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Original article

Tracking trends in the Top End: clindamycin and 
erythromycin resistance in Group A Streptococcus 
in the Northern Territory, 2012–2023
Joanne Nixon, Jann Hennessey, Rob Baird

Abstract
This retrospective study reviewed the macrolide resistance rates of Group A Streptococcus (GAS) isolates 
in the Northern Territory from 2012 to 2023. Clindamycin and erythromycin resistance rates peaked 
in 2021, at 6.0% and 12.2% respectively, and then returned to near baseline at 1–2% in 2023. Increased 
resistance rates were identified in the Top End of Australia from mid-2020, followed 15 months later by 
high rates in central Australia in 2022. Factors associated with resistant isolates were living in a rural 
region and of age 18 years and older. Possible explanations include a transient clonal introduction of a 
resistant GAS strain to the Northern Territory from 2020 to 2022. Ongoing surveillance is required to 
monitor regional trends and identify temporal variations in resistant isolates.

Keywords: Group A streptococcus; Streptococcus pyogenes; clindamycin; erythromycin; resistance; 
Northern Territory

Introduction
Streptococcus pyogenes, or Group A Streptococcus 
(GAS), is a significant cause of morbidity and mortal-
ity in the Northern Territory;1 of concern, there are 
increasing clindamycin resistance rates observed in 
many countries.2 Although universally GAS remains 
susceptible to penicillin, clindamycin is often used as 
primary therapy in patients with skin disease or pen-
icillin allergies, or as an adjunctive agent to inhibit 
exotoxin production.3 Studies have shown high rates 
of GAS in the Northern Territory, with a median 
population prevalence of impetigo of 44.5% among 
children living in remote Indigenous communities 
in northern Australia.4 In this study, we review the 
clindamycin and erythromycin resistance of GAS 
isolates in patients in the Northern Territory.

Antimicrobial resistance has rapidly become a global 
problem. Despite this, and despite increasing rates 
of GAS infection and of penicillin use, GAS isolates 
have remained exquisitely susceptible to penicillin 
antibiotics.5,6 Concerningly, increasing clindamycin 

and erythromycin resistance is emerging. Several 
mechanisms underlie macrolide and lincosamide 
resistance, with resistance conferred by ribosomal 
modifications such as methylation from encoded 
ermA, ermB or ermTR genes with several genomic 
clusters noted worldwide.7,8 M phenotypes carry the 
mefA gene which causes efflux of antibiotics.8

A retrospective analysis of GAS isolates in the United 
States of America (USA), from 2015–2017 and 2018–
2019, confirmed increasing clindamycin resistance 
from 17% to 24% due to rapidly expanding genomic 
subclones.7 Recent research in West Virginia, USA, 
analysed 76 invasive GAS isolates and identified 76% 
with simultaneous clindamycin and erythromycin 
resistance.9 Within the European Union, GAS resist-
ance varies across countries. A study conducted in 
Greece, during 2016–2021, identified 18.8% clin-
damycin resistance rates of GAS.10 In compari-
son, a ‘Surveillance Program for Invasive Group A 
Streptococcus’ in Spain during 2007–2020 confirmed 
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3.9% clindamycin-resistant isolates.11 In China, mac-
rolide resistance in GAS appears to be the highest 
documented: a study of isolates in the paediatric 
population, during 2010–2017, identified 66 cases 
of invasive GAS, of which 88.9% tested resistant to 
clindamycin.12 

Clindamycin resistance rates of GAS are not well 
described in Australia. We have conducted a study 
of GAS resistance in the Northern Territory of 
Australia to determine the rates of clindamycin and 
erythromycin resistance in GAS isolates from 2012 
to 2023. This study will help guide whether current 
guidelines and empirical antimicrobial practices 
should be amended. 

Methods
Over an 11-year period from January 2012 to June 
2023, non-invasive GAS susceptibility results were 
recovered from the laboratory information system 
(Labtrak, Intersystems USA), as routine susceptibil-
ity testing included clindamycin and erythromycin. 
Specimen types were predominantly skin swabs 
(> 90%) and all were non sterile site specimens. 
Invasive GAS (iGAS) bacterial isolates were excluded, 
as macrolide and lincosamide susceptibilities are not 
performed on these isolates. Isolates of iGAS repre-
sent fewer than 1% of the GAS isolates obtained in 
the Northern Territory. The data was collected from 
the six public laboratories in the Northern Territory, 
and a large number of isolates were reviewed. There 
are no private microbiology laboratories, as remote 
collection centres move specimens interstate. We 
believe this is a representative sample, due to the 
wide geographic diversity of specimen locations and 
the large number of isolates reviewed.

Results were recorded for a three-month snapshot 
for each year across January 2012 to June 2023, 
and within each quarter for the years 2020–2022. 
Resistance testing was performed as per Clinical and 
Laboratory Standards Institute (CLSI, Pennsylvania 
USA) guidelines. Data was stored in a Microsoft excel 
database. Inducible clindamycin resistance (ICR) 
testing was performed on all isolates. Reporting of 
erythromycin resistance testing results is not always 
recommended, but mixed skin infections with 
Staphylococcus aureus bacteria are common and 
resistance rates have been historically low.

Electronic medical records were reviewed to obtain 
demographic data including age, sex and geographi-
cal patient location. Patients were categorised into 
urban or rural regions based on the suburb listed on 
each patient’s electronic medical record. Urban areas 
included Darwin, Palmerston and Alice Springs. 
Rural areas included Katherine, Gove, Tennant 
Creek and remote communities. Demographic data 
was sourced from the Australian Bureau of Statistics 
(ABS).13 The Northern Territory is geographically 
divided into two distinct climatically diverse areas, 
the Top End and Central Australia. Geographically, 
the Top End is an area of 245,000 km2 encompassing 
the northernmost section of the Northern Territory. 
It runs along the northern coast from Darwin in the 
west, to Kakadu National Park, and onto Arnhem 
Land in the east. The climate is tropical monsoon 
with ‘wet’ and ‘dry’ seasons (wet: October–March; 
dry: April–September). Central Australia describes 
the geographical centre of Australia surrounding the 
town Alice Springs. The climate is drier and more 
temperate. 

This retrospective analysis was approved by the 
Human Research and Ethics Committee of Northern 
Territory Department of Health and Menzies School 
of Health Research (Northern Territory HREC 
Reference Number 2023-4684). 

Results
A total of 33,519 isolates positive for GAS were identi-
fied from 1 January 2012 to 30 June 2023. From 2012 
to early 2020, resistance rates of clindamycin and 
erythromycin across the entire Northern Territory 
remained low, within the range 1–2% (Figure 1). 
However, from early 2020 there was a notable 
increase in both clindamycin and erythromycin 
resistance rates, with peaks of 6.0% and 12.2%, 
respectively in 2021. By early 2023, clindamycin- and 
erythromycin-resistant isolates had returned almost 
to the baseline of 1–2%.

We analysed this spike in clindamycin-resistant GAS 
isolates in more detail, by looking at quarterly resist-
ance rates over the 2020 to 2022 period. There was 
a steady increase in prevalence from the third quar-
ter of 2020 to the first quarter of 2021, then a steady 
decline until the fourth quarter of 2022 (Figure 2). 
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Figure 1: Clindamycin and erythromycin resistance rates in Group A streptococcus isolates in the 
Northern Territory, Australia, by year, 2012–2023
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Figure 2: Clindamycin and erythromycin resistance rates in Group A streptococcus isolates in the 
Northern Territory, Australia, by quarter, January 2020 – December 2022
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Figure 3: Clindamycin resistance rates in Group A streptococcus isolates in the Northern Territory, 
Australia, by quarter and region, January 2020 – December 2022
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There was a difference in prevalence by season, with 
more clindamycin-resistant isolates obtained during 
the wet season (October–March). The proportion of 
clindamycin-resistant isolates varied temporally by 
region, with the peak in isolates obtained from the 
Top End in the first quarter of 2021 (9.0%) and the 
peak in isolates obtained from Central Australia in 
the second quarter of 2022 (5.6%) (Figure 3).

There was some variation of resistant isolates by 
age, gender and location (Table 1). The proportion 
of clindamycin-resistant isolates was higher in per-
sons aged 18 years and over. However, 74% of the 
Northern Territory is above the age of 18 years.13 
Resistant isolates occurred more frequently in males 
in 2020 and 2021 (54% and 57% respectively), but 
in females (60%) in 2022. ABS data reveals that 53% 
of the Northern Territory is male.13 The proportion 
of clindamycin-resistant isolates in rural regions in 
2020 mirrored the ABS data on the proportion of 
the NT’s population resident in such regions (24%);13 
much higher proportions of resistant isolates were 
obtained in rural regions in 2021 (59%) and 2022 
(60%).
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Table 1: Demographics of Northern Territory patients with clindamycin-resistant GAS isolates 2020 to 2022

Category Value

2020 2021 2022

Number %a Number %a Number %a

Total number of GAS isolates identified 2,885 2,965 3,408

Number of clindamycin-resistant GAS isolates 78 100 132 100 96 100

Age (years)
< 18 14 18 19 14 16 17

18+ 64 82 113 86 80 83

Sex
Male 42 54 75 57 39 40

Female 36 46 57 43 57 60

Locationb

Urban 58 74 53 40 37 39

Rural 20 26 78 59 58 60

No fixed address 0 0 1 1 1 1

Region
Top End 67 86 114 86 56 58

Central Australia 11 14 18 14 40 42

a	 Percentage among clindamycin-resistant isolates for the indicated year.
b	 Urban: Darwin, Alice Springs, Palmerston; rural: Tennant, Gove, Katherine, all other towns and communities.

Discussion
The striking finding in this study is the recent rise 
and fall in the Northern Territory GAS isolates’ 
resistance to clindamycin and erythromycin from 
mid 2020 to 2022, from a low baseline level of 1–2% 
in the preceding decade. Interestingly, by early 2023 
resistance rates had almost declined to baseline. 
Analysis of the resistance isolates’ temporal trend 
revealed that Top End resistance peaked in the first 
quarter of 2021, followed by a similar rise and fall 
in Central Australia fifteen months later. The higher 
rates of resistance in 2021 and 2022 occurred more 
commonly in rural locations, suggesting Aboriginal 
and Torres Strait Island people were disproportion-
ately affected.

Clindamycin is a semi-synthetic lincosamide and 
erythromycin is a macrolide antibiotic; both target 
the 50S subunit of the ribosome.14 Resistance to these 
antibiotics is mostly due to target site modification 
or efflux pumps.14 Target sites are modified through 
ribosomal methylation due to methylases encoded 
by the erm genes.15 Our data revealed that most GAS 
isolates resistant to clindamycin were also resistant 
to erythromycin, suggesting that an erm genotype 
mutation was most likely involved in promulgating 
resistance.

One possible explanation for the rise and fall in 
macrolide resistance in the Northern Territory is 
a clonal introduction of a resistant GAS type(s) to 
the Northern Territory, initially in the Top End and 
then spreading to Central Australia. The resistant 
GAS isolates were not stored, so are not available for 
genetic analysis. However, as invasive GAS (iGAS) 
is notifiable in the Northern Territory, these iGAS 
isolates are stored, and were available for analysis. 
However, invasive isolates represent only ~1% of 
all microbiologically confirmed GAS isolates in the 
Northern Territory. The rate of macrolide resistance 
inferred from erm gene analysis of these iGAS iso-
lates revealed a 3% resistance rate, which had not 
changed.i

Several studies in the Northern Territory have pre-
viously demonstrated highly variable GAS emm 
types circulating.16 Data collected between 1987 and 
2008 identified 1,819 GAS isolates encompassing 101 
emm types.17 A further surveillance study supported 
this evidence, screening 49 households across three 
communities in the Northern Territory and identi-
fying 43 different emm types appearing within the 
screened households.18 There were no emm types 
found to be associated with severe or invasive dis-
ease.18 There is a lack of published data on molecular 
typing of resistant isolates to identify emm clusters 
in the region. 

i	 Personal communication, Dr Ouli Xie.
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Table 2: Reported international rates of clindamycin and erythromycin resistance

Category Reference Years

Resistance

Clindamycin Erythromycin

United States of America 6 2006–2017 14.6% 14.5%

Finland 8

2010–2011 3% N/Aa

2012 23% N/Aa

2013 17% N/Aa

Spain 11 2007–2020 3.9% 8.7%

Greece 10 2016–2021 18.8% 20.4%

China 12 2010–2017 81.4% 88.9%

a	 N/A: not available.

As detailed in Table 2, international rates of clin-
damycin resistance vary by country. Similar results 
to our study were observed in a study conducted in 
Finland in 2014, where the proportions of clinda-
mycin-resistant isolates were significantly higher in 
2012 and 2013 compared with prior years.8 In this 
study, certain emm types transiently harboured 
ermTR genes, with the emm33 isolates resistant to 
both clindamycin and erythromycin.8 A study in 
the USA demonstrated an increase in erythromycin-
resistant GAS isolates in 2018 and 2019 belonging to 
six different emm types.7

Our study has several limitations. As this is a retro-
spective study, resistant non-invasive GAS isolates 
were not available for specific emm typing and resist-
ance gene analysis. This limits the ability to identify 
emm types associated with resistance. As our study 
has only been conducted in the Northern Territory, 
the results do not reflect the overall national rates 
of clindamycin- and erythromycin-resistant GAS 
isolates. A nationwide study would be required to 
clarify rates of macrolide resistance and to identify 
epidemiology, risk factors, and genotypic and phe-
notypic features of resistant and susceptible GAS 
isolates. The role of the coronavirus disease 2019 
(COVID-19) pandemic in relation to the findings 
was not assessed. Finally, we were unable to identify 
Indigenous status of patients, as this information 
is not available from hospitals’ electronic medical 
records. 

Antimicrobial resistance is a major global health 
concern. While GAS remains susceptible to penicil-
lin, the emergence of clindamycin resistance poses 
a threat to health care for patients with β-lactam 
allergies, or those with severe invasive GAS infec-
tions requiring toxin inhibition or better tissue 
penetration. Over the study period, clindamycin 
and erythromycin resistance in GAS isolated was 
found to peak from 2021 to 2022 in the Top End of 
the Northern Territory, then to migrate to Central 
Australia, followed by a decline in rates to near base-
line 1–2% in 2023. These rates are low and we have 
not changed current antimicrobial practices. Our 
study highlights the need to expand genomic sur-
veillance to include invasive and non-invasive GAS 
isolates to enable monitoring of regional trends and 
identification of temporal variations in resistant iso-
lates. GAS transmission dynamics are complex and 
can vary between skin, throat and iGAS streptococ-
cal populations.
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