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Objectives: A global surge in pediatric invasive group A streptococcal infection (iGAS) was reported af- 

ter autumn 2022. This study analyzed the epidemiology and severity of iGAS in Spain, comparing two 

periods; P1: pre-outbreak (January 2019-September 2022) versus P2: outbreak (October 2022-July 2023). 

Methods: Children ≤16 years with iGAS enrolled in the Spanish PedGAS-net (2019-2023), were included. 

Bacterial isolates were analyzed for emm typing, antibiotic susceptibility, and whole genome sequencing. 

Multivariate analysis identified risk factors for PICU admission and mortality. 

Results: 558 cases were included; 307 (55.1%) were male, with a median age of 43.9 months (IQR:19.3- 

84.1). There were significantly more iGAS in P2 (35.7 vs. 4.5 cases/month, P < 0 . 001), with higher PICU 

admissions (51.3% vs. 30.8%, P < 0 . 001). Pneumonia was the most common syndrome (32.3%), with pleu- 

ral effusion in 58.3%. Of the 130 samples available for emm -typing, the most frequent were emm 1 (56.1%) 

and emm 12 (27.1%). 245 (43.9%) required PICU admission. Factors associated with PICU were streptococcal 

toxic shock syndrome (STSS), pneumonia, necrotizing fasciitis, acute kidney failure, and previous consul- 

tation before diagnosis. The emm 1 (especially M1UK ) increased PICU risk. 11 children (2.0%) died. STSS, 

sepsis, and central nervous system infection were associated with mortality. 

Conclusion: In Spain, pediatric iGAS cases sharply increased during 2022-2023, with a remarkable in- 

crease in severity. Epidemiological surveillance of iGAS remains crucial. 

© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Streptococcus pyogenes or group A Streptococcus (GAS) is one of 

he most important pathogens causing community-acquired infec- 

ions in the pediatric population. It can cause a broad spectrum of 

iseases, ranging from non-invasive infections (mainly pharyngitis 

nd scarlet fever) to severe clinical syndromes such as pneumonia, 

steomyelitis, septic arthritis, meningitis, necrotizing fasciitis (NF), 

treptococcal toxic shock syndrome (STSS), or sepsis. There are also 

on-suppurative complications such as rheumatic heart disease or 

oststreptococcal glomerulonephritis [ 1 ]. 

The virulence of GAS depends primarily on the M protein, en- 

oded by the emm gene. This M protein antigen is located on 

he cell surface and in the fimbria, and can inhibit opsoniza- 

ion and phagocytosis, facilitating tissue invasion. Additionally, GAS 

roduces a variety of extracellular enzymes and toxins, includ- 

ng streptococcal pyrogenic exotoxins (SPEs), which contribute to 

oxic shock syndrome and severe inflammatory responses. The 

yaluronic acid capsule aids in immune evasion, while cytolysins 

ike streptolysin O and S damage host cells, enhancing the bac- 

erium’s ability to spread. Over 250 emm types have been iden- 

ified, with some, like the emm 1, linked to severe outcomes 

 2 , 3 ]. 
2

The emm types can be grouped into 48 emm clusters that share 

tructural and binding properties [ 4 ]. As protective antibodies can 

e generated against M protein, this protein represents one of the 

ost characterized vaccine candidates to date [ 5 ]. 

In recent decades, multiple reports have highlighted a global in- 

rease in the incidence of iGAS. As demonstrated by Villalón et al. 

here was already a rising trend in invasive S. pyogenes infections 

n Spain between 2007 and 2019, prior to the COVID-19 pandemic. 

everal studies also indicate a decline in iGAS incidence during the 

rst two years of the pandemic, followed by a significant and con- 

erning resurgence in the late months of 2022 and the first quarter 

f 2023 [ 6–8 ]. The reason for this outbreak appears to be multifac- 

orial, potentially including a more susceptible population after the 

ost-COVID-19 pandemic period, rather than by increased trans- 

ission per se, as well as a possible emergence of more virulent 

AS strains [ 9–12 ]. 

This increase in incidence was also associated with a high 

roportion of severe infections such as pneumonia, mediastinitis, 

rimary peritonitis and central nervous system (CNS) infections 

 7 , 13–15 ]. 

In Spain, iGAS is not a notifiable disease. However, we created a 

ediatric multicenter network registry (PedGAS-net) for the study 

f iGAS in children. The objective of this study was to provide a 

http://creativecommons.org/licenses/by/4.0/
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escription of epidemiology, microbiological characteristics, clinical 

eatures, treatment, and outcomes of iGAS in children, comparing 

ossible differences between two periods: pre-outbreak (P1) and 

utbreak (P2). 

ethods 

We included children with iGAS between January 1, 2019, and 

uly 31, 2023, enrolled in PedGAS-net, a multicenter prospective 

ational network with 51 collaborating Spanish hospitals launched 

n January 2019, aiming to study iGAS in patients ≤16 years old. 

articipants were excluded if they declined informed consent or 

ad incomplete data. iGAS was defined as an infection where GAS 

as identified by culture or PCR in a specimen obtained from a 

ormally sterile body site or when a clinical diagnosis of NF or 

TSS was supported by GAS detection from a non-sterile site isola- 

ion (Supplementary Material 2). Upper respiratory tract infections 

URTI) were defined as per the criteria outlined in Supplemen- 

ary Material 2. The testing for respiratory viruses was performed 

ased on clinician’s discretion, considering symptoms, patient his- 

ory, and local protocols. Only positive respiratory viral tests were 

vailable and included in the analysis. Although we do not have 

ata of the total number of patients tested, we thought it was an 

mportant information to report on cases where respiratory viruses 

ere isolated. Cases were defined as severe if the patient required 

dmission to a pediatric intensive care unit (PICU). 

GAS isolates were initially identified at the participating hospi- 

als through laboratory alerts to the attending healthcare providers. 

nce a child with iGAS was enrolled in the study, the site inves- 

igator contacted the corresponding Microbiology laboratory to re- 

rieve the isolate, which had been properly stored frozen according 

o local laboratory protocols for subsequent microbiological analy- 

is. Each center was subsequently requested to send the strains to 

he National Microbiology Center (CNM) for emm typing, antibiotic 

usceptibility testing, and whole genome sequencing (Supplemen- 

ary Material 2). Part of this microbiological data has been recently 

ublished by our group [ 13 ]. 

We established two periods to compare clinical characteris- 

ics and outcomes of patients; P1: pre-outbreak (January 2019- 

eptember 2022) and P2: outbreak (October 2022-July 2023). 

This study was approved by the Ethics Committee of the Gre- 

orio Marañón Hospital and ratified in all participating centers. 

he parents or legal guardians signed an informed consent prior 

o their inclusion in the study. 

Medical records were reviewed, and all data (including demo- 

raphics, laboratory, imaging, and clinical data), were collected 

nd managed using REDCap (Research Electronic Data Capture) 

atabase, hosted at the Gregorio Marañón Hospital [ 16 ]. 

tatistical analysis 

Data is summarized as frequencies and percentages for cat- 

gorical variables and medians and interquartile ranges (IQR) 

or continuous variables. The annual incidence rate of iGAS 

pisodes was calculated as the number of confirmed iGAS cases 

er 10 0,0 0 0 children aged ≤16 years who were attended at the 

ediatric emergency departments of the participating hospitals 

uring each calendar year. To calculate this annual incidence of 

GAS, we used the number of iGAS cases diagnosed at the 51 

articipating hospitals as the numerator, and the total number 

f children ≤16 years attended at the pediatric emergency de- 

artments of those hospitals each year as the denominator. The 

5% confidence intervals (CIs) for the annual incidence rates were 

alculated assuming a Poisson distribution. Categorical variables 

ere compared with χ ² or Fisher’s test, and continuous variables 

ith the Wilcoxon-Mann-Whitney test, due to the non-normal 
3

istribution of the sample, as assessed by the Shapiro-Wilk test. 

actors associated with severity were assessed using logistic re- 

ression. All the variables in the entire cohort with a p-value < 0.1 

n the univariate analysis of PICU admission and mortality were in- 

luded in a backward, conditional, stepwise, multivariable, logistic 

egression model. The general goodness of fit of the final models 

as analysed with Nagelkerke’s R-squared. The predictive ability 

f the final models was examined by calculating its area under 

he receiver operating characteristic (AUROC) curve with a 95% 

onfidence interval. Monthly case counts of invasive S. pyogenes 

nfections were plotted alongside national data on the incidence 

f influenza and respiratory syncytial virus (RSV) in Spain. Surveil- 

ance data for RSV and influenza were obtained from the Spanish 

iVIRA system (Surveillance of Acute Respiratory Infections), avail- 

ble at: https://cne.isciii.es/servicios/enfermedades-transmisibles/ 

nfermedades- a- z/gripe- covid- 19- y- otros- virus- respiratorios . All 

alculated p-values were two-sided, and an alpha level of 0.05 

as used to assess significance. Data were analyzed using Stata 

17 (StataCorp, College Station, TX). 

esults 

Five hundred and fifty-eight cases were included. All patients 

ere admitted to the hospital, and 307 (55.1%) were male with 

 median age of 43.9 months (IQR: 19.3-84.1 months). The aver- 

ge annual incidence rate was 13.6 cases per 10 0,0 0 0 children at- 

ended at the emergency departments (95% CI: 12.7-14.6), with a 

arked decrease during the COVID-19 pandemic and a sharp in- 

rease in 2022-2023. We observed an increase in iGAS that over- 

apped temporally with the influenza epidemic in Spain, and a 

maller earlier rise that coincided with the circulation of RSV, as 

hown in Figure 1 . Incidence peaked in winter (n = 252, 45.2%) and

as lower in summer (n = 64, 11.5%). 

Of the 558 patients, 178 (31.9%) were also diagnosed with an 

RTI within the last four weeks prior to iGAS diagnosis. Among 

ll patients, 64 (11.5%) had a virus detected: 49 (8.8%) influenza, 

 (1.2%) RSV, and 9 (1.6%) other respiratory viruses. Preceding 

rauma, wound or skin lesion was present in 7.5% (n = 42) of iGAS, 

ncluding four patients (0.7%) with varicella infection. 

Three hundred and twelve patients (312/558, 55.9%) had visited 

 healthcare center within 4 weeks before the diagnosis of iGAS. 

mong these 312 children, 62/312 (19.9%) received antibiotics. The 

ost frequent diagnoses for antibiotic prescription were acute 

treptococcal pharyngotonsillitis (18/62; 29.0%), acute otitis media 

15/62; 24.2%), cellulitis (7/62; 11.3%), and pneumonia (5/62; 8.1%). 

revious antibiotic treatment was associated with a lower rate of 

ICU admission (OR: 0.46 [95% CI: 0.27-0.78], P = 0 . 004), but not 

ith reduced mortality (OR: 0.65 [95% CI: 0.08-5.11], P = 0 . 676). 

Most patients (n = 495; 88.7%) had fever at iGAS diagnosis. The 

ost common clinical syndrome was pneumonia (n = 180, 32.3%); 

8,3% (105/180) complicated with pleural effusion. Skin and soft 

issue infection (n = 85, 15.2%) was the second most common syn- 

rome, followed by primary bloodstream infection (n = 67, 12.0%), 

astoiditis (n = 63, 11.3%), osteoarticular infection (n = 54, 9.7%), 

eep neck infection (n = 41, 7.3%) and CNS infection (n = 33, 5.9%). 

urthermore, 60 (10.8%) children had STSS, and 23 (4.1%) NF, with 

ight children having both complications. 

All patients received intravenous antibiotics. The average du- 

ation of antibiotic therapy was 19 days (IQR: 13-28). Pro- 

ein synthesis-inhibiting antibiotics with toxin-suppressing effects 

clindamycin or linezolid) were administered to 256 (45.9%) pa- 

ients, and intravenous immunoglobulin to 53 (9.5%) patients. Clin- 

amycin was far more frequently used than linezolid (251 vs 5 

ases). These antibiotics were more commonly used in severe cases 

NF, STSS, pneumonia, and sepsis), and in patients admitted to the 

ICU (Supplementary Material 3) 

https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades-a-z/gripe-covid-19-y-otros-virus-respiratorios
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Figure 1. Monthly number of pediatric invasive S. pyogenes cases reported through the PedGAS-net (blue bars, left axis), and national surveillance data on RSV (green 

line) and influenza (red line) incidence per 10 0,0 0 0 population in Spain (right axis), 2019-2023. Incidence of RSV and influenza obtained from the Surveillance of Acute 

Respiratory Infections (SiVIRA), https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades- a- z/gripe- covid- 19- y- otros- virus- respiratorios Data on RSV incidence 

has been available since October 2020. 
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A surgical procedure was required in 313 (56.5%) patients; 240 

n the first 24 hours of hospitalization. The median length of stay 

n hospital was 11 days (IQR: 7-17). 

Information on the occurrence of GAS infection among close 

ontacts was available for 506 (90.7%) cases. Within 30 days of 

he initial case, 3 of these close contacts (0.5%) developed a subse- 

uent GAS infection: all of them diagnosed with acute streptococ- 

al pharyngotonsillitis, with no cases of iGAS. 

GAS was most frequently isolated from blood (n = 222, 39.8%). 

he remaining isolates were obtained from pleural fluid (n = 149, 

6.7%), joint fluid/bone samples (n = 34, 6.1%), cerebrospinal fluid 

n = 10; 1.8%), and from other intraoperative specimens. In 70 cases 

12.5%), GAS was isolated from more than one site. All isolates 

ere susceptible to penicillin, and among isolates available for 

esting, 2.8% (14/493) were resistant to clindamycin, and 5.2% 

25/479) to erythromycin. 

Emm typing was available for 130/558 (23.3%) isolates (22 iso- 

ates in P1 and 108 isolates in P2), and 96 were sent to CNM for

hole genome sequencing. Among the typed isolates, fourteen dif- 

erent emm types were detected. The most common were emm 1 

73, 56.1%), emm 12 (36, 27.7%), emm 4 (6, 4.6%) and emm 6 (4, 3.1%),

ccounting for 91.5% of all typed isolates. Among the emm 1 strains 

equenced (n = 51), 29/51 (56.9%) were classified as M1global , and 

2/51 (43.1%) as M1UK. 

When comparing 2022 and 2023, based on the total number 

f emm types analyzed during this period (n = 116), the proportion 

f emm 1 isolates significantly increased from 26.5% (9/34) in 2022 

o 68.3% (56/82) in 2023 ( P < 0 . 001). Conversely, the proportion

f emm 12 decreased from 58.8% (20/34) in 2022 to 17.1% (14/82) 

n 2023 ( P < 0 . 001). These findings, although based on a subset

f isolates, suggest a possible shift in the distribution of circu- 

ating emm types. Table 1 summarizes the characteristics of iGAS 

pisodes according to emm types and subtypes, including clini- 

al syndromes, exotoxin gene profiles, antimicrobial resistance, and 

everity. 

A significant association was observed between the M1UK strain 

nd STSS, with 38.5% of M1UK cases presenting with STSS com- 

ared to 21.4% in the non-M1UK group (OR: 3.68, [95% CI: 1.07- 

2.58] P = 0 . 038) (Supplementary Material 4). The emm 1 genotype 

as also significantly associated with a higher risk of PICU admis- 

ion (66.2% in emm 1 vs 46.2% in non- emm 1, OR: 2.28, [95% CI: 1.12-

.63] P = 0 . 023), particularly among M1UK strains (27.7% in M1UK 

s 6.2% in non-M1 , OR: 5.84, [95% CI: 1.85-18.41] P = 0 . 003).
UK n  

4

he relationships between exotoxins and the requirement for PICU 

r mortality are detailed in Supplementary Material 5. 

Two hundred and forty-five (43.9%) patients were admitted 

o PICU, 94 (38.4%) required invasive mechanical ventilation, 75 

30.6%) received inotropic support, and 12 (4.9%) extracorporeal 

embrane oxygenation. The median length of stay in the PICU was 

 days (IQR: 3-9). Characteristics of patients and risk factors of 

ICU admission are summarized in Table 2 . Factors associated with 

ICU in the multivariate analysis were SSTS (adjusted OR (aOR): 

.49 [95% CI: 1.86-10.83]), pneumonia (aOR: 13.91 [95% CI: 8.63- 

2.43]), NF (aOR: 5.50 [95% CI: 1.82-16.57]), acute kidney failure 

aOR: 4.38 [95% CI: 1.10-17.46]), and evaluation by healthcare pro- 

essional before iGAS diagnosis (aOR: 1.81 [95% CI: 1.16-2.83]). The 

nal model reported an AUROC curve of 0.85 (95% CI 0.81-0.88) 

or PICU admission. Overall, the model demonstrated a good level 

oodness of fit, with a pseudo-R squared (Nagelkerke) of 0.475. 

 Table 2 ). 

Of the 558 patients included in the study, 31 (5.5%) de- 

eloped sequelae secondary to iGAS, including 9 who required 

imb amputation. In addition, 11 children (2.0%, [95% CI: 1.0%- 

.5%]) died. Outcome data were available for all patients. STSS 

aOR: 7.94 [95% CI: 1.92-32.88]), sepsis at the time of iGAS 

iagnosis (aOR: 5.55 [95% CI: 1.41-21.79]), and CNS infection 

aOR: 11.48 [95% CI: 1.76-75.01]) were associated in multivari- 

te analysis with increased mortality risk. The final model re- 

orted an AUROC curve of 0.92 (95% CI 0.86-0.98). Overall, 

he model demonstrated an acceptable level goodness of fit, 

ith a pseudo-R squared (Nagelkerke) of 0.307 (Supplementary 

aterial 6). 

omparison according to period 

There were significantly more iGAS in P2 (n = 357, average 35.7 

ases/month [95% CI: 20.6-50.8]) compared to P1 (n = 201, average 

.5 cases/month [95% CI 3.1-5.9]), ( P < 0 . 001). Indeed, February 

023 showed a 4.6-fold rise in incidence compared to the high- 

st average recorded in the preceding months ( Figure 1 ). Cases 

ere also more severe in P2, with significantly higher proportions 

f patients with CNS infection (7.8% vs 2.5%; P = 0 . 010), pneu- 

onia (38.4% vs 21.45%; P < 0 . 001), and sepsis (25.5% vs 15.4%;

 = 0 . 006). Moreover, a higher percentage of children were admit- 

ed to PICU in P2 (51.3% vs 30.8%; P < 0 . 001), with also more cases

eeding mechanical ventilation (21.0% vs 9.5%; P < 0 . 001) ( Table 3 ).

https://cne.isciii.es/servicios/enfermedades-transmisibles/enfermedades-a-z/gripe-covid-19-y-otros-virus-respiratorios
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Table 1 

Features of the fourteen emm types detected. 

emm types/ 

subtypes 

Strains (n,%) emm 

cluster a 
Secuence type (ST) 

correlation b 

(n/N,%) 

Infection Exotoxins b Antimicrobial 

resistance b 

(Type, n) 

PICU (n,%) Death (n,%) 

Type c n,% Gene profile n/N,% 

emm 1 

� 1.0 

� 1.3 

� 1.159 

73/130 (56.1%) 

47 (36.4%) 

25 (19.4%) 

1 (0.8%) 

A-C3 ST28 

(51/52, 98.1%) 

ST1357 

(1/52, 1.9%) 

Pneumonia 

OAI 

34 (46.6%) 

9 (12.3%) 

A-C-G-J-Z 

A-C-G-J-Z-sic 

A-G-J-Z-sic 

A-G-J-Z 

15/52, 28.8% 

14/52, 26.9% 

13/52, 25.0% 

10/52, 19.2% 

Not detected 43/73, 

58.9% 

3, 4.1% 

emm 12 

� 12.0 

� 12.37 

� 12.4 

� 12.19 

� 12.128 

36/130 (27.7%) 

24 (18.6%) 

8 (6.1%) 

2 (1.6%) 

1 (0.8%) 

1 (0.8%) 

A-C4 ST36 

(20/30, 66.7%) 

ST242 

(7/30, 23.3%) 

Pneumonia 

OAI 

12 (34.3%) 

9 (25.7%) 

C-G-H-I-Z 

G-H-I-Z 

C-G-H-I-Z-ssa 

Others 

20/30, 66.7% 

5/30, 16.7% 

3/30, 10.0% 

3/30, 10.0% 

TET, ERY, CLI 

(n = 1) 

ERY, CLI (n = 1) 

14/36, 

38.9% 

1, 2.8% 

emm 4.0 6/130 (4.6%) E1 ST39 

(4/4, 100%) 

Primary BSI 3 (50.0%) C-Z-ssa 4/4, 100% Not detected 1/6, 

16.7% 

No 

emm 6.0 4/130 

(3.1%) 

A-C d ST32 

(2/2, 100%) 

Pneumonia 2 (50.0%) A-C-G-H-I-K-Z 2/2, 100% Not detected 3/4, 

75.0% 

No 

emm 89.0 2/130 

(1.6%) 

E4 ST101 

(2/2, 100%) 

SSTI 

Mastoiditis 

1 (50.0%) 

1 (50.0%) 

C-G-K-Z 

C-G-Z 

1/2, 50% 

1/2, 50% 

Not detected No No 

emm 22.24 1/130 

(0.8%) 

E4 ST46 

(1/1, 100%) 

Pneumonia 1 (100%) A-G-Z-ssa 1/1, 100% Not detected 1/1, 

100% 

No 

emm28.0 1/130 

(0.8%) 

E4 ST458 

(1/1, 100%) 

Mastoiditis 1 (100%) C-G-J-K-Z 1/1, 100% Not detected No No 

emm 29 1/130 

(0.8%) 

A-C d - OAI 1 (100%) - - Not detected No No 

emm 31.12 1/130 

(0.8%) 

A-C5 ST365 

(1/1, 100%) 

Pneumonia 1 (100%) C-G-J-Z 1/1, 100% TET, ERY, CLI 

(n = 1) 

1/1, 

100% 

No 

emm 44.0 1/130 

(0.8%) 

E3 ST25 

(1/1, 100%) 

Mastoiditis 1 (100%) G-J-Z-ssa 1/1, 100% Not detected No No 

emm 60.11 1/130 

(0.8%) 

E1 SST53 

(1/1, 100%) 

SSTI 1 (100%) K 1/1, 100% TET (n = 1) No No 

emm 75 1/130 

(0.8%) 

E6 - Pneumonia 1 (100%) - - - 1/1, 

100% 

No 

emm 77 1/130 

(0.8%) 

E4 - OAI 1 (100%) - - - No No 

emm 87.0 1/130 

(0.8%) 

E3 ST62 

(1/1, 100%) 

DNI 1 (100%) G-J-K-Z-ssa 1/1, 100% Not detected 1/1, 

100% 

No 

a Sanderson-Smith et al . [ 3 ]. 
b Conducted only on the strains sent to National Microbiology Center (n = 96/130). 
c Most frequent clinical syndromes. 
d Single protein emm -cluster clade Y. 

BSI, bloodstream infection; CLI, clindamycin; DNI, deep neck infection; ERY, erythromycin; OAI, Osteoarticular infection; SSTI, skin and soft tissue infection; TET, tetracycline. 
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Table 2 

Characteristics of patients and risk factors of PICU admission. 

PICU (N = 245) Non-PICU (N = 313) OR (95% CI) aOR ∗ (95% CI) 

Demographics 

Gender (male) 135 (55.1%) 172 (55.1%) 1.00 (0.72-1.40) 

Age (months) 1 38.9 (17.8-75.8) 52.4 (21.3-90.8) 0.99 (0.99-1.00) 

Medical background 2 

Preceding trauma, wound or 

skin lesion 

8 (3.3%) 34 (10.9%) 0.28 (0.13-0.61) 

URTI 87 (35.5%) 91 (29.1%) 1.34 (0.94-1.92) 

Influenza virus infection 36 (14.7%) 13 (4.2%) 3.97 (2.06-7.68) 2.21 

(0.94-5.17) 

Previous consultation before 

diagnosis Consulted a medical 

center 

158 (64.5%) 154 (49.5%) 1.85 (1.31-2.61) 1.81 

(1.16-2.83) 

Previous antibiotic therapy 21 (8.6%) 53 (17.0%) 0.46 (0.27-0.78) 0.39 

(0.19-0.79) 

Symptoms at the time of iGAS diagnosis 

Fever 230 (93.9%) 265 (84.7%) 2.78 (1.52-5.09) 

Rash 51 (20.8%) 30 (9.6%) 2.48 (1.52-4.03) 1.76 

(0.95-3.27) 

Respiratory distress 129 (52.7%) 20 (6.4%) 16.29 (9.71-27.34) 

Functional 

impairment/arthralgia. 

27 (11.0%) 65 (20.8%) 0.47 (0.29-0.77) 

Protrusion of the auricle 6 (2.4%) 42 (13.4%) 0.16 (0.07-0.39) 

Cervical pain 9 (3.7%) 24 (7.7%) 0.46 (0.21-1.01) 

Laboratory parameters on admission 1 

White blood cell count 

(cells/mm3) 

15,475.0 

(8,000.0-22,390.0) 

16,060.0 

(12,000.0-20,100.0) 

1.00 (1.00-1.00) 

Neutrophil count (cells/mm3) 12,460.0 

(5,485.0-18,395.0) 

11,700.0 

(8,065.0-15,970.0) 

1.00 (1.00-1.00) 

CRP (mg/dl) 25.5 (16.1-37.1) 12.3 (5.9-22.9) 1.00 (1.00-1.00) 

Procalcitonin (mcg/L) 26.2 (7.2-91.7) 1.4 (0.2-8.2) 1.03 (1.02-1.04) 

emm 1 (%) 3 

M1UK (%) 4 

M1Global (%) 4 

43/130 (33.1%) 

18/96 (18.7%) 

15/96 (15.6%) 

30/130 (23.1%) 

4/96 (4.2%) 

14/96 (14.6%) 

2.28 (1.12-4.63) 

5.84 (1.85-18.41) 

1.09 (0.48-2.50) 

Clinical syndrome 

Pneumonia 

Pleural effusion 

147 (60.0%) 

96 (39.2%) 

33 (10.5%) 

9 (2.9%) 

12.73 (8.18-19.80) 

21.76 (10.61- 44.30) 

13.91 

(8.63-22.43) 

Skin and soft tissue infection 13 (5.3%) 72 (23.0%) 0.19 (0.10-0.35) 

Osteoarticular infection 9 (3.7%) 45 (14.4%) 0.23 (0.11-0.47) 

Mastoiditis 12 (4.9%) 51 (16.3%) 0.26 (0.14-0.51) 

Deep neck space infection 10 (4.1%) 31 (9.9%) 0.39 (0.19-0.81) 

CNS infection 15 (6.1%) 18 (5.8%) 1.07 (0.53-2.17) 

Sepsis 99 (40.4%) 23 (7.3%) 4.39 (2.60-7.38) 

Necrotizing fasciitis 18 (7.3%) 5 (1.6%) 4.88 (1.79-13.35) 5.50 

(1.82-16.57) 

STSS 51 (20.8%) 9 (2.9%) 8.88 (4.27-18.45) 4.49 

(1.86-10.82) 

Treatment and outcome 

Antibiotics with 

antitoxin-inhibiting properties 

on admission 

177 (72.2%) 79 (25.2%) 8.41 (5.56-12.73) 

IV immunoglobulin 49 (20.2%) 4 (1.3%) 19.13 (6.80-53.86) 

Total days of antibiotic therapy ¹ 22.0 (15.0-30.0) 14.0 (10.0-22.0) 1.05 (1.03-1.06) 

Acute kidney failure 25 (10.2%) 3 (1.0%) 11.74 (3.50-39.38) 4.38 

(1.10-17.46) 

Surgery 129 (52.9%) 184 (59.4%) 0.77 (0.55-1.08) 

Death rate 7 (2.9%) 4 (1.3%) 2.27 (0.66-7.85) 

1 Median [IQR]. 
2 Within the last four weeks prior to iGAS diagnosis. 
3 emm typing was available for 130 isolates (n = 130). 
4 Conducted only on the strains sent to Centro Nacional de Microbiología (n = 96/130). 

CNS, Central nervous system; CRP, C-reactive protein; iGAS, Invasive Group A Streptococcus; PICU, Pediatric intensive care unit; SSTI, Skin and soft tissue infection; STSS, 

Streptococcal toxic shock syndrome; URTI, Upper respiratory tract infection. 
∗ aOR, adjusted odds ratio for the variables included in the final predictive model for pediatric intensive care admission. Values in bold indicate statistical significance at 

P < 0.05. 
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iscussion 

In this multicenter study, we analyzed the evolving trend of 

GAS in children in Spain over the last years, including a pe- 

iod of two years post-COVID-19 pandemic. Our analysis revealed 

 sharp and alarming surge in iGAS cases starting in October 

022, reaching a peak incidence in February 2023. This outbreak 

eriod (P2) was characterized by a significant increase in se- 
6

ere clinical syndromes, including pneumonia, CNS infections, sep- 

is, SSTS, and other critical conditions, alongside increased PICU 

dmissions. 

The cause of this outbreak remains unclear. Some publications 

ave linked previous or concurrent viral respiratory tract infections 

o the development of iGAS [ 10 , 17–19 ]. In our study, approximately 

ne-third of cases had a history of URTI, including a small pro- 

ortion with influenza. In P2, we detected more pneumonia cases, 
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Table 3 

Comparison between pre-outbreak and outbreak periods. 

Total iGAS (N = 558) Pre-outbreak (P1: Jan 

2019- Sep 2022) (N = 201) 

Outbreak (P2: Oct 2022 - Jul 

2023) (N = 357) 

p-value 

Gender (male) 307 (55.1%) 119 (59.2%) 188 (52.8%) 0.145 

Age (months) 43.9 (19.3-84.1) 40.1 (18.7-82.7) 47.8 (19.5-84.1) 0.756 

Upper respiratory tract infection 178 (31.9%) 43 (21.4%) 135 (37.8%) < 0.001 

Varicella infection 4 (.7%) 4 (2%) 0 (0%) 0.007 

Laboratory parameters at admission1 

White blood cell count 

(cells/mm3) 

15,900.0 

(10,700.0-21,100.0) 

15,800.0 

(11,000.0-20,000.0) 

15,930.0 (10,400.0-22,025.0) 0.766 

Neutrophil count (cells/mm3) 11,946.0 

(7,545.0-17,200.0) 

11,700.0 

(7,510.0-16,330.0) 

12,100.0 (7,580.0-17,500.0) 0.737 

CRP level (mg/dl) 17.8 (9.4-31.1) 15.3 (7.3-27.5) 20.5 (10.6-32.9) 0.002 

Procalcitonin level (mcg/L) 9.8 (1.2-50.0) 9.7 (1.2-39.0) 9.8 (1.2-50.0) 0.558 

emm 12 73/130 (56.1%) 8 /22 (36.4%) 65/108 (60.2%) 0.046 

Clinical syndrome 

Pneumonia pleural effusion 180 (32.3%) 105 (18.8%) 43 (21.4%) 26 (12.9%) 137 (38.4%) 79 (22.1%) < 0.001 0.008 

SSTI 85 (15.2%) 46 (22.9%) 39 (10.9%) < 0.001 

Osteoarticular infection 54 (9.7%) 26 (12.9%) 28 (7.8%) 0.051 

Deep neck infection 41 (7.3%) 23 (11.5%) 18 (5.0%) 0.005 

CNS infection 33 (5.9%) 5 (2.5%) 28 (7.8%) 0.010 

Sepsis 122 (21.9%) 31 (15.4%) 91 (25.5%) 0.006 

STSS 60 (10.7%) 19 (9.5%) 41 (11.5%) 0.457 

Treatment and outcome 

Length of hospital stay 11.0 (7.0-17.0) 10.0 (6.0-17.0) 12.0 (7.0-17.5) 0.007 

Antitoxin antibiotic at admission 256 (45.9%) 71 (35.3%) 185 (51.8%) < 0.001 

Total antibiotic therapy days 19.0 (13.0-28.0) 15.0 (11.0-26.5) 21.0 (14.0-28.0) < 0.001 

Surgery 313 (56.5%) 103 (51.2%) 210 (59.5%) 0.060 

PICU admission 245 (43.9%) 62 (30.8 %) 183 (51.3%) < 0.001 

Mechanical ventilation 94 (16.8%) 19 (9.5%) 75 (21%) < 0.001 

Death 11 (2.0%) 3 (1.5%) 8 (2.2%) 0.542 

Median [IQR] for quantitative variables. 

CNS, central nervous system; CRP, C-reactive protein; iGAS, Invasive Group A Streptococcus ; PICU, Pediatric Intensive Care Unit; SSTI, Skin and soft tissue infection; STSS, 

Streptococcal toxic shock syndrome. 
2 emm typing was available for 130 isolates (n = 130). P values < 0.05 in bold. 
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ossibly associated with the temporal overlap with the influenza 

pidemic in Spain. However, it is important to note that only a 

mall proportion of patients were tested for influenza, and the 

bserved trend towards higher severity was limited by the small 

umber of patients tested. Therefore, while this suggests that vac- 

ination might help in the prevention of iGAS, further research is 

eeded to confirm this benefit. This finding is in line with other 

tudies reporting an association between influenza infection and 

ncreased severity of GAS disease [ 20 ]. Other considerations for 

his rise of incidence may include a large group of susceptible chil- 

ren after the COVID-19 lockdown, which has been defined as “im- 

unity debt”, or a more virulent GAS strain [ 21–23 ]. 

The most isolated emm types were emm 1 and emm 12, con- 

istent with others reports [ 8 , 11 , 24 , 25 ]. In 2023, emm 1 increased

o become the most frequent genotype, overtaking emm 12, which 

ad been dominant at the end of 2022. The dominance of emm 1 

s concerning because of its greater virulence and association 

ith more severe infections, which was also reflected in our data 

 11 , 17 , 21 , 26 ]. 

Beta-lactam antibiotics, especially penicillin, are the main treat- 

ent for GAS infections, since this bacterium remains univer- 

ally susceptible. Although an increase of clindamycin resis- 

ance has been shown in other countries, this was not ob- 

erved in our study [ 18 , 27 ]. In fact, both clindamycin and ery-

hromycin resistance showed a decreasing trend during the study 

eriod. 

Some international guidelines recommend considering the ad- 

ition of protein synthesis-inhibiting antibiotics that reduce bacte- 

ial toxin production (such as clindamycin or linezolid) in severe 

ases to decrease mortality [ 28–30 ]. However, no randomized con- 

rolled trials have demonstrated a clear mortality benefit for these 

reatments in iGAS. In our study, we observed that these antibi- 

tics were used more frequently during P2, likely reflecting the in- 
7

reased severity of cases (e.g., STSS, NF, and pneumonia with pleu- 

al effusion) and a higher number of patients requiring PICU ad- 

ission. This trend aligns with international guidelines, but further 

esearch is needed to clarify the morbidity and mortality benefits 

f adjunctive therapies. 

Eleven deaths (2%) occurred, a case fatality rate consistent with 

hose reported in other countries [ 8 , 24 , 25 ]. 

Close contacts of iGAS patients are at increased risk of devel- 

ping these infections [ 31 , 32 ]. In our cohort, where the policy on

lose contact prophylaxis varies by center and routine prophylaxis 

as not uniformly offered, we identified only three (0.5%) sec- 

ndary GAS cases (streptococcal pharyngotonsillitis) and no iGAS 

ases. While some experts recommend identifying and treating 

lose contacts, this remains controversial [ 30 ]. A review by Khan 

t al. found limited evidence supporting prophylaxis, while Birck 

t al. reported no infection rate differences but a threefold higher 

isk of adverse events with antibiotics [ 33 , 34 ]. 

No vaccine against GAS is currently available. Among the M 

rotein-based vaccines, StreptAnova, a 30-valent vaccine has com- 

leted a phase 1 clinical trial and was found to be immunogenic 

 5 ]. This vaccine covers [the] emm type of 128 out of the 130

trains of GAS isolates identified in our study (representing 14 dis- 

inct emm types overall; emm 60 and emm 31 would not be cov- 

red), resulting in 98.5% coverage [ 35 ]. 

Our study has some limitations. First, emm type data from all 

atients included in the study was not available, and the ma- 

ority belongs to P2. Second, GAS is not a notifiable infection 

n Spain and, therefore, we were not able to describe trends in 

on-invasive presentations. Additionally, the multivariate analysis 

f mortality risk is limited by the small number of patients in- 

luded, which impacts the statistical power and generalizability 

f the findings. Furthermore, information on the total number of 

atients tested for respiratory viruses was not systematically col- 
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ected across all centers. However, testing was performed based 

n clinician discretion, typically in patients with respiratory symp- 

oms, and guided by local institutional protocols. On the other 

and, the study has several important strengths, such as its mul- 

icenter design, encompassing most of Spain’s leading hospitals, 

nd a high number of cases evaluated. Also, its prospective man- 

er of identifying patients makes the data presented here more 

eliable. 

onclusions 

In Spain, a significant surge in pediatric iGAS began in October 

022, reaching its highest peak in February 2023. This outbreak 

as also marked by a rise in severe illnesses, such as pneumonia, 

NS infections, and sepsis, with PICU admissions increasing by 1.7- 

old. Pneumonia, acute kidney failure, NF, STSS, and previous visit 

o a healthcare center before iGAS diagnosis correlated to greater 

isease severity, resulting in more admissions to the PICU. No new 

AS strains were identified during the study period, with emm 1 

nd emm 12 remaining the most prevalent serotypes. However, it is 

mportant to highlight the increase in emm 1 in 2023 and its associ- 

ted severity, particularly due to the M1UK subtype. Making iGAS a 

otifiable disease in Spain could improve the detection of invasive 

ases, strengthen epidemiological surveillance, and support timely 

ublic health responses. 

unding source 

This work was partially funded by the Centro de Investigación 

iotecnológica en Red de Enfermedades Infecciosas (CIBERINFEC: 

M23/INFEC/3). 

thical approval statement 

This study was approved by the Ethics Committee of the Gre- 

orio Marañón Hospital and ratified in all participating centers. 

he parents or legal guardians signed an informed consent prior 

o their inclusion in the study. 

eclaration of competing interest 

The authors have no conflicts of interest relevant to this article 

o disclose. 

uthor contributions 

EC-V, DA-A, CC, and JS-L conceptualized and designed the study. 

C-V and DA-A performed the data management. EC-V, DA-A, CC, 

nd JS-L drafted the manuscript. All authors enrolled participants 

nd participated in the collection of data. All authors were involved 

n the preparation and review of the final manuscript. All authors 

articipated and were involved in the critical review of the final 

anuscript. 

cknowledgments 

We thank all the patients and families, the staff members who 

ared for them, and the researchers included in PedGAS-net Work- 

ng Group. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.ijid.2025.107982 . 
8

eferences 

[1] Shulman ST, Heald-Sargent T, Tanz RR. Streptococcus pyogenes (Group A Strep- 

tococcus). In: Principles and Practice of Pediatric Infectious Diseases . Elsevier; 

2023. p. 732–740.e2. doi: 10.1016/B978- 0- 323- 75608- 2.00118- X . 
[2] Villalón P, Sáez-Nieto JA, Rubio-López V, Medina-Pascual MJ, Garrido N, 

Carrasco G, et al. Invasive Streptococcus pyogenes disease in Spain: a 
microbiological and epidemiological study covering the period 2007-2019. 

Eur J Clin Microbiol Infect Dis 2021; 40 :2295–303. doi: 10.1007/s10096-021- 
04279-2 . 

[3] Brouwer S, Rivera-Hernandez T, Curren BF, Harbison-Price N, De Oliveira DMP, 

Jespersen MG, et al. Pathogenesis, epidemiology and control of group A 
Streptococcus infection. Nat Rev Microbiol 2023; 21 :431–47. doi: 10.1038/ 

s41579- 023- 00865- 7 . 
[4] Sanderson-Smith M, De Oliveira DMP, Guglielmini J, McMillan DJ, Vu T, 

Holien JK, et al. A systematic and functional classification of Streptococcus pyo- 
genes that serves as a new tool for molecular typing and vaccine development. 

J Infect Dis 2014; 210 :1325–38. doi: 10.1093/infdis/jiu260 . 
[5] Fan J, Toth I, Stephenson RJ. Recent scientific advancements towards a 

vaccine against group A Streptococcus. Vaccines 2024; 12 :272. doi: 10.3390/ 

vaccines12030272 . 
[6] Barnes M, Youngkin E, Zipprich J, Bilski K, Gregory CJ, Dominguez SR, et al. 

Notes from the field: increase in pediatric invasive group A Streptococcus infec- 
tions — Colorado and Minnesota, October-December 2022. MMWR Morb Mortal 

Wkly Rep 2023; 72 :265–7. doi: 10.15585/mmwr.mm7210a4 . 
[7] Cobo-Vázquez E, Aguilera-Alonso D, Carrasco-Colom J, Calvo C, Saavedra- 

Lozano J, Calvo C, et al. Increasing incidence and severity of invasive group 

A streptococcal disease in Spanish children in 2019–2022. Lancet Region Health 
- Europe 2023; 27 :100597. doi: 10.1016/j.lanepe.2023.100597 . 

[8] Nygaard U, Hartling UB, Munkstrup C, Nielsen AB, Dungu KHS, Schmidt LS, 
et al. Invasive group A streptococcal infections in children and adolescents 

in Denmark during 2022-23 compared with 2016-17 to 2021-22: a nation- 
wide, multicentre, population-based cohort study. Lancet Child Adoles Health 

2024; 8 :112–21. doi: 10.1016/S2352- 4642(23)00295- X . 

[9] Zhi X, Li HK, Li H, Loboda Z, Charles S, Vieira A, et al. Emerging invasive group
A Streptococcus M1 UK lineage detected by Allele-Specific PCR, England, 20201. 

Emerg Infect Dis 2023; 29 . doi: 10.3201/eid2905.221887 . 
[10] Lassoued Y, Assad Z, Ouldali N, Caseris M, Mariani P, Birgy A, et al. Unexpected

increase in invasive group A streptococcal infections in children after respira- 
tory viruses outbreak in France: a 15-year time-series analysis. Open Forum 

Infect Dis 2023; 10 :ofad188. doi: 10.1093/ofid/ofad188 . 

[11] Guy R, Henderson KL, Coelho J, Hughes H, Mason EL, Gerver SM, et al. Increase
in invasive group A streptococcal infection notifications, England, 2022. Euro 

surveillance 2023; 28 . doi: 10.2807/1560-7917.ES.2023.28.1.2200942 . 
12] Baker RE, Park SW, Yang W, Vecchi GA, Metcalf CJE, Grenfell BT. The impact

of COVID-19 nonpharmaceutical interventions on the future dynamics of en- 
demic infections. Proceed Natl Acad Sci 2020; 117 :30547–53. doi: 10.1073/pnas. 

2013182117 . 

[13] Mellado-Sola I, Cobo-Vázquez E, Calvo-Fernandez A, Cervantes E, Coca A, 
Calderón-Llopis B, et al. Mediastinitis secondary to invasive infection by 

group A streptococcus in Spain. Eur J Pediatr 2023; 183 :503–7. doi: 10.1007/ 
s00431- 023- 05288- 3 . 

[14] Cobo-Vázquez E, Aguilera-Alonso D, Rello-Saltor V, Gamell A, Mellado-Sola I, 
Oltra-Benavent M, et al. Central nervous system infection by group a STREP- 

TOCOCCUS in children in Spain (2019-2023). Pediat Infect Dis J 2024. doi: 10. 

1097/INF.0 0 0 0 0 0 0 0 0 0 0 04 4 43 . 
[15] Taylor A, Elliott BM, Atkinson J, Roberts S, Voss L, Best EJ, et al. Group A

streptococcus primary peritonitis in children, New Zealand. Emerg Infect Dis 
2023; 29 . doi: 10.3201/eid2911.230211 . 

[16] Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The RED-
Cap consortium: building an international community of software platform 

partners. J Biomed Inform 2019; 95 :103208. doi: 10.1016/j.jbi.2019.103208 . 
[17] Ramírez De Arellano E, Saavedra-Lozano J, Villalón P, Jové-Blanco A, 

Grandioso D, Sotelo J, et al. Clinical, microbiological, and molecular character- 

ization of pediatric invasive infections by Streptococcus pyogenes in Spain in a 
context of global outbreak. mSphere 2024; 9 e00729-23. doi: 10.1128/msphere. 

00729-23 . 
[18] De Gier B, Van De Kassteele J, Van Asten L, Schoffelen AF, Hooiveld MISIS-AR

study group. Attribution of invasive group A streptococcal infections (iGAS) to 
predisposing viral infections, the Netherlands, 2010 to 2023. Eurosurveillance 

2024; 29 . doi: 10.2807/1560-7917.ES.2024.29.40.2300739 . 

[19] Wrenn K, Blomquist PB, Inzoungou-Massanga C, Olufon O, Guy RL, Hatzi- 
ioanou D, et al. Surge of lower respiratory tract group A streptococcal in- 

fections in England in winter 2022: epidemiology and clinical profile. Lancet 
2023; 402 :S93. doi: 10.1016/S0140- 6736(23)02095- 0 . 

20] Sinnathamby MA, Warburton F, Guy R, Andrews N, Lamagni T, Watson C, 
et al. Epidemiological impact of the pediatric live attenuated Influenza vac- 

cine (LAIV) program on group A Streptococcus (GAS) infection in England. Open 

Forum Infect Dis 2023; 10 :ofad270. doi: 10.1093/ofid/ofad270 . 
21] Johannesen TB, Munkstrup C, Edslev SM, Baig S, Nielsen S, Funk T, et al. In-

crease in invasive group A streptococcal infections and emergence of novel, 
rapidly expanding sub-lineage of the virulent Streptococcus pyogenes M1 

clone, Denmark, 2023. Eurosurveillance 2023; 28 . doi: 10.2807/1560-7917.ES. 
2023.28.26.2300291 . 

22] From “Immunity Debt” to “Immunity Theft”—How COVID-19 Might Be Tied to 

Recent Respiratory Disease Surges | Allergy and Clinical Immunology | JAMA 

https://doi.org/10.1016/j.ijid.2025.107982
https://doi.org/10.1016/B978-0-323-75608-2.00118-X
https://doi.org/10.1007/s10096-021-penalty -@M 04279-2
https://doi.org/10.1038/s41579-023-00865-7
https://doi.org/10.1093/infdis/jiu260
https://doi.org/10.3390/vaccines12030272
https://doi.org/10.15585/mmwr.mm7210a4
https://doi.org/10.1016/j.lanepe.2023.100597
https://doi.org/10.1016/S2352-4642(23)00295-X
https://doi.org/10.3201/eid2905.221887
https://doi.org/10.1093/ofid/ofad188
https://doi.org/10.2807/1560-7917.ES.2023.28.1.2200942
https://doi.org/10.1073/pnas.2013182117
https://doi.org/10.1007/s00431-023-05288-3
https://doi.org/10.1097/INF.0000000000004443
https://doi.org/10.3201/eid2911.230211
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1128/msphere.00729-23
https://doi.org/10.2807/1560-7917.ES.2024.29.40.2300739
https://doi.org/10.1016/S0140-6736(23)02095-0
https://doi.org/10.1093/ofid/ofad270
https://doi.org/10.2807/1560-7917.ES.2023.28.26.2300291


E. Cobo-Vázquez, D. Aguilera-Alonso, D. Grandioso-Vas et al. International Journal of Infectious Diseases 159 (2025) 107982

[  

[  

[

[

[  

[  

[

[

[  

[

[  

[

[

| JAMA Network n.d. https://jamanetwork.com/journals/jama/article-abstract/ 
2814028 (accessed January 29, 2025). 

23] Lorenz N, James A, Van Rooyen T, Paterson A, Ramiah C, Carlton LH, et al.
Decline of antibodies to major viral and bacterial Respiratory pathogens dur- 

ing the COVID-19 pandemic. J Infect Dis 2024; 231 :e77–81. doi: 10.1093/infdis/ 
jiae611 . 

24] Abo Y-N, Oliver J, McMinn A, Osowicki J, Baker C, Clark JE, et al. Increase
in invasive group A streptococcal disease among Australian children coin- 

ciding with northern hemisphere surges. Lancet Region Health - Western Pac 

2023; 41 :100873. doi: 10.1016/j.lanwpc.2023.100873 . 
25] Peetermans M, Matheeussen V, Moerman C, De Rydt F, Thieren S, Pollet E, 

et al. Clinical and molecular epidemiological features of critically ill patients 
with invasive group A Streptococcus infections: a Belgian multicenter case- 

series. Ann Intensive Care 2024; 14 :19. doi: 10.1186/s13613- 024- 01249- 7 . 
26] Gouveia C, Bajanca-Lavado MP, Mamede R, Araújo Carvalho A, Rodrigues F, 

Melo-Cristino J, et al. Sustained increase of paediatric invasive Streptococcus 

pyogenes infections dominated by M1UK and diverse emm12 isolates, Por- 
tugal, September 2022 to May 2023. Eurosurveillance 2023; 28 . doi: 10.2807/ 

1560-7917.ES.2023.28.36.2300427 . 
27] Li H, Zhou L, Zhao Y, Ma L, Zhang H, Liu Y, et al. Epidemiological anal-

ysis of group A streptococcus infection diseases among children in Bei- 
jing, China under COVID-19 pandemic. BMC Pediatr 2023; 23 :76. doi: 10.1186/ 

s12887- 023- 03885- 7 . 

28] Babiker A, Li X, Lai YL, Strich JR, Warner S, Sarzynski S, et al. Effective-
ness of adjunctive clindamycin in β-lactam antibiotic-treated patients with 

invasive β-haemolytic streptococcal infections in US hospitals: a retrospec- 
tive multicentre cohort study. Lancet Infect Dis 2021; 21 :697–710. doi: 10.1016/ 

S1473- 3099(20)30523- 5 . 
9

29] Carapetis JR, Jacoby P, Carville K, Ang S-JJ, Curtis N, Andrews R. Effectiveness of 
clindamycin and intravenous immunoglobulin, and risk of disease in contacts, 

in invasive group A streptococcal infections. Clin Infect Dis 2014; 59 :358–65. 
doi: 10.1093/cid/ciu304 . 

30] Laho D, Blumental S, Botteaux A, Smeesters PR. Invasive Group A strepto- 
coccal infections: benefit of clindamycin, intravenous immunoglobulins and 

secondary prophylaxis. Front Pediatr 2021; 9 :697938. doi: 10.3389/fped.2021. 
697938 . 

31] Enkel SL, Barnes S, Daw J, Pearson E, Thomas HMM, Lansbury N, et al. Sys-

tematic review of household transmission of strep A: a potential site for pre- 
vention that has eluded attention. J Infect Dis 2024:jiae136. doi: 10.1093/infdis/ 

jiae136 . 
32] Mearkle R, Saavedra-Campos M, Lamagni T, Usdin M, Coelho J, Chalker V, et al. 

Household transmission of invasive group A Streptococcus infections in Eng- 
land: a population-based study, 2009, 2011 to 2013. Eurosurveillance 2017; 22 . 

doi: 10.2807/1560-7917.ES.2017.22.19.30532 . 

33] Khan F, Bai Z, Kelly S, Skidmore B, Dickson C, Nunn A, et al. Effectiveness
and safety of antibiotic prophylaxis for persons exposed to cases of inva- 

sive group A streptococcal disease: a systematic review. Open Forum Infect Dis 
2022; 9 :ofac244. doi: 10.1093/ofid/ofac244 . 

34] Birck MG, Moura CS, Winthrop KL, Machado MAA, Neville A, Bernatsky S. 
Choosing wisely: effectiveness and safety of antibiotic prophylaxis in close 

contacts of invasive group A streptococci infection. Clinical Infectious Diseases 

2024:ciae524. doi: 10.1093/cid/ciae524 . 
35] Dale JB, Penfound TA, Chiang EY, Walton WJ. New 30-valent M protein- 

based vaccine evokes cross-opsonic antibodies against non-vaccine serotypes 
of group A streptococci. Vaccine 2011; 29 :8175–8. doi: 10.1016/j.vaccine.2011.09. 

005 . 

https://jamanetwork.com/journals/jama/article-abstract/2814028
https://doi.org/10.1093/infdis/jiae611
https://doi.org/10.1016/j.lanwpc.2023.100873
https://doi.org/10.1186/s13613-024-01249-7
https://doi.org/10.2807/1560-7917.ES.2023.28.36.2300427
https://doi.org/10.1186/s12887-023-03885-7
https://doi.org/10.1016/S1473-3099(20)30523-5
https://doi.org/10.1093/cid/ciu304
https://doi.org/10.3389/fped.2021.697938
https://doi.org/10.1093/infdis/jiae136
https://doi.org/10.2807/1560-7917.ES.2017.22.19.30532
https://doi.org/10.1093/ofid/ofac244
https://doi.org/10.1093/cid/ciae524
https://doi.org/10.1016/j.vaccine.2011.09.005

	Sharp increase in the incidence and severity of invasive Streptococcus pyogenes infections in children after the COVID-19 pandemic (2019-2023): A nationwide multicenter study
	Introduction
	Methods
	Statistical analysis

	Results
	Comparison according to period

	Discussion
	Conclusions
	Funding source
	Ethical approval statement
	Declaration of competing interest
	Author contributions
	Acknowledgments
	Supplementary materials
	References


