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[bookmark: _Toc170221761]
Executive summary
[bookmark: _Hlk168494559]Antimicrobial-resistant microorganisms, including bacteria, and the resistance genes they carry can spread readily between people in the community as well as those receiving care in hospitals, aged care homes and primary care services. The spread of antimicrobial resistance (AMR) can occur rapidly and significantly affect patients, the community, health services and the health system. Effective surveillance and monitoring are essential to determine the burden of AMR, and to inform response, infection prevention and control and antimicrobial stewardship (AMS) strategies, and prescribing guidelines.
[bookmark: _Hlk165628774]This report provides analyses of data on AMR in Streptococcus agalactiae (also called group B Streptococcus [GBS]) and S. pyogenes (also called group A Streptococcus [GAS]) from Australian Passive AMR Surveillance (APAS). APAS data on antimicrobial susceptibility testing results are contributed by public and private pathology services across Australia. These data are sourced from hospitals, aged care homes and the community. APAS was established by the Australian Commission on Safety and Quality in Health Care (the Commission) as a key component of the Antimicrobial Use and Resistance in Australia (AURA) surveillance program, which is coordinated by the Australian Government Department of Health and Aged Care (the Department).
Detailed information about APAS is included in Appendix 1. The methodology for the analyses and considerations for interpretation of data and analyses are included in Appendix 2.
[bookmark: _Hlk165297206][bookmark: _Hlk166484708][bookmark: _Hlk168494842]The focus of this report is trends for resistance to the macrolide group of antibiotics (represented by erythromycin) in S. agalactiae and in S. pyogenes, primarily for 2015 to 2023, with some analyses from 2006. Macrolide-lincosamide-streptogramin B (MLSB) resistance phenotypes are also explored; with the lincosamide group of antibiotics represented by clindamycin. This report builds on analyses presented in the series of national AURA reports since 2016.1-5
[bookmark: _Toc164843625][bookmark: _Toc170221762]Key findings and trends: 2006 to 2023
[bookmark: _Hlk165646841]Overall
· Erythromycin resistance was much more common in S. agalactiae than S. pyogenes.
· Increasing erythromycin resistance in both organisms was consistent with a MLSB phenotype, which usually displays cross resistance to both erythromycin and clindamycin.
Streptococcus agalactiae (Group B Streptococcus)
· Erythromycin and clindamycin resistance in S. agalactiae increased between 2006 and 2023, from 8.4% and 6.5% respectively, to 37.5% and 35.4% respectively.
· Increasing erythromycin resistance was consistent across all specimen types and was most commonly isolated from tissue/fluid/pus/prosthesis and the genital tract.
· The proportion of erythromycin resistance was highest in remote and very remote Australia, despite the majority of isolates being collected from major cities.
Streptococcus pyogenes (Group A Streptococcus)
· Erythromycin resistance in S. pyogenes isolates remained low and stable at less than 4% from 2006 to 2016. Resistance increased to 4.2% in 2017 and was 9.5% in 2021 and 9.3% in 2022, before decreasing to 6.1% in 2023. These changes occurred in the context of a 1.6-fold increase in the total number of S. pyogenes isolates reported to APAS from 2022 to 2023.
· Erythromycin resistance was approximately 3–4-fold higher in isolates from the genital tract than blood and tissue/fluid/pus/prosthesis over this period. There was an increasing percentage of erythromycin resistance in isolates from all specimen types, peaking around 2021 to 2022 and sharply decreasing in 2023.
· Analyses indicate that S. pyogenes isolates with erythromycin resistance were more prevalent from major Australian cities. There was an increasing trend in erythromycin resistance across major cities, inner regional and outer regional Australia from 2015 to 2021, and a sharp fall in both 2022 and 2023. In remote Australia, resistance peaked in 2022.
[bookmark: _Toc170221763]Implications for patient safety
· [bookmark: _Hlk166838605][bookmark: _Hlk165645908]High and increasing rates of clindamycin resistance in S. agalactiae mean that empirical use of clindamycin cannot be relied upon for the prevention or treatment of GBS in penicillin-allergic women, and it should only be used when the strain is known to be susceptible.
· There is a risk of infection and invasive disease for neonates if screening of women in late pregnancy for carriage of S. agalactiae is not conducted in accordance with state, territory and relevant college and specialty society guidelines6 to determine the need for intrapartum prophylaxis.
· [bookmark: _Hlk165963440]There is a risk of transmission of both S. agalactiae and S. pyogenes in admitted and community healthcare settings, particularly given both organisms, but notably S. pyogenes, cause skin and soft tissue infections, especially in the lower limbs of those with damaged skin.
· [bookmark: _Hlk166071420]Limited treatment options for infections caused by S. agalactiae and S. pyogenes and post-streptococcal syndromes are a risk of invasive disease due to increasing AMR. 
[bookmark: _Hlk165302132][bookmark: _Toc170221764][bookmark: _Hlk165302151]What will be done to improve patient safety?
In response to the issues identified in analyses in this report, the Australian Commission on Safety and Quality in Health Care will:
· Communicate the findings about macrolide resistance in GBS and the implications for care of pregnant women and their neonates to the Royal Australian and New Zealand College of Obstetricians and Gynaecologists, the Royal Australasian College of Physicians, the Royal Australian College of General Practitioners, the Australian College of Rural and Remote Medicine, the Australasian Society for Infectious Diseases, the Australian College of Midwives and the Australian College of Nursing
· Promote multi-locus sequence typing and/or whole genome sequencing, particularly for invasive GAS (iGAS) to identify strains and enhance surveillance of GAS clones to increase understanding of the clinical impact of new variants 
· Promote screening and assessment of individuals at risk of GAS and GBS, consistent with evidence-based guidelines and in collaboration with states and territories and relevant specialty societies and colleges. This will support effective treatment and management of infections and of people who carry these organisms 
· Continue to work with the Department, state and territory health authorities, and private pathology services, to achieve nationwide participation in APAS and enhance recommended national surveillance coverage
· [bookmark: _Hlk165646649]Continue to promote infection prevention and control practices in health and aged care settings consistent with the Australian Guidelines for the Prevention and Control of Infection in Healthcare7 and the National and Safety and Quality Standards for acute, primary and community and aged care8-10
· Continue to promote antimicrobial stewardship programs and compliance with evidence-based treatment guidelines in health and aged care settings consistent with the National and Safety and Quality Standards for acute, primary and community and aged care.8-10

[bookmark: _Toc170221765]Introduction
Streptococcus agalactiae
[bookmark: _Hlk166071573]Streptococcus agalactiae, also called group B Streptococcus (GBS), is an important cause of maternally-acquired neonatal septicaemia and meningitis, and is associated with high rates of morbidity and mortality.11, 12 Antimicrobial prophylaxis during delivery for GBS carrier mothers is recommended in selected circumstances in Therapeutic Guidelines: Antibiotic, and clindamycin is recommended for mothers with immediate hypersensitivity to β-lactams.13 In older adults, S. agalactiae, is also a frequent cause of skin and soft tissue infections, often involving the lower limbs of people with skin damage or ulcers.14
Resistance to benzylpenicillin and cefazolin is emerging but still rare in Australia; however, resistance to erythromycin, lincomycin and clindamycin is now common, at around 30%.5 Lincosamide (lincomycin/clindamycin) resistance is strongly linked to resistance to macrolides, such as erythromycin, which is often used in the laboratory as the test agent to predict resistance to lincomycin/clindamycin. Mothers who carry GBS that is resistant to erythromycin, lincomycin and clindamycin, but who would otherwise be treated with lincomycin or clindamycin, require prophylaxis with vancomycin.
Streptococcus pyogenes
S. pyogenes, also called group A Streptococcus (GAS), is an important human pathogen. It most commonly causes skin and soft tissue infections, and acute pharyngitis, but can cause serious and life-threatening infections such as scarlet fever, bacteraemia, bone and joint infections, toxic shock syndrome, necrotising fasciitis and pneumonia. This organism is also associated with two ‘post-streptococcal’ syndromes: acute glomerulonephritis and rheumatic fever. These syndromes are rare in most parts of Australia but are typically only seen in remote Aboriginal and Torres Strait Islander communities, contributing to substantial long-term morbidity in these populations.15
Typically, transmission of S. pyogenes occurs through respiratory droplets from patients or carriers, but transmission can also occur through contact with secretions (such as saliva, wound discharge, or nasal secretions) from an infected person, or through skin-to-skin contact.16
Invasive group A Streptococcal Disease (iGAS) became nationally notifiable in Australia from 1 July 2021. While some jurisdictions had been collecting data on iGAS for up to a decade prior to this time, iGAS did not become notifiable in all jurisdictions until September 2022. All states and territories provided data to the National Notifiable Diseases Surveillance System (NNDSS) in 2023.16, 17
Benzylpenicillin remains the treatment of choice for S. pyogenes infections. In people who are allergic to penicillins, macrolides such as erythromycin and first-generation cephalosporins are treatment options. People who have experienced one episode of acute rheumatic fever are prone to further episodes and worsening organ damage; consequently, they are administered long-term prophylaxis (usually over decades) with benzathine penicillin (intramuscularly) or phenoxymethylpenicillin (orally).
[bookmark: _Hlk166838836]Confirmed resistance to benzylpenicillin is rare18 and has never been reported in Australia. However, the consequences of its emergence would be substantial. Based on observations of other species of Streptococcus, it is expected that resistance to benzylpenicillin would also affect susceptibility to first-generation cephalosporins. In contrast, acquired resistance to macrolide antibiotics has been present in S. pyogenes for many years, and levels of resistance appear to fluctuate in line with changes in circulating clones.5, 19
In Australia, resistance to the primary therapeutic agents in S. pyogenes has generally been low. There was a dramatic but temporary increase in macrolide resistance reported in 1985 in Fremantle, Western Australia, which coincided with the America’s Cup competition in Fremantle and the arrival of large numbers of visitors from elsewhere in Australia and overseas.20
Surveillance of Streptococcus agalactiae and Streptococcus pyogenes
In 2024, both penicillin-resistant S. agalactiae and macrolide-resistant S. pyogenes were added to the World Health Organization (WHO) Bacterial Priority Pathogen List.21 With the exception of iGAS, there is no mandatory national surveillance in Australia of either S. agalactiae or S. pyogenes or of antimicrobial resistance (AMR) in these organisms.
[bookmark: _Hlk165628945]Data on AMR in S. agalactiae and S. pyogenes were available from Australian Passive AMR Surveillance (APAS). Data submitted to APAS were contributed by public and private pathology services across Australia that voluntarily participate in the system. These data, which were used for the analyses presented in this report, were sourced from hospitals, aged care homes and the community. APAS is a key component of the Antimicrobial Use and Resistance in Australia (AURA) surveillance program, which is coordinated by the Australian Government Department of Health and Aged Care. Detailed information about APAS is included in Appendix 1. The methodology for the analyses and considerations for interpretation of data and analyses are included in Appendix 2.
[bookmark: _Toc170221766]Results
[bookmark: _Hlk166072416][bookmark: _Hlk170118404]Between 2006 and 2023, there were 80,573 S. agalactiae isolates from the four long-term APAS contributor pathology services. Across all pathology services that contribute to APAS, including the four long-term contributors, data were available for 105,655 S. agalactiae isolates over this period. See Appendices 1 and 2 for information about the pathology services that contribute to APAS.
For S. pyogenes, there were 184,005 isolates from the four long-term APAS contributor pathology services between 2006 and 2023. From all pathology services that contribute to APAS, there were 196,776 isolates from 2006 to 2023. 
Figure 1 shows the 18-year trends in erythromycin resistance in both S. agalactiae and S. pyogenes reported by all APAS contributors between 2006 and 2023.
The total number of S. agalactiae isolates was lower than for S. pyogenes, with less variation in the total numbers between 2006 to 2023 from the long-term APAS contributors. Overtime, the variability in S. pyogenes may reflect expansion of the patient bases served by the APAS contributor laboratories, changes in specimen sampling practices, or both. The decline in 2020 and 2021 may also have been associated with the public health response to the COVID-19 pandemic, including social distancing measures. The increase in 2022 and 2023 may be associated with the removal of these restrictions.
[bookmark: _Hlk107395879][bookmark: _Hlk103339890][bookmark: _Hlk165638408]Erythromycin resistance was more common in S. agalactiae than S. pyogenes and the proportion of resistant S. agalactiae isolates increased from 8.4% in 2006 to 37.5% in 2023.
Erythromycin resistance in S. pyogenes isolates remained stable at less than 4% from 2006 to 2016. Resistance increased from 4.2% in 2017 to a peak of 9.5% in 2021, then decreased to 6.1% in 2023.
Figure 1: Percentage of Streptococcus agalactiae and Streptococcus pyogenes with macrolide resistance, APAS contributors, 2006–2023
[image: Figure 1: Percentage of Streptococcus agalactiae and Streptococcus pyogenes with macrolide resistance, APAS contributors, 2006–2023]
n = denominator for total number of isolates
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc170221767]Macrolide resistance by specimen type
Figures 2 and 3 show the trends in macrolide resistance in S. agalactiae and S. pyogenes by specimen type reported from all APAS contributors from 2015 to 2023. 
S. agalactiae was isolated from a wide variety of specimen types, with tissue/fluid/pus/prosthesis being the most common. Isolates were also frequently collected from the genital tract and urine (Figure 2). S. pyogenes was also largely isolated from tissue/fluid/pus/prosthesis specimens (Figure 3).
S. agalactiae showed a higher proportion of resistance than S. pyogenes. There was an increasing percentage of erythromycin resistance in S. agalactiae isolates from all specimen sources, and the percentage of resistance was similar in all specimen types in any given year (Figure 2).
For S. pyogenes, erythromycin resistance was approximately 3–4-fold higher among isolates from the genital tract than from blood and tissue/fluid/pus/prosthesis (Figure 3), noting that isolates from the genital tract only contribute 2.4% of all isolates. There was an increasing percentage of erythromycin resistance in isolates from all specimen types, peaking around 2021 to 2022. In 2023, there was a sharp decrease in resistance across all specimen types.

[bookmark: _Hlk165462825]Figure 2: Percentage of Streptococcus agalactiae with erythromycin resistance by specimen type, APAS contributors, 2015–2023
[image: Figure 2: Percentage of Streptococcus agalactiae with erythromycin resistance by specimen type, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Other refers to cerebrospinal fluid, enteric, and urine specimens
[bookmark: _Hlk165376796]Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1
Figure 3: Percentage of Streptococcus pyogenes with erythromycin resistance by specimen type, APAS contributors, 2015–2023
[image: Figure 3: Percentage of Streptococcus pyogenes with erythromycin resistance by specimen type, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Other refers to cerebrospinal fluid, enteric, and urine specimens
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc109576511][bookmark: _Toc170221768]Macrolide resistance by setting
Figures 4 and 5 show the trends in macrolide resistance in S. agalactiae and S. pyogenes by setting reported from all APAS contributors from 2015 to 2023. Data relating to aged care homes were combined with data from settings other than hospitals or community, including multi-purpose services, due to the smaller numbers and limited representativeness nationally (see Appendix 2).
A substantial majority (83.6%) of S. agalactiae isolates were from hospitals (public and private), and 15.0% were from community settings (Figure 4). There was little difference in the proportion of erythromycin-resistant S. agalactiae isolates from hospitals compared with those from community settings.
[bookmark: _Hlk165376524]A little over one-half (60.3%) of S. pyogenes isolates were from hospitals (public and private), and 35.0% from community settings (Figure 5). The highest proportion of erythromycin resistance in S. pyogenes was observed in hospitals, followed by community settings. There was an upward trend in erythromycin resistance in S. pyogenes from all settings between 2015 (3.6%) and 2021 (9.5%); it stabilised in 2022 (9.3%) then declined in 2023 (6.1%).

[bookmark: _Hlk165466982]Figure 4: Percentage of Streptococcus agalactiae with erythromycin resistance by setting, APAS contributors, 2015–2023
[image: Figure 4: Percentage of Streptococcus agalactiae with erythromycin resistance by setting, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Settings other than hospitals or community, including multi-purpose services and aged care homes
†	Where setting was known
Note: Hospitals = public and private.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT)  – see Table A1
Figure 5: Percentage of Streptococcus pyogenes with erythromycin resistance by setting, APAS contributors, 2015–2023
[image: Figure 5: Percentage of Streptococcus pyogenes with erythromycin resistance by setting, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Settings other than hospitals or community, including multi-purpose services and aged care homes
†	Where setting was known
Note: Hospitals = public and private.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc109576512][bookmark: _Toc170221769]Macrolide resistance by state and territory
Figures 6 and 7 show the trends in macrolide resistance in S. agalactiae and S. pyogenes by state and territory reported from all APAS contributors from 2015 to 2023. Data were analysed based on the known postcode of residence of the person from whom the specimen was taken (see Appendix 2).
Erythromycin resistance in S. agalactiae increased across all states and territories from 2015 to 2023. Since 2017 resistance was highest in patients residing in South Australia, reaching 45.8% in 2023 (Figure 6).
In S. pyogenes, the proportion of isolates with erythromycin resistance was lower than that seen in S. agalactiae. For S. pyogenes, erythromycin resistance was slightly higher in isolates from people who resided in the Australian Capital Territory (Figure 7). In 2023, a decline in erythromycin-resistant S. pyogenes was observed across all states and territories.

Figure 6: Percentage of Streptococcus agalactiae with erythromycin resistance by state and territory, APAS contributors, 2015–2023
[image: Figure 6: Percentage of Streptococcus agalactiae with erythromycin resistance by state and territory, APAS contributors, 2015–2023]
[bookmark: _Hlk165378487]n = denominator for total number of isolates
*	Where postcode of residence was known
Notes:
1. State and territory based on postcode of residence. Data available from the NT were from NT residents who received pathology services interstate. Data from ACT pathology services were not available for 2023, except where ACT residents received pathology services interstate.
2. Postcode of residence was not available in 2015 for NSW Health Pathology South Eastern Sydney Local Health District.
3. Blank cell indicate insufficient number of isolates (<30) to calculate percentage.
[bookmark: _Hlk165465569]Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

Figure 7: Percentage of Streptococcus pyogenes with erythromycin resistance by state and territory, APAS contributors, 2015–2023
[image: Figure 7: Percentage of Streptococcus pyogenes with erythromycin resistance by state and territory, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Where patient’s postcode of residence was known
Notes:
1. State and territory based on postcode of residence. Data available from the NT were from NT residents who received pathology services interstate. Data from ACT pathology services were not available in 2023, except where ACT residents received pathology services interstate.
2. Postcode of residence was not available in 2015 for NSW Health Pathology South Eastern Sydney Local Health District.
3. Blank cell indicate insufficient number of isolates (<30) to calculate percentage.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc109576513][bookmark: _Toc170221770]Macrolide resistance by remoteness area
[bookmark: _Hlk165376914]Figures 8 and 9 show the trends in macrolide resistance in S. agalactiae and S. pyogenes by remoteness area reported from all APAS contributors from 2015 to 2023. Data were analysed based on the known postcode of residence of the person from whom the specimen was taken (see Appendix 2).
For both S. agalactiae and S. pyogenes, most isolates were collected from people who reside in major Australian cities (Figures 8 and 9). However, for S. agalactiae, the proportion of erythromycin resistance was highest in patients residing in remote and very remote Australia (Figure 8).
In comparison, erythromycin-resistant S. pyogenes were most prevalent in major cities. There was an increasing trend in erythromycin resistance across major cities, inner regional and outer regional Australia from 2015 to 2021, and a sharp fall in both 2022 and 2023. In remote Australia, resistance peaked in 2022 (Figure 9).
[bookmark: _Hlk165464308]Figure 8: Percentage of Streptococcus agalactiae with erythromycin resistance by remoteness area, APAS contributors, 2015–2023
[image: Figure 8: Percentage of Streptococcus agalactiae with erythromycin resistance by remoteness area, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Where remoteness area of Australia was known
Note: Remoteness area was based on postcode of residence.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

Figure 9: Percentage of Streptococcus pyogenes with erythromycin resistance by remoteness area, APAS contributors, 2015–2023
[image: Figure 9: Percentage of Streptococcus pyogenes with erythromycin resistance by remoteness area, APAS contributors, 2015–2023]
n = denominator for total number of isolates
*	Where remoteness area of Australia was known
Note: Remoteness area was based on postcode of residence.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc109576514][bookmark: _Toc170221771]Macrolide resistance by age group
Figures 10 and 11 show the trends in macrolide resistance in S. agalactiae and S. pyogenes by age group reported from all APAS contributors from 2015 to 2023. The age groups selected to highlight trends in neonates and people of reproductive age.
Just over one-half (53.1%) of S. agalactiae isolates were from the 15–44 age group and 38.8% of S. pyogenes isolates were collected from paediatric patients (aged less than 18 years). In S. agalactiae, there was little difference in the proportion of erythromycin resistance observed across age groups examined (Figure 10). The highest rate was seen in isolates from blood in patients aged less than 1 year.
For S. pyogenes, the proportion of erythromycin resistance was lowest among tissue/fluid/pus/prothesis isolates from paediatric patients (Figure 11). The highest proportion of erythromycin-resistant S. pyogenes was in ear/nose/throat isolates in the 18–64 age group. There was little difference in the proportion of erythromycin resistance observed across groups for S. pyogenes isolated from blood or cerebrospinal fluid.
Figure 10: Percentage of Streptococcus agalactiae with erythromycin resistance, by specimen type and age group, APAS contributors, 2015–2023
[image: Figure 10: Percentage of Streptococcus agalactiae with erythromycin resistance, by specimen type and age group, APAS contributors, 2015–2023]
n = denominator for total number of isolates; y = years of age
*	insufficient number of isolates (<30) to calculate percentage
Note: Age group selected to reflect neonates (< 1 year) and the reproductive age (15 to 44 years).22
[bookmark: _Hlk104446771]Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1
Figure 11: Percentage of Streptococcus pyogenes with erythromycin resistance, by specimen type and age group, APAS contributors, 2015–2023
[image: Figure 11: Percentage of Streptococcus pyogenes with erythromycin resistance, by specimen type and age group, APAS contributors, 2015–2023]
n = denominator for total number of isolates; y = years of age
*	Insufficient number of isolates (<30) to calculate percentage
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc170221772]Macrolide-lincosamide-streptogramin B (MLSB) resistance phenotypes
[bookmark: _Hlk165378253]Figures 12 and 13 show the trends in macrolide (erythromycin) resistance and lincosamide (clindamycin) resistance in S. agalactiae and S. pyogenes reported from all APAS contributors from 2006 to 2023.
In S. agalactiae, erythromycin resistance increased from 8.4% in 2006 to 37.5% in 2023.In a similar pattern, resistance to clindamycin increased from 6.5% to 35.4% over this period (Figure 12).
In S. pyogenes, erythromycin resistance increased from 3.6% in 2006 to over 9% in 2021 and 2022, before falling to 6.1% in 2023. Similarly, resistance to clindamycin increased from 4.5% to 11.1% in 2022, before also falling to 6.1% in 2023 (Figure 13). However, the pattern of increasing resistance in S. pyogenes does not mirror S. agalactiae. Figure 13 shows year-on-year variability in resistance to erythromycin compared to clindamycin. The prevalence of clindamycin resistance was notably lower than that for erythromycin in 2019 and 2020. This may reflect changes in testing and reporting of inducible clindamycin resistance.
The increasing macrolide (erythromycin) resistance in both S. agalactiae and S. pyogenes was consistent with a MLSB phenotype, which usually displays cross-resistance to lincosamides, such as clindamycin (Figures 14 and 15).23 Clindamycin is the recommended treatment option for penicillin-allergic pregnant women who require intrapartum prophylaxis for S. agalactiae when the causative strain is known to be susceptible.

Figure 12: Streptococcus agalactiae, erythromycin and clindamycin resistance, APAS contributors, 2006–2023
[image: Figure 12: Streptococcus agalactiae, erythromycin and clindamycin resistance, APAS contributors, 2006–2023]
n = denominator for total number of isolates
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

Figure 13: Streptococcus pyogenes, erythromycin and clindamycin resistance, APAS contributors, 2006–2023
[image: Figure 13: Streptococcus pyogenes, erythromycin and clindamycin resistance, APAS contributors, 2006–2023
]
n = denominator for total number of isolates
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

Figure 14: Streptococcus agalactiae, erythromycin and clindamycin resistance phenotypes, APAS contributors, 2006–2023
[image: Figure 14: Streptococcus agalactiae, erythromycin and clindamycin resistance phenotypes, APAS contributors, 2006–2023]
Cln = clindamycin; Ery = erythromycin; R = resistance; S = susceptible
Note: Phenotype was determined when both agents were tested.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1
Figure 15: Streptococcus pyogenes, erythromycin and clindamycin resistance phenotypes, APAS contributors, 2006–2023 
[image: Figure 15: Streptococcus pyogenes, erythromycin and clindamycin resistance phenotypes, APAS contributors, 2006–2023 ]
Cln = clindamycin; Ery = erythromycin; R = resistance; S = susceptible
Note: Phenotype was determined when both agents were tested.
Source: APAS (NSW, Vic, Qld, SA, WA, Tas, ACT) – see Table A1

[bookmark: _Toc170221773]Conclusions
S. agalactiae and S. pyogenes are important human pathogens that can cause significant morbidity and mortality if not appropriately detected and treated. Capacity to effectively treat and prevent these infections is impacted by AMR.
Analyses of APAS data from 2006 to 2023 have identified that erythromycin resistance was much more common in S. agalactiae than S. pyogenes. 
Macrolide and lincosamide resistance in S. agalactiae increased steadily between 2006 and 2023, and there was variability in the geographic distribution of erythromycin resistance. 
The year-on-year pattern of macrolide and lincosamide resistance in S. pyogenes was more variable than S. agalactiae but has also increased between 2006 and 2023. Geographic variability was also identified for S. pyogenes. Erythromycin resistance was most prevalent in S. pyogenes isolates from major cities of Australia. Erythromycin resistance increased across major cities, inner regional and outer regional Australia between 2015 to 2021 and fell sharply in both 2022 and 2023. In remote Australia, resistance peaked in 2022. It is important to note that variability between states and territories may reflect differences in routine laboratory susceptibility testing practices; some laboratories may not test all isolates for erythromycin susceptibility. In addition, data were only included in the analyses if 75% of isolates were tested for erythromycin susceptibility.
Erythromycin resistance was almost 3-fold higher in S. pyogenes isolates from genital tract infections compared to other sites. There was an increasing percentage of erythromycin resistance in S. pyogenes isolates from all specimen types, peaking around 2021 to 2022. In 2023 there was a sharp decrease in resistance across all specimen sources. The highest rate of erythromycin resistance in S. pyogenes was seen in isolates from hospitals, followed by community settings.
Acquired resistance to macrolide antimicrobials has been present in S. pyogenes for many years, and levels of resistance appear to fluctuate in line with changes in circulating clones.
The emergence of the new variant of S. pyogenes serotype M1 (designated ‘M1UK’ linage) has been reported in the United Kingdom and has been epidemiologically linked to increases in invasive disease and seasonal surges of scarlet fever. This clone has also been shown to have rapidly replaced the ‘M1global’ clone Australia.24
Although the number of S. pyogenes isolates reported to APAS has increased, it is not clear if this increase in reports was due to increases in GAS infections or more susceptibility tested being performed due to increased awareness of the recently described M1UK clone. The observed decline in the MLSB phenotype in 2023 is consistent with the rapid replacement of the M1 global clone. 
Whilst the future clinical impact of this new variant is not yet understood, changes in AMR in S. agalactiae and S. pyogenes have implications for patient safety. This is particularly relevant for screening and treatment of mothers with a penicillin allergy to prevent GBS sepsis in neonates. Strategies to prevent and control the development of these infections and AMR in these organisms include ongoing maintenance of infection prevention and control and antimicrobial stewardship programs, surveillance and monitoring programs, and disease screening programs (e.g., antenatal GBS screening), where they are available, and early detection of clinical disease.
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[bookmark: _Toc170221775]Appendix 1: About APAS
Australian Passive AMR Surveillance (APAS) was established by the Commission in collaboration with Queensland Health in 2015 as a component of the Antimicrobial Use and Resistance in Australia (AURA) surveillance program. 
Funding for APAS is provided by the Australian Government Department of Health and Aged Care, with contributions from the states and territories as part of the collection and analysis of their data.
Passive antimicrobial resistance (AMR) surveillance involves the extraction of routine susceptibility testing results from laboratory information systems. APAS uses the Queensland Health OrgTRx information technology infrastructure to collect, analyse and report on de-identified patient-level AMR data contributed by 10 public and private pathology services across Australia. The laboratories that are part of these pathology services detect AMR in isolates referred from public and private hospitals, aged care homes and community settings. Initially, data were captured from January 2015 from all contributing laboratories. Subsequently, historical data have been uploaded by several pathology services. APAS now includes more than 115 million records from 2005 to May 2024.
In addition to national reporting by the Commission, APAS participants have timely access to their own data, which enables comprehensive reporting of local AMR in the form of:
· Longitudinal datasets for specified organism–antimicrobial combinations
· Cumulative antibiograms showing rates of resistance for a range of organisms from a specified specimen type in a selected time period
· Tabulations showing the resistance profiles of organism strains isolated during a selected time period
· Reporting for individual units within hospitals or health services, or at a statewide level.
The Commission thanks the pathology services listed in Table A1 that currently contribute data to APAS. 
Table A1: APAS contributor pathology services, June 2024
	State/Territory
	Pathology service
	Notes

	New South Wales
	NSW Health Pathology*†
	All NSW Health Pathology public hospitals.

	Victoria
	Alfred Health
	Public health catchment for Alfred Health.

	
	Monash Health
	Public health catchment for Monash Health.

	Queensland
	Mater Pathology Brisbane*
	Queensland public and private patients.

	
	Pathology Queensland*
	All Queensland Health public hospitals and health services.

	South Australia
	SA Pathology*
	Public health catchments for South Australia.

	Western Australia
	PathWest Laboratory Medicine
	All Western Australia public hospitals.

	Tasmania
	Launceston General Hospital§
	Combined data from these two contributing laboratories capture most public patient data for Tasmania.

	
	Royal Hobart Hospital
	

	Australian Capital Territory
	ACT Pathology#
	All public and some private ACT health services.


[bookmark: _Hlk170113982]*	NSW Health Pathology (South Western Sydney and Sydney Local Health Districts), Mater Pathology Brisbane, Pathology Queensland and SA Pathology since 2006
†	NSW Health Pathology West since 2010
§	Launceston General Hospital since 2021
#	No data from ACT Pathology for 2023
Note: Data are not available from the Northern Territory.

[bookmark: _Toc170221776][bookmark: _Hlk165640093]Appendix 2: Methodology
Data extraction
Data were extracted from the Australian Passive AMR Surveillance (APAS) system on 1 May 2024. All data analyses for this report were performed using Microsoft Excel 365.
Results from isolates detected in infection control and environmental sampling were excluded because they were not representative of isolates from clinical infections.
Pathology services
At the time of data extraction, the 10 pathology services listed in Table A1 were contributing data to APAS.
APAS data report on antimicrobials tested using European Committee on Antimicrobial Susceptibility Testing (EUCAST)25, Clinical and Laboratory Standards Institute (CLSI)26, 27, or Calibrated Dichotomous Sensitivity (CDS)28 methods. Pathology services in Victoria, Queensland, South Australia (SA), Tasmania, and the Australian Capital Territory (ACT) use EUCAST; PathWest uses CLSI; NSW Health Pathology services use CLSI, CDS, and EUCAST.
APAS provides categorical data (susceptible, intermediate, resistant) based on interpretive criteria. It is acknowledged that there are differences in the interpretation of results obtained by each method, and the Commission is working with stakeholders to promote alignment with a single method in Australia. 
Representativeness
[bookmark: _Hlk170113537]Historical data were available from 2006 for the four pathology services that have continuously contributed to APAS: NSW Health Pathology (South Western Sydney and Sydney Local Health Districts), Mater Pathology Brisbane, Pathology Queensland and SA Pathology. All pathology services that contribute to APAS are listed in Table A1.
Data from ACT Pathology were not available since November 2022 for the analyses for this report, pending re-integration of the service with APAS following implementation of a new laboratory information system in late 2022. The data for 2023 will be available when the re-integration project is completed.
It is important to note that, for historical data, there may have been changes since 2006 in the number of facilities from which the pathology services have received isolates, and numbers are likely to have varied from year to year, along with laboratory criteria and methods. There have also been breakpoint changes over time and some pathology services may not routinely test for macrolide resistance.
In addition, several public laboratories have been reconfigured or renamed during the period to which the analyses relate; these changes were not addressed in detail in this report.
Jurisdictions with state- or territory-wide public pathology services (Queensland, SA, Western Australia, New South Wales [NSW] and the ACT) were most representative. Queensland was comprehensively represented due to the participation in APAS by Mater Pathology Brisbane. NSW has transitioned all public laboratories to the statewide NSW Health Pathology service; the laboratory names used in this report reflect current naming conventions, and all NSW Health Pathology laboratories contributed data, including historical data from 2010 to APAS from May 2024.
Data from Victoria were limited as there were only two contributing sites. Data were not available from the Northern Territory.
Some public laboratories undertake testing for private facilities and in the community.
Isolates and specimen types
Data were only included where there were at least 30 isolates for each analysis. Analyses were conducted only when the proportion of isolates that were tested against a single antimicrobial was at least 75%.
The results of duplicate testing were included in the data collected for APAS. Duplicate testing means that the same bacterial strain was tested and reported from repeated specimens and similar specimens from a single infection episode. This was appropriate clinical laboratory practice from a patient management perspective. The impact of these duplicates was minimised for analyses of APAS data by using algorithms based on resistance patterns, and selected time periods for which duplicates were not counted. Only the first isolate for the first specimen of each specimen type per year was included in the dataset for analyses. A repeat isolate from the same specimen type was not included.
[bookmark: _Hlk167976828]For APAS analysis, specimen types are allocated into nine categories: acid fast bacilli, blood culture, cerebrospinal fluid, ear, nose and throat, enteric, genital, respiratory, tissue/fluid/pus/prosthesis, and urine.
Setting
Where available, the settings from which the isolates were obtained were included in the analyses. These were assigned by APAS and include aged care, community, multi-purpose service, public hospital, and private hospital. Facilities may also be categorised as other, such as correctional services.
It is important to note that, for historical data, there may have been changes since 2006 in the range and acuity of services offered in some settings, particularly those categorised as multi-purpose services. Information about each of these changes is not routinely available.
In this report, aged care data were combined with data from settings other than hospitals or community, including multi-purpose services, in figures and tables due to a smaller sample size, limited representativeness across states and territories, and the potential impact of a change in referral patterns for one large pathology service for this setting from mid-2018.
Location
The postcode of residence of the person from whom the specimen was taken, where known, was used to stratify the data in terms of location by state or territory and remoteness using the ABS Australian Statistical Geography Standard (ASGS).29
The Remoteness Areas Structure within the ASGS divides Australia into five categories of remoteness on the basis of a measure of relative access to services. The five Remoteness Areas for Australia are major cities, inner regional, outer regional, remote and very remote.
Data characteristics
[bookmark: _Figure_6:_Neisseria][bookmark: _Appendix_1]APAS data differ from targeted antimicrobial resistance surveillance data in that a smaller range of agents are tested, there are varied antimicrobial testing and reporting practices, and three different testing systems are used in Australia.
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