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INTRODUCTION 

 

Group A Streptococcus (GAS) is a common human pathogen.1 Its most common 

manifestations are pharyngitis and impetigo. GAS can also cause invasive disease. Invasive 

GAS (iGAS) disease causes more than 150,000 deaths per year worldwide. High risk groups 

include children aged less than four years, the elderly and Indigenous populations.2–5  

 

The clinical picture of iGAS disease in children differs from adults. While the overall case 

fatality rate (CFR) for adults ranges between 10 to 60%, it is generally lower in children.2,3,6 

Systemic and local complications are frequent.  Bacteraemia without focus is more frequent in 

children (affecting up to 35% of patients), while soft tissue infections and streptococcal toxic 

shock syndrome (STSS) are less common.7 STSS is a complication in 2-15% of children 

(versus 3-28% in adults) and can carry a very high CFR (up to 28%).8–10  The principal sites 

of  iGAS infection in children are the skin and the lungs.2,11,12  Other iGAS clinical syndromes 

include osteoarthritis and meningitis, which although rare, are more common in children than 

adults.12–14  GAS meningitis presents very rarely (0.06 cases per 100 000 children per year), 

but may be associated with even worse  outcomes than meningitis caused by other 

bacteria.15,16  

 

Around 20% of children with iGAS disease present first with a skin lesion.14 Varicella is a 

known risk factor for paediatric iGAS disease, along with use of non-steroidal anti-

inflammatory drugs.17–19 Unlike adults, however, almost 50% of children with iGAS diseases 

have no known predisposing risk factors.11,14,20  
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iGAS disease is not nationally notifiable in Australia, although it is at the jurisdictional level 

in Queensland and the Northern Territory, and in New South Wales when household 

transmission is suspected. We sought to describe the clinical presentation, management and 

outcomes of paediatric iGAS over two years in Australia to inform clinical care and 

prevention strategies.  

 

METHODS  

 

Study design 

 

We performed active surveillance of patients with laboratory-confirmed iGAS disease 

admitted to seven major Australian paediatric hospitals between 1 July 2016 and 30 June 

2018. Paediatric hospitals included: Royal Children’s Hospital Melbourne, Victoria; Monash 

Children’s Hospital, Victoria; Perth Children’s Hospital, Western Australia; Westmead 

Children’s Hospital, New South Wales; Queensland Children's Hospital, Queensland; 

Women's and Children's Hospital, South Australia; and Royal Darwin Hospital, Northern 

Territory. Surveillance was conducted under the auspices of the national PAEDS Network. 

(http://www.paeds.edu.au/).21  

 

Participants 

 

All children aged up to 18 years admitted to a participating hospital with laboratory-

confirmed iGAS disease were eligible for inclusion.  We defined laboratory confirmed iGAS 

disease as the isolation by routine bacterial culture and/or nucleic acid detection of GAS from 

a normally sterile bodily site (e.g. blood, pleural fluid, joint fluid, cerebrospinal fluid). Some 
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cases were diagnosed in another hospital and transferred to a PAEDS hospital for 

management. 

 

Procedures 

 

Diagnostic laboratory staff informed the local study team when GAS was isolated from a 

normally sterile site sample of a patient. The patient and family were invited to participate. 

Following written informed consent, demographic and clinical data were collected and 

entered onto a RedCap database.22 Six months after discharge, all participants received an 

email with a linked survey on their health. Data were clarified by a telephone call if required. 

Some cases were identified by ICD-10AM audits and were retrospectively recruited and data 

collected with an approved waiver of consent.  

 

Clinical data and definitions 

 

We collected data on previous medical consultations during the 7 days preceding the iGAS 

hospitalisation. Data included: patients’ clinical presentation and course, management and 

outcome. Severe iGAS was defined as requiring admission to intensive care, mechanical 

ventilation or inotropes. The clinician in charge of the patient diagnosed the clinical 

syndrome. 

 

Outcomes of interest were death, disability or deficit. A disability was, as defined by the 

World Health Organization, any impairment, activity limitations or participation restrictions 

in a permanent state. 23 We used the word deficit for any impairment, activity limitations or 

participation restrictions but with the possibility to improve. We collected information on 
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deficits and disability at 6 months by contacting the parents/guardians of the child via email 

initially and, if they did not respond to email, we contacted them by telephone. 

 

Analysis  

 

Demographic and clinical data were analysed descriptively and reported as proportions of 

total patients. When reporting laboratory findings and the duration of certain features (e.g. 

length of hospital stay) the median, and interquartile range (IQR) were stated. We measured 

the association between severe disease and clinically relevant selected factors using risk ratio 

(RR) estimates with 95% confidence intervals (CI).  STATA 14 (Stata Corporation, College 

Station, TX) was used for all analyses.  

 

Ethics 

 

Ethics approval was obtained from the RCH Human Research Ethics Committee, 

HREC#36339 and extended to all jurisdictions. A waiver of consent for retrospectively 

collected data was obtained, as was approval for conducting the 6-month follow-up email 

survey.  

 

RESULTS 

 

We identified 181 children with laboratory confirmed iGAS disease during the two-year 

period. A descriptive epidemiological analysis of these patients is published elsewhere. 24 

There was a male predominance (n=107; 59.1%) and a median age of 2.9 years (range: 7 days 
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to 16 years and 9 months) at hospital admission. Twenty-one (11.6%) children had Aboriginal 

or Torres Strait Island ethnicity. 

 

 

Site of infection and clinical syndrome 

 

GAS was isolated in the blood of 126 patients, of whom 13 had a second positive invasive site 

(Table 1).  In addition to having a sterile site isolate, 43 (23.8%) had GAS isolated from a 

non-invasive site, most frequently a skin swab (23 patients).  

 

Pneumonia occurred in 46 children (25.4%), of whom 12 had empyema. Osteoarticular 

infection was the next most common syndrome (23.8%), followed by skin and soft tissue 

infections (20.4%) and bacteraemia without focus (19.9%). Six children had meningitis. 

Twenty-two were diagnosed with two different clinical syndromes and one with three clinical 

syndromes (soft tissue infection, arthritis and osteomyelitis).  

 

Streptococcal toxic shock syndrome 

 

Twenty-six children (14.4%) met the criteria for STSS; all 26 had severe disease and four 

died (the STSS CFR was 15.4%). All STSS cases except one had symptoms lasting at least 

two days. Ten STSS patients had pneumonia and seven had bacteraemia without focus. All 

five children diagnosed with necrotizing fasciitis had STSS.  
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Preceding medical consultations 

 

In the 7 days preceding hospitalisation for iGAS disease, 142 patients (78.5%) had consulted 

a doctor. Of these, 116 visited a general practitioner (64.1%), 60 visited an emergency 

department (33.1%), and 34 visited both (18.8%). Seventy patients (38.7%) had consulted a 

doctor more than once.  The most common diagnosis at these visits was an unspecified viral 

illness.  Among patients visiting a general practitioner, 65 (56%) were referred to an 

emergency department, of whom 50 actually attended, and of these 41 were hospitalised and 9 

were sent home. In total, 86 children (47.5%) were seen by clinicians but were sent home in 

the week preceding hospitalisation for iGAS disease. 

 

On arrival at the emergency department (on the day of admission) 152 children (84%) had 

symptoms lasting at least two days, and 113 (62.4%) at least three days. The most common 

presenting clinical feature was fever (160 patients, 88.4%, Table 2), with a median duration of 

3 days (range <24 hours to 14 days).  

 

Sixty-three children (34.8%) had a pre-existing medical condition; 25 had a respiratory 

diagnosis (including asthma) and 23 had eczema. In the week preceding admission, 79 

(43.6%) reported having received at least one dose of non-steroidal anti-inflammatory drugs. 

Among those, 77 (97.5%) presented with fever. In the preceding month, 13 children (7.2%) 

had pyoderma and one had a varicella zoster virus infection.  
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Laboratory results 

 

Laboratory results are detailed in Supplemental Digital Content 1.  A full blood count was 

taken for 180 children, and the median haemoglobin, platelet count, white cell count and 

neutrophil count were 118 g/L, 278 x 10e9/L, 14.4 x10e9/L and 9.9 x10e9/L respectively. The 

C-reactive protein (CRP) concentration was assayed in 171 patients (94.5%), with a median 

value of 162 mg/L. The CRP concentration was over 100 mg/L in 64.9% of patients and over 

200mg/L in 36.8% of patients. 

 

Severity 

 

Seventy-four children (40.9%) met our criteria for severe disease (Table 3). Seventy-one of 

these were admitted to the intensive care unit (ICU), including 50 within the first 24 hours of 

admission to hospital. A further 25 children (13.8%) had liver, renal or coagulation 

abnormalities, or acute respiratory distress syndrome (without receiving intubation). 

 

There was no association between age, sex or Aboriginal and Torres Straight Islanders status 

with disease severity.  (Supplemental Digital Content 2). All 5 patients with necrotising 

fasciitis had severe disease, as did all six with meningitis. Of the 46 children with pneumonia, 

35 (76.1%) had severe disease (RR 2.6, 95% CI 1.9-3.6, Table 3). 

 

Of the 83 patients with rash, 40 (48.2 %) had severe disease (RR 1.3, 95% CI 0.98-2, Table 

2), and 14 of 22 children with a petechial or purpuric rash (63.6%) had severe disease (RR 

1.7, 95% CI 1.2-2.5, Table 2). Thirty-five of the 44 children with a low blood pH had severe 

disease (79.5%, RR 1.6, CI 1.2-2.2), and 4 of the 5 with a low neutrophil count had severe 
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disease (80%, RR 2.1, CI 1.3-3.3, Supplemental Digital Content 1). Children that had 

previously consulted a doctor and were subsequently sent home in the 7 days before 

hospitalisation were at higher risk of severe disease (RR 1.4, 95% CI 1.02-2.1) compared to 

children who were hospitalised at their first medical presentation. We found no association 

between the use of non-steroidal anti-inflammatory drugs and the severity of the disease (RR 

1.3, CI 0.9-1.8).  

 

 

Treatment 

 

The median length of stay in hospital was 10 days (IQR 5–15 days, range <1 day-65 days). Of 

the 71 children admitted to ICU, 41 required intubation and five received extracorporeal 

membrane oxygenation. The median length of stay in ICU was four days (IQR 2–8 days, 

range <1 day-31 days). 

 

Antibiotic treatment was initiated in the emergency department for 133 children (73.5%). The 

median duration of total antibiotic treatment was 20 days (IQR 12-35 days, range < 1 day - 79 

days). The median duration of intravenous antibiotic treatment was 9 days (IQR 5-14 days, 

range < 1 day to 49 days). A lincosamide anti-toxin antibiotic (clindamycin or lincomycin) 

was administrated to 102 children (56.4%) and intravenous immunoglobulin (IVIG) was 

administered to 16 children (8.8%). Seventy-six (42%) did not receive either treatment. 

Among the 74 patients with severe disease, 59 (79.7%, RR 3.0, CI 1.9-4.9) and 15 (20.3%, 

RR 2.6, CI 2.1-3.3) received a lincosamide antibiotic and IVIG respectively. Of the 26 

patients with STSS, 23 (88.5%) received a lincosamide antibiotic and 10 (38.5%) received 

IVIG. 
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A surgical procedure was performed in 109 patients (60.2%); 42 patients had surgery in the 

first 24 hours of hospitalisation, 34 patients required two or more procedures (maximum 9 

procedures), and three patients underwent multiple limb amputation. 

 

Outcomes 

 

Five patients died (CFR 2.8%). Three of those had pneumonia and two had bacteraemia 

without focus. Including deaths, 58 patients (32%) had an adverse outcome and 53 children 

(29.3%) had at least one deficit or disability at discharge. Deficits included impairment of 

mood, intellect or behaviour (49 patients, 27.1%), fatigue (35 patients, 19.3%) and physical 

impairment (10 patients, 5.5%). Five patients had severe mobility disabilities: three from 

multiple amputations; one patient had residual hemiplegia; and one had severe dystonia. 

 

Ninety-nine patients (54.7%) completed the six-month follow up survey. The demographic 

characteristics, severity and outcome at discharge of these patients were similar to the sample 

as a whole, except that only 5 children (5.1%) had Aboriginal or Torres Strait Island ethnicity 

compared to 21 (11.6%) of the full sample (RR 0.4, CI 0.2-0.9, Supplemental Digital Content 

3). Among these 99 patients, 55 attended at least one outpatient appointment related to their 

prior admission for iGAS disease. Seven patients required at least one readmission to hospital. 

Fifteen patients (15.2%) continued to experience health issues six months after discharge 

(Supplemental Digital Content 4).  One child (who had GAS meningitis) experienced hearing 

and vision loss. 
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Adverse outcomes at discharge were most frequent for patients with iGAS arthritis (52.4%) 

and necrotizing fasciitis (80%, Supplemental Digital Content 5 and 6). Of the 26 patients who 

had STSS, 19 had an adverse outcome at discharge (73.1%; RR 2.9, CI 2-4.2) including four 

deaths. We were able to collect follow-up data for 14 patients with STSS; 7 (50%) had an 

adverse outcome at 6 months (RR 5.3, CI 2.3-12.3). 

 

 

DISCUSSION 

 

In this study, we reveal a high frequency of severe disease among children with iGAS disease, 

resulting in complex and prolonged treatment, followed by longer-term sequelae for many 

patients. Nearly half were seen and discharged by a doctor in the week preceding their 

hospitalisation and diagnosis.  

 

Our study is the first to assess the outcome of iGAS disease in children at discharge and at 6 

months. At discharge, 32% of our cohort had ongoing health issues as a result of their 

infection. This proportion is similar to rates of sequelae following invasive meningococcal 

disease described in Australian children (37.6%), but far higher than that reported in previous 

retrospective studies of children with iGAS disease (less than 3% with sequelae).20,25,26 At 6 

months follow-up, 15.2% of the children in our study had persisting health issues, comparable 

to the 11-19% rate of long term sequelae described for invasive meningococcal disease. 27 The 

case fatality rate of 2.8% in our study is lower than that described for adults with iGAS 

disease, but consistent with pre-existing literature for children. 2,3,6 
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We report a high proportion of severe disease, with 39.2% of patients admitted to the 

intensive care unit and 60.2% requiring a surgical procedure. This reflects the serious nature 

of iGAS disease, and also that our surveillance was conducted at specialist tertiary hospitals 

where the most unwell cases are managed.  

 

In Australia, a lincosamide antibiotic (usually clindamycin) and IVIG are generally 

recommended for the management of severe iGAS disease, albeit with limited evidence in 

children.28–30  Previous studies suggest that adding clindamycin may reduce mortality.31 An 

adult study demonstrated increased survival when IVIG was used for patients with STSS 

(34% versus 87% survival rate at 30 days).32,33   In our study, a lincosamide antibiotic was 

prescribed for nearly 80% of patients with severe disease, but IVIG in only 20.3% of these 

(38.5% of STSS). This apparent low use of IVIG has been reported in other studies of the 

management of children with severe iGAS, and reinforces the need for widely available 

standardized management guidelines.8,9  

 

Forty-eight percent of febrile patients received a non-steroidal anti-inflammatory drug in the 

preceding week. This proportion is lower than  that reported by Walsh et al.’s study of febrile 

Australian children (77%). 34 We did not identify non-steroidal anti-inflammatory drugs as 

risk factor for iGAS disease. 

 

A high proportion of patients in our cohort had pneumonia (25%), and approximately 75% of 

these patients had severe disease.35,36 The high caseload and severity may be related to the 

2017 winter influenza outbreak in Victoria.37 Epidemiologic links between influenza and 

iGAS infection have been described previously. Mouse models have showed that influenza 

enhances the virulence of GAS at the alveolae.38–40 
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Our study supports emerging data that describe a phenomenon of a non-specific febrile 

prodrome lasting some days among paediatric patients with iGAS disease.41 Almost half of 

our patients (47.5%) had consulted a doctor in the week before hospitalisation, including 

33.2% at an emergency department, but were sent home. In a previous study of 521 children 

with meningitis or sepsis in Ontario, Canada, 21.9% had repeated emergency department 

visits before admission to hospital.42 In our study, children sent home at their first 

consultation had a higher risk of subsequently developing severe disease compared to those 

admitted directly to hospital (RR 1.5, 95% CI 1.02-2.1) While the presenting symptoms and 

signs during this febrile prodrome period appear non-specific, this does raise opportunities to 

investigate clinical criteria and biomarkers, which may help identify patients earlier, perhaps 

enabling them to receive antibiotic treatment and potentially prevent invasive manifestations 

occurring.  Additionally, close contact of patients with iGAS disease have an approximately 

2000-times increased risk of secondary disease (RR 1,9; 95% CI 1,2–2,9). Should iGAS 

patients become notified rapidly, it is theoretically possible to prevent secondary disease by 

providing close contacts with prophylactic antibiotics.43 

 

There are limitations to our study. First, our case definition required isolation of GAS from a 

sterile site. This likely led to missed cases where GAS is isolated from non-sterile sites but the 

disease might still be considered invasive (as may occur in patients with retropharyngeal 

abscess, mastoiditis or necrotising fasciitis). Second, we recruited only in tertiary and 

quaternary centres, which will have resulted in under-recognition of the true burden of 

paediatric iGAS disease, and also likely skewed the clinical picture of the cases towards 

higher severity. Third, there was a 45% loss to follow-up for the 6 months assessment. While 
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the profile of the sample at 6 months was largely similar to that of the overall cohort, we 

cannot be sure that the sample was representative.  

 

Our study provides further impetus for establishing a national surveillance system for iGAS 

disease in children and adults in Australia. In addition to optimising clinical management of 

iGAS disease, there is a need to closely monitor the epidemiology of this condition. Enhanced 

surveillance of iGAS may contribute to improving early recognition of this serious disease 

and improve the effectiveness of prevention activities. 
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