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Abstract
Group A streptococcal (GAS) disease shows increasing incidence worldwide. We characterised children admitted with GAS 
infection to European hospitals and studied risk factors for severity and disability. This is a prospective, multicentre, cohort 
study (embedded in EUCLIDS and the Swiss Pediatric Sepsis Study) including 320 children, aged 1 month to 18 years, 
admitted with GAS infection to 41 hospitals in 6 European countries from 2012 to 2016. Demographic, clinical, microbio-
logical and outcome data were collected. A total of 195 (61%) patients had sepsis. Two hundred thirty-six (74%) patients had 
GAS detected from a normally sterile site. The most common infection sites were the lower respiratory tract (LRTI) (22%), 
skin and soft tissue (SSTI) (23%) and bone and joint (19%). Compared to patients not admitted to PICU, patients admitted 
to PICU more commonly had LRTI (39 vs 8%), infection without a focus (22 vs 8%) and intracranial infection (9 vs 3%); 
less commonly had SSTI and bone and joint infections (p < 0.001); and were younger (median 40 (IQR 21–83) vs 56 (IQR 
36–85) months, p = 0.01). Six PICU patients (2%) died. Sequelae at discharge from hospital were largely limited to patients 
admitted to PICU (29 vs 3%, p < 0.001; 12% overall) and included neurodisability, amputation, skin grafts, hearing loss and 
need for surgery. More patients were recruited in winter and spring (p < 0.001).

Conclusion: In an era of observed marked reduction in vaccine-preventable infections, GAS infection requiring hospital 
admission is still associated with significant severe disease in younger children, and short- and long-term morbidity. Further 
advances are required in the prevention and early recognition of GAS disease.

What is Known:
• Despite temporal and geographical variability, there is an increase of incidence of infection with group A streptococci. However, data on the 

epidemiology of group A streptococcal infections in European children is limited.
What is New:
• In a large, prospective cohort of children with community-acquired bacterial infection requiring hospitalisation in Europe, GAS was the most 

frequent pathogen, with 12% disability at discharge, and 2% mortality in patients with GAS infection. 
• In children with GAS sepsis, IVIG was used in only 4.6% of patients and clindamycin in 29% of patients.
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ICD-10	� International Classification of Diseases 2010
iGAS	� Invasive group A Streptococcus
IQR	� Interquartile range
IVIG	� Intravenous immunoglobulin
LRTI	� Lower respiratory tract infection
PCR	� Polymerase chain reaction
PICU	� Paediatric intensive care unit
PIM2	� Paediatric Index of Mortality
POPC	� Pediatric Overall Performance Category
PRISM	� Paediatric Risk of Mortality score
RST	� Rapid streptococcal antigen test
SIRS	� Systemic inflammatory response syndrome
SPSS	� Swiss Pediatric Sepsis Study
STSS	� Streptococcal toxic shock syndrome
VZV	� Varicella-zoster virus

Introduction

Group A streptococcal (GAS) infection is characterised by 
a wide variety of phenotypes, from upper respiratory tract 
and focal skin and soft tissue infections to necrotising fas-
ciitis and streptococcal toxic shock syndrome (STSS), as 
well as peri-infectious phenomena such as rheumatic fever 
and post-streptococcal glomerulonephritis [1]. Extensive 
strain diversity—there are more than 200 emm-types—is 
presumed to contribute to the diversity of observed clinical 
syndromes [2–4].

In Western Europe, GAS was a leading cause of child 
death until the mid-twentieth century [5]. Although the 
incidence fell rapidly during the mid-twentieth century, it 
began rising again in the 1980s, and was estimated to be 
3–4/100,000 in Northern Europe by the early 2000s [6]. 
Surges continue in Europe [7, 8], and further afield, for 
instance, South Korea [9, 10] and Utah, where a 2010 study 
found a rate of up to 14.1/100,000 cases in children [6, 11]. 
Severity of illness also seems to be increasing [12–14]. 
Mean case fatality rates in affluent countries remain rela-
tively low at 8–16% [5]. However, the mortality of iGAS 
can rise rapidly up to 60–70% with any delay in antibiotics 
and interventions against toxins such as clindamycin and 
intravenous immunoglobulin [15–17].

Epidemiological studies capturing the full spectrum of 
GAS disease are challenging. Many cases never present 
to health care providers, or are treated in the community 
without microbiological diagnostics (tonsillitis, cellulitis). 
Studies have shown that microbiologically proven paediatric 
iGAS occurs most commonly with bacteraemia, soft tissue 
infections, STSS or necrotizing fasciitis [18], and that risk 
factors include other children in the household, preceding 
coryzal illness and varicella infection [19]. However, it has 
been difficult to study a wider population of children with 

severe bacterial infections where GAS is the likely cause but 
not isolated from a sterile site.

In this large study, we aimed to characterise children 
admitted with GAS infection to European hospitals and 
study risk factors for severity and disability. We gathered 
information about possible risk factors, clinical presenta-
tion, progress and outcomes for children presenting with 
suspected severe bacterial infection for whom the cause was 
proven or probable GAS.

Methods

Consortium and study sites

This study used data from the European Childhood Life-
threatening Infectious Disease Study (EUCLIDS) and the 
Swiss Paediatric Sepsis Study (SPSS) [20, 21]. EUCLIDS 
is a prospective, multicentre, cohort study aimed to identify 
genes and pathways determining susceptibility and severity 
of life-threatening bacterial infections. The network included 
185 predominantly academic hospitals from 8 European 
countries. Details of EUCLIDS inclusion and exclusion 
criteria, as well as clinical definitions, have been published 
elsewhere [20]. In short, for this sub-cohort, children with 
suspected severe bacterial infection were recruited prospec-
tively from 1 July 2012 to 31 December 2016, as early as 
possible in admission and before culture results became 
available. The SPSS is a prospective, national, observational, 
multicentre, cohort study investigating blood culture–proven 
sepsis in children under 17 years of age from all 10 major 
children’s hospitals in Switzerland from 1 January 2012 to 31 
December 2015 [21]. In brief, children with blood culture– 
proven sepsis meeting the criteria for systemic inflammatory 
response syndrome (SIRS), as defined by the 2005 paedi-
atric consensus definition [22] at the time of blood culture 
sampling, were included. Details of the study design and the 
study protocol have been published elsewhere [21].

Inclusion criteria

The combined EUCLIDS-SPSS database was used to iden-
tify all children for whom GAS was the most likely cause of 
their illness. Children were included if they met any of the 
following criteria:

1.	 Proven GAS: GAS grown from a normally sterile site 
or positive by pathogen-specific PCR (blood, CSF, joint 
fluid, pleural fluid, peritoneal fluid, tissue, urine, intra-
operative pus or internal swab). GAS detection by PCR 
was performed according to local accredited hospital or 
specialised molecular microbiology laboratories.
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2.	 Probable GAS: Clinical symptoms consistent with GAS 
disease, NO other causative organism identified AND at 
least one of the following:

(a)	 GAS grown from a potential carriage site (throat, 
naso-pharynx, eye surface, ear, endo-tracheal 
tube, broncho-alveolar lavage, skin)

(b)	 Antistreptolysin O titre (ASOT) ≥ 300 IU/L [23]
(c)	 Local rapid streptococcal antigen test (RST) from 

pharyngeal sample positive.

Cases were excluded if they had been enrolled retrospec-
tively to avoid selection bias, or were from the non-European 
EUCLIDS sites. In addition, patients in whom other poten-
tial causative pathogens were detected from sterile or non-
sterile site cultures were excluded.

Sepsis, severe sepsis and septic shock were defined 
according to Goldstein criteria, and focal infection was used 
for patients with an organ system identifiable febrile illness 
not matching sepsis according to Goldstein criteria [22].

Clinical data collection

Data on demographics, clinical presentation, underlying 
disease, exposure to varicella-zoster virus (VZV), smoking, 
recent surgery, illness severity, management, microbiologi-
cal results and outcome were collected prospectively. Expo-
sure to VZV or smoking was not available for the Swiss 
patients. Underlying diseases at admission to hospital were 
classified using the Paediatric Complex Chronic Conditions 
classification system [24]. Illness severity in PICU patients 
was measured by the Paediatric Risk of Mortality score 
(EUCLIDS patients only) [25] and the Paediatric Index of 
Mortality-2 (PIM2) [26]. Lactate values were obtained on 
PICU admission only, concomitant with PIM2 data collec-
tion. Outcome included mortality, disability, PICU-free 
days and length of hospital stay. Disability was defined as 
a Pediatric Overall Performance Category (POPC) score 
greater than 1 [27], need for skin graft, amputation, hear-
ing loss, neurodisability or need for surgery. The POPC 
score was determined either by direct observation or by 
chart review and ranges from 1 to 6, varying from (1) good 
overall performance to (6) brain death [27] (Supplemen-
tary Table 1 for description of categories). PICU-free days 
(days alive and free from the need for intensive care) were 
censored at day 28. In patients who died, PICU-free days 
were considered zero.

Patients were grouped as no focus (primary bloodstream 
infection and sepsis without a known source) versus patients 
with a clinical focus of infection. All data were collected 
in web-based case report forms. Monthly telephone confer-
ences, biannual meetings, clinical protocols including case 

definitions, data audits and monitoring ensured uniform pro-
cedures amongst study sites.

Statistical analysis

Categorical variables were presented as counts (percent-
ages). The chi-square or Fisher’s exact test was used to 
compare frequency distributions between two categori-
cal variables. Continuous variables were presented as 
median (interquartile range (IQR)) for non-parametric data. 
ANOVA, Kruskal–Wallis, Student’s t, or Mann–Whitney U 
tests were used to test differences between groups, as appro-
priate. Statistical analysis was performed with IBM® SPSS 
version 24 (Armonk, USA). A p value of less than 0.05 was 
considered statistically significant.

Results

During the study period, 346/4025 (9%) of the children 
prospectively enrolled at any of the participating hospitals 
had proven/probable GAS disease. Other commonly identi-
fied pathogens were Neisseria meningitidis, Staphylococ-
cus aureus and Streptococcus pneumoniae in about 8% of 
patients each [20]. Twenty-two GAS patients were excluded 
because they had been recruited retrospectively as part of the 

Fig. 1   Study design. CONSORT flow chart including and excluding 
patients
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genetics study, and 4 because they were from non-European 
EUCLIDS sites (Fig. 1), leaving 320 patients for analyses.

Demographics and clinical spectrum

A total of 161 (50%) were male, with median age 47 (IQR 
27–84) months. 47 (15%) presented without a clinical focus 
of infection. In children with a focus of infection, bone/joint, 
soft tissue or respiratory tract infection was the predominant 
presentation. One or more underlying conditions were pre-
sent in 117 (37%) patients of which the most common were 
recent VZV (n = 21, 6.6%), congenital or genetic conditions 
(n = 18, 5.6%) and eczema (n = 11, 3.4%). Further details are 
presented in Table 1.

Characteristics of PICU cases and risk factors 
for severe disease

A total of 148 (46%) children were admitted to PICU. One 
hundred five (71%) patients in PICU required invasive 
ventilation, with a median (IQR) of 5 (3–8) days (n = 92). 
Eighty-eight (59%) PICU patients required inotropes, with 
a median (IQR) of 3 (2–4.3) days (n = 74). None of the 
patients required extracorporeal membrane oxygenation. The 
median (IQR) PRISM score was 14 (8–20, n = 72) and PIM2 
6.1% (1.4–11.5, n = 88) predicted death rate. Median lactate 
on PICU admission was 1.5 mmol/L (IQR 0.9–2.4, n = 90). 
The number of PICU-free days at day 28 in the PICU group 
was 23 days (IQR 18–25) (Table 1).

The proportion of patients admitted to PICU differed 
between countries (p = 0.026; Supplementary Fig.  1). 
Patients admitted to PICU, compared to those not admitted 
to PICU, were younger (40 [21–83] vs 57 [36–85] months, 
respectively, p = 0.01), had more frequent epilepsy (p = 0.01) 
and congenital and genetic defects (p = 0.005) as underlying 
conditions, and more often had LRTI, intracranial infection 
and infection without a focus, whereas SSTI and bone and 
joint infections were more common in patients not requir-
ing PICU (p < 0.001) (Table 1). Also, the maximum CRP in 
PICU patients was significantly higher and hospital admis-
sion was associated with a two-fold increase in duration. 
Time from onset of symptoms to admission to hospital did 
not differ between PICU and non-PICU patients. Eczema 
(n = 11) and recent VZV infection (n = 21) were not associ-
ated with PICU admission. Also, there was no difference in 
exposure to smoking between PICU and non-PICU patients 
(20 (12%) and 29 (20%), respectively, p = 0.13).

Forty-two children (13%) had a severe infection (defined 
as a clinical syndrome suspected for severe invasive bac-
terial disease such as septicaemia, toxic shock syndrome, 
pneumonia, empyema, meningitis, osteomyelitis and septic 
arthritis) in the previous medical history, but this was not 
related to increased risk of PICU admission. In fact, those 

with a severe infection in the past were less often admitted to 
PICU (7.4 vs 18%, p = 0.02). This could not be explained by 
a difference in onset of symptoms until admission (p = 1.0).

Microbiology

The diagnosis of GAS infection was based on a positive 
culture and/or PCR from a normally sterile site in 236 (74%) 
patients, of which 145 (61%) in blood and 37 (16%) in pleu-
ral fluid were the most common sites (Table 1). For the 
remaining patients, GAS clinical syndrome was determined 
by the local team based on positive culture and/or PCR from 
a potential carriage site (n = 68, 21%), elevated ASOT (n = 7, 
2%) and a positive pharyngeal RST (n = 9, 3%). Streptococ-
cal titres were measured with a median of 16 days (IQR 
10–28) after onset of symptoms and 8 days (IQR 5–12) after 
admission to the hospital. There was no difference in the 
means of GAS identification between non-PICU and PICU 
patients (p = 0.11).

Seasonality

A seasonal pattern was noted with more GAS-infected 
patients recruited in the winter and spring months (n = 223 
(70%), December–May) compared to the rest of the year 
(n = 97 (30%), June–November, p < 0.001; Fig. 2).

Sepsis versus focal infection

A total of 195 (61%) patients had sepsis, of which 47 (24%) 
without a focus, and in 125 (39%) patients disease was lim-
ited to a focal infection. Patients with sepsis tended to be 
younger (median 44 months) compared to patients with focal 
infection (median 57 months, p = 0.07). Sex distribution was 
not significantly different for patients with sepsis or focal 
infection. Patients with sepsis relatively more often had 
LRTI (25.1 vs 17.6%) as focus of infection compared to the 
other foci (p < 0.001). Sepsis was associated with a higher 
CRP than focal infection (median 228 (IQR 114–303) vs 111 
(IQR 53–211); p < 0.001). The proportion of patients with 
sepsis was higher in those requiring PICU (n = 116, 78%) 
than in those not requiring PICU admission (n = 79, 46%, 
p < 0.001) (Table 2). All but one (73/74 (99%)) patient with 
septic shock or toxic shock were admitted to PICU. Patients 
with sepsis more often had GAS identified from a normally 
sterile site than those with focal infection (n = 168, 86% vs 
n = 68, 54%; p < 0.001).

With regard to adjunctive treatment of patients with 
sepsis, intravenous immunoglobulin (IVIG) was adminis-
tered in 9/195 (4.6%) patients and administration did not 
differ between countries (7/86 (8.1%) patients with sepsis 
from the UK and 2/39 (5.1%) patients with sepsis from 
the Netherlands; p = 0.32). However, clindamycin was 
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Table 1   Characteristics of children admitted with GAS infection

All patients (n = 320) No PICU admission 
(n = 172)

PICU admission 
(n = 148)

p

Sex (male, n, %) 161 (50%) 86 (50%) 75 (51%) 0.9
Age (months) (IQR) 47 [27–84] 57 [36–85] 40 [21–83] 0.01
Time interval onset symptoms to hospital 

admission (n = 251, days)
3.0 [1.8–6.0] 3.5 [1.8–6] 3.0 [1.8–5.7] 0.67

Immunizations up-to-date (n = 222) 211 (95%) 103/110 (94%) 108/112 (96%) 0.06
Number of underlying conditions
  None 203 (63%) 107 (62%) 96 (65%) 0.11
  1 77 (24%) 48 (28%) 29 (20%)
  ≥ 2 40 (13%) 17 (10%) 23 (16%)

Underlying conditions
  Congenital or genetic defect 18 (5.6%) 4 (2.3%) 14 (9.5%) 0.006
  Prematurity 10 (3.1%) 5 (2.9%) 5 (3.4%) 0.11
  Immunodeficiency 6 (1.9%) 1 (0.6%) 5 (3.4%) 0.19
  Cardiac condition 5 (1.6%) 2 (1.2%) 3 (2.0%) 0.47
  Epilepsy 5 (1.6%) 0 5 (3.4%) 0.01
  Respiratory 9 (2.8%) 6 (3.5%) 3 (2.0%) 0.12
  Haematological 1 (0.3%) 0 1 (0.7%) 0.28
  Oncological 1 (0.3%) 1 (0.6%) 0 0.35
  Inflammatory 2 (0.6%) 1 (0.6%) 1 (0.7%) 0.36
  Liver disease 1 (0.3%) 0 1 (0.7%) 0.28
  Renal disease 0 0 0 NA
  Metabolic disease 2 (0.6%) 1 (0.6%) 1 (0.7%) 0.36
  Recent surgery 3 (0.9%) 1 (0.6%) 2 (1.4%) 0.48
  Eczema/dermatitis 11 (3.4%) 6 (3.5%) 5 (3.4%) 0.96
  Recent chickenpox 21 (6.6%) 10 (5.8%) 11 (7.4%) 0.09

Primary infection site  < 0.001
  None 47 (15%) 14 (8%) 33 (22%)
  Lower respiratory tract 71 (22%) 14 (8%) 57 (39%)*
  Skin/Soft tissue 73 (23%) 50 (29%) 23 (16%)
  Bone/joint 60 (19%) 52 (30%) 8 (5%)
  Upper respiratory tract 46 (14%) 34 (20%) 12 (8%)
  Intracranial 18 (6%) 5 (3%) 13 (9%)
  Peritoneal 3 (1%) 1 (1%) 2 (1%)
  Renal 2 (1%) 2 (1%) 0

Microbiology 0.11
  Sterile site positive culture or PCRa 236 (74%) 120 (70%) 116 (78%)
    Blood 145 (61%) 80 (67%) 65 (56%)
    CSF 5 (2%) 2 (2%) 3 (3%)
    Joint fluid 18 (8%) 17 (14%) 1 (1%)
    Pleural fluid 37 (16%) 3 (3%) 34 (30%)
    Peritoneal fluid 1 (0.4%) 0 1 (1%)
    Tissue 4 (2%) 1 (1%) 3 (3%)
    Urine 1 (0.4%) 1 (1%) 0
    Abscess/pus 26 (11%) 15 (13%) 11 (10%)
    Intra-operative swab 13 (6%) 6 (5%) 7 (6%)
  GAS clinical syndrome, AND 84 (26%) 52 (30%) 32 (22%)
    Potential carriage site positive 68 (21%) 40 (23%) 28 (19%)
    Elevated ASOT 7 (2%) 4 (2%) 3 (2%)
    Pharyngeal RST positive 9 (3%) 8 (5%) 1 (1%)
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prescribed in 57/195 (29%) sepsis patients and prescrip-
tion rate was different between countries (39/86 (45%) 
from the UK, 8/39 (21%) from the Netherlands, 4/7 (57%) 
from Spain, 4/56 (7%) from Switzerland, 1/3 (33%) from 
Austria and 1/4 (25%) from Germany; p < 0.001).

Outcome

Six children died, reflecting a crude mortality of 2% 
(Table 3). Overall, 231 (72%) children survived without 
disability and 39 (12%) with disability, including 23/168 
(14%) children who did not have an underlying condition 
at hospital admission, i.e. previously healthy children. For 
the remaining 44 (14%) patients, information on disability 
was not classified. The majority of patients where dis-
ability was not classified were transferred back to their 
local hospital for ongoing care, from which point no reli-
able judgement could be made regarding full recovery. 
The proportion of survivors without disability was lower 
for those admitted to PICU (57%, p < 0.001). Age was not 
associated with outcome (disability vs no disability). Skin 

graft and need for surgery were seen in patients with sep-
sis and focal infection, but other complications, such as 
death, amputation and neurodisability, were observed at 
discharge in patients with sepsis only, and limited to those 
admitted to PICU (Fig. 3).

Discussion

In this European cohort, GAS is a significant cause of 
probable or confirmed severe bacterial infection, with a 
significant burden of mortality and persistent morbidity. 
Risk factors for PICU admission were lower age, LRTI, 
intracranial infection and infection without a focus. The 
need for PICU admission did not seem to be related to 
delayed presentation. The proportion of patients admitted 
to PICU differed between countries. A survey amongst 
participating centres showed that criteria for PICU admis-
sion and availability of resources differed between cen-
tres. In some centres, non-invasive ventilation (e.g. CPAP) 
was only supported in PICU, whilst in others it could be 

Table 1   (continued)

All patients (n = 320) No PICU admission 
(n = 172)

PICU admission 
(n = 148)

p

Inflammatory markers
  Max CRP (n = 256, mg/L) 185 (80–286) 119 (62–228) 256 (149–328)  < 0.001

Hospital length of stay (n = 318, days) 11 [6-18] 8 [4-13] 17 [11-26]  < 0.001
PICU-free days at day 28 (n = 318) 28 (23–28) 28 23 [18-25]  < 0.001

ASOT antistreptolysin O titre, CRP C-reactive protein, CSF cerebrospinal fluid, GAS group A streptococcal, PCR polymerase chain reaction, 
PICU paediatric intensive care unit, RST rapid streptococcal antigen test
* 34/57 ((69%) patients in PICU and 4/14 (29%) patients not requiring PICU for lower respiratory tract infection had pleural empyema
a Breakdown exceeds 100% as GAS could have been identified from multiple sources per patient

Fig. 2   Numbers of patients with 
GAS disease per month (2012–
2016 combined). Accumulated 
numbers of patients with GAS 
disease over the 5-year study 
period per month of presenta-
tion. Total n = 320
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offered on a paediatric ward or high dependency unit 
(unpublished). In addition, except for Switzerland, the par-
ticipating centres were not representing the entire popula-
tion, and selection bias may contribute to differences.

Data from this study originates from two separate cohorts: 
EUCLIDS and SPSS. In EUCLIDS, recruitment of patients 
took place on admission and largely before the causative 
pathogen was known. Only patients with suspected severe 
bacterial infection admitted to the hospital were recruited, 
which means those with milder infections not requiring 
admission were not included. Also, due to the nature of the 
study, it is not clear exactly what proportion of overall eli-
gible children was recruited for the study. In SPSS, only 
children with blood culture–proven sepsis were recruited, 
meaning that children with GAS disease and negative blood 
culture were omitted. Therefore, data from our study could 
be an underestimation of the true impact of GAS disease in 
Europe and should be interpreted with caution.

The overall mortality (2%) was comparable to other stud-
ies on bacteraemic children including all patients in hospital 
[21, 28], but was lower than most previously reported mor-
tality rates in patients admitted to PICU [5]. When assessing 
severity, considering mortality alone risks underestimating 

the true impact of iGAS. Whilst for most patients full recov-
ery at hospital discharge was noted, significant sequelae were 
identified in 12% overall, increasing to 23% for those admit-
ted to PICU. As patients were not followed after hospital 
discharge, no information is available on potential resolution 
of some of the sequelae and longer term morbidity and func-
tional outcome related to iGAS disease. In addition, no data 
on baseline POPC scores were available, which means pre-
existing comorbidity could not be taken into account assess-
ing the difference in functioning pre- and post-infection.

Overall, 74% of patients had GAS identified from a sterile 
site. For 26% of patients, a positive potential carriage site, 
a rapid antigen test or raised ASOT was the only method of 
microbiological GAS confirmation. We acknowledge these 
diagnostic methods as a limitation of our study. However, 
whilst analysis of proven GAS infections might be the gold 
standard, it is recognised that GAS cannot be cultured in all 
patients. By including probable cases, we better reflected the 
actual demographics of GAS disease. We reduced the risk 
of including non-GAS cases by excluding patients in whom 
other potential causative pathogens were detected from ster-
ile or non-sterile site cultures. Only patients in whom diag-
nostics exclusively identified GAS were included.

As not all GAS isolates were kept, we were unable to 
obtain their M types to assess potential association with 
phenotype and severity. The variability in these proteins, 
associated with diversity in disease phenotypes, makes devel-
opment of a generic GAS vaccine challenging [2, 29, 30]. 
Future research focussing on bacterial phenotypes related to 
LRTI, intracranial infection and sepsis might help prioritise 
vaccine development, in order to prevent most severe disease.

Interestingly, only a few patients with recent VZV 
infection were identified. Whilst it is well-known that 
VZV increases vulnerability to iGAS infection [16], our 
study confirms that GAS infection predominantly occurs 

Table 2   Sepsis in iGAS infection

iGAS invasive group A streptococcal, PICU paediatric intensive care 
unit

Sepsis severity No PICU, N = 172 PICU, N = 148 p

None 93 (54%) 32 (22%) p < 0.001
Sepsis 74 (43%) 34 (23%)
Severe sepsis 4 (2%) 9 (6%)
Septic shock 1 (1%) 58 (40%)
Toxic shock syn-

drome
15 (10%)

Table 3   Outcome of patients 
with GAS disease

GAS group A streptococcal, PICU paediatric intensive care unit

All patients (n = 320) No PICU 
admission (n = 172)

PICU admission 
(n = 148)

p

Died 6 (2%) 0 6 (4%)  < 0.001
Survived with disability 39 (12%) 5 (3%) 34 (23%)
  Mild overall disability 20 (6%) 2 (1%) 18 (12%)
  Moderate overall disability 5 (2%) 0 5 (3%)
  Severe overall disability 3 (1%) 0 3 (2%)
  Amputation 4 (1%) 0 4 (3%)
  Skin graft 9 (3%) 0 9 (6%)
  Amputation and skin graft 2 (1%) 0 2 (1%)
  Need for surgery 10 (3%) 4 (2%) 6 (4%)
  Neurodisability 2 (1%) 0 2 (1%)

Survived without disability 231 (72%) 146 (85%) 85 (57%)
Unknown 44 (14%) 21 (12%) 23 (16%)
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in individuals with no obvious risk factors. It has to be 
acknowledged that for patients recruited in Switzerland, 
unfortunately, VZV and other exposures were not recorded.

Despite the fact that this study was not purposely 
designed to study epidemiology, a seasonal variation was 
noted. Patients were recruited to the study early during the 
admission when the cause of infection was not yet known, 
limiting recruitment bias. Most patients with GAS infection 
were recruited in winter and spring, with a clear reduction 
in the summer months, whilst recruitment took place year-
round. Seasonal increase has also been noted in Australian 
children, where iGAS coincides with the influenza season 
[31]. An increased incidence over the winter months has also 
been reported in Hong Kong, South Korea, the USA, Iceland 
and other European countries [6, 10, 32–36].

Conclusion

Our study showed that LRTI, intracranial infection and 
infection without a focus more commonly resulted in severe 
GAS disease requiring admission to PICU. PICU admission 
for GAS infection was associated with worse outcomes with 
regard to mortality and disability. With increasing incidence 
of iGAS disease worldwide, and increased morbidity and 
mortality in those requiring PICU, future research should 
focus on prevention of iGAS infection. Vaccination develop-
ment should target iGAS serotypes associated with severe 
disease requiring PICU admission.
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