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Abstract 
Background 
Transmission of coronavirus disease 2019 (COVID-19) has been demonstrated in fitness settings internationally. We report the first documented case of transmission of COVID-19 in a gymnasium in Australia in 2020. 
Methods 
Case finding and case interviews were conducted among attendees in a Western Sydney gymnasium, Australia. Whole genome sequencing using an amplicon-based approach was performed on all SARS CoV-2 polymerase chain reaction positive samples detected through surveillance. 
Results 
We show that five cases of COVID-19 were linked to the gymnasium, with transmission occurring on 7 July 2020, when the index case transmitted the infection to four other gymnasium attendees through the sharing of an enclosed space. 
Conclusions 
There is an ongoing risk of transmission of COVID-19 within gymnasium environments and they are justifiably classified as a ‘high-risk’ venue. There may be a need to expand ventilation and space requirements to prevent transmission of COVID-19 in such settings in the context of severe COVID-19 variants or to prevent respiratory disease transmission in general. 
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Introduction 
Transmission of coronavirus disease 2019 (COVID-19) occurs mainly during close contact between people, via airborne transmission and through respiratory droplets produced during the symptomatic and pre-symptomatic phase.1 
High-risk settings that have been associated with superspreading events in the COVID-19 pandemic include cruise ships, aged care facilities, restaurants, bars, night clubs, ski resorts, places of worship, meat processing facilities, and gymnasiums.2 
Further, outbreaks of COVID-19 have been documented in group fitness classes in South Korea,3 a squash court in Slovenia,4 and reported in gymnasiums in New South Wales and the United States of America.5–9 
Here we describe the first documented gymnasium-associated transmission cluster in Australia, and outline the epidemiological methods used to elucidate the cluster of five COVID-19 cases linked to attendance at a gymnasium in Western Sydney in July 2020. 
Methods 
After recognition of a case of COVID-19 in a regular gymnasium attendee, all attendees of a Western Sydney gymnasium during the period 6–10 July 2020 were followed up by the local public health unit through an attendance log provided by the gymnasium. A cluster case was defined as a person who attended the gymnasium during 6–10 July and who tested positive by a SARS-CoV-2-specific real-time reverse transcription-polymerase chain reaction (RT-PCR) assay within 14 days of their last attendance date. No serological investigations were undertaken. This investigation was conducted under the New South Wales Public Health Act 2010 as part of routine public health follow-up, hence no ethics committee approval was required. 
All positive cases had an initial standardised case interview that was completed by the local public health unit to ascertain other potential acquisition sources. Following this, a secondary interview was completed one month later, seeking further information regarding locations and timings within the gymnasium; activities undertaken at the gymnasium; potential risk activities; and protective behaviours such as handwashing or disinfecting equipment. All data was secured on an electronic password-protected database. 
Attendees were identified through contact tracing interviews with the cases; through an attendance list provided by the gymnasium; and through media messaging which encouraged all attendees to to test and isolate. Close contacts were defined as those people who attended the gymnasium when the index case was in attendance. Public health units actively monitored all close contacts for symptoms of COVID-19, and they were tested if they became symptomatic. 
Whole genome sequencing was performed on SARS-CoV-2 PCR-positive samples using an amplicon-based approach.10 
Results 
The index patient (Case 1) (male, 26 years of age [M26]) was notified to New South Wales Health on 11 July 2020. An interview revealed that he had been exposed to a known case in a workplace during 3–5 July 2020 and had developed a mild headache on 10 July; he had visited the gymnasium daily during his infectious period from 6 to 10 July 2020. 
The gymnasium spans two levels and contains a variety of exercise spaces. The ground level consists of one large room which includes the main area, weights area and a stretching area, with the majority of the weight machines in the main area and free weights in the weights area. The upstairs area contains treadmills, exercise bikes and elliptical machines. 
We describe the attendance on 7 July 2020 as there was a clear overlap between Case 1 and the remaining four cases in time, place and activities completed at the gymnasium on this date. We could not identify any further transmission on the other infectious-period days on which Case 1 attended the gymnasium. The attendance by Case 1 on 6 July and on 8–10 July 2020 was transient, mostly at times of low gymnasium attendance, and with exercises completed far away from other gym attendees. 
All five cases linked to this cluster were males aged 22–35 years. Case 1 attended the gymnasium on 7 July 2020 from 19:30, using a variety of weight machines in the main area, and then used a variety of free weights in the weights area. He concluded his session by doing push-ups and stretches in the stretching area. Throughout his gymnasium attendance, he chatted several times with Case 2. Four cases (Cases 2, 3, 4, and 5) all reported spending 20–30 minutes in the weights area of the gymnasium at the same time as the index case on 7 July 2020. 
Case 2 (M35) was a family friend of Case 1 but had no contact with Case 1 outside of the gymnasium throughout his infectious period. Case 2 signed into the gymnasium at 19:55 on 7 July and commenced his workout in the stretching area before joining Case 1 in the weights area. He then used a variety of gymnasium equipment including cable machines in the main area, before using free weights in the weights area. After the conclusion of his activities, he joined Case 1 in the stretching area (Table 1).
Table 1: Movements of all cases during their 7 July attendance at the Western Sydney gymnasium
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Case 3 (M24) signed into the gymansium at 19:20 and reported an equal amount of time spent moving between the weights area and the main area (Table 1). 
Case 4 (M22) signed into the gymansium at 20:10. He started with free weights in the weights area before moving to the main area to use the bench press and the shoulder press. He then returned to the weights area before returning to the main area to use the cable machines (Table 1). 
Case 5 (M24) signed into the gymnasium at 18:50. He started with a cardio workout using the treadmill, exercise bike and elliptical machine in the upstairs cardio area before using free weights in the weights area for 20–30 minutes. He then used an abdominal exercise machine before going home (Table 1). 
There was no obvious overlap between cases in use of the bathroom amenities or in filling up their water bottles. Apart from Cases 1 and 2, the other three cases (Cases 3 to 5) reported maintaining at least a one-metre gap from other gymnasium users. All cases reported that they did not consistently clean gymnasium equipment before or after each use. 
The gymnasium was reported to be busier than usual on the evening of 7 July 2020 between 5 pm and 10 pm, with 615 people attending in that time period. This attendance was 31% higher than the attendance averaged over the evenings of 6 July and 8–10 July.
Symptom onset 
Case 2, Case 4 and Case 5 developed symptoms on 10 July, three days after exposure to Case 1, and Case 3 developed symptoms on 11 July, four days after exposure (Figure 1). 
Figure 1: Chronology of onset and diagnosis of COVID-19 cases linked to the gymnasium, Western Sydney, July 2020
[image: Figure 2 demonstrates the chronology of onset and diagnosis of COVID-19 linked to the Western Sydney Gymnasium July 2020. Each case is represented with color-coded arrows demonstrating multiple stages including pre-exposure, post-exposure, symptomatic to COVID-19, exposure at the gymnasium and when the positive COVID-19 swab was collected. The figure demonstrates exposure to Case 1 at the Gymnasium on 7 July as a common source. 
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Genome sequence analysis 
The index case was found to belong to a large active NSW genomic cluster (NSW33.0) consisting of 201 sequences at the time of the outbreak. Whole genome sequencing of SARS-CoV-2 for Case 1 to Case 5 revealed that whilst all five sequences were closely related and classified as SARS-CoV-2 Pangolin lineage D2, cluster membership was split across two closely related genomic clusters. Cases 1, 2 and 3 were found to belong to NSW33.0, and Cases 4 and 5 to NSW33.1. This occurred because the definition of a genomic cluster was that member sequences cannot differ by more than 2 SNPs from the index sequence. The sequence obtained from Case 1 was already two single nucleotide polymorphisms (SNPs) from the NSW33.0 cluster index sequence. Upon infection, Cases 4 and 5 each acquired an additional SNP, which in turn meant that Cases 4 and 5 were classified as members of local cluster NSW33.1. This is demonstrated in table 2, which maps out the SNP distances between each of the cases that were included in this outbreak.
Table 2: Pairwise SNP differences between cases involved in this cluster 
	
	Case 1 (NSW33.0)
	Case 2 (NSW33.0)
	Case 3 (NSW33.0)
	Case 4 (NSW33.1)
	Case 5 (NSW33.1)

	Case 1 (NSW33.0)
	0
	0
	1
	1
	2

	Case 2 (NSW33.0)
	0
	0
	1
	1
	2

	Case 3 (NSW33.0)
	1
	1
	0
	2
	3

	Case 4 (NSW33.1)
	1
	1
	2
	0
	1

	Case 5 (NSW33.1)
	2
	2
	3
	1
	0


Discussion 
While there were other areas of overlap in the gymnasium, transmission between Case 1 and the four subsequent cases (Case 2 to Case 5) likely occurred while all cases were doing weight-based training, which involved both increased depth and velocity of respiratory effort, which is a well-acknowledged risk for transmission.11 Given the limited role of fomite transmission, it is unlikely that transmission occurred through the incomplete cleaning of free weight equipment between use.12 While cases were genomically classified into two clusters, these clusters represented the same phylogenetic lineage and were closely related. Indeed, initial sequences belonging to NSW33.1 are thought to have evolved from those belonging to NSW33.0, as described. The demonstrated epidemiological links further strengthened the conclusion about their relationship. 
We note that four cases (Case 2 to Case 5) spent more than 15 minutes at the same time as the index case in the free weights area, and shared common equipment. We were unable to calculate how many people per square metres were present and we were unable to ascertain if they were spread equally throughout the space. The implicated evening of transmission was the busiest of the five evenings the case attended while potentially infectious. 
The transmission chain is dependent upon a 72-hour pre-symptomatic infectious period between Case 1 and the remaining cases. We note case reports of transmission up to 72 hours prior to symptom onset,13 and the Australian Federal COVID-19 control guidelines (SoNG) permitted an infectious period of up to 72 hours prior to symptom onset in high-risk settings.14 While a majority of cases developed symptoms on the same day as reported by Case 1, none of Cases 2–5 reported any high-risk exposures or contact with any persons known to have COVID-19 prior to the their attendance at the gymnasium. While there was an active genomic cluster in Western Sydney at the time, there was not widespread community transmission; there were 62 known locally acquired cases in the week ending 18 July and 90% of cases in New South Wales were linked to known transmission sources in this time period, with all cases in Western Sydney linked to known transmission networks.15 
The cases were re-interviewed to obtain further information related to their activity at the gymnasium, approximately one month after the initial gymnasium exposure, which may have affected recall. Only one case had phone location data available to validate attendance times. 
Not everyone who attended the gymnasium during Case 1’s infectious period responded to calls from contact tracers, potentially resulting in other undetected COVID-19 cases. Messaging from New South Wales Health advised all gymnasium attendees to quarantine and get tested if they develop any symptoms; however, many may not have sought testing. 
In a gymnasium environment, with people vigorously exercising, they could be breathing deeply and therefore propelling droplets beyond the 1.5 metre safety buffer.16 We note the index case (Case 1) spent many hours at the gymnasium and describes himself as fit, which may be associated with a larger vital capacity with the potential to exhale a higher viral quanta, potentially explaining his infectiousness 72 hours prior to onset of symptoms. Reducing patron density through a one person per four square metre rule was not protective in the Korean outbreaks,3 and several outbreaks occurred in New South Wales since the requirement for COVIDSafe plans based on enhanced hygiene and a four square metre density rule were introduced.5–7 Victoria temporarily implemented a one person per eight square metre requirement in gymnasiums.17 New variants, which may be more transmissible, may require additional measures to be implemented to prevent spread of COVID-19 within the gymnasium environment. 
Conclusion 
Our epidemiological and laboratory findings suggest probable transmission of COVID-19 through infectious aerosols in the weights room of a gymnasium. Our findings support caution in similar settings and are important to inform infection control policies for gymnasiums and other indoor sports facilities. Further research is warranted to improve risk mitigation and control measures to prevent COVID-19 transmission within gymnasiums, particularly with the emergence of new variants.18,19 
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