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ABSTRACT

Background: Organization of mass sport events in the COVID-19 era is utterly complicated. Containments
measures, required to avoid a virus outbreak, force athletes to compete under circumstances they never
experienced before, most likely having a deleterious effect on their performance. Purpose: We aimed to
design a so-called athlete-friendly bubble system for the International Swimming League 2020 event, which
is strict enough to avoid a COVID-19 outbreak, but still provides a supportive environment for the athletes.
Methods: To avoid the feeling of imprisonment, athletes were permitted to spend a certain amount of time
in the parks surrounding the hotels. Such alleviations were possible to apply with strict adherence to the
hygienic and social distancing protocols and regular COVID-19 testing. Evaluation of every COVID-19
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positive case was key, and if prolonged PCR positivity or false positive PCR result was identified, the
unnecessary quarantine was planned to be lifted. Return to play protocol (RTP) was planned, in case of a
COVID-19 infection of an athlete inside the bubble. To test, if the athlete-friendly system provided a
supportive environment, we evaluated athlete performance. Results: 11,480 PCR tests were performed for
1,421 individuals. 63 COVID-19 positive cases were detected, of which 5 turned out to be clinically
insignificant, either because of prolonged PCR positivity or because of a false positive result. 93.1% of the
positive cases were detected in the local crew, while no athlete got infected inside the bubble, as the two
infected athletes were tested positive upon arrival. RTP was provided for two athletes. 85% of the athletes
showed improvement during the bubble and 8 world records were broken. Conclusion: The applied pro-
tocol proved to be effective, as no athlete got infected inside the bubble, moreover, the athlete-friendly
system supported the athletes to improve their performance.
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INTRODUCTION

The COVID-19 pandemic affected many parts of our lifes, not just having a catastrophic effect
on the elderly community [1–3], but also affecting areas such as professional sport, which has
been devastated ever since the breakout of the pandemic. Elite athletes were forced to face
previously unheard-of challenges, such as lack of competitions, while a number of sports events
have been cancelled during the first wave of COVID-19 [4]. In addition, there is limited in-
formation about the athlete’s physical well-being following COVID-19 infection, which lead to
uncertainties regarding the adequate timing of return to training [5]. Some of these concerns
were addressed lately, such as thorough protocols have been designed to help return to play [6],
but the way to organize COVID-19 safe competitions still represents a matter of debate.

Despite the countless obstacles, several attempts were made to organise major sports events,
all utilizing slightly different COVID-protocols [7–9]. Needless to say, that containment mea-
sures, such as the bubble system, social distancing and frequent COVID-testing may result in an
increased psychological burden in athletes, which can make the circumstances for a successful
competition far from optimal [10]. Some sports – just like swimming – were affected not only by
the number of cancelled competitions, but also by the lack of training opportunities. Tempo-
rarily closed swim clubs and swimming pools made the life of swimmers utterly complicated,
leading to predictions that 2020 might be the first year since the 1896 Olympic Games without a
world record [11].

Under such circumstances, the International Swimming League (ISL) – an annual invita-
tional short-course team competition – gave a unique opportunity for top-ranking swimmers
from around the globe to compete against each other. The ISL in 2020, was organized in
Budapest, Hungary between the 16th of October and 22nd of November. Even though, at the
time of the competition, Budapest faced the peak of the second wave of COVID-19, the medical
team aimed to design a strict, but athlete centered COVID-protocol, providing the most sup-
portive environment possible, in order to decrease the athlete’s stress, related to containment
measures.
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In this manuscript, we would like to share our experiences in pursuit of developing an athlete
friendly, COVID-19 safe protocol for swimming competitions. In addition, here we also report
the effects of COVID-19 restrictions and isolation on the athletes’ performance.

METHODS

Structure of the isolation bubble

A common element of sport events organised in the COVID-19 era, is to keep the athletes
isolated in a so called bubble [7, 8, 12].

The bubble isolation designed for the ISL had three different layers. The first one served the
purpose of protecting the athletes and the team, the second was in favour of the staff required by
the competition (mainly from foreign countries) and the third layer was constructed for the
Hungarian crew members – e.g. medical staff, hotel workers, bus drivers. Individuals belonging
to the first and second layer were living inside the bubble, while those in the third layer, since it
was the local crew, were permitted to leave and reenter the bubble on a daily basis. As described
below in detail, nobody was allowed to enter the bubble without 2 negative COVID-19 test
results. The structure of the bubble is shown in Fig. 1.

The possible deleterious psychological effects of quarantine like isolation are well known
[13]. Thus we aimed to design the bubble for ISL in accordance with the needs of the athletes
aiming to decrease the psychological burden and help performance.

As the hotels accommodating the individuals in the first layer (athletes, team members etc.)
were on the Margaret Island in Budapest, providing a geographical isolation in the middle of the
city, the athletes had the opportunity to leave the hotel isolation for up to 1.5 h to take a walk in
the parks of the island.

Every athlete and the team members (first layer of the bubble) were housed in single rooms,
in order to minimize the number of possible contacts in case of an unlikely outbreak within the
bubble.

COVID-19 testing protocol

SARS-CoV-2 RT-PCR is known to be the gold standard test to diagnose COVID-19 [14], albeit
multiple reasons can cause false negative results leading to the recommendation of repeated
testing [15]. As a result, two negative SARS-CoV-2 PCR tests were required to enter the bubble.
In case of foreign nationals arriving with one negative SARS-CoV-2 PCR result, the second
testing was carried out upon arrival and they remained quarantined in their hotel rooms until
the result of the test arrived (within 12 h). As the median incubation period for COVID-19 is 5
days [16], during the course of the event, every individual within the bubble had to undergo
SARS-CoV-2 PCR testing every five days. In addition, SARS-CoV-2 rapid antigen and antibody
tests were also used to help further decision making in case of SARS-CoV-2 PCR positivity.

Social distancing and pretriage

Social distancing and the use of face masks were taken seriously in order to minimize the
number of possible close contacts in case of an unlikely outbreak. Every individual within the
bubble had to wear a face mask outside the pool area and their designated hotel rooms.
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Furthermore, to follow the rules of social distancing only single seated tables were available in
the dining area, and transport vehicles were assigned and scheduled to limit the number of
passengers on board. All of these measures were kept under control with the help of volunteers
dedicated to every single team, otherwise known as COVID marshalls.

Every participant within the bubble had to fill out an online questionnaire on a daily basis, in
order to monitor their health and any occurring symptoms that might raise the suspicion of a
possible COVID-19 infection. Subsequently, answers were forwarded to designated members of
the medical team and the symptomatic individual was quarantined until further tests and de-
cision making, as described below.

Protocol in case of COVID-19 positivity

According to the protocol, a SARS-CoV-2 RT-PCR positive individual was quarantined
immediately. Every SARS-CoV-2 RT-PCR positive case was reviewed by a board of experts,
including infectologists, internists, and sport medicine specialists. In addition to clinical
symptoms and medical history, results of repeated RT-PCR tests, SARS-CoV-2 antibody tests
and additional SARS-CoV-2 rapid antigen tests were considered to distinguish between infec-
tious COVID-19 positive cases with recent infection/reinfection; and prolonged PCR positive/
false positive non-infectious cases.

Infectious COVID-19 positive cases with recent infection/reinfection had to stay quarantined
for 14 days, and received regular over-the-phone and personal visits as well with additional blood
tests if it was decided to be necessary. Medical visits were performed following COVID-19 protocol
appropriately, i.e. the attending doctor was wearing the complete personal protective equipment
(PPE). In case of any alarming signs or symptoms, an ambulance – as part of the bubble, operated
by the medical staff of the event – was organized to transport the individual to an isolated part of a
COVID-19 ward for further examination, observation and therapy if needed. Important to mention
that in case of local crew, the SARS-CoV-2 PCR positive individual was banned from the bubble.

Prolonged PCR positive non-infectious cases were those with a SARS-CoV-2 RT-PCR
positive test, negative SARS-CoV-2 rapid antigen test, positive SARS-CoV-2 antibody test and a
history of previous COVID-19 infection in the past three month [17]. While in case of SARS-
CoV-2 RT-PCR positivity in an asymptomatic person with two additional negative SARS-CoV-2
RT-PCR test results and a negative SARS-CoV-2 rapid antigen test our board considered the
possibility of a false positive PCR test result [18]. In such a decision, the pre-test probability was
taken into consideration [19], as for an asymptomatic individual, isolated in a bubble for weeks,
the pre-test probability is low. In both cases the initial quarantine was lifted.

Although the bubble and all social distancing measures were designed precisely in favour of
avoiding close contacts, still, following a detection of every real COVID-19 positive case,
thorough contact tracing was planned to be carried out, and if close contacts were to be
identified [20], they had to be quarantined and tested as well. Close contacts were to be tested on
the 4th and 6th day after the contact and quarantine could only be lifted in possession of two
negative SARS-CoV-2 PCR test results.

Return to play protocol (RTP)

Several reports have been published about the possible cardiorespiratory complications of
COVID-19 in athletes [21–24] emphasizing the importance of a thorough return to play
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examination protocol [6, 25]. As the duration of the competition was planned to last for 6 weeks,
the medical team agreed to provide the possibility of returning to the competition to those
athletes who tested positive while inside the bubble. Ten days after a positive test result 2 SARS-
CoV-2 PCR tests were performed 48 h apart for those who had been asymptomatic for at least
three days. In case of negative results, examinations started according to the most recent return
to play guidelines available [6, 25]. Physical examination, echocardiography, chest X-ray, lab
tests and ECG was performed with MRI evaluation if necessary.

Assessment of athlete performance

Official Omega timing results were analyzed day to day of every race to measure athletes’
performance during the competition, which we used as a marker for wellbeing inside the bubble.
Achieved results were compared to a swimmers’ personal best time in each swimming stroke
and personal improvement was notified if a swimmer improved his or her times during the
series. Those swimmers who only swam once or twice in a particular race were excluded from
the analyses. Relay lap and the special skins race performances were excluded due to their
unofficial character. Registered world records were also considered as improvement of athletes’
performance.

Ethical approval

The study was approved by the institutional review board and the local ethics committee (SE
RKEB: 32/2021).

RESULTS

A total of 1,421 individuals entered the bubble. The participants were aged 16–74 years, with the
median age of 38.6 years and 62.6% were male. The overall population in the bubble consisted of
296 (20.83%) athletes, 149 (10.48%) team members (e.g. physiotherapist, coach), 214 (15.05%)
ISL officials and technical staff, while more than half of the study population, 762 (53.62%)
participants were part of the local crew (e.g. hotel staff, security, janitors) as shown in Fig. 1.
Foreign participants arrived from 5 continents and 40 different countries, mostly United States
of America (27.9%), United Kingdom (13.0%), Japan (6.6%), France (6.0%), Russia (5.9%),
Brazil (5.5%), Italy (4.6%) and Germany (4.6%).

Test results in the studied population

Altogether, 11,480 SARS-CoV-2 RT-PCR tests were performed and positivity was detected in 67
tests (0.58%). Sixty-three of the 1,421 participants turned out to be positive, resulting in a 4.43%
positivity rate. According to the protocol, further examinations were initiated in these subjects.
In 5 cases, the PCR positivity was considered to be clinically insignificant by the medical board:
4 of them were prolonged PCR positivity, while 1 was a false positive result (0.04% and 0.01% of
all PCR tests, respectively), as in that case, repeated PCR tests did not confirm COVID-19
infection. Most of the 58 true positive cases were detected in the local crew, while only three
athletes and 1 ISL technical staff member were infected (93.1%, 5.17% and 1.72% of all positive
cases respectively). None of the athletes got infected while staying within the bubble.
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Twenty-one out of 296 (7.1%) athletes reported previous COVID-19 infection, of which 13
(61.9%) had a positive antibody test upon arrival. Information about previous PCR positivity
was not collected from the local crew.

Quarantine, medical visits and return to play

During the course of the competition 37 foreign participants (5.6% of all foreigners) reported
symptoms to the medical team, of which 4 (10.8%) were ISL officials, 2 (5.4%) team members,
and 31 athletes (83.8%). 18.9% of symptomatic cases did not raise suspicion of COVID-19 based
on symptoms, such as eye infection and ear ache. Other cases with symptoms similar to
COVID-19 required quarantine and further COVID-19 testing, according to the protocol. As
several cases turned out to be non-COVID, such as GI infections, further quarantine was not
required. Thus, the average quarantine time was 2.8 days, although it was longer in the case of
confirmed COVID-19 infection (average 14 days).

Fig. 1. The structure of the intelligent bubble. While the general rules of social distancing, hygiene and the 5
days testing schedule did not differ between the participants, the COVID-bubble of the event consisted of
three different layers based on their risk profile. The high exposure risk individuals (inner layer), such as
athletes and the training staff could not constantly maintain every measures (e.g. not wearing a mask
during training, possible direct physical contact). The intermediate exposure risk participants (middle
layer), such as the ISL staff and the production team was able to maintain every preventive measure,

however, they encountered with the athletes and the training team closer and also more frequently. The
local staff was considered to have a low exposure risk (outer layer), as they rarely had close proximity to the
former two group. Certain PCR testing and quarantine rules varied between the layers in order to promote

the maximal safety of the event, but also the comfort of the attendants
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The medical team performed 83 in-room visits, most of which were according to the
COVID-19 protocol (84.33%). In overall, four athletes required hospitalization: two athletes due
to anaphylactic reaction treated on site for further monitoring, one athlete due to clinical sus-
picion of appendicitis for an abdominal ultrasound, and one athlete required hospitalization at a
COVID-19 ward because of COVID-19-infection related leukopenia. The average hospital stay
was 1.5 days.

RTP was performed for two athletes due to COVID-19 infection before reentering the
competition. The RTP showed no pathological changes in either of the cases, although one
athlete felt chest discomfort upon reentering the competition, thus a cardiac MRI was per-
formed, which showed no signs of myocardial involvement and the athlete could continue
competing.

Performance of the athletes during the competition

We assessed the results of 296 swimmers in 1,030 races with 3,732 time results. Out of the 296
swimmers 176 (59%) improved his or her personal best results, while 252 swimmers (85%)
improved during the bubble. 160 swimmers (54%) improved both his or her personal best and in
bubble times. Furthermore 8 world records were broken during the final and semi-final stages of
the competition.

DISCUSSION

In this manuscript we present a detailed description of the COVID-19 protocol applied for
the International Swimming League 2020 event, which was organized in Budapest, Hungary.
During the entire course of the event, the SARS-CoV-2 infection numbers rapidly increased
nationwide, reaching more than 1,600 infected/100,000 persons according to the National

Fig. 2. Relative PCR positivity of the participant groups and Hungary. Relative PCR positivity of the
participant groups and Hungary. Following the arrival of the athletes and the foreign crew, positive in-
dividuals were detected and quarantined after their first PCR result. The latter positive cases were proven to
be false positives. On the other hand, in parallel with the nationwide increase of the cases the incidence of
PCR positivity steadily increased in the local crew as well. Regular mandatory testing of this population

yielded a ≈4.5-fold higher incidence of COVID-19 compared to the general population
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COVID Testing Database. In the case of the athletes and the foreign staff, true positive in-
dividuals were found only at arrival, while the latter cases were proven to be false positive results.
On the other hand, the relative positivity rate of the local staff markedly exceeded the official
national numbers (7,218 infected/100,000 person). Therefore, the regular testing of the local staff
detected ≈4.5-fold more COVID-19 positive individuals compared to the nationwide results,
as shown on Fig. 2.

Moreover as reported previously, sharing household, just like living in the same hotel, as the
athletes during the competition, helps the virus to spread more easily [26]. The transmission is also
affected by respiration rates, which is approximately 0.5 m3 h�1 under normal circumstances, but
might be 3 fold higher during physical activites, such as swimming [27]. The size of the room, or
sports arena also affects the spreading of the virus [26]. From this perspective, the size of the arena
where the ISL competition was organized was big enough to decrease the chance of transmission,
on the other hand using the same corridors in the arena or in the hotel can increase the chance of
infection. Humidity might be also an important factor in the case of swimming, although reports
are controversial about the role of it in disease transmission [26, 28].

Despite the close proximity of such an infection cluster, and the numerous above mentioned
factors affecting the transmission of the virus, due to the applied COVID-19 protocol inside the
bubble, none of the athletes got infected. Additionally, as indicated by the large number of
improved personal best times and a handful of new world records, the COVID-19-related re-
strictions did not have deleterious effect on the performance of the athletes. To our knowledge
this is the first report of a COVID-19 bubble, in which the balance between the safety of the
event and the comfort and performance of the participants were also of crucial interest.

The successful prevention of the virus outbreak inside the bubble could be attributed to
multiple factors. First and foremost, the required repeated SARS-CoV-2 PCR testing prior to
entering the bubble was essential, since we detected three athletes with COVID-19 infection
upon arrival, who tested negative on the first PCR test before travelling. Second, mandatory PCR
testing every five days for all the individuals inside the bubble proved to be sufficient to separate
every positive case before the spread of the infection. Nevertheless, the importance of applied
social distancing measures in order to decrease the number of possible contacts is also far from
negligible. Important to underline, that local staff left and reentered the bubble on a daily basis,
therefore – although solely based on our experience - it appears that such a testing schedule may
be sufficient for further competitions, without the need to house the staff inside the bubble.

As the number of infections are still steadily increasing worldwide, the possibility of a
previously infected athlete to attend a competition is high. Although early reinfections are
constantly reported in the literature [29,30], there is a considerable chance of prolonged PCR
positivity without infectious potential. As discussed above, we applied SARS-CoV-2 antigen
rapid tests and SARS-CoV-2 antibody tests as well in such cases to determine whether the PCR
positive individual is still infectious. Based on the test results, the medical board of the
competition discussed these cases and lifted the quarantine of two athletes and two foregin staff
members. We acknowledge the sensitive nature of this topic; however, we believe that an un-
necessary quarantine or even a ban from a competition could seriously impact an athletic carrier
in both short and long term. Moreover, competitions that require similarly high or even higher
number of PCR testing as the ISL, have an inherited increased chance of false-positive
PCR result as well[18]. In our example, this meant one false positive result for the 11,480 SARS-
CoV-2 PCR tests. In case of the athlete with the false positive result, the quarantine was lifted.
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The negative psychological impact of being isolated in quarantine is robustly established. It
may lead to exhaustion, anxiety, impaired work performance or even suicide in the general
population [13]. However, very few reports have focused on how athletes are affected by
COVID-19 related separation. A study from South Africa showed that athletes suffered from
altered sleep patterns, lack of motivation, worsening nutrition and even depression mainly
driven by the uncertainties regarding RTP [10].

Motivation is key for success in athletes, and as discussed by one of the most widely used
motivational theory, the self-determination theory (SDT), basic psychological needs (BPNs)
have a huge impact on intrinsic motivation [31]. According to SDT, autonomy, competence and
relatedness are the three BPNs, which play a key role in motivation and well-being. Studies
conducted with Portuguese athletes showed that autonomy satisfaction and frustration were the
most reliable predictors of motivation [32,33], while in terms of coaching, autonomy-supportive
behavior proved to be effective in satisfying young swimmers physiological needs [34]. As a
result, it can be hypothesized that restricting autonomy in a bubble structure with strict COVID-
19 related containment measures might negatively affect an athlete’s motivation and conse-
quently, the performance of the given athlete. Therefore, we have designed the bubble for the ISL
competition together with ISL athletes. One key element of the athlete-friendly system was the
possibility to leave the bubble in order to spend time outside, considering that it is associated
with identical, or even lower risk of infection compared to the stricter approach [35]. Dining was
also not restricted to the rooms, but it was enabled in a common dining area with adequate
social distancing measures as it may carry an acceptably low risk of infection [36]. As 85% of the
athletes improved either their personal best or their best time in the bubble during isolation,
including 8 world records, our COVID-19 bubble seems to be successful in decreasing the
mental health burden on the athletes with the necessary isolation and restrictions.

Based on our experience, if the competition is long enough, return to play protocol should be
provided to athletes who were diagnosed with COVID-19 infection inside the bubble. In
contrast with previous reports [23], the prevalence of inflammatory heart disease seems to be
low among post-COVID athletes [37], on the other hand, an undiagnosed myocarditis might
have serious complications [38, 39]. Until there is no clear data about the possible consequences
of intense physical activity after a COVID-19 infection, return to play protocols should be used.
To underline the importance of RTP and making it possible for the athletes to reenter the
competition, we must mention that one of the athletes, who underwent our RTP examination
protocol and reentered the competition swam his personal best.

We acknowledge that our study has certain limitations. First, the appearance and spread of
new COVID-19 variants, since the ISL competition markedly changed the landscape of defence
against SARS-CoV-2 [40]. Some of these variants seem to have a significantly increased
transmissibility [41, 42], which might require a modified COVID-19 PCR testing schedule to
prevent a rapid increase in active cases. Second, although the ISL is a team swimming
competition, from the infectological perspective it substantially differs from a team sport. Due to
these differences, we propose that each sport should have its own specific bubble system and
COVID-19 protocol for competitions. Third, at the time of the ISL competition vaccination was
not available yet. Organisers for competitions in the future must consider how to deal with
vaccinated athletes. Since there is a chance of infection even after vaccination regardless of the
vaccine type, moreover, there is no robust evidence of the immunity provided against new
COVID-19 variants yet, this topic must be further discussed.
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PERSPECTIVE

The world of professional sports has gone through major changes due to the COVID-19
pandemic. The uncertainties regarding the possible deleterious effects of a COVID-19 infection
on the athlete’s health is just one side of the coin, as strict containment measures, applied at
competitions, aiming to prevent a COVID-19 outbreak put an extra mental burden on athletes,
which might affect their performance. Consequently, when designing the ISL COVID-19 pro-
tocol, we aimed to develop a system, which is strict enough to prevent a virus outbreak, but still
not overly restrictive for the athletes. Although the competition took place during the second
wave of COVID-19 in Budapest, Hungary, we successfully avoided a virus outbreak inside
the bubble, moreover the excellent athlete performances proved the athlete-friendly system to
be effective. We believe that our system can be used as a base for further athlete-friendly
COVID-19 bubbles, although it is important to underline that each sport should design its own
specific protocol, as there are major differences between sports regarding the infectiological
perspective. Finally, as the outbreak of such pandemics in the upcoming decades cannot be
excluded, an ongoing discussion about the future of mass sport events seems to be inevitable.
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