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ABSTRACT

Objective To describe acute/postacute COVID-19
presentations in athletes.

Design Systematic review and meta-analysis.

Data sources The search was conducted in four
databases (MEDLINE, EMBASE, SCOPUS, SPORTDiscus)
and restricted to studies published from 2019 to 6
January 2022.

Eligibility criteria for selecting studies Studies
were required to (1) include professional, amateur or
collegiate/university athletes with COVID-19; (2) present
data on acute/postacute COVID-19 symptoms and (3)
have an observational design. Risk of bias was assessed
using the Joanna Briggs Institute Critical Appraisal tools.
Results 43 studies with 11518 athletes were included.
For acute presentation, the pooled event rates for
asymptomatic and severe COVID-19 were 25.5% (95%
Cl: 21.1% t0 30.5%) and 1.3% (95% Cl: 0.7% to
2.3%), respectively. For postacute presentations, the
pooled estimate of persistent symptoms was 8.3% (95%
Cl: 3.8% to 17.0%). Pooled estimate for myocardial
involvement was 5.0% (95% Cl: 2.5% t0 9.8%) in
athletes undergoing any cardiac testing, and 2.5% (95%
Cl: 1.0% to 5.8%) in athletes undergoing MR, although
clinical symptoms were not characterised. None of the
studies with a control group (eg, non-infected athletes)
could confirm a causal relationship between COVID-19
and myocardial involvement.

Conclusion This broad characterisation of COVID-19
presentations in athletes indicates that ~94% exhibited
mild or no acute symptoms. The available evidence did
not confirm a causal relationship between COVID-19 and
myocardial involvement. A small proportion of athletes
experienced persistent symptoms while recovering from
infection, which were mostly mild in nature, but could
affect return-to-play decisions and timing.

INTRODUCTION

The estimated prevalence of COVID-19 symptoms
among competitive athletes remains unknown.
Some studies show that most infections are asymp-
tomatic or result in a mild form of the disease
(ie, self-limiting symptoms not requiring medical
attention).'™ Although severely ill hospitalised
patients are at greater risk for postacute sequelae of
COVID-19 (also referred as post-COVID-19 condi-
tion or long COVID-19),* low-risk individuals, such
as athletes, may also have persistent symptoms and
abnormal findings, regardless of their acute symp-
tomatology.” © In fact, there is evidence that athletes
may also face postacute COVID-19 complications.

,! Coalition SPORT-COVID-19

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Athletes mostly experience mild COVID-19;
however, postacute complications may
affect their health and performance. A better
understanding of COVID-19 presentations in
athletes is essential to inform safe measures
and return-to-play protocols.

WHAT THIS STUDY ADDS?

= This systematic review and meta-analysis
showed that the vast majority (~94%) of
athletes with COVID-19 are asymptomatic or
exhibit mild acute symptoms.

= A variable proportion of athletes (3.8%—17.0%)
may exhibit some persistent symptoms (eg,
anosmia/dysgeusia, cough, fatigue, chest pain,
headache), which are usually mild in nature
but could affect return-to-play decisions and
timing. Importantly, the available evidence
could not confirm a causal relationship between
COVID-19 and myocardial involvement.

= Future studies should incorporate control
athletes (ie, non-infected) and systematically
follow athletes with COVID-19 to better
understand the predictors and natural course of

postacute symptoms among athletes.

Among mild symptomatic and asymptomatic
athletes recently recovered from COVID-19, 27%
(n=13) presented with pericardial involvement
(ie, presence of late enhancement with pericardial
effusion).” Conversely, there are studies showing
no abnormal findings among professional athletes
following COVID-19.”~" A recent review on cardiac
sequalae and risk of sudden cardiac arrest/death
showed an overall low risk (0%-2.1%) of pericar-
dial and/or myocardial involvement among athletes
recovered from COVID-19."

To the best of our knowledge, there is no system-
atic review characterising acute and postacute
COVID-19 manifestations in athletes. A better
understanding of COVID-19 presentation in
athletes is essential to inform safe return-to-sport
protocols, as well as to allow adequate screening
and monitoring of potentially at-risk individuals.
Therefore, the aim of this systematic review and
meta-analysis is to report on acute and postacute
COVID-19 presentations in athletes.

METHODS
The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)'!' and
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Review

Prisma in Exercise, Rehabilitation, Sport medicine and SporTs
science (PERSIiST)'? guidelines were followed for reporting of
this review. The protocol for this review was prospectively regis-
tered in the PROSPERO database (CRD42022301817).

Eligibility criteria

Eligibility criteria were defined according to the Population,
Exposure, Outcome and Study design. Studies were eligible if
they (1) included professional, amateur or collegiate athletes
with COVID-19; (2) presented data on symptoms/sequalae
during and after the acute phase of infection and (3) had an
observational design. Single case reports and studies involving
recreational (ie, non-competitive) athletes or investigating the
relationship between physical activity levels and COVID-19
symptoms and were not included.

Information sources and search strategy

The search for relevant studies was performed in four databases
(MEDLINE (via OVID), EMBASE (via embase.com), SCOPUS
(via Elsevier) and SPORTDiscus (via EBSCO)), without language
restrictions. We screened the reference list of included studies
and consulted experts in the field (Coalition SPORT-COVID-19)
on their awareness of possible non-selected studies. The search
strategy used a combination of terms related to COVID-
19, athlete and symptom (online supplemental table 1). The
multipurpose (.mp) option was used to simultaneously search
using a combination of free text and subject-specific headings.
The search was restricted to studies published from 2019 to 6
January 2022.

Selection and data collection

Two independent reviewers applied the inclusion criteria and
screened all titles and abstracts. Full texts were read, evaluated
and assessed for inclusion independently by both reviewers.
Disagreements were resolved by consensus, with a third reviewer
being consulted in the lack of consensus.

Two independent reviewers performed the data extraction of
included studies using a standardised data extraction form and
compared the extracted data for consistency. All inconsisten-
cies were resolved by discussion between the two reviewers. We
extracted the following information from each included study:
country, participants’ characteristics (ie, age, sex and competitive
level), number of infected athletes, sport modality, method for
COVID-19 diagnosis, criteria for defining disease severity, char-
acteristics of acute and postacute symptoms. Symptom severity
was extracted as reported within the original study.

Outcomes

The primary outcome was acute and postacute COVID-19
symptom presentations. This included event rates for asymp-
tomatic, mild, moderate or severe COVID-19 in the acute phase
of the disease and event rates of postacute symptoms and type
of acute and postacute symptoms. Postacute symptoms were
broadly defined as those that emerged, persisted or returned
after the active phase of infection (ie, after symptoms resolu-
tion, recovery from COVID-19 or appropriate quarantine
period). Data on acute and postacute symptoms were extracted
as reported by the authors. The secondary outcome was myocar-
dial involvement (ie, abnormal myocardium manifest by ECG,
echocardiographic and/or cardiac MRI (CMRI), with or without
elevated cardiac troponin (cTn)).

Risk of bias assessment

The risk of bias was evaluated by two reviewers using the Joanna
Briggs Institute (JBI) Critical Appraisal tools" with the specific
tool selected based on the design of each study included in the
review (ie, cohort, cross-sectional, case series and case—control).

Data synthesis

Pooled estimates (number of events/total sample size of infected
athletes in each study) of (1) asymptomatic, mild, moderate or
severe cases; (2) presence of postacute symptoms; (3) type of
acute and postacute symptoms and (4) myocardial involvement
were obtained using random-effect models (DerSimonian and
Laird approach) to account for heterogeneity across individual
studies and presented as event rate and 95% CI. Heterogeneity
was examined as between-study variance and calculated as the I*
statistic measuring the proportion of variation in the combined
estimates due to study variance. An I* value of 0% indicates
no inconsistency, and an I* of 100% indicates maximal incon-
sistency. Pooled estimates of type of acute and postacute symp-
toms and myocardial involvement were based only on studies
reporting one or more symptoms/events. Meta-analyses were
conducted using the Comprehensive Meta-Analysis software, V.3
(Biostat, Englewood, New Jersey, USA, 2013).

Deviation from protocol

Post hoc sensitivity analyses following the same statistical proce-
dures above described were performed to investigate the pooled
event rates of acute symptom presentations when including only
professional/elite athletes and only college/university athletes.

RESULTS

Study selection

The search strategy identified 3344 studies. After removal of
duplicates, 2215 studies remained. Title and abstract screening
identified 69 potentially eligible studies. Twenty-nine of these
were excluded owing to: lack of outcomes of interest (n=12),
wrong population (n=4), conference abstracts (n=11) or edito-
rials (n=2) (online supplemental table 2). Forty original studies
met the inclusion criteria. Four additional studies were included
on checking the references of included studies and consulting
experts in the field (figure 1). Two studies may have had over-
lapping participants considering the study designs and athletes’
characteristics® '*; therefore, we decided to retain only the study
with the largest sample size'* in the data synthesis. In total, 43
studies were included in the review.

Study characteristics

Of the 43 studies and 11518 infected athletes included in this
systematic review, the median number (IQR) of participants per
study was 26 (15-101). The included studies were conducted
in Argentina,"” Australia,'® Brazil,' ' Denmark,'® Finland,"
Germany,”** Hungary,® ** ¥ Ttaly,” 2! Poland,"* Qatar,’
Russia,* Serbia,*® Turkey,>* UK** ¢ and USA.?> 737 One study
was a multicentre collaboration led by researchers in South
Africa,”® and one study was conducted across different countries

in Europe.*’
Eleven (25%) studies included only male
athletes,? 7 15 18 1921222933 36 49 5 (504) studies included only

female athletes®” 3* and 22 (51%) studies included both male
and female athletes, 68 1416 242835 37-39 4144 4648 Bop (1905
studies did not report data on sex.” 17 20 2330314045 AJ| grudies
included young adults, except one that included youth athletes
(mean age 14.0+1.9).% Fourteen studies did not report the
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Figure 1  Flow diagram of the included studies.

age of participants.z 79 18 22 23 31 32 36 37 40 44 45 49 Two studies

included only amateur athletes,” *° 12 studies included only
college/university athletes,” ¢ 70 7 1 study included both
collegiate and amateur athletes”” and 23 studies included only
professional/elite athletes,! 2 79 14-16 18 21 22 24-26 29 3136 41 49
Three studies included both professional and non-professional
athletes,” 2 * and 1 study included professional, college and
amateur athletes.”” One study included professional, semipro-
fessional and youth academy.?® Regarding COVID-19 diagnosis,
28 studies used PCR tests only (either real-time or reverse tran-
scription), 9 studies used PCR and antibody/antigen tests and 2
studies used PCR, antibody/antigen and clinical features. In 4
studies, the authors stated that participants had COVID-19, but
did not provide information on the diagnostic testing.

Among the studies meta-analysed for disease severity (n=26),
five of them clearly reported on criteria used for defining mild/
moderate/severe diseasef 21242746 whereas 19 studies did not
provide this information,! 3 14716 25 26 28 29 3133 35 38414347 ;1 g 5
studies had only asymptomatic infections.'® %>

Fifteen studies reported on infections among athletes following
reopeningor during sport competitions, 213 1618-202223262931323649
9 studies reported on infections following return-to-play/campus
protocols,” >/ 28 3840434446 11 rudies included analyses of previ-
ously collected data (ie, medical records),®? 142135 37 414245 4748
7 studies enrolled previously infected athletes and
1 study was an online survey.!” An overview of the included
studies is provided in online supplemental table 3.

382425303334

Risk of bias

The specific JBI tool was applied according to the study design
(ie, cross-sectional (n=7), case—control (n=35), case series (n=3),
cohort (n=28)). Among the cross-sectional studies, 86% did not
describe participants and settings in detail, identify confounding
factors and define strategies to deal with confounding factors.
Nonetheless, exposure was measured in a valid and reliable
way and appropriate statistical analysis was used in most cross-
sectional studies (86%). As for case—control studies, confounding

factors and strategies to deal with them were not identified in
80%, whereas all studies had exposure measured in a standard,
valid and reliable way, had exposure period long enough to be
meaningful and used appropriate statistical analysis. Among
case-series designs, no study presented clear inclusion criteria
and site-specific demographic information; however, all studies
had the condition measured in a standard, valid and reliable way,
and clearly reported outcomes or follow-up results. Regarding
cohort studies, 89% of them did not identify confounding
factors and 96% did not inform the strategies to deal with them;
however, 89% had exposure measured in a valid and reliable
way. Detailed information on risk of bias of each study can be
found in online supplemental tables 4-7.

Acute COVID-19 presentations

Thirty-five (n=5709) studies provided data of asymptomatic
athletes, and 26 (n=5091) of these also reported data on symp-
tomatic athletes (ie, mild, moderate, severe). Eight studies did
not describe the disease severity and were not included in the
pooled event rate estimate.” * !? 2* 3437 42 % Aqymptomatic and
paucisymptomatic athletes from the study by Martinez et al*!
were grouped as asymptomatic in this review.

The pooled event rate for asymptomatic COVID-19 was
25.5% (95% CI: 21.1% to 30.5%); I*=85.5%, while the pooled
estimates for mild, moderate and severe forms of the disease
were 68.6% (95% CI: 58.4% to 77.2%); 12=96.0%, 6.7% (95%
CI: 4.0% to 11.1%); 1*=88.9%and 1.3% (95% CI: 0.7% to
2.3%); ’=39.0%, respectively (figure 2).

Twenty-seven studies described symptom types during the acute
phase of infection, 368 141720212325 27-3032-35 384043454643 £y e
studies did not provide this information,'”7? 192426 3136374142444749
whereas 2 studies only found asymptomatic infections.'® % In
general, the mostcommonacutesymptomsreported wereanosmia/
dysgeusia (46.8% (95% CI: 40.2% to 53.5%); 1°=84.7%), fever/
chills (38.6% (95% CI: 29.5% to 48.5%); 1=92.7%), headache
(38.3% (95%CI: 32.4% to 44.5%); 1*=78.9%), fatigue (37.5%
(95%CL: 26.8% to 49.5%); 1*=93.8%) and cough (28.0%
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A B

Study, year Events Total Event rate [95% CI] Study, year Events Total Event rate [95% CI]
Anastasio 2021 1 13 —®m  0.964[0616,0.998] Anastasio 2021 10 13 — 0.769 [0.478; 0.924]
Andrianova 2021 0 = 0.063 [0.004, 0.539] Andrianova 2021 7 7 ——————m  0938[0461,0.996]
Atherstone 2021 137 458 - 0.299 [0.259; 0.343]
Babszly 2021 o % = L 0.024 D001 D.287] Babszky 2021 3 20 —m— 0.150 [0.049; 0.376)
Brito 2020 16 54 —-— 0.296 [0.190; 0.430] Brito 2020 36 54 —a— 0.667 [0.532, 0.779)
Cafiero 2021 2 45 — 0556 0.410: 0.692] Cafiero 2021 20 45 — . 0.444 [0.308; 0.590]
Cavigli 2021 21 %€ - 0.233 [0.157; 0.332)
Clark 2021 13 59 - 0220 [0.132: 0.343] Cavigli 2021 69 20 —m— 0.767 [0.668; 0.843)
Costello 2022 0 % B 0.029 [0.002; 0.336] Clark 2021 46 59 —a— 0.780 [0.657; 0.858)
Csulak 2021 2 14 —a— 0.143 42
su 0:036. 0.427) Coslello 2022 12 16 — = 0.750 [0.492; 0.903]
Egger 2021 13 18 —— 0.722 [0.481; 0.879]
Ericksan 2021 2 10 0.129 [0.087. 0.189] Csulak 2021 2 1 — % 0857[0573,0.964)
Fikenzer 2021 1 8 —m—— 0125 [0.017: 0.537] Erickson 2021 16 170 - 0.682 [0.609; 0.748)
G 2021 6 18 —. 0.333 [0.158; 0.571
Srvas! ( ! Fikenzer 2021 7 8 — W 0.875[0.463,0.983]
Gualano 2021 0 440 m 0.001 [0.000; 0.018)
Hendrickson 2021 25 137 - 0182 [0.126; 0.256] Gervasi 2021 12 18 — 0.667 [0.429, 0.842]
Hull 2021 7 147 & 0.048 [0.023; 0.097] Gualano 2021 439 440 B 0998 [0.984;1.000]
Hwang 2021 17 55 —— 0.308 [0.202; 0.442)
Hendricksan 2021 75 137 —— 0.547 [0.464; 0.629)
Jones 2021 3 14— 0.214[0.071; 0.494]
Komici 2021 2 24 -t 0.083 [0.021; 0.279] Hull 2021 140 147 & 0.952[0.903,0.977]
Krzywariski 2022 18 m —— 0.162 [0.105; 0.243] Hwang 2021 38 55 — . 0.691 [0.558; 0.798]
Lopes 2021 4 35 0.114[0.044; 0.268]
pes I ! Krzywariski 2022 91 11 - 0.820 [0.737; 0.881)
Martinez 2021 328 789 - 0.417 [0.383; 0.452]
Meyer 2021 10 10 ————m 0.955[0.5520.997] Martinez 2021 459 789 - 0.582 [0.547; 0.616]
Milovancev 2021 0 16 0.029 [0.002; 0.336] Meyer 2021 0 0 — 0.045 [0.003; 0.448)
Moulson 2021 887 2676 n 0.331[0.314, 0.350]
Pedersen 2021 4 4 0.900 [0:326, 0.994] Milovancev 2021 16 16 ——® 0971 [0.664;0.998)
Peidro 2021 9 24 - 0.375 [0.208: 0.578] Moulson 2021 789 2676 L 0.295 [0.278,0.312]
Rajpal 2021 14 26 —a— 0.538 [0.350; 0.716] Pedersen 2021 0 4 M 0.100 [0.006; 0.674]
Robinsen 2021 1 4 —H— 0.250 [0.034. 0.762]
Schumacher 2021 21 36 — - 0.583 [0.419; 0.731] Peidro 2021 15 24 = 0.625 [0.422,0.792)
Spinicei 2021 2 7 — e 0.286 [0.072; 0.673] Rajpal 2021 12 26 —— 0.462 [0.284; 0.650]
Starekova 2021 24 135 - 0.178 [0.122, 0.252] Spinicoi 2021 5 7 —————®—— 7143270028
Teran 2020 6 17 —— 0.353 [0.188, 0.596] i
Vago 2021 2 12 - 0167 [0.042: 0.477] Starekova 2021 7 135 —a— 0.526 [0.442, 0.609]
Total 1642 5709 E 2 0.255 [0.211; 0.305] Total 2500 5091 + 0.686 [0.584; 0.772]
Heterogeneity: 12 = 85.5%; Tau? = 0.286 Heterogeneity: 12= 96.0%; Tau? = 0.987 :
00 02 04 06 08 10 00 02 04 06 08 10
Asymptomatic Mild
Study, year Events Total Event rate [95% CI] Study, year Events Total Event rate [95% CI]
Anastasio 2021 2 13 B 0.154[0.039; 0.451] Anastasio 2021 0 13 j— 0.036 [0.002; 0.384]
Andrianova 2021 0 7T — 0.063 [0.004; 0.539) Andrianova 2021 0 [ T — 0.063 [0.004; 0.539]
1 i
Babszky 2021 15 20 ——8—  0750[0.522,0882) Babszky 2021 2 20 | 0.100 [0.025; 0.324]
1
Brito 2020 2 54 #— 0.037 [0.009; 0.136] Brito 2020 0 54 W 0.009 [0.001; 0.129]
Cafiero 2021 0 45 m— 0.011[0.001;0.151] Cafiero 2021 0 P — 0.011 [0.001;0.151]
i
Cavigli 2021 0 0 W 0.005 [0.000; 0.082] Cavigli 2021 0 €0 W 0.005 [0.000; 0.082]
i
Clark 2021 0 50 W 0.008 [0.001; 0.120] Clark 2021 0 50 W 0.008 [0.001; 0.120]
Costello 2022 4 16 —. 0.250 [0.097; 0.508] Costello 2022 0 % +— 0.029 [0.002; 0.336]
Csulak 2021 0 4 m— 0,033 [0.002; 0.366) Csulak 2021 0 1“4 — 0.033 [0.002; 0.366]
Etickson 2021 31 170 - 0.182[0.131;0.248] Erickson 2021 0o 170 W 0.003 [0.000; 0.045]
Fikenzer 2021 0 8 = 0.056 [0.003; 0.505) Fikenzer 2021 0 8 - 0.056 [0.003; 0.505]
Gervasi 2021 0 18 0,026 [0.002; 0.310] Gervasi 2021 0 18 +— 0.026 [0.002; 0.310]
Gualano 2021 1 40 m 0.002 [0.000; 0.016] Gualano 2021 0 440 0.001 [0.000; 0.018]
1
Hendrickson 2021 37 137 - 0.270 [0.202; 0.350) Hendrickson 2021 o 137 W 0.004 [0.000; 0.055]
Hull 2021 0 147 W 0.003 [0.000; 0.052) Hull 2021 o 14 W 0.003 [0.000; 0.052]
]
Hwang 2021 0 55 B— 0.009 [0.001; 0.127] Hwang 2021 0 55 B 0.009 [0.001; 0.127]
1
Krzywariski 2022 2 M W 0.018 [0.005; 0.069] Krzywariski 2022 o m- 0.004 [0.000; 0.067]
Martinez 2021 1 789 ®m 0.001 [0.000; 0.009) Martinez 2021 o 789 W 0.001 [0.000; 0.010]
i
Meyer 2021 0 0 +— 0.045 [0.003; 0.448] Meyer 2021 0 0 — 0.045 [0.003; 0.448]
Milovancev 2021 0 ® — 0.029 [0.002; 0.336] Milovancev 2021 0 % 0.029 [0.002; 0.336]
Moulson 2021 980 2676 | n 0370 [0.352; 0.388) Moulson 2021 10 2676 W 0.004 [0.002; 0.007]
Pedersen 2021 0 4 0.100 [0.006; 0.674] Pedersen 2021 0 4 +B—— 0.100 [0.0086; 0.674]
Peidro 2021 0 24 m— 0.020 [0.001; 0.251] Peidro 2021 0 24 m— 0.020 [0.001; 0.251]
Rajpal 2021 0 % m— 0.019 [0.001; 0.236] Rajpal 2021 0 % mB— 0.019 [0.001; 0.236]
Spinicei 2021 0 7T — 0,063 [0.004; 0.539] Spinicci 2021 0 7 e 0.063 [0.004; 0.539]
Starekova 2021 40 135 —-— 0.206 [0.225; 0.379) Starekova 2021 0 135 W 0.004 [0.000; 0.056]
1
Total 1125 5091 L 3 0.067 [0.040; 0.111] Total 12 5091 ’ 0.013 [0.007; 0.023]
Heterogeneity: |2 = 86.9%; Tal? = 1.073 Heterogeneity: 12 = 39.0%; Tau® = 0.847 |
00 02 04 06 08 10 00 02 04 06 08 10
Moderate Severe

Figure 2  Pooled event rate (95% Cl) for (A) asymptomatic, (B) mild, (C) moderate and (D) severe COVID-19 in athletes.

4 Lemes IR, et al. Br J Sports Med 2022;0:1-8. doi: 10.1136/bjsports-2022-105583

“ybuAdoa Aq parosloid 1sanb Aq 120z ‘0T dy uo ywoo fwqg wslg//:dny wol papeojumoq '2zoz AN /2 U0 £8GS0T-220z-s1Modslg/9eTT 0T Se paysiignd 1si1y :pa suods r i1g


http://bjsm.bmj.com/

A
pyspnoea . Fatigue

Rhinorrhoea/runny nose

Cough
Rhinitis .
S ‘ Sore throat

Tiomopiyéia ‘ Nasal congestion ’
Shortness of breath .

Diarrhoea ‘
Gl upset ‘
Abdominal pain ‘

74% (symptomatic)
26% (asymptomatic)

4% Nauseal/vomiting

47% Anosmia/dysgeusia Y

1% Lightheadedness/dizziness

39% Fever/chills

1% Conjunctivitis/red eyes

38% Headache

‘ Myalgia . Lost weight
. covip ‘ .

. Exercise intolerance

. Listlessness

1% Sleep disorders

‘ Chest painftightness
. Palpitation

Cough ‘
Sore throat . Fatigue .

Dyspnoea ‘ Shortness of breath .

Rhinitis . Nasal congestion ‘
Rhinorrhoea .

Abdominal pain .
Diarrhoea ‘

8% had persistent symptoms

92% did not have persistent symptoms

30% Anosmia/dysgeusia

6% Headache 1% Fever
3% Lightheadedness/dizziness  <1% Nausea

2% Loss of appetite

‘ Chest pain/tightness
. Palpitation
. Pre-syncope/syncope

. Exercise intolerance
‘ Myalgia

Figure 3  Summary of acute (A; 18 studies, n=4115) and postacute and (B; 4 studies, n=3879) COVID-19 symptoms in athletes. Data are pooled

estimates for all studies reporting symptomatic cases. Gl, gastrointestinal.

(95%CI: 22.6% to 34.3%); 1*=79.8%) (figure 3A and online
supplemental figure 1). Types of symptoms in each study are
thoroughly described in online supplemental table 8.

Sensitivity analysis

The pooled event rates restricted to studies with professional/
elite athletes were 19.3% (95% CI: 11.5% to 30.6%); ’=85.3%
for asymptomatic, 76.3% (95% CI: 61.6% to 86.6%);
1>=88.5% for mild, 4.0% (95% CI: 1.1% to 13.0%); ’=84.5%
for moderate and 2.2% (95% CI: 1.0% to 4.8%); °=30.6%
for severe COVID-19, while the estimates for college/university
athletes were 26.29% (95% CI: 21.0% to 32.1%); I*=84.5%,
58.4% (95% CI: 41.8% to 73.2%); 12=96.9%, 17.8% (95%

CI: 11.0% to 27.5%); 12=89.3% and 0.4% (95% CI: 0.3% to
0.7%); I*=0.0%, respectively (online supplemental figure 2).

Post-acute COVID-19 presentations

Eleven studies reported on post-acute
toms,” 142729303335 384042 (3f thege, six found no persistent symp-
toms,” %" #3334 whereas five reported persistent symptoms in 1.206
(44/3529),% 5.9% (10/170),%® 14% (21/147),%° 18% (20/111)'* and
79% (19/24)*° of the participants. In these studies, the timeframe
for postacute symptoms ranged from at least 10 days after positive
test and end of self-isolation period®” to >28days.”> The pooled
event rate for postacute symptoms was 8.3% (95% CI: 3.8% to
17.0%; I*=929) (online supplemental figure 3). The most common

COVID-19  symp-
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symptoms reported were anosmia/dysgeusia (29.9% (95% CI: 9.9%
to 62.49%); 1°=97.9%), cough (16.2% (95% CI: 4.2% to 46.0%)j;
°=97.9%), fatigue (9.1% (95% CI: 1.0% to 49.9%); *=98.9%),
chest pain (8.3% (95% CI: 2.0% to 28.9%); *=94.1%) and head-
ache (6.4% (95% CI: 0.8% to 38.2%); *=98.9%) (figure 3B and
online supplemental figure 4). In the longest follow-up study,®
persistent symptoms were not resolved in 3% of Olympic and
Paralympic athletes 90 days following symptom onset, with a
range of 0148 days for symptoms resolution. In the largest study
involving 3597 collegiate athletes,** 44/3529 (1.2%) had persistent
symptoms >3 weeks, 28 (0.8%) had symptoms >4 weeks and 2
(0.06%) had symptoms >12 weeks. Detailed information on type
of symptoms for individual studies can be found in online supple-
mental table 9.

Assessment of myocardial involvement following the recovery
from COVID-19 (on average 3weeks after COVID-19 diagnosis
or the isolation period, varying from 10 days to 27 weeks) was
available in 25 studies,® & 14716 21 2530 33 3743 46 97 Eloven studies
included a control group (eg, non-infected athletes, healthy non-
athletes, preinfection data),”” 16123 2629304047 The pooled estimate
for myocardial involvement was 5.0% (95%CI: 2.5% to 9.8%);
°=92.5% (online supplemental figure 5). When considering only
studies with CMRI, the pooled estimate for myocardial involvement
was 2.5% (95%CI: 1.0% to 5.89%); I*=90.2% (online supplemental
figure 6). The available evidence, from the studies that included
controls, could not confirm whether myocardial involvement was
caused by COVID-19. Further details on myocardial involvement
can be found in online supplemental table 10.

DISCUSSION

Statement of principal findings

This comprehensive systematic review and meta-analysis
compiled evidence on COVID-19 manifestation in athletes.
The pooled event rates for asymptomatic, mild, moderate and
severe diseases were 25.5%, 68.6%, 6.7% and 1.3%, respec-
tively. While a growing body of knowledge reviewed herein
indicates that acute symptoms are often mild or absent in this
population (~94% of the cases), emerging evidence suggests that
a considerable proportion of athletes (3.8%-17.0%) may expe-
rience persistent symptoms that may be potentially detrimental
to performance, hence influencing the return-to-play decisions
and timing. Myocardial involvement (ie, abnormal myocardium
manifest by ECG, echocardiographic, and/or CMRI, with or
without elevated cTn) were identified in 5% of the available
sample, but this could not be causally linked to COVID-19,
given that none of the 11 studies that had control parameters
(eg, non-infected athletes, preinfection imaging) could confirm
that reported cardiac events related to COVID-19 infection. This
review also reveals that the absence of control groups or previous
baseline (ie, preinfection) data for the assessment of COVID-19
cardiac involvement, small sample sizes, lack of clear strategies
to identify and deal with potential confounders (eg, pre-existing
diseases, smoking, previous COVID-19, vaccination status) and
inconsistency or lack of clarity in how symptom severity was
defined in several included studies are relevant limitations of the
literature that should be addressed in subsequent investigations.

Clinical implications

This review brings a relevant characterisation of acute symptom
presentations among competitive athletes, showing that approx-
imately a quarter of those tested were asymptomatic, which is
less than the one-third estimate from population-based studies.*°
This is possibly because athletes in general tend to be closely

followed by medical staff, possibly resulting in a more effective
detection of oligosymptomatic cases; also, symptomatic athletes
may be more inclined to participate in a screening study than
those who are asymptomatic (selection bias). On the other hand,
severe cases among athletes (1.3%) were slightly less frequent
than in the young population (eg, 2.7%),”" which could under-
score the potential role of high physical activity levels and/or
physical fitness as protective factors against severe COVID-19,
although other factors, such as nutrition and sleep quality, may
also play a role in the immune response to infections.’*™’

Of relevance, we found that a small proportion of athletes
(5.0%) had myocardial involvement after recovery from infec-
tion, corroborating previous observations.’’ ** However, our
systematic review could not confirm whether these abnormal-
ities were caused by COVID-19, given that among 25 studies
reporting postacute COVID-19 cardiac assessments, only 11 had
control parameters (eg, non-infected athletes, healthy controls,
baseline imaging). In fact, none of these studies employing
controls found compelling evidence to indicate that cardiac
abnormality was attributable to COVID-19. It is known that the
prevalence of cardiac abnormalities in non-COVID-19 athletes
is heterogeneous’” and may reach up to 12% in runners, based
on CMRI findings suggestive of myocarditis on the basis of the
presence of late gadolinium enhancement.’® This heteroge-
neity may be explained by site-specific technical variability and
interpretation aspects.’® As knowledge evolves, CMRI has been
recommended when there is clinical suspicion of cardiac involve-
ment, and not as a primary screening tool.>” This is supported by
the fact that there has not been a single case of cardiac compli-
cation reported to be clearly related to COVID-19,%° which is
confirmed in the present review. However, further studies using
appropriate controls remain necessary to investigate the role of
COVID-19 on myocardial involvement among athletes.

A finding of concern is that the literature showed a significant and
variable proportion of COVID-19-infected athletes (3.8%—17.0%)
who experienced postacute symptoms, including anosmia/dysgeusia
(30%), cough (16%), fatigue (99), chest pain (8%) and headache
(69%).14 3935 42 Persistent symptoms are also frequently reported in
the general population. Among healthcare workers, for example,
32% reported persistent symptoms 3—4 months after COVID-19,
with moderate-to-severe fatigue being the most reported symptom.®!
In addition, dyspnoea was the most reported symptom among non-
critical (3096)%* and non-hospitalised (~18%)% patients at 2.0 and
3.9 (range: 1.5-6.0) months after infection, respectively. Impor-
tantly, as highlighted by Hull et al,** the proportion of not fully
recovered athletes from COVID-19 seems to be significantly higher
than that for other acute respiratory illnesses (roughly 4%). In
professional sport, many athletes commonly return-to-play within
5-10 days after an asymptomatic or mild infection,** ® which may
be challenging for those experiencing some kind of symptoms on
training/competition resumption. The mid-to-long-term (ie, weeks
to months) impact of long COVID-19 on athletes’ health and
performance as well as their predictors remain to be investigated.

Limitations of the available evidence and the review

Our assessment exposed several limitations within the evidence
base, which may impact interpretation of results, and should be
addressed in forthcoming studies. For instance, more than 80%
of included studies did not identify potential confounders (eg,
pre-existing diseases, vaccination status) and did not state strat-
egies to deal with them; many outcomes, such as the criteria
by which symptom severity was judged, were poorly defined in
many studies, which makes comparison across studies difficult;
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comparators such as non-infected control groups or preinfec-
tion data were scant for postacute COVID-19 assessments,
which renders it difficult to ascertain whether results are directly
attributable to COVID-19. Although in most studies (n=28)
COVID-19 diagnosis was made using valid methods (eg, PCR,
antibody/antigen), four studies failed to provide information on
diagnostic testing. Further studies should clearly describe how
participants were diagnosed. Selection bias may have contrib-
uted to the heterogeneous and possibly overestimated acute
symptom event rate, which should be mitigated with large-scale
cohort studies that could provide a more accurate denominator.
The lack of clear and standardised criteria to define symptom
presentations, along with variability in participants’ characteris-
tics and study designs, may explain the substantial heterogeneity
in pooled estimates, as evidenced by generally high I* values.
In addition, our sensitivity analysis testing professional/elite and
college/university athletes separately suggest a relatively similar
rate of asymptomatic, mild and moderate cases, with overlapping
ClIs; although severe cases were slightly different between these
two subgroups, caution should be exercised when interpreting
these data considering the very low number of cases (n=12).
Further studies should investigate whether COVID-19 presen-
tations change as a function of competitive levels. Furthermore,
all the original studies evaluated in this review were conducted
before the emergence of Omicron; therefore, the role of this
variant on acute and postacute COVID-19 presentations in
athletes warrants investigation. As scant information was avail-
able on vaccination status of the athletes, this review was unable
to test the effect of immunisation on COVID-19 symptoms in
the athletic population, another topic that merits new studies.
Finally, the absence of studies that systematically applied clearly
defined serial assessments of infected athletes preclude any infer-
ences on the resolution of persistent symptoms in this popula-
tion. These limitations should be considered when interpreting
the findings of this review. Correction of these issues in forth-
coming studies will improve understanding of the impact of
COVID-19 on athletes and support the development of safety
measures and return-to-play recommendations.

Conclusions and perspectives

In conclusion, this systematic review provides a broad charac-
terisation of COVID-19 presentations in athletes and indicates
that most (~94%) exhibit mild or no acute symptoms. The avail-
able evidence could not confirm a causal relationship between
COVID-19 and myocardial involvement. Pooled analysis
suggests that a variable proportion of athletes (3.8%-17.0%)
may experience persistent symptoms after recovering from infec-
tion, which may affect the decision-making process of returning
the affected individual to practice or competition. Future studies
should incorporate comparators, clearly define their criteria and
outcomes, identify potential confounders and systematically
follow infected athletes to better understand the predictors and
natural course of COVID-19 in this population.
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