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Introduction: At the pandemic's beginning, significant concern has risen about
the prevalence of myocardial involvement after SARS-CoV-2 infection. We as-
sessed the cardiovascular burden of SARS-CoV-2 in a large cohort of athletes and
identified factors that might affect the disease course. We included 633 athletes
in our study on whom we performed extensive cardiology examinations after re-
covering from SARS-CoV-2 infection. More than half of the athletes (n = 322) re-
turned for a follow-up examination median of 107 days after the commencement
of their infection.

Results: Troponin T positivity was as low as 1.4% of the athletes, where the sub-
sequently performed examinations did not show definitive, ongoing myocardial
injury. Altogether, 31% of the athletes’ rapid training rebuild was hindered by
persistent or reoccurring symptoms. Female athletes reported a higher preva-
lence of return to play (RTP) symptoms than their male counterparts (34% vs.
19%, p = 0.005). The development of long COVID symptoms was independently
predicted by increasing age and acute symptoms' severity in a multiple regression
model (AUC 0.75, CI 0.685-0.801). Athletes presenting with either or both cough
and ferritin levels higher than >150 ug/L had a 4.1x (CI1.78-9.6, p = 0.001) higher
odds ratio of developing persistent symptoms.

Conclusion: While SARS-CoV-2 rarely affects the myocardium in athletes, about
one in three of them experience symptoms beyond the acute phase. Identifying
those athletes with a predisposition to developing long-standing symptoms may
aid clinicians and trainers in finding the optimal return-to-play timing and train-

ing load rebuild pace.
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1 | INTRODUCTION

The COVID-19 pandemic has had a significant impact on
the athletes’ world in several dimensions since its begin-
ning in 2019. The pandemic has been globally present,
with regularly emerging waves as new virus variants ap-
pear.' Besides direct harmful consequences on the indi-
vidual level, canceled events have significantly impacted
numerous aspects of the sports world.

Significant concerns have risen about athletes’ safe re-
turn to play (RTP) after SARS-CoV-2 infection. Training
and competing with ongoing myocardial inflammation is
not recommended since the sudden cardiac death risk is
elevated.” The first RTP recommendations implemented
by national sports medicine bodies were based on expert
consensus. Finding the optimal RTP examination algo-
rithms and implementing the best policies are of great
importance to ensure safety and not to over-medicalize in
uncomplicated cases.

During the first year of the pandemic, study efforts
have mainly focused on collegiate athletes. However, the
growing popularity of sports among adolescent and mas-
ter age groups highlights the importance of research in
these groups as well.

On top of the acute symptoms, an emerging concern
caused by the long COVID syndrome has been described.?
In the general population, who have been treated as outpa-
tients, the post-COVID syndrome may be present in 10%-
35% of the cases.* Long COVID syndrome can develop in
young, otherwise healthy individuals, even after mildly
symptomatic infection,” which might affect the quality
and effectiveness of training load build-up in athletes.
Data regarding the prevalence of long COVID syndrome
among athletes and its impact on RTP have not been de-
scribed. Therefore, follow-up is of the utmost importance
to understand the short and mid-term consequences of
the infection.

However, various terms relating to long-standing
symptoms (i.e., long COVID, post-COVID-19 syndrome,
post-acute COVID-19 syndrome, and ongoing symptom-
atic COVID-19) are used in scientific literature. We chose
the term long COVID to describe subjects who present
with persistent or new symptoms beyond four weeks
after the acute infection, according to the current NICE
guideline.’

We set out to conduct a prospective study with two main
aims: firstly, to assess disease course, cardiac involvement
frequency, and clinical features in various age groups and
training levels in athletes with SARS-CoV-2 infection, and
secondly, to provide detailed information regarding the
short and mid-term consequences of the disease through
follow-up, focusing on the impact and predictors of long
COVID and short-term RTP symptoms in athletes.

2 | MATERIALS AND METHODS

2.1 | Study population and recruitment
Between July 2020 and July 2021, we examined 725 ath-
letes median of 24 (IQR 19-32) days after SARS-CoV-2 in-
fection at our sports cardiology outpatient clinic.

Competitive athletes presenting for an evaluation after
SARS-CoV-2 infection had to undergo mandatory cardiac
screening involving ECG, echocardiography, and troponin
testing per the contemporary regulations implemented by
the Hungarian Sports Medicine Institution. On top of the
required modalities, we extended our baseline protocol
with additional laboratory markers. National sports feder-
ations and teams associated with our Institution were the
most populous source of subjects. Recreational athletes
arrived at their own initiative. We used no active recruit-
ment strategy in this study.

The infection was confirmed by either a rhino pha-
ryngeal swab for SARS-CoV-2 RNA (rtPCR), a rapid an-
tigen test, or by the presence of IgG or IgM antibodies at
the first examination. Exclusion criteria were as follows:
(1) age < 14years and (2) weekly training volume <3.5 h.
None of the examined athletes received a COVID-19 vac-
cine before their infection.

Athletes were classified into sports types: skill, power,
mixed, and endurance (Table 1).° The athletes were cate-
gorized into three symptom severity categories based on
the guideline made available by the National Institutes
of Health (NIH).” Mild symptoms included fever (body
temperature above 38.0 C), sore throat, cough, palpita-
tion (sensation of inappropriately fast heart rate), dizzi-
ness, headache, muscle pain, gastrointestinal symptoms
(nausea, vomiting, diarrhea), and loss of taste and smell.
Athletes presenting with chest pain or dyspnea are catego-
rized as moderately symptomatic.

We categorized athletes according to their training
load based on the 2020 ESC Guidelines on sports cardi-
ology and exercise.>® Elites are professional athletes who
are members of their national team and generally perform
above 10 h per week in training volume. Those who regu-
larly compete and do more than 6 h per week of training
but are not national team members are defined as com-
petitive athletes. A third category comprised recreational
athletes and referees of a median 4.5 h training volume.

2.2 | Baseline study protocol

Our protocol was based on the Hungarian Sports
Medicine Institution's guideline for preparticipation
screening protocol, emphasizing cardiac alterations,
preferably 2-4weeks after the commencement of the
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TABLE 1 Baseline demographical, laboratory, imaging and
ECG data of the full cohort after SARS-CoV-2 infection

Age (year, median)
BMI (median)
Sex (Male)

Weekly training volume (hours, median)

Elite

Competitive
Recreational

National team member
Hypertension

Asthma bronchiale

Known elevated cholesterol levels

Sports type classification
Skill
Power
Mixed
Endurance

Sports type
Handball
Basketball
Waterpolo
Ice hockey
Wrestling
Swimming
Football (soccer)
Long-distance running
Fencing
Table tennis
Kayaking/rowing
Tennis

Other

Symptom severity classification

Asymptomatic total
Adolescent
Adult
Master

Mild total
Adolescent
Adult
Master

Moderate total
Adolescent
Adult

Master

Full sample
(n = 633)

21 (IQR 18-27)
23 (IQR 22-26)
420

12 (IQR 8-18)
15 (IQR 12-20)
12 (IQR 8-16)
4.5 (IQR 4-6)
234 (37%)

25 (4%)

11 (2%)

24 (4%)

11 (2%)
44 (7%)
508 (80%)
70 (11%)

208 (33%)
87 (14%)
83 (13%)
63 (10%)
30 (5%)
27 (4%)
23 (4%)
18 (3%)
7 (1%)
7(1%)

6 (1%)
5(1%)
69 (11%)

102 (16%)
47

51

4

382 (60%)
138

206

38

149 (24%)
46

83

20

(Continues)

TABLE 1 (Continued)

Full sample
(n = 633)

7 (IQR 4-12)
95/483 (19.7%)
9/625 (1.4%)
16/289 (5.5%)

Symptomatic period (days)
Ferritin above 150 pg/L

hsTnT positivity (>14ng/L)
D-dimer positivity (>0.5 pg/ml)

IgM positivity (cutoff = 1S/Co, n = 130) 93 (72%)
IgG positivity (cutoff = 1.4S/Co, n = 458) 397 (86%)
ECG (n = 633) alterations

T-wave inversion (excluding III, 12 (2%)

aVR and V1)

Trifascicular block 1(<1%)
Echocardiography (n = 610)

Pericardial effusion 7 (1%)
LVEF by echocardiography (%, n = 610) 60 (IQR 57-62)
Cardiac magnetic resonance scans (CMR) 104
CMR alterations 7 cases

Pericardial effusion without signs of 1 case

pericarditis

Isolated T1 mapping elevation 4 cases

Aspecific, non-ischaemic LGE 1 case

Possible earlier myocarditis (subepicardial, 1 case

lateral LGE)
Computed tomography scans (CT) 24

GGO (ground-glass opacity) 5 cases

Subpleural atelectasia 1 case

Organising pneumonia 2 cases

Subtle COPD signs 1 case

Abbreviations: CMR, cardiac magnetic resonance; LGE, late gadolinium
enhancement; LVEF, left ventricular ejection fraction.

infection (Figure 1). The first examination took place
after a minimum 10-day-long quarantine period. It in-
volved physical examination, 12-lead resting ECG,
transthoracic echocardiography, detailed blood tests (in-
cluding high sensitivity troponin T), and the acquisition
of medical history.

ECG was obtained with standard lead positions
(MAC 2000, GE Healthcare, Chicago, IL). Transthoracic
echocardiography (EPIQ 7G, Philips, Amsterdam, The
Netherlands) examinations were carried out at our center,
supervised, or carried out by a licensed cardiologist.

2.3 | Additional examinations
Other examination methods were used based on clini-

cal findings and symptoms, such as the extension of
laboratory testing (i.e., D-dimer) or additional imaging
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Patient appointment at sports cardiology outpatient
clinic (n=725)

Median: 23.5 (IQR 19-32) days after start of infection

Exclusion criteria (n=92):

A 4

v

Baseline examination protocol (n=633)
Detailed patient history
12 lead ECG
Blood tests
Transthoracic echocardiography

519 athletes were cleared to restart training
immediately (82%)
66 (10%) were advised to achieve a 10-day

Age <14 years (n=40)
Weekly training volume <3.5 hours (n=52)

Cardiac MRI (n=104)

7 cases of possible cardiac involvement
0 definite myocarditis

Chest CT w/ or without pulmonary angiography
(n=24)

8 cases of residual alterations
1 unrelated finding (mild COPD)
0 pulmonary embolism

asymptomatic period
48 (8%) were termporarily suspended until further
examination

Follow-up examination (n=322)
RTP symptom frequency 23%

Long-COVID symptoms 8%

fCauses for temporary suspension \

- Elevated D-dimer: 16 cases

- Positive hsTnT: 9 cases

- Physician concern due to symptoms: 8 cases
- ECG: 6 cases

- Echocardiography: 5 cases

- CMR: 2 cases

- CT scan: 1 case

\- Neurological symptom: 1 case /

FIGURE 1 Full examination protocol flowchart. Our final examination group comprised 633 athletes. After carrying out the baseline
examination protocol, 82% of the athletes immediately cleared to restart training. Of the 48 (6%) suspended subjects, everyone was able to
continue sports activity after the recommended rest period or additional examinations.

modalities (low-dose computed tomography scan with or
without angiography or CMR). The locally used labora-
tory kit defined high sensitivity troponin T (hsTnT) cutoff
as >13.99ng/L for positivity, and detection threshold was
>2.99ng/L. D-dimer was deemed positive above 0.5 pg/ml
according to the locally used kit.

Cardiac magnetic resonance (CMR) examinations were
carried out on a 1.5 T scanner (Magnetom Aera, Siemens

Healthcare, Erlangen, Germany) with a protocol compris-
ing short and long-axis cine movies, T1 and T2 mapping
sequences, and late gadolinium enhancement imaging.
Two expert readers evaluated the images.

We defined possible peri/myocardial involvement if
(1) slightly elevated T1 mapping value or late gadolinium
enhancement (LGE) with normal T2 times or (2) slightly
elevated T1 and T2 mapping values were present with no

85U8017 SUOWIWIOD BAEa.D 3|qedl|dde au Aq peusenob a e saolle YO @S JO S8 10} Aeiqi8uI|UO A8]IAA UO (SUORIPUOD-PUB-SWBI W0 A8 | 1M AleIq 1 BulUO//:SANY) SUORIPUOD pue Swie 1 8y} 89S *[£202/20/ST] Uo AkiqiTauluo A8|im ‘eindwoD Jojeiminsul v LIN A G9ziT SWS/TTTT OT/I0p/W00 48| iMAleIq Ul |uoy/Sdny woly pepeojumod ‘€ ‘€202 ‘8E80009T



JUHASZ ET AL.

WILEY-2%

LGE. We used the updated Lake Louise criteria to diag-
nose definite myocarditis, if any.

2.4 | Follow-up

Subjects were offered a follow-up examination within
1-6 months of their acute infection. The follow-up exami-
nation involved detailed blood testing and an ECG. We
assessed long COVID symptoms by a standardized ques-
tionnaire regarding the circumstances of resumption of
training (i.e., presence of long-standing symptoms, time
taken to rebuild training load) and asked for feedback
about the examination process.

Athletes with a shorter symptomatic period associated
with exertion of maximum two weeks after restarting to
train (minimal mandatory quarantine period was ten days)
were regarded as subjects with short-term RTP symptoms.

The long COVID group comprised individuals presenting
with acute symptoms lasting for more than four weeks.>**°
All symptoms that might have affected athletic performance
were included (i.e., loss of smell or taste as the only long-
standing sign did not qualify as long COVID in this case).

There was no overlap between the two categories.

2.5 | Data management,
statistical analysis

We used the Shapiro-Wilk to test data normality.
Continuous variables are presented as mean +SD or me-
dian and interquartile range as appropriate. Comparison
between two independent groups was performed by t-tests
or Mann-Whitney test. In the analyses involving three dif-
ferent groups, the Kruskal-Wallis test was used. p-Values
<0.05 were considered significant. Chi-squared tests were
applied to compare the distributions of categorical data.

We used the LightGBM gradient boosting framework
to build a logistic regression model. A tree-based learning
algorithm identified predictors and laboratory cutoffs used
in the analysis. Missing continuous variables were comple-
mented with the average where it applied in model building.

Statistical analyses were conducted by MedCalc's soft-
ware v20.013 (MedCalc Software Ltd, Ostend, Belgium)
and Python 3.9.

3 | RESULTS
3.1 | Baseline characteristics

The final study cohort consisted of 633 competitive and
recreational athletes (male = 420) after exclusions.

Adolescents were 14- to 19-year-old, adults were be-
tween 20 and 35years old, and subjects above 35years
were regarded as master athletes. Eighty-nine percent
(n = 563/633) of the included athletes compete at least
on a national level. Thirty-seven percent of the cohort
(n = 234/633) were members of their national team (elite
athletes). The remaining portion of our cohort comprised
recreational athletes and referees. Handball players were
the most dominant in the cohort, with 33%.

We performed the sports cardiology assessment me-
dian 24 (IQR 19-32) days after the acute SARS-CoV-2 in-
fection. Asymptomatic infection occurred in 16% of the
cases; 60% were mildly symptomatic, and the remaining
249% presented moderate symptoms.

During the baseline evaluation, high sensitivity tropo-
nin T (hsTnT) and D-dimer positivity were rare (Table 1).

ECG and echocardiography alterations that indicated
further examination were rare (Figure 1). As a possible
sign of myocardial involvement, T-wave inversion was
present in 2% of the athletes. Pericardial effusion was
found in only 7 cases (1%). Of the CMR 104 scans, 97%
were performed using a gadolinium-based contrast agent,
and 3 were native scans where patients did not consent to
receive contrast agent. We found alterations suggestive of
possible peri/myocardial involvement in only 7 cases (7%).
There was no evidence of ongoing, definite myocardial in-
flammation per the updated Lake Louise Criteria.'" In 59%
(n = 61) of the cases, the physician's concern indicated the
CMR. Six scans were indicated due to elevated troponin
levels, 13 due to ECG alterations, 15 due to echocardiog-
raphy abnormalities, eight due to prolonged chest com-
plaints, and one due to previously diagnosed pericarditis.

3.2 | Return to play (RTP) and follow-up

The majority (82%) of the athletes were cleared to RTP
without further investigation. Only 8% (n = 48) of the
athletes had to be temporarily restricted from training re-
sumption due to initial abnormal findings. The remain-
ing 10% were advised to achieve a 10-day asymptomatic
period before restarting to train (Figure 1). Athletes who
completed a 10-day asymptomatic period and had no al-
teration suggesting myocardial involvement were advised
to gradually build up training load with heart rate control.
To those who sought our counsel during the acute period
of the infection, we recommended rest or low-intensity re-
sistance training in case of being asymptomatic or mildly
symptomatic. To provide RTP guidance after recovery
from the disease, the participating sports medicine ex-
perts at our Institution recommended a target heart rate
of approximately 60% (based on the 220-age formula)
on the first week, 80% on the second week of RTP and
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continuation toward maximum training load from the
third week.

A small number of athletes was primarily examined
because of long-standing symptoms (n = 18).

A follow-up examination was conducted in 322 cases
(median 107 days after the start of the infection). We inves-
tigated the burden of short-term RTP symptoms, signal-
ing reoccurring or prolonged symptoms while restarting
to train, and long COVID symptoms persisting over four
weeks. Athletes reported RTP symptoms at a frequency of
23% (n = 74), on top 8% (n = 28) had long COVID symp-
toms. The most common short-term RTP symptoms were
prolonged fatigue (45%) and palpitations (39%). Short-term
RTP symptoms were more frequent (34% vs. 19%, p = 0.005)
in female athletes than in male athletes (Figure 2). However,
female athletes reported needing slightly less time to re-
build maximal training intensity and peak form (median
3 vs. 4weeks, p = 0.01). There was a significant difference
in long COVID symptom frequency between different age
groups and symptom severity groups, whereas short-term
RTP symptoms have only shown a difference regarding
symptom severity (Table 2). Antibody levels (IgG) have
shown a significant decrease within the follow-up period
but remained above the cutoff (1.4 S/Co) determined by the
manufacturer (median 3.9 vs. 2.0 S/Co, p<0.0001).

Ferritin levels have decreased, albeit remained in the
normal range at baseline and follow-up examinations (me-
dian 78 vs. 68 pg/L, p<0.0001). Athletes reported a 7.5%
frequency of novel sports injuries after training resump-
tion, which did not show an association with training
pause length (p = 0.94). Detailed baseline and follow-up
laboratory findings are presented in Table 3.

3.3 | The predictors of
persistent symptoms

Some specific acute symptoms have shown an individ-
ual association with developing long COVID and return

p<0.0001

Elite
Competitive
Adult
Adolescent
Male

Female

AR

Asymptomatic

Mildly symptomatic

Moderately symptomatic
Return to play symptom frequency

to play symptoms (Figure 3). Asymptomatic infection
implied a lower chance of developing short-term RTP
symptoms (OR 0.27, CI 0.1-0.7) and a similar but non-
significant tendency for long COVID symptoms (OR 0.16,
CI 0.02-1.18).

Moderately symptomatic individuals have shown more
disposition to develop long COVID symptoms than mildly
symptomatic ones (7% vs. 17%, p = 0.02). In the same way,
short-term RTP complaint frequency was also associated
with more severe acute symptoms (p <0.0001).

Athletes presenting with either or both cough and
ferritin levels higher than >150pg/L carried a 4.1x (odds
ratio CI 1.78-9.6, p = 0.001) higher risk of developing long
COVID symptoms (21% vs. 6%).

Based on biological plausibility, we selected age, symp-
tom severity, and baseline ferritin levels in a multivariate
logistic regression model to predict long COVID occur-
rence. In our model, increasing age and higher symp-
tom severity scores were independent predictors of long
COVID (AUC 0.746, CI 0.685-0.801). Similarly, we in-
cluded age, sex, weekly training volume, baseline ferritin
levels, and symptom severity scores in predicting short-
term RTP symptoms. Sex and symptom severity scores
were independent predictors in the model (AUC 0.72, CI
0.655-0.779).

In addition, a small proportion (n = 40/250, 16%) of
athletes who had given feedback on this matter did not
pause training while being infected against medical ad-
vice, albeit it did not seem to increase short-term RTP
symptom frequency (p = 0.44).

4 | DISCUSSION

We assessed a high-volume athletes’ cohort's outcomes
after SARS-CoV-2 infection, which is currently the larg-
est one published in the European region. None of the
subjects was vaccinated against SARS-CoV-2 before con-
tracting the virus. Cardiac or possible cardiac involvement

Elite
Competitive
Adult
Adolescent
Male

ganne

Female
Asymptomatic

Mildly symptomatic

Moderately symptomatic

Long COVID symptom frequency

FIGURE 2 Distribution of return to play (RTP) and long COVID symptom frequency among different athlete groups after follow-up.
There was a significant difference between male and female subjects in RTP symptom frequency and between symptom severity categories.

Long COVID symptom frequency showed similar significant differences in symptom severity classification.
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was proven to be expressly low in the examined athlete
group(s).

The first significant article regarding COVID-19's
myocardial effects investigated by CMR reported an
alarmingly high prevalence of myocardial damage in re-
covered COVID-19 patients.’? In another CMR study by
Rajpal et al., 15% of the examined athletes (n = 26) ful-
filled the two main features of the updated Lake Louise
criteria suggestive of myocarditis."> Brito et al. reported
pericardial inflammation in more than 1 in 3 previously
healthy college athletes, where 96% of the examined sub-
jects showed mild or no symptoms.'* These results kept
concerns high for athletes going through COVID-19 in-
fection and facilitated extensive testing in this population.

Moulson et al. have recently published the findings
of 3018 athletes suggesting that asymptomatic or mildly
symptomatic athletes may return to sport without cardiac
testing, preserving 12-lead ECG and transthoracic echo-
cardiography for moderately symptomatic individuals. In
addition, they concluded that CMR is the most useful in
athletes with high pretest probability.'®> Cavigli et al. have
recently reported their experiences with junior competi-
tive athletes wherein a cohort of 571 subjects found that
half of the athletes had had only mild symptoms and peri-
cardial involvement was rare, examined by transthoracic
echocardiography. They concluded that echocardiography
should be reserved for those with cardiopulmonary symp-
toms or ECG abnormalities.'®

Initial findings at our center suggested no evident signs
of myocardial involvement on CMR examination in twelve
elite athletes who recovered from COVID-19."” By broad-
ening our research to 147 subjects, definite signs of myo-
carditis were as scarcely prevalent as 1.4% in the whole
cohort.” The subjects who underwent CMR presented in
this work partially overlap with our comprehensive CMR
study cohort.

Also, a multicenter cross-sectional publication by
Martinez et al. has shown a low prevalence of myocardial
involvement in professional athletes in a high-volume
study from North American centers. However, their sam-
ple was almost an all-male one with a 98.5% proportion.
Only 0.6% of the athletes had to be restricted from training
resumption due to potential inflammatory heart disease."

Fikenzer et al. proposed performing spiroergometry to
guide individual athletes’ return better to play plan after
excluding peri- or myocardial involvement with echocar-
diography or CMR.* While this might be useful to aid in
rebuilding training load, it should be considered that as-
ymptomatic and mildly symptomatic athletes' screening
with extensive cardiac imaging and spiroergometry may
not add relevant information in uncomplicated cases but
acts as an extra burden on sports cardiology care provid-
ers, as it was concluded by other authors as well.*!

Top-level athletes are primarily young adults who have
been less likely to need inpatient care with COVID-19 in-
fection and do not carry typical risk factors for develop-
ing a severe disease course.?? In addition, muscle strength
seems to be a protective factor against hospitalization
related to COVID-19 in middle-aged and older adults.”®
Of the 728 athletes presenting at our outpatient clinic,
only 0.4% (n = 3) were hospitalized due to COVID. In a
study conducted in the United States, 5% of 63103 young
adults coded as COVID-19 patients aged between 18 and
34 needed hospitalization with COVID-19.** In a Spanish
cohort of 420 individuals, self-reported moderate or vig-
orous physical activity patterns were inversely associated
with hospitalization for respiratory symptoms.?> Brawner
et al's findings suggest that maximal exercise capacity
is inversely related to the likelihood of hospitalization
due to SARS-CoV-2.%® These results indicate that regular
physical activity may have a protective role in the case of
COVID-19, similarly to numerous other diseases.?’

Additional factors such as skeletal muscle mass, body
fat percentage, and body composition might also play arole
in forming the disease course of COVID-19. Perez-Valera,
Martinez-Canton et al. proved that ACE2 (the receptor of
SARS-CoV-2) expression in the skeletal muscle is more
prominent in those with higher percentages of body fat.
As athletes generally bear higher lean muscle mass and
lower body fat percentage than their non-athlete coun-
terparts, ACE2 expression pattern in the skeletal muscle
might also be a modifying factor in the disease course of
COVID-19.% This is also underlined by a histopathology-
based study involving sixteen patients' muscle biopsies
with persistent fatigue, weakness, or myalgia. A range of
histological changes, including mitochondrial damage
and inflammation, have been confirmed, making skeletal
muscle a primary target for SARS-CoV-2.%

Moreno-Pérez et al. reported that post-acute COVID-19
syndrome might be present in up to 50% of COVID-19
survivors in a median 56-year-old cohort.” Sudre et al.
carried out a study in which participants self-reported
post-COVID symptoms through a mobile phone appli-
cation, where 13.3% of the subject reported symptoms
lasting longer than 28days. They found an association
between long COVID and the number of symptoms in
the first week, increasing age, female sex, and BML3!
Our athletes showed a lower prevalence of long COVID
symptoms than the aforementioned non-selected sample.
Nevertheless, Petek et al. found even lower persistent and
exertional symptom occurrence (5.4%) in an observational
cohort of 3597 collegiate athletes.*

Our findings suggest that specific acute symptoms
might be able to predict worse disease courses in a co-
hort of mainly young and adult athletic individuals with
reasonable accuracy. These athletes at risk of developing
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TABLE 3 Detailed laboratory parameters of the cohort after the baseline and follow-up examinations
Baseline value— Number of Follow-up value— Number of
Median (IQR) samples Median (IQR) samples

High sensitivity troponin T (ng/L) 4(3-6) 616 6 (4-8) 204
D-dimer® 0.3 (0.3-0.3) 288 0.3 (0.3-0.3) 13

Ferritin (pg/L) 71 (39-127) 483 73 (44-118) 222
250H Vitamin D (ng/ml) 33 (26-43) 459 30 (24-38) 219
CRP (mg/L) 0.6 (0.3-1.1) 611 0.7 (0.6-1.4) 201
GOT (U/L) 20 (17-24) 597 24 (20-28) 199
GPT (U/L) 16 (12-23) 606 17 (23-24) 205
GGT (U/L) 13 (10-18) 606 13 (10-16) 202
ALP (U/L) 72 (57-91) 606 81 (62-104) 200
Creatinine (pmol/L) 77 (68-87) 604 81 (72-92) 199
Haemoglobin (g/L) 150 (140-159) 614 151 (141-158) 209
WBC count (G/L) 6.1(5.2-7.1) 614 5.8 (4.9-6.9) 208
Neutrophil granulotyte count (G/L) 3.3(2.6-4.1) 601 3.0(2.4-4.1) 207
Lymphocyte count (G/L) 2.0 (1.6-2.4) 601 1.9 (1.6-2.2) 207
IgM (S/Co) 1.7 (0.9-4.0) 130 0.6 (0.3-1.2) 99

IgG (S/Co) 3.9 (2.2-5.6) 458 1.8(0.9-3.1) 246

Note: Out-of-range data is found in Table 1.

Abbreviations: ALP, Alkaline phosphatase; CRP, C-reactive protein; GGT, gamma- glutamyl Transferase; GOT, glutamic-oxaloacetic transaminase; GPT,

glutamic-pyruvic transaminase.

*D-dimer’s detection threshold was 0.3 with the locally used laboratory kit.

Acute symptoms” association with Long-COVID syndrome occurrence

Acute symptoms’ association with RTP symptom occurrence

Asymptomatic 8 R 0.16.CL:0.02-LI8, =007
Cough * OR:4.97, CI: 2.15-11.48 —
Palpitation * OR: 6.14, CI: 2.62-14.35 [ —
Chest pain *OR:4.99,CI: 2.22-11.18 [ —
Sore throat ——
Headache *OR: 248, CL 1.11-5.54 B —
Dyspnea ——
Rhinorrhea —_—
Loss of smell and taste —
Fa[igue * OR: 2.35, CL: 1.07-5.15 —
Subfebrility —
Fever -
Muscle or joint pain —_——

1 Ll IR Ll Ll

0,01 0,1 1 10 100
\“0_05 Odds ratio

Asymptomatic #OR: 0.27, CI: 0.1-0.7 ————
Cough —
Palpitation —
Chest pain #OR: 3.4,CI: 1.79-6.42 —_—
Sore throat —
Headache #OR: 183, CI: 1.07-3.13 ——
Dyspnea #OR: 286, CI: 133-6.19 —
Rhinorrhea —_——
Loss of smell and taste | #0r:234,cl: 132-4.17 —-
Fatigue #OR:3.00, CI: 1.74-5.19 —
Subfebrility — .
Fever | I
Muscle or joint pain B e a—
Ll il
0,01 0,1 I 10
Odds ratio
# p<0.05

FIGURE 3 Forest plot showing the association between different acute symptoms and subsequent RTP or long COVID symptom

development. In terms of Long COVID syndrome occurrence, cough, palpitation and chest pain carried the highest odds ratios. RTP

symptoms showed the strongest association with chest pain, dyspnea and fatigue. An asymptomatic infection had a significantly lower odds

ratio in the RTP symptom analysis. A similar tendency was observable in long COVID syndrome occurrence. OR, odds ratio; RTP, return to

play.

persisting or reoccurring symptoms may benefit from in-
dividual assessment and careful planning of training load
rebuild. Ferritin levels remained in the normal range for
the vast majority of the athletes upon baseline and fol-
low-up examination. In whom it was above 150 pg/L at the
baseline examination carried a higher risk of developing

long COVID symptoms. At the same time, these values
did not come near the ferritin levels seen in severely ill
patients.33

Master athletes with more severe symptoms were more
likely to develop long COVID syndrome reported sim-
ilar time needed to achieve maximal training intensity
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as younger groups. This might be because master ath-
letes perform sports at a lower level, and the proportion
of them being competitive athletes is also lower than
younger athletes. Kim et al. proposed a screening algo-
rithm for master athletes based on symptom severity, in-
cluding considering a CMR in moderately symptomatic
cases with an abnormal finding in either of the baseline
methods. They also emphasized the importance of shared
decision-making in case of uncertain findings (not only in
master athletes), similar to other cardiac pathologies con-
cerning athletes.***’

5 | PERSPECTIVE

In a cohort of 633 adolescent, adult, and master athletes,
we found expressly low myocardial involvement after
SARS-CoV-2 infection. Persistent and reoccurring symp-
toms may pose a problem in keeping and rebuilding fitness
levels, especially during the mid-season. Long COVID and
RTP symptoms hindered rapid training load and form re-
build in a significant portion of athletes, as 31% reported
prolonged COVID-related health issues. Specific acute
symptoms (chest pain, cough, dyspnea) and ferritin levels
may be associated with short and mid-term outcomes. An
individualized approach based on acute symptom severity
and baseline laboratory (if indicated) findings is favorable
in determining when to clear athletes for return to play.
Clinicians and trainers could better guide return-to-play
timing and training load rebuild pace by identifying ath-
letes with a predisposition to developing long-standing
symptoms.

6 | STRENGTHS AND
LIMITATIONS

We present a single-center study conducted by a major
regional cardiac institution. One strength of our re-
search is the homogenous laboratory and imaging test-
ing methods. Best to our knowledge, this is the largest
single-center post-COVID athletes' research up to date.

A portion of subjects presented for a post-COVID
screening more than four weeks after the commence-
ment of their infection; this might have reduced the
frequency of identifiable subclinical abnormalities.
Given the relatively small number of master athletes in
this study, more data are required to accurately assess
their outcomes and the extent of their possible protec-
tion against developing a severe disease course. Also,
the definition and categorization of long COVID were
based on self-reported symptoms as we lacked objective

measurements and descriptions. However, this was un-
avoidable in our current state of knowledge during the
study period.

Almost half of the subjects did not return for a fol-
low-up examination. The reasons might be that the first
baseline visit was mandatory for athletes to regain their
license to compete but not a follow-up, especially within a
shorter time interval than usual (a significant proportion
of our athletes present at our clinic once a year). Also, ath-
letes with long-standing symptoms might have been more
prone to seek medical attention, which may stand for pos-
sible selection bias.

Referral for a CMR examination involved a selected
group of athletes based on symptom severity or abnormal
baseline examination findings. By this means, our rela-
tively favorable CMR findings may still overestimate pos-
sible myocardial involvement in athletes.

7 | FEEDBACK FROM THE
ATHLETES

Two hundred thirty-three athletes agreed to fill in a
feedback questionnaire regarding the examination
workflow. Seventy-five percent of the athletes (n = 175)
reported that the examination had provided an extra
sense of security for them before the resumption of train-
ing 98% of them were overall satisfied with the process.
According to the athletes’ answers, the average time
needed to complete the first examination protocol took,
on average, 92min. More than half of the subjects (53%)
looked up information on COVID-19's implications on
athletes’ health before their appointment. Their primary
sources were the Internet (34%), their team doctor(s)
(25%), team crew or sports federation (18%), and news
or television (7%).
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