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Abstract 

A COVID-19 cluster in a football academy, Buri Ram, Thailand, was notified in October 2021. We aimed to characterize the 

outbreak, identify the source of disease and risk factors for infection, and give recommendations for preventive measures. 

We conducted a descriptive study by interviewing cases and academy participants, and assessed ventilation measures at the 

academy via an environmental survey. We performed a retrospective cohort study among football players using Poisson 

regression to identify risk factors of COVID-19 infection presenting adjusted incidence rate ratios (AIRR) and 95% confidence 

intervals (CI). The attack rate was 22.4% (48/214). The median age was 14 years and 77.1% of patients had mild illnesses. All 

examined environmental surfaces tested negative for SARS-CoV-2. The bedroom density had a strong relationship with attack 

rates among female bedrooms. Risk factors for infection were being high-risk close contact with the primary case (AIRR 5.4, 

95% CI 2.2–12.9) and sleeping in crowded bedrooms (AIRR 2.42, 95% CI 1.14–5.15). Mask-wearing was a protective factor 

(AIRR 0.32, 95% CI 0.13–0.80). We recommend sports academies and schools encourage mask-wearing during an outbreak, 

provide living areas that conform to recommended density guidelines, and prepare an isolation or quarantine room for 

infected students. 
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Background 

Thailand began experiencing a sharp rise in coronavirus 

disease 2019 (COVID-19) cases in April 2021, with a peak 

number reported on 13 Aug 2021.1 The Thai government 

used a variety of control strategies, including promoting 

global COVID-19 prevention measures, limiting group 

activities, closing high-risk areas and buildings, limiting 

mobility, and implementing control measures tailored to 

particular risk areas. Every school closed down and 

implemented online learning.2 Consequently, the 

number of cases fell from September to October 2021.1 

COVID-19 immunization for adolescents (ages 12 to 18 

years) began in October 2021, and classes resumed in 

early November 2021.3,4 Thailand provided 

recommendations for re-opening schools and sports 

venues.5–7 Before October 2021, there were three COVID-

19 outbreaks in sports schools but no outbreak in sports 

facilities.8 However, there has been no previous study 

exploring risk factors for COVID-19 outbreaks in schools 

or sports facilities in Thailand. 

The proportion of asymptomatic COVID-19 infections 

among children and adolescents ranges from 15–42%.9 
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Among symptomatic cases, fever and cough were the 

most common symptoms. Other symptoms, including 

rhinorrhea, sore throat, diarrhea, and vomiting, are less 

common. Disease is rarely severe and the mortality rate 

is low.10 Higher transmission rates are observed in older 

children (ages 10–19 years) compared with younger 

children (<10 years).11 COVID-19 transmission rates in 

schools are low.11,12 Lack of masking, staff-to-staff dining, 

and team sports or other types of group extracurricular 

activities are risk factors for in-school transmission.13–15 

Group living environment and poor ventilation are 

environmental risk factors for COVID-19.16,17 

On 13 Oct 2021, Buri Ram Provincial Health Office 

notified the joint investigation team of the Office of 

Disease Prevention and Control Region 9 Nakhon 

Ratchasima about a COVID-19 cluster in a football 

academy at a secondary school in Nai Mueang 

Subdistrict of Mueang Buri Ram District, Buri Ram 

Province, Thailand. An investigation was conducted 

aiming to describe epidemiological characteristics of 

the outbreak, identify potential sources of disease 

transmission, identify risk factors of COVID-19 

infection, and recommend preventive measures. 

Methods 

An investigation was conducted at school M, Muang 

District, Buri Ram Province, between 14 Oct and 7 Nov 

2021, by a joint investigation team that included 

officers from the Office of Disease Prevention and 

Control Region 9 Nakhon Ratchasima, Buriram 

Hospital, Buri Ram Provincial Health Office, and the 

Division of Epidemiology. 

A descriptive study was performed by reviewing 

Novelcorona-3 form (Thailand’s COVID-19 patient 

summary report form), field hospital records and 

laboratory data, and interviewing football players, 

coaches, and directors. Contact tracing, active case 

finding, and laboratory testing was also performed. 

A confirmed case of COVID-19 was defined as a person 

who lived in school M and had a positive result for 

severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) by real-time reverse transcription–

polymerase chain reaction (RT-PCR) method at 

Buriram Hospital between 23 Sep and 7 Nov 2021. 

A close contact was defined as a person who came into 

contact with a confirmed case or talked to a confirmed 

case within a distance of one meter for at least five 

minutes, or was exposed to the secretion of a 

confirmed case, or stayed in a closed environment 

with a confirmed case for at least 30 minutes, and 

came into contact with the case between two days 

before the case’s onset date and the date of their 

isolation. The date of contact or exposure must have 

occurred between 23 Sep and 7 Nov 2021. If a 

confirmed case was asymptomatic, we used the 

detected date as the onset date. A high-risk close 

contact was defined as a close contact who did not 

wear proper personal protective equipment or was a 

roommate of a confirmed case, otherwise, the person 

was defined as a low-risk close contact. 

Nasopharyngeal swabs were collected from all 

students in the football academy, basketball academy 

and personnel in school M for active case finding. The 

specimens were sent to the certified laboratory of 

Buriram Hospital. We recorded the cycle threshold 

level of the RNA-dependent RNA polymerase (RdRp) 

gene, nucleocapsid (N) gene, and envelope (E) gene. 

The environmental study was conducted in the 

football academy via a walk-through survey to 

determine possible transmission locations. We 

interviewed cases, football coaches, and football 

players to describe risky behaviors, risky activities, 

and any COVID-19 preventive measures that were 

implemented. We swabbed environmental surfaces at 

common contact points, toilets, and dormitories, and 

submitted the specimens to Nakhon Ratchasima 

Medical Sciences Center for RT-PCR testing. We 

measured the dimensions of the academy to estimate 

the crowd density using a laser distance meter. We 

measured the airflow rate in air changes per hour 

(ACH) using a hot-wire anemometer, the air direction 

using a smoke tube, and the ventilation size of 

football players’ bedrooms.18 We fit a linear regression 

model to the attack rate in bedrooms to identify 

associated environmental factors. 

A retrospective cohort study was conducted to identify 

risk factors of being a COVID-19 case in the football 

academy. The study population consisted of all football 

players who lived in school M between 23 Sep and 7 

Nov 2021 and had no evidence of COVID-19 infection 

(RT-PCR or antigen test kit results) before the study 

period and responded to a survey via Google Forms. We 

elicited participant’s age, gender, underlying disease, 

vaccine history, and behaviors through a structured 

questionnaire. Answers to the behavior questions were 

“always”, “sometimes”, and “never”. We classified 

those who responded “always” or “sometimes” as the 

exposure group and “never” as the non-exposure group. 

We defined the cohort beginning on 7 October since 

this was the onset date of the primary case, and we 

followed up participants until 4 Nov 2021 (14 days 

after the last case was detected).  

For the descriptive analysis, we present median and 

interquartile range for continuous variables and 
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frequency and percentage for categorical variables. 

Microsoft Excel 365 was used for data management. 

We performed univariate analysis using Poisson 

regression and multivariate analysis using a 

backward stepwise method by including variables 

with a p-value <0.2 from the univariate analysis. A 

variable with a p-value <0.05 was considered 

statistically significant. We calculated person-time 

from the cohort beginning from being a COVID-19 

case until the end of the study period. For those who 

had no person-time defined, we used a value of 0.5 

person-days. STATA version 16.0 was used for all 

statistical analyses. 

Ethics 

Participants gave their verbal consent to join the study. 

The participants’ names were not recorded to ensure 

anonymity. This study was conducted as part of an 

emergency public health response. There were no 

invasive procedures in this investigation.  

Results  

School M is a public school catering for primary and 

secondary students. Football and basketball are the 

two-sport academies in this school. During the outbreak, 

all classes were closed. At the time of our investigation, 

the school housed 214 people including 59 female and 

120 male football players, 18 female basketball players, 

and 17 staff (15 football staff, 2 basketball staff). 

Teachers at the school had no contact with the sports 

academy. Both sports academies were separated from 

each other and neither students nor staff communicated 

with those from the other academy. On 13 Oct 2021, 16 

confirmed COVID-19 cases were detected (15 female 

football player and one male football player) from 194 

persons who were in the football academy. The joint 

investigation team started investigating the outbreak 

on 14 Oct 2021. The remaining 163 football players and 

15 football staff were defined as high-risk close contacts. 

RT-PCR tests for SARS-CoV-2 were performed on days 

0, 7, 14, and 21 after the investigation. We conducted 

active case findings on the female basketball players, 

staff, administrative officers, and teachers. The 

outbreak was monitored for 14 days after the last case 

was reported.  

The distribution of COVID-19 cases by date of onset 

in the football academy is shown in Figure 1. During 

23–30 Sep 2021, all players went back to their homes. 

On 1 October they returned to the academy where 

they were screened for SARS-CoV-2 using antigen 

test kits, of which all results were negative. On 5 

October, all players received their first dose of the 

COVID-19 vaccine (BNT162b2) at Buriram Hospital. 

The primary case was a 15-year-old female who 

developed symptoms on 7 October. She went to a 

coffee shop with her family on 30 September before 

returning to the academy on 30 September and 

developed a fever on 7 October. Her entire family was 

not infected with COVID-19. Because the staff 

assumed that her symptoms were side effects from 

the vaccination, they did not consider that she had 

COVID-19 and did not isolate her. Five female 

football players developed symptoms a few days later. 

On 12 October, staff transported ten female football 

players to Buriram Hospital, of which eight tested 

positive for SARS-CoV-2. The field investigation 

began on 14 October. The football academy 

implemented group quarantine for all high-risk 

contacts on 15 October and the number of cases 

reported each day began to decrease. The last case 

was reported on 24 Oct 2021. 

 

Figure 1. Distribution of COVID-19 cases by onset/detected date in a football academy from 23 Sep–7 Nov 2021 (n=48) 
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Epidemiological Characteristics of the Outbreak 

From September to November 2021, there were 48 

confirmed COVID-19 cases in school M giving an overall 

attack rate of 22.4% (48/214). Table 1 presents 

demographic and clinical characteristics of the cases. 

The median age was 14 years (interquartile range (IQR) 

12–17 years) and the female to male ratio was 1.29:1. 

One case had an underlying disease (glucose-6-

phosphate dehydrogenase deficiency). The cases 

consisted of 27 female and 21 male football players. No 

case was detected among coaches, staff, basketball 

players, teachers, nor administrative officers. The 

gender-specific attack rate was 45.8% in female football 

players (27/59) and 17.5% in male football players 

(21/120).  

Table 1. Demographic and clinical characteristics of COVID-19 

cases (n=48)  

Characteristics n (%) 

Age group (years) 

    12–14  

    15–17  

Median age (IQR) 

 

25 (52.1%) 

23 (47.9%) 

14 (12–17) 

Gender 

    Female 

    Male 

Female to male ratio 

 

27 (56.2%) 

21 (43.8%) 

1.29:1 

Underlying disease 

    Yes 

    No 

 

1 (2.1%) 

47 (97.9%) 

IQR: interquartile range 

 

Most (77.1%) cases were symptomatic with the main 

symptoms being cough (62.2%), sore throat (56.8%), 

fever (40.5%), rhinorrhea (35.9%), and headache 

(33.3%). Other symptoms included secretions, anosmia, 

ageusia and myalgia. All cases were taken to a field 

hospital. There were no severe cases and no deaths 

reported. The median cycle threshold level for the 

RdRp gene was 21.59 (IQR 14.70–27.67) and for the N 

and E genes was 23.48 (IQR 16.39–29.07), and 22.64 

(IQR 15.58–28.01), respectively.21 On 5 Oct 2021, all 48 

cases received a single dose of the BNT162b2 vaccine, 

with 16, 26, and four developing symptoms or vaccine 

side effects between 0–7 days, 8–14 days, and 15–21 

days after vaccination, respectively.  

Environmental Study 

All football players and staff were living in the 

football academy at school M. Every morning, staff 

would screen the players for signs of fever and 

respiratory symptoms. If someone showed symptoms, 

staff would transport them to a hospital for further 

investigations.  

Daily activities at the academy included two hours of 

group exercise per day, two hours of football practicing 

per day, and six hours of online studying per day. 

Players did not wear masks during group exercises or 

football practice. Inactive players gathered in groups 

on the sidelines.  

At the academy, common areas have multipurpose 

tables, water dispensers, and toilets. The multipurpose 

tables are used for dining, studying, and relaxing (such 

as group conversations and playing cellphone games). 

During meal times the players are closely seated at the 

dining table. Separate times are allocated for males 

and females and the table is cleaned after use with 

alcohol spray. The press botton of the water dispenser 

and the drinking glasses are shared. There are 

separate toilets for males and females but there are no 

private bathrooms. Almost all bathrooms have a water 

retainer, bowl, faucet, and water closet. The bathrooms 

are cleaned twice a week. 

There are 12 shared bedrooms, of which five are 

designated for females (8–15 per room) and seven for 

males (12–24 per room). All bedrooms contain air 

conditioners and the spacing between the beds ranges 

from 0–0.5 meters. The air-conditioning is usually on 

while the players are in their bedrooms. A mop with 

floor cleanser is used to clean the bedroom floors daily. 

There are no isolation or quarantine rooms at the 

academy. 

On the investigation day, we collected 28 samples from 

surface areas for RT-PCR testing for SARS-CoV-2. All 

samples were collected before cleaning the areas. We 

selected three bedrooms (two females, one male) based 

on the ones with the highest attack rates on the 

investigation day. We collected five samples from each 

of the bedrooms; one each from a light switch, floor, 

bedrail, doorknob, and air-conditioning outlet. We 

collected nine samples from three of the toilets (two 

females, one male); three each from the toilet bowls, 

faucet handles, and seat cover surfaces. We collected 

four samples from two side table surfaces and the press 

buttons from two water dispensers. All specimens 

tested negative for SARS-CoV-2. 

Table 2 provides detailed characteristics of each of the 

12 bedrooms at the academy. The median (IQR) density 

was 1.5 (1.3–1.6),  air changes per hour (ACH) was 7.33 

(2.05–21.19), and the attack rate was 19.5% (6.6–39.4). 
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Table 2. Characteristics of bedrooms in the football academy 

Room Area  

(m2) 

Volume  

(m3) 

Airflow rate 

(m3/hr) 

Ventilation rate 

(m3/hr/person) 

ACH 

(L/hr) 

Crowd density 

(person/4 m2) 

Specific attack 

Rate (%) 

1F 48.0 132.1 2,592 216.00 19.62 1.00 16.67 (2/12) 

2F 38.6 109.5 3,924 301.85 35.83 1.35 53.85 (7/13) 

3F 40.2 108.4 252 16.80 2.32 1.49 86.67 (13/15) 

4F 28.1 75.6 2,556 232.36 33.79 1.56 45.45 (5/11) 

5F 28.1 75.6 1,692 211.50 22.39 1.14 0.00 (0/8) 

1M 48.0 102.6 756 63.00 7.37 1.42 33.33 (4/12) 

2M 37.1 112.9 144 12.00 1.28 2.37 18.18 (4/22) 

3M 37.1 102.6 2,052 136.80 19.99 1.63 13.33 (2/15) 

4M 44.8 137.6 396 19.80 2.88 1.79 30.00 (6/20) 

5M 36.7 123.9 180 12.86 1.45 1.53 0.00 (0/14) 

6M 39.2 118.4 864 66.46 7.30 1.33 0.00 (0/13) 

7M 60.0 160.7 288 12.00 1.79 1.60 20.83 (5/24) 

Median 38.9 111.2 810 64.73 7.33 1.51 19.50 

(IQR) (36.9–46.4) (102.6–128) (270–2340) (14.83–213.8) (2.05–21.19) (1.34–1.62) (6.66–39.39) 

M: male, F: female, ACH: air changes per hour 

 

There was no association between any of the 

bedroom characteristics and bedroom-specific 

attack rates. However, among female bedrooms, the 

density had a positive linear relationship (r=0.77) 

with the specific attack rate. From the linear 

regression the relationship was not statistically 

significant (regression coefficient 109.96, p-value 

0.130) (Figure 2). 

 
Figure 2. Scatter plot showing the relationship between crowd density and specific attack rate among female bedrooms.  

The black line represents fitted values from a linear regression model (n=5) 
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being a high-risk close contact of the primary case (IRR 

7.85, 95% CI 4.42–13.93), and mask-wearing (IRR 0.40, 95% 

CI 0.17–0.93). 

Results of the multivariate analysis are shown in 

Table 3. Significant factors associated with being a 

case were being a high-risk close contact of the 

primary case (adjusted incidence rate ratios (AIRR) 
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Table 3. Risk factors of being a COVID-19 case in the football academy (Poisson regression) 

Factors 
Exposure Non-exposure 

IRR (95% CI) AIRR (95% CI) 
cases non-cases cases non-cases 

Female 27 32 21 96 3.57 (2.01–6.31) 2.57 (0.99–6.72) 

Age >15 years 13 43 35 85 0.74 (0.39–1.41) - 

High-risk close contact of the 

primary case 

20 8 28 120 7.85 (4.42–13.93) 5.36 (2.22–12.94) 

Bedroom density >1.45 person/4 m2 35 97 13 31 0.74 (0.33–1.68) 2.42 (1.14–5.15) 

Wearing a face mask 42 122 6 6 0.40 (0.17–0.93) 0.32 (0.13–0.80) 

Distancing 47 125 1 3 1.10 (0.15–7.95) - 

Hand washing before touching 

environment and others 

45 124 3 4 0.52 (0.16–1.67) - 

Hand washing after touching 

environment and others 

46 123 3 6 0.77 (0.24–2.47) - 

Dining with others 31 78 15 49 1.31 (0.71–2.43) - 

Sharing drinking glasses 32 67 16 61 1.73 (0.95–3.16) 1.78 (0.95–3.34) 

Sharing spoon and folk 15 33 33 95 1.29 (0.70–2.38) - 

Buying delivery food 34 74 12 53 1.92 (0.99–3.70) - 

Go outside training camp 8 16 40 112 1.35 (0.63–2.89) - 

IRR: incidence rate ratios, AIRR: adjusted incidence rate ratios 

Discussion  

A cluster of COVID-19 cases in a football academy at a 

school in Buri Ram Province was confirmed. The 

overall attack rate was 22.4%. All cases were football 

players and the median age was 14 years. Females had 

a higher specific attack rate than males (45.8% versus 

17.5%). A previous study showed no significant gender 

differences in susceptibility to COVID-19 infection.19 

Our study found that females had a higher specific 

attack rate, which was likely because the initial 

infection occurred among the female football players. 

Additionally, we investigated and provided control 

measures when the disease initially spread among the 

males.  

Most cases were symptomatic; the most common 

symptoms being cough, sore throat, and fever. 

Symptoms of COVID-19 differ between studies.9,20,21 

The proportion of asymptomatic children and young 

people ranges from 14.6% to 42% based on a systematic 

review, and the most common symptoms are fever (46–

64.2%) and cough (32–55.9%) with sore throat being 

less common.9 A study from the United Kingdom 

reported that the most common symptoms in children 

aged 12–17 years were headache (65.9%), fatigue 

(60.7%), sore throat (51.0%), anosmia (48.3%), and 

fever (34.6%).20  

The primary case was a female football player who 

developed symptoms on 7 October, two days before any 

other players became symptomatic. The source of 

infection for this local outbreak was unknown. Two 

asymptomatic cases had COVID-19 detected with a 

high cycle threshold value after the primary case was 

detected. We only used a single RT-PCR for diagnosis 

testing; therefore, we could not be certain that they 

had a prior or recent infection.22 The serial trend of 

cycle threshold values can predict likely individual 

infectiousness.23 

The lack of staff awareness contributed to the delay in 

outbreak detection and control. Additionally, we found 

that this cohort had close physical activities with each 

other, and personal protective equipments were not 

used, which may have contributed to disease spread.24 

Environmental factors may also have contributed to 

the spread of disease since the bedrooms were poorly 

ventilated and over-crowded.16,17,25 The football 

academy did not follow the Department of Health’s 

recommended measures for schools5 or sports venues.6,7 

All bedrooms were over-crowded due to their crowd 

density more than one person per four square meters 

(m2).26 We found that among female bedrooms, density 

was positively related to the attack rate. Airflow rate, 

ventilation rate, and ACH were not associated with 

attack rate in this study, probably because we 

measured these parameters when all bedrooms were 

ventilated. Usually, the bedrooms at this academy 

were closed with no air ventilation, although air-

conditioners would be operating, therefore ventilation 

rate and air change rate per hour was very low. We 

recommended to the staff at the academy that the ACH 
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value should be at least 4.0 and the air ventilation rate 

should be more than 10 liters/second/person (36 m3/hr 

per person).26,27 Because all bedrooms had a density of 

more than the recommended value (less than 1 

person/4 m2), we defined a crowded bedroom as a 

bedroom that had a density of more than 1.45 person/4 

m2 for determination of risk factors.26 The operative 

cut-off value was designed to find a recommended 

value that could be applied in this or similar settings. 

Risk factors of being a COVID-19 case in the football 

academy on multivariate analysis were being a high-

risk close contact of the primary case, bedroom density 

(>1.45 person/4 m2), and lack of mask-wearing. A 

previous cohort study identified a higher secondary 

clinical attack rate and seroprevalence in household 

contacts than workplace contacts and social 

connections.28 In this academy, football players lived in 

shared bedrooms, which were more like household 

settings. Also, close physical proximity is a known risk 

factor for SARS-CoV-2 transmission. In the bedrooms, 

the distance between beds was less than 0.5 meters, 

making it difficult to adhere to physical distancing and 

avoid direct conversation. Among the mask-wearing 

group, mask-wearing reduced 68% of COVID-19 cases 

that would occur if those did not wear masks.29 Non-

N95 type masks can also reduce the risk of infection 

and disease.30  

Limitations 

Our study has a few limitations. First, behavior and 

risk factor information was self-reported, which can 

introduce information bias. Second, ventilation 

measures did not suit this outbreak situation; thus, we 

could not provide more details about the association 

between air ventilation and COVID-19 infection in this 

outbreak. Third, confirmed cases with high cycle 

threshold levels (>30) diagnosed early in the outbreak 

did not receive a follow-up test, therefore we could not 

differentiate between prior and recent infection. Lastly, 

we did not identify the virus variants. 

Recommendations 

Sports academies and schools should encourage mask-

wearing during an outbreak, ensure that rooms, 

especially bedrooms, have a density of less than 1.45 

person/4 m2, and provide isolation or quarantine rooms. 

Conclusion  

We report a cluster of COVID-19 cases in a football 

academy at a school in Buri Ram Province, Thailand, 

between September and November 2021, comprised of 

48 confirmed cases (attack rate 22.4%). The source of 

this outbreak could not be identified. The risk factors 

of being a case were being a high-risk close contact of 

the primary case and over-crowded bedrooms. Mask-

wearing was a protective factor. 
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