively. Total duration was exactly the same in the two tests, 

however during the second one, the player showed significantly poorer ability to recover 

(Fig. 2). Such changes might be the result of deconditioning and the overall fatigue that 

many patients report after COVID-19. They might as well be a result of a chronotropic 

incompetence which has been reported in such cases as well [14]. Although the dynamics 

may seem tiny at first, we have to keep in mind that those people are subjected to regular 

everyday physical trainings and weekly competitive games and even if their performance 

would not be altered in one or two matches, throughout the season, in the long run, it may 
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become more and more difficult for them to keep up with their previous performance and 

results. That makes it recommendable that re-tests are being performed as well as other 

tests which aim to assess the functional state of the autonomic nervous system, for example, 

testing the heart rate variability (HRV) as commonly used method for autonomic nervous 

system assessment in athletes [15].  

Perhaps the biggest limitation of our study is the small sample size, which is a result of 

the strict inclusion and exclusion criteria that we implemented. Sometimes, due to medical 

or non-medical reasons, football players are tested on a cycle ergometer instead of a 

treadmill. Although there are parameters that could be compared between a test on both 

devices with one and the same athlete, we believe that is not accurate and holds the 

potential of leading to false assumptions. We also insisted on limiting the timeframe as 

much as possible in order to limit the possible impact of other factors, including ageing, 

presence of injuries, etc. The pathophysiology of COVID-19 and its exact mechanisms of 

tissue and cellular damage in the lungs as well as in other organs is still holding some 

secrets which makes it more difficult to interpret clinical data, not to mention, giving 

prognosis for the long-term future. With the current situation and the number of cases on 

the rise again, we could expect that there would be other athletes recovered from that 

disease in the future and their results could be pooled with those to achieve a higher 

statistical significance. Probably some of the athletes would get reinfected as such cases 

have already been described, so this would just enrich the variety of clinical presentations 

that sports medics should deal with.   

 

Conclusion 

Mild cases of COVID-19 do not affect the functional capacity of elite Bulgarian 

football players, assessed by CPET. Despite that, special attention has to be paid to 

individual specifics and differences in the disease course. Although scarce in terms of data, 

our study suggests that even the asymptomatic cases of this new disease among athletes 

should better be closely monitored and measures should be taken to avoid late 

complications [16] after returning to full-scale professional training and competitive 

games. This is especially valid for patients with some pre-existing cardiological findings, 

since myocarditis and the potential risk of sudden cardiac death are among the commonly 

reported possible perils in patients, recovered from COVID-19.  
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Table 1. Comparison of the results from the pulmonary function testing and the CPET 

between the two visits – before and after COVID-19 

Parameter Pre COVID-19 Post COVID-19 p 

Time (min) 15.55±2.10 16.0±1.50 0.562 

VO2max (ml/kg/min) 46.87±5.92 48.32±6.43 0.515 

VT1 (%) 79.63±4.80 78.38±5.85 0.719 

HRmax (bpm) 178.88±7.83 176.0±8.94 0.297 

FVC (%predicted) 101.14±4.49 100.63±8.16 0.884 

FEV1 (%predicted) 98.54±15.49 98.0±15.62 0.945 

FVC (L) 5.80±0.55 5.66±0.61 0.665 

FEV1 (L) 4.63±0.78 4.57±0.79 0.875 

Legend: VO2max – maximal oxygen consumption, VT1 – first ventilatory treshold, HR 

– heart rate, FVC – forced vital capacity, FEV1 – forced expiratory volume in the first 

second 

 

Fig. 1 Individual comparison between the total duration of the test in the two visits (1 and 

2) 

 
 

Fig. 2 Individual comparison оf the recovery of the heart rate in the two consecutive 

visits (1 and 2) 

 


