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Summary
Background Increases in invasive group A streptococcal disease (iGAS) have recently been reported in multiple
countries in the northern hemisphere, occurring during, and outside of, typical spring peaks. We report the
epidemiology of iGAS among children in Australia from 1 July 2018 to 31 December 2022.

Methods The Paediatric Active Enhanced Disease Surveillance (PAEDS) Network prospectively collected iGAS patient
notifications for children and young people aged less than 18 years admitted to five major Australian paediatric
hospitals in Victoria, Queensland, Western Australia and the Northern Territory. Patients were eligible for inclusion
if they had GAS isolated from a normally sterile body site, or met clinical criteria for streptococcal toxic shock
syndrome or necrotising fasciitis with GAS isolated from a non-sterile site. We report patients’ clinical and
demographic characteristics, and estimate minimum incidence rates.

Findings We identified 280 paediatric iGAS patients, median age 4.5 years (interquartile range 1.4–6.4). We observed
a pre-pandemic peak annualised incidence of 3.7 per 100,000 (95% CI 3.1–4.4) in the 3rd quarter of 2018, followed by
a decline to less than 1.0 per 100,000 per quarter from 2020 to mid-2021. The annualised incidence increased sharply
from mid-2022, peaking at 5.2 per 100,000 (95% CI 4.4–6.0) in the 3rd quarter and persisting into the 4th quarter (4.9
per 100,000, 95% CI 4.2–5.7). There were 3 attributable deaths and 84 (32%) patients had severe disease (overall case
fatality rate 1%, 95% CI 0.2–3.3). Respiratory virus co-infection, positive in 57 of 119 patients tested, was associated
with severe disease (RR 1.9, 95% CI 1.2–3.0). The most common emm-type was emm-1 (60 of 163 isolates that
underwent emm-typing, 37%), followed by emm-12 (18%).

Interpretation Australia experienced an increase in the incidence of iGAS among children and young people in 2022
compared to pandemic years 2020–2021. This is similar to northern hemisphere observations, despite differences in
seasons and circulating respiratory viruses. Outbreaks of iGAS continue to occur widely. This emphasises the unmet
need for a vaccine to prevent significant morbidity associated with iGAS disease.
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Research in context

Evidence before this study
On December 12, 2022, the World Health Organisation
reported a surge in the incidence of invasive Group A
streptococcus (iGAS) disease in multiple northern hemisphere
countries, particularly affecting children and occurring during
influenza and RSV seasons. We searched PubMed for clinical
and laboratory studies published before March 15, 2023, using
the search terms “invasive group A streptococcus” or
“Streptococcus pyogenes” and “epidemiology” or “viruses*” to
identify studies describing recent and historical trends in iGAS
incidence. The Australian PAEDS Network has been
prospectively collecting data on iGAS hospital admissions for
children and young people admitted to five tertiary hospitals
in four of eight states and territories since 2016. In response
to reports from the northern hemisphere, and anecdotal
reports of increased incidence of iGAS in multiple states and
territories in Australia, we conducted an epidemiological
analysis of paediatric iGAS hospitalisations from July 2018 to
December 2022.

Added value of this study
Our study provides the first report of an intense iGAS surge in
the southern hemisphere contemporaneous to northern

hemisphere surges, despite different seasonality and
circulating respiratory virus context. Pneumonia complicated
by empyema or bacteraemia with no focus together
represented 50% of presentations in 2022, similar to pre-
pandemic years. There was no association between year of
presentation and risk of severe disease. emm-1 and emm-12
were most commonly represented.

Implications of all the available evidence
Our data lends weight to a phenomenon of increased iGAS
reported in several countries since 2022. This increase is likely
due to a combination of environmental, population and
microbial virulence factors, and more research is needed to
investigate whether new hypervirulent strains might be
responsible. In addition to causing persistently high disease
burden in low-resource settings, a year-on-year rise of iGAS
incidence has been noted in the past decades in many high-
income countries, excluding the pandemic years 2020–2021.
These data add to estimates of the increasing burden of GAS
disease, and emphasise the need for effective prevention,
including through the development of safe and effective
vaccines.
Introduction
Prior to the COVID-19 pandemic, several high-income
regions reported increasing invasive group A strepto-
coccal (iGAS) disease incidence as well as intermittent
outbreaks.1–5 With the onset of the pandemic, several
European countries and the United States observed a
period of greatly reduced iGAS disease in 2020 and
2021.6 This reduction occurred in concert with non-
pharmacologic interventions aimed at reducing trans-
mission of SARS-CoV-2. Then, from early to mid-2022,
countries in Europe (United Kingdom, Sweden, France,
The Netherlands, Ireland) and some parts of the United
States reported a marked increase in iGAS hospital ad-
missions and deaths, especially among children aged
less than 10 years.7–10 As of early 2023, paediatric iGAS
incidence reported in England is several times higher
than pre-COVID-19 levels.11 This pattern resembles
incidence changes observed for respiratory virus in-
fections, with a substantial decline associated with 2020
and 2021 public health restrictions followed by unusu-
ally intense and unseasonal outbreaks during periods of
eased restrictions.12,13 In mid-December 2022, the World
Health Organization advised European countries to be
vigilant for iGAS among children, to diagnose and treat
cases promptly, and to consider launching public health
campaigns to raise awareness of iGAS among clinicians
and the public.14 Similar public health advice has been
issued in the United States.15 While household contacts
of cases may have an approximately 2000-times
increased risk of secondary iGAS disease, the role for
contact chemoprophylaxis is debated and recommen-
dations vary internationally.16

We previously reported on iGAS burden in Austra-
lian children and young people (CYP) aged less than 18
years referred to seven tertiary paediatric centres across
six (of eight total) states and territories (also known as
jurisdictions) in Australia, with an estimated national
incidence of 1.6 per 100,000 (95% confidence interval,
CI, 1.1–2.3) between 1 July 2016 and 30 June 2018. The
incidence among Aboriginal Australian and Torres
Strait Islander (Indigenous) CYP was 2.1-fold higher
than among Australian children overall (3.4/100,000
(95% CI, 2.1–55.7)).17 During this period, an increased
incidence was observed in the third quarter of 2017 (July
www.thelancet.com Vol 41 December, 2023
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to September), which coincided with two months of
winter and early-spring in regions with notifying hos-
pitals, with the exception of the Northern Territory,
which experiences a dry season at this time.17 Annual
incidence peaks occurring in late-winter and early-
spring have also been reported in the United States
and Europe.4,18 This seasonal pattern is within the
context of overall increasing population rates and peri-
odic upsurges with historical time series documenting
epidemic cycles of severe GAS manifestations.19

Australia closed international borders to non-
Australian citizens on 20 March 2020, with staged in-
ternational border reopening on 11 November 2021.
Public health measures were instituted by each juris-
diction to varying degrees and included state border and
school closures. Melbourne, the state capital of Victoria,
experienced one of the world’s longest aggregate periods
in ‘lockdown’ to prevent SARS-COV-2 transmission
during 2020 and 2021 (with a cumulative total 262 days
in lockdown ending on October 21, 2021).20 In mid-
2021, iGAS laboratory notifications became a national
legal requirement in Australia, although there is no
coordinated reporting on the disease burden (medical
practitioners are not required to notify cases or clinical
information) and the sensitivity and specificity of labo-
ratory notification data has not been established.21 In
May 2022, Northern Territory released a public health
alert regarding increase in iGAS disease.22 Subsequently
in late-2022, the state of Victoria released public health
advice highlighting increased cases of iGAS, especially
among children.23

The Paediatric Active Enhanced Disease Surveillance
(PAEDS) Network collects prospective surveillance data
on iGAS admissions across major paediatric hospitals in
Australia, separate to any statutory notification re-
quirements.24 To update our previous estimates of iGAS
incidence17 and identify whether paediatric cases
increased from mid-2018 to 2022, we described the
clinical epidemiology of iGAS patients notified to the
PAEDS Network.
Methods
Data source
iGAS admissions from 1 July 2018 to 31 December 2022
were collected at five tertiary/quaternary paediatric
hospitals in four Australian jurisdictions: The Royal
Children’s Hospital (RCH) and Monash Children’s
Hospital (MCH; Victoria), Queensland Children’s
Hospital (QCH; Queensland), Royal Darwin Hospital
(RDH; Northern Territory), Perth Children’s Hospital
(PCH; Western Australia) (Figure S1). This includes all
tertiary and quaternary paediatric hospitals in the
included jurisdictions, which cover an estimated
3,194,957 CYP aged 0–17 years (Table S1). New South
Wales, which has an estimated CYP population size
similar to Victoria (Table S1), and South Australia
www.thelancet.com Vol 41 December, 2023
(which has an estimated CYP population size one
quarter of Victoria) were previously included in the
PAEDS Network surveillance from 2016 to June-2018.25

New South Wales and South Australia did not, however,
have resourcing for study nurses to collect data so did
not contribute to this analysis. Patients may have been
diagnosed in a non-notifying hospital and transferred to
a PAEDS Network hospital for management and were
captured in the analysis; however, some CYP, particu-
larly older children, may have been managed in pe-
ripheral general hospitals for their entire admission and
therefore be omitted from this analysis.

Study procedures
Eligible patients were notified to study nurses via labo-
ratory notifications, and study nurses also identified
patients by actively screening admission lists.

Case definition and clinical data
CYP less than 18 years old admitted with iGAS during
the study period were eligible for inclusion.24 We
defined iGAS as GAS isolated from a normally sterile
body site using standard diagnostic microbiological
laboratory procedures (including culture or polymerase
chain reaction (PCR)). Patients presenting with strep-
tococcal toxic shock syndrome (STSS) and necrotising
fasciitis were included if GAS was isolated from a sterile
site, or a non-sterile site with compatible clinical criteria
in the absence of an alternative causative organism.26

The final diagnosis was made by treating clinicians.
‘Severe disease’ was defined as admission to the inten-
sive care unit (ICU), or requirement for (any of) vaso-
active drugs, renal replacement therapy, mechanical
ventilation, extracorporeal membrane oxygenation.
Study nurses collected and entered data onto a
RedCap®27 case report form, including episodes of
medical care in the 7 days preceding iGAS hospital-
isation, clinical presentation and course, laboratory data
including emm-typing, management, outcome at hos-
pital discharge (survival, morbidity or attributable
death). Children dead on hospital arrival meeting the
case definition of iGAS, were captured in this surveil-
lance. In Queensland, Victoria and Western Australia,
emm-gene typing was done for GAS isolates using
standard laboratory protocols that did not include whole
genome sequencing to identify further virulence factors
or lineages.28 Whether contact prophylaxis was offered to
household contacts <10 years old was also recorded;
noting recommendations differ in each jurisdiction, as
no national recommendations currently exist (Table S2).

In 2020, the PAEDS Network case report form was
updated to collect respiratory virus co-infection data,
defined as a positive respiratory virus PCR test taken at
the time of admission from nasal swab, sputum, naso-
pharyngeal aspirate, endotracheal tube secretions or
bronchoalvealar lavage fluid. Respiratory virus testing
was performed according to local laboratory procedures
3
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(AusDiagnostics® Respiratory Pathogens 24-well assay
(RDH), 16-well assay (RCH), 12-well assay (MCH); Bio-
merieux Biofire® Respiratory 2.1 Panel (PCH); Hologic
Panther Fusion® SARS-CoV-2/Influenza A/B/RSV/Par-
ainfluenza 1–4/Adenovirus/human metapneumovirus
and rhinovirus assays (QCH)).29–31

Statistical analyses
Descriptive epidemiological analyses considered selected
demographic and clinical features. We estimated the iGAS
incidence for children aged 0–17 years using Australian
Bureau of Statistics census population estimates each year
quarter of the study period (Table S1). Denominator data
were grouped according to age group and state/territory of
notifying hospital. Individual iGAS cases were only
included in the numerator once, regardless of the number
of times they were admitted to hospital. The 95% CIs for
the incidence were estimated using a Poisson distribution.
Incidence estimates were adjusted by a factor of 4 to obtain
the annualised incidence by quarter. Estimates were
termed ‘minimum incidence rates’ because notifying
hospitals’ catchment populations did not necessarily cover
the entire jurisdiction, and patients will have been hospi-
talised at non-tertiary/quaternary hospitals.

We calculated univariate risk ratios (RR) with 95%
CIs to investigate whether selected demographic and
clinical features were associated with iGAS admis-
sions and to investigate the likelihood of patients’
household contacts being offered prophylactic antibi-
otics. When selecting reference groups, Victoria was
selected as it had the highest number of cases, the
middle age group was selected from which to compare
younger and older groups, and females were selected
to highlight the comparative higher risk for males.
Binomial regression was used to calculate RR of se-
vere disease against demographic, clinical and labo-
ratory variables as well as syndrome. Clinical and
laboratory variables were selected according to fea-
tures commonly thought to be associated with severe
iGAS.25,26 STATA 17 (Stata Corporation, College Sta-
tion, TX) was used for all analyses.

Ethical considerations
Ethics approval was obtained from the Sydney Chil-
dren’s Hospital Network Human Research Ethics
Committee (the coordinating site for all PAEDS
Network studies), HREC/18/SCHN/72, with local
governance approval at each site. A waiver of consent
applied for collection of demographic and clinical data.

Role of the funding source
There is no funding support for this study.
Results
During the period 1 July 2018 to 31 December 2022, 292
paediatric iGAS patients were notified to the PAEDS
Network, 280 of whommet the study case definition and
were included in the analysis.

The mean annual incidence of iGAS across the study
period was 1.8 per 100,000 children (95% CI 1.7–1.9).
The annualised incidence declined to less than 1.0 per
100,000 children from 2020 to the second quarter of
2021. From the first quarter of 2022, the annualised
incidence rose sharply to peak at 5.2 per 100,000 (95%
CI 4.4–6.0) in the third quarter (i.e. mid-winter to mid-
spring in Queensland, Victoria and Western Australia,
dry season in the Northern Territory), continuing at
high levels into the fourth quarter (mid-spring to mid-
summer/end of dry into wet season; incidence 4.9 per
100,000, 95% CI 4.2–5.7) (Fig. 1). Quarterly incidence
per jurisdiction is shown in Figure S1B.

Median age at presentation was 4.5 years (inter-
quartile range, IQR, 1.4–6.3). Incidence peaked among
infants aged less than 1 year (7.9 per 100,000, 95% CI
4.3–13.2) and was lowest among those aged 15–17 years
(1.0 per 100,000, 95% CI 0.3–2.3; Figure S2). Compared
to children aged 5–9 years, the RR of admision for
children aged less than 1 year was 4.1 (95% CI 2.0–8.3)
and for children aged 1–4 years was 2.5 (95% CI
1.4–4.4). The incidence for Indigenous children was 1.8-
times higher than for non-Indigenous children (95% CI
0.8–4.1), but this finding did not reach statistical sig-
nificance (Table 1).

Clinical features of notified children
Clinical data were available for 264 patients. Pneumonia
(68/264, 26%) and bacteraemia without focus (64/264,
24%) were the most common syndromes (Table 2,
Figure S3). Fifty-nine cases (87%) of pneumonia were
complicated by empyema. Non-necrotising soft tissue
infections were the most common presentations in
pandemic years 2020 and 2021 (27% and 24%, respec-
tively). There was a similar proportion of pneumonia
and empyema in 2022 compared to pre-pandemic years
(I2 = 4.23, p = 0.12).

In the seven days prior to hospital admission, 187/
264 patients (71%) consulted a doctor. Of these, 130
(70%) consulted a general practitioner, 118 (63%) an
emergency department physician, and 61 (33%) both.
Eighty-six patients (33%) consulted a doctor more than
once. The diagnosis at this initial consultation was
recorded for 136 patients; most commonly it was an
unspecified viral illness or upper respiratory tract
infection (44/136, 32%), followed by lower respiratory
tract infection (12/136, 9%) or rash or skin infection
(11/136, 8%). Overall, 147/187 children (79%) were sent
home after this consultation without being hospitalised.

On the day of hospital admission, the most common
presenting clinical feature was fever (234 patients, 89%)
with a median duration of 3 days prior to admission
(IQR 1–5). One hundred and seven patients (41%) had a
rash, of whom 29 had petechiae or purpura (27%).
Ninety-four patients (36%) had limb pain reported. In
www.thelancet.com Vol 41 December, 2023
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Fig. 1: Annualised minimum incidence of notified invasive group A streptococcal (iGAS) disease among children and young people aged
less than 18 years, by yearly quarter, July 2018–December 2022ˆ. Q̂3 (July to September) includes 2 months of winter and one month of
spring in Victoria, Western Australia and Queesnland, and the dry season in the Northern Territory.
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the month preceding iGAS hospitalisation, one patient
had a varicella zoster virus infection.

Eighty-four patients (32%) had severe disease. Of
those, forty-seven patients (56%) required mechanical
ventilation, 47 (56%) required vasoactive drugs, 9 (10%)
required extracorporeal membrane oxygenation, and 11
(13%) required renal replacement therapy. Twenty-one
(25%) patients with severe disease were admitted to
ICU for observation or non-invasive respiratory support
without any other specific therapy listed above. Fifty-
nine out of 84 patients with severe disease received
clindamycin (70%), 35/84 (41%) received intravenous
immunoglobulin. Demographic, clinical and laboratory
characteristics and the RR of severe disease are outlined
in Table 3. STSS, pneumonia and empyema were
associated with an increased risk of severe disease. The
proportion of patients with severe disease did not
change by year of presentation (I2 = 4.25, p = 0.37) and
disease severity was not associated with year of
presentation.

168 patients (64%) had a surgical procedure,
including 54 who had two or more surgical procedures
(maximum 13 procedures). One patient underwent an
above knee amputation and another had multiple finger-
tips amputated.

Three patients died, all in 2022 (case fatality rate 1%,
95% CI 0.2–3.3); two had STSS and one had bacter-
aemia with no focus (all had severe disease). Outcome at
discharge was reported for 228 (86%) patients; 43 (16%)
had ongoing morbidity reported, including 33 with
physical impairment (82%), and 14 with fatigue (32%).
Four patients had permanent disability (2 hemiplegia, 1
www.thelancet.com Vol 41 December, 2023
above knee amputation, 1 immobility and intellectual
disability in a patient with meningitis).

One hundred and thirty-eight (49%) patients had one
or more household contacts offered prophylaxis to pre-
vent secondary disease (Table S3).

Respiratory virus co-infection
In addition to isolated SARS-CoV-2 tests that were per-
formed on all hospitalised children, from 2020 to 2022,
119 of 163 (73%) patients had an extended molecular
respiratory pathogen panel sample collected; 7/22 (32%) in
2020, 26/38 (68%) in 2021, and 86/107 (72%) in 2022. In
total 57 of 119 (48%) patients tested had a respiratory virus
identified (4/7 in 2020, 7/26 on 2021 and 46/86 in 2022,
Figure S4). Only three of 163 iGAS patients (2%) had a
SARS-CoV-2 co-infection detected. Influenza A or B was
detected in 3/163 (2%) patients. In 2022, the most
commonly identified viruses were rhinovirus or rhino-
virus/enterovirus (20/46, 43%), human metapneumovirus
(12/46, 26%) and adenovirus (10/46, 22%) (Figure S4).
Respiratory viruses (2020–2022) were detected in 22 pa-
tients with pneumonia (35%) and 21 with pneumonia
complicated by pleural empyema (37%). Patients with a
respiratory virus detected were more likely to have severe
disease (RR 1.9, CI 1.2–3, Table 3).

Molecular (emm-type) distribution
Molecular (emm-type) typing data were available for 163
patients (58%). A total of 25 unique emm-types were
detected. The most common was emm-1, identified in 60
patients (37%) followed by emm-12 in 30 patients (18%;
Fig. 2). emm-1 was most commonly associated with
5

www.thelancet.com/digital-health


Clinical syndrome (n, % of total cases) Total July–December 2018 2019 2020 2021 2022

Pneumonia 68 (25.8%) 16 (37.2%) 15 (25.9%) 4 (18.2%) 6 (15.9%) 27 (26.2%)

Bacteraemia (no focus) 64 (24.2%) 13 (30.2%) 16 (27.5%) 1 (4.5%) 9 (23.7%) 25 (24.3%)

Empyema 59 (22.3%) 16 (37.2%) 11 (19.0%) 3 (13.6%) 2 (5.3%) 27 (26.2%)

STSS 43 (16.3%) 8 (18.6%) 9 (15.5%) 5 (22.7%) 3 (7.9%) 18 (17.5%)

Non-necrotising soft tissue 38 (14.0%) 4 (9.3%) 3 (5.2%) 6 (27.3%) 9 (23.7%) 16 (15.5%)

Osteomyelitis 32 (12.1%) 5 (11.6%) 10 (17.2%) 4 (18.2%) 3 (7.9%) 10 (9.7%)

Arthritis 31 (11.7%) 1 (2.3%) 10 (17.2%) 0 3 (7.9%) 17 (16.5%)

Necrotising fasciitis 6 (2.3%) 0 0 1 (4.5%) 3 (7.9%) 2 (1.9%)

Meningitis 5 (1.9%) 0 0 3 (13.6%) 1 (2.6%) 1 (0.9%)

Peritonitis 3 (1.1%) 1 (2.3%) 0 0 1 (2.6%) 1 (0.9%)

Surgical site 2 (0.7%) 0 0 0 1 (2.6%) 1 (0.9%)

Other 33 (12.5%) 5 (11.6%) 9 (15.5%) 6 (27.3%) 4 (10.5%) 9 (8.7%)

Total casesa 264 43 58 22 38 103

Other: subdural empyema, appendicitis, sinusitis, myositis, central line infection, muscle abscess, mastoiditis, rhabdomyolysis, lymphadenitis, tonsillitis, mediastinitis, neck
abscess, bursitis, epiglottitis. At least one sterile site isolate was collected in 260 cases (304 total isolates). 156 cases had a positive blood culture, 35 of these had a second
positive invasive site. GAS was isolated from a non-invasive site in 74 cases (28%), usually from a skin swab (12 cases). aCases may have more than one sydrome, as
determined by the treating clinician. 42 cases were diagnosed with 2 different clinical syndromes and 1 with 3 clinical syndromes (soft tissue infection, osteomyelitis and
peritonitis).

Table 2: Syndrome of patients with iGAS notified to PAEDS Network hospitals, Australia, 1 July 2018 to 31 December 2022.

Number of cases Proportion of total
cases (%)

Minimum incidence per
100,000 children (95% CI)

Risk ratio (unadjusted)
(95% CI)

Jurisdiction

Northern Territory 21 7.5 8.1 (2.6–18.8) 4.6 (1.8–11.9)

Western Australia 65 23.2 2.2 (1.2–3.8) 1.3 (0.7–2.4)

Queensland 83 29.6 1.5 (0.9–2.4) 0.9 (0.5–1.6)

Victoria 111 39.6 1.8 (1.1–2.6) Reference

Age Group (years)

<1 45 16.1 7.9 (4.3–13.2) 4.1 (2.0–8.3)

1–4 135 48.2 4.8 (3.3–6.7) 2.5 (1.4–4.42)

5–9 68 24.3 1.2 (1.1–3.0) Reference

10–14 25 8.9 1.2 (0.6–2.1) 0.6 (0.3–1.3)

15–17 7 2.5 1.0 (0.3–2.2) 0.5 (0.2–1.4)

Median age (range; IQR, years) 4.5 (0.0–16.8; 1.4–6.4)

Indigenous

Yes 33 11.8 3.3 (1.3–6.8) 1.9 (0.8–4.1)

No/Unknowna 247 88.2 1.8 (1.3–2.3) Reference

Gender

Female 108 38.6 1.5 (1.0–2.2) Reference

Male 172 61.4 2.3 (1.6–3.1) 1.5 (0.9–2.5)

Main language spoken at home

English 213 76.1 NA NA

Other language 21 7.5 NA NA

Unknown 46 16.4 NA NA

Season of presentationb

Summer 54 20.8 0.4 (0.2–0.7) Reference

Autumn 32 12.4 0.2 (0.1–0.4) 0.6 (0.2–1.5)

Winter 73 28.2 0.5 (0.3–0.8) 1.3 (0.6–2.8)

Spring 100 38.6 0.7 (0.4–1.0) 1.8 (0.9–3.7)

Total 280 100.0 1.8 (1.7–1.9) NA

Reference group selection: Jurisdiction, Victoria has the highest number of cases; Age, middle risk group compared to other groups; Sex, highlights the elevated risk for
males compared to females. IQR; interquartile range. aIncluded 10 cases with unknown Indigenous status and 237 cases recorded as ‘No’. bExcludes patients notified at Royal
Darwin Hospital as the region has a tropical climate with wet and dry seasons.

Table 1: Key demographic characteristics of patients with iGAS notified to PAEDS network hospitals, Australia, 1 July 2018–31 December 2022.
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Characteristic Severe disease n/N (%) Non-severe disease n/N (%) Risk ratio (95% CI)

Year of presentation

2018 17/43 (40%) 26/43 (60%) Reference group

2019 16/58 (28%) 42/58 (72%) 0.7 (0.4, 1.2)

2020 7/22 (32%) 15/22 (68%) 0.8 (0.4, 1.6)

2021 8/38 (21%) 30/38 (79%) 0.5 (0.3, 1.1)

2022 36/102 (35%) 66/102 (65%) 0.9 (0.6, 1.4)

Indigenous 7/32 (22%) 25/32 (78%) 0.7 (0.3, 1.3)

Age <4 years 51/152 (34%) 101/152 (66%) 1.1 (0.8, 1.6)

Female 35/106 (33%) 71/106 (67%) 1.1 (0.7,1.5)

Presenting feature

GP/ED visit in previous 7 days 63/182 (35%) 119/182 (65%) 1.3 (0.9, 2.0)

NSAID previous 7 days 33/86 (38%) 53/86 (62%) 1.4 (0.9, 2.1)

Rash (any) 41/107 (38%) 66/107 (62%) 1.5 (1.0, 2.1)

Petechial or purpuric rash 12/28 (43%) 16/28 (57%) 1.4 (0.9, 2.2)

Fever 75/230 (33%) 155/230 (67%) 1.4 (0.7, 2.9)

Limb pain 21/94 (22%) 73/94 (78%) 0.7 (0.4, 1.0)

Bolus given within 4 h 48/85 (56%) 37/85 (44%) 3.0 (2.0, 4.3)

Syndrome

Bacteraemia with no focus 18/64 (28%) 46/64 (72%) 0.9 (0.5, 1.3)

STSS 38/43 (88%) 5/43 (12%) 4.4 (3.3, 5.8)

Pneumonia 42/68 (62%) 26/68 (38%) 2.9 (2.1, 4.0)

Empyema 39/59 (66%) 20/59 (34%) 3.01 (2.19, 4.13)

NF 1/6 (17%) 5/6 (83%) 0.5 (0.1, 3.1)

Skin and soft tissue infection excluding NF 7/38 (18%) 31/38 (82%) 0.5 (0.3, 1.1)

Arthritis 3/31 (9.7%) 28/31 (90%) 0.3 (0.1, 0.8)

Osteomyelitis 4/32 (12%) 28/32 (88%) 0.4 (0.1, 0.9)

Meningitis 3/5 (60%) 2/5 (40%) 1.9 (0.9, 4.0)

Other 10/33 (30%) 23/33 (70%) 1.0 (0.5, 1.6)

Laboratory feature

Renal impairment 26/32 (81%) 6/32 (19%) 3.2 (2.4, 4.3)

Liver impairment 28/46 (61%) 18/46 (39%) 2.3 (1.6, 3.2)

Coagulopathy 49/68 (72%) 19/68 (28%) 4.0 (2.9, 5.6)

Neutropenia 8/11 (73%) 3/11 (27%) 2.5 (1.6, 3.7)

Respiratory virus co-infection 25/57 (44%) 32/57 (56%) 1.9 (1.2, 3.0)

GP, general practitioner; ED, emergency department; NSAID, non-steroidal anti-inflammatory drug; NF, necrotising fasciitis; STSS, streptococcal toxic shock syndrome. Bold
denotes statistical significance. aUnivariate risk ratio using binomial regression STATA 17 (Stata Corporation, College Station, TX). bSevere disease was defined as intensive
care admission, or any of mechanical ventilation, inotropes, vasopressors or extracorporeal membrane oxygenation.

Table 3: Riska of severe diseaseb according to selected demographic, clinical and laboratory characteristics of patients with iGAS notified to PAEDS
Network hospitals, Australia, 1 July 2018 to 31 December 2022.

Articles
pneumonia (28/60, 47%); emm-12 was most commonly
associated with pneumonia and bacteraemia without
focus (9/30 each, 30%). Of patients with severe disease,
emm-typing data were available for 60/84 (71%); 27/60
were emm-1 (45%) and 11/60 were emm-12 (18%,
Figure S5). During the 2022 surge, isolates from 74/107
(69%) patients were available; 30/74 were emm-1 (41%)
and 18/74 were emm-12 (24%).
Discussion
We identified an intense and unseasonal surge in iGAS
occurring from mid-2022 in a large cohort of Australian
CYP, contemporaneous to the iGAS increase seen in
countries in the northern hemisphere. We observed a
www.thelancet.com Vol 41 December, 2023
peak annualised incidence of 5.2 per 100,000 in the
third quarter of 2022 which persisted at similarly high
levels into the fourth quarter. At this stage, it is unclear
whether this high incidence of iGAS will persist or in-
crease further in 2023.

Our findings are similar to those reported in the
northern hemisphere, despite different seasons and
circulating respiratory viruses.7,8 The iGAS increase in
the UK has continued into the first quarter of 2023.11

Reports from the United States indicate that the
unseasonal increase in paediatric iGAS has persisted in
2023 in some areas, merging with their usual peak
period (December to April).10 Europe has also reported a
similar pattern of high incidence among those aged 1–4
years.32–35 We did not observe an increase in pneumonia
7
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Fig. 2: emm-type distribution among 163 paediatric iGAS cases notified to the PAEDS Network from 1 July 2018 to 31 December 2022.
*‘Other’ indicates 19 different emm-types: emm-2, -6, -9, -11, -22, -28, -36, 41, -44, -49, -59, -71, -76, -77, -82, -87, -92, -110. 1 isolate was
non-typeable.
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complicated by empyema in 2022 compared to pre-
pandemic years 2018–2019, in contrast to international
reports.7,8

Our previous analysis of PAEDS data described a
peak iGAS incidence of 3.4 per 100,000 (95% CI:
2.5–4.5) occurring among Australian children in the
third quarter of 2017. This peak was associated with a
severe influenza season.17 Both the pre-pandemic peak
we described in the third quarter of 2018, and the peak
occurring in the third quarter of 2022 exceed this inci-
dence. The proportion of iGAS patients with severe
disease, and the case fatality rate, was lower in our study
than in our previous analysis, which included New
South Wales and South Australia (32% versus 41% and
1% vs 3%, respectively) possibly due to inclusion of
additional quaternary centres in the prior dataset.25 This
case fatality rate is consistent with reports from other
high-income countries (0% amongst children 1–5 years
in Norway and 3% among children 0–5 years in USA).36

It is unclear why there has been a contemporaneous
surge in paediatric iGAS reported in Australia, the US
and Europe, but there are several possible explanations.
First, reduced social contact through the pandemic due
to non-pharmacological interventions such as school
closures and mask wearing may have caused relatively
lower dynamic population immunity to GAS through
delayed initial pathogen exposures and removing the
usual periodic boosting effect from seasonal expo-
sures.37,38 This was reflected most clearly in Victoria
which had the lowest incidence of iGAS coinciding with
the longest period of public health restrictions including
school closures and mask mandates. Western Australia,
in contrast, had long periods of border closures but only
short periods of school closures, and a higher incidence
of iGAS compared to Victoria in 2020/2021.39 Second,
changes in GAS strains or a highly virulent strain may
be responsible, but diverse GAS emm-types have been
associated with the recent surges, suggesting a single
virulent clone is not a major driver.37,40,41 Although
detailed genomic and microbiological studies are
needed to answer that question, including to assess
whether the M1UK strain was implicated in 2022 pre-
sentations,42 we also observe that the emm-types associ-
ated with the current outbreak is no different from those
usually associated with iGAS in Australia.17,25 Third,
resurgent circulating respiratory viruses have been
proposed as a driver for the surge in iGAS. Temporal
associations between influenza and iGAS have been
previously described.17,43,44 The 2022 iGAS peak observed
in our study did not occur during the peak influenza
season (which occurred during quarter 2, 2022), unlike
in the northern hemisphere.35,41,45 With the ceasing of
restrictions in Australia, there was widespread infection
of CYP with the Omicron variant of SARS-CoV-2;
www.thelancet.com Vol 41 December, 2023
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serosurveys in mid-2022 found that around two-thirds of
children had evidence of previous infection.46,47 How-
ever, SARS-CoV-2 and iGAS co-infection was detected
in just three patients, despite near-universal testing at
most hospitals since 2020. RSV became nationally
notifiable in Australia in 2022. Peak notifications
occurred in the third quarter of 2022 in Victoria,
Northern Territory and Western Australia when the
peak iGAS incidence in our cohort was noted, and RSV
activity peaked in the second quarter of 2022 in
Queensland (which notified 30% of iGAS patients and
where the peak incidence of iGAS occurred in the third
quarter of 2022).48 A high proportion of RSV co-
infection during this surge in iGAS incidence was not
reflected in our data (5 patients in 2022 had RSV co-
infection). Internationally, high rates of respiratory vi-
rus co-infection with iGAS have not been widely docu-
mented. In UK laboratory surveillance data from
January 2018 to November 2022, respiratory virus co-
infection occurred in 25.8% of patients during peak
iGAS detections, similar to levels seen in past seasons.7

In 2020 and 2021 in Australia, iGAS surges did not
follow the pattern of out-of-season RSV surges that
occurred during breaks between lockdowns.49 Finally,
varicella zoster virus vaccination is included in the
Australian national immunisation schedule at 18
months of age, likely accounting for the minimal
number of patients (1 of 264) with varicella infection in
the month preceding iGAS hospitalisation, in contrast
to reports from the Netherlands.8

There are limitations to this analysis. First, our
dataset is not representative of Australian paediatric
iGAS patients as our case detection was limited to five
major hospitals located in four of the eight Australian
jurisdictions. Despite this, all tertiary and quaternary
hospitals in participating states and territories were
included, so our reporting on severe cases in included
jurisdictions is likely to be complete. While the
PAEDS Network provides the largest longitudinal
clinical and epidemiological data on paediatric iGAS
currently available in Australia, this dataset is rela-
tively small and the factors we have identified as being
associated with severe disease should not be over-
interpreted. Second, certain severe GAS infections
where GAS is not isolated from a normally sterile site,
such as retropharyngeal abscess or mastoiditis, were
not consistently notified to the PAEDS Network and
therefore were excluded from this analysis. Ensuring
the use of standardised definitions for iGAS disease,
including confirmed or probable case classifications,
is important to enable incidence comparisons between
studies.50 Third, emm-type data were not available for
almost half of the included patients. National surveil-
lance data will be important to provide a clearer pic-
ture of circulating emm-types in the future. The
PAEDS Network’s iGAS data is important for
informing national control and prevention efforts,
www.thelancet.com Vol 41 December, 2023
including vaccine development, particularly as this
data source enables changes in iGAS presentations to
be described while national reporting pathways
remain in development.

Conclusions
This multicentre analysis suggests Australian CYP
have been affected by an unseasonal increase in iGAS
disease, occurring at the same time as increases in the
northern hemisphere. There is an ongoing burden of
iGAS disease in children, which is frequently severe,
and appears to occur in surges. Our data add weight to
calls to develop a vaccine to reduce the global burden of
iGAS and other severe GAS syndromes including
acute rheumatic fever and rheumatic heart disease.
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