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ABSTRACT

Objective To identify factors associated with return-
to-sport (RTS) outcomes following confirmed acute
respiratory infections (ARinf) in athletes.

Methods This prospective cohort study included

114 confirmed ARinf cases among athletic individuals.
Causative pathogens were identified using multiplex
PCR testing, and illness severity was classified per
International Olympic Committee consensus (mild,
moderate and severe). RTS outcomes included time
(days) to return-to-training (RTT), return-to-full-training
(RTFT) and return-to-full-performance (RTFP). Cox
regression models (HRs) assessed associations between
RTS outcomes and demographics, sport participation,
pathogen groups and illness severity.

Results The median (IQR) days to RTT were 3.5 (0-7),
RTFT 8 (6—11) and RTFP 11 (7-14). Amateur athletes
had prolonged RTS outcomes (HR range=0.51-0.59;
p<0.03) compared with professional athletes. RTS
outcomes differed between the most common pathogen
groups: influenza and SARS-CoV-2 had longer RTS

than rhinovirus (HR range=0.11-0.23; p<0.003).
Severe illness was associated with prolonged RTS
outcomes compared with mild and moderate ilinesses
(HR range=0.17-0.31; p<0.0001). Pathogen-related
differences in RTS persisted within each severity group.
Within mild/moderate illnesses, the influenza/SARS-
CoV-2 subgroup had longer RTS than rhinovirus (HRs:
RTT=0.35; RTFT=0.05; RTFP=0.06; p<0.05) and within
severe illnesses (HRs: RTT=0.23; RTFT=0.21; RTFP=0.13;
p=<0.01).

Conclusion Factors associated with RTS outcomes
following ARinf in athletes are level of sport
participation, illness severity at presentation and the
causative pathogen. Clinical assessment of illness
severity remains valuable in RTS decision-making,
particularly in low-resource settings. However, identifying
the causative pathogen may provide additional predictive
value and refine RTS clinical decision-making.

INTRODUCTION

Acute respiratory infections (ARinf) are the leading
non-injury-related cause of time loss among
athletes.'™ Return-to-sport (RTS) following illness
or injury is not a single endpoint but a process
requiring clinical decision-making at specific time
points throughout recovery.’ This continuum
begins with an athlete returning to their first
training session (return-to-training (RTT)), often
at a reduced load, progressing to full training loads
(return-to-full-training (RTFT)), and ultimately
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Return-to-sport (RTS) outcomes after acute
respiratory infections (ARinf) vary widely in
athletes.

= Factors associated with prolonged RTS
following ARinf are poorly understood.

WHAT THIS STUDY ADDS

= Both the severity of the illness and the
causative pathogen are key factors associated
with RTS outcomes after ARinf in athletes.

= Pathogen identification after determining the
illness severity may add further prognostic
precision.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results inform evidence-based
recommendations for RTS after ARinf in
athletes.

= Determining illness severity at the time of
presentation may be used to guide RTS clinical
decision-making.

= Selective use of pathogen testing may improve
the accuracy of predicting RTS outcomes.

returning to the athlete’s pre-illness level of
performance (return-to-full-performance (RTFP)).
Factors influencing this RTS process following
ARinf remain poorly understood. Consequently,
there is a need to improve our ability to predict RTS
outcomes in athletes with ARinf.

Data from the COVID-19 pandemic indicate
that the clinical presentation (symptom type and
number) of ARinf caused by SARS-CoV-2 is asso-
ciated with RTS outcomes in athletic individ-
uals.®"" Furthermore, the International Olympic
Committee (IOC) consensus statement on ARinf in
athletes recommends assessing illness severity based
on clinical assessment at the time of first presenta-
tion, as this can be used to risk-stratify and guide
RTS decision-making.'? However, studies exploring
factors associated with prolonged RTS outcomes
following ARinf caused by other pathogens are
lacking. No previous studies have reported differ-
ences in RTS outcomes between causative patho-
gens. We recently showed that the severity of ARinf
varies within common pathogen groups causing
ARinf in athletes."

This study aims to identify factors associated
with RTS outcomes following confirmed ARinf in

=

BASem

1028

Jooste M, et al. Br J Sports Med 2026;60:1028-1035. doi:10.1136/bjsports-2025-111446

BM) Group

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
‘aded uJe1se/ 8yl Jo Alisiaaiun 1e 9z0z ‘8 Ajnr uo /woo fwg wslgy/:dny woly papeojumod "9Z0zZ dUNC 6T U0 9¥¥TTT-G202-SH0dsIg/9eTT 0T Sse paysiignd 1s.1) :pa|n s1ods [ g


https://www.basem.co.uk/
https://bjsm.bmj.com/
https://orcid.org/0000-0002-6914-514X
https://orcid.org/0000-0003-1022-4780
https://orcid.org/0000-0001-8883-2255
https://orcid.org/0000-0003-3647-0429
https://doi.org/10.1136/bjsports-2025-111446
https://doi.org/10.1136/bjsports-2025-111446
https://doi.org/10.1136/bjsports-2025-111446
https://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2025-111446&domain=pdf&date_stamp=2026-07-03
http://bjsm.bmj.com/

Original research

athletes. Specifically, we explore whether illness severity, the
causative pathogen, demographic and sport participation vari-
ables are associated with RTS outcomes. The following RTS
outcomes are analysed independently: (1) days to RTT, (2) days
to RTFT and (3) days to RTFP.

METHODS

Study design and participants

This prospective cohort study was conducted at a Sport and
Exercise Medicine (SEM) clinical facility in Pretoria, South
Africa, where data were collected over 18 months (March 2023-
October 2024). Potential participants were athletic individuals
who trained =4 hours weekly, aged 16—60 years and presenting
within § days of the onset of ARinf symptoms. Participants could
be included more than once if subsequent ARinf episodes started
>3 weeks after the previous and >1 week after returning to full
performance. Each ARinf episode was analysed as a separate
case.

Assessment and data collection

Participants were assessed by an SEM physician 2 (2-3) days
(median; IQR) after symptom onset. Demographics (including
age, sex and body mass index (BMI)), level of sport participation
(professional=elite level/full-time or amateur=part time/hobby),
years of participation in current sport and type of sport (endur-
ance or power/mixed) were recorded. This was followed by a
systematic history of the illness symptoms, physical examination
and selected special investigations to verify that the symptoms
were due to an ARinf as described below.

Confirmation of acute respiratory infection

Confirmation of an ARinf was based on pathogen testing,
abnormalities in selected blood tests and clinical findings (online
supplemental figure 1). If multiplex PCR testing did not iden-
tify a pathogen, an oropharyngeal swab was taken for bacterial
microscopy and culture and processed in an accredited labora-
tory. We recognise that PCR testing and bacterial culture can yield
false-negative results. Therefore, if no pathogen was detected,
an infective aetiology could also be confirmed by an abnormal
white cell count, lymphocytes or neutrophils (values outside the
established population and sex-specific reference ranges)'* or a
raised C reactive protein (=5 mg/L)." If blood tests were normal,
cases with systemic symptoms or signs of non-respiratory organ
involvement due to the ARinf were included, as systemic symp-
toms have been shown to be the best predictor of infectious vs
non-infectious respiratory illnesses among athletes.'®

Study cohort

In total, 116 cases with confirmed ARinf were assessed. Of these,
one had missing RTS data, and another had non-illness-related
factors that confounded all RTS outcomes and were therefore
excluded. Consequently, 114 cases were analysed for this study.

lliness severity classification

Each case was categorised according to the illness severity clas-
sification proposed in the IOC consensus on ARinf in athletes
(mild, moderate and severe).'* The criteria used to classify the
severity of the illness are shown in online supplemental Table 1
and have been described in detail previously." Classification was
done independently by two investigators (M]J and MS) without
knowledge of the causative pathogen. When the two investiga-
tors had different classifications of severity, this was resolved
through discussion and agreed upon by consensus.

Pathogen identification

The SEM physician performed a nasopharyngeal swab using a
flocked swab (FLOQSwabs, COPAN, Italy). These swabs are
more sensitive than throat swabs, improving viral detection.”
Specimens were processed on-site using the BioFire FilmArray
(BioFire Diagnostics; Salt Lake City, USA) point-of-care device
with the Respiratory 2.1 Plus panel, which detects 16 viruses and
four bacteria.'® Influenza A and B viruses were grouped as ‘influ-
enza’. The four seasonal coronaviruses (OC43, 229E, NL63 and
HKU1) were grouped as ‘common coronavirus’. Cases with two
identified pathogens were grouped as ‘dual pathogen’. Partici-
pants without an identified pathogen were grouped as ‘uniden-
tified’. Less than 11% of cases were caused by pathogens other
than rhinovirus, influenza, SARS-CoV-2, common coronavirus,
‘dual pathogen’ and ‘unidentified’. Other pathogens were subse-
quently grouped as ‘other’. These groups were established to
ensure sufficient statistical power for analysis.

Intervention and follow-up

Standardised treatment

Standardised treatment was prescribed according to the clinical
syndrome of the ARinf, based on the classification proposed in
the IOC consensus on ARinf in athletes.'? Participants received
standardised prescriptions for either a ‘predominantly upper’ or
a ‘predominantly lower’ ARinf, based on recommended treat-
ment guidelines (online supplemental Table 2). Oseltamivir
was prescribed for the 16 confirmed influenza cases presenting
within 72 hours of symptom onset. Appropriate antibiotics were
prescribed for identified bacterial pathogens in two participants.

RTS recommendations

RTS recommendations followed the IOC consensus guide-
lines for RTS following ARinf in athletes.'? During the initial
evaluation, participants completed a physician-guided exercise
challenge test. (See IOC consensus for guidelines to perform an
exercise challenge test in an athlete after an ARinf.'*) Those who
passed, based on the outcome of the post-exercise checklist,'*
were advised they could restart training or gradually increase
their training loads by using the self-administered postexercise
checklist to monitor responses to each training session and
guide subsequent adjustments. Participants who failed the initial
physician-guided exercise challenge were advised to refrain from
training for 24 hours and then to undertake a self-administered
exercise challenge test, in accordance with the IOC guidelines.'?
Participants were advised to progressively increase their training
as outlined above once they passed the self-administered exercise
challenge test. Online supplemental figure 2 depicts the process.
Although participants were notified of the causative pathogen
at the end of the assessment, this did not influence RTS recom-
mendations, which were based exclusively on the outcome of the
exercise challenge test. While participants received RTS advice
as per I0C guidelines,'* they maintained autonomy over their
RTS decisions, making their own decisions regarding training
progression throughout the study.

Follow-up and RTS monitoring

Participants returned for two follow-ups: 11 (10-12) and 31
(26-33) days (median (IQR)) after symptom onset. The dates
when participants reached each RTS time point were recorded
and confirmed by the SEM physician at each follow-up consulta-
tion or via telephonic follow-up if necessary. If a participant did
not RTFP by the final follow-up, they were contacted telephon-
ically a week later to verify the RTFP date.
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Outcome measures

Time (days) to three RTS outcomes

The main outcome measures were the number of days to three
RTS time points, defined as the number of days from the onset
of symptoms until (1) the day of the first training session: RTT;
(2) the day that the athlete returned to normal training loads
or competition: RTFT; (3) the day the athlete returned to their
perceived pre-illness level of performance: RTFP. The median
(IQR) number of days to each RTS outcome is reported.

Time loss

A secondary outcome measure was time loss. A time-loss case
was defined as a case that resulted in the inability to train or
compete for at least an entire day. Total time-loss days were
defined as the total number of training or competition days lost
due to illness, from the onset of symptoms to the RTFP. The
number (%) of cases resulting in time loss and the median (IQR)
total time-loss days are reported.

Prolonged RTS

Prolonged is defined as a factor that is significantly associated
with the time to an RTS outcome. For these data, an HR <1
indicates a higher likelihood of prolonged time (days) to an RTS
outcome.

Statistical analysis

For descriptive statistics, the median (IQR) number of days to
each RTS outcome was reported overall and stratified by severity
(mild, moderate and severe; n=114) and pathogen groups
(rhinovirus, influenza and SARS-CoV-2; n=66) and presented
for combined severity and pathogen subgroups: (1) rhinovirus
with mild/moderate illness severity, (2) rhinovirus with severe
illness, (3) influenza/SARS-CoV-2 with mild/moderate illness
and (4) influenza/SARS-CoV-2 with severe illness (n=66). Cases
involving other pathogen groups (n=48) were included in the
regression models as a separate subgroup to retain statistical
power and avoid exclusion bias; however, descriptive results for
this subgroup were not presented, as the heterogeneous compo-
sition limited clinical interpretability. Specific factors potentially
associated with prolonged time (days) to RTS outcomes were
explored, including demographics (age, sex and BMI), sport
participation (level of participation, sporting experience and
type of sport), illness severity, causative pathogen and combined
severity and pathogen subgroups. If training was missed or modi-
fied due to factors other than illness (eg, injury, work-related
or time constraints), the data were excluded from the analysis
for the specific RTS outcome, as the factors influencing the RTS
outcome were not considered illness-related. Univariate Cox
proportional hazards regression models assessed factors possibly
associated with prolonged time to each RTS outcome. Statistical
significance was assessed using the y* statistic (Type III tests).
Of the 114 cases, 12 participants had reinfections and were
included more than once. To account for the non-independence
of repeated observations within individuals, a frailty term
was incorporated into the model. HRs (HRs, 95% Cls) were
reported as measures of effect. Survival curves were generated
using the baseline survival estimates from Cox proportional
hazards models to visualise time (days) to RTS outcomes across
combined severity and pathogen subgroups. As no formal adjust-
ment for multiple comparisons was performed, p-values were
interpreted with caution. To aid interpretation and highlight
potentially meaningful subgroup differences, levels of statistical
significance were denoted as p<0.05 (*) and p<0.01 (**). All

analyses were conducted using SAS (V.9.4) (SAS Institute, Cary,
USA).

RESULTS

Description of cohort

Demographic and sport participation variables for all cases, and
by illness severity and common pathogen groups, are shown in
online supplemental Table 3. The mean (+SD) age was 25.9
(£8.6) years; 64% were females, and 25% were professional
athletes. The mean (+SD) number of years athletes had partici-
pated in their sport was 7.2 (£3.9). Of the 114 cases, 23 (20%)
experienced mild illnesses, 32 (289%) moderate and 59 (52%)
severe. In 99 cases (87%), a pathogen was identified. The number
and frequency (% of all 114 cases) of causative pathogen groups
were as follows: rhinovirus=34 (30%), influenza=17 (15%),
SARS-CoV-2=15 (13%), common coronavirus=12 (11%),
‘other’ pathogens=12 (11%) and ‘dual pathogen’ infections=9
(89%). The number (%) of cases across different illness severity
categories by pathogen groups is shown in online supplemental
Table 4.

RTS outcomes

The median (IQR) number of days to the three RTS outcomes
was as follows: RTT=3.5 (0-7), RTFT=8 (6-11) and RTFP=11
(7-14). ARinf caused time loss in 90% of cases, and the median
(IQR) number of total time-loss days among all cases was 5
(2-8). The differences in time loss, as characterised by the illness
severity and common pathogen groups, are shown in online
supplemental Table 5.

Factors associated with time (days) to RTS outcomes
(univariate model)

Demographic and sport participation variables

The associations between days to RTS outcomes (RTT, RTFT
and RTFP) and demographic and sport participation variables
for all cases are shown in table 1.

Amateur-level participation (vs professional) was associated
with a prolonged time to all RTS outcomes. No significant asso-
ciations were observed for age, sex, BMI, sporting experience or
sport type.

lliness severity

The median time (days) to RTS outcomes and the HRs for the
associations between days to RTS outcomes and illness severity
(mild, moderate and severe) are shown in table 2.

The severe group had a 72%-83% chance of experiencing
prolonged RTS outcomes compared with the mild group
(p<0.0001) and a 69%-73%chance compared with the
moderate group (p<0.0001). There was no significant difference
in the likelihood of a prolonged RTT, RTFT or RTFP for the
moderate group compared with the mild group (p=0.2). When
combining the mild and moderate groups (n=355), the median
(IQR) days to RTT, RTFT and RTFP in the combined mild/mod-
erate group were 0 (0-5), 6 (4-8), and 8 (5-12), respectively.
The severe group had a 70%-76% chance of prolonged RTS
outcomes compared with the combined mild/moderate group
(p<0.0001). Differences between the severity groups were also
apparent when a subset of the cohort that included only the
cases with the three most common pathogens (rhinovirus, influ-
enza and SARS-CoV-2) (n=66) (online supplemental Table 6).
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Table 1
variables, among all cases (n=114) (univariate model)

The HRs (95% Cl) for the associations between days to RTS outcomes (RTT, RTFT and RTFP) and demographic and sport participation

RTS outcomes

RTT RTFT RTFP

Variable HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value

Demographics

Age (years) 1.00 0.97 1.01 0.43 1.01 0.43
(0.98 t0 1.03) (0.98 to 1.04) (0.98 to 1.05)

Sex (female vs male) 1.07 0.64 1.08 0.56 0.98 0.94
(0.68 to 1.70) (0.69 to 1.69) (0.56 to 1.72)

Body mass index (kg/mz) 1.01 0.73 1.00 0.87 1.00 0.94
(0.94 to 1.09) (0.92 to 1.08) (0.89t0 1.11)

Level of participation

Amateur vs Professional 0.52 0.011 0.51 0.004* 0.59 0.03t
(0.31 t0 0.89) (0.32 t0 0.81) (0.37 t0 0.95)

Sporting experience

Years of participation 1.00 0.22 0.99 0.53 1.02 0.52
(0.95 to 1.06) (0.93 to 1.05) (0.95 to 1.10)

Type of sport

Endurance versus power/mixed 1.13 0.47 1.05 0.73 0.86 0.57

(0.73 0 1.76)

*Statistical significance level <0.01.
tStatistical significance level 0.01-0.05.

(0.67 to 1.65) (0.51 to 1.45)

.RTFP, return-to-full-performance; RTFT, return-to-full-training; RTS, return-to-sport; RTT, return-to-training.

Common pathogen groups

The median number of days to the different RTS outcomes by
pathogen groups for all 114 cases is shown in online supple-
mental Table 7. The median time (days) to RTS outcomes and
the HRs for the associations between days to RTS outcomes and
the three most common pathogen groups (rhinovirus, influenza
and SARS-CoV-2) (n=66) are shown in table 3.

Influenza had an 89% and SARS-CoV-2 a 77%-83% chance
of experiencing prolonged RTS outcomes compared with
rhinovirus (p<0.0001and p=<0.003, respectively). There was
no significant difference in the likelihood of prolonged RTT,

RTFT or RTFP between the influenza and SARS-CoV-2 groups
(p=0.2). These two groups had similar recovery rates, as shown
in the survival analysis curves for days to each RTS outcome
across the pathogen groups (online supplemental figure 3a-c).
When combining the influenza and SARS-CoV-2 groups (n=32),
the median (IQR) days to RTT, RTFT, and RTFP in the combined
influenza/SARS-CoV-2 group were 6.5 (4.5-8), 9 (8-14) and 13
(11-15.5), respectively. The combined influenza/SARS-CoV-2
group had an 81%-85%chance of prolonged RTS outcomes
compared with rhinovirus (p<0.0001).

Table 2 The median (IQR) number of days to RTS outcomes (RTT, RTFT and RTFP) by illness severity (mild, moderate and severe) (n=114) and the
HRs (95% CI) for the associations between days to RTS outcomes and illness severity (univariate model)

RTS outcomes

RTT RTFT RTFP
Median (IQR) days Median (IQR) days Median (IQR) days

Mild 0 5 7

(n=23) (0-5) (4-8) (5-12)

Moderate 1 6.5 9

(n=32) (0-5) (4.5-9) (6-12)

Severe 6 9 13

(n=59) (3-8) (8-14) (11-18)
HR P value HR P value HR P value
(95% Cl) (95%Cl) (95% Cl)

Moderate versus mildt 0.91 0.77 0.60 0.20 0.67 0.30
(0.47 to 1.76) (0.27 t0 1.31) (0.31 to 1.43)

Severe versus mildt 0.28 <0.0001* 0.17 <0.0001* 0.18 <0.0001*
(0.1510 0.52) (0.08 to 0.35) (0.09 to 0.36)

Severe versus moderatet 0.31 <0.0001* 0.28 <0.0001* 0.27 <0.0001*
(0.18 t0 0.54) (0.15t0 0.53) (0.14 t0 0.50)

Severe versus combined mild/moderatet 0.30 <0.0001* 0.24 <0.0001* 0.24 <0.0001*
(0.19 to 0.49) (0.14 t0 0.41) (0.14 t0 0.41)

*Statistical significance level <0.01.

tAn HR <1 indicates that the RTS outcome is less likely for a case in this group compared with a case in the reference group.
RTFP, return-to-full-performance; RTFT, return-to-full-training; RTS, return-to-sport; RTT, return-to-training.
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Table 3  The median (IQR) number of days to RTS outcomes (RTT, RTFT and RTFP) by common pathogen groups (rhinovirus, influenza and SARS-
CoV-2) (n=66) and the HRs (95% CI) for the associations between days to RTS outcomes and common pathogen groups (univariate model)

RTS outcomes

RTT RTFT RTFP
Median (IQR) days Median (IQR) days Median (IQR) days

Rhinovirus 1 6 7.5

(n=34) (0-4) (4-8) (5-12)

Influenza 7 9 14

(n=17) (6-8) (8-15) (13-16)

SARS-CoV-2 5 9 12

(n=15) (3-7) (8-12) (10-15)
HR P value HR P value HR P value
(95%Cl) (95%Cl) (95%Cl)

Influenza versus rhinovirust 0.11 <0.0001* 0.11 <0.0001* 0.11 <0.0001*
(0.05 to0 0.28) (0.04 to 0.30) (0.04 t0 0.31)

SARS-CoV-2 versus rhinovirust 0.23 0.0001* 0.17 0.0008* 0.23 0.003*
(0.09 to 0.55) (0.06 to 0.48) (0.09 to 0.60)

Influenza versus SARS-CoV-21 0.50 0.16 0.61 0.42 0.49 0.22
(0.19t0 1.31) (0.18 t0 2.01) (0.15 to 1.55)

Combined influenza/SARS-CoV-2 versus rhinovirust 0.17 <0.0001* 0.15 <0.0001* 0.19 <0.0001*
(0.08 to 0.35 (0.07 to 0.34) (0.09 t0 0.41)

*Statistical significance level <0.01.

tAn HR <1 indicates that the RTS outcome is less likely for a case in this group compared with a case in the reference group
RTFP, return-to-full-performance; RTFT, return-to-full-training; RTS, return-to-sport; RTT, return-to-training.

Combined severity and pathogen subgroups

Because illness severity and pathogen group were both asso-
ciated with RTS outcomes, these variables were combined to
create four distinct subgroups: (1) rhinovirus with mild/mod-
erate illness severity, (2) rhinovirus with severe illness, (3) influ-
enza/SARS-CoV-2 with mild/moderate illness and (4) influenza/
SARS-CoV-2 with severe illness. The median time (days) to
RTS outcomes and the HRs for the associations between days
to RTS outcomes and the four combined severity and pathogen
subgroups (n=66) are shown in table 4. The survival analysis
curves for days to each RTS outcome across the four combined
subgroups are illustrated in figure 1.

Mild/moderate versus severe

Among the rhinovirus subgroups, the severe subgroup had an
86% and 88% chance of prolonged RTFT and RTFP, respec-
tively, compared with the mild/moderate subgroup (p<0.004);
however, there was no difference in the likelihood of prolonged
RTT (p=0.25). There were no significant differences in the like-
lihood of prolonged RTT, RTFT or RTFP between the influenza/
SARS-CoV-2 mild/moderate and influenza/SARS-CoV-2 severe
subgroups (p=0.08).

Rhinovirus versus influenza/SARS-CoV-2

Among the mild/moderate subgroups, the influenza/SARS-CoV-2
subgroup had a 65%, 95% and 94% chance of prolonged RTT,
RTFT and RTFP, respectively, compared with the rhinovirus
subgroup (p<0.05). Among the severe subgroups, the influenza/
SARS-CoV-2 subgroup had a 77%, 79% and 87% chance of
prolonged RTT, RTFT and RTFP, respectively, compared with
the rhinovirus subgroup (p=<0.01). There were no differences in
RTS outcomes between rhinovirus severe and influenza/SARS-
CoV-2 mild/moderate subgroups (p=0.21).

DISCUSSION
The main findings of this study are that, when analysed sepa-
rately, the level of sport participation, illness severity and the

causative pathogen are associated with RTS outcomes in athletes
with ARinf. Specifically, amateur-level participation (vs profes-
sional), severe illnesses (vs mild/moderate) and influenza/SARS-
CoV-2 (vs rhinovirus) infections were associated with prolonged
RTS outcomes. Furthermore, pathogen-related differences in
RTS outcomes exist within severity groups, especially among
severe illnesses.

Factors associated with prolonged RTS after ARinf are
poorly understood. Only six studies have reported on factors
associated with RTS outcomes following confirmed ARinf in
athletes.”! These studies, all conducted on athletes with SARS-
CoV-2 infection, showed that a greater number of symptoms
and symptoms in specific anatomical regions were associated
with prolonged RTS outcomes. Other factors identified as
predictors of prolonged RTS outcomes following SARS-CoV-2
infection included female versus male, endurance athletes and
a history of comorbidities.® ' These data were reported during
the COVID-19 pandemic, and no other studies have explored
factors associated with prolonged RTS outcomes in athletes,
specifically with different pathogen-specific ARinf.

Demographic and sport participation variables associated
with RTS outcomes

In our cohort, amateur-level participation (vs professional) was
the only significant demographic or sport participation variable
associated with prolonged RTS outcomes. We are not aware
of any data showing that professional athletes recover quicker
from ARinf than amateurs. Possible explanations for this finding
are that professional athletes may be more motivated to restart
training and progress training loads following ARinf than
amateurs. Whether this is due to motivational, physiological,
financial or other external factors remains unknown and pres-
ents a premise for future research.

Illness severity as a factor associated with RTS outcomes
Clinically diagnosed severe illness was consistently associated
with prolonged all RTS outcomes compared with mild and
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Table 4 The median (IQR) number of days to RTS outcomes (RTT, RTFT and RTFP) by combined severity and pathogen subgroups (rhinovirus
mild/moderate, rhinovirus severe, influenza/SARS-CoV-2 mild/moderate, influenza/SARS-CoV-2 severe) (n=66) and the HRs (95% Cl) for the
associations between days to RTS outcomes and combined subgroups

RTS outcomes

RTT RTFT RTFP
Median (IQR) days Median (IQR) days Median (IQR) days
Rhinovirus mild/moderate 0 5 6.5
(n=20) (0-2) (4-6.5) (5-11)
Rhinovirus severe 3 7 85
(n=14) (0-4) (7-11) (7-13)
Influenza/SARS-CoV-2 mild/moderate 5 9 12
(n=9) (0-7) (7-12) (10-13)
Influenza/SARS-CoV-2 severe 7 9 14
(n=23) (5-8) (8-15) (11-17)
HR P value HR P value HR P value
(95% ClI) (95% Cl) (95% CI)
Rhinovirus severe versus rhinovirus mild/moderatet 0.60 0.25 0.14 0.003* 0.12 0.004*
(0.25 to 1.45) (0.04 to 0.50) (0.03 to 0.50)
Influenza/SARS-CoV-2 mild/moderate versus rhinovirus mild/moderatet 0.35 0.047t 0.05 <0.001* 0.06 <0.001*
(0.12 t0 0.99) (0.01 to 0.24) (0.01 t0 0.29)
Influenza/SARS-CoV-2 severe versus rhinovirus mild/moderatet 0.14 <0.001* 0.03 <0.001* 0.02 <0.001*
(0.06 to 0.31) (0.01 to 0.09) (0.00 to 0.06)
Influenza/SARS-CoV-2 mild/moderate versus rhinovirus severet 0.58 0.33 0.38 0.21 0.46 0.33
(0.20t0 1.71) (0.08 to 1.74) (0.10t0 2.21)
Influenza/SARS-CoV-2 severe versus rhinovirus severet 0.23 0.001* 0.21 0.0101 0.13 <0.001*
(0.10 to 0.56) (0.06 to 0.69) (0.04 to 0.49)
Influenza/SARS-CoV-2 severe versus influenza/SARS-CoV-2 mild/moderates 0.39 0.08 0.56 0.43 0.29 0.11
(0.14t0 1.10) (0.13 t0 2.37) (0.06 to 1.33)

*Statistical significance level <0.01.
tStatistical significance level 0.01-0.05.

+An HR <1 indicates that the RTS outcome is less likely for a case in this subgroup compared with a case in the reference subgroup
RTFP, return-to-full-performance; RTFT, return-to-full-training; RTS, return-to-sport; RTT, return-to-training.

moderate illnesses. This is the first study to demonstrate an
association between the severity of confirmed ARinf and RTS
outcomes for ARinf caused by pathogens other than SARS-
CoV-2. The relevance of our novel finding is that, by clinically
determining illness severity, the SEM physician may more accu-
rately predict RTS outcomes. This finding aligns with the IOC
recommendations that illness severity assessment should guide
RTS decisions,'* confirming the clinical value of severity-based
classification as a practical predictor of RTS outcomes. These
data support the use of clinical assessment to determine illness
severity to provide more information to assist clinical RTS

1vs. 3 p<0.05
i 1 vs. 4 p<0.001
08 T, 2 vs. 4 p=0.001 08

Sunival probaility
Sunival probability

Days to RTT

subgroup
e a

——— t.rhinovirus
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decision-making. This is valuable for clinicians working in
various settings, particularly in low-resource settings.

Pathogen identification as a factor associated with RTS
outcomes

Our data show that pathogen identification is associated with
RTS outcomes. Specifically, influenza and SARS-CoV-2 infec-
tions were associated with prolonged RTS outcomes compared
with rhinovirus infection. These findings support the future
potential routine use of point-of-care testing for ARinf in
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Figure 1 The survival analysis curves for days to (a) RTT, (b) RTFT and (c) RTFP between the combined severity and pathogen subgroups (1:
rhinovirus mild/moderate; 2: rhinovirus severe; 3: influenza/SARS-CoV-2 mild/moderate and 4: influenza/SARS-CoV-2 severe) (n=66). The survival
analysis represents the relationship between days to the respective RTS time point (horizontal axis) and the probability of not yet reaching that time
point (survival probability) (vertical axis). The p values shown in the upper right corner of each panel represent statistically significant differences
between the subgroups. RTFP, return-to-full-performance; RTFT, return-to-full-training; RTS, return-to-sport; RTT, return-to-training.
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SEM." Our results indicate that pathogen identification may
provide information to assist SEM physicians in predicting RTS
outcomes in athletes with ARinf, thereby assisting athletes and
staff in preparing for training and competitions. Although our
data indicate that illness severity is associated with prolonged
RTS outcomes, identifying the pathogen subgroup may further
improve the prediction of these outcomes. Within each severity
group, RTS outcomes differed between the pathogen subgroups.
This finding suggests that identifying the pathogen subgroup
after determining severity may be important for more accurately
predicting RTS outcomes. However, these findings should be
considered hypothesis-generating and warrant confirmation in
larger, adequately powered studies.

Strengths and limitations

This is the largest cohort of athletes with different pathogen-
specific ARinf and prospectively documented RTS outcomes.
Strengths include standardised illness severity classification,
pathogen confirmation and detailed RTS endpoints. We acknowl-
edge that sample sizes of the individual pathogen subgroups are
small. This highlights the importance of ongoing data collection
to further analyse all pathogen groups and subtypes. We recog-
nise that different viral subtypes, grouped together in this study,
could result in varying RTS outcomes. Although strict criteria
were applied to confirm ARinfs, we acknowledge the possibility
of false-negative results that may have led to the exclusion of
cases with ARinf or to the failure to identify causative patho-
gens. A further limitation is that only 25% of our sample were
professional athletes. This limited our ability to adjust outcomes
for the level of sport participation, and our findings may there-
fore not be generalisable to professional athletes. In addition,
although RTS recommendations were based on IOC guidelines,
irrespective of the causative pathogen, participants made their
own RTS decisions, which may have been influenced by their
knowledge and perceptions of the causative pathogen. The RTS
time points were self-reported by the participants, and although
these were confirmed by the treating SEM physician, recall bias
remains a possibility. We also recognise that the day an athlete
RTFP is a subjective assumption by the athlete, not determined
by an objective measure. Because participants could be included
in the study multiple times, we acknowledge the increased risk
of type I error from multiple testing. However, a frailty in
the model accounted for the repeated inclusion of reinfected
participants. We recognise that several other factors may have
influenced RTS outcomes and that this observational study
shows only associations between prolonged RTS outcomes and
certain predetermined factors but does not establish causation.
This study did not explore potential mechanisms underlying
the observations; future studies are needed to determine the
effects of pathogens and illness severity on the cardiorespira-
tory response to exercise during acute infection and throughout
recovery from ARinf.

Clinical implications

Performing a clinical assessment to determine the illness severity
may be an accessible, cost-effective method for predicting RTS
outcomes and provides information to guide clinicians in RTS
decision-making following ARinf in athletes. Our results indicate
that, where available, pathogen identification may further refine
this process, particularly for the most common infections among
athletes, including rhinovirus, influenza and SARS-CoV-2.

CONCLUSION

This study presents novel findings indicating that the level of
sport participation, illness severity and the pathogen group
are factors associated with RTS outcomes following ARinf in
athletes. While clinical assessment of illness severity may assist in
RTS clinical decision-making and inform RTS recommendations
for athletes with ARinf, pathogen identification may provide
additional predictive value. Specifically, rhinovirus, as the most
common pathogen, was associated with earlier RTS outcomes
compared with influenza and SARS-CoV-2.

PATIENT AND PUBLIC INVOLVEMENT
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