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ABSTRACT
Objectives To examine the interactions between SARS- 
CoV-2 positive players and other players during rugby 
league matches and determine within- match SARS- 
CoV-2 transmission risk.
Methods Four Super League matches in which SARS- 
CoV-2 positive players were subsequently found to have 
participated were analysed. Players were identified as 
increased- risk contacts, and player interactions and 
proximities were analysed by video footage and global 
positioning system (GPS) data. The primary outcome was 
new positive cases of SARS- CoV-2 within 14 days of 
the match in increased- risk contacts and other players 
participating in the matches.
Results Out of 136 total players, there were 8 SARS- 
CoV-2 positive players, 28 players identified as increased- 
risk contacts and 100 other players in the matches. 
Increased- risk contacts and other players were involved 
in 11.4±9.0 (maximum 32) and 4.0±5.2 (maximum 
23) tackles, respectively. From GPS data, increased- risk 
contacts and other players were within 2 m of SARS- 
CoV-2 positive players on 10.4±18.0 (maximum 88) 
and 12.5±20.7 (maximum 121) occasions, totalling 
65.7±137.7 (maximum 689) and 89.5±169.4 (maximum 
1003) s, respectively. Within 14 days of the match, one 
increased- risk contact and five players returned positive 
SARS- CoV-2 reverse transcriptase PCR (RT- PCR) tests, 
and 27 increased- risk contacts and 95 other participants 
returned negative SARS- CoV-2 RT- PCR tests. Positive 
cases were most likely traced to social interactions, car 
sharing and wider community transmission and not 
linked to in- match transmission.
Conclusion Despite tackle involvements and close 
proximity interactions with SARS- CoV-2 positive players, 
in- match SARS- CoV-2 transmission was not confirmed. 
While larger datasets are needed, these findings suggest 
rugby presents a lower risk of viral transmission than 
previously predicted.

INTRODUCTION
The COVID-19 pandemic caused team sports 
around the world to be postponed.1 COVID-19 
is caused by SARS- CoV-22 and transmitted from 
human- to- human by multiple means (ie, respiratory 
droplets, aerosols and fomites).3 4 Even without 
considering the risk of crowds,5 the close proximity 
of participants and increased respiration rate due to 
the demands of exercise6 poses a potential risk for 
human- to- human transmission during team sports.

The implementation of ‘Test and Trace’ 
programmes reduces the risk of wider community 

spread.7 If a participant of a team sport tests posi-
tive for SARS- CoV-2, close contacts with a high risk 
of exposure should isolate for 10–14 days.8 9 The 
mental, physical, economic and societal impact of 
a 10–14 day isolation period should not be under-
estimated.10–12 Therefore, contact tracing should be 
precise to limit the potential adverse effects of unnec-
essary isolation. The return of community sport 
requires protocols regarding who needs to isolate 
should a participant test positive for SARS- CoV-2. 
While the development of these protocols should 
aim to minimise community transmission, limited 
data are available from the sports community to 
formulate evidence- based recommendations.

Rugby league includes repeated contacts (eg, 
tackles)13 and close proximity interactions between 
players, similar to other rugby and football codes.14 
The repeated close contact interactions between 
participants during a match represent theoretical 
opportunities for transmission of SARS- CoV-2, via 
droplets, aerosols and fomites.3

Super League restarted with a number of risk 
mitigation factors implemented.15 These included 
rule modifications (eg, removal of scrum), routine 
weekly reverse transcriptase PCR (RT- PCR) 
screening for the presence of SARS- CoV-2,16 daily 
self- reporting of potential COVID-19 symptoms 
and other policies relating to the biosafety of 
training and match venues.17

Since the start of the Super League, a number 
of players have tested positive for SARS- CoV-2 
following a match. Consequently, ‘Increased- risk 
contacts’ have been identified using predetermined 
criteria.15 Thus, rugby league provides an opportu-
nity to understand the risk of SARS- CoV-2 transmis-
sion that may help to inform test and trace activities 
in rugby and possibly other outdoor contact sports. 
This study aims to: (1) evaluate the interactions of 
players who tested positive for SARS- CoV-2 with 
other players and (2) determine within- match 
SARS- CoV-2 transmission risk by examining the 
testing and monitoring of identified close contacts.

METHODS
Study overview and ethics
Rugby league matches returned on the 2 August 
2020 following the COVID-19 enforced shutdown. 
Participants were male professional rugby league 
players. Thirty- six matches were played during 
this observational period (1 July (start of RT- PCR 
screening) to 4 October 2020). Each match directly 
involves 34 players (17 on each team; 13 starting 
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and 4 as interchange), one on- field match official and two touch 
judges. All participants were within a ≤7 day RT- PCR screening 
cycle and returned a negative test within the 7 days prior to the 
match. Players subsequently testing positive for SARS- CoV-2 
were deemed at risk of shedding infectious virus during a match 
when the symptom onset or the test occurred within 48 hours 
of a match.

Identification of COVID-19 positive players
Players undertook weekly SARS- CoV-2 RT- PCR testing and 
daily COVID-19 symptom monitoring. Swabs were taken from 
the nasopharynx and oropharynx by trained healthcare profes-
sionals and RT- PCR conducted by nationally accredited labora-
tories. Target genes were N, S and ORF1ab. If a player returned 
a positive test, their respective cycle threshold (Ct) values (where 
available) for each gene (N, S and ORF1ab), and clinical presen-
tations were reviewed by an independent consultant virologist 
to ensure this was a ‘true positive’. Players’ symptoms were 
monitored by their team physician. The monitoring covered all 
typical COVID-19 symptoms (eg, cough, fever, smell and taste 
disturbances and difficulties in breathing).18

Identification of increased-risk contacts
If a player returned a positive SARS- CoV-2 screening test or 
developed symptoms consistent with COVID-19 within 48 
hours of a match and had a subsequent positive SARS- CoV-2 
test, it was presumed the player was potentially shedding 
infectious virus during the match19 and increased- risk contacts 
were then identified.15 This included players on the same and 
opposing team.

Increased- risk contacts were defined based on definitions 
agreed on by experts in public health and sports medicine.15 
Between kick- off and full time, any player from the match who 
was within 1 m, face to face for ≥3 s was deemed an increased- 
risk contact and consequently required to isolate for 14 days in 
accordance with Public Health England guidance at that time. 
This definition was used as other broader public health defi-
nitions (eg,<2 m for >15 min,20) were not deemed to capture 
the face- to- face and fleeting encounters that occur during team 
contact and collision sports.

Match statistics for SARS- CoV-2 positive players (tackle 
involvements, as either a ball carrier (ie, attacker) or tackler 
(ie, defender)) were provided by a commercial match statis-
tics provider (Opta, Leeds, UK) who analysed the match video 
footage. Video footage of the match was then analysed by an 
experienced performance analyst to identify tackles involving 
SARS- CoV-2 positive players. Tackles and ball carries were 
reviewed numerous times in slow motion to determine which 
tackles involved a <1 m, face- to- face interaction for ≥3 s 
with another player. Any interactions that were thought to be 
‘possible’ increased- risk contacts were included. Clips were then 
reviewed by a second reviewer (BJ) to confirm or reject the 
identified increased- risk contacts. A number of increased- risk 
contacts were rejected, but both reviewers discussed until agree-
ment was reached on the classification of each interaction.

Identification of tackle involvements and player proximity
To determine the total number of tackle involvements (ie, in 
addition and inclusive of increased- risk contact tackles), a matrix 
was produced using the match statistics to determine how many 
times SARS- CoV-2 positive players were involved in tackles with 
other players (opposition and same team, as some tackles involve 
more than one defender).

Super League operates a league- wide microtechnology 
project, whereby all teams are supplied with the same devices 
(Optimeye S5, Catapult Sports, Melbourne, Australia).21 When 
both teams wore microtechnology devices (matches 1, 3 and 
4), raw longitude and latitude global positioning system (GPS) 
data were analysed to determine the number of occasions and 
the duration of time SARS- CoV-2 positive players were ≤2 m of 
other players.22 Different dwell times (ie, duration of encoun-
ters: 1, 3, 5, 7, 10, 15, 20 and 30 s, respectively) were used 
to calculate the number of occasions and the duration of time 
within ≤2 m and to establish the nature of these interactions. 
The validity of the GPS for determining player proximity inter-
action is ±1 m.22 One team did not wear their microtechnology 
units during match play, thus player proximity for that team was 
not determined for match 2.

RESULTS
Of the 36 rugby league matches, there were four matches in 
which eight players (CoV1–CoV8) from four teams subsequently 
tested positive for SARS- CoV-2 either during routine RT- PCR 
screening or following the development of symptoms within 48 
hours of a match. Consequently, contact tracing was carried out 
on four Super League matches, identifying 28 players (C1–C28) 
as increased- risk contacts that were required to isolate for 14 
days from exposure. Positive cases and identified increased- risk 
contacts varied: 5 positive cases and 12 increased- risk contacts 
(match 1), 1 positive case and 3 increased- risk contacts (match 
2), 1 positive case and 9 increased- risk contacts (match 3), and 1 
positive case and 4 increased- risk contacts (match 4).

SARS-CoV-2 positive player test characteristics and symptoms
The positive RT- PCR test characteristics (where available) and 
the timing of development of symptoms in relation to the match 
are shown in figure 1. Players developed COVID-19 symptoms 
prior to (reported to the team physician; n=2; CoV6 and CoV8), 
on the day of (n=3; CoV4, CoV5 and CoV7) or following (n=2; 
CoV1 and CoV3) their positive SARS- CoV-2 RT- PCR test. One 
player did not develop COVID-19 symptoms (CoV2). All Ct 
values collected were <30 consistent with a higher viral load 
and risk of transmission.

Interaction between SARS-CoV-2 positive players and other 
players during a match
The SARS- CoV-2 positive players (CoV1–CoV8) and their 
interactions with other players during the match are shown in 
figures 2 and 3.

Identified increased- risk contact tackles (ie, <1 m, face to face 
for ≥3 s) were observed between CoV1 and C1, C6, C9 and 
C12 (match 1); CoV2 and C2 (match 1); CoV3 and C6 and C8 
(match 1); CoV4 and C4 and C11 (match 1); CoV5 and C3–C5, 
C7, C10 and C11 (match 1); CoV6 and C13–C15 (match 2); 
CoV7 and C16–C24 (match 3); and CoV8 and C25–C28 (match 
4). No player had multiple increased- risk contact tackles with 
the same player.

Based on the match statistics, increased- risk contacts (C1–
C28) and other players were involved in 11.4±9.0 (range 0–32) 
and 4.0±5.2 (range 0–23) tackles with SARS- CoV-2 positive 
players, respectively (figures 2A and 3A,B,E). Based on the GPS 
data analysis, increased- risk contacts (C1–C28) and other players 
were within 2 m for ≥3 s with SARS- CoV-2 positive players on 
10.4±18.0 (range 0–88) and 12.5±20.7 (range 0–121) occasions 
(figures 2C and 3D,G). These interactions within 2 m for ≥3 s 
with SARS- CoV-2 positive players totalled 65.7±137.7 (range 
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0–689) s for increased- risk contacts (C1–C28) and 89.5±169.4 
(range 0–1003) s for other players (figures 2B and 3C,F).

Figure 4A,B shows the cumulative duration of time and 
number interactions between SARS- CoV-2 players (CoV1–
CoV5, CoV7–CoV8) and identified increased- risk contacts 
(C1–12, C16–C20, C22, C24–C28), for different dwell times 
(1, 3, 5, 7, 10, 15, 20 and 30 s, respectively), based on the GPS 
data analysis. Interactions were typically <5 s. Sixty- three per 
cent of all interactions were <3 s. CoV1, CoV2, CoV3, CoV7 
and CoV8 all had an interaction with an increased- risk contact 
for ≥20 s (figure 4B).

Testing and symptom monitoring of increased-risk contacts
During the 14- day isolation period, increased- risk contacts 
completed their normal daily self- report screen of potential 
COVID-19 symptoms and had one to four SARS- CoV-2 RT- PCR 
tests. Increased- risk contacts also had SARS- CoV-2 RT- PCR tests 
on day 16 or 17 (figure 5).

During this period of observation, C1 tested positive for 
SARS- CoV-2 on day 6 of isolation, whereas all other increased- 
risk contacts (C2–C28) returned negative SARS- CoV-2 RT- PCR 
tests. Out of the other 100 players participating in the matches 
with SARS- CoV-2 positive players, 5 players returned positive 
SARS- CoV-2 RT- PCR screening results and 95 players returned 
negative SARS- CoV-2 RT- PCR screening results over the 14 days 
following the matches (table 1).

All new cases of SARS- CoV-2 were closely reviewed to assess 
the potential transmission routes. SARS- CoV-2 positive cases 
for C1 and P10 (match 1) were part of a larger COVID-19 
‘outbreak’ in the club in which 12 individuals (nine players 
and three staff) tested positive for SARS- CoV-2 within 5 days 
of match 1. Five of the nine players did not participate in the 
match. Players C1 and P10 both reported close contacts outside 
of training and match 1, including car sharing and social inter-
actions with SARS- CoV-2 positive players within the club envi-
ronment (table 1). C1 had the greatest duration and number of 
close proximity interactions with SARS- CoV-2 positive players 
during the match in comparison with other identified contacts, 
whereas P10 was involved in only one tackle with a SARS- CoV-2 
positive player (CoV1) during the match (figure 2A). For player 
C1, while match transmission cannot be completely excluded, 
details of non- match interactions suggests transmission was not 
related to rugby activities.

P10 and P15 (match 2) were also considered to be part of a 
COVID-19 outbreak within their club environment (table 1). In 
total, six players (three players did not play in match 2) tested 
positive for SARS- CoV-2 at this club within 5 days of match 2. 
P29 (match 2) was considered to be wider community trans-
mission, due to the reporting of a community close contact 
(ie, social interaction with an individual who tested positive 
for SARS- CoV-2). P29 also returned a negative SARS- CoV-2 
RT- PCR screening test between match 2 and returning a positive 

Figure 1 Time course of positive test, test characteristics and development of symptoms for SARS- CoV-2 positive players. *CoV2 did not develop 
symptoms. Positive SARS- CoV-2 RT- PCR screening depicted on day of test, not day of result. RT- PCR, reverse transcriptase PCR.

Figure 2 Number of tackle involvements and close proximity (<2 m) interactions identified in increased- risk contacts and other players with SARS- 
CoV-2 positive players during rugby League match 1.
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SARS- CoV-2 RT- PCR screening test. P17 (match 3) provided 
no clear explanation for transmission, although lived in an area 
of high COVID-19 prevalence, and thus was considered to be 
linked to wider community transmission.

DISCUSSION
Professional and community team sports have returned during 
the COVID-19 pandemic, although transmission during these 
activities is relatively unknown. For the first time, this study 
presents detailed player- to- player interactions through video 
analysis and GPS data of eight players who participated in rugby 

league matches while infectious with SARS- CoV-2. Twenty- eight 
players were identified as increased- risk contacts due to their 
interactions with SARS- CoV-2 positive players and were required 
to isolate. Players identified as increased- risk contacts were 
involved in 11.4±9.0 (range 0–32) tackles and were within 2 m 
of SARS- CoV-2 positive players for 65.7±137.7 (range 0–689) s. 
Twenty- seven identified increased- risk contacts returned nega-
tive, and one identified increased- risk contact returned a positive 
RT- PCR SARS- CoV-2 test during their isolation period. Of the 
other 100 players involved in the matches, in the following 14 
days, five returned positive and 95 returned negative RT- PCR 

Figure 3 Number of tackle involvements and close proximity (<2 m) interactions identified in increased- risk contacts and other players with SARS- 
CoV-2 positive players during rugby league matches 2, 3 and 4. GPS, global positioning system.

Figure 4 Duration (A) and number (B) of close proximity (<2 m) interactions between SARS- CoV-2 positive players and identified increased- risk 
contacts, for various durations of time. *C21 and C23 had a GPS unit error; therefore, data are not included. GPS, global positioning system.
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SARS- CoV-2 tests during their routine screening. All positive 
RT- PCR SARS- CoV-2 tests (both in identified increased- risk 
contacts and other players) were deemed to be due to internal 

club COVID-19 outbreaks, social interactions and wider commu-
nity transmission and not linked to in- match transmission. 
Despite the frequent interactions between SARS- CoV-2 positive 
players and other players, these data suggest that SARS- CoV-2 
transmission is limited during rugby league matches.

Identified increased-risk contacts
The one identified increased- risk contact (C1) who tested posi-
tive for SARS- CoV-2 was likely exposed to the virus within 
the club environment as opposed to the match. This player 
reported a close contact non- rugby interaction with one of the 
SARS- CoV-2 positive players from the match, which took place 
the day after the match (table 1). Furthermore, other players who 
did not play in the match and staff from the same club also tested 
positive at the same time. The transmission appears beyond the 
field- based training activity, since staff members also tested 
positive for SARS- CoV-2. During the match, C1 was involved 
in 30 tackles and accumulated a high duration of close prox-
imity (689 s) with all SARS- CoV-2 positive players during match 
1 (table 1, figure 2B). In the same match, increased- risk contact 
C3 accumulated a higher number of tackles with SARS- CoV-2 
positive players (figure 3A; 32 tackles), and another player had 
a greater duration and number of close proximity interactions 
(P9, figure 3B; 1003 s, figure 3C; 121) than C1. Both C2 and 
P9 returned negative SARS- CoV-2 tests in the 14 days following 
the match. Furthermore, C4, C6 and C11 had two increased- 
risk interactions with SARS- CoV-2 positive players (C4 with 
CoV4 and CoV5, C6 with CoV1 and CoV3, C11 with CoV4 
and CoV5). None of these players (C4, C6 and C11) tested posi-
tive for SARS- CoV-2 in the 14- day period following the match. 
This analysis therefore supports that viral transmission for C1 
was likely not from the match, although this possibility cannot 
be entirely excluded.

If the tackle was the mechanism of SARS- CoV-2 transmis-
sion for C1, other players would have also theoretically tested 
positive for SARS- CoV-2, given the accumulated high number 
of tackles with SARS- CoV-2 positive players (CoV1–CoV5) in 
match 1 (figure 3A) and individual tackles with CoV7 in match 
3 (ie, CoV7 was involved in 10–14 tackles with C18, C19, C21, 
P7, P8 and P11; figure 3A). None of these players tested positive 
for SARS- CoV-2 in the 14 days following the match. Therefore, 
there appears to be limited transmission of SARS- CoV-2 during 
a tackle, even when directly face to face, as per the increased- risk 

Figure 5 Time course of RT- PCR testing for increased- risk contacts 
following a match with SARS- CoV-2 positive players. RT- PCR, reverse 
transcriptase PCR.

Table 1 Clinical and transmission characteristics in new positive SARS- CoV-2 cases

Match Player ID

Positive SARS- CoV-2 RT- PCR 
screening test returned
(COVID-19 symptom onset)

Interactions with SARS- CoV-2 players
(ie, CoV1–CoV8)

Clinical rationale for probable transmission
Tackles
(n)

Duration of time within 2 m
(s)

Number of times 
within 2 m
(n)

1 C1 5 days after match
(4 days after match)

30
(6.0±4.0; 1–11)

689.0
(137.8±83.6; 32.7–259.9)

88
(17.6±9.5; 5–31)

Team experienced a COVID-19 outbreak resulting in a total 
of 12 individuals testing positive for SARS- CoV-2 within 
5 days of match 1. Five individuals did not participate in 
the match. Both C1 and P10 reported being a close social 
contact of other SARS- CoV-2 positive players outside of the 
match.

1 P10 4 days after match
(4 days after match)

1
(0.2±0.4; 0–1)

112.2
(44.1±27.4; 0.0–75.2)

14
(6.0±4.6; 0–13)

2 P10 5 days after match
(5 days after match)

0 – – Team experienced a COVID-19 outbreak resulting in six 
individuals testing positive for SARS- CoV-2 within 5 days of 
match 2. Three individuals did not participate in the match.2 P15 3 days after match

(no symptoms developed)
2 – –

2 P29 9 days after match
(9 days after match)

1 – – Reported a community close contact with SARS- CoV-2 
individual via social (non- sporting) interaction.

3 P17 3 days after match
(No symptoms developed)

1 3.8 1 No clear explanation. Potential community transmission 
given high prevalence in area.

Where multiple positive SARS- CoV-2 players participated within a match, interactions reported as sum of all interactions with positive SARS- CoV-2 players (mean±SD; minimum and maximum). Duration and number of 
times within 2 m of SARS- CoV-2 players (ie, CoV1–CoV8) calculated from ≥3 s interactions.
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contact tracing framework.15 The limited transmission may 
be due to the good ventilation of an outdoor environment or 
minimal ‘prolonged’ face- to- face interactions during the match.

P17 tested positive for SARS- CoV-2 following match 3, 
although was not identified as an increased- risk contact and 
was involved in only one tackle and was within 2 m for only 
3.8 s with CoV8 (figure 3B,C). The match is unlikely to be the 
cause of transmission, given the greater interactions between 
SARS- CoV-2 positive and other players who did not subse-
quently test positive within 14 days. Of note, the players not 
identified as increased- risk contacts in the match were within 2 m 
of SARS- CoV-2 positive players for more time and more often 
(89.5±169.4 vs 65.7±137.7 s and 12.5±20.7 vs 10.4±18.0 
occasions) than increased- risk contacts. Therefore, this cohort 
of players were still theoretically exposed to high transmission 
risk situations, and no within- match transmission was observed. 
A greater number of increased- risk contacts were with the 
opposing team (ie, more likely to result in a face- to- face tackle), 
whereas players on the same team were within closer proximity 
of each other.

Other observations
All match officials returned negative SARS- CoV-2 RT- PCR 
screening tests, after officiating matches with positive 
SARS- CoV-2 players. Rugby league appears to be more fleeting 
than first thought, given the limited number of tackles classified 
as increased risk during a match (4.0%±1.4% of all tackles for 
SARS- CoV-2 players). Furthermore, it appears that the ball is 
low risk to facilitate virus transmission given that SARS- CoV-2 
players frequently touched the ball.

The strategy used to identify increased- risk contacts results in 
players requiring to isolate and has implications for community 
team sport ‘Test and Trace’ policies and a player’s ability to go 
to work or school. As such, participants who exceed the interac-
tions observed in this study may be at risk of transmission, but 
based on the observations in this study, the transmission risk of 
rugby league does appear low, which may also apply to similar 
outdoor team sports.

Study limitations
This study is limited by the small sample, and increased- risk 
contact tracing and player interactions are limited to only match 
play (kick- off to full time). However, the low Ct values strongly 
supports that players were shedding infectious virus during 
match play and had a high number of human- to- human inter-
actions (confirmed by video analysis and GPS data) but without 
confirmed transmission.

Reported player interaction data during the match provides 
only a snapshot of the number of interactions that likely 
took place between SARS- CoV-2 positive players and others. 
Players on the same team as SARS- CoV-2 positive players may 
have arrived and departed on a team coach, were in changing 
rooms prematch, half- time and postmatch and took part in a 
team warm- up. Social distancing during non- rugby activity (eg, 
changing rooms and bus travel) was advised by the governing 
body, but its compliance was beyond the scope of this study. 
Nevertheless, these findings indicate limited transmission during 
matches in team sports.

Given the outbreaks observed within two clubs, an assessment 
of player interactions during rugby training activities would have 
been valuable if similar video and GPS data were available. This 
study also would have been strengthened with the application 
of genomic epidemiology to further understand and confirm 

player- to- player transmission. The limited to absent within- 
match transmission observed in this study supports that the risk 
of transmission was during rugby activities is low. Given the 
number of positive SARS- CoV-2 cases observed, it appears that 
SARS- CoV-2 transmission among players is greater from non- 
rugby activities such as social interactions and car sharing. Indoor 
activities associated with team sports (eg, gym, clubhouse and 
changing rooms), whereby airflow is lower than outdoors and 
fomite transmission is greater, may pose a greater risk than field- 
based sporting activity per se. However, these scenarios were not 
investigated and delineated in this study. Furthermore, the risks 
of virus transmission during off- field behaviours (conversations 
and socialising) warrants investigation, and general public health 
interventions (physical distancing and mask wearing) should 
remain a priority for elite and community team sports.23

Conclusion
Based on four rugby league matches, where 128 players were 
exposed to eight SARS- CoV-2 positive players, limited trans-
mission was observed during the match. Positive SARS- CoV-2 
observations were linked to internal club COVID-19 outbreaks 
or wider community close contact transmission. Furthermore, 
there was no observed transmission to match officials involved 
in the matches. Given the return of community team sports 
during the COVID-19 pandemic, determining the transmission 
risk during sports is a priority to balance potential human- to- 
human viral transmission against the wider physical and mental 
health benefits of sports participation. An accurate assessment 
of transmission risk during sport also will inform management 
recommendations for close contacts and prevent unnecessary 
isolation. These data provide reassurances that the transmis-
sion risk during a rugby match is likely to be very low. Further 
analysis of other close- contact sport settings and exploration of 
transmission risk in the training environment should be under-
taken to better understand the risk of SARS- CoV-2 transmission 
during sport.

What are the findings?

 ► Based on four Super League rugby league matches in which 
eight SARS- CoV-2 positive players were subsequently found 
to have participated, the transmission risk of SARS- CoV-2 
during outdoor team rugby appears low, despite a high 
number of close interactions.

 ► Match officials who refereed games involving SARS- CoV-2 
positive players did not test positive for SARS- CoV-2 in the 
14- day period after a match, suggesting a low risk of viral 
exposure.

How might it impact on clinical practice in the future?

 ► The classification of rugby as a ‘high risk’ sport for SARS- 
CoV-2 transmission should be re- evaluated.

 ► Within professional and community sport, contact tracing 
protocols might be adjusted to avoid the need to isolate all 
players exposed to SARS- CoV-2 during rugby.

Twitter Ben Jones @23benjones, Simon Kemp @drsimonkemp and Keith A Stokes 
@drkeithstokes

Acknowledgements The authors would like to thank all medical staff and 
COVID-19 officers in Super League clubs, the Operations and Performance staff in 
the Rugby Football League (specifically Karen Moorhouse, Sam Allen, Laura Fairbank, 

 on F
ebruary 15, 2021 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2020-103714 on 11 F
ebruary 2021. D

ow
nloaded from

 

https://twitter.com/23benjones
https://twitter.com/drsimonkemp
https://twitter.com/drkeithstokes
http://bjsm.bmj.com/


7Jones B, et al. Br J Sports Med 2021;0:1–7. doi:10.1136/bjsports-2020-103714

Original research

Suzanne James, Barry Frost, Nick Dalton- Barron) and Gordon Rennie (Catapult 
Sports) for supporting the data management and organisation of the study.

Contributors BJ and GP conceptualised the research project. BJ, GP, SK, MC and 
KAS conceptualised the study. BH and BJ were responsible for data analysis and 
interpretation of the results. BJ drafted the manuscript. GP, SK, BP, BH, MC and KAS 
provided initial reviews and editing of the manuscript. All authors critically reviewed 
and edited the manuscript prior to submission.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests BJ and GP are employed in a consultancy capacity by the 
Rugby Football League. KAS and SK are employed by the Rugby Football Union. MC 
is employed by Premiership Rugby. BH is employed by Catapult Sports.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This project was approved by Leeds Beckett University, Local 
Ethics Committee (73648).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information. All data are presented in the 
manuscript.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

ORCID iDs
Ben Jones http:// orcid. org/ 0000- 0002- 4274- 6236
Simon Kemp http:// orcid. org/ 0000- 0002- 3250- 2713
Keith A Stokes http:// orcid. org/ 0000- 0002- 5049- 2838

REFERENCES
 1 Stokes KA, Jones B, Bennett M, et al. Returning to play after prolonged training 

restrictions in professional collision sports. Int J Sports Med 2020;41:895-911.
 2 Gorbalenya AE, Baker SC, Baric RS. Severe acute respiratory syndrome- related 

coronavirus: the species and its viruses – a statement of the coronavirus Study Group. 
bioRxiv 2020.

 3 Jayaweera M, Perera H, Gunawardana B, et al. Transmission of COVID-19 virus by 
droplets and aerosols: a critical review on the unresolved dichotomy. Environ Res 
2020;188:109819.

 4 Wang J, Du G. COVID-19 may transmit through aerosol. Ir J Med Sci 2020:1–2.
 5 Rashid H, Haworth E, Shafi S, et al. Pandemic influenza: mass gatherings and mass 

infection. Lancet Infect Dis 2008;8:526–7.

 6 Bishop DJ, Girard O. Determinants of team- sport performance: implications for 
altitude training by team- sport athletes. Br J Sports Med 2013;47 Suppl 1:i17–21.

 7 Kucharski AJ, Klepac P, Conlan AJK, et al. Effectiveness of isolation, testing, contact 
tracing, and physical distancing on reducing transmission of SARS- CoV-2 in different 
settings: a mathematical modelling study. Lancet Infect Dis 2020;20:1151–60.

 8 Kretzschmar ME, Rozhnova G, Bootsma MCJ, et al. Impact of delays on effectiveness 
of contact tracing strategies for COVID-19: a modelling study. Lancet Public Health 
2020;5:e452–9.

 9 Lauer SA, Grantz KH, Bi Q, et al. The incubation period of coronavirus disease 2019 
(COVID-19) from publicly reported confirmed cases: estimation and application. Ann 
Intern Med 2020;172:577–82.

 10 Brooks SK, Webster RK, Smith LE, et al. The psychological impact of quarantine and 
how to reduce it: rapid review of the evidence. Lancet 2020;395:912–20.

 11 Mattioli AV, Ballerini Puviani M, Nasi M, et al. COVID-19 pandemic: the effects of 
quarantine on cardiovascular risk. Eur J Clin Nutr 2020;74:852–5.

 12 Nicola M, Alsafi Z, Sohrabi C, et al. The socio- economic implications of the coronavirus 
pandemic (COVID-19): a review. Int J Surg 2020;78:185–93.

 13 Naughton M, Jones B, Hendricks S, et al. Quantifying the collision dose in rugby 
League: a systematic review, meta- analysis, and critical analysis. Sports Med - Open 
2020;6.

 14 Whitehead S, Till K, Weaving D, et al. The use of Microtechnology to quantify 
the peak match demands of the football codes: a systematic review. Sports Med 
2018;48:2549–75.

 15 Jones B, Phillips G, Kemp S, et al. A Team Sport Risk Exposure Framework to Support 
the Return to Sport BJSM blog – social media’s leading SEM voice, 2020. Available: 
https:// blogs. bmj. com/ bjsm/ 2020/ 07/ 01/ a- team- sport- risk- exposure- framework- to- 
support- the- return- to- sport/ [Accessed 9 Sep 2020].

 16 Udugama B, Kadhiresan P, Kozlowski HN, et al. Diagnosing COVID-19: the disease 
and tools for detection. ACS Nano 2020;14:3822–35.

 17 Meyer T, Mack D, Donde K. Successful return to professional men’s football (soccer) 
competition after the COVID-19 shutdown: a cohort study in the German Bundesliga. 
Br J Sports Med 2020.

 18 Grant MC, Geoghegan L, Arbyn M, et al. The prevalence of symptoms in 24,410 adults 
infected by the novel coronavirus (SARS- CoV-2; COVID-19): a systematic review and 
meta- analysis of 148 studies from 9 countries. PLoS One 2020;15:e0234765.

 19 Cheng H- Y, Jian S- W, Liu D- P. High transmissibility of COVID-19 near symptom onset. 
Infectious Diseases 2020.

 20 Coronavirus (COVID-19): What is social distancing? - Public health matters. Available: 
https:// publichealthmatters. blog. gov. uk/ 2020/ 03/ 04/ coronavirus- covid- 19- what- is- 
social- distancing/ [Accessed 23 Oct 2020].

 21 Dalton- Barron N, Palczewska A, McLaren SJ, et al. A league- wide investigation into 
variability of rugby League match running from 322 super League games. Sci Med 
Footb 2020:1–9.

 22 Catapult proximity project: Incursion validation trials. Available: http:// proximity- 
validation. catapultsports. com. s3- website- eu- west- 1. amazonaws. com/ [Accessed 3 
Oct 2020].

 23 McKenna J, Backhouse S, Phillips G, et al. Changing player behaviour in sport during 
the COVID-19 pandemic: shake on it? S. Afr. j. sports med 2020;32:1–2.

 on F
ebruary 15, 2021 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2020-103714 on 11 F
ebruary 2021. D

ow
nloaded from

 

http://orcid.org/0000-0002-4274-6236
http://orcid.org/0000-0002-3250-2713
http://orcid.org/0000-0002-5049-2838
http://dx.doi.org/10.1055/a-1180-3692
http://dx.doi.org/10.1101/2020.02.07.937862
http://dx.doi.org/10.1016/j.envres.2020.109819
http://dx.doi.org/10.1007/s11845-020-02218-2
http://dx.doi.org/10.1016/S1473-3099(08)70186-5
http://dx.doi.org/10.1136/bjsports-2013-092950
http://dx.doi.org/10.1016/S1473-3099(20)30457-6
http://dx.doi.org/10.1016/S2468-2667(20)30157-2
http://dx.doi.org/10.7326/M20-0504
http://dx.doi.org/10.7326/M20-0504
http://dx.doi.org/10.1016/S0140-6736(20)30460-8
http://dx.doi.org/10.1038/s41430-020-0646-z
http://dx.doi.org/10.1016/j.ijsu.2020.04.018
http://dx.doi.org/10.1186/s40798-019-0233-9
http://dx.doi.org/10.1007/s40279-018-0965-6
https://blogs.bmj.com/bjsm/2020/07/01/a-team-sport-risk-exposure-framework-to-support-the-return-to-sport/
https://blogs.bmj.com/bjsm/2020/07/01/a-team-sport-risk-exposure-framework-to-support-the-return-to-sport/
http://dx.doi.org/10.1021/acsnano.0c02624
http://dx.doi.org/10.1136/bjsports-2020-103150
http://dx.doi.org/10.1371/journal.pone.0234765
http://dx.doi.org/10.1101/2020.03.18.20034561
https://publichealthmatters.blog.gov.uk/2020/03/04/coronavirus-covid-19-what-is-social-distancing/
https://publichealthmatters.blog.gov.uk/2020/03/04/coronavirus-covid-19-what-is-social-distancing/
http://dx.doi.org/10.1080/24733938.2020.1844907
http://dx.doi.org/10.1080/24733938.2020.1844907
http://proximity-validation.catapultsports.com.s3-website-eu-west-1.amazonaws.com/
http://proximity-validation.catapultsports.com.s3-website-eu-west-1.amazonaws.com/
http://dx.doi.org/10.17159/2078-516X/2020/v32i1a8967
http://bjsm.bmj.com/

	SARS-CoV-2 transmission during rugby league matches: do players become infected after participating with SARS-CoV-2 positive players?
	Abstract
	Introduction
	Methods
	Study overview and ethics
	Identification of COVID-19 positive players
	Identification of increased-risk contacts
	Identification of tackle involvements and player proximity

	Results
	SARS-CoV-2 positive player test characteristics and symptoms
	Interaction between SARS-CoV-2 positive players and other players during a match
	Testing and symptom monitoring of increased-risk contacts

	Discussion
	Identified increased-risk contacts
	Other observations
	Study limitations
	Conclusion

	References


