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In 2023, a global increase in invasive group A streptococcal disease (GAS) caused serious illness and death. The North Eastern Public Health Unit (NEPHU) in Victoria, Australia, identified an outbreak of GAS in a school in July 2023; we investigated to describe the epidemiology, to identify risk factors for severe disease, and to implement control measures. We defined confirmed cases as those with laboratory, clinical and epidemiological evidence. Probable cases had clinical evidence with an epidemiological link to a confirmed case but no laboratory evidence. Absentee data were collated for students preceding the onset of the index case. We developed an online, self-administered survey for all students to identify contacts with clinically compatible illnesses. Cultures were genomically sequenced. We identified 11 cases (five confirmed, six probable) among the cohort of 38 (a 29% attack rate), with onset dates from 24 July to 27 August 2023. The index case had a severe invasive GAS infection requiring hospitalisation; eight of 11 cases (73%) reported sore throat and one reported scarlet fever as their primary syndrome. Fifteen of 28 students (54%) were absent from the school during the period preceding the index case’s onset. We monitored for two incubation periods following the onset of the last case to 5 September 2023 (six days), with no further cases identified. Isolates all typed as emm1, with genomic clustering consistent with localised transmission. This outbreak demonstrated group A Streptococcus (GAS) transmissibility in a school with multiple clinical manifestations.
Keywords: disease outbreak; streptococcal infections; invasive group A Streptococcus; Streptococcus pyogenes; scarlet fever; genomic cluster
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Group A Streptococcus (GAS), or Streptococcus pyogenes, is a human pathogen associated with significant mortality and morbidity globally.1 GAS is a gram-positive bacterium that colonises both the skin and pharynx and can cause a wide range of clinical manifestations.2 These include mild infections, such as pharyngitis and impetigo, and serious infections known as invasive group A streptococcal (iGAS), with presentations including necrotising fasciitis and streptococcal toxic shock syndrome.2 Following infection, complications can occur, such as acute rheumatic fever and post-streptococcal glomerulonephritis which, while rare, are important causes of mortality and morbidity globally.1
Invasive group A streptococcal infection occurs when GAS infects a normally sterile site.3 Invasive infections are often severe, with case fatality as high as 15% in high-income countries.4,5 Several risk factors increase the likelihood of a severe invasive GAS infection. Older (> 65 years) and younger (< 5 years) age groups are at greater risk of developing invasive GAS infections.6 Studies have identified an increased risk of secondary invasive GAS cases in household contacts of cases when compared to the general population.7–9 Viral co-infection, such as influenza or varicella, may increase the risk of invasive GAS disease.10–12
In early to mid-2022, there was an increase in hospital admissions and deaths due to invasive GAS in Europe and the United States of America (USA), particularly among children under ten years old.13–16 Similar increases were noted in Australia.17 Invasive GAS was made a notifiable condition in the Australian state of Victoria in 2022 under the Public Health and Wellbeing Regulations (2019).18 The North Eastern Public Health Unit (NEPHU) is one of nine public health units in Victoria, serving a population of 1.8 million, accounting for 28% of the total Victorian population.19 We describe an outbreak investigation of GAS in a school setting conducted by the North Eastern Public Health Unit (NEPHU). 
On 31 July 2023, NEPHU received a laboratory notification of invasive GAS in a 10-year-old male. Through routine follow-up with the principal of the school that the case attended, it was reported that two students from the same classroom as the index case had symptoms consistent with non-invasive GAS infections. This principal also reported higher than usual levels of absenteeism in the week preceding the notification of the index case. This prompted the public health unit to conduct an outbreak investigation in an effort to prevent secondary cases of invasive GAS in this setting. 
[bookmark: _Toc215068914][bookmark: _Toc195530502]Aims and objectives
This study aimed to describe the outcomes of the investigation into an outbreak of GAS in a Victorian school. The key objectives were:
to describe the outbreak setting, investigation and associated public health actions;
to epidemiologically analyse the outbreak to describe transmission and the extent of the outbreak's spread; and
to provide evidence to inform future GAS public health responses.
[bookmark: _Toc215068915]Methods
[bookmark: _Toc215068916]Study design
A retrospective cohort study was conducted. All analyses were performed using R statistical software.20
[bookmark: _Toc215068917]Outbreak setting
The setting of this outbreak was a grade five/six class of students aged 10 to 12 years old at a primary school in Melbourne, Victoria. The class under investigation comprised 28 students and one teacher in a school of 64 students and 19 staff. A social event held at a public venue on 22 July 2023, attended by eight students from the class and four additional household members, was included in the investigation.
[bookmark: _Toc215068918]Investigation team
The NEPHU Incident Management Team was established on 1 August 2023, comprising public health physicians, epidemiologists, public health officers, a communications lead, and infection prevention and control specialists. The United States Centers for Disease Control and Prevention (CDC) guidelines for outbreak investigation (10 steps) and state incident management guidelines were used to investigate and manage the outbreak.21
[bookmark: _Toc215068919]Epidemiological investigation
School enrolment, an attendance list, and details of the social event attendees were obtained on 3 August 2023. This included all staff and students in the class and data on who reported a clinically compatible illness, attendance at the social event, and absenteeism data for the period preceding the notification of the index case.
[bookmark: _Toc215068920]Outbreak definitions
Confirmed outbreak case
An individual with positive detection of group A streptococci (Streptococcus pyogenes) by culture or molecular methods on or after 24 June 2023 to 5 September 2023
AND 
an individual with clinical evidence of GAS infection on or after 24 June 2023 to 5 September 2023
AND 
epidemiological evidence

Probable outbreak case
An individual with clinical evidence of GAS infection on or after 24 June 2023 to 5 September 2023
AND 
epidemiological evidence
Epidemiological evidence
An individual who either attended the grade five/six class at the school for cumulatively more than 24 hours from 24 June 2023 to 5 September 2023
OR
an individual who attended the social event on 22 July 2023
Clinical evidence
Clinical symptoms consistent with streptococcal sore throat (pharyngitis) OR scarlet fever OR skin sores (impetigo) OR invasive GAS. Symptoms, as documented from a medical examination or reported by the child’s parents, included:
sore throat;
skin rash – fine erythematous, punctate, blanching on pressure and with a sandpaper texture and predominantly truncal distribution;
superficial skin infection typically presenting as small blisters;
strawberry tongue;
flushing of cheeks and circumoral pallor;
desquamation of the skin in convalescence;
streptococcal toxic shock syndrome that includes both hypotension and multi-organ failure; 
necrotising fasciitis; 
puerperal sepsis. 
Contact
An individual who attended either the grade five/six class at the school for cumulatively more than 24 hours from 22 June 2023 to 5 September 2023
OR
an individual who attended the social event on 22 July 2023
OR
a household contact of an invasive GAS case.
Case finding
Students who reported a clinically compatible illness were reported to the investigation team by the school and followed up. Active case finding was conducted using a survey sent to the school community on 22 August (Appendix A). The survey aimed to identify any additional cases in the one month prior to the index case and to assess any ongoing transmission following the administration of antibiotic prophylaxis. The survey was administered to all students and staff not already identified as cases in the investigation.
[bookmark: _Toc215068921]Laboratory investigation
All suspected cases were requested to visit a healthcare facility for laboratory confirmation and treatment. Positive samples were sent to the Microbiological Diagnostic Unit Public Health Laboratory (MDU PHL) at the University of Melbourne for whole genome sequencing (WGS) and multi-locus sequence typing (MLST) as part of the outbreak investigation. Phylogenetic trees were generated using a maximum-likelihood method based on the core genome alignment of all isolates analysed in this report and interpreted in context with available epidemiological data.
[bookmark: _Toc215068922]Ethics approval
This investigation was carried out under the powers of the Victorian Public Health and Wellbeing Act 2008 and associated Public Health and Wellbeing Regulations (2019) in response to an acute threat to public health.18,22 The Australian National University (ANU) Human Research Ethics Committee (HREC) has a standing authorisation for staff and student outbreak investigations (Protocol Number 2017/909).
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Eleven cases (five confirmed, six probable) were identified amongst the cohort (n = 38), which comprised staff (n = 1), students (n = 28) and household members (n = 9), with a 29% attack rate. The index case attended school while infectious (defined as up to seven days before symptom onset)23 on 24 July 2023 and was reported to the NEPHU on 31 July 2023; illness onset dates ranged for cases from 24 July to 27 August 2023 (Figure 1). Eight cases were students from a single class group at the school (8/29; 29% attack rate).
Figure 1: The epidemiological curve of cases in a school outbreak of group A Streptococcus, Victoria, Australia, July–September 2023
[image: Bar chart of cases in a school outbreak of group A streptococcus, Victoria, July-September 2023. The first case in the outbreak is the index case on the 24th of July and with a peak of 2 cases on the 2nd of August.]
The investigation included a social event held on 22 July 2023, attended by the index case. Eight students from the same class and four household contacts participated in the event. Five of the 12 attendees were identified as cases (Figure 2), with an attack rate of 41%. Four cases attended the social event while potentially infectious. One additional case, who was also a household contact of a case, was identified from attendees.
Figure 2: Summary of exposure events in a school outbreak of group A Streptococcus, Victoria, Australia, July–September 2023
[image: The figure summarizes the exposure events in a group A Streptococcus outbreak at a school in Melbourne between July and September 2023, showing links between individuals who attended a social event and those in a classroom setting. Eight cases were students from a single class group at the school. Eight students from the same class and five household contacts participated in the event. Five of the 12 attendees were identified as cases. ]
Twenty-six investigation surveys were distributed amongst contacts in the class cohort; twelve contacts (46%) responded, of whom five (42%) reported symptoms consistent with GAS (Table 1). Reported symptom onset, among survey respondents, ranged from 2 to 27 August 2023; two probable cases reported symptoms of sore throat after the administration of antibiotic prophylaxis on 24 and 27 August 2023. The two probable cases reported seeking medical care and received alternate diagnoses; no diagnostic tests were performed. No swabs were taken for the cases identified through the active case finding survey and all met the probable case definition. No cases were identified with a symptom onset date preceding the index case. Fifty–five investigation surveys were sent to individuals in other class cohorts in the broader school setting, to assess the risk of further transmission outside the class cohort; 17 responses were received (31% response rate). No additional cases were identified in other class cohorts.
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The median age of cases was 11 years, with an overall age range of 10–52 years (Table 1). During the outbreak, males showed a higher attack rate (38%) than did females (24%). The index case had a severe invasive group A Streptococcus infection that required hospitalisation for a period of ten days. Eight cases (73%) reported pharyngitis as their clinical manifestation, while one case reported scarlet fever as their primary clinical manifestation. There were no deaths during the outbreak.
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Table 1: Demographic characteristics, clinical illness, and outcomes of cases linked to the outbreak of group A Streptococcus in a school setting, Victoria, Australia, July–September 2023
	Category
	Characteristic
	Cohort
	Probable cases
	Confirmed cases
	Attack rate

	
	
	Number
	Percentage
	Number
	Percentage
	Number
	Percentage
	

	Cohort composition
	Total
	38
	—
	6
	—
	5
	—
	29%

	
	Students
	28
	74%
	5
	83%
	3
	60%
	29%

	
	Staff
	1
	3%
	0
	0%
	0
	0%
	0%

	
	Household
	9
	24%
	1
	17%
	2
	40%
	33%

	Demographics
	Median age, years
	11
	(10–11)a
	11
	(10–12)a
	11
	(11–20)a
	—

	
	Male
	13
	34%
	3
	50%
	2
	40%
	38%

	
	Female
	25
	66%
	3
	50%
	3
	60%
	24%

	Clinical manifestation
	Invasive GAS
	—
	—
	0
	0%
	1
	20%
	—

	
	Fever
	—
	—
	0
	0%
	1
	20%
	—

	
	Pharyngitis
	—
	—
	6
	100%
	2
	40%
	—

	
	Scarlet fever
	—
	—
	0
	0%
	1
	20%
	—


a	Interquartile range (IQR) in years.
Data from the school administration system identified high levels of absenteeism at the school prior to the index case, from 24 June 2023. Across the investigation period, 15 of 28 students (54%) were reported absent during the period 24 June to 1 August 2023 (Figure 3). Five of 28 students (18%) were absent during the week preceding the index case; the school did not record a specific reason for their absences. These students were included in the subsequent active case-finding survey; among respondents, none reported symptoms consistent with GAS infection and no additional cases were identified. Students were asked about symptoms of other respiratory illnesses, such as influenza or respiratory syncytial virus, in the month before the index case; no contacts reported other respiratory diseases.
Figure 3: Weekly percentage of students absent and cases by week of symptom onset for a school outbreak of group A Streptococcus, Victoria, Australia, July–September 2023
[image: In the figure, the x-axis represents the weeks from July to September 2023. The primary y-axis shows the number of cases, and the secondary y-axis represents the percentage of students absent. The peak in absences occurs at the start of the outbreak period, specifically in the last week of July (beginning July 24), coinciding with the onset of group A Streptococcus cases.]
Four of the five isolates were available for typing and genomic analysis. Typing results from isolates were all found to be emm1, a common subtype in Victoria. The strain was genomically distinct from other emm1 circulating in Victoria at the time. Clustering based on single nucleotide polymorphism (SNP) thresholds found that all four cases appeared closely related (0 SNPs) and consistent with potential transmission between cases or from a common source. The isolates within the cluster were greater than 10 SNPs from all other Victorian sequenced isolates. One additional isolate from a Victorian case outside this cluster was found to be closely related (0 SNPs) to isolates in this school outbreak. The case was a female aged in her 40s with a specimen collected on 21 June 2023. Follow-up identified no clear epidemiological link to the outbreak.
[bookmark: _Toc215068924]Public health measures
Probable cases were requested to not attend school from symptoms onset until 24 hours after the commencement of treatment. Following laboratory confirmation of the second GAS case within the cluster, prophylactic antibiotics were recommended for all contacts. A letter was sent to parents on 4 August 2023, advising contacts to seek medical attention to receive prophylactic antibiotics and continue monitoring for symptoms. The letter advised the treating clinician to refer to the relevant therapeutic guidelines for additional information on appropriate prophylactic regimens. Sixteen of 24 contacts (67%) were confirmed to have received prophylactic antibiotics. 
Recommendations were provided to the school principal on reducing GAS transmission in the school. These included education resources on how GAS is spread and strategies to prevent GAS transmission.23 It was advised that staff and students were educated in hand hygiene techniques and that hand hygiene products (soap and water in bathrooms, alcohol-based hand rubs in the classroom) were made readily available. It was recommended that a cleaning process be implemented daily for applicable classrooms, including detergent and disinfection steps for high-touch surfaces. In the situation where the classroom had access to air purifiers, it was advised that they were on during school hours. The outbreak was monitored for two incubation periods following the onset date of the last case to 5 September 2023 (six days), with no further cases identified.
[bookmark: _Toc215068925][bookmark: _Toc195519590][bookmark: _Toc195522359]Discussion
This report describes an outbreak of group A Streptococcus (GAS) in a school with multiple clinical manifestations, including pharyngitis, scarlet fever and iGAS. This occurred during a period of increased iGAS notifications in Victoria and globally.13–17 Within the classroom setting, eight of 28 students were identified as cases in this outbreak, with a 28% attack rate. This attack rate is comparable to the other published GAS attack rates in school settings, which range from 23% to 72%.24–28 However, because the survey response rate was low, the actual attack rate may differ; these comparisons should therefore be interpreted with caution. The investigation was supported by genomic phylogenetic analysis, which highlighted the transmission of the outbreak. The outbreak strain was identified as the emm1 strain, consistent with the most prevalent strain associated with invasive GAS in Victoria.29 
At the time of the investigation, no national or state jurisdiction guidelines existed to control invasive GAS clusters. This outbreak included both invasive and non-invasive forms of GAS; potentially, more could be done to prevent transmission of both invasive and non-invasive GAS infections. As non-invasive forms of GAS, such as scarlet fever, are not notifiable in Victoria, the extent of transmission is not known. During the rise in GAS cases in December 2022 in the UK, more than 700 outbreaks were recorded by local health protection teams in England.30 Reducing transmission from less severe infections, such as scarlet fever, can reduce the risk of severe invasive infection in close contacts, given the crossover of strains causing both mild and severe presentations.31,32
There were no additional cases of invasive GAS in this outbreak. Prophylactic antibiotics were recommended to all contacts in this outbreak to prevent secondary invasive GAS infections. The risk of secondary invasive GAS infections among close contacts is higher than the sporadic invasive GAS infection rate, ranging from 19 to 200 fold higher.8,33 However, a recent systematic review found that the evidence for antibiotic prophylaxis was based on studies with small sample sizes and with weak study designs, so definitive conclusions cannot be drawn.34 These findings must also be taken in the context of new and evolving practices in response to antimicrobial stewardship. 
High absenteeism in the class before the onset of the index case indicated there were possibly circulating pathogens before the onset of the index case. This outbreak occurred during winter when there were higher levels of other circulating respiratory viruses; however, no respiratory symptoms were reported amongst survey respondents over this time, so it is unclear what the cause was for this absenteeism. A preceding or concurrent viral respiratory tract infection can increase the risk of invasive GAS.35–39 
The investigation survey identified two probable cases with symptom onset dates after the administration of antibiotic prophylaxis and 19 days after the most recent cases in the class cohort. While their sore throats could have been caused by an unrelated infection, both individuals had already received prophylactic antibiotics, so it remains possible they were infected with S. pyogenes despite prophylaxis. As probable cases were not followed up and swabbed for confirmation at this point in the investigation, they were not laboratory tested for GAS infection, and an alternative diagnosis with symptoms consistent with GAS could not be determined. 
This investigation had several limitations. Not all cases were swabbed, and given the non-specific nature of pharyngitis, we could not definitively determine GAS as the causative agent in these cases. Asymptomatic contacts were not swabbed; the role of asymptomatic carriage on transmission dynamics in this outbreak is unknown. Recent findings suggest asymptomatic shedding by children of S. pyogenes might perpetuate outbreaks in schools settings.40 In addition, this investigation did not evaluate the contribution of co-infections with other circulating viruses; this may have provided additional insights, especially based on the high absenteeism prior to the index case.
There were limitations to the investigation survey in identifying additional cases. The survey had low response rates across both the class cohort (46%) and the broader school cohort (31%). We asked about GAS-related symptoms and other respiratory infections over a 2-month period and, given the similarities between these in terms of clinical presentation, respondents were unable to definitively identify the cause of any illnesses. Delays in implementing the survey likely impacted response rates and respondents’ recall.
[bookmark: _Toc215068926]Conclusion
This outbreak demonstrated the likely transmission of GAS in a school setting during a period of high levels of circulating GAS in the community. Multiple clinical manifestations, including both invasive and non-invasive infections, were identified through this investigation, and transmission was supported by genomic phylogenetic analysis. These findings highlight the need for further research into the transmission of GAS in school settings and to evaluate the effectiveness of control measures in preventing additional invasive GAS cases during outbreaks.
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[bookmark: _Toc215068931]Appendix A – Investigation Survey
1. First Name:
Surname:
Relationship to child:
Has the child received antibiotic prophylaxis for exposure to group A streptococcus (GAS)?
[bookmark: _Toc215068932]Section 1: GAS related questions
Select any of the following symptoms of group A streptococcal infection the child has experienced since the 24th June 2023 (24/06/2023):
Sore throat (may include pus or redness on throat/tonsils)
Pink/red skin rash on the face and body
Flushed face with paleness around the mouth
A bright red and bumpy tongue
Sores on the skin that tend to form blisters
Fever and chills 
No symptoms
If yes, then complete:
When did the first symptom begin? Select estimated date if exact date is unknown.
Did you seek medical treatment/advice for any of the above symptoms?
Did the health professional provide a diagnosis? If yes, please best describe:
Describe any treatment or advice that was recommended:
[bookmark: _Toc215068933]Section 2: respiratory illness related questions
Since the 24th of June, has the child had a respiratory illness such as flu or cold? e.g. cough, sore throat, runny nose, muscles aches and pain or fevers
If yes, then complete:
When did the symptoms for the respiratory illness first start? Select estimated date if exact date is unknown.
When did the symptoms resolve? If can not recall the exact date, please leave blank
Did you seek medical treatment/advice for the respiratory illness?
Did the health professional provide a diagnosis? If yes, please best describe:
Describe any treatment or advice that was recommended:
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