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Background: The 14th National Games was the first sporting mass gathering to be held in China in the context of the COVID-19 pandemic. It may increase the risk of severe acute respiratory syndrome coronavirus 2 transmission. In order to reduce the spread of the virus during the 14th National Games, the Chinese government took a series of public health measures, and ultimately no confirmed cases were found in the 14th National Games venues.

Objective: This study aimed to discuss preventive and control measures used to respond to the COVID-19 pandemic during the 14th National Games.

Methods: Five experts were selected for this study using a snowball sampling method, and semistructured and in-depth interviews were conducted. Based on grounded theory, the transcriptions were analysed and coded using Nvivo 12 software.

Results: A theoretical model of the COVID-19 prevention and control measures at the 14th National Games of China was constructed. The model contains seven main components: the health risks of mass gatherings, crowd management, emergency medical care, allocation of emergency medical resources, pandemic emergency drills, the pandemic prevention and control management platform (Quanyuntong app), and emergency response plans.

Conclusion: The study showed that the deployment of emergency medical resources was the most important for mass gatherings. This study not only expanded the applications of grounded theory but also serves as a reference for future scholars when conducting more in-depth empirical studies on public health countermeasures for mass gatherings and can inform organizers when holding mass gatherings.
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1 Introduction

Since the emergence of the coronavirus disease 2019 (COVID-19) pandemic impacted, it had a great impact on people all over the world and this disease poses a substantial threat to global public health during mass gatherings (1). During the COVID-19 pandemic, prolonged or close contact with an infected person can lead to transmission of the virus, highlighting the roles of mass gatherings, mass migration and other mass aggregations of people in crowded spaces (e.g., cruise ships) in the emergence, persistence, and spread of novel pathogens, under which mass gatherings pose a severe threat to global health security (2, 3).

The World Health Organization (WHO) defines mass gatherings as “events attended by enough people to strain the planning and response resources of a community, state or nation” (4, 5). For example, sporting events, carnivals, political rallies, and religious activities (e.g., pilgrimages) are all mass gatherings (6). The National Games of the People’s Republic of China is a comprehensive event with the greatest scale, highest competition, and the highest participation among mass gatherings in China (7), which is held every 4 years.

It encompasses 35 large events and 410 small events, with 37 sports delegations (8). The finals of the 14th National Games involved more than 12,000 athletes, 6,000 delegation officials, and 4,200 technical officials participating in the games, more than 5,300 organizing committee staff and 15,000 volunteers involved in service and security work, and more than 1,500 journalists covering the 14th National Games (9).

Although sports, religion, politics, and other types of mass gatherings may increase the risk of contracting COVID-19, this social activity also is a source of confidence and happiness; thus, people hope to resume such events as soon as possible (10–12). The 14th National Games was the first sporting mass gathering held in China during the COVID-19 pandemic.

During the COVID-19 pandemic, most governments responded with the suspension or cancellation of mass gatherings and implementation of other nonpharmaceutical measures (13). For example, the 2020 Umrah pilgrimage was suspended, and the 2020 Hajj was strictly limited to only 1,000 domestic pilgrims, excluding persons aged ≥65 years or those with chronic diseases (14). In Senegal, the Grand Magic Festival of Touba took place on 6 October 2020 and attracted millions of participants from Senegal and beyond (15). A series of precautionary measures, including the mandatory wearing of masks, closed-loop management, and the nucleic acid strategy, the vaccination strategy were implemented, and these mass gatherings were successfully concluded without major public health incidents (16); These examples related to mass gatherings provided lessons and experiences for the planning of the 14th National Games of China.

Because of the impact of the COVID-19 epidemic, there were more difficulties and challenges than the 13th National Games. From July to September 2021, due to virus mutations, the COVID-19 epidemic rebounded in many places in China, several regions in China experienced a wave of local outbreaks, such as Jiangsu Province, Heilongjiang Province, and Fujian Province. The outbreak was identified as the Delta variant. Due to the delta variant, COVID-19 rebounded around the world. The General Administration of Sport of China postponed the National Games, which were originally scheduled from August to September, 2021 (17). Experts recruited by associated governmental departments drew up guidelines and programs for prevention and control of COVID-19 and spread of infectious disease, emergency medical care, and health administration. Fortunately, there were no confirmed cases of COVID-19 at the 14th National Games venue (18). Given its success and the scarcity of literature in this field, the current study was conducted to understand the strengths and weaknesses of public health countermeasures during the 14th National Games to provide recommendations for public health preparedness of future mass gatherings in the context of a pandemic.



2 Methods


2.1 Study design

This exploratory qualitative study consisted of a literature search and semistructured interviews used to obtain in-depth information and experiences on the prevention and control of COVID-19 during the 14th National Games.



2.2 Population

To ensure a diverse sample, participants were selected through purposive sampling and snowballing from 14th National Games stakeholders.

Identified stakeholders were contacted by phone or email and invited to participate in the study. Event organizers and healthcare staff willing to provide medical services for the 14th National Games during the COVID-19 pandemic participated in this study.



2.3 Data collection

After review of the relevant literature, a guide for interview questions was developed to explore the interview process and validated by experts in the field of health emergencies and our lead team members. To obtain the most information from participants, all interview questions were open-ended. The interview question guide covered a wide range of aspects related to prevention and control measures and preparation for COVID-19. The interviews were conducted in Chinese and then translated into English.



2.4 Theoretical saturation test

This study employed the grounded theory approach, which requires researchers to continuously collect and analyze interview texts, and to code them until reaching data saturation, so that a comprehensive and concise theory can be developed based on the data. To confirm the potential emergence of new categories and concepts, after completing the interview with the first participant, we went on to interview the next respondent and analyze the text, resulting in the identification of indeed new categories and concepts. By analogy, when we analyze the text of the interviews and find no new information, this indicates data saturation. Furthermore, we provided the coded theoretical model to the interviewees, who confirmed that the model accurately reflected the actual situation and required no additional categories. Considering the clarity and robustness of the extracted main categories, initial categories, and relationship descriptions, we then stop collecting new data.



2.5 Data analysis

Based on grounded theory, developed by Glaser and Strauss (19) and Yue et al. (20), this study aimed to explore pandemic prevention and control measures. Grounded theory mainly includes the following steps: open coding, axial coding and selective coding. The specific process is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Flow chart of grounded theory analysis.


The recorded interviews were transcribed verbatim, and the results were imported into Nvivo (version 12) software for analysis. The analysis included identifying, coding, and summarizing concepts and themes. Thematic analysis was performed on the transcripts by two researchers. This study recorded subtheme information that was repeatedly mentioned by some interviewees and that corresponded to previously reported information. Then, the researchers classified this information into different themes based on professional knowledge.



2.6 Ethical considerations

At the beginning of the interview, the interviewer introduced the research purpose, study background, and the definition of relevant terms. The interviewer sought informed consent from each participant. Their responses were anonymized to ensure that the interview contents were used only for academic research. The research protocol was reviewed and approved by the Tianjin University Ethics Committee (TJUE-2023-199).




3 Results


3.1 Characteristics of study participants

A total of eight respondents were invited through purposive sampling and snowballing. When two members of the research team analysed the text of the sixth interview, no new information was found, they were confident that data saturation had been reached. Therefore, a total of five interviewees were included in this study. The characteristics of the five respondents are described in Table 1. The interviews were conducted through Tencent Meeting software, and the average interview duration was 40 min (minimum: 20 min, maximum: 60.48 min). All participants were working in the healthcare department in Shaanxi Province. Details of the participants are provided in Table 1.



TABLE 1 Sociodemographic characteristics of participants.
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3.2 Open coding

Open coding is a basic coding stage that aims to identify phenomena, define concepts and refine categories (21). Based on the grounded theory principle of “localization”, the names of the open coding categories were developed based solely on the original text from interviews (22). A total of 47 tertiary nodes were obtained by combining, validating and coding the content of the five interview texts. The tertiary nodes at the bottom of the hierarchy involved the most detailed responses.



3.3 Axial coding

Axial coding occurs after open coding, according to Corbin and Strauss (23) paradigm model; combined with related theories, this step involves regrouping concepts and discovering and establishing organic links between conceptual categories (20). With the assistance of Nvivo 12 software, the 47 tertiary nodes of the interview text were summarized into 24 secondary nodes, which are located in the middle of the hierarchy.



3.4 Selective coding

Selective coding is based on spindle coding and involves identifying the core categories and establishing the relationship between the core categories and other categories (21). By further aggregating and integrating the 24 secondary nodes, 7 primary nodes were obtained: the health risks of mass gatherings, emergency response plans, COVID-19 emergency drills, crowd management, emergency medical care, allocation of emergency healthcare resources, and the COVID-19 pandemic prevention and control management platform (Quanyuntong app).

The coding results yielded a total of 126 coded reference points in this study. We found that the node of emergency medical resource deployment had the most reference points of all primary nodes and received the most attention, with the largest number of references (33), as shown in Figure 2. According to the number of coded reference points, the node of emergency medical resource deployment included 5 secondary nodes: designated hospitals, medical care points, medical transfer tools, supply of medical equipment, and deployment of medical staff. These secondary nodes included 66 reference points, accounting for 23.3% of the total number of reference points. Table 2 shows coding statistics of interview text.
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FIGURE 2
 The structural model for the prevention and control of COVID-19 at the 14th National Games of China.




TABLE 2 Coding statistics of interview text.
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Figure 2 shows the structural model for the prevention and control response to the COVID-19 pandemic. The model is shown as a ring structure, with the centre representing the theme of the model. The multilayered ring displays the specific hierarchy of COVID-19 pandemic prevention and control responses, and the division of nodes within each ring layer reflects the dimensional categories. According to the model, the pandemic prevention and control response consisted of 7 primary nodes and 24 secondary nodes. The vertical structure of each sector in the ring reflects the hierarchical relationship of responses. The area of each sector in the ring represents the number of encoded reference points; the larger the sector area is, the more reference points it has. The number of encoded reference points reflects the number of documents that support that node.

Among the primary nodes, the medical resource deployment node had the most reference points and received the most attention. For example, some participants said in the interviews:


We have established medical care points for each competition, with the number of medical care point depending on the scale of the game. Each medical station is staffed by either one doctor and one nurse or two doctors and two nurses. The majority of medical staff providing support are from the Emergency Department. Additionally, we allocated doctors of different specialties according to the type of each game (participant 1).

In the marathon, at least one medical care point is set up every two kilometers, as the half-marathon is 21 kilometers and the full is more than 20 points. We are usually equipped with experienced, at least 4 experienced doctors. They come from cardiovascular, respiratory critical care, emergency medicine, orthopedics, trauma surgery doctors and will be trained in advance. The end of the half-marathon is particularly important, the bigger the medical care points, the better. In addition, the last 5 kilometers from 17–21 can arrange more medical care points, but also equipped with comprehensive strength of the hospital as a designated hospital. Because in the last 17 to 20 kilometers, the human body reached its limit, which is also the most likely to sudden heart attack (participant 2).
 

Emergency medical care, crowd management, and pandemic emergency drills also had many reference points and thus played an important role in the model. One participant commented:


I have participated in 10 emergency drills. The drills mainly involve communication with other departments, internal communication within the medical team, and cooperation with security personnel, event organizers, and referees. In terms of emergency medical treatment, we would select at least three types of hospitals as designated hospitals. Firstly, we would choose a hospital that is close in proximity to ensure prompt access to medical services. Secondly, we would select a hospital with a strong orthopedic or trauma department to address emergencies in those areas. Lastly, we would opt for a comprehensive tertiary-level hospital with strong overall capabilities to provide high-level emergency care (participant 3).

I’ve participated in drills related to entrances and exits and medical evacuation before the 14th Games. For example, if we find someone injured at the venue, what do we do? Which point has a person with fever that we need to transfer, how do we do it. How much time is needed to transfer people to the medical care point or the designated hospital, and how do we do it (participant 5).
 

Although there were relatively few reference points for the Quanyuntong app and plan, these aspects were an integral part of the overall response. Of all the secondary nodes, the 14th National Games venue control node had the most reference points, which indicates that control of the venue was very important. One participant commented:


In our plan, we have established a three-tier organizational structure. The first tier is the 14th National Games Organizing Committee, which is responsible for overseeing the entire event. At the municipal level, we have set up the second tier, known as the Executive Committee, to handle the operational aspects of the Games. Additionally, at the district and county level, we have established the third tier, known as the Competition Committee, to manage the specific competitions (participant 2).

We have implemented closed-loop management (also called the bubble policy) for all participants of the 14th National Games, with groups coming in and out to avoid contact with the outside world and reduce the risk of infection. At the same time, the maximum capacity allowed in the auditorium is 50% to prevent crowdedness and causing cross-contamination (participant 4).
 

Nvivo 12 generates word clouds, which are visual representations of unstructured text data (24), as shown in Figure 3. The frequency with which these words appear determines their size and colour in the word cloud. In this study, the number of displayed phrases was set at 100, and the maximum length of displayed phrases was 2 words. In Figure 3, the word cloud shows a total of 108 words. The largest words, such as hospital, staff, and COVID-19 pandemic, were most frequently used in interview texts.

[image: Figure 3]

FIGURE 3
 Word cloud for the COVID-19 pandemic control measures of the 14th National Games.





4 Discussion

Despite the timing of the mass gathering (i.e., during the COVID-19 pandemic), no confirmed cases of COVID-19 were recorded at the 14th National Games venue. This study collected the experiences and measures implemented by organizers to prevent the spread of COVID-19 by conducting in-depth interviews with five experts. The interview texts were then analysed in a bottom-up approach based on grounded theory, leading to the development of a theoretical model of the COVID-19 pandemic response. The theoretical model in Figure 2 revealed seven themes that occurred in interviews regarding the COVID-19 prevention and control measures implemented at the 14th National Games: the health risks of mass gatherings, crowd management, emergency medical care, allocation of emergency medical resources, pandemic emergency drills, the pandemic prevention and control management platform, and emergency response plans.

Notably, the allocation of emergency medical resources was vital. During the COVID-19 pandemic, healthcare workers were under tremendous pressure to serve as social leaders and guide the public. Therefore, the deployment and management of healthcare workers should be the first topic that policymakers consider to ensure that they can better provide care to patients, which is consistent with previous studies (25). Furthermore, many emergency medical teams in China are composed of staff drawn from emergency departments and other related departments on a temporary basis, and the lack of clear criteria for performance evaluation of this staff is a challenge that will need to be addressed in the future. Many of the experts reported that the 14th National Games had implemented differentiated allocation of medical resources, for example, directing thoracic surgery and cardiovascular resources to the marathon and directing orthopedic resources to some ball games.

Providing training for emergency medical service providers prior to mass gatherings is a practical measure to ensure disaster preparedness. To enhance emergency response capacity, authorities conducted several exercises regarding the prevention and control of COVID-19 in Shaanxi Province. The training drills mainly involved precompetition drills, simulation drills and on-site drills. In the preplanning phase, the authorities examined the following three scenarios. (1) For close contacts of positive cases, the following measures were taken: timely transfer to centralized quarantine, investigation, and control of risk by specific personnel, monitoring, and disinfection. (2) For people who tested positive for COVID-19, the following measures were taken: the emergency command system was activated, a report was composed, information was transmitted in a timely manner, high-risk groups were identified, on-site quarantine measures were implemented, an epidemiological investigation was conducted, and disinfection was performed. (3) For dispersed confirmed cases or asymptomatic patients, the following measures were taken: the emergency command system was activated, emergency medical care was administered, an epidemiological investigation was performed, close contacts were identified and controlled, prevention and control areas were delineated, risk assessment was performed, active surveillance was performed, PCR testing was conducted, information was disseminated, and public opinions were monitored.

The 14th National Games epidemic prevention and control management platform is a smartphone app called Quanyuntong, which helped to prevent any confirmed cases from being found at the 14th National Games venue. The platform was divided into four parts: (1) personal information containing the identification number and identity category; (2) three operation tools: QR code scanning, The 14th National Games code and the ticket bundle; (3) four modules: a PCR test (negative or positive), COVID-19 vaccine information (the first injection, the first few months), health check-in (body temperature), abnormal epidemic prevention; and (4) four functions: The QR code of the accompanying staff, audit records, help centres, and other services. Especially with the accompanying code, family members could help older adult individuals or children who did not have smartphones to fill in the information. If participants later tested positive for COVID-19 and needed to be traced, the event organizers could quickly identify the activity trajectory of confirmed cases, as well as their close contacts, based on information from the platform. This reduced the time needed to trace the outbreak and prevent the disease from spreading. This platform is more accurate and faster than manual tracking regarding close contact tracing, as it provided a limited list of potential close contacts rather than an exhaustive list of all contacts (2).

Nonpharmaceutical interventions such as crowd management were key to prevention measures at the 14th National Games; such interventions involved limiting the maximum number of attendees entering the venue to half of the venue’s capacity and compulsory mask wearing. Experts have reported that masks act as a physical barrier to prevent the spread of virus-carrying droplets from people, the evidence that masks reduce the spread of disease is consistent with the findings of a US study (26, 27). In addition, the experts reported that limiting the maximum number of spectators entering the Games venues to half the capacity of the venue, maintaining a physical distance of 1 metre among individuals, and reducing overcrowding effectively reduced the spread of the virus. Previous studies have also shown that keeping people at a physical distance of one metre or more from each other sharply reduces the risk of disease spread (28–30).

Closed-loop management (also called the bubble strategy) is a management approach that has been developed from the principles of integrated information systems, closed-loop systems, management control, and management closure (31). An integrated system was created at the National Village, contract hotels, training venues, other pre-listed destinations, and dedicated connecting transportation to separate participants from residents at the 14th National Games. To maintain the integrity of the bubble, they were transported between destinations using vehicles with specific signage and followed dedicated routes into other bubbles.

It can be effectively applied to the prevention and control of COVID-19 outbreaks. Strict closed-loop management was implemented once the athletes arrived in Shaanxi for the 14th National Games. After arriving in Xi’an, the athletes, technical officials, and media staff were transported in special buses using private channels to the National Village or reception hotel to ensure closed management. There was a small fever clinic and medical station within the National Village, and patients could also choose to seek medical treatment at nearby designated hospitals, which had green channels for athletes to use. Closed-loop management measures were used to avoid contact between athletes and outsiders, effectively reduce crowd sizes and wait times, and reduce the possibility of cross-infection (31). The experts noted that group entries and exits, pipeline transport, and bubble management were all types of closed management.

A three-layer testing strategy was implemented during the 14th National Games, including predeparture testing, postarrival testing, and daily PCR testing. All participants in the 14th National Games provided proof of PCR testing within 48 h prior to arrival in Shaanxi. The PCR test was performed at airports and railway stations before access to the closed-loop system. Then they need participants underwent daily PCR tests. The PCR test played an important role in preventing the spread and controlling the virus (32, 33). In addition to all precautionary measures and clear instructions, the exclusion of all individuals who tested positive prior to traveling to the 14th National Games was a factor contributing to the no confirmed cases at the 14th National Games venue.

This is a retrospective study, and the interviewees are all experienced experts or doctors who participated in the 14th National Games. Through semi-structured interviews, they were asked to recall their valuable experiences in epidemic prevention and control during their participation in the 14th National Games. Through summarizing the experiences and insights of the interviewees, its practical guidance for pandemic prevention and control. Although this is not a scientific study in the traditional sense, the practical experience and insights of the experts are important inspirations for developing more effective prevention and control measures.



5 Conclusion

The 14th National Games was the first sporting mass gathering held in China during the COVID-19 pandemic and achieved 0 confirmed cases at the venue. The success originated from the efforts of the government, the 14th National Games authorities, and emergency medical workers. This experience provided lessons for national and international health organizations regarding other mass gatherings; a set of public health countermeasures were implemented in the context of the COVID-19 pandemic. Nonpharmaceutical interventions were paramount in China; other countries worldwide implemented prevention and control measures similar to those in China, but these measures were not entirely applicable to all countries.


5.1 Limitations

The main limitation of this study was the use of Tencent Meeting software for interviews rather than conducting face-to-face interviews due to distance and the need to protect the privacy of the interviewees. Interviews that lack any visual aids, such as behaviours and body language, may affect the results of the study. In addition, due to the limitations of the study data and materials, quantitative research methods were not used in this study to validate the results. We plan to quantitively analyze the findings in the next study.
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