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Abstract 

Background  Group A Streptococcus causes pediatric infections from mild to severe forms. Since late 2022, invasive 
cases have increased in Europe, possibly due to reduced post-COVID-19 immunity, more respiratory virus circulation, 
and emergence of virulent strains.

Methods  A retrospective, multicenter observational study was conducted in twelve Italian pediatric Hospitals, 
including patients under 18 years hospitalized with invasive or severe Group A Streptococcus infection. Data were 
anonymized and analyzed to identify factors associated with Pediatric Intensive Care Unit (PICU) admission and dis-
charge with sequelae or death.

Results  Seventy-five children with invasive or severe Group A Streptococcus infection were included; the majority 
(69.3%) were aged 2–10 years. Invasive Group A Streptococcus (iGAS) infection accounted for 58.7% (n = 44) and severe 
GAS (sGAS) infection for 41.3% (n = 31) of cases. Pediatric Intensive Care Unit admission was required in 45.3% (n = 34) 
of the entire patient cohort, in this subgroup viral coinfection (OR 5.684, p = 0.003), sepsis/septic shock (OR 4.406, 
p = 0.003), iGAS diagnosis (OR 4.153, p = 0.005), and procalcitonin (PCT) > 0.5 ng/mL (OR 7.105, p = 0.019) were inde-
pendently associated with admission; the use of corticosteroids (OR 4.641, p = 0.003) and intravenous immunoglobu-
lin (IVIG) (OR 16.667, p = 0.003) was also significantly more frequent.

All patients received empirical β-lactam antibiotics; anti-toxin therapy was administered in 47 patients (62.7%): 
clindamycin (49.3%), linezolid (16.0%), and rifampicin (1.3%). Mechanical ventilation was required in 24.0% (n = 18), 
and 49.3% (n = 37) underwent surgery. Post-infectious sequelae occurred in 20.0% (n = 15) and four children died, 
mostly due to streptococcal toxic shock syndrome.

Conclusion  Pediatric invasive group A streptococcal infection continues to pose a significant clinical challenge, 
with notable rates of morbidity and mortality, underscoring the need for early recognition and close monitoring 
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of high-risk patients. A widespread use of adjunctive therapies was documented. Continued surveillance and robust 
clinical research are essential to optimize management strategies and improve patient outcomes.

Keywords  Group A Streptococcal Infections, Children, Invasive disease, Streptococcus pyogenes

Background
Group A Streptococcus (GAS) is a gram-positive bacte-
rium causing a range of diseases, from superficial infec-
tions to severe immune-mediated complications. Its 
virulence relies on mechanisms of tissue invasion and 
immune evasion, with distinct serotypes showing specific 
tissue tropism [1].

GAS is classified into over 220 emm (M) types, based 
on sequence variation in the gene encoding the M pro-
tein, a key surface virulence factor. These emm types 
show distinct geographic distribution patterns [2–4].

Since the 1980 s, the emm1.0 type has predominated 
among invasive GAS strains in industrialized countries 
[5]. The rising incidence of iGAS has been linked to the 
global spread of hypervirulent clones, notably M1global 
(M1T1) [6, 7]. In 2019 the M1UK variant emerged in the 
United Kingdom (UK) during a surge in scarlet fever and 
iGAS cases [8], distinguished from M1global by 27 sin-
gle nucleotide polymorphisms (SNPs). M1UK exhibits 
enhanced SpeA production driven by a ssrA gene muta-
tion [9]. This lineage has since been detected across mul-
tiple countries, including the United States of America 
(USA), Canada, the Netherlands, Australia, and Taiwan 
[10]. Recent genomic surveillance from the UK, Iceland, 
Denmark, and the Netherlands suggests that the spread 
of M1 variants, such as M1UK and M1DK, potentially 
associated with increased SpeA expression, may be con-
tributing to the current rise in iGAS cases [11–14].

Historically, prior to the COVID-19 pandemic, iGAS 
incidence in Western countries was low, ranging between 
1.5 and 3.8 cases per 100.000 per year, and was highest in 
children under one year [15–19]. After pandemic period 
in Italy, Mangioni et al. showed an increased incidence of 
iGAS infections especially in adult patients [20, 21]

Recent research by Mariani et al. explored the predic-
tors of iGAS infection, linking factors such as varicella 
infection, chronic comorbidities, specific GAS viru-
lence factors, Nonsteroidal anti-inflammatory drugs 
(NSAIDs) usage, socioeconomic status, and recent 
non-invasive GAS infections to an elevated risk of 
iGAS in children. [22]

Streptococcal toxic shock syndrome (STSS) is a seri-
ous complication of iGAS, marked by hypotension, organ 
failure, and rash. STSS carries a high mortality rate, 
exceeding 25% within 24 h in certain studies [23]. Recent 
scientific evidence, primarily from adult studies, indicates 
that adjunctive IVIG alongside clindamycin treatment in 

STSS patients leads to a statistically significant reduction 
in mortality [23–25].

This study aimed to investigate patients with iGAS or 
sGAS infections, admitted both in wards and in pediatric 
intensive care units in twelve Italian pediatric hospitals. 
We assessed the increase in case numbers compared to 
previous years and aimed to identify factors predispos-
ing to the admission to the PICU. We also analyzed the 
factors associated with discharge with sequelae or corre-
lated with mortality, with a particular focus on the role 
of antibiotic and corticosteroid use in the PICU and gen-
eral wards, as well as the impact of antibiotics and non-
steroid anti-inflammatory drugs (NSAIDs) used prior to 
diagnosis during home care.

Material and methods
Population and study design
We conducted an observational retrospective multicenter 
study, including data from children with iGAS or severe 
GAS infection admitted to 12 Italian hospitals (within the 
Italian Society of Pediatric Infectious Diseases network) 
from September 1, 2022, to August 31, 2023.

The inclusion criteria comprised individuals under 
18  years of age necessitating hospitalization for iGAS 
or sGAS infections (according to the definitions below). 
Exclusion criteria included patients older than 18 years.

We conducted a retrospective review of hospitalization 
records and medical charts from all eligible participants. 
This process included the extraction of key patient infor-
mation, such as medical history, demographic character-
istics, and baseline clinical data. The variables collected 
are summarized as follows:

•	 Demographic and background data: gender, age, 
place of birth, parental nationality and place of birth, 
presence of comorbidities or immunodeficiencies, 
surgical procedures performed within 30  days prior 
to admission, use of antibiotics or NSAIDs within the 
preceding 15 days, and recent international travel.

•	 Clinical presentation at disease onset.
•	 Laboratory results at admission: white blood cell 

(WBC) count, absolute neutrophil count, C-reactive 
protein (CRP), procalcitonin, and urinalysis.

•	 Results of rapid streptococcal antigen detection tests 
(pharyngeal swabs).

•	 Microbiological findings: including blood cultures, 
blood polymerase chain reaction (PCR) assays, cul-



Page 3 of 15Chiappini et al. Italian Journal of Pediatrics          (2025) 51:312 	

tures and PCR from other biological specimens, and 
antibiotic susceptibility profiles.

•	 Evidence of co-infections (bacterial or viral).
•	 Radiological assessments: including ultrasound, 

X-ray, computerized tomography scan, Magnetic 
Resonance Imaging, or other imaging modalities.

•	 Treatment details: type, duration, dosage, and route 
of antibiotic administration; use of adjunctive thera-
pies such as corticosteroids or intravenous immuno-
globulin; and any therapy-related adverse events.

•	 Non-pharmacological interventions: including sur-
gery, invasive ventilatory support, and extracorporeal 
techniques if applicable.

•	 Discharge outcomes: total duration of hospitaliza-
tion, admission to the Pediatric Intensive Care Unit, 
final discharge diagnosis, and the presence of seque-
lae or mortality.

NSAID exposure was defined as the administration of 
at least one dose within the fifteen days preceding hos-
pital admission. Owing to the limited sample size, strati-
fication of patients based on NSAID dosage or duration 
of use was not feasible. Similarly, antibiotic exposure was 
defined as the receipt of at least one dose of any antibi-
otic within the month prior to admission. Given the small 
number of cases, classification by antibiotic class or agent 
was not feasible. Further stratification of either variable 
would have led to excessive fragmentation and compro-
mised statistical power.

Each participating hospital collected data on patients 
enrolled in the study, which were subsequently entered 
into a centralized database and analyzed.

The geographical distribution of the participating cent-
ers was representative sample across the Italian territory, 
for more details see Supplemental material, Table S4.

The clinical characteristics of the patients included in 
the study were analyzed by stratifying the cohort into two 
groups: those who required admission to the pediatric 
intensive care unit and those managed in general wards 
(Table 1, Figs 1 and 2). Additionally, patients were catego-
rized based on infection type, distinguishing those with 
invasive group A streptococcal disease from those with 
severe GAS infections (Supplemental material Table S3).

A comprehensive analytical strategy was adopted, 
incorporating both univariate and multivariate logis-
tic regression analyses to identify potential risk factors 
associated with PICU admission and with adverse out-
comes, including discharge with sequelae or death, across 
the entire cohort (Table  3 and Supplemental material 
Table  S2). Univariate analyses were also conducted to 
explore differences in clinical presentation, laboratory 
findings, and outcomes between iGAS and severe GAS 
cases (Supplemental material Table S4).

Given the multicentric and observational nature of 
the study, diagnostic evaluations—including laboratory, 
microbiological, and radiological investigations—were 
performed in accordance with local clinical practices and 
physician judgment, ensuring individualized patient care 
and optimized management strategies.

Definitions
Definitions of invasive Group A Streptococcus and 
severe GAS infection applied in this study were derived 
from the most recent guidance issued by the UK Health 
Security Agency [26].

Invasive GAS infection was defined by the identifica-
tion of S. pyogenes through culture or validated molecu-
lar techniques from a sterile anatomical site, including 
blood, cerebrospinal fluid, joint aspirate, pericardial-per-
itoneal-pleural fluids, bone, deep tissue, or deep abscess 
during surgical intervention or post-mortem examina-
tion [26–30]

Severe GAS infection was defined by the identification 
of S. pyogenes from a non-sterile site, such as the throat, 
sputum or wound, in conjunction with a severe clinical 
presentation, including streptococcal toxic shock syn-
drome, necrotizing fasciitis, pneumonia, septic arthritis, 
meningitis, peritonitis, osteomyelitis and myositis [26]

Laboratory methods
Diagnostic evaluation of invasive or severe Group A 
Streptococcus infection and bacterial coinfections was 
conducted using conventional culture or molecular 
testing. Specimens for both diagnostic purposes were 
collected from blood, cerebrospinal fluid, joint aspi-
rates, pericardial or pleural fluids, bone, deep tissue, or 
abscesses obtained during surgical procedures.

These diagnostic methodologies are well established 
and validated in the scientific literature [31]. Viral coin-
fections were detected through PCR analysis of blood, 
nasopharyngeal swabs, or other relevant biological sam-
ples. All microbiological analyses were performed in 
certified laboratories within tertiary or secondary-level 
healthcare institutions [31–36]

Statistical analysis
Categorical data were compared using the Chi-squared 
test, or Fisher’s exact test when expected cell sizes were 
smaller than five. The Wilcoxon-Mann–Whitney test was 
used for continuous measurements in unpaired analysis, 
assuming the dependent variable was not normally dis-
tributed. Logistic regression models were employed to 
calculate odds ratios (ORs) and their corresponding 95% 
confidence intervals (CIs).

Outcomes were classified into three primary clinical 
endpoints to investigate factors associated with disease 
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Table 1  Characteristics of the study children admitted or not to Paediatric Intensive Care Unit (PICU)

PICU patients
(N = 34)

Non-PICU patients
(N = 41)

Total (N = 75) p-value

Age (months; median and IQR) 60.00 [37.33–71.50] 64.00 [46.00–94.00] 61.00 [43.90–84.00] 0.4122

Age groups (n; %):

  - 0–2 years 7 (20.6%) 8 (19.5%) 15 (20.0%) 0.9077

  - 3–10 years 24 (70.6%) 28 (68.3%) 52 (69.3%) 0.8301

  - > 10 years 3 (8.8%) 5 (12.2%) 8 (10.7%) 0.7216

Gender (male; n; %) 19 (55.9%) 29 (70.7%) 48 (64.0%) 0.1823

Type of GAS infection (n; %)

  Invasive GAS infection 26 (76.5%) 18 (43.9%) 44 (58.7%) 0.0044
  Severe GAS infection 8 (23.5%) 23 (56.1%) 31 (41.3%)

Comorbidities (n; %) 8 (23.5%) 4 (9.8%) 12 (16.0%) 0.1249

Italian region (n; %):

  - Northern 12 (35.3%) 19 (46.3%) 31 (41.3%) 0.3334

  - Central 21 (61.8%) 18 (43.9%) 39 (52.0%) 0.1232

  - Southern 1 (2.9%) 4 (9.8%) 5 (6.7%) 0.3692

Onset Symptoms (n; %)

  - Fever (> 38 °C) 32 (94.12%) 40 (97.6%) 72 (96.0%) 0.5871

  - Rash 10 (29.4%) 9 (21.9%) 19 (25.3%) 0.4596

  - Petechiae on palate 2 (5.9%) 4 (9.8%) 6 (8.0%) 0.6832

  - Fatigue 23 (67.7%) 20 (48.8%) 43 (57.3%) 0.1001

  - Osteo-muscular pain 3 (8.8%) 13 (31.7%) 16 (21.3%) 0.0254
  - Sore throat 2 (5.9%) 9 (21.9%) 11 (14.7%) 0.0980

  - Otalgia (earache) 4 (11.8%) 4 (9.8%) 8 (10.7%) 1

  - Abdominal pain 6 (17.7%) 2 (4.9%) 8 (10.7%) 0.1305

  - Headache 1 (2.9%) 1 (2.4%) 2 (2.7%) 1

Organ involvement (n; %)

  - Pharyngitis
  - Acute mastoiditis
  - Retropharyngeal/peritonsillar abscess

11 (32.4%)
4 (11.8%)
1 (2.9%)

22 (53.7%)
6 (14.6%)
6 (14.6%)

33 (44.0%)
10 (13.3%)
7 (9.3%)

0.0643
0.7484
0.1188

  - Lymphadenopathy
  - Pneumonia [with pleural effusion]
  - Abdominal abscess/localization
  - Meningitidis/cerebral abscess
  - Septic arthritis
  - Osteomyelitis
  - Cellulitis
  - Necrotizing fasciitis
  - Burn/wound infection

7 (20.6%)
22 (64.7%) [19 (86.4%)]
0 (0.0%)
5 (14.7%)
0 (0.0%)
0 (0.0%)
2 (5.9%)
1 (2.9%)
1 (2.9%)

25 (60.9%)
6 (14.6%) [6 (100.0%)]
1 (2.4%)
0 (0.0%)
10 (24.4%)
2 (4.9%)
8 (19.5%)
0 (0.0%)
2 (4.9%)

32 (42.7%)
28 (37.3%) [25 (89.3%)]
1 (1.3%)
5 (6.7%)
10 (13.3%)
2 (2.7%)
10 (13.3%)
1 (1.3%)
3 (4.0%)

0.0004
 < 0.0001
1
0.0161
0.0015
0.4977
0.1011
0.4533
1

Sepsis (n; %)
Septic shock (n; %)
Toxic shock syndrome (n; %)

7 (20.6%)
7 (20.6%)
7 (20.6%)

9 (21.9%)
2 (4.9%)
0 (0.0%)

16 (21.3%)
9 (12.0%)
7 (9.3%)

0.8859
0.0701
0.0027

C-reactive protein (CRP) at onset
  CRP serum levels (mg/dl; median and IQR) 19.69 [13.35–27.22] 11.30 [6.40–18.46] 15.77 [8.22–23.85] 0.0074
  - Groups (mg/dl; n; %):
  1. ≤ 15.9
  2. 16.0–29.9
  3. ≥ 30.0

12 (35.3%)
15 (44.1%)
7 (20.6%)

27 (65.9%)
10 (24.4%)
4 (9.8%)

39 (52.0%)
25 (33.3%)
11 (14.7%)

0.0084
0.0712
0.2092

Procalcitonin (PCT) serum levels (ng/ml) 
at onset (N = 60)

(N = 29) (N = 31)

- PCT serum levels (mg/dl; median and IQR)
- Negative (≤ 0.5)
- Positive (> 0.5)

28.50 [4.26–101.00]
1 (3.5%)
28 (96.6%)

1.20 [0.25–12.63]
10 (32.3%)
21 (67.7%)

12.40 [0.92–34.75]
11 (18.3%)
49 (81.7%)

 < 0.0001
0.0059

White blood cells (WBC) (N = 74) (N = 33) (N = 41)

- WBC count (cell/mm3; median and IQR)
- Groups (cell/mm3; n; %):

12,970.00 [7540.00–18370.00] 12,810.00 [8910.00–21690.00] 12,890.00 [8715.00–19832.50] 0.2757
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severity and prognosis. First, the study assessed predic-
tors of PICU admission, considered a clinical indica-
tor of acute disease severity, within the entire cohort 
of patients, including both iGAS and sGAS. Secondly, 
factors associated with a composite endpoint of in-hos-
pital mortality and post-discharge sequelae were evalu-
ated across the full cohort. Lastly, the analysis explored 
predictors of severe GAS disease presentation as 

compared to invasive GAS infections within the overall 
patient population.

The primary outcome variables were:

1	 Admission to the Pediatric Intensive Care Unit
2	 A composite outcome of in-hospital mortality and 

post-discharge sequelae
3	 Occurrence of severe Group A Streptococcus infection

GAS Group A β-Haemolytic Streptococcus, IQR Interquartile range, IVIG intravenous immunoglobulins, PICU Paediatric Intensive Care Unit, PCR Polymerase Chain 
Reaction
*  12 children presented co-morbidities including 3 children with acquired immunodeficiency, respectively one for a previous T-cell acute lymphoblastic leukemia, and 2 
patients for an iatrogenic immunodeficiency due to therapy for Juvenile Idiopathic Arthritis, and Ulcerative Colitis

Table 1  (continued)

PICU patients
(N = 34)

Non-PICU patients
(N = 41)

Total (N = 75) p-value

1. < 4000
2. 4000–20000
3. > 20,000

5 (15.2%)
23 (69.7%)
5 (15.2%)

1 (2.4%)
27 (65.9%)
13 (31.7%)

6 (8.1%)
50 (67.6%)
18 (24.3%)

0.0828
0.7255
0.1121

Neutrophils (N = 72) (N = 32) (N = 40)

- Neutrophils count (cell/mm3; median 
and IQR)

8827.00 [3962.00–15672.00] 8928.00 [5457.50–18367.50] 8928.00 [4457.00–16542.75] 0.4533

- Groups (cell/mm3; n; %):
2. ≤ 10,000
3. > 10,000

18 (56.3%)
14 (43.8%)

21 (52.5%)
19 (47.5%)

39 (54.2%)
33 (45.8%)

0.7510

Microbiological findings (n; %)

  - Positive blood culture
  - Positive blood PCR
  - Positive culture on other sites
  - Positive PCR on other sites
  - Positive rapid antigenic pharyngeal test 
(N = 28)

18 (52.9%)
2 (5.9%)
7 (20.6%)
2 (5.9%)
9 (81.8%) (N = 11)

4 (9.8%)
5 (12.2%)
16 (39.0%)
9 (21.9%)
16 (94.1%) (N = 17)

22 (29.3%)
7 (9.3%)
23 (30.7%)
11 (14.7%)
25 (89.3%)

0.0001
0.4456
0.0848
0.0980
0.5433

Respiratory coinfections (n; %)

  Bacterial coinfections 5 (14.7%) 7 (17.1%) 12 (16.0%) 1

  Viral coinfections 9 (26.5%) 10 (24.4%) 19 (25.3%)

Antibiotics therapy duration (days; 
median and IQR)
  - Intravenous therapy 16.00 [11.25–28.00] 14.00 [9.00–21.00] 15.00 [9.50–22.00] 0.1902

  - Oral therapy (N = 42) 10.00 [8.00–14.00] (N = 19) 13.00 [7.25-
19.25] (N = 23)

11.00 [8.00–18.50] 0.8103

Use of anti-toxin antibiotics (n; %)

  - Clindamycin
  - Linezolid
  - Clindamycin OR Linezolid

18 (52.9%)
7 (20.6%)
23 (67.7%)

19 (46.3%)
5 (12.2%)
23 (56.1%)

37 (49.3%)
12 (16.0%)
46 (61.3%)

0.5693
0.3594
0.3066

Time between diagnosis and anti-toxin 
antibiotics start (days; median and IQR)

1.00 [0.00–5.00] 1.00 [0.00–2.00] 1.00 [0.00–3.00] 0.8259

Antibiotic resistant GAS (n; %) (N = 40) (N = 24)
4 (16.7%)

(N = 16)
2 (12.5%)

6 (15.0%) 0.4011

Hospitalization duration (days; median 
and IQR)
Surgery (n; %)
Glucocorticoids (n; %)
Need of IVIG (n; %)
Need of invasive ventilation (n; %)

20.00 [11.25–29.75]
12 (35.3%)
12 (35.3%)
9 (26.5%)
15 (44.1%)

13.00 [9.00–21.00]
25 (60.9%)
14 (34.2%)
2 (4.9%)
3 (7.3%)

16.00 [9.00–25.00]
37 (49.3%)
26 (34.7%)
11 (14.7%)
18 (24.0%)

0.0264
0.0268
0.9172
0.0184
0.0003

Discharged without sequalae (n; %)
Sequelae (n; %)
Death (n; %)

23 (67.7%)
6 (17.7%)
3 (8.8%)

33 (80.5%)
9 (21.9%)
1 (2.4%)

56 (74.7%)
15 (20.0%)
4 (5.3%)

0.2031
0.6427
0.3233
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Fig. 1  Distribution of iGAS/sGAS infections by age (per years)

Fig. 2  Clinical features and organ involvement in children admitted or not to Paediatric Intensive Care (PICU) Created with BioRender.com
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Univariate logistic regression analyses were initially 
performed to identify independent variables associated 
with key clinical outcomes. Variables included in the 
univariate models were type of infection (severe GAS 
vs. iGAS), site of infection, gender, and age at diagnosis 
(categorized as 0–2 years, 3–10 years, > 10 years). Addi-
tional demographic and clinical variables were place 
of birth (Italy vs. abroad), presence of comorbidities 
(absent or present, further categorized as neurological, 
respiratory, or other), receipt of antibiotics for any rea-
son in the previous month, and use of NSAIDs within 
the 15 days prior to admission.

Clinical features at presentation were also analyzed, 
including the presence of fever, rash, petechiae on the 
palate, and various pain types (abdominal, osteoarticu-
lar, cervical/headache, sore throat, earache).

Among the complications observed during hospi-
talization were upper respiratory tract infections—
including acute mastoiditis, retropharyngeal abscesses, 
lymphadenopathies, and lymphadenitis—as well as 
osteomyelitis or septic arthritis, meningitis, pharyngi-
tis, skin infections, sepsis, and septic shock.

Timing of pediatric intensive care unit admission was 
categorized as occurring on day 1, after admission, or 
not required. Laboratory parameters at admission were 
stratified as follows: white blood cell count (< 4000/
µL, 4000–20000/µL, > 20,000/µL), absolute neutrophil 
count (≤ 10,000/µL, > 10,000/µL), C-reactive protein 
levels (≤ 15.9  mg/dL, 16.0–29.9  mg/dL, ≥ 30.0  mg/dL), 
and procalcitonin (PCT) levels (≤ 0.5  ng/mL, > 0.5  ng/
mL, or missing).

Microbiological variables included: detection of 
GAS in blood via culture or PCR (positive, negative, 

missing); GAS detection from non-blood samples (pos-
itive, negative, missing); respiratory viral co-infections 
identified via nasopharyngeal or throat swab PCR; and 
documented bacterial co-infections, including Staphy-
lococcus aureus, as identified by culture or molecular 
methods.

Additional variables assessed were the need for surgi-
cal intervention, administration of intravenous immuno-
globulins, use of corticosteroids, and details of antibiotic 
therapy (type, weight-adjusted dosage, duration, mode of 
administration). Timing of anti-toxin antibiotic initiation 
relative to hospital admission was also included (< 2 days 
vs. ≥ 2 days).

Variables demonstrating statistical significance in uni-
variate analysis (p < 0.05) were subsequently entered into 
multivariate logistic regression models to identify inde-
pendent predictors of outcomes.

All analyses were performed using StataCorp. 2023. 
Stata Statistical Software: Release 18. College Station, 
TX: StataCorp LLC.

Results
A total of 75 children with invasive or severe Group A 
Streptococcus infection were included. The cohort dem-
onstrated a balanced geographic distribution across 
Italy: 28 patients (37.3%) were enrolled from North-
ern Italy (Milan, Turin, Udine, Brescia), 25 (33.3%) 
from Central Italy (Florence, Ancona, Bologna), and 22 
(29.3%) from Southern Italy (Naples, Rome, Palermo). 
Most children (69.3%) were aged 2–10 years. Of the 75 
cases, 44 (58.7%) met criteria for invasive GAS infec-
tion, while 31 (41.3%) were classified as severe GAS 
infection (Fig. 1).

Table 2  Sites of isolation of S. pyogenes divided into the two subgroups iGAS (invasive GAS infections) and severe GAS infections. GAS: 
Group A β-Hemolytic Streptococcus; PCR: Polymerase Chain Reaction

Site of GAS isolation Culture (n/N; %) Polymerase chain 
reaction (PCR) (n/N; 
%)

iGAS (N = 44) Blood 22/41 (53.7%) 15/23 (65.2%)

Pleural fluid 10/11 (90.9%) 6/6 (100.0%)

Liquor 2/3 (66.7%) 0/0 (0.0%)

Synovial fluid 3/4 (75.0%) 2/2 (100.0%)

Broncho-aspiration 1/1 (100.0%) 0/0 (0.0%)

Subperiosteal abscess 0/1 (0.0%) 1/1 (100.0%)

Severe GAS infections (N = 31) Peritonsillar abscess drainage 5/6 (83.3%) 1/1 (100.0%)

Auricular drainage 3/4 (75.0%) 2/2 (100.0%)

Pharyngeal swab 1/2 (50.0%) 1/1 (100.0%)

Wound/cutaneous swab 1/1 (100.0%) 1/1 (100.0%)

Bronchoalveolar Lavage 1/3 (33.3%) 2/2 (100.0%)

Lymphadenitis drainage/biopsy 0/2 (0.0%) 2/2 (100.0%)
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Clinical characteristics
Among patients with iGAS, 40% required admission to 
the pediatric intensive care unit. Fever (97.7%) and local-
ized pain, particularly abdominal or joint pain, were 
the most prevalent symptoms. Complications included 
mastoiditis or retropharyngeal abscesses in 34.0%, and 
systemic involvement (e.g., sepsis or septic shock) in 
56.8% (Fig. 2).

In the sGAS group, 25% required PICU admission. 
Fever (93.5%) and pharyngitis (64.5%) were common 
presenting features. During Hospitalisation, 67.7% 
developed complications, including otomastoiditis, ret-
ropharyngeal abscesses, or lymphadenopathy (Fig. 2).

The univariate analysis did not identify any possible 
risk factors predisposing to iGAS with respect to sGAS. 
For more details see Supplemental Material Table S3.

Microbiology and antibiotic susceptibility
Blood cultures were positive in 53.7% (21/41) of iGAS 
cases and blood PCR testing was positive in 65.2% 
(15/23). Among sGAS patients, culture positivity from 
peritonsillar drainage was 83.3% (5/6), the PCR con-
firming infection in the only sample in which it was per-
formed (Table 2).

Antibiotic susceptibility testing was performed in 40 
patients (53.3%) of the overall population. Resistance 
was identified in 6 cases (15.0%), five of the six resistant 
Streptococcus pyogenes strains demonstrated resistance 
to more than one antibiotic: erythromycin (6 strains, 
15.0%), tetracycline (4 strains, 10.0%), and trimethoprim/
sulfamethoxazole (2 strains, 5.0%). One isolate (2.5%) 
showed resistance to each of azithromycin, clindamy-
cin, levofloxacin, rifampicin, and minocycline. Five of six 
resistant strains demonstrated multi-drug resistance.

Coinfections
Viral coinfections were identified in 25.3% (n = 19) and 
bacterial coinfections in 16.0% (n = 12) of the total cases 
included in this study. Among iGAS cases, viral coin-
fections occurred in 31.8%, most commonly involving 
Rhinovirus and Adenovirus. For more details see Supple-
mental material, Table S1.

Viral coinfections require only supportive care, while 
bacterial coinfections require antibiotic therapy based on 
susceptibility test [36].

Treatment and supportive care
Median Hospital stay was 16.0  days (IQR 9.0–25.0). 
Intravenous antibiotic therapy had a median duration 
of 15.0  days (IQR 9.5–22.0), and oral therapy 11.0  days 
(IQR 8.0–18.5). All patients received empirical β-lactam 

antibiotics. Anti-toxin therapy was administered in 47 
patients (62.7%): clindamycin (49.3%), linezolid (16.0%), 
and rifampicin (1.3%) (Table 1).

Systemic glucocorticoids were used in 34.7% and 
IVIG in 14.7% (9/11 of these were PICU patients). Ino-
tropic support was needed in 10.7%. Two children (2.7%) 
underwent continuous venovenous hemofiltration; 18/75 
(24.0%) required invasive mechanical ventilation. No 
patient received extracorporeal membrane oxygenation.

Surgical interventions and outcomes
Surgical procedures were performed in 49.3% of cases. 
Thoracocentesis (22.7%) and abscess drainage (17.3%) 
were most common. Other interventions included 
arthrocentesis (5.3%), neurosurgery (2.7%), and fasciot-
omy (1.3%).

Post-infectious sequelae occurred in 15 children 
(20.0%), more frequently among PICU patients (29.4% vs 
12.2%). Sequelae included respiratory dysfunction, neu-
rological deficits, and musculoskeletal complications.

Four children (5.3%) died. Three deaths were due to 
streptococcal toxic shock syndrome. All presented with 
fever; blood cultures were positive in one patient, while 
PCR for GAS on cerebrospinal, pleural, or bronchoalveo-
lar lavage fluid was positive in the other three. All these 
patients were admitted to PICU and required mechanical 
ventilation. Two of them received anti-toxin antibiotics 
and three were treated glucocorticoids and IVIG.

Risk factors for PICU admission
Univariate analysis identified several factors associ-
ated with PICU admission: sepsis or septic shock (OR 
4.41; p = 0.003), PCT > 0.5  ng/mL (OR 7.11; p = 0.019), 
viral respiratory coinfection (OR 5.68; p = 0.003), IVIG 
use (OR 16.67; p = 0.009), glucocorticoid therapy (OR 
4.64; p = 0.003), death or sequelae (OR 5.04; p = 0.006), 
and diagnosis of iGAS (OR 4.15; p = 0.005). Multivariate 
analysis confirmed two independent risk factors: viral 
coinfection (OR 4.80; 95% CI 1.09–21.27; p = 0.039) and 
systemic glucocorticoid use (OR 5.86; 95% CI 1.47–23.38; 
p = 0.012). (Table 3, Fig. 2).

Risk factors for death or sequelae
Univariate analysis identified significant associations 
with iGAS diagnosis (OR 5.33; p = 0.014), NSAID (i.e., 
ibuprofen) use within 15  days pre-admission (OR 3.56; 
p = 0.027), ward-to-PICU transfer (OR 4.20; p = 0.053), 
and PICU admission (OR 5.04; p = 0.006).

On multivariate analysis, NSAID use (OR 4.02; 95% CI 
1.04–15.48; p = 0.043) and ward-to-PICU transfer (OR 
10.91; 95% CI 2.30–51.81; p = 0.003) remained signifi-
cantly associated with adverse outcomes.
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Table 3  Univariate analysis for factors associated with Paediatric Intensive Care Unit (PICU) admission

Univariate analysis

Study population characteristics n/N OR 95% CI p
Male
Female

19/48 (39.6%)
15/27 (55.6%)

1
1.908

0.735–4.955 0.185

Age
- 0–2
- 3–10
- > 10

7/15 (46.7%)
24/52 (46.2%)
3/8 (37.5%)

1
0.980
0.686

0.310–3.099
0.119–3.963

0.972
0.673

Birthplace
- Italy
- Another country

29/66 (43.9%)
5/9 (55.6%)

1
1.595

0.393–6.479 0.514

Comorbidities
- No
- Yes
Type of comorbidities
- Others
- Neurologic
- No
- Respiratory

26/62 (41.9%)
8/13 (61.5%)
2/3 (66.7%)
5/6 (83.3%)
26/63 (41.3%)
1/3 (33.3%)

1
2.846
1
2.500
0.351
0.250

0.775–10.452
0.100–62.605
0.030–4.081
0.008–7.452

0.115
0.577
0.403
0.423

Antibiotics in the previous month
- No
- Yes
- Missing

22/50 (44.0%)
7/19 (36.8%)
5/6 (83.3%)

1
0.742
6.364

0.250–2.201
0.692–58.502

0.591
0.102

NSAIDs in the previous 15 days
- No
- Yes
- Missing

15/41 (36.6%)
13/26 (50.0%)
6/8 (75.0%)

1
1.733
5.200

0.639–4.700
0.929–29.094

0.280
0.061

Fever
- No
- Yes

2/3 (66.7%)
32/72 (44.4%)

1
0.4

0.035–4.612 0.463

Rash
- No
- Yes

24/56 (42.9%)
10/19 (52.6%)

1
1.481

0.521–4.211 0.461

On palate petechiae
- No
- Yes

32/69 (46.4%)
2/6 (33.3%)

1
0.578

0.099–3.367 0.542

Pain
- No
- Yes
Types of pain
- Abdominal
- Other
- Osteo-articular
- Cervical pain/headache
- Pharyngeal
- No
- Earache

20/28 (71.4%)
14/47 (29.8%)
6/8 (75.0%)
1/3 (33.3%)
2/16 (12.5%)
1/4 (25.0%)
2/10 (20.0%)
20/28 (71.4%)
2/6 (33.3%)

1
0.170
1
0.167
0.048
0.111
0.083
0.833
0.167

0.061–0.476
0.009–2.984
0.005–0.422
0.007–1.776
0.008–0.773
0.138–5.032
0.016–1.718

0.001
0.224
0.006
0.120
0.029
0.842
0.132

Upper airways infections*
- No
- Yes

24/39 (61.5%)
10/36 (27.8%)

1
0.240

0.091–0.637 0.004

Osteomyelitis and Septic Arthritis
- No
- Yes

33/62 (53.2%)
1/13 (7.7%)

1
0.073

0.009–0.598 0.015

Meningitidis
- No
- Yes

29/68 (42.7%)
5/7 (71.4%)

1
0.413

0.609–18.566 0.164

Pharyngitis
- No
- Yes

23/42 (54.8%)
11/33 (33.3%)

1
0.413

0.161–1.063 0.067

Cutaneous localization
- No
- Yes

32/65 (49.2%)
2/10 (20.0%)

1
0.258

0.051–1.308 0.102
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Table 3  (continued)

Univariate analysis

Sepsis and septic shock
- No
- Yes

13/43 (30.2%)
21/32 (65.6%)

1
4.406

1.658–11.710 0.003

White Blood Count:
- < 4000/mm3

- 4000–20000/mm3

- > 20,000/mm3

WBC ≥ 20,000/mm3

- No
- Yes
WBC < 4000/mm3

- No
- Yes

5/6 (83.3%)
24/51 (47.1%)
5/18 (27.8%)
29/57 (50.9%)
5/18 (27.8%)
29/69 (42.0%)
5/6 (83.3%)

1
0.178
0.077
1
0.371
1
6.897

0.019–1.631
0.007–0.833
0.117–1.178
0.764–62.217

0.127
0.035
0.093
0.085

Neutrophils
- ≤ 10,000/mm3

- > 10,000/mm3

17/39 (43.6%)
17/36 (47.2%)

1
1.158

0.466–2.878 0.752

C-reactive protein (CRP)
- CRP ≤ 15.9 mg/dl
- CRP 16.0–29.9 mg/dl
- CRP ≥ 30.0 mg/dl

12/37 (32.4%)
15/27 (55.6%)
7/11 (63.6%)

1
2.604
3.646

0.935–7.256
0.892–14.906

0.067
0.072

Positive Procalcitonin
- PCT ≤ 0.5 ng/dl
- PCT > 0.5 ng/dl
- Missing

2/11 (18.2%)
30/49 (61.2%)
2/15 (13.3%)

1
7.105
0.692

1.383–36.497
0.082–5.863

0.019
0.736

Positive GAS blood culture or polymerase chain reaction (PCR)
- No
- Yes

18/48 (37.5%)
16/27 (59.3%)

1
2.424

0.924–6.362 0.072

Positive GAS culture or PCR on other sites
- No
- Yes
- Missing

18/33 (54.6%)
13/26 (50.0%)
3/16 (18.8%)

1
0.833
0.192

0.298–2.334
0.046–0.804

0.729
0.024

Viral coinfections
- No
- Yes

19/55 (34.6%)
15/20 (75.0%)

1
5.684

1.791–18.036 0.003

Bacterial coinfections
- No
- Yes
- S. aureus infections

22/57 (38.6%)
8/12 (66.7%)
4/6 (66.7%)

1
3.182
3.182

0.856–11.832
0.537–18.852

0.084
0.202

Surgery
- No
- Surgery
- Drainage

17/38 (44.7%)
4/10 (40.0%)
13/27 (48.2%)

1
0.824
1.147

0.200–3.399
0.427–3.085

0.788
0.786

Intravenous immunoglobulin (IVIG) use:
- No
- Yes

24/64 (37.5%)
10/11 (90.9%)

1
16.667

2.006–138.437 0.009

Steroids during hospitalization
- No
- Yes

16/49 (32.7%)
18/26 (69.2%)

1
4.641

1.666–12.931 0.003

Time between diagnosis and anti-toxin antibiotics start
- In the first 2 days
- Over 2 days (≥ 2 days)

17/33 (51.5%)
17/42 (40.5%)

1
0.640

0.255–1.605 0.342

Outcome
- Discharged without sequalae
- Sequelae (death, sequelae)

20/56 (35.7%)
14/19 (73.7%)

1
5.040

1.583–16.049 0.006

Severe GAS infections
iGAS

8/31 (25.8%)
26/44 (59.1%)

1
4.153

1.521–11.336 0.005

* In Upper airways infections are included: acute mastoiditis, retropharyngeal abscesses, lymphadenopathies, and lymphadenitis
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Discussion
The COVID-19 pandemic precipitated the global adop-
tion of unprecedented non-pharmaceutical interven-
tions—including lockdowns, physical distancing, and 
universal masking—which effectively limited the trans-
mission of SARS-CoV-2 and other respiratory pathogens. 
However, in the aftermath of these measures, several 
European countries, notably the Netherlands, the United 
Kingdom, and Italy, have reported a significant resur-
gence of infectious diseases, disproportionately affecting 
the pediatric population [26, 37–39].

Since the latter months of 2022, at least six European 
countries, including France, Ireland, the Netherlands, the 
United Kingdom, Sweden, Norway, Denmark, and Ger-
many, have reported a marked increase in iGAS infec-
tions [40–48]. Similar trends were also observed in Spain 
[49], although these findings were not subsequently cor-
roborated [40]. Data from the United States in 2022 indi-
cate that the incidence of iGAS cases among children 
rose earlier than usual in the season, between September 
and November.

Several hypotheses have been posited to explain this 
resurgence: the re-circulation of respiratory viruses, such 
as respiratory syncytial virus (RSV) and influenza—both 
of which were suppressed during the pandemic—may 
have facilitated bacterial superinfections [48–56]

Furthermore, the concept of "immunity debt", which 
refers to a reduction in population-level immune prim-
ing due to limited exposure to pathogens during the pan-
demic, has been suggested as a potential contributing 
factor [57].

Rümke et  al. (UK) conclude that the unique circum-
stances surrounding a population with potentially lower 
pathogen-specific immunity, coupled with high inci-
dences of predisposing viral infections, combined with 
the emergence of a more virulent and fit M1UK lineage, 
have created optimal conditions for the increase in iGAS 
and severe GAS [57].

Among our cohort, the case fatality rate (CFR) was 
5.3% (95% CI: 1.47–13.10), consistent with prior reports 
from Ireland (5.9%), Denmark (4%), and the United King-
dom (6.7%) [20, 44, 58, 59]

In contrast, lower CFRs have been reported in Spain 
(1.8%) and Canada (1.0%). [12–14, 49–53, 60, 61]. In our 
study among patients with iGAS, the CFR was higher at 
6.8% (95% CI: 1.43–18.66), highlighting the severe nature 
of this subgroup. More recently, in 2022, in high-income 
countries, including Australia, iGAS CFR was 1% (95%CI: 
0.2–3.3; 3 deaths out of 84 cases) [61]. In a UK report, 
iGAS CFR was 8.4% (30 death in 2022), stable with 
respect to the previous year [42].

In multivariate analysis, prior use of NSAIDs was 
independently associated with death or discharge with 

sequelae, however, this result should be interpreted 
with caution. Indeed, in another analysis, no statisti-
cally significant association was observed between pre-
vious NSAID exposure and PICU admission in either 
univariate or multivariate models. Therefore, the asso-
ciation between NSAID use and risk of death or seque-
lae observed may be influenced by residual confounding 
or other sources of bias that should be considered.

Several previous studies have suggested that NSAIDs 
may impair the host inflammatory response, potentially 
exacerbating disease progression. A population-based 
case–control study reported a significant association 
between NSAID use in the two weeks preceding illness 
and iGAS infection (OR 10.64; p = 0.05) [62, 63]. Simi-
larly, Lesko et al. reported an increased risk of iGAS in 
children with varicella who were treated with ibupro-
fen (OR 3.9; 95% CI: 1.3–12) [64]. While these findings 
are not definitive, they underscore the need for cau-
tion in the use of NSAIDs during the prodromal phase 
of infection and highlight the importance of further 
research.

Our data confirm that respiratory viral coinfections 
were significantly associated with PICU admission, both 
in univariate and multivariate analyses. This finding is 
aligned with previous retrospective studies, includ-
ing Abo et al., who reported a relative risk of 1.9 (95% 
CI: 1.2–3) for severe outcomes in children with viral 
coinfections. [61–65]. Similarly, Lees et  al. found a 
66% prevalence of viral coinfections—primarily RSV—
among children with GAS pneumonia and parapneu-
monic effusion [66]. These observations support the 
hypothesis that viral coinfections contribute to disease 
severity in iGAS [61].

In addition to viral coinfections, our data confirm that 
several factors were independently associated with PICU 
admission, including septic shock, elevated procalci-
tonin (PCT > 0.5  ng/mL), IVIG administration, systemic 
glucocorticoid use, and iGAS diagnosis. Elevated PCT 
and CRP at admission were strong predictors of dis-
ease severity, consistent with previous European studies 
[67–69]

We observed widespread use of adjunctive therapies 
such as IVIG and protein synthesis-inhibiting antibiot-
ics (e.g., clindamycin, linezolid, rifampin). In  vitro and 
animal studies suggest that IVIG may neutralize supe-
rantigens, enhance opsonization, and modulate systemic 
inflammation [24]. Adult studies suggest benefit from 
combining IVIG with clindamycin, though pediatric 
evidence remains limited [70–73]. An Australian pro-
spective study reported a non-significant trend toward 
reduced mortality with adjunctive clindamycin (OR 0.31; 
95% CI: 0.09–1.12), while another study linked clindamy-
cin use to reduced readmission risk [18]
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In our cohort of patient use of systemic steroids was 
associated with increased risk of sepsis, septic shock, 
and PICU admission, potentially reflecting confound-
ing by indication. Although this association persisted in 
multivariate models, it may represent a marker of disease 
severity rather than a causal relationship. Prospective 
studies are needed to clarify the role of corticosteroids in 
this setting.

Limitations
This study has several limitations. Its retrospective design 
may be subject to data omissions and reporting bias. 
Microbiological characterization of GAS strains was not 
performed, precluding analysis of strain-specific viru-
lence. The study was conducted over a relatively short 
timeframe (12 months) and lacked standardized clinical 
management protocols, as treatment was based on clini-
cian judgment at each center.

Conclusions
Our multicentric retrospective study provides relevant 
data regarding mortality rate and risk factors associated 
with poor outcomes in pediatric invasive group A strep-
tococcal infections. The observed case fatality rate aligns 
with international data and underscores the clinical 
severity of iGAS, particularly in patients requiring inten-
sive care.

Respiratory viral coinfections and elevated inflamma-
tory marker (PCT) at admission were significantly associ-
ated with more severe disease and increased risk of PICU 
admission.

We documented widespread use of adjunctive thera-
pies, including clindamycin, linezolid, IVIG, and systemic 
corticosteroids. While these interventions are commonly 
employed in invasive and severe GAS cases in adults, 
their efficacy in pediatric settings remains to be fully 
established. Further controlled studies are needed to bet-
ter define their role, particularly in the management of 
life-threatening iGAS.

Continued epidemiological surveillance and high-
quality clinical research are essential to refine treatment 
approaches and improve outcomes in affected children.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13052-​025-​02103-7.

Supplementary material 1

Supplementary material 2

Supplementary material 3

Supplementary material 4

Acknowledgements
None.

Authors’ contributions
EC, MR contributed equally to the conceptualization and study design. MDL, 
SB, SG, LD, RB, FZ, DZ, AF, IL, DB, CC, LR, GL, FC, MD, NM, CL, LG, GN, GCG, and 
ALV contributed to data collection, patient management, and analysis. EC, 
MR, and ALV drafted the manuscript, and all authors critically reviewed and 
approved the final version.

Funding
This research did not receive a specific grant from any funding agency in the 
public, commercial, or not-for-profit sectors. This study was sponsored by the 
Italian Society of Pediatric Infectious Diseases (SITIP).

Data availability
The datasets generated and analyzed during the current study are available 
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the ethical principles outlined 
in the Declaration of Helsinki. Ethical approval was obtained from the Ethics 
Committee of the IRCCS Bambino Gesù Children’s Hospital in Rome (Protocol 
No. 3312_OPBG_2023).

Consent for publication
Not applicable: the manuscript does not contain data from any individual 
person.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Infectious Diseases Unit, Meyer Children’s Hospital IRCCS, Florence, Italy. 
2 Department of Health Sciences, University of Florence, Florence, Italy. 
3 Postgraduate School of Pediatrics, Department of Health Sciences, University 
of Florence, Florence, Italy. 4 Infectious Disease Unit, Bambino Gesù Children’s 
Hospital, IRCCS, Rome 00165, Italy. 5 Fondazione IRCCS Ca’Granda Ospedale 
Maggiore Policlinico, SC Pediatria Pneumoinfettivologia, Milan, Italy. 6 Pediatric 
Infectious Diseases Unit, Regina Margherita Children’s Hospital, University 
of Turin, Turin, Italy. 7 Department of Pediatrics and “A. Nocivelli” Institute 
for Molecular Medicine, Department of Clinical and Experimental Sciences, 
ASST Spedali Civili of Brescia, University of Brescia, Brescia, Italy. 8 Pediat-
ric Infectious Disease Unit, Salesi Children Hospital, Azienda Ospedaliero 
Universitaria Delle Marche, Ancona 60121, Italy. 9 Department of Medical 
and Surgical Sciences, Alma Mater Studiorum, University of Bologna, Bologna, 
Italy. 10 Pediatric Emergency Unit, IRCCS Azienda Ospedaliero-Universitaria Di 
Bologna, Bologna, Italy. 11 Department of Maternal, Infantile and Urological Sci-
ences, Sapienza University of Rome, Rome 00161, Italy. 12 Division of Pediatrics, 
University Hospital of Udine, P.Zzale S. Maria Della Misericordia, Udine 15. 
33100, Italy. 13 Department of Woman and Child Health and Public Health, Fon-
dazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy. 14 Department 
of Health Promotion, Mother and Child Care, Internal Medicine and Medi-
cal Specialties“G D’Alessandro”, University of Palermo, Division of Paediatric 
Infectious Disease,“G. Di Cristina”Hospital, ARNAS Civico Di Cristina Benfratelli, 
PalermoPalermo, Italy. 15 University of Milan, Milan, Italy. 16 Pediatric Unit, San 
Martino Hospital, Belluno 32100, Italy. 17 Institute of Child Health, Bambino 
Gesù Children’s Hospital, IRCCS, Rome, Italy. 18 Pediatric Infectious Disease Unit, 
Department of Translational Medical Sciences, University Hospital Policlinico 
Federico IIand, University of Naples Federico II, Naples 80131, Italy. 

Received: 21 February 2025   Accepted: 26 July 2025

https://doi.org/10.1186/s13052-025-02103-7
https://doi.org/10.1186/s13052-025-02103-7


Page 13 of 15Chiappini et al. Italian Journal of Pediatrics          (2025) 51:312 	

Reference
	1.	 Cunningham MW. Pathogenesis of group A streptococcal infections. Clin 

Microbiol Rev. 2000;13(3):470–511. https://​doi.​org/​10.​1128/​CMR.​13.3.​470.
	2.	 Brouwer S, Rivera-Hernandez T, Curren BF, Harbison-Price N, De Oliveira 

DMP, Jespersen MG, Davies MR, Walker MJ. Pathogenesis, epidemiol-
ogy and control of group A Streptococcus infection. Nat Rev Microbiol. 
2023;21(7):431–47. https://​doi.​org/​10.​1038/​s41579-​023-​00865-7.

	3.	 Bessen, Debra E., Bernard W. Beall, and Mark R. Davies. "Molecular basis 
of serotyping and the underlying genetic organization of Streptococcus 
pyogenes." Streptococcus pyogenes: Basic Biology to Clinical Manifesta-
tions. 2nd edition 2022.

	4.	 Ferretti JJ, Stevens DL, Fischetti VA, editors. Streptococcus pyogenes: 
basic biology to clinical manifestations. Oklahoma City (OK): University of 
Oklahoma Health Sciences Center; 2022. (Chapter 6).

	5.	 Cleary PP, Kaplan EL, Handley JP, Wlazlo A, Kim MH, Hauser AR, Schlievert 
PM. Clonal basis for resurgence of serious Streptococcus pyogenes 
disease in the 1980s. Lancet. 1992;339(8792):518–21. https://​doi.​org/​10.​
1016/​0140-​6736(92)​90339-5.

	6.	 Davies MR, Keller N, Brouwer S, Jespersen MG, Cork AJ, Hayes AJ, Pitt ME, 
De Oliveira DMP, Harbison-Price N, Bertolla OM, Mediati DG, Curren BF, 
Taiaroa G, Lacey JA, Smith HV, Fang NX, Coin LJM, Stevens K, Tong SYC, 
Sanderson-Smith M, Tree JJ, Irwin AD, Grimwood K, Howden BP, Jennison 
AV, Walker MJ. Detection of Streptococcus pyogenes M1UK in Australia 
and characterization of the mutation driving enhanced expression of 
superantigen SpeA. Nat Commun. 2023;14(1): 1051. https://​doi.​org/​10.​
1038/​s41467-​023-​36717-4.

	7.	 Nasser W, Beres SB, Olsen RJ, Dean MA, Rice KA, Long SW, Kristinsson KG, 
Gottfredsson M, Vuopio J, Raisanen K, Caugant DA, Steinbakk M, Low 
DE, McGeer A, Darenberg J, Henriques-Normark B, Van Beneden CA, 
Hoffmann S, Musser JM. Evolutionary pathway to increased virulence and 
epidemic group A Streptococcus disease derived from 3,615 genome 
sequences. Proc Natl Acad Sci U S A. 2014;111(17):E1768-76. https://​doi.​
org/​10.​1073/​pnas.​14031​38111.

	8.	 Lynskey NN, Jauneikaite E, Li HK, Zhi X, Turner CE, Mosavie M, Pear-
son M, Asai M, Lobkowicz L, Chow JY, Parkhill J, Lamagni T, Chalker VJ, 
Sriskandan S. Emergence of dominant toxigenic M1T1 Streptococcus 
pyogenes clone during increased scarlet fever activity in England: a 
population-based molecular epidemiological study. Lancet Infect Dis. 
2019;19(11):1209–18. https://​doi.​org/​10.​1016/​S1473-​3099(19)​30446-3.

	9.	 Li HK, Zhi X, Vieira A, Whitwell HJ, Schricker A, Jauneikaite E, Li H, Yosef 
A, Andrew I, Game L, Turner CE, Lamagni T, Coelho J, Sriskandan S. Char-
acterization of emergent toxigenic M1UK Streptococcus pyogenes and 
associated sublineages. Microb Genom. 2023;9(4): mgen000994. https://​
doi.​org/​10.​1099/​mgen.0.​000994.

	10.	 Li Y, Rivers J, Mathis S, Li Z, Chochua S, Metcalf BJ, Beall B, Onukwube J, 
Gregory CJ, McGee L. Expansion of Invasive Group A Streptococcus M1UK 
Lineage in Active Bacterial Core Surveillance, United States, 2019–2021. 
Emerg Infect Dis. 2023Oct;29(10):2116–20. https://​doi.​org/​10.​3201/​eid29​
10.​230675. (Epub 2023 Aug 28).

	11.	 Johannesen TB, Munkstrup C, Edslev SM, et al. Increase in invasive group 
A streptococcal infections and emergence of novel, rapidly expanding 
sub-lineage of the virulent Streptococcus pyogenes M1 clone, Denmark, 
2023. Euro Surveill. 2023;28(26): 2300291.

	12.	 Van der Putten BCL, Vlaminckx BJM, de Gier B, Freudenburg-de Graaf W, 
van Sorge NM. Group A Streptococcal Meningitis With the M1UK Variant 
in the Netherlands. JAMA. 2023May 23;329(20):1791–2. https://​doi.​org/​10.​
1001/​jama.​2023.​5927.

	13.	 Alcolea-Medina A, Snell LB, Alder C, Charalampous T, Williams TGS, Syn-
novis Microbiology Laboratory Group, Tan MKI, Al-Yaakoubi N, Humayun 
G, Newsholme W, Goldenberg S, Nebbia G, Neil SJD, Batra R, Edgeworth 
JD. The ongoing Streptococcus pyogenes (group a Streptococcus) 
outbreak in London, United Kingdom, in December 2022: a molecular 
epidemiology study. Clin Microbiol Infect. 2023;29(7):887–90. https://​doi.​
org/​10.​1016/j.​cmi.​2023.​03.​001.

	14.	 Beres SB, Olsen RJ, Long SW, Langley R, Williams T, Erlendsdottir H, Smith 
A, Kristinsson KG, Musser JM. Increase in invasive Streptococcus pyo-
genes M1 infections with close evolutionary genetic relationship, Iceland 
and Scotland, 2022 to 2023. Euro Surveill. 2024;29(13): 2400129. https://​
doi.​org/​10.​2807/​1560-​7917.​ES.​2024.​29.​13.​24001​29.

	15.	 Davies HD, McGeer A, Schwartz B, Green K, Cann D, Simor AE, 
Low DE, Ontario Group A Streptococcal Study Group. Invasive 

group A streptococcal infections in Ontario, Canada. N Engl J Med. 
1996;335(8):547–54. https://​doi.​org/​10.​1056/​NEJM1​99608​22335​0803.

	16.	 Nelson GE, Pondo T, Toews KA, Farley MM, Lindegren ML, Lynfield R, 
Aragon D, Zansky SM, Watt JP, Cieslak PR, Angeles K, Harrison LH, Petit S, 
Beall B, Van Beneden CA. Epidemiology of invasive group A streptococcal 
infections in the United States, 2005–2012. Clin Infect Dis. 2016;63(4):478–
86. https://​doi.​org/​10.​1093/​cid/​ciw248.

	17.	 Lamagni TL, Darenberg J, Luca-Harari B, Siljander T, Efstratiou A, Henr-
iques-Normark B, Vuopio-Varkila J, Bouvet A, Creti R, Ekelund K, Koliou 
M, Reinert RR, Stathi A, Strakova L, Ungureanu V, Schalén C, Strep-EURO 
Study Group, Jasir A. Epidemiology of severe Streptococcus pyogenes 
disease in Europe. J Clin Microbiol. 2008;46(7):2359–67. https://​doi.​org/​10.​
1128/​JCM.​00422-​08.

	18.	 Tapiainen T, Launonen S, Renko M, Saxen H, Salo E, Korppi M, Kainulainen 
L, Heiskanen-Kosma T, Lindholm L, Vuopio J, Huotari T, Rusanen J, Uhari 
M. Invasive group A streptococcal infections in children: a nationwide 
survey in Finland. Pediatr Infect Dis J. 2016;35(2):123–8. https://​doi.​org/​10.​
1097/​INF.​00000​00000​000945.

	19.	 O’Loughlin RE, Roberson A, Cieslak PR, Lynfield R, Gershman K, Craig 
A, Albanese BA, Farley MM, Barrett NL, Spina NL, Beall B, Harrison LH, 
Reingold A, Van Beneden C, Active Bacterial Core Surveillance Team. 
The epidemiology of invasive group A streptococcal infection and 
potential vaccine implications: United States, 2000–2004. Clin Infect Dis. 
2007;45(7):853–62. https://​doi.​org/​10.​1086/​521264.

	20.	 Mangioni D, Fox V, Saltini P, Lombardi A, Bussini L, Carella F, Cariani L, 
Comelli A, Matinato C, Muscatello A, Teri A, Terranova L, Cento V, Carloni S, 
Bartoletti M, Alteri C, Bandera A. Increase in invasive group A streptococ-
cal infections in Milan, Italy: a genomic and clinical characterization. Front 
Microbiol. 2024;14: 1287522. https://​doi.​org/​10.​3389/​fmicb.​2023.​12875​
22.

	21.	 Cinicola BL, Sani I, Pulvirenti F, Capponi M, Leone F, Spalice A, Montalbano 
A, Macari A, Fonte MT, Giampietro PG, Buonsenso D, Zicari AM, Rongai T, 
Italian Pediatrician Federation (FIMP), Lazio Region. Group A Streptococ-
cus infections in children and adolescents in the post-COVID-19 era: a 
regional Italian survey. Ital J Pediatr. 2024;50(1): 177. https://​doi.​org/​10.​
1186/​s13052-​024-​01750-6.

	22.	 Mariani F, Gentili C, Pulcinelli V, Martino L, Valentini P, Buonsenso D. 
State of the art of invasive group A Streptococcus infection in children: 
a scoping review of the literature with a focus on predictors of invasive 
infection. Children (Basel). 2023;10(9): 1472. https://​doi.​org/​10.​3390/​child​
ren10​091472.

	23.	 Stevens DL. Streptococcal toxic-shock syndrome: spectrum of disease, 
pathogenesis, and new concepts in treatment. Emerg Infect Dis. 
1995;1(3):69–78. https://​doi.​org/​10.​3201/​eid01​03.​950301.

	24.	 Parks T, Wilson C, Curtis N, Norrby-Teglund A, Sriskandan S. Polyspecific 
intravenous immunoglobulin in clindamycin-treated patients with strep-
tococcal toxic shock syndrome: a systematic review and meta-analysis. 
Clin Infect Dis. 2018;67(9):1434–6. https://​doi.​org/​10.​1093/​cid/​ciy401.

	25.	 Lamagni TL, Neal S, Keshishian C, Powell D, Potz N, Pebody R, George 
R, Duckworth G, Vuopio-Varkila J, Efstratiou A. Predictors of death 
after severe Streptococcus pyogenes infection. Emerg Infect Dis. 
2009;15(8):1304–7. https://​doi.​org/​10.​3201/​eid15​08.​090264.

	26.	 Guy R, Henderson KL, Coelho J, Hughes H, Mason EL, Gerver SM, 
Demirjian A, Watson C, Sharp A, Brown CS, Lamagni T. Increase in invasive 
group A streptococcal infection notifications, England, 2022. Euro Surveill. 
2023;28(1): 2200942. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2023.​28.1.​
22009​42.

	27.	 Stevens DL. Invasive group A streptococcus infections. Clin Infect Dis. 
1992Jan;14(1):2–11. https://​doi.​org/​10.​1093/​clini​ds/​14.1.2.

	28.	 Henningham A, Barnett TC, Maamary PG, Walker MJ. Pathogenesis of 
group A streptococcal infections. Discov Med. 2012;13(72):329–42.

	29.	 Steer AC, Lamagni T, Curtis N, Carapetis JR. Invasive group a streptococcal 
disease: epidemiology, pathogenesis and management. Drugs. 2012Jun 
18;72(9):1213–27. https://​doi.​org/​10.​2165/​11634​180-​00000​0000-​00000.

	30.	 CDC. Streptococcus Disease, Invasive, Group A (GAS) 1995 Case Defini-
tion. 2022. https://​ndc.​servi​ces.​cdc.​gov/​case-​defin​itions/​strep​tococ​cus-​
disea​se-​invas​ive-​group-a-​1995/

	31.	 Elf S, Olli J, Hirvonen S, Auvinen P, Eboigbodin KE. Molecular detection 
of Streptococcus pyogenes by strand invasion based amplification 
assay. Mol Diagn Ther. 2018;22(5):595–602. https://​doi.​org/​10.​1007/​
s40291-​018-​0346-8.

https://doi.org/10.1128/CMR.13.3.470
https://doi.org/10.1038/s41579-023-00865-7
https://doi.org/10.1016/0140-6736(92)90339-5
https://doi.org/10.1016/0140-6736(92)90339-5
https://doi.org/10.1038/s41467-023-36717-4
https://doi.org/10.1038/s41467-023-36717-4
https://doi.org/10.1073/pnas.1403138111
https://doi.org/10.1073/pnas.1403138111
https://doi.org/10.1016/S1473-3099(19)30446-3
https://doi.org/10.1099/mgen.0.000994
https://doi.org/10.1099/mgen.0.000994
https://doi.org/10.3201/eid2910.230675
https://doi.org/10.3201/eid2910.230675
https://doi.org/10.1001/jama.2023.5927
https://doi.org/10.1001/jama.2023.5927
https://doi.org/10.1016/j.cmi.2023.03.001
https://doi.org/10.1016/j.cmi.2023.03.001
https://doi.org/10.2807/1560-7917.ES.2024.29.13.2400129
https://doi.org/10.2807/1560-7917.ES.2024.29.13.2400129
https://doi.org/10.1056/NEJM199608223350803
https://doi.org/10.1093/cid/ciw248
https://doi.org/10.1128/JCM.00422-08
https://doi.org/10.1128/JCM.00422-08
https://doi.org/10.1097/INF.0000000000000945
https://doi.org/10.1097/INF.0000000000000945
https://doi.org/10.1086/521264
https://doi.org/10.3389/fmicb.2023.1287522
https://doi.org/10.3389/fmicb.2023.1287522
https://doi.org/10.1186/s13052-024-01750-6
https://doi.org/10.1186/s13052-024-01750-6
https://doi.org/10.3390/children10091472
https://doi.org/10.3390/children10091472
https://doi.org/10.3201/eid0103.950301
https://doi.org/10.1093/cid/ciy401
https://doi.org/10.3201/eid1508.090264
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200942
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200942
https://doi.org/10.1093/clinids/14.1.2
https://doi.org/10.2165/11634180-000000000-00000
https://ndc.services.cdc.gov/case-definitions/streptococcus-disease-invasive-group-a-1995/
https://ndc.services.cdc.gov/case-definitions/streptococcus-disease-invasive-group-a-1995/
https://doi.org/10.1007/s40291-018-0346-8
https://doi.org/10.1007/s40291-018-0346-8


Page 14 of 15Chiappini et al. Italian Journal of Pediatrics          (2025) 51:312 

	32.	 Thompson TZ, McMullen AR. Group A Streptococcus testing in pediatrics: 
the move to point-of-care molecular testing. J Clin Microbiol. 2020;58(6): 
e01494-19. https://​doi.​org/​10.​1128/​JCM.​01494-​19.

	33.	 Azzari C, Moriondo M, Di Pietro P, Di Bari C, Resti M, Mannelli F, Esposito 
S, Castelli-Gattinara G, Campa A, de Benedictis FM, Bona G, Comarella L, 
Holl K, Marchetti F. The burden of bacteremia and invasive diseases in 
children aged less than five years with fever in Italy. Ital J Pediatr. 2015;41: 
92. https://​doi.​org/​10.​1186/​s13052-​015-​0189-4.

	34.	 Arvia R, Corcioli F, Ciccone N, Della Malva N, Azzi A. Detection of 12 
respiratory viruses by duplex real time PCR assays in respiratory samples. 
Mol Cell Probes. 2015;29(6):408–13. https://​doi.​org/​10.​1016/j.​mcp.​2015.​
08.​006.

	35.	 Grosso S, Pagani L, Tosoni N, Crapis M, Turrini E, Mannu F, Carta F, Rosa R, 
Turrini F, Avolio M. A new molecular method for rapid etiological diagno-
sis of sepsis with improved performance. Future Microbiol. 2021;16:741–
51. https://​doi.​org/​10.​2217/​fmb-​2020-​0154.

	36.	 Arena F, Viaggi B, Galli L, Rossolini GM. Antibiotic susceptibility testing: 
present and future. Pediatr Infect Dis J. 2015;34(10):1128–30. https://​doi.​
org/​10.​1097/​INF.​00000​00000​000844.

	37.	 Holdstock V, Heppenstall E, Corrigan D, Eccleston A, Jones L, Kalima P, 
Lamb C, McDonald E, McDougall CM, McFadzean J, McKenzie K, Penman 
D, Pollock L, Scott KJ, Smith A, Turner A, Ure R, van Dijke M, Zafreen S, 
Begg C, Robertson N, Williams TC. National 10-year Cohort Study of 
Life-threatening Invasive Group A Streptococcal Infection in Children, 
2013–2023. Pediatr Infect Dis J. 2025 Jun 4. https://​doi.​org/​10.​1097/​INF.​
00000​00000​004855. Epub ahead of print.

	38.	 Nijman RG, Honeyford K, Farrugia R, Rose K, Bognar Z, Buonsenso D, Da 
Dalt L, De T, Maconochie IK, Parri N, Roland D, Alfven T, Aupiais C, Barrett 
M, Basmaci R, Borensztajn D, Castanhinha S, Vasilico C, Durnin S, Fitzpat-
rick P, Fodor L, Gomez B, Greber-Platzer S, Guedj R, Hartshorn S, Hey F, 
Jankauskaite L, Kohlfuerst D, Kolnik M, Lyttle MD, Mação P, Mascarenhas 
MI, Messahel S, Özkan EA, Pučuka Z, Reis S, Rybak A, Ryd Rinder M, Teksam 
O, Turan C, Thors VS, Velasco R, Bressan S, Moll HA, Oostenbrink R, Tito-
manlio L. in association with the REPEM network (Research in European 
Pediatric Emergency Medicine) as part of the EPISODES study group. 
Presentations of children to emergency departments across Europe and 
the COVID-19 pandemic: A multinational observational study. PLoS Med. 
Aug 26 2022;19(8):e1003974. https://​doi.​org/​10.​1371/​journ​al.​pmed.​10039​
74. Erratum in: PLoS Med. 2022 Nov 9;19(11):e1004126. https://​doi.​org/​10.​
1371/​journ​al.​pmed.​10041​26.

	39.	 Amarsy R, Fournier S, Trystram D, Monteil C, Raynaud X, Jarlier V, Robert J, 
la Collégiale de Bactériologie-Virologie-Hygiène de l’Assistance Publique-
Hôpitaux de Paris. Decrease of hospital- and community-acquired blood-
stream infections due to Streptococcus pneumoniae and Streptococcus 
pyogenes during the first year of the COVID-19 pandemic: a time-series 
analysis in Paris region. Am J Infect Control. 2023;51(4):475–7. https://​doi.​
org/​10.​1016/j.​ajic.​2022.​09.​002.

	40.	 WHO Europe. Increase in invasive Group A streptococcal infections 
among children in Europe, including fatalities. 2022. https://​www.​who.​
int/​europe/​news/​item/​12-​12-​2022-​incre​ase-​in-​invas​ive-​group-a-​strep​
tococ​cal-​infec​tions-​among-​child​ren-​in-​europ​e--​inclu​ding-​fatal​ities

	41.	 ECDC. Increase in Invasive Group A streptococcal infections among chil-
dren in Europe. 2022. https://​www.​ecdc.​europa.​eu/​en/​news-​events/​incre​
ase-​invas​ive-​group-​strep​tococ​cal-​infec​tions-​among-​child​ren-​europe-​
inclu​ding

	42.	 GOV.UK. Group A streptococcal infections: report on seasonal activity 
in England, 2022 to 2023. https://​www.​gov.​uk/​gover​nment/​publi​catio​
ns/​group-a-​strep​tococ​cal-​infec​tions-​activ​ity-​during-​the-​2022-​to-​2023-​
season/​group-a-​strep​tococ​cal-​infec​tions-​report-​on-​seaso​nal-​activ​ity-​in-​
engla​nd-​2022-​to-​2023

	43.	 de Gier B, Marchal N, de Beer-Schuurman I, Te Wierik M, Hooiveld M, 
ISIS-AR Study Group, GAS Study group, de Melker HE, van Sorge NM, 
Members of the GAS study group, Members of the ISIS-AR study group. 
Increase in invasive group A streptococcal (Streptococcus pyogenes) 
infections (iGAS) in young children in the Netherlands, 2022. Euro Surveill. 
2023;28(1): 2200941. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2023.​28.1.​
22009​41.

	44.	 HPSC. Update on Group A streptococcus. https://​www.​hpsc.​ie/​news/​
title-​22663-​en.​html

	45.	 van Kempen EB, Bruijning-Verhagen PCJ, Borensztajn D, Vermont CL, 
Quaak MSW, Janson JA, Maat I, Stol K, Vlaminckx BJM, Wieringa JW, 

van Sorge NM, Boeddha NP, van Veen M. Increase in Invasive Group a 
Streptococcal Infections in Children in the Netherlands, A Survey Among 
7 Hospitals in 2022. Pediatr Infect Dis J. 2023Apr 1;42(4):e122–4. https://​
doi.​org/​10.​1097/​INF.​00000​00000​003810. (Epub 2022 Dec 29 PMID: 
36728741).

	46.	 Johannesen TB, Munkstrup C, Edslev SM, Baig S, Nielsen S, Funk T, 
Kristensen DK, Jacobsen LH, Ravn SF, Bindslev N, Gubbels S, Voldstedlund 
M, Jokelainen P, Hallstrøm S, Rasmussen A, Kristinsson KG, Fuglsang-Dam-
gaard D, Dessau RB, Olsén AB, Jensen CS, Skovby A, Ellermann-Eriksen 
S, Jensen TG, Dzajic E, Østergaard C, Lomborg Andersen S, Hoffmann 
S, Andersen PH, Stegger M. Increase in invasive group A streptococcal 
infections and emergence of novel, rapidly expanding sub-lineage of the 
virulent Streptococcus pyogenes M1 clone, Denmark, 2023. Euro Surveill. 
2023;28(26): 2300291. https://​doi.​org/​10.​2807/​1560-​7917.​ES.​2023.​28.​26.​
23002​91.

	47.	 Salamanca BV, Cyr PR, Bentdal YE, et al. Increase in iGAS in children and 
older adults, Norway, 2022–2024. Euro Surveill. 2024.

	48.	 Singer R, Abu Sin M, Tenenbaum T, Toepfner N, Berner R, Buda S, Sch-
laberg J, Schönfeld V, Reinacher U, van der Linden M, Claus H, Lâm TT, 
Schneider M, Noll I, Haller S, von Laer A. The Increase in Invasive Bacterial 
Infections With Respiratory Transmission in Germany, 2022/2023. Dtsch 
Arztebl Int. 2024Feb 23;121(4):114–20. https://​doi.​org/​10.​3238/​arzte​bl.​
m2023.​0261.

	49.	 Cobo-Vázquez E, Aguilera-Alonso D, Carrasco-Colom J, Calvo C, 
Saavedra-Lozano J, PedGAS-net Working Group. Increasing incidence and 
severity of invasive group A streptococcal disease in Spanish children 
in 2019–2022. Lancet Reg Health. 2023;27: 100597. https://​doi.​org/​10.​
1016/j.​lanepe.​2023.​100597.

	50.	 Ho EC, Cataldi JR, Silveira LJ, Birkholz M, Loi MM, Osborne CM, Dominguez 
SR. Outbreak of invasive group A Streptococcus in children-Colorado, 
october 2022-april 2023. J Pediatr Infect Dis Soc. 2023;12(10):540–8. 
https://​doi.​org/​10.​1093/​jpids/​piad0​80.

	51.	 Hamid S, Winn A, Parikh R, Jones JM, McMorrow M, Prill MM, Silk BJ, Sco-
bie HM, Hall AJ. Seasonality of respiratory syncytial virus - United States, 
2017–2023. MMWR Morb Mortal Wkly Rep. 2023;72(14):355–61. https://​
doi.​org/​10.​15585/​mmwr.​mm721​4a1.

	52.	 Lee J, Huh S, Seo H. Using an influenza epidemic threshold different from 
those in the United States and Europe caused longer epidemic periods 
in Korea during the 2018–2019, 2019–2020, and 2022–2023 seasons: a 
comparative study. Ewha Med J. 2024;47(2): e24.

	53.	  Flu News Europe. Joint ECDC-WHO/Europe weekly influenza update. 
https://​flune​wseur​ope.​org/​Seaso​nOver​view

	54.	 Lassoued Y, Assad Z, Ouldali N, Caseris M, Mariani P, Birgy A, Bonacorsi 
S, Bidet P, Faye A. Unexpected increase in invasive group A streptococ-
cal infections in children after respiratory viruses outbreak in France: a 
15-year time-series analysis. Open Forum Infect Dis. 2023;10(5): ofad188. 
https://​doi.​org/​10.​1093/​ofid/​ofad1​88.

	55.	 Maldonado-Barrueco A, Bloise I, Cendejas-Bueno E, López-Rodrigo F, 
García-Rodríguez J, Lázaro-Perona F. Epidemiological changes in invasive 
Streptococcus pyogenes infection during the UK alert period: a molecu-
lar comparative analysis from a tertiary Spanish hospital in 2023. Enferm 
Infecc Microbiol Clin (Engl Ed). 2024;42(1):34–7. https://​doi.​org/​10.​1016/j.​
eimce.​2023.​09.​003.

	56.	 Sultana Q, Agrawal V, Jaiswal V, Mohanty A, Sah R. Was the COVID pan-
demic suppressing the outbreak of scarlet fever in the United Kingdom?: 
Correspondence. Int J Surg. 2023;109(1):626–8. https://​doi.​org/​10.​1097/​
JS9.​00000​00000​000225.

	57.	 Rümke LW, Davies MA, Vestjens SMT, van der Putten BCL, Bril-Keijzers 
WCM, van Houten MA, Rots NY, Wijmenga-Monsuur AJ, van der Ende A, 
de Gier B, Vlaminckx BJM, van Sorge NM. Nationwide upsurge in invasive 
disease in the context of longitudinal surveillance of carriage and inva-
sive Streptococcus pyogenes 2009–2023, the Netherlands: a molecular 
epidemiological study. J Clin Microbiol. 2024 Oct 16;62(10):e0076624. 
https://​doi.​org/​10.​1128/​jcm.​00766-​24. Epub 2024 Aug 28.

	58.	 Garancini N, Ricci G, Ghezzi M, Tommasi P, Zunica F, Mandelli A, Zoia E, 
D’Auria E, Zuccotti GV. Invasive Group A streptococcal infections: are 
we facing a new outbreak? A case series with the experience of a single 
tertiary center. Ital J Pediatr. 2023Jul 19;49(1):88. https://​doi.​org/​10.​1186/​
s13052-​023-​01494-9.

	59.	 Nygaard U, Hartling UB, Munkstrup C, et al. iGAS in children/adolescents 
in Denmark, 2022–23 vs prior years. Lancet Child Adolesc Health. 2024.

https://doi.org/10.1128/JCM.01494-19
https://doi.org/10.1186/s13052-015-0189-4
https://doi.org/10.1016/j.mcp.2015.08.006
https://doi.org/10.1016/j.mcp.2015.08.006
https://doi.org/10.2217/fmb-2020-0154
https://doi.org/10.1097/INF.0000000000000844
https://doi.org/10.1097/INF.0000000000000844
https://doi.org/10.1097/INF.0000000000004855
https://doi.org/10.1097/INF.0000000000004855
https://doi.org/10.1371/journal.pmed.1003974
https://doi.org/10.1371/journal.pmed.1003974
https://doi.org/10.1371/journal.pmed.1004126
https://doi.org/10.1371/journal.pmed.1004126
https://doi.org/10.1016/j.ajic.2022.09.002
https://doi.org/10.1016/j.ajic.2022.09.002
https://www.who.int/europe/news/item/12-12-2022-increase-in-invasive-group-a-streptococcal-infections-among-children-in-europe--including-fatalities
https://www.who.int/europe/news/item/12-12-2022-increase-in-invasive-group-a-streptococcal-infections-among-children-in-europe--including-fatalities
https://www.who.int/europe/news/item/12-12-2022-increase-in-invasive-group-a-streptococcal-infections-among-children-in-europe--including-fatalities
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.gov.uk/government/publications/group-a-streptococcal-infections-activity-during-the-2022-to-2023-season/group-a-streptococcal-infections-report-on-seasonal-activity-in-england-2022-to-2023
https://www.gov.uk/government/publications/group-a-streptococcal-infections-activity-during-the-2022-to-2023-season/group-a-streptococcal-infections-report-on-seasonal-activity-in-england-2022-to-2023
https://www.gov.uk/government/publications/group-a-streptococcal-infections-activity-during-the-2022-to-2023-season/group-a-streptococcal-infections-report-on-seasonal-activity-in-england-2022-to-2023
https://www.gov.uk/government/publications/group-a-streptococcal-infections-activity-during-the-2022-to-2023-season/group-a-streptococcal-infections-report-on-seasonal-activity-in-england-2022-to-2023
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200941
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200941
https://www.hpsc.ie/news/title-22663-en.html
https://www.hpsc.ie/news/title-22663-en.html
https://doi.org/10.1097/INF.0000000000003810
https://doi.org/10.1097/INF.0000000000003810
https://doi.org/10.2807/1560-7917.ES.2023.28.26.2300291
https://doi.org/10.2807/1560-7917.ES.2023.28.26.2300291
https://doi.org/10.3238/arztebl.m2023.0261
https://doi.org/10.3238/arztebl.m2023.0261
https://doi.org/10.1016/j.lanepe.2023.100597
https://doi.org/10.1016/j.lanepe.2023.100597
https://doi.org/10.1093/jpids/piad080
https://doi.org/10.15585/mmwr.mm7214a1
https://doi.org/10.15585/mmwr.mm7214a1
https://flunewseurope.org/SeasonOverview
https://doi.org/10.1093/ofid/ofad188
https://doi.org/10.1016/j.eimce.2023.09.003
https://doi.org/10.1016/j.eimce.2023.09.003
https://doi.org/10.1097/JS9.0000000000000225
https://doi.org/10.1097/JS9.0000000000000225
https://doi.org/10.1128/jcm.00766-24
https://doi.org/10.1186/s13052-023-01494-9
https://doi.org/10.1186/s13052-023-01494-9


Page 15 of 15Chiappini et al. Italian Journal of Pediatrics          (2025) 51:312 	

	60.	 Seale AC, Davies MR, Anampiu K, Morpeth SC, Nyongesa S, Mwarumba 
S, Smeesters PR, Efstratiou A, Karugutu R, Mturi N, Williams TN, Scott JA, 
Kariuki S, Dougan G, Berkley JA. Invasive group A Streptococcus infection 
among children, rural Kenya. Emerg Infect Dis. 2016;22(2):224–32. https://​
doi.​org/​10.​3201/​eid22​02.​151358.

	61.	 Abo YN, Oliver J, McMinn A, Osowicki J, Baker C, Clark JE, Blyth CC, Francis 
JR, Carr J, Smeesters PR, Crawford NW, Steer AC. Increase in invasive 
group A streptococcal disease among Australian children coinciding with 
northern hemisphere surges. Lancet Reg Health. 2023;41: 100873. https://​
doi.​org/​10.​1016/j.​lanwpc.​2023.​100873.

	62.	 Schmitz M, Roux X, Huttner B, Pugin J. Streptococcal toxic shock 
syndrome in the intensive care unit. Ann Intensive Care. 2018;8(1): 88. 
https://​doi.​org/​10.​1186/​s13613-​018-​0438-y.

	63.	 Factor SH, Levine OS, Harrison LH, Farley MM, McGeer A, Skoff T, Wright C, 
Schwartz B, Schuchat A. Risk factors for pediatric invasive group A strep-
tococcal disease. Emerg Infect Dis. 2005;11(7):1062–6. https://​doi.​org/​10.​
3201/​eid11​07.​040900.

	64.	 Lesko SM, O’Brien KL, Schwartz B, Vezina R, Mitchell AA. Invasive group 
A streptococcal infection and nonsteroidal antiinflammatory drug use 
among children with primary varicella. Pediatrics. 2001May;107(5):1108–
15. https://​doi.​org/​10.​1542/​peds.​107.5.​1108.

	65.	 Oliver J, Thielemans E, McMinn A, Baker C, Britton PN, Clark JE, Marshall 
HS, Blyth CC, Francis J, Buttery J, Steer AC, Crawford NW, PAEDS investiga-
tors. Invasive group A Streptococcus disease in Australian children: 2016 
to 2018 - a descriptive cohort study. BMC Public Health. 2019;19(1):1750. 
https://​doi.​org/​10.​1186/​s12889-​019-​8085-2.

	66.	 Lees Lees EA, Williams TC, Marlow R, Fitzgerald F, Jones C, Lyall H, Bamford 
A, Pollock L, Smith A, Lamagni T, Kent A, Whittaker E; Group A Streptococ-
cal Disease Consortium. Epidemiology and Management of Pediatric 
Group A Streptococcal Pneumonia With Parapneumonic Effusion: An 
Observational Study. Pediatr Infect Dis J. 2024 Sep 1;43(9):841–850. 
https://​doi.​org/​10.​1097/​INF.​00000​00000​004418.

	67.	 Schöbi N, Duppenthaler A, Horn M, Bartenstein A, Keitel K, Kopp MV, Agy-
eman PKA, Aebi C. Ongoing excess hospitalizations for severe pediatric 
group A streptococcal disease in 2023–2024-a single-center report. Infect 
Dis Rep. 2024;16(5):864–9. https://​doi.​org/​10.​3390/​idr16​050067.

	68.	 Boeddha NP, Atkins L, de Groot R, Driessen G, Hazelzet J, Zenz W, Carrol 
ED, Anderson ST, Martinon-Torres F, Agyeman PKA, Galassini R, Herberg J, 
Levin M, Schlapbach LJ, Emonts M; EUCLIDS consortium. Group A strep-
tococcal disease in paediatric inpatients: a European perspective. Eur J 
Pediatr. 2023 Feb;182(2):697–706. https://​doi.​org/​10.​1007/​s00431-​022-​
04718-y. Epub 2022 Nov 30. Erratum in: Eur J Pediatr. 2023 Feb;182(2):707. 
https://​doi.​org/​10.​1007/​s00431-​022-​04787-z.

	69.	 Rivano F, Votto M, Caimmi S, Cambieri P, Castagnoli R, Corbella M, De 
Amici M, De Filippo M, Landi E, Pavia Pediatric Task Force, Piralla A, Taietti 
I, Baldanti F, Licari A, Marseglia GL. Invasive streptococcal infection in 
children: an Italian case series. Children (Basel). 2024;11(6): 614. https://​
doi.​org/​10.​3390/​child​ren11​060614.

	70.	 Shah PJ, Vakil N, Kabakov A. Role of intravenous immune globulin in 
streptococcal toxic shock syndrome and Clostridium difficile infection. 
Amer J Health-Syst Pharm. 2015;72(12):1013–9.

	71.	 Zhang H, Dong J, Huang J, Zhang K, Lu X, Zhao X, Xiao C. Evaluating 
antibiotic regimens for streptococcal toxic shock syndrome in children. 
PLoS One. 2023;18(10): e0292311. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02923​11.

	72.	 Adalat S, Dawson T, Hackett SJ, Clark JE, In association with the British 
Paediatric Surveillance Unit. Toxic shock syndrome surveillance in UK 
children. Arch Dis Child. 2014;99(12):1078–82. https://​doi.​org/​10.​1136/​
archd​ischi​ld-​2013-​304741.

	73.	 Carapetis JR, Jacoby P, Carville K, Ang SJ, Curtis N, Andrews R. Effective-
ness of clindamycin and intravenous immunoglobulin, and risk of disease 
in contacts, in invasive group A streptococcal infections. Clin Infect Dis. 
2014;59(3):358–65. https://​doi.​org/​10.​1093/​cid/​ciu304.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3201/eid2202.151358
https://doi.org/10.3201/eid2202.151358
https://doi.org/10.1016/j.lanwpc.2023.100873
https://doi.org/10.1016/j.lanwpc.2023.100873
https://doi.org/10.1186/s13613-018-0438-y
https://doi.org/10.3201/eid1107.040900
https://doi.org/10.3201/eid1107.040900
https://doi.org/10.1542/peds.107.5.1108
https://doi.org/10.1186/s12889-019-8085-2
https://doi.org/10.1097/INF.0000000000004418
https://doi.org/10.3390/idr16050067
https://doi.org/10.1007/s00431-022-04718-y
https://doi.org/10.1007/s00431-022-04718-y
https://doi.org/10.1007/s00431-022-04787-z
https://doi.org/10.3390/children11060614
https://doi.org/10.3390/children11060614
https://doi.org/10.1371/journal.pone.0292311
https://doi.org/10.1371/journal.pone.0292311
https://doi.org/10.1136/archdischild-2013-304741
https://doi.org/10.1136/archdischild-2013-304741
https://doi.org/10.1093/cid/ciu304

	Invasive Group A Streptococcus infections in children during the post-pandemic period: results from a multicenter study in Italy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Material and methods
	Population and study design
	Definitions
	Laboratory methods
	Statistical analysis

	Results
	Clinical characteristics
	Microbiology and antibiotic susceptibility
	Coinfections
	Treatment and supportive care
	Surgical interventions and outcomes
	Risk factors for PICU admission
	Risk factors for death or sequelae

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


