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ABSTRACT

Background There are no data relating symptoms

of an acute respiratory illness (ARI) in general, and
COVID-19 specifically, to return to play (RTP).

Objective To determine if ARI symptoms are associated
with more prolonged RTP, and if days to RTP and
symptoms (number, type, duration and severity) differ in
athletes with COVID-19 versus athletes with other ARI.
Design Cross-sectional descriptive study.

Setting Online survey.

Participants Athletes with confirmed/suspected
COVID-19 (ARI ) (n=45) and athletes with other ARI
(ARI) (n=39).

Methods Participants recorded days to RTP and
completed an online survey detailing ARl symptoms
(number, type, severity and duration) in three categories:
‘nose and throat', ‘chest and neck’ and ‘whole body'. We
report the association between symptoms and RTP (%
chance over 40 days) and compare the days to RTP and
symptoms (number, type, duration and severity) in AR,
versus ARI .. subgroups.

Results The symptom cluster associated with more
prolonged RTP (lower chance over 40 days; %)
(univariate analysis) was ‘excessive fatigue' (75%;
p<0.0001), ‘chills’ (65%; p=0.004), 'fever' (64%;
p=0.004), ‘headache' (56%; p=0.006), ‘altered/loss
sense of smell' (51%; p=0.009), 'Chest pain/pressure’
(48%; p=0.033), "difficulty in breathing' (48%; p=0.022)
and 'loss of appetite' (47%; p=0.022). 'Excessive
fatigue' remained associated with prolonged RTP
(p=0.0002) in a multiple model. Compared with ARI .,
the ARI_,, subgroup had more severe disease (greater
number, more severe symptoms) and more days to RTP
(p=0.0043).

Conclusion Symptom clusters may be used by sport
and exercise physicians to assist decision making for RTP
in athletes with ARI (including COVID-19).

INTRODUCTION

Protecting the athlete against acute illness is a key
consideration for health professionals involved in
sport. About 50% of all acute illness in athletes
during competitions and tournaments affect the
respiratory system,' » and the most frequent illness
is an acute infection caused by a wide range of
pathogens, mostly viruses.> At times, athletes can
be more prone to acute respiratory illness (ARI),
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especially during times of increase training load,
competitions or travel.*”

In 2019, the SARS-CoV-2 was identified as a
novel respiratory pathogen responsible for COVID-
19. COVID-19 is associated with a broad range of
symptoms, including symptom clusters localised to
the upper respiratory tract (eg, anosmia, dysgeusia,
coryzal symptoms and throat discomfort), general
thoracic symptoms (eg, cough, shortness of breath,
headache or chest pain) and systemic symptoms
(eg, myalgia, fever or excessive fatigue).® In addi-
tion to causing acute respiratory disease (ie, a
viral pneumonitis), data indicate that COVID-19
can impact multiple organ systems, including the
cardiovascular, neurological, gastrointestinal and
renal systems and can impede skeletal muscle func-
tion.” '” Even mild / moderate COVID-19 infection
(ie, non-hospitalised individuals), can be associated
with protracted or ‘Long-COVID’ symptoms in
previously healthy individuals."" Serious potential
complications, resulting from COVID-19, include
myocarditis, which is also reported in athletic indi-
viduals'? placing an athlete at significant health risk,
when returning to vigorous exercise.

A key role within sport and exercise medicine is
to provide guidelines for safe return to play (RTP)
after illness. A number of expert position state-
ments have been published to guide physicians in
decision making on RTP after COVID-19 infection,
but these focused on cardiovascular assessment and
are based on expert opinion and experience.'® *
There are limited published data that describe or
characterise symptoms or groups of symptoms (ie,
symptom clusters) in athletes, during the acute
phase of an ARI in general, and COVID-19 specif-
ically. In the general (ie, non-athletic) population,
recently published data indicates that symptom
clusters of COVID-19 are valuable and can predict
probable infection” and other clinical outcomes
such as need for respiratory support,'® hospitalisa-
tion'” and ‘Long-COVID’.*®

The primary aim of this study was to determine
if symptoms experienced during the acute phase of
an ARI in athletes was associated with days to RTP.
A secondary aim was to determine if the number,
type, duration and severity of ARI symptoms differ
in athletes with confirmed or suspected COVID-19,
compared with athletes with other causes of ARI
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(non-COVID-19). These data could be used to develop a future
prediction model (based on symptoms and other variables) to
guide the RTP clinical decision making for athletes with recent
ARI. This information is required urgently so that health profes-
sionals can advise competitive and recreational athletes and
their coaching support systems as they return to play following
COVID-19 or another ARI.

METHODS

The Athletes With Acute Respiratory InfEctions (AWARE
studies) is a multicentre study, led by the Sport, Exercise Medi-
cine and Lifestyle Institute at the University of Pretoria in South
Africa, together with researchers from a number of academic
institutions, sports federations and some members of ‘subgroup
7> of the IOC Consensus group on ‘Acute Respiratory Illness in
the Athlete’. This is a descriptive cross-sectional study of data
collected between 20 July 2020 and 13 October 2020.

Participants and data collection

Potential participants for this study were athletes (age 18-60
years), defined as ‘competing at varying levels in any sport,
training for a minimum of 3hours per week’. Following
informed electronic consent, participants completed an online
survey using the Research Electronic Data Capture platform.” 2
A link to the online survey was distributed to potential partici-
pants using existing databases of athletes and via several social
media platforms. For participants to be included in this study,
they had to report at least one symptom lasting =1 day. Details
regarding participant recruitment is shown in online supple-
mental figure 1.

Survey instrument and data collection

Participants completed their history of respiratory health,
including symptoms of a recent (<6 month period) ARI, including
COVID-19. The survey evaluated athlete demographics, comor-
bidities, training history, RTP and residual symptoms. Partici-
pants reported the following details about ARI: number, type,
severity and duration of symptoms (days). Symptom type
consisted of 26 symptoms of ARI in three categories: (1) ‘nose
and throat’ (eight symptoms), (2) ‘chest and neck’ (eight symp-
toms) and (3) ‘whole body’ (10 symptoms, including gastroin-
testinal symptoms). Symptom severity was reported on a scale
from 1 to 7, which was adapted from the validated Wisconsin
Upper Respiratory Symptom Survey (WURSS).?! The duration
(days) that each symptom lasted was recorded. The days to RTP
were reported by participants in response to the question ‘How
many days were there between the start of your symptoms and
the return to your first training session?’.

Online survey validation and testing

The symptom list and severity score were adapted from the vali-
dated WURSS,*! to which we added additional COVID-19 symp-
toms.® A pilot study of 16 participants, consisting of athletes and
medical practitioners directed early development and assessed
accessibility of the survey (the symptoms, the length of the ques-
tionnaire and terminology used).

Patient and public involvement (PPI)

PPI was included in this study. Athletes and medical practi-
tioners treating athletes who had experienced an ARI (including
COVID-19) were asked to provide feedback on the question-
naire in the development stages.

Definitions and criteria for subgroups
Participants (ARL,; ) (n=84) in this study were divided into
subgroups, based on their responses to questions in the survey
that related to the diagnosis of the ARI (online supplemental
figure 1).

» Confirmed COVID-19 (ARI ) (n=40): participants who
declared a positive COVID-19 test: positive PCR test on a
nose/throat swab (n=37) or a positive antibody test (n=3).

» Suspected COVID-19 (ARI_ ) (n=5): participants who
consulted a health professional but had no nasopharyngeal
swab or blood test, where the diagnosis of ‘likely COVID-
19’, was made by the health professional, based on reported
symptoms.

» Other ARI (ARI;,)) (n=39): participants with either a nega-
tive COVID-19 test (n=12) or symptoms not typical of
COVID-19 (n=27).

For the purpose of our cross-sectional analysis of subgroups,
we combined the ARI_ . —and the ARI . subgroups into one

group: ARI with COVID-19 (ARI_ ) (n=45).
Measures of outcome

The primary outcome measure was the self-reported number
of days to RTP. Secondary analyses included evaluation of the
association between symptom type and the days to RTP. We also
compare the number of symptoms/athlete (maximum of 26),
type of symptoms (by region and individual symptoms), dura-
tion of each symptom (number of days) and the severity of each
symptom in two categories (mild: score 1-3; moderate/severe:
score 4-7) between the ARI_ and ARI_ , subgroups.

Statistical analysis of data

Demographic data were described for the ARI_ (including
ARI,,.. and ARI . ) and ARI . subgroups. The responses to
the type of ARI symptoms were modelled using the log-binomial

model, and the prevalence, 95% CI and prevalence ratios were

Table 1 Demographics of each of the different acute respiratory illness (ARI) subgroups

AR, ARI,,* ARI, ARI,, versus ARI,
(n=84) (n=45) (n=39) (p value)
Age (mean (SD)) 33.9(13.8) 32.6 (14.0) 35.5 (13.5) 0.345
Sex (n, % males) 41 (48.8) 18 (40.0) 23 (59.0) 0.082
Height (mean (SD))t 172.8 (18.4) 170.7 (23.5) 175.2 (9.4) 0.241
Weight (mean (SD)) 72.3 (14.5) 70.0 (14.2) 74.9 (14.6) 0.125
Sporting level (professional) (n (%)) 26 (31) 14 (31.1) 12 (30.8) 0.973
Years sporting experience (mean, SD)t 12.7 (10.3) 11.4 (7.5) 14.2 (12.7) 0.247
*ARI,, is the combined ARI_;, (n=40) and ARI_ . (n=5) subgroups.
tFor this variable, there are missing data for 1 participant
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reported. y* (p values) were used for significance testing (type
3). The negative binomial model was used for the comparison
of the mean number of symptoms between the ARI_ and the
ARI,, groups.

The median number of days and IQRs were reported for
describing the duration of symptoms. The comparison of dura-
tion of symptoms (median duration in days) between subgroups
was done using non-parametric survival analysis. For participants
that did not report a specific symptom, the days of a symptom
was considered censored; that is, the comparison of days with a
symptom between groups was for those participants reporting
the symptom. Nelson-Aalen estimates were reported, and the
log-rank %* (p values) were reported for testing of the homoge-
neity of survival curves over the groups.

The Cochran-Armitage trend test was used to test for a differ-
ence in severity (no symptoms, mild and moderate/severe) of
ARI symptoms between subgroups. A one-sided z test (p value)
was reported.

For the days to RTP analysis, six participants did not report
RTP days, resulting in 78 cases for this analysis. The training
resumption variable had three responses: (1) ‘Yes, I have started
training again’, (2) ‘No, I have not started training again’ and

(3) I have continued training throughout my recent infection/
COVID-19 with no interruptions’. For the 49 participants
reporting response 1, the actual days RTP were recorded. For
the 23 participants reporting response (2) (above), censoring was
indicated for their RTP days. For the six participants reporting
response (3) above, 0days RTP were recorded. Non-parametric
survival analysis was done to compare the median duration (in
days) between the two subgroups. The log-rank %> (p values)
were reported. A figure with separate Product-Limit Survival
Estimates for the two subgroups was included.

For the analysis to predict the RTP from the ‘type of symptom’,
a Cox regression was done including the individual ARI symp-
toms in the model. The interaction for ARI group X symptom
was tested, and separate HRs for the groups were reported when
the interaction was significant. Symptoms with less than 15
events were not analysed. The Firth’s corrected estimates were
computed but not reported since they were consistent with the
uncorrected estimates.**

Three multiple models were presented, one for each subgroup
of symptoms: nose and throat, chest and neck and whole body.
For each model, significant variables from the univariate models
were entered (p<0.05). However, the impact of multicollinearity

Table 2 The symptoms (type, number and percentage with 95% Cl) by region and specific symptoms in the ARI, and the subgroups (ARI,, and

ARIOTH)
ARl ARI, ARI .,
(n=84) (n=45) (n=39) ARI_, versus ARl
Symptom n % n % (95% CI) n % (95% CI) PR P value*
Nose and throat
Sore/scratchy throat 44 52.4 23 51.1 (38.4 t0 68.0) 21 53.9 (40.3 to 72.0) 0.95 (0.63-1.43) 0.802
Hoarseness 16 19.1 10 22.2(12.9t0 38.4) 6 15.4 (7.4 t0 32.1) 1.44 (0.58-3.62) 0.424
Blocked/plugged nose 52 61.9 26 57.8 (45.0 t0 74.2) 26 66.7 (53.4 t0 83.2) 0.87 (0.62-1.21) 0.402
Runny nose 36 429 17 37.8 (26.0 to 55.0) 19 48.7 (35.3 10 67.2) 0.78 (0.47-1.27) 0.312
Sinus pressure 34 40.5 15 33.3 (22.1 to 50.4) 19 48.7 (35.3 10 67.2) 0.68 (0.41-1.16) 0.152
Sneezing 28 333 13 28.9(18.3 t0 45.7) 15 38.5(25.9t057.2) 0.75 (0.41-1.38) 0.354
Altered/loss sense of smell 37 44.1 31 68.9 (56.6 to 83.8) 6 15.4 (7.4 t0 32.1) 4.48 (2.10-9.59) 0.0001
Altered/loss sense of taste 36 42.9 29 64.4 (51.9 to 80.1) 7 18.0 (9.2 to 35.1) 3.59 (1.77-7.27) 0.0001
Chest and neck
Dry cough 40 47.6 23 51.1 (38.4 to 68.0) 17 43.6 (30.5 t0 62.3) 1.17 (0.74-1.85) 0.491
Wet cough 20 23.8 13 28.9(18.3t0 45.7) 7 18.0 (9.2 t0 35.1) 1.61(0.71-3.62) 0.237
Difficulty in breathing 31 36.9 17 37.8 (26.0 to 55.0) 14 35.9 (23.6 to 54.6) 1.05 (0.60-1.85) 0.859
Fast breathing or shortness of breath 29 34.5 17 37.8 (26.0 to 55.0) 12 30.8(19.2109.3) 1.23 (0.67-2.24) 0.500
Chest pain/pressure 25 29.8 14 31.1 (20.1 to 48.1) 1" 28.2 (17.1 t0 46.5) 1.10 (0.57-2.14) 0.771
Chest tightness 23 274 14 31.1(20.1 to 48.1) 9 23.1(13.0 t0 40.9) 1.35(0.66-2.77) 0.409
Headache 54 64.3 35 77.8 (66.5 to 90.9) 19 48.7 (35.3 10 67.2) 1.60 (1.12-2.28) 0.005
Red/watery/scratchy eyes 19 22.6 10 22.2(12.9t0 38.4) 9 23.1(13.0 t0 40.9) 0.96 (0.44-2.13) 0.926
Whole body
Fever 22 26.2 17 37.8 (26.0 to 55.0) 5 12.8 (5.7 t0 29.1) 2.95(1.20-7.25) 0.008
Chills 24 286 17 37.8 (26.0 to 55.0) 18.0 (9.2 to 35.1) 2.10 (0.98-4.54) 0.042
Excessive fatigue 62 73.8 35 77.8 (66.5 to 90.9) 27 69.2 (56.2 to 85.3) 1.12 (0.87-1.46) 0.375
General muscle aches and pains 40 47.6 24 53.3 (40.6 to 70.1) 16 41.0 (28.2 t0 59.8) 1.30(0.82-2.07) 0.259
Skin rasht 5 6.0 8.9(3.5t022.7) 1 2.6 -
Abdominal paint 14 16.7 12 26.7 (16.4 to 43.3) 2 5.1 -
Nausea 16 19.1 9 20.0 (11.2 t0 35.9) 7 18.0 (9.2 to 35.1) 1.11 (0.46-2.71) 0.811
Vomitingt 6 71 3 6.7 3 1.7 -
Diarrhoea 13 15.5 9 20.0 (11.2 t0 35.9) 4 10.3 (4.1 t0 26.0) 1.95 (0.65-5.84 0.233
Loss of appetite 35 4.7 25 55.6 (42.8 t0 72.2) 10 25.6 (15.0 to 43.8) 2.17 (1.19-3.93) 0.005
*x? test.

tSymptoms where the numbers were too small to analyse between groups or produce Cls.
acute respiratory illness COVID-19 subgroup that is the combined ARI

ARI, acute respiratory illness; ARI
subgroup; PR, prevalence ratio.

cov'

covare A AR - subgroups.; ARI .. acute respiratory illness Other
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Table 3 The duration (median number of days; 95% Cl) of symptoms by region and specific symptoms in the ARI

ALL"

and the ARI_, and the ARI

subgroups
ARl ARI, ARl
(n=84) (n=45) (n=39) ARI_,, versus ARl
Symptom Median days (95% CI) Median days (95% Cl) Median days (95% Cl) P value*
Nose and throat
Sore/scratchy throat 7 (5to 10) 7(5t09) 7 (4t010) 0.361
Hoarseness 5 (4 to 14) 5 (3 to 10) 9.5 (2 to 20) 0.709
Blocked/plugged nose 7 (510 10) 10 (7 to 15) 53to7) 0.006
Runny nose 5(3to6) 5(2 to 10) 4(3t07) 0.356
Sinus pressure 8 (5to 10) 10 (6 to 15) 6 (410 10) 0.342
Sneezing 5(3to6) 5(3to 10) 4(2t06) 0.100
Altered/loss sense of smell 10 (7 to 14) 7 (7 to 14) 17 (2 to 61) 0.451
Altered/loss sense of taste 9.5 (510 14) 9(5t0 14) 10 (1 to 20) 0.784
Chest and neck
Dry cough 9.5 (6to 12) 9 (6 to 10) 10 (4 to 29) 0.107
Wet cough 6.5(3t07) 6(3t07) 7Qt07) 0.603
Difficulty in breathing 14 (6 to 20) 10 (4 to 20) 14 (5 to 30) 0.887
Fast breathing or short of breath 14 (5 to 20) 15 (5 to 27) 10.5 (310 32) 0.684
Chest pain/pressure 8(6t013) 9(3to014) 7 (3to14) 0.429
Chest tightness 7 (510 15) 7 (410 21) 10 (3 to 21) 0.578
Headache 6(41t08) 5(4to8) 7 (4t0 10) 0.877
Red/watery/scratchy eyes 10 (5o 15) 10 (4 to 24) 8(31t030) 0.597
Whole body
Fever 5.5(2109) 5(21t09) 6(2to 14) 0.766
Chills 3(2to5) 3(2to5) 4(2to5) 0.465
Excessive fatigue 11 (8 to 20) 14 (9 to 21) 8 (510 20) 0.263
General muscle aches and pains 7 (5t0 10) 7 (5t010) 5.5 (4 to 14) 0.628
Skin rasht 4(3t010) 3.5 5
Abdominal paint 45Q2t07) 4 7
Nausea 7 (2 to 14) 7 (2 to 20) 7 (2 t031) 0.532
Vomitingt 4.5 (110 10) 6 1
Diarrhoeat 4(3t07) 4 7
Loss of appetite 7(5t012) 10 (5 to 14) 6.5 (2 to 8) 0.390

*Log-rank test.

tSymptoms where the numbers were too small to analyse between groups or produce Cls.
ARI, acute respiratory illness; AR, acute respiratory illness COVID-19 subgroup that is the combined ARICOV+ve and ARICOV-S subgroups; ARI, ., acute respiratory illness

Other subgroup.

was considered in the modelling.*® Tetrachoric correlations were
calculated for variables within each subgroup of symptoms and
variables with a correlation =0.8 were not entered together. The
three final models were presented without doing any stepwise
selection.

RESULTS

Demographics

Data from 181 participants were available, and 97 were excluded
because they had no ARI symptoms, including 11 participants
who had a positive COVID-19 test but were asymptomatic
(online supplemental figure 1). The remaining 84 participants
were included in this analysis and their demographics are shown
in table 1.

There was no significant difference in the demographic vari-
ables (age, sex, height and weight), professional sporting level
and years of sporting experience between ARI , and the ARI
subgroups.

Number of symptoms of ARI
The mean number of ARI symptoms (out of 26) in the ARI,
group was 9.2 (95% CI 8.1 to 10.3).

The mean number of symptoms was significantly higher in the
ARI_,, subgroup (10.4 (95% CI 8.9 to 12.1) compared with the
ARI ., subgroup (7.8; 95% CI 6.5 to 9.2) (p=0.016). The mean
number of ‘nose and throat’ symptoms for ARI,  was 3.4 (95%
CI 3.0 to 3.8), and this was not different between the ARI,,
(3.6; 95% CI 3.1 to 4.2) and ARI_,, (3.1; 95% CI 2.5 to 3.7)
(p=0.139). The mean number of ‘chest and neck’ symptoms for
ARI, = was 2.9 (95% CI 2.5 to 3.4), and this was not different

ALL

between subgroups (ARI_: 3.25 95% CI 2.6 to 3.9); ARI_,:
(2.5;95% CI 2.0 to 3.2) (p=0.14). The mean number of ‘whole
body’ symptoms for ARI,  was 2.8 (95% CI 2.4 to 3.4), and the
number of symptoms was higher for the ARI_, subgroup (3.4;
95% CI 2.8 to 4.3) compared with the ARI_,, subgroup (2.1;

95% CI 1.6 to 2.8) (p=0.007).

Type of symptoms of ARI
The symptoms (type, number and percentage with 95% CI)
by region and specific symptoms of ARI in the ARI,  and the
subgroups (ARI_, and ARI ) are shown in table 2.

In the ARI,;, group, the four most common symptoms were
‘excessive fatigue’ (73.8%), ‘headache’ (64.3%), ‘blocked/plugged
nose’ (61.9%) and ‘sore/scratchy throat’ (52.4%). The following
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Table 4 The number and percentage (N, %) of athletes with mild (score 1-3) and moderate/severe (score 4-7) symptoms by region and specific
symptoms in the ARI_; and the ARI . subgroups (athletes who did not report the symptom, had a severity of 0 and make up the rest to 100%)

ARI,, ARl ARI,, versus AR,
(n=45) (n=39) (% mild vs % moderate/severe)
Mild Moderate/severe Mild Moderate/severe

Symptom n % n % n % n % P value

Nose and throat
Sore/scratchy throat 12 257 N 24.4 1 282 10 25.6 0.413
Hoarseness 1 23 7 16.3 1 2.8 2 5.6 0.075
Blocked/plugged nose 8 178 18 40 11 282 15 385 0.351
Runny nose 13 289 4 8.9 15 385 4 10.3 0.198
Sinus pressure 3 6.7 12 26.7 5 154 13 333 0.131
Sneezing 8 178 5 11.1 15 385 0 0
Altered/loss sense of smell 5 11 26 57.8 2 5.1 4 10.3 0.0001
Altered/loss sense of taste 8 178 21 46.7 2 5.1 5 12.8 0.0001

Chest and neck
Dry cough 15 333 8 17.8 8 205 9 23.1 0.449
Wet cough 6 133 7 15.6 4 103 3 7.7 0.104
Difficulty in breathing 8 178 9 20 0 0 14 35.9
Fast breathing or short of breath 6 133 1 244 2 5.1 10 25.6 0.379
Chest pain/pressure 4 8.9 10 2222 2 5.1 9 23.1 0.455
Chest tightness 7 156 7 15.6 3 7.7 6 15.4 0.307
Headache 6 133 29 64.4 7 18 12 30.8 0.0008
Red/watery/scratchy eyes 3 6.7 7 15.6 4 103 5 12.8 0.453

Whole body
Fever 7 156 10 222 1 2.6 4 10.3 0.013
Chills 6 133 11 24.4 2 5.1 5 12.8 0.035
Excessive fatigue 5 111 30 66.7 6 154 21 53.9 0.13
General muscle aches and pains 7 156 17 37.8 7 18 9 23.1 0.082
Skin rash* 2 2 0 1
Abdominal pain* 5 7 0 2
Nausea 3 6.7 6 133 4 103 3 7.7
Vomiting*® 1 2 1 2
Diarrhoea*™ 0 9 1 3
Loss of appetite 6 133 19 42.2 5 128 5 12.8 0.001

P value: Cochran Armitage one-sided test.

*Symptoms where the numbers were too small to analyse between groups or produce Cls.

ARI, acute respiratory illness; AR, acute respiratory illness Other subgroup; ARI,,, acute respiratory illness - other subgroup.

symptoms were significantly more common in the ARI_j, duration in the ARI_ versus the ARI ,, subgroup was ‘blocked/

compared with the AR ,, subgroup: ‘altered/loss of sense of
smell’ (prevalence ratio (PR)=4.48; p=0.0001), ‘altered/loss
of sense of taste’ (PR=3.59; p=0.0001), ‘fever’ (PR=2.95;
p=0.008), ‘loss of appetite’ (PR=2.17; p=0.005), ‘chills’
(PR=2.1; p=0.042) and ‘headaches’ (PR=1.6; p=0.005). Other
symptoms included: dry eyes, hives, hunger, racing heart beats,
vertigo and insomnia (all n=1).

Duration of symptoms

The duration of symptoms (days) by region and specific symp-
toms in ARIL,  and the ARI_j, and the AR, subgroups is
shown in table 3 (for ARI, , the median and IQR is presented in
online supplemental table S1).

For ‘nose and throat’ symptoms, ‘altered/loss sense of smell’ and
‘altered|loss sense of taste’ took the longest to recover (median
10 and 9.5 days, respectively). For ‘chest and neck’ symptoms,
‘difficulty in breathing’ and ‘fast breathing or shortness of breath’
took the longest to recover (median 14 days), and for ‘whole
body’ symptoms, ‘excessive fatigue’ took the longest to recover
(median 11 days). The only symptom with a significantly longer

plugged nose’ (median of 10 days vs 5 days, p=0.006).

Severity of symptoms

The number and percentage (%) of athletes with mild (score
1-3) versus moderate/severe (score 4-7) symptoms by region
and specific symptoms in the ARI_, and the ARI ,, subgroups
is shown in table 4 (the ‘no symptom’ group is not noted in
table 4 but is included in the analyses).

The % moderate/severe symptoms was higher in the ARI_,,
subgroup compared with the ARI ,, subgroup for the following
symptoms: ‘altered/loss of smell’ (58% vs 10%; p=0.0001),
‘altered/loss of taste’ (47% vs 13%; p=0.0001), ‘headache’ (64%
vs 31%; p=0.0008), ‘fever’ (22% vs 10%; p=0.013), ‘chills’
(24% vs 13%; p=0.035) and ‘loss of appetite’ (42% vs 13%;
p=0.001).

Days to RTP analysis for ARI, and for ARI_, versus ARI _,
Of the 84 ARI,,, athletes, six did not report number of days to

RTP, resulting in 78 data points for the analysis of days to RTP
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Figure 1  The survival probability of days to return to play in the ARI

cov

(n=43) and the ARI,,, group (n=35) (p=0.004). Shaded areas depict the 95%

Cls. Numbers above the x-axis represent the number of athletes who have not yet returned to play in their respective groups at that time point. ARI,

acute respiratory illness.

(ARIL,: n=43; ARL,,: n=35). In the ARI,  group, the esti-
mated median days to RTP was 20 (95% CI 14 to 30), indicating
that 50% of athletes would have returned to play by day 20, and
75% of athletes would have returned to play by day 30.

The survival probability (%) of athletes in the ARI ., and the
ARI ., group after the onset of symptoms and RTP is shown in
figure 1.

The median days to RTP for the ARI_, subgroup (30 days;
95%CI 16 to 40) was significantly longer than the ARI
subgroup (10 days; 95%CI 7 to 22) (log-rank test: p=0.0043).
The survival curves for the two groups both drop substantially
at around day 7 (13 athletes returning to play by day 7). After
7 days, the rate of RTP was lower in the ARI_ ., group than the
AR, group.

cov

The association between symptoms and RTP in the ARI,
group (univariate model)

The HR (HR and 95% CI) for symptoms (by region and specific
symptoms) in the ARI, group is shown in table 5 (Univar-
iate model). The HR was derived as the ratio of the hazard of
RTP for an individual with the symptom, compared with the
hazard of RTP for an individual without the symptom. An HR
<1 indicates a lower % chance of RTP in the 40-day period
after the onset of symptoms for an individual with the symptom
compared with an individual without the symptom, indicating
a more prolonged RTP. The interaction for group X symptom
was tested when analysing the individual symptoms, and sepa-
rate HRs were reported for the two groups where the interaction
was significant.

Over the 40-day period, athletes with the following specific
symptoms had a lower chance (% lower chance) and thus a more
prolonged RTP compared with athletes without the symptom:
‘excessive fatigue’ (75%; p<0.0001), ‘chills’ (65%; p=0.004),
‘fever’ (64%; p=0.004), ‘headache’ (56%; p=0.006), ‘altered/

loss sense of smell’ (51%; p=0.009), ‘chest pain/pressure’ (48%;
p=0.033), ‘difficulty in breathing’ (48%; p=0.022) and ‘loss
of appetite’ (47%; p=0.022). Athletes with altered loss of taste
or chest pain experienced a marginal but potentially clinically
significantly longer RTP compared with athletes without the
symptoms. ‘Difficulty in breathing’ was the only symptom that
had a significant interaction effect (p=0.029), with the separate
HR estimates for ARI, ,, (0.18; 95% CI 0.08 to 0.45, p=0.0002)
and ARI_, (0.67; 95% CI 0.30 to 1.49, p=0.328). In the ARI_
RTP was significantly longer in those reporting ‘difficulty in
breathing’ (median 30 days; 95% CI 10 to 40) versus those not
reporting the symptom (median 7 days; 95% CI 1 to 10).

The association between symptoms and RTP in the ARI,
group (multiple model)

The HR (95%CI) of days to RTP for symptoms in the ARI,
group is shown in online supplemental table S2 (multiple model)
(further details on the collinearity are shown in online supple-
mental table $3). The multiple model included six significant
symptoms from the univariate analysis (without correlation
>0.8). Of these included symptoms, ‘altered/loss sense of smell’,
‘headache’ and ‘excessive fatigue’ remained significant. ‘Exces-
sive fatigue’ was associated with a 70% lower chance of RTP
over the 40-day period, compared with not reporting ‘excessive
fatigue’. ‘Altered/loss sense of smell’ was significant (p=0.009),
with a 51% lower chance of RTD, as well as ‘headache’ having a
49% lower chance of RTP.

DISCUSSION

The novel and clinically most important finding of this study is
that the following cluster of symptoms of ARI are significantly
associated (univariate model) with a longer RTP (listed in order
by the % chance of more prolonged RTP in the 40-day period
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Table 5 The HR (95% Cl) for symptoms by region and specific
symptoms in the AR,  group (n=78) (univariate model)

HR (95% Cl)*

(ratio of the hazard of RTP for

an individual with the symptom
compared with the hazard of RTP for
an individual without the symptom

Symptom RTP) P value t
Nose and throat
Sore/scratchy throat 1.01 (0.59 to 1.71) 0.986
Hoarseness 0.68 (0.34 t0 1.34) 0.262
Blocked/plugged nose 1.23(0.70 t0 2.16) 0.476
Runny nose 1.29 (0.76 to 2.20) 0.344
Sinus pressure 0.96 (0.57 to 1.65) 0.907
Sneezing 1.06 (0.61 to 1.85) 0.843
Altered/loss sense of smell  0.49 (0.28 to 0.84) 0.009
Altered/loss sense of taste  0.58 (0.34 to 1.00) 0.050
Chest and neck
Dry cough 0.64 (0.37 t0 1.10) 0.104
Wet cough 1.01 (0.54 to 1.89) 0.978
Difficulty in breathing 0.52 (0.30 t0 0.91) 0.022
Fast breathing or shortness  0.65 (0.37 to 1.13) 0.121
of breath
Chest pain/pressure 0.52 (0.29 to 0.95) 0.033
Chest tightness 0.96 (0.54 to 1.68) 0.875
Headache 0.44 (0.25 to 0.79) 0.006
Red/watery/scratchy eyes  0.90 (0.49 to 1.65) 0.729
Whole body
Fever 0.36 (0.18 t0 0.73) 0.004
Chills 0.35(0.17 t0 0.72) 0.004
Excessive fatigue 0.25 (0.13 t0 0.47) <0.0001
General muscle achesand ~ 0.83 (0.49 to 1.41) 0.49
pains
Skin rasht - -
Abdominal paint - -
Nausea 0.51 (0.25 to 1.04) 0.063
Vomitingt - -
Diarrhoeat - -
Loss of appetite 0.53 (0.31 t0 0.91) 0.022

*An HR <1 indicates a lower chance of RTP in the 40-day period after the onset of
symptoms for an individual with the symptom compared with an individual without
the symptom, that is, prolonged RTP.

tSymptoms where the numbers were too small (<15 events) to analyse between
groups or produce Cls.

$Type 3 test.

ARI, acute respiratory illness; ARI_,,, acute respiratory illness COVID-19 subgroup;
ARl acute respiratory illness Other subgroup; RTP, return to play.

after the onset of symptoms): ‘excessive fatigue’ (75%), ‘chills’
(65%), ‘fever (64%), ‘headache’ (56%), ‘altered/loss sense of
smell’ (51%), ‘chest pain/pressure’ (48%), ‘difficulty in breathing’
(48%) and ‘loss of appetite’ (47%). All these associations were
valid in the ARI ,, and the ARI_ subgroups, with the excep-
tion of the symptom ‘difficulty in breathing’ that was significantly
associated with a longer RTP only for the ARI, subgroup.
From our multiple model, we show that the most important ARI
symptom associated with a longer RTP was ‘excessive fatigue’—a
70% lower chance of RTP over the 40-day period. The symp-
toms ‘altered/loss sense of smell’ and ‘headache’ were also signifi-
cantly associated with a longer RTP, a 51% and 49% less chance
of RTP over the 40-day period, respectively. We are not aware
of data from any other study that relate individual symptoms or
clusters of ARI symptoms to RTP in athletes.

To date, the so-called neck check has been used in clinical
decision making on RTP in athletes with ARL** This guideline
is not based on any scientific data, and its validity has recently
been challenged also in the context of athletes with confirmed
COVID-19.” We do note that the symptom cluster significantly
associated with prolonged RTP in our study includes ‘above
the neck’ and ‘below the neck’ symptoms. The simplified ‘neck
check’ as a tool to guide RTP is not supported by our prelimi-
nary data, and we will investigate this in future AWARE studies,
as we accumulate more data.

The symptom cluster is associated with prolonged RTP in
the ARI,  group and holds for the ARI_, subgroup and the
ARI ., subgroup, where we do not have data on the specific
pathogen causing the ARI. We therefore tentatively suggest that
this symptom cluster can be used by sport and exercise physi-
cians to assist their decision making for RTP in athletes with
COVID-19 and athletes with any ARI. Further research is
needed to determine if this or other symptom clusters are associ-
ated with prolonged RTP in ARI caused by other pathogens, for
example, adenovirus or influenza virus. We also suggest testing
these preliminary findings in a predictive model of RTP for all
ARI and pathogen-specific ARI and to refine such a model by
including other variables, for example, age, sex, sport type,
treatment modalities used and existing comorbidities.

The second novel finding of this study is that the clinical
presentation of symptoms and the RTP was significantly different
in athletes with confirmed or suspected COVID-19 (ARI
compared with the ARI,,, subgroup. Compared with ARI
athletes in the ARI_ subgroup: (A) had significantly greater
number of symptoms, (B) were more likely to have ‘altered/loss
of sense of smell’ (PR=4.48) and ‘altered/loss of sense of taste’
(PR=3.59), ‘fever’ (PR=2.95), ’chills’ (PR=2.1), ‘loss of appe-
tite’ (PR=2.17) and ‘headaches’ (PR=1.6), (C) reported higher
% of more moderate/severe symptoms, specifically for ‘altered/
loss of smell’, ‘altered/loss of taste’, ‘headache’, ‘fever’, ‘chills’
and ‘loss of appetite’ and (D) reported a longer RTP (median
days=30 vs 10 in the ARI,, subgroup). The number, type and
severity of symptoms differed between athletes with COVID-19
and the ARI,, subgroup, which is not surprising as there are
data to show that COVID-19 is a more severe disease that is
associated with specific symptoms (eg, ‘altered/loss of smell and
taste’),*® greater number of symptoms and more severe symp-
toms.® The RTP in our COVID-19 subgroup is longer because
many of the symptoms in the cluster associated with prolonged
RTP were more common in the ARI_, subgroup.

Finally, we show that in our population of symptomatic
athletes (n=84), the mean number of ARI symptoms per athlete
was 9.2; the four most common symptoms were ‘excessive
fatigue’ (73.8%), ‘headache’ (64.3%), ‘blocked/plugged nose’
(61.9%) and ‘sore/scratchy throat’ (52.4%) and that 20 days
after the onset of symptoms, 50% of the athletes returned to
their first training session. These data are of interest, but we
recognise that this is a self-selected sample of athletes with ARI
that we recruited during the COVID-19 pandemic and that the
sample is not necessarily representative of a general population
of athletes with ARI.

The main strength of our study is the novel data relating
symptoms of ARI to RTP in a population of athletes with
confirmed / suspected COVID-19 (only 5/45 were suspected
but not confirmed). Although we compare the number, type,
duration and severity of symptoms in athletes with COVID-19
to a subgroup of athletes with other ARI, we recognise that
this ARI_,,, subgroup could have included athletes with non-
infective illness or COVID-19, despite not presenting with more

COV) >
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typical symptoms of COVID-19. This is a limitation, but it was
not possible to obtain data to confirm an infective illness or
the specific pathogen in this subgroup. Other study limitations
are that this is an observational study showing an association
and does not demonstrate cause—effect, that factors other than
symptom type could have influenced days to RTP, that data are
self-reported and was reliant on recall and that our sample was
heterogeneous with potential selection bias, that is, athletes
with more severe illness completing the questionnaire. We also
recognise that about a third of our study participants (all and
in the two subgroups) were professional athletes, and in future
studies, with a larger sample size, we can analyse this group sepa-
rately. These are preliminary findings from a small sample of
data collected over a short period, and this study is ongoing. In
future, with a larger sample, we will be able to address many
of the limitations in this study, including adjusting for possible
confounders in the models. We do feel that the main practical
clinical finding of the relationship between a symptom cluster
and days to RTP holds for our sample of athletes with ARI and
that it is important to communicate this finding at this stage of
the COVID-19 pandemic. Further research is needed to deter-
mine possible differences in symptom clusters and days to RTP
for other specific ARI pathogens.

SUMMARY AND CONCLUSIONS

In summary, we show that in our population of symptomatic athletes
with ARI symptoms, a cluster consisting of ‘excessive fatigue’,
‘chills’, ‘fever’, ‘headache’, ‘alteredfloss sense of smell’, ‘chest pain/
pressure’, “difficulty in breathing’ and ‘loss of appetite’ was associated
with a more prolonged RTP. The most important symptom of ARI
associated with a longer RTP was ‘excessive fatigue’, with a 70%
lower chance of RTP over the 40-day period. We show that athletes
with COVID-19 presented with a greater number and more severe
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What are the findings?

» The most important symptom of acute respiratory illness (ARI)
associated with a longer return to play (RTP) was ‘excessive
fatigue', with a 70% lower chance of RTP in the 40-day
period after the onset of symptoms.

» We also recommend that clinicians consider the following
symptom cluster as indicators of a more prolonged RTP in
their athletes presenting with symptomatic ARI: ‘excessive
fatigue', ‘chills', ‘fever’, 'headache’, ‘altered/loss sense of
smell','Chest pain/pressure’, 'difficulty in breathing' and 'loss
of appetite’.

» The association between these symptoms of ARI hold for
athletes with confirmed/suspected COVID-19 and athletes
with other (non-COVID-19) ARI.

» Athletes with COVID-19 present with more severe disease
(greater number of symptoms and higher % of moderate/
severe symptoms) compared with a subgroup of athletes with
other ARI.

» Athletes with COVID-19 have a significantly longer RTP
compared with a subgroup of athletes with other ARI.

How might it impact on clinical practice in the future?

» We suggest that a specific symptom cluster can be used by
sport and exercise physicians to assist their decision making
for RTP in athletes with ARI (including COVID-19).

symptoms, compared with a subgroup of athletes with other ARI.
These findings may be used by sport and exercise physicians to assist
their decision making for RTP in athletes with ARI. For example,
in athletes presenting with ARI, clinicians can document the type,
duration and severity of symptoms at the time of acute illness and
then use the symptom cluster to identify athletes that may be at
higher risk for a more prolonged RTP. The data on the % chance
of RTP in the 40-day period can assist clinicians to assign a relative
‘weighting” to specific symptoms in the cluster; for example, the
most important symptom is ‘excessive fatigue’.

We will now extend our work in a larger sample size and test
these preliminary findings in a predictive model of RTR. We will also
refine the model by including other variables, for example age, sex,
sport type, treatment modalities used and existing comorbidities.
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Table S1: The duration (median number of days; interquartile range) of symptoms by region

and specific symptoms in the ARI,;;, group

Symptom ARLu
(n=84)
Median days
(interquartile range)
Nose and Throat
Sore/scratchy throat 1.5(7)
Hoarseness 0 (0)
Blocked/plugged nose 3 (10)
Runny nose 04
Sinus pressure 0 (6)
Sneezing 0(3)
Altered/loss sense of smell 0(7)
Altered/loss sense of taste 0(7)
Chest and Neck
Dry cough 0(8.5)
Wet cough 0@
Difficulty in breathing 0(6.5)
Fast breathing or short of breath 0(5)
Chest pain/pressure 0(3)
Chest tightness 03)
Headache 3(8)
Red / watery / scratchy eyes 0(0)
Whole Body
Fever 0
Chills 0(1.5)
Excessive fatigue 7(20.5)
General muscle aches and pains 0(6.5)
Skin rash 0 (0)
Abdominal pain 0 (0)
Nausea 0 (0)
Vomiting 0(0)
Diarrhoea 0 (0)
Loss of appetite 0(7)
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Table S2: The Hazard Ratio (95 % CI) of days to return-to-play (RTP) for symptoms in the
ARl group (Multiple model)

Hazard Ratio (95%CI) *
(Ratio of the hazard of RTP for an
Individual symptoms individual with the symptom compared to p-value®*
the hazard of RTP for an individual without
the symptom RTP)

Nose and Throat

Altered / loss sense of smell 0.49 (0.28-0.84) 0.009
Chest and Neck

Difficulty breathing 0.60 (0.34-1.07) 0.084
‘Whole Body

Headache 0.51 (0.28-0.92) 0.025

Fever 0.57 (0.27-1.21) 0.142

Chills 0.48 (0.23-1.04) 0.064

Excessive fatigue 0.30 (0.15-0.57) 0.0002

*: A HR<1 indicates a lower chance of RTP in the 40-day period after the onset of symptoms for an individual with the
**Type 3 test
symptom compared to an individual without the symptom i.e. prolonged RTP
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Table S3: The symptoms within a group with a correlation >0.8

Symptom ‘ ‘ Correlation*
Nose and Throat symptoms
Altered/loss sense of smell ‘ Altered/loss sense of taste ‘ 0.9854
Chest and Neck symptoms
Dry Cough Difficulty in breathing 0.8208
Wet Cough Headache 0.8091
Difficulty in breathing Chest pain/pressure 0.8719
Difficulty in breathing Chest tightness 0.8006
Chest pain/pressure Headache 0.8192
‘Whole body symptoms
Fever Vomiting 0.8069
Excessive fatigue General muscle aches and pains 0.8802
Excessive fatigue Abdominal pain 0.9990
Excessive fatigue Nausea 0.9990
Excessive fatigue Vomiting 0.9805
Excessive fatigue Loss of appetite 0.9032
General muscle aches and pains Vomiting 0.9888
Skin rash Diarrhoea 0.8542
Nausea Vomiting 0.8607
Nausea Loss of appetite 0.8067
Vomiting Loss of appetite 0.9990

*: tetrachoric correlation for those >0.8
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