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Abstract

Objectives: Full-contact football-code team sports offer a unique environment for illness risk. During
training and match-play, players are exposed to high-intensity collisions which may result in skin-on-
skin abrasions and transfer of bodily fluids. Understanding the incidence of all illnesses and infections
and what impact they cause to time-loss from training and competition is important to improve athlete
care within these sports. This review aimed to systematically report, quantify and compare the type,

incidence, prevalence and count of illnesses across full-contact football-code team sports.

Design/Method: A systematic search of Cochrane Library, MEDLINE, SPORTDiscus, PsycINFO and
CINAHL electronic databases was performed from inception to October 2019; keywords relating to
illness, athletes and epidemiology were used. Studies were excluded if they did not quantify illness or

infection, involve elite athletes, investigate full-contact football-code sports or were review articles.

Results: Twenty-eight studies met the eligibility criteria. Five different football-codes were reported:
American football (n=10), Australian rules football (n=3), rugby league (n=2), rugby sevens (n=3) and
rugby union (n=9). One multi-sport study included both American football and rugby union. Full-
contact football-code athletes are most commonly affected by respiratory system illnesses. There is a

distinct lack of consensus of illness monitoring methodology.

Conclusions: Full-contact football-code team sport athletes are most commonly affected by respiratory
system illnesses. Due to various monitoring methodologies, illness incidence could only be compared
between studies that used matching incidence exposure measures. High-quality illness surveillance data

collection is an essential component to undertake effective and targeted illness prevention in athletes.
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Introduction

Athlete illness monitoring has become commonplace as the focus on protecting the health of the athlete
has sharpened. Athlete illnesses most often result in time-loss or performance restriction from training
and competition "%, A common cold or upper respiratory infection, which may seem trivial to the
general population, can limit an athlete’s potential to train and compete in major competitions " °.
Athletes may also be at risk of contracting life-threatening viruses, such as hepatitis B, which are known
to be transferred between contact sport players with exposed bleeding wounds *. Consequently, absence
from training due to illness may limit success in elite sport '?. Additionally, athlete welfare could be
impacted; a balanced approach to decisions made around athletes training and competing whilst

suffering from an illness must be found to manage athlete welfare °, therefore it is vital to understand

the impact of illness in elite athletes.

Full-contact football-code team sports, such as American football, rugby union, rugby league, rugby
sevens, Gaelic football and Australian rules football, offer a unique environment for illness risk. During
training and match-play, players are exposed to high-intensity collisions which may significantly

increase energy requirements °

and potentially suppress immune function. The physical contact
involved in these sports may also result in skin-on-skin abrasions and possible transfer of bodily fluids
7. such as blood or saliva. Contact sport athletes have been found to become colonised with bacterial
infections faster and more frequently than non-contact sports ® potentially due to increased physical
contact, sharing of facilities, frequent international travel and busy competition schedules °. For
example, players regularly share gym equipment, changing rooms and accommodation, as well as
towels and water bottles ', despite guidelines highlighting the risk of illness associated with these
activities °. Previous research has found that 25% of surfaces in high-school and college training room
facilities tested positive for influenza '' and that the sharing of personal items, such as soap, towels and

water bottles was a significant risk factor for the spread of Methicillin-Resistant Staphylococcus Aureus

(MRSA) infection 2.



Previous non-systematic reviews of infectious diseases in contact sports have highlighted that infections
are commonly contracted during match-play and in the changing room environment ™ '*. However,
current reviews do not assess illnesses of specific origin, such as gastrointestinal or respiratory, despite
upper respiratory illness accounting for up to 65% of illnesses presented at sports medical clinics '.
Furthermore, these reviews do not quantify and compare type, incidence, prevalence or count of illness
across full-contact football-code sports. As such, it is important to understand the incidence of all
illnesses and infections and what impact they cause to time-loss from training and competition, to
improve athlete care within these sports. Therefore, the aim of this systematic review was to report,
quantify and compare the type, incidence, prevalence and count of illnesses across full-contact football-

code team sports.

Methods
This systematic review was performed in accordance with the PRISMA (Preferred Reporting Items for

Systematic Review and Meta-analyses) guidelines "

and was prospectively registered with the
PROSPERO database (CRD42019120981). PubMed and The Cochrane Library, as well as MEDLINE,
SPORTDiscus, PsycINFO and CINAHL (via EBSCOhost), were systematically searched from
inception to 14™ October 2019. Keyword searches were performed for: “illness’, “ill’, “sick’, ‘sickness’,
‘infection’, ‘URTD’, ‘respiratory tract infection’, ‘respiratory tract infections’, ‘immune’, ‘immune
function’, ‘immune-suppression’, ‘immunosuppression’, ‘immune tolerance’, ‘immunology’,
‘immunity’, ‘epidemiology’, ‘prevalence’, ‘incidence’, ‘monitoring’, ‘surveillance’, ‘athletes’,
‘athlete’, ‘sports’, ‘sport’, ‘player’, ‘players’ (details of the search strategy are outlined in

supplementary material one). Reference lists of eligible studies and review articles were also searched.

No language or date of publication restrictions were applied during the searches.

After eliminating duplicates, search results were screened independently against the eligibility criteria
by two researchers (LC and KF). Disagreements were resolved through discussion, or via a third

researcher (KD) if required. References that were potentially eligible after screening the title and



abstract were retrieved and evaluated for inclusion via full-text by two researchers (LC and SW). The

titles and authors were not masked to the reviewers.

For inclusion, studies were required to meet the following criteria: human observational, prospective,
retrospective, cross-sectional, longitudinal or intervention studies, participants in the studies were
required to be elite level athletes of a full-contact football-code sport. Elite level was defined as academy
or university competitors, semi-professional or professional competitors, national or international

competitors, Olympic or world-class level competitors '¢

. No restriction was placed on age or sex.
Studies were excluded if they did not quantify illness or infection, involve elite athletes, investigate
full-contact football-code sports (i.e. rugby union, rugby league, rugby sevens, Australian rules football,

American Football, Gaelic Football) or were review articles. Studies where solely carriage of infection

was outlined were also excluded.

Data relating to the participant and study characteristics (i.e. sex, age, stature, body mass, level of
competition, sport, season phase, duration of study, total sessions assessed), illness and infection data
(i.e. definition of illness, assessment method, type of illness/infection monitored, incidence of illness,
prevalence of illness, illness/infection count, time-lost, quantity of symptoms presented) were extracted.
For ease of comparison, metrics were converted to the same units as most other studies, i.e. stature is
reported in centimetres (cm) and body mass in kilograms (kg). Where interventions were present in

some studies, only data from control groups were extracted.

Articles were assessed in full using a modified version of the Downs and Black checklist for
methodological quality '” independently by two authors (LC and SW). Disagreements were resolved
initially via discussion between the two independent reviewers; however a third reviewer was consulted
for dispute resolution (BJ). A previous review in this research field '® used this assessment scale, using
only 19 (numbers 1-3, 5-7, 9-12, 16-18, 20-22, 25-27) of the 27 criteria that logically applied. As

only data from control groups were extracted, questions relating to intervention were omitted. A score



of >75% was deemed to indicate low risk of bias, 60%—75% moderate risk of bias and <60% high risk
of bias ' '%,

A meta-analysis was not performed as study designs were heterogeneous thus not able to be pooled.

Results

Through the original database search 5495 articles were identified. Following the removal of duplicates
and screening for eligibility, 293 studies were reviewed for full-text. Twenty-eight articles were
included in the systematic review for final analysis '**. Figure 1 provides a schematic representation
of the decision process. Despite meeting all eligibility criteria, two papers were excluded due to
duplicated data. The authors were contacted to confirm that the data were the same before excluding

the papers.

Five different football-codes were covered: American football (n=10) "2 3031349 "1yghy union

(n:9) 24,32,33,38-40,42,43 28,35,41 27,44

, Tugby sevens (n=3) , Tugby league (n=2) and Australian rules football
(n=3) *%3%%_ One multi-sport study included both American football and rugby union ¥*. Twelve
studies reported the sex of the participants directly 2% 2 23-2%:32.33.35.41. 92 TFifteen studies reported the
league/competition that the participants competed in, therefore the sex of participants could be inferred
19.21,22,24,30,31, 34, 36-40.4446 " and one study did not report the sex of participants or competition **. Of those
studies that identified sex, eleven reported the sex split characteristics; 69% of studies were in male
participants and 31% in females 2% #3-25-2%:32:33.3542 The representative level of participants in the studies
included Olympic (n=3, 11%) ** 34! professional and national (n=15, 53%) * 26. 27 32:34.36-40. 4245 apq

university/collegiate (n=10, 36%) '°2* 25293146 Most studies assessed adult elite athletes, only one

reported assessment of youth elite athletes *°.



<FIGURE 1 NEAR HERE>



Study data from the included papers is outlined in supplementary material 2-5. The majority of studies
(n=12) assessed all illnesses and infections % 2%:3% 354145 Fiye studies assessed MRSA skin infections

19.20.23.34.43 and three studies assessed heat illness >'?*“. The remaining studies assessed the presence

of upper respiratory illness (URIs) (n=4) 2> 27424

and upper respiratory tract infections (URTIs),
gastro-intestinal and other infections (n=2) ***. Two studies did not define an explicit illness **>*'. A
variety of illness definitions were used, with the majority using a medical attention/clinical diagnosis
definition (n=14, 50%) '9-326:34.35.3741.46 an{ others using self-report (n=7, 25%) ** 227 29:32.42.44 apq
time-loss (n=2, 7%) 2**3. Two studies (7%) used a definition that included both time-loss and medical
diagnosis ***°. Three studies did not provide an explicit definition of illness (11%) **3*"*}. Calculation
of illness varied across studies, with a minority reporting illness as an incidence rate 2! 2% 26 2%, 38-40.42.46
or prevalence ***'. Most studies gave numerical counts of illness episodes and some reported counts of

38-40

symptoms. Three studies reported frequency of time-loss illnesses and two others reported the

22,31

number of days lost to illness ****. Studies ranged from 3 days ** to three years in duration, and a

multitude of scenarios, including both competition and training were assessed.

In studies which assessed all illnesses and infections and illness symptoms, illness affecting the
respiratory system was the most common across all full-contact football-code sports (supplementary
material 2-5). One study identified 13 cases of MRSA skin infections in 100 male American Football
players during an in-season period of two months 2°. Contrary to this, within a matching sample size
only 4 cases of MRSA skin infections were found over a full season (12 month period) of American
Football (supplementary material two) *. Illness incidence could only be compared between studies
that used the same incidence exposure measures. Heat illness incidence differed greatly across studies
undertaken in American Football (4.19 %' and 1.52 ** per 1000 athlete exposures), however study
duration also differed. Two studies in Australian Rules Football undertaken over the same time period
found similar frequency of illness and infection, despite differing sample sizes ***. When illness and
infection was monitored over a full season, frequency of illness was 67 cases in 45 athletes 2
(supplementary material three). One study in rugby league assessed illnesses and infections across one
full season and found 45 reported illnesses in 32 athletes, with the most common symptoms affecting

7



the respiratory system (runny nose, coughing and sore throat) ** (supplementary material four). In rugby
sevens, monitoring of the same competition over two consecutive years found that prevalence of illness
increased in the second year in males (3.3% to 4.7%), but decreased in females (1.0% to 0.4%) **
(supplementary material four). Across a full season, 148 illnesses were recorded in 30 male rugby union
players **. During an 11 week pre-season period, 29 days were lost to eight illnesses; two were upper
respiratory illness and 6 affected the gastrointestinal system (diarrhoea and vomiting) ** (supplementary
material five). During international competitions, the most commonly affected system was the
38-40.

respiratory system with an average illness incidence of 20.7 illnesses per 1000-player days **™; seventy-

four time-loss illnesses were recorded ** 3.

The scores for the assessment of methodological quality, ranging from 15 to 21, out of 23, are available

in supplementary material 6. All studies were found to be low '%20-24-30.32.33.35-39.41.42.44.45 44 moderate

21-23,31,34,40.43. 46 pisk of bias, with no studies found to be high risk.



Discussion

This is the first systematic review to summarise the type, incidence, prevalence and count of illnesses
in elite full-contact football-code team sports. Following the screening process, 28 studies were
identified that monitored illness within elite full-contact football-code team sports. There is a bias
towards research in male athletes with only 31% of studies investigating female athletes; these were
solely in rugby sevens 2* %> 4! Additionally, there is inconsistency across the literature regarding how
illness data in full-contact football-code team sports are collected and reported; therefore, results could

not be statistically pooled for meta-analysis.

This review identified that elite full-contact football-code team sport athletes are most affected by
illness to the respiratory system. This supports findings from other sports across competition periods in

4748 youth Winter Olympic games * and aquatic

both senior Paralympic summer and winter games
sport world championships *. Previous reviews on illness in full-contact football-code team sports have

solely focused on skin infections and blood-borne infections ">, however the most commonly suffered

illness is respiratory system illness, possibly caused by respiratory viruses.

Comparisons between full-contact football-codes for all illnesses and infections reported across pre-
seasons showed that Australian rules football **** had approximately 20 — 75 illnesses per 100 players
compared to 15 illnesses per 100 players in rugby union *. The change in environmental exposure due
to pre-season training camps and associated travel, as well as greater pre-season external training load
e.g. total running distance, may explain these differences. Australian rules football athletes cover
between ~20,000-21,400 metres during a pre-season period °' which greatly exceeds those covered in
a rugby union case study (~9774-11,585 metres) **. High training loads have been shown to increase
risk of illness > **, therefore it is vital that athletes’ training loads are appropriately monitored ° to
identify high risk times of potential illness, and for athletes’ to be provided with greater support to
manage illness risk. Furthermore, full-contact football-code sport athletes may be at increased risk of
illness due to the unique demands of training and match-play. Frequent bouts of strenuous exercise,
which are prevalent in full-contact football-code sport, are thought to increase risk of illness ° and

9



suppress immune system function **. Additionally, it could be hypothesised that the unique collision
activity of full-contact football-code sports may further suppress immune function. Tackle and collision

> and increase total energy

activity have been found to cause significant skeletal muscle damage °
expenditure ¢, potentially disrupting homeostasis and affecting immune function, however the theory

of impact of collisions on immune function requires further investigation.

Across a full season, despite differing sample sizes, approximate URI count per player was greater in
rugby union (4.1 URI per player) **, compared to American Football (2.3 URI per player) ». Despite
both methods using self-report, each study utilised varied definitions of illness, which could provide
one explanation for the difference in results. Requirements for illnesses to be recorded included any
URI symptoms being present for two or more days ** as well as three specific symptoms (cough, runny
nose, and nasal congestion) all being present for at least three days *°. Additionally, over a full
Australian rules football season, per player illness count was lower (1.5 illnesses per player) than both
American Football  and rugby union *, despite assessing all illnesses and infections *°. This study
utilised an amended version of the International Olympic Committee’s (IOC) recommended definition
for illness °, documenting illness only when they required medical attention. Consistent reporting,
monitoring tools and definitions for full-contact football-code sports would allow for greater and more

informative comparison between results in future research.

When football-codes were compared across international competitions, rugby union ***° had greater
per player average illness compared to rugby sevens %*, despite varied competition durations (16 weeks
and 31 weeks respectively). This difference could be explained by the style of competitions and number
of tournaments assessed. The competition assessed in rugby union took place over 16 weeks as part of
one tournament ***°. Competitors travelled long distances, crossed multiple time-zones and additionally
lived in close proximity with other players for prolonged periods of time, all which may increase risk
of illness ™% 3. These details, and increased pathogen exposure, may have contributed to a greater

average per player illness count compared to rugby sevens *.
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Most studies focused on illnesses that required medical attention or resulted in time-loss and did not
acknowledge self-reported illness; this raises several issues. Firstly, previous research has outlined that
self-report is a vital aspect of illness monitoring as not all athletes seek medical attention for the early
warning signs of illness °. Secondly, it has been shown that athletes regularly continue to train and
compete despite being ill, especially in the early phases of illness *’. As these illnesses do not result in
time-loss they would therefore not be recorded by standard illness surveillance systems °’. Due to time

restrictions, athletes may self-manage illnesses '®

, also resulting in fewer illnesses being reported.
Furthermore, despite previous consensus statements outlining the importance of consistent terms and
definitions for research and clinical practice, only a handful of the studies used the IOC suggested
definition for illness °. As definitions of illness varied across the studies, it would be beneficial to utilise
standardised definitions of illness (from consensus statements > °*) and for illness collection and
reporting to be consistent across full-contact football-code sports. On the contrary, official diagnosis of
infection via laboratory or clinician verification was only undertaken in 50% of all studies, therefore
the true aetiology of reported illnesses is unknown. It is hypothesised that some reported respiratory

system illnesses may mimic hay fever or allergy reactions, which may not be able to be differentiated

from respiratory infections if not confirmed by laboratory or clinician assessment.

High quality illness surveillance is vital to support illness prevention within elite sport. Despite all
studies meeting methodological quality assessment (supplementary material 6), this review highlights
that many studies did not provide adequate descriptions of the athlete populations being studied '***%*
34.35.38-43.46 "including lack of information regarding total sample population, sex and basic descriptive
data relating to study participants (i.e. age, stature and body mass). Furthermore, a meta-analysis was

not performed as study designs were heterogeneous thus not able to be pooled. This shortcoming further

supports the need for standardisation when monitoring illness within these sports.

A variety of exposure and illness incidence measures were used across the studies. These included per
1,000 player days ***°, per 1,000 athlete exposures (AEs) *"**%° per 1,000 non-illness days *, per 1,000
running hours * and per 10,000 athlete exposures *°. Due to the differences in measures of exposure,

11



incidence and prevalence could not be directly compared across the full-contact football-code sports
based on the existing literature. Additionally, different methodological approaches alter the perception
and interpretation of incidence rates, therefore matching exposure and incidence methods is required to
better understand and compare the impact of illness within and between full-contact football-code
sports. Other sports, including aquatic sports *°, have published consensus statements on the reporting
of illness incidence, including suggestions of exposure measures and methods that can be used to report
incidence. Furthermore, it may be important to also focus on the burden of illnesses, as well as

incidence, to better understand the impact of illnesses on athletes *’.

This review highlights the lack of consensus of illness monitoring across full-contact football-code team
sport literature. With varying definitions, incidence exposure calculations and poor participant
characteristic details, limited high-quality surveillance is available. Previous research has identified
high quality surveillance and data collection as an essential component to undertake effective and
targeted illness prevention in athletes '®. Early work of the Translating Research into Injury Prevention
Practice (TRIPP) framework, identified surveillance as an essential first step towards prevention .
Improved data collection would provide greater understanding for practitioners, allowing development

of intervention and prevention tools aimed at improving athlete care.

One strength of this study is the thorough search strategy used to identify eligible papers for this
systematic review. A total of <5400 studies were screened using a strict inclusion criterion across a
variety of full-contact football-code sports. This is the first study to systematically report the type,
incidence, prevalence and count of illnesses across these sports. Previous research has used non-

systematic methods " '

, which may have increased the risk of study selection bias. Within this
systematic review, risk of bias was low to moderate for all included studies (supplementary material 6).
One limitation is the lack of comparison between study findings. Due to the lack of consistency in
illness reporting measures, statistical analysis could not take place as results could not be pooled.
Consensus on illness reporting methodology for full-contact football-code sports and in research

settings would allow for greater comparison between studies, and further improve the understanding on

12



the impact of illness in these sports. Sport-specific data, that identifies body systems with increased
illness frequency, can help support physicians and practitioners, allowing them to focus on the most

common illnesses reported within these athletes.

Conclusion

Illness affecting the respiratory system is a common issue across American football, Australian rules
football, rugby league, rugby sevens and rugby union. Greater understanding of the impact of illness in
these sports is required. There is a distinct lack of consensus of illness monitoring methodology, with
participant and study characteristics poorly reported across these sports. High-quality illness
surveillance and data collection is an essential component to undertake effective and targeted illness
prevention in athletes. Consistent collection and reporting of illness data would allow practitioners and
medical staff to better support athletes during illness episodes and provide greater understanding of the

impact of illness.

Practical Implications

o In line with illness monitoring across other sports, illness affecting the respiratory system is a
common issue in full-contact football-code sports. Athletes, practitioners and medical support
staff should focus on prevention and management of respiratory system illnesses which may
impact players across the full playing season

e A distinct lack of consensus on illness monitoring methodology is present across full-contact
football-code sports. High-quality illness surveillance and data collection is an essential
component to undertake effective and targeted illness prevention in athletes

e Given the differences in methodology and reporting of illness across full-contact football-code
sports, governing bodies and expert consensus groups should provide clarity and consensus on

data collection to ensure improved illness prevention and athlete care can be provided
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Figure 1 Flow chart of selection process of eligible studies for qualitative synthesis
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