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SARS‑CoV‑2 transmission 
during an indoor professional 
sporting event
Johannes Pauser1,5, Chantal Schwarz2,5, James Morgan3, Jonathan Jantsch2,5 & 
Matthias Brem1,4,5*

Sporting events with spectators can present a risk during the COVID-19 pandemic of 
becoming potential superspreader events that can result in mass-infection amongst participants—
both sportspeople and spectators alike. In order to prevent disease transmission, many professional 
sporting bodies have implemented detailed hygiene regulations. This report analyzes SARS-CoV-2 
transmission during a professional sports event (2nd division professional basketball in Germany). 
Whilst social distancing in this context is not always possible, the rate of infection was significantly 
reduced by wearing face masks that cover the mouth and nose. There was no infection amongst 
individuals who continuously wore medical particle filter masks (Category KN95/FFP2 or higher) 
during this sporting event.

Sporting events could represent so-called “superspreader events” and could be instrumental in fueling the cur-
rent COVID-19 pandemic1. Therefore, soon after the emergence of SARS-CoV-2 pandemic, public and private 
team sport events as we knew them were prohibited in order to curtail further dissemination of SARS-CoV-2. 
Numerous sports associations, such as the German Football Association (DFB) and the Deutsche Fußballliga 
(DFL)2 as well as the Basketball Bundesliga (German Basketball League)3, have issued hygiene guidelines and 
excluded the public from these events. These measures allowed professional sports to continue to be played.

SARS-CoV-2 can be transmitted via contact and droplets4,5. In addition, the airborne route of transmission 
of SARS-CoV-2 is now appreciated to play an key role in the spread of SARS-CoV-25–8. In contrast to outdoor 
sports events9, indoor sports, however, could play a very significant risk for the spread of SARS-CoV-2, especially 
if ventilation is inadequate. For instance, a recent study demonstrates that exchange rates and air flow within an 
indoor environment play an important role in SARS-CoV-2 transmission5.

Intensive, physically demanding sport such as professional basketball does not allow the continuous use 
of face masks. In contrast to players actively engaged in the game, individuals not directly participating in the 
sporting activity are able to wear face masks.

Here, we report on a SARS-CoV-2 spreading event during a professional indoor sport activity. In this setting, 
we assessed the contribution of face masks in preventing SARS-CoV-2 transmission retrospectively.

Methods
This study was approved by the Regensburg University Ethics Committee (20-2144-101). In this project, we 
retrospectively analyzed an outbreak that occurred during a professional sport event retrospectively. All players, 
coaches and other persons present at the sporting event were approached and asked whether they are willing 
to provide the data necessary for the evaluation. The event took place in a sports facility that could potentially 
accommodate up to 1540 spectators. Data on exchange rates of air and air flow were not available. Excluding 
the athletes on the playing field, all other people present at the event were asked to stay at least 1.5 m apart from 
other people. In total 69 persons were present at the event (21 players and 48 staff/ assistants). 88% (61 out of 69) 
gave their written consent to participate in the study. All research was performed in accordance with relevant 
national regulations and in accordance with the Declaration of Helsinki. Informed consent was obtained from 
all participants. Pseudoanonymization of participants was carried out and the participants of the study were 
questioned with regard to age, gender, previous illnesses, protective measures taken, exposure time, clinical 
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symptoms and data, as well as laboratory parameters (where available), and the course of the disease. Statistical 
analysis was performed using GraphPad Prism v6.

Results
Prior to a sporting event taking place without spectators in November 2020 a risk assessment of contact to SARS-
CoV-2 and an evaluation of symptoms amongst participants was carried out—conforming with the standard 
hygiene concept implemented at that time by the 2nd division of the German professional club basketball (2. Bas-
ketball Bundesliga) that did not include PCR-testing to detect SARS-CoV-2 amongst asymptomatic individuals10. 
Immediately prior to the beginning of the sport event, all participants were asked about symptoms and tempera-
ture was measured. No participant had a raised temperature or reported symptoms associated with COVID-19. 
The indoor hall was empty prior to the start of the sport event.

After the event, a player of team B reported that he developed nonspecific symptoms of a respiratory tract 
infection. This participant tested positive for SARS-CoV-2. Subsequently, respiratory PCR testing for SARS-
CoV-2 was performed in approximately 90% of the participants. SARS-CoV-2 was detected in 65% of the tested 
participants at a median of 4.00 days (interquartile range: 3.00–6.75 days) after the sporting event. Positively 
tested participants developed symptoms 4.00 days (median, interquartile range: 3.00–5.00 days) after the sporting 
event. There was no significant difference between both participating teams and other participants respectively 
concerning the commencement of symptoms (Table 1). Three participants suffered a severe infection and were 
hospitalized.

The health and safety/hygiene concept implemented by the 2. Basketball Bundesliga involves dividing the 
basketball stadium into three zones10. Zone 1 is the basketball court including a three-metre security area sur-
rounding the entire court. The players, coaches, team staff, team doctors, and referees are allowed in this area. 
Zone 2 is designated for referee staff, journalists, emergency services and security staff whilst Zone 3 is intended 
for spectators (Fig. 1).

26 out of the 36 SARS-CoV-2 positive participants were in zone 1 where the game took place. 3 of the 26 
SARS-CoV2-infected participants in zone 1 wore masks continuously. Amongst those who did not wear a medi-
cal face mask during the entire event and did not become infected despite being in Zone 1 was a participant who 
had already previously suffered a documented SARS-CoV-2 infection, and therefore could be assumed to have 
immunity to the disease. In comparison, wearing a face mask (medical face mask (community masks and/or 
surgical masks) or particle filter masks (FFP2, FFP3 or KN95)) reduced the risk of SARS-CoV-2-transmission 
from 83 to 46% amongst all participants who were tested for SARS-CoV-2. The difference in the proportion of 
individuals wearing a face mask and participants not using a face mask who were not tested SARS-CoV-2 posi-
tive is very significant (Table 2, two-tailed Fisher’s exact test, p = 0.0055). Of utmost importance, our data also 
indicate that wearing masks does not provide 100% protection. However, four individuals who continuously wore 
a medical particle filter mask (category KN95, FFP2 or FFP3) throughout the game showed no evidence of 
infection despite these participants being in Zone 1 during the sporting event. In the group of participants who 
wore community and/or surgical masks physical distancing did not result in any further reduction in the rate of 
disease transmission. Transmission occurred amongst 60% of participants wearing community and/or surgical 
face masks in Zone 1, 55% in Zone 2, and 50% in Zone 3 (Table 3). 

Discussion
This report shows that transmission of SARS-CoV-2 can occur during indoor sporting events despite the imple-
mentation of a hygiene concept, in particular in the absence of PCR testing for SARS-CoV-2 for all asymptomatic 
participants prior to events taking place. There was no in-depth laboratory analysis of SARS-CoV-2 in November 
2020 (with respect to the precise SARS-CoV-2 virus type involved) during which time this event took place. At 
the time this report was written, there were no further laboratory samples available from the respective infections 
suffered at this event, therefore a further retrospective molecular analysis was not possible.

Our data clearly support the notion that wearing facial masks reduced the rate of infection11. Surprisingly, in 
our retrospective study we did not detect a difference in transmission in persons that were allocated to stay in 
zone 1, 2 or 3. However, since contact time and time spent in the respective zone was not monitored continu-
ously this does not allow to conclude that distancing is useless. There is strong evidence that distancing helps 
to contain spreading of SARS-CoV-212–14. Of utmost interest, however, participants who continuously wore a 
particle filter masks (category KN95/ FFP2 or higher) were fully protected. This strongly suggests that appropriate 
protective equipment is able to prevent SARS-CoV-2 transmission and that particle filter masks are especially 
useful in this regard.

As it is not possible to wear medical face masks whilst undertaking an intensive, physically demanding sport 
such as professional basketball, it is likely that infection resulted from airborne transmission of SARS-CoV-2 

Table 1.   Appearance of COVID-19-symptoms after the sport event. A Kruskal–Wallis-Test did not indicate 
any significant difference between the groups.

Group Median (in days) Interquartile range (in days)

Team A 3.00 2.00–4.00

Team B 2.00 0.25–4.50

Other participants 4.00 3.00–6.00
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and played a major role in participants contracting SARS-CoV-2 within the basketball stadium during the 
match. These findings correspond with other reports which have observed the transmission of SARS-CoV-2 
during rigorous physical activity15–17 in particular indoor activities18,19. Interestingly, a recent study carried 
out in the sport of rugby—which is not played indoors—has shown that there appears to be no risk of SARS-
CoV-2 transmission20. Nonetheless, experience gained during the UEFA EURO 2020 event clearly shows that 
the behavior of spectators can critically contribute to SARS-CoV-2 transmission rates during outdoor sport 
events in general, especially in scenarios where many spectators are present12. Overall, the infection risks of 
carrying out sporting events indoors and outdoors with respect to transmission of SARS-CoV-2 have not been 
finally established yet. However, it appears likely that the risk of SARS-CoV-2 transmission in an indoor sport-
ing environment is higher.

Since asymptomatic people substantially contribute to the spread of SARS-CoV-221, testing of active par-
ticipants prior to the sport event may be a suitable measure to reduce the risk of SARS-CoV-2 transmission. 
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Figure 1.   Sports facility and its zones according to the health and safety/hygiene concept implemented by the 
2. Basketball Bundesliga (not true to scale).

Table 2.   Contingency table on the impact of masksa on SARS-CoV-2 transmission. a Medical face masks 
(community masks and/or surgical masks) or particle filter masks (FFP2, FFP3, KN95).

Group Neg SARS-CoV-2 Pos SARS-CoV-2

Mask 14 12

No mask 5 24

Table 3.   Impact of physical distancing on SARS-CoV-2 transmission in the group of participants using 
medical face masks (community masks and/or surgical masks).

Group Pos SARS-CoV-2 Neg SARS-CoV-2

Zone 1 3 (60%) 2 (40%)

Zone 2 6 (55%) 5 (45%)

Zone 3 3 (50%) 3 (50%)
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This testing strategy may also include vaccinated participants, since vaccination does not necessarily prevent 
infection and dissemination of SARS-CoV-2 infection under all circumstances22,23. Antigen tests seem not to 
be sufficient to identify all potentially SARS-CoV-2 positive sport participants24. Consequently, in the future 
it appears to be important to carry out PCR tests for detecting possible asymptomatic SARS-CoV-2 infections 
amongst actively participating players especially prior to indoor sporting events in order to prevent the mass 
transmission of this disease.
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