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a b s t r a c t
Objectives: The aim of the study was to identify predictors determining the course of COVID-19 and antibody response in elite athletes.
Design: Observational study.
Methods: Routine medical screening with physical examination, resting ECG, and laboratory tests including antibody response was performed 12–68 days after the diagnosis of COVID-19 in 111 athletes of different sports.
Results: Clinical symptoms were observed in 84% of subjects. The severity of COVID-19 was mild in 82% of
athletes and moderate in 2% of cases. Athletes aged above 26 and male were more likely to develop symptomatic COVID-19. Asymptomatic subjects were younger and predominantly female. In 18% of subjects,
symptoms were still present 20 (12–68) days (median and range) since positive diagnosis. Antibody response was observed in 88% of athletes, and its magnitude correlated with time since diagnosis of COVID19 (RT-PCR), fatigue, fever, and conjunctivitis. There were no differences in antibody response between
groups distinguished by sports discipline (p = 0.50), and sex (p = 0.59), and antibody response did not correlate
with BMI (p = 0.12), age (p = 0.13), the number of symptoms (p = 0.43) or their duration (p = 0.19).
Conclusions: The severity of COVID-19 in elite athletes is predominantly mild and without complications. Athletes
can return to sport after two symptom-free weeks and additional heart screening is usually not required. Determination of antibodies has been shown to be a useful indicator of a previous COVID-19 disease, and some symptoms
can be used as predictors of antibody response.
© 2021 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Practical implications
• The severity of COVID-19 in elite athletes is predominantly mild and
without complications.
• Athletes can return to sport after two symptom-free weeks and additional heart screening is usually not required.
• Determination of antibodies has been shown to be a useful indicator
of a previous COVID-19 disease, and some symptoms can be used as
predictors of antibody response.
1. Introduction
The Coronavirus Disease 2019 (COVID-19) pandemic has introduced
enormous changes in human existence, including sport. Many
⁎ Corresponding author.
E-mail address: hkrysztoﬁak@imdik.pan.pl (H. Krysztoﬁak).

postponed or canceled events, limited access to training facilities, and
sanitary restrictions have negatively impacted athletes' lives.1 Additionally, the threat of unpredictable health issues after the COVID-19 has
emerged, and arose the question, how to return to sport safely.
The clinical course and consequences of COVID-19 in non-athletic
populations have already been explored and depend mostly on the presence of comorbidities and age.2,3 The infection could be asymptomatic,
but most frequently, in over 80% of patients, the clinical course is mild.4
There are limited data on COVID-19 clinical symptoms, complications,
and antibody response in physically active people, especially elite athletes. In this group, the primary health concern is myocarditis since
SARS-CoV-2 demonstrates a cardiac tropism by directly inﬂuencing
cardiomyocytes and endothelial cells or indirectly by systemic inﬂammation via increased cytokines activity.5 The current position papers on the
return to play consider those risks but recommend monitoring and
returning to sports activity within two symptom-free weeks depending
on disease severity.6–10 The guidelines mentioned above are based on
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of vitamin D status, was determined with Liaison diagnostic system
(DiaSorin, USA) by a chemiluminescent immunoassay (CLIA).
Criteria of COVID-19 severity:
Asymptomatic: SARS-CoV-2 infection without any symptoms, coincidentally conﬁrmed with RT-PCR test.
Mild: the presence of nonspeciﬁc and self-limited fatigue, olfactory
or gustatory dysfunction, or typical mild symptoms of the upper respiratory tract or gastrointestinal infection including headache, cough,
sore throat, nasopharyngeal congestion, myalgia, nausea, vomiting, or
diarrhea.
Moderate: symptoms persisting over seven days and including
fever, chills, hypoxemia (blood oxygen saturation below 95%), pneumonia, dyspnea, chest pain or tightness at rest or during exercise.
Severe: hospitalization or oxygen therapy required (including noninvasive ventilation).
Critical: invasive ventilation required.
Each subject signed the written informed consent, and the study
protocol was approved by the Ethics Committee (permission number
KEBN-21-60-DK).
Unless otherwise stated, the data are presented as mean ± SD with
range or as cases (by number and by percentage), the data distribution
was normal (checked using Shapiro-Wilk test). Continuous results were
compared with Unpaired Two-Sample Wilcoxon (COI versus sex) and
Kruskal–Wallis (COI versus sports discipline) tests, and relationships
were evaluated using correlation tests (COI versus BMI, COI vs age,
COI vs number of symptoms or COI vs their duration). The percentage
occurrence of symptoms versus age, which divides data into two subgroups, was analyzed using Pearson's chi-squared proportion tests
(null hypothesis stated there are equal proportions). The aim was to
assess whether there is an age threshold when the p-values of
proportion tests exceeds the considered signiﬁcance level. For all
cases, the signiﬁcance level was set at 0.05. All calculations were
performed in R Software 3.5.2 (R Foundation for Statistical Computing,
Vienna, Austria).

experts' opinion since the published evidence on the COVID-19 clinical
course, consequences, and antibody response in athletes are scanty.
The aim of the study was to identify predictors determining the
course of COVID-19 and antibody response in elite athletes.

2. Methods
The study design was observational. Between July and October 2020,
the routine medical screening was performed in 1425 Polish elite athletes, members of the national teams competing on the international
level. Of these, 111 were tested SARS-CoV-2 positive by RT-PCR (reverse
transcription polymerase chain reaction (target genes RdRp, N; Abbott
m2000), and were included in the present study. All athletes were Caucasians and represented different sport categories: strength (wrestling,
judo, track and ﬁeld sprinting and throwing), endurance (middle distance
running, cycling, speed skating, cross country skiing, swimming), team
sports (handball, beach volleyball), and technical disciplines (fencing,
curling). Baseline characteristics are presented in Table 1. Medical screening was performed on a voluntary basis 20 (12–68) days (median and
range) after diagnosis of COVID-19 and included detailed physical examination, resting ECG, and laboratory tests, including whole blood count,
markers of inﬂammation (C-reactive protein — CRP) and cardiac injury
(high-sensitive troponin T) using standardized equipment (Cobas 800,
Roche, Rotkreuz, Switzerland). The following cut-off values were applied:
leukopenia <4000/μl, neutropenia <2000/μl, leukocytosis >10,000/μl,
CRP <5 mg/l, hs-troponin T < 0.014 ng/ml.
For the detection of SARS-CoV-2 seropositivity, the qualitative immunoassay for the detection of antibodies (including IgG) to SARS-CoV-2 in
human serum (Elecsys® Anty-SARS-CoV-2 assay), and Cobas e411 analyzer (Roche Diagnostics, Rotkreuz, Switzerland) were used.
SARS-CoV-2 nucleocapsid antigen is detected with an
electrochemiluminescence sandwich assay (ECLIA). Results are semiquantitative and are expressed as qualitative statements (reactive or
nonreactive) and in the form of a Cut-off-Index (COI) interpreted as follows: COI ≥ 1 is considered positive, while a COI < 1 is negative.11 The COI
is a numerical representation of the measured ﬂuorescence signal, and
the COI values are approximately proportional to the concentration of
the IgM and IgG antibodies in the specimen. This antibody assay has
also received emergency use authorization from the US Food and Drug
Administration for the detection of total antibodies (IgG, IgM, and IgA)
in COVID-19 infected patients.12 The concentration of 25(OH)D, a marker

3. Results
Of the 1425 subjects screened between July and October 2020 a total
of 111 (8%) were diagnosed with COVID-19. The symptoms of COVID-19
were observed in 93 patients (84%). The severity of COVID-19 was mild
in 91 (82%) athletes and moderate in 2 (2%) cases. Frequencies of symptoms were as follows: tiredness 62 (56%), olfactory or gustatory

Table 1
Characteristics of the subjects and corresponding cut-off index of antibody response (COI). Mean ± SD; range.

Strength

Female
Male

Endurance

Female
Male

Team sports

Female
Male

Technical disciplines

Female
Male

Total

n
(%)

Age [yrs]

Height [cm]

Body mass [kg]

BMI [kg/m2]

COI

23
(20.7%)
10
(9.0%)
8
(7.2%)
21
(18.9%)
23
(20.7%)
15
(13.5%)
5
(4.5%)
6
(5.4%)
111

26 ± 6
(19–39)
25 ± 2
(22–29)
26 ± 4
(21–35)
24 ± 5
(19–36)
19 ± 3
(16–28)
18 ± 4
(16–32)
22 ± 6
(16–30)
27 ± 8
(17–36)
22 ± 5
(15–38)

165 ± 7
(150–180)
180 ± 5
(172–187)
167 ± 6
(159–177)
182 ± 7
(169–196)
173 ± 7
(155–187)
190 ± 9
(175–213)
169 ± 3
(165–171)
183 ± 4
(179–189)
176 ± 11
(150–213)

63 ± 11
(52–101)
89 ± 12
(73–108)
65 ± 8
(56–78)
81 ± 11
(53–99)
68 ± 9
(54–84)
88 ± 12
(68–118)
62 ± 8
(55–75)
78 ± 7
(74–93)
74 ± 14
(52–118)

23.1 ± 3.3
(19.0–35.8)
27.5 ± 2.4
(23.9–32.5)
23.1 ± 1.9
(19.8–24.9)
25.0 ± 2.9
(20.3–30.4)
22.8 ± 2.1
(19–27.1)
23.9 ± 2.5
(20.1–31.3)
21.6 ± 2.6
(19.0–25.7)
23.2 ± 1.7
(21.0–25.9)
23.9 ± 2.9
(19.0–35.8)

55.7 ± 55.5
(0.6–197.1)
6.2 ± 7.7
(0.3–25.1)
15.9 ± 24.2
(0.1–71.2)
27.2 ± 30.2
(0.2–104.4)
17.5 ± 30.3
(0.1–139.9)
25.6 ± 25.3
(0.1–74.2)
76.9 ± 56.0
(13.9–132.6)
32.3 ± 47.9
(2.7–124.9)
30.6 ± 40.6
(0.1–197.1)

Sports disciplines apportionment: strength – wrestling (16 athletes), judo (12), track and ﬁeld sprinting and throwing (5); endurance - middle distance running (2), cycling (14), speed
skating (10), cross country skiing (2), swimming (1); team sports - handball (33), beach volley (5); technical disciplines - fencing (6), curling (5). The COI <1 was present in 13 subjects
(12%).
2
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olfactory or gustatory dysfunction were reported in 7 subjects (6%)
and headache during exercise in 1 subject (1%).
Abnormal blood test results were observed in 12 athletes (11%). In 10
cases (9%), the white blood cell count was abnormal (8 patients had leukopenia (range 2900–3900/μl) with neutropenia (range 1100–1900/μl), 1
patient had leukopenia only (3700/μl), 1 patient had leukocytosis
(12,000/μl)), 1 patient had elevated CRP (7.7 mg/l), and 1 patient had elevated hs-troponin T (0.038 ng/ml).
Antibody response (COI > 1) was found in 98 athletes (88%). In the
remaining 13 subjects (12%), it was below the detection threshold.
There were no differences in antibody response, expressed as the COI,
between groups distinguished by the sports discipline (p = 0.50), and sex
(p = 0.59), (Table 1). The COI did not correlate with BMI (p = 0.12), age
(p = 0.13), the number of symptoms (p = 0.43) or their duration
(p = 0.19). Positive correlations were found between COI and the
time since RT-PCR test (p < 0.001), fever (p < 0.05), fatigue (p < 0.05),
conjunctivitis (p < 0.01), and borderline relationship with headache
(p = 0.05; Fig. 1). Athletes with the positive antibody response reported fatigue more frequently (18 of 98) than those with COI < 1 (1 of
13), p < 0.05.
The blood concentration of 25(OH)D was 32.2 ± 11.1 ng/ml. There
were 14 (13%) cases of deﬁciency (25(OH)D < 20 ng/ml) – 6 in asymptomatic and 8 in symptomatic athletes. There was no correlation between 25(OH)D concentration and COI. It also did not inﬂuence the
severity of symptoms of the COVID-19.

dysfunction 62 (56%), headache 55 (50%), muscle pain 42 (38%), congestion or rhinorrhea 30 (27%), cough 29 (26%), sore throat 22 (20%),
fever 21 (19%), dyspnea 19 (17%), chills 19 (17%), gastrointestinal discomfort 11 (10%), conjunctivitis 10 (9%) and hemoptysis 1 (1%).
Asymptomatic subjects were younger (18.5 ± 2.1 vs. 23.2 ± 5.6 yrs.,
p < 0.001) and more often female (23.7% female vs. 7.7% male, p < 0.05).
The relationship between the proportion of symptoms and age was
shown to be signiﬁcant at an age cutoff of 26 years.
At the medical screening, 20 subjects (18%) still reported abnormal
symptoms, among whom in 9 (8%) additional diagnostic tests were performed: cardiac Magnetic Resonance (MR) due to exertional dyspnea,
chest pain, and elevated hs-troponin T, and chest CT due to dyspnea in
and hemoptysis.
The cardiac MR scans identiﬁed no cases of active myocarditis or
pericarditis. There were also no signs of ﬁbrosis suggesting prior myocarditis or structural heart diseases.
In one subject, the chest CT scans revealed pneumonia 20 days since
the positive RT-PCR, whereas in others the CT scans were normal. The
subjects presenting symptoms at the screening time were older (24.4
± 5.5 vs. 22.0 ± 5.4 yrs., p < 0.05), had a longer symptom duration
(7.5 ± 4.2 vs. 5.0 ± 3.9 days, p < 0.05), and were predominantly male
(26.9% male vs. 10.2% female, p < 0.05).
At the time of medical screening (median 20 days since COVID-19
was diagnosed), the subjective feeling of decreased exercise tolerance
was reported by three subjects (3%). Furthermore, symptoms as

Fig. 1. The relationships between antibody response (COI – antibodies' cut-off index) and time since RT-PCR test and symptoms: fever, tiredness, and conjunctivitis.
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chromosome X, its dosage is sex-dependent and could cause the observed differences between men and women.27
Asymptomatic COVID-19 sports team members played a signiﬁcant
part in the magnitude of the outbreak's spread, similarly to asymptomatically infected young adults within general populations.28 In the present study, only 16% of the infected athletes were asymptomatic,
contrary to results obtained by both Clark et al. and Rajpal et al.; nevertheless, it can be assumed that one out of six infected athletes cannot
suspect himself as sick.19,21 Likewise, in the US, people under 30
accounted for 53% of COVID-19 cases and were suspected as more likely
to transmit the infection to others.13 Given that such a high percentage
of people is undiagnosed and still infectious to others, it constitutes a
tremendous epidemiological threat. They also should be the target
group in prevention, along with symptomatic ones.4 It is a fundamental
observation that should be considered when planning the protection
strategies during major sports events.
An issue vital for elite athletes is an answer to the question: when
they can safely return to regular training after COVID-19? Athletes
who have experienced COVID-19 may develop chronic symptoms like
cough, wheeze, chest tightness, exertional breathlessness, tachycardia,
and fatigue many weeks or months after the primary infection. The decisions concerning the return-to-sport of elite athletes are challenging
since the SARS-CoV-2 infection may result in a signiﬁcant cardiorespiratory compromise in individual subjects.6 In the present study, abnormal
symptoms persisted in 20 subjects (18%). In 9 (8%) additional diagnostic
tests were medically justiﬁed – the cardiac MR and chest CT – mainly
due to exercise dyspnea and chest pain.
Despite initial alarming data reporting cardiac MR ﬁndings suggestive of acute myocarditis in 15% of athletes post COVID-19, as reported
by Rajpal et al., subsequent studies do not seem to conﬁrm these ﬁndings, showing only incidental frequency of cardiac injury.19,21,29–31
This undermines the suggestion of the necessity of cardiac MR testing
in asymptomatic or mildly symptomatic athletes diagnosed with
COVID-19. Thus, the current guidance recommends graduated returnto-sport after ten days from the cessation of symptoms without
additional testing.7 The indications for cardiac imaging include usually
abnormal results of initial tests – electrocardiogram, transthoracic echocardiography, cardiac troponin or the presence of cardiopulmonary
symptoms such as chest pain, shortness of breath, palpitations or exercise intolerance. However, chest pain, dyspnea or fatigue after COVID19 are usually nonspeciﬁc, while mildly elevated troponin T does not
necessarily indicate cardiac injury post-COVID-19.32
The most frequent blood count abnormalities of the COVID-19 patients involve white blood cells and depend on the disease's severity
and age.17,33,34 The systematic review of 38 studies involving 3062
adults with COVID-19 showed normal leukocyte count in 69.7% and
lymphopenia in 56.5% of patients.17 The other literature review revealed
lymphopenia as the most common ﬁnding among adults with COVID19 infection.34 Among the 624 children and adolescents with mild
COVID-19, leukocyte count was elevated in 13%, and leukopenia was
found in 19% of subjects.33 Compared to adults, the difference in laboratory results observed in children and adolescents is probably due to a
more active innate immune response, healthier respiratory tracts, and
fewer other disorders present in younger people.35 In the present
study, white blood cell count changes were observed in 10% of subjects,
mostly leukopenia due to neutropenia. The changes described in the
studies mentioned above were observed during the disease. In contrast,
in the present study, blood samples were taken 20 (12–68) days (median and range) after a positive RT-PCR test, and since most athletes
had a mild or asymptomatic COVID-19 course, it could have been assumed that athletes should not have blood count abnormalities then.
Elevated CRP during COVID-19 Henry et al. reported only in 18% of
patients, whereas Zhu et al. in 74%.17,33 In the present study, increased
CRP was found in just one case, classiﬁed as moderately severe, a cyclist
with hemoptysis. He was ordered a chest CT and typical parenchymal
pneumonia features present also in COVID-19 were found. Such a low

4. Discussion
The main ﬁnding of the present study is that the clinical presentation
of COVID-19 in elite athletes in the majority of cases is mild (82%).
Asymptomatic infections were recognized in 16% of cases, predominantly younger (<26 years) and female.
According to COVID Data Tracker, managed by the Centers for Disease Control and Prevention (CDC), approximately 33% of cases of
COVID-19 in general US population are adults aged 18–34.13 Most
elite athletes fall into this age group. It is worth noting that athletes' lifestyle, with frequent traveling and gathering in training and competition
facilities, puts that group at increased risk of disease transmission.14 Additionally, exercise-induced changes in the immune system following
exercise can make athletes more susceptible to infections.
Elite athletes are under regular medical supervision and monitoring
during their preparation for major sports events. Due to the COVID-19
pandemic, they are obligated to do tests for SARS-CoV-2 as a preventive
measure – before traveling abroad and during sports events organized
in so-called sports bubbles where, for safety reasons, athletes reside
and compete in isolation. Frequent testing increases the chances of detecting subjects with mild or asymptomatic infections. Patients with
COVID-19 may be asymptomatic, but epidemiological studies showing
the prevalence of such cases are few. The ratio of asymptomatic infections ranges from 4% to 57%.2,15,16 The systematic review of 38 studies
involving 3062 COVID-19 adults revealed 11.9% of asymptomatic
cases.17 In the study by Bielecki et al. in a group of 283 soldiers, 215
were infected, 113 (52,5%) were asymptomatic, 101 (47%) had a mild
course, and only one (0,5%) needed oxygen and was hospitalized.18 Athletes and soldiers are similar since both are young, apparently healthy,
and their daily routine and contact pattern are comparable, nevertheless the rate of asymptomatic athletes in the present study was signiﬁcantly lower (16%).
The data on COVID-19 symptoms in athletes are scanty. In the study
by Rajpal et al., out of 26 competitive college athletes with COVID-19, 12
(46%) reported mild symptoms, while 54% were asymptomatic.19 The
similar percentage of asymptomatic athletes (58%) was observed by
Schumacher et al., who studied 434 soccer players, of whom 36 had
COVID-19.20 In 22 COVID-19 positive collegiate athletes examined by
Clark et al., the majority of them (n = 17, 77%) experienced mild illness,
while 23% were asymptomatic, in which is only slightly above the result
obtained in the present study.21 The present study included 111 elite
Polish athletes, most under 30, after COVID-19 infection, both symptomatic and asymptomatic. Asymptomatic infections were recognized
in 16% of cases. The severity of symptoms shown in the present study
(in the vast majority mild) seems to be consistent with general predictions for the same age group.2,3 The detailed evaluation of symptomatic
and asymptomatic cases provides an interesting insight into predictors
of disease progression in athletes.
The predictors for COVID-19 severity are clearly deﬁned in the older
population, namely age and comorbidities.3,22 In the present study, the
asymptomatic subjects were signiﬁcantly younger and predominantly
female. Although the studied population was relatively young (mean
age 22.4 ± 5.4 yrs.), the impact of age appeared to be signiﬁcant with
the critical value of 26 years. The asymptomatic or mild clinical course
of COVID-19 in younger people can be explained by heterologous immune responses associated with routine immunizations in childhood,
frequent exposure to seasonal coronaviruses, and a more diverse memory T cell repertoire.23 Moreover, an increased expression of
angiotensin-converting enzyme 2 is involved in anti-inﬂammatory signaling and may reduce severe disease risk in children and young
people.24
The better tolerance of COVID-19 in females agrees with existing
data, presumably due to differences in the elicited immune
responses.25,26 Inside the cell, the virus is sensed by the Toll-like receptor 7, subsequently inducing the type I interferon, which may inﬂuence
the disease's severity. Since the Toll-like receptor 7 is expressed on the
4
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Conﬁrmation of ethical compliance

number of cases with elevated CRP appears to be due to the long interval from the onset of COVID-19 and a small number of severe cases.
Elevated hs-troponin T was found in one judoka, but myocarditis
and other structural heart were excluded in cardiac MR. In the aforementioned studies by both Rajpal et al. and Clark et al., no athlete had
elevated troponin T serum levels.19,21 Recent study on soccer players
demonstrated that mild elevation of cardiac troponin was occasionally
observed irrespectively of positive results of SARS-CoV-2 test, as troponin has been shown to transiently raise in response to repeated, especially intensive, exercise and training.32
No diagnostic ST/T wave changes on electrocardiogram were found
in the present study, which is consistent with the results of both Rajpal
et al. and Clark et al.19,21
Vitamin D is involved in immunomodulation. Several authors have
found it beneﬁcial for the incidence and severity of COVID-19.36 That effect is usually described in older and more severely symptomatic subjects. In the present study, no relationship was found between vitamin
D status and COI or severity of COVID-19, probably because athletes
were young, otherwise healthy, and experienced COVID-19 mildly.
It is identiﬁed that after 14 days since the onset of COVID-19 symptoms, antibodies directed against SARS-CoV-2 can be detected in over
90% of subjects, and they are recognized as an essential predictor of
population immunity.37 The antibody kinetics varied across the severity
gradient with longer durations of detectable antibodies associated with
more severe symptoms.38 The prevalence of the antibody positivity
against SARS-CoV-2 remains unknown in the athletic population. During 9 weeks of the study by Schumacher et al. positive serology was
found in 42% of 36 infected soccer players.20 In the present study, antibody response (COI > 1) was observed in 88% of athletes with COVID19, which proves its reliability in evaluating seroprevalence. Moreover,
it was conﬁrmed that the COI is time-dependent. The COI was not different between symptomatic and asymptomatic subjects, but fatigue was
reported less frequently by athletes with low antibody levels. Interestingly, fatigue, fever, and conjunctivitis correlated with COI. The next
months will be critical to evaluate the robustness of the immune response to SARS-CoV-2 infection and to ﬁnd clues for some open questions, such as questions about the duration of circulating antibodies
and the impact of reinfection.
The study has some limitations. It is retrospective, observational, and
without a non-athletic control; the time of examination since diagnosis
is long and not uniﬁed (median 20, range 12–68 days). The number of
athletes representing different sport disciplines is not similar.

The authors of this paper conﬁrm that this research was approved by
the ethical committee at the Institute of Sport—National Research Institute in Warsaw.
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