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Summary
Background After lifting non-pharmaceutical interventions (NPIs) against the transmission of SARS-CoV-2, various 
countries experienced an increase in invasive Group A Streptococcal (iGAS) infections. We aimed to characterise the 
paediatric outbreak across Europe and to analyse the influence of viral infections.

Methods We conducted an interrupted time-series analysis based on data from 15 European countries from the 
PEGASUS consortium. We assessed the evolution of the number of iGAS cases aged 1 month to 18 years 
between 01/01/2018 and 03/31/2024, comparing the post-NPIs period (01-04-2022 until 31-03-2024) to the 
baseline period (01-01-2018 until 31-03-2020). Further analyses were performed by country, clinical phenotype, 
age and severity, including sensitivity analyses. We then explored whether certain iGAS phenotypes correlated 
with trends in RSV, influenza and VZV across countries over time using Google Trends data.

Findings We included 2091 iGAS cases over the study period; 79 children (3.6%) died and 580 (27.7%) required 
PICU admission. We estimated an overall increase of +229.8% (95% CI (141.9–341.6)) among iGAS cases from 
October 2022 to March 2024, compared to the baseline period. The observed increases varied across clinical 
phenotypes, ranging from +62.7% (95% CI (8.3–157.9)) for osteo-articular infections to +238.7% (95% CI 75.8–464.8) 
for pneumonia. We observed a strong correlation between the incidence of iGAS pneumonia and RSV (Rho: 0.57, 
95% CI [0.11–0.79]) and influenza (Rho 0.69, 95% CI 0.35–0.87); and between skin and soft tissue infections and 
VZV (Rho: 0.73, 95% CI [0.42–0.89]).

Interpretation The patterns observed across Europe during this outbreak demonstrate an association between 
respiratory viruses as well as VZV, and iGAS.

Funding This study has received funding from ESPID, INOPSU and the Northwest Clinics. The COPP study group 
was supported by grants of the Dutch National Health Council (ZonMW) project number 10430072110007 and the 
Christine Bader Foundation.
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Introduction
Group A Streptococcal disease (iGAS) is estimated to 
cause 198.000 deaths worldwide, 1 mostly among 
children and the elderly. Group A Streptococcus (GAS), 
commonly referred to as Streptococcus pyogenes, is 
associated with a broad clinical spectrum, ranging from 
asymptomatic carriage to invasive disease, with pre-
sentations including septic arthritis, streptococcal toxic 
shock syndrome, and meningitis. The ability for GAS to

invade depends on host, bacterial and environmental 
factors. As an example, viral co-infections 2,3 have been 
previously associated with iGAS.
During the COVID-19 pandemic, non-pharmaceutical 

interventions (NPIs) were implemented worldwide to 
reduce the spread of SARS-CoV-2 with major impacts on 
the frequency of other viral or bacterial infections in 
children and adults. 4–7 Although a decrease in infections 
was observed during the implementation of NPIs, 8 after
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lifting NPIs, important outbreaks of respiratory viruses 9,10 

(Respiratory Syncytial Virus (RSV), Influenza) and 
invasive bacterial infections 11 were reported in many 
countries.
The end of 2022 was marked by alerts from several 

public health agencies 12 regarding unusually high 
numbers of iGAS infections in the paediatric popula-
tion. Since then, several studies have described this 
iGAS outbreak. 13–15 However, the underlying mecha-
nisms driving this outbreak remain incompletely 
understood.
The aim of this study was to characterise these iGAS 

outbreaks at a large-scale multinational level and to 
explore the potential role of the unprecedented rise in 
viral infections in driving this outbreak across Europe 
in the context of lifting NPIs.

Methods
Setting, study design and inclusion criteria
We conducted an interrupted time-series analysis based 
on data from a multinational observational cohort study 
of paediatric iGAS infections, the PEGASUS consortium.
We included all patients aged 1 month to 18 years 

old, admitted to one of the participating centres and 
diagnosed with an iGAS infection.
An iGAS infection was defined as 1) a clinical 

presentation consistent with iGAS (such as sepsis, 
septic shock, streptococcal toxic shock syndrome

(defined according to CDC 2010), 16 meningitis, pneu-
monia, osteoarticular infection, myositis, necrotising 
fasciitis) and the isolation of GAS by culture, molecular 
detection by PCR or antigen detection test from a nor-
mally sterile body site; or 2) a clinical presentation 
consistent with necrotising fasciitis or streptococcal 
toxic shock syndrome with isolation of GAS from a 
non-sterile body site, with no evidence for another 
pathogen explaining the clinical presentation. For this 
study, clinical phenotypes were not exclusive, and 
patients could be diagnosed with one or more clinical 
phenotypes.

The PEGASUS consortium
The participating centres were all part of the Paediatric 
European Group A Streptococcus United Study 
(PEGASUS) consortium, a research network set up in 
2023 to investigate iGAS cases in children across 
Europe. The consortium consists of tertiary/academic, 
teaching as well as non-teaching/district general 
hospitals across 17 European countries, of which 15 
provided data for this specific study (See Appendix 1). 
The consortium aims to aid in early recognition and to 
describe the incidence, risk factors, clinical phenotypes, 
microbiology and resistance, treatment and outcomes 
for iGAS in children across Europe.
Individual sites have entered data into the secured 

PEGASUS database. For these individual study sites,

Research in context

Evidence before this study
At the end of 2022, several public health agencies raised 
alerts regarding an unusual increase in invasive group A 
streptococcal (iGAS) infections among children. We searched 
PubMed for studies investigating clinical manifestations and 
epidemiology of iGAS infections in children aged 0–18 years, 
published before April 30, 2025, on outbreaks between 2018 
and 2024, written in English. We used the search terms: 
“invasive group A streptococcus” AND “paediatric” AND 
“Outbreak” and synonyms of the previously mentioned 
terms. Several studies described increased paediatric iGAS 
incidence and explored potential drivers, such as the 
emergence of more virulent emm-types and reduced 
population immunity following periods of non-
pharmaceutical interventions (NPIs) during the COVID-19 
pandemic. The potential role of viral co-infections in 
predisposing to iGAS has been highlighted in both recent 
and pre-pandemic studies. However, most prior reports were 
based on single-country data.

Added value of this study
This time series analysis compared the dynamics of different 
iGAS clinical phenotypes between European countries in the 
recent outbreak and explored the potential influence of

seasonal viruses in driving this outbreak. To our knowledge, 
this is the largest European study population investigating 
iGAS disease.
Our findings demonstrate heterogeneity in iGAS clinical 
presentations across countries and suggest that increases in 
iGAS pneumonia were temporally associated with RSV and 
influenza activity, while skin and soft tissue iGAS infections 
tracked with VZV trends. This multi-country approach 
strengthens the evidence for viral co-circulation as a 
potential trigger for iGAS and provides insight into regional 
variation in disease burden and presentation.

Implications of all the available evidence
These findings support existing hypotheses that disruptions 
in viral transmission dynamics—such as those caused by 
NPIs—may influence iGAS epidemiology. Future pandemic 
preparedness should account for how changes in the 
circulation of common viral pathogens could influence the 
incidence of secondary bacterial infections, especially among 
vulnerable paediatric populations. Targeted immunisation 
strategies against viruses such as RSV, influenza, and VZV 
could play a role in reducing the burden of iGAS and should 
be considered as part of broader infectious disease 
prevention frameworks.
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data were collected retrospectively from January 2018 to 
April 2023, and prospectively from April 2023 onwards, 
with prospective data collection still ongoing. Data on 
baseline characteristics, symptoms and vital functions 
at first presentation, diagnosis, treatment and outcome 
(death, PICU admission, long term sequelae, days of 
hospitalisation) were collected. In addition to the indi-
vidual study sites, several existing European registries— 
both regional and national, and either retrospective or 
prospective in nature—that had initially collected data 
independently, have joined the PEGASUS consortium. 
Data from these registries were then combined with the 
PEGASUS database after joining the consortium (see 
Appendix 1). Several aspects of the data collection—such 
as antibiotic and IVIG treatment, differences in clinical 
practices between countries (e.g., post-exposure prophy-
laxis), and variation in emm types—will be addressed in 
future papers.

Study periods
For this study, the study period spans from January 1, 
2018, to March 31, 2024. The intervention was defined 
as the implementation of NPIs against SARS-CoV-2. To 
define the dates of the different study periods, we used 
the stringency index developed by Our World In Data 17 

during the pandemic. This index is a composite mea-
sure based on nine response indicators including 
school closures, workplace closures and travel bans, 
rescaled to a value from 0 to 100 (100 = strictest). By 
March 2022, most of the participating countries (12/15) 
had a low stringency index (<40% for the total popula-
tion weighted according to SARS-CoV-2 vaccination 
status rules).
This allowed us to define three periods for the 

further analyses (See Appendix 2): the baseline period, 
the NPIs period and the post-NPI period. The baseline 
period spans from January 1st, 2018, to March 31st, 
2020. The NPIs period spans from April 1st, 2020, to 
March 31st , 2022. The post-NPIs period spans from April 1st, 
2022, to March 31st, 2024.

Data on respiratory viruses and VZV
For each participating country, data on the evolution of 
respiratory viruses (RSV and influenza) and VZV epi-
demics were obtained using Google Trends data 
searches from January 1st, 2018, to March 31st, 2024. 
Google Trends data are given by month and represent 
the relative search interest for a specified topic in a 
given country and time period: the month assigned a 
value of 100 is the one with the highest search volume 
during the study period; the other months are 
expressed as a percentage relative to this maximum. 18 

To study the epidemiological trend of infectious dis-
eases, Google Trends data have shown to be reliable 
proxies of laboratory-confirmed data or Emergency 
Department (ED) visits; particularly in terms of tem-
poral accuracy as well as relative magnitude of viral

circulation. 19–23 This means they can be used to estimate 
the timing and relative intensity of viral epidemics. 
Moreover, Google Trends provides previously validated 
topics rather than raw search terms. In our case, we 
used the topic “bronchiolitis” as a proxy for RSV 23 ; “flu” 
for influenza 24 and “chickenpox” for VZV. 25 Topics are 
considered more reliable than keywords, as they cap-
ture various spelling variants, acronyms, and trans-
lations across languages-which is particularly relevant 
in a multi-country European study. (See Appendix 3). 
To account for differences in national search behaviour, 
we first extracted country-specific Google Trends data 
and calculated the average monthly search index across 
countries, resulting in a composite European trend for 
each viral infection. We then correlated this composite 
indicator with the monthly crude number of iGAS cases 
(e.g., pneumonia or SSTI), aggregated across the same 
countries. To assess the validity of using Google 
Trends data in the context of our study, we obtained 
syndromic and microbiological surveillance data for 
RSV, influenza, and VZV from a subset of participating 
countries 26–30 and assessed the correlation between 
national surveillance data and search volumes at a 
national level.

Outcome measure
The main outcome was the monthly number of iGAS 
infections over time assessed by interrupted time-series 
analysis models at a multinational level.
Secondary outcomes included the evolution of 

number of iGAS cases in subgroups: (i) at national 
levels in countries including more than 50 cases, (ii) by 
age-group (under 2 years-old, between 2 and 5 years-
old, older than 5 years-old), (iii) by clinical phenotype 
(categorised as: bacteraemia or sepsis including strep-
tococcal toxic shock syndrome (STSS), ear-nose-throat 
(ENT) infection or abscess, skin and soft tissue 
infections (SSTI) including necrotising fasciitis, pneu-
monia and pleural empyema and osteoarticular infec-
tion, see Appendix 4) and (iv) by severity of each case 
(general paediatric ward hospitalisation or paediatric 
intensive care unit (PICU) hospitalisation).

Statistical analysis
We first described the general characteristics of the 
patients. To assess whether the impact of the in-
terventions differed by age group, country, clinical 
phenotype, or disease severity, we performed a Type II 
analysis of deviance (ANOVA). Subsequently, we con-
ducted interrupted time-series analyses to evaluate the 
evolution of iGAS infection numbers in Europe 
following the lifting of NPIs. Interrupted time series 
analyses allow to estimate the fitted value of the num-
ber of observed iGAS infections after the lifting of 
NPIs, compared to a counterfactual scenario in which 
no NPIs were implemented, based on the baseline 
period parameters. The outcome was analysed using a
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multilevel negative binomial regression model taking 
into account the heterogeneity across countries and 
accounting for seasonality, secular trend and over-
dispersion of data. 31,32 The time unit of one month was 
chosen. Monthly case counts were aggregated by 
country. Time variables and seasonal harmonics were 
included as covariates. Two intervention indicators and 
their post-intervention time trends were modelled to 
capture changes associated with NPIs implementation 
and lifting. The model incorporated a random intercept 
for countries to account for clustering. The validity of 
the multilevel regression model was assessed by visual 
inspection of correlograms and residual analysis 
(See Appendix 5).
We assumed that the introduction of NPIs had an 

immediate effect, while their lifting would not lead to 
an immediate rebound, but rather a delayed response. 
To reflect this assumption in the model, we introduced 
a 6-month lag period (April 1st–September 30th, 2022) 
following lifting NPIs, during which no immediate 
change was expected. This period was included in the 
time series but without modelling a change in level or 
slope, to account for a plausible delayed effect. The 
overall increase in cases during the post-NPIs period 
was then assessed from October 1st, 2022, to March 
31st, 2024. Confidence intervals were estimated via 
parametric bootstrap by simulating model coefficients 
from their estimated covariance matrix, recalculating 
the predicted increases over multiple iterations.
A range of sensitivity analyses were performed to 

assess the robustness of the findings of the model. We 
performed different types of regressions to test the 
overdispersion of data: (i) using a 3-segment linear 
segmented regression; (ii) using a single level binomial 
negative model, (iii) using a quasi-Poisson regression 
model accounting for 9- and 12- month seasonality. 
Finally, we did not include the 6-month lag period 
and calculated the overall increase during the entire 
post-NPIs period using the main multilevel negative 
binomial regression.
The main multilevel model was also used for 

secondary analysis based on multi-country data (by age-
group; clinical phenotype and severity of the cases). 
However, to investigate country-specific effects and 
address overdispersion more directly within each 
context, separate quasi-Poisson models were fitted for 
each country.
Then, to explore the relationship between the 

various clinical phenotypes of iGAS and viral dynamics, 
we performed Pearson correlation tests between the 
trends of RSV, influenza and VZV and the overall 
monthly number of specific iGAS phenotypes of iGAS 
(pulmonary and SSTI cases). Moreover, exploratory 
analyses were performed on the other clinical pheno-
types included in this study.
All centres (except Iceand, 17 cases) participated in 

all time points. Analyses were performed on complete

datasets only. All statistical tests were two-sided, with 
p < 0.05 considered statistically significant. All analyses 
were performed using R statistical software, version 
4.1.1 (http://www.R-project.org).

Ethics
The study protocol was approved by the Medical 
Research Ethics Committees United (MEC-U) in the 
Netherlands and the local institutional review board of 
each participating centre. As this was an observational 
study, the participants did not undergo an intervention 
for research purposes, and exclusively anonymous data 
were collected in a secured database, this study was 
exempt from informed consent by the local institutional 
review board of most participating centres. In some of 
the participating centres, the local institutional review 
board required informed consent, which was then 
obtained for all patients (See Appendix 1). Some 
national sites collected pseudonymous data from pro-
spectively included participants with informed consent, 
but limited, aggregated and anonymous data was used 
for the current study).

Role of the funding source
The funders of the study did not have any role in the 
design of the study, data collection, data analysis, inter-
pretation of the results or writing of the manuscript.

Results
General characteristics of the population
We included a total of 2091 paediatric iGAS cases 
over the study period among 15 European countries. 
Children aged under two years accounted for 22.3% 
(466/2003) of the study cases, while those between 
2 and 5 years accounted for 21.5% (449/2091) and 
34.2% (716/2091) for those over 5 years. Among the 
cases, 580/2091 (27.7%) required PICU admission and 
79/2091 (3.7%) deaths at 30 days were reported 
(See Table 1).
Overall, the distribution of cases across age cate-

gories, participating countries, and clinical phenotypes 
varied significantly over the three time periods 
(see Table 1). Missing values were less than 0.5% for all 
variables, except for age, which was only available in age 
categories for patients from the Dutch Consortium and 
ENT or abscesses which was not available for the 
Danish cohort.

Epidemiological evolution of iGAS during the post-
NPIs period
During the study period, we observed an important 
decrease in iGAS cases during the NPIs period, 
followed by a strong increase during the post-NPIs 
period, especially during winter 2022–2023. We esti-
mated a +229.8% (95% CI: [141.9–341.6]) increase in 
iGAS cases from October 2022 to March 2024 as
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compared to what would have been expected if no NPIs 
had been implemented, accounting for previous trends 
and heterogeneity between countries (See Fig. 1). This 
finding was supported by sensitivity analyses 
(See Table 2). 
The increase varied across age groups, with a 

stronger estimated increase among older chil-
dren: +397.2% (95% CI: [188.1–693.3]) compared to 
younger children (See Appendix 6–8). Moreover, 
during the post-NPIs period, differences were 
observed in the increase of iGAS cases across 
countries: ranging from +159.0% (95% CI: [−32.9 to 
351.0]) in the United Kingdom, to +451.7% (95% 
CI: [228.9–674.4]) in Switzerland (See Appendix 7 
and 9).

Among the clinical phenotypes, the increase in 
iGAS cases ranged from +62.7% (95% CI: [−8.3 to 
157.9]) for osteoarticular cases to +238.0% (95% CI: 
[75.8–464.8]) for pulmonary cases (See Table 2 and 
Fig. 2). Furthermore, the clinical phenotype that 
showed the greatest increase varied between countries 
(See Appendix 10). For example, the increase primarily 
involved pulmonary cases in the Netherlands and the 
United Kingdom, whereas in countries such as 
Denmark, Latvia, and Switzerland, it mainly involved 
SSTI cases. Paediatric ED visits and hospital admis-
sions in 2023 for each hospital are shown in Appendix 
11. Finally, similar ranges of increases were observed 
among the different levels of severity of the iGAS cases 
(See Appendix 7 and 8).

NUMBER OF CASES, N (%)

Total Baseline period a NPIs period a Post-NPIs period a ANOVA b

All iGAS cases 2091 511 136 1444 –
Cases aged under 2 466 (22.3) 141 (27.6) 26 (19.1) 299 (20.7) Х 2 = 2.9

p-value = 0.02Cases aged 2–5 449 (21.5) 108 (21.1) 36 (26.5) 305 (21.1)

Cases older than 5 716 (34.2) 172 (33.7) 29 (21.3) 515 (35.7)

Missing data for age 460 (22.0) 90 (17.6) 45 (33.1) 325 (22.5)
Austria 22 (1.1) 7 (1.4) 3 (2.2) 12 (0.8) Х 2 = 17.8

p-value <0.001Belgium 6 (0.3) 1 (0.2) 2 (1.5) 3 (0.2)

Denmark 128 (6.1) 43 (8.4) 7 (5.1) 78 (5.4)

France 72 (3.4) 18 (3.5) 2 (1.4) 52 (3.6)

Greece 42 (2.0) 7 (1.4) 1 (1.0) 34 (2.4)

Iceland 17 (0.8) 0 (0) 0 (0.0) 17 (1.2)

Italy 12 (0.6) 3 (0.6) 0 (0.0) 9 (0.6)

Latvia 198 (9.5) 59 11 (8.1) 128 (8.9)

Netherlands 541 (25.9) 108 51 (37.5) 382 (26.5)

Poland 8 (0.4) 3 (0.6) 0 (0.0) 5 (0.3)

Portugal 179 (8.6) 49 (11.5) 4 (2.9) 126 (8.7)

Spain 129 (6.2) 42 (8.6) 14 (10.3) 73 (5.1)

Slovenia 46 (2.2) 12 (2.5) 3 (2.2) 31 (2.1)

Switzerland 531 (25.4) 106 (20.7) 24 (17.6) 401 (27.8)

United Kingdom 160 (7.7) 53 (10.4) 14 (10.3) 93 (6.4)
Bacteriemia and sepsis cases (including STSS) 797 (38.1) 211 (41.3) 53 (39.0) 533 (36.9) Х 2 = 24.8

p-value <0.001STSS cases 93 (4.4) 20 (3.9) 8 (5.9) 65 (4.5)

ENT and abscess cases 534 (25.5) 129 (25.2) 27 (19.9) 378 (26.2)

SSTI (including necrotizing fasciitis) 443 (21.2) 100 (19.6) 35 (25.7) 308 (21.3)

Necrotizing fasciitis cases 87 (4.2) 16 (3.1) 3 (2.2) 68 (4.7)

Pneumonia cases 473 (22.6) 108 (21.1) 21 (15.4) 344 (23.8)

Osteo-arthritis cases 337 (16.1) 90 (17.6) 26 (19.1) 221 (15.3)

Meningitis cases 81 (3.9) 20 (3.9) 2 (1.5) 59 (4.1)
General ward admission 1483 (70.9) 375 (73.4) 105 (77.2) 1003 (69.5) Х 2 = 3.2 p-value = 0.07 
Intensive care unit admission 580 (27.7) 124 (24.3) 31 (22.8) 425 (29.4)

Missing data for admission type 28 (1.3)
Death 79 (3.8) 17 (3.3) 8 (5.9) 54 (3.7) –

Abbreviations: NPIs, non-pharmaceutical interventions; iGAS, invasive Group A streptococcus; ENT, Ear–Nose-Throat; STSS, Streptococcal Toxic Shock Syndrome; SSTI, 
Skin and soft tissue infection. a For the study, we defined three study periods: the baseline period: from January 1st, 2018, to March 31st, 2020, the NPIs period from April 
1st, 2020, to March 31st, 2022, and the post-NPIs period: from October 1st, 2022, to March 31st, 2024. b To test whether the effect of the intervention differed by age 
groups, countries, clinical phenotypes, or severity, we performed a Type II analysis of deviance (ANOVA).

Table 1: Characteristics of iGAS cases across 15 European countries from January 1st 2018 to March 31st 2024, N = 2091.
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Correlation between the evolution of respiratory 
virus, VZV and clinical phenotypes of iGAS
We observed a strong to very strong correlation between 
the evolution of Google Trends search data for “bron-
chiolitis,” “flu,” and “varicella” and the syndromic or 
microbiological national surveillance data for RSV, 
influenza, and varicella in a subgroup of countries. The 
Pearson’s correlation coefficients between Google 
Trends and National surveillance data ranged from 0.66 
(CI 0.51–0.77) to 0.95 (CI 0.92–0.97) for varicella, from 
0.38 (CI 0.09–0.61) to 0.69 (CI 0.49–0.82) for influenza 
(laboratory confirmed, syndromic or both) and from 
0.34 (CI 0.12–0.52) to 0.73 (CI 0.58–0.83) for bron-
chiolitis (laboratory confirmed and syndromic) 
(Appendix 12–15). The correlation to respiratory viruses 
and VZV varied across clinical phenotypes. A strong 
Pearson correlation was observed between the evolution 
of VZV and the number of iGAS SSTI cases (Rho: 0.73, 
95% CI [0.42–0.89]) during the post-NPIs period,

whereas the Pearson correlation was lower and non-
significant between respiratory viruses and SSTI 
cases. On the other hand, we observed a strong Pearson 
correlation between respiratory viruses and the number 
of pneumonia iGAS cases during the post-NPIs period 
(influenza Rho: 0.69 95% CI [0.42–0.89] and RSV Rho: 
0.57; 95% CI [0.11–0.79]) and a lower and non-
significant Pearson correlation to VZV infections (See 
Table 3 and Fig. 3). See Appendix 16 for exploratory 
analyses examining the associations between respira-
tory viruses, VZV and the other clinical phenotypes 
included in the study.

Discussion
This multinational study of the 2022–2023 iGAS 
outbreak estimated an overall increase of +297% of 
iGAS cases during the post-NPIs period compared to 
the pre-pandemic period and unveiled important vari-
ation of clinical phenotypes across European countries.

Fig. 1: Evolution of the monthly number of iGAS cases from January 1st, 2018, to March 31st, 2024, assessed by interrupted time 
series analyses, N = 2091. For the study, we defined three study periods: the baseline period: from January 1st, 2018, to March 31st, 2020, 
the NPIs period from April 1st, 2020, to March 31st, 2022, and the post-NPIs period: from October 1st, 2022, to March 31st, 2024. The effect 
of the implementation of NPIs was considered immediate, while the effect of their lifting was considered delayed and not expected to be 
immediate. Thus, we defined a lag period of 6 months from April 1st to September 30th 2022, highlighted in grey. The black line corresponds 
to the observed monthly number of iGAS cases. The red line corresponds to the fitted value of the monthly number of cases with its 95% 
confidence interval. The dashed blue line and its 95% confidence interval corresponds to the expected number of iGAS cases during the post-
NPIs period, if no NPIs had been implemented. Abbreviation: NPIs, Non-pharmaceutical interventions; iGAS, invasive Group A streptococcus.
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These variations seem to be related to differences in the 
evolution of VZV and respiratory viruses (RSV and 
influenza) cases across European countries during the 
post-NPIs period, highlighting the relationship between 
viral dynamics and iGAS evolution.
Our findings are in line with several other studies 

describing an increase in paediatric iGAS. 13–15 In addi-
tion to an increase in paediatric iGAS cases, several 
studies have described a similar increase in adult cases 
of iGAS as well. Studies comparing adults and children 
showed that respiratory infections were more 
frequently observed in paediatric patients, whereas 
non-respiratory infections, such as SSTI, were more 
common in adults. 33 Preceding viral infections were 
reported more often in children than in adults. 3 Most 
children with invasive GAS disease had been previously 
healthy with no underlying conditions, while the 
majority of adults had chronic comorbidities. Although 
ICU admission rates were higher in children, mortality 
was higher among adults. 33

The recent surge in paediatric invasive group A 
streptococcal (iGAS) infections likely results from a 
combination of environmental, host and pathogen fac-
tors– and their interaction. First, our findings are 
consistent with the hypothesis that immune debt played 
a contributory role in the outbreak 34 secondary to the 
implementation of NPIs. Reduced exposure to common 
respiratory viruses as well as to GAS during the 
COVID-19 pandemic, 8 is likely to have diminished 
population-level immunity. During the post-NPIs 
period, an increase in GAS carriage was described. 35,36 

The increase in carriage is likely to have contributed

to the increase in invasive GAS, as genetic similarities 
in strains were found previously. 36 In line with this, a 
decrease in non-invasive GAS was observed during the 
pandemic, followed by an increase in non-invasive GAS 
in the post-NPIs period. In a previous study, at a 
country level, the magnitude of the reduction in pae-
diatric respiratory tract infections cases during the 
implementation of NPIs was associated with the extent 
of the subsequent increase after their lifting. 37 

Furthermore, a strong correlation was observed be-
tween respiratory viruses and pulmonary iGAS cases, 
with the increase being particularly pronounced among 
pulmonary cases, which is consistent with previous 
reports in both children and adults. 3,33,38 Consequently, 
the strong outbreaks of respiratory viruses, the reduced 
level of population immunity as well as the increase in 
GAS carriage 35 during the post-NPIs period may have 
provided ideal circumstances for this iGAS outbreak. 
Second, viral infections might facilitate bacterial 

invasion of GAS. Several potential mechanisms have 
been proposed to explain how VZV might increase the 
risk of iGAS: the lesions damage the skin barrier and 
facilitate the invasion of GAS, or VZV infection may 
lead to a temporary disruption of the immune system, 
increasing the host’s susceptibility to invasive bacterial 
infections such as iGAS. 39 The same kind of mecha-
nisms may be involved between respiratory viruses and 
GAS. 40 Here, we highlight the epidemiological rela-
tionship between, several clinical phenotypes of iGAS 
and RSV, influenza and VZV. Third, several bacterial 
factors affecting GAS virulence, including super-
antigens, toxin profiles and emm types, 41 may have 
played a role in the recent surge. Emm types are genetic 
variations of the emm gene that encodes the M protein 
in GAS and are used to classify GAS strains. 15 In a 
future publication, our study group will examine the 
emm types in greater detail, as this analysis was beyond 
the scope of the current study. Together, the interaction 
between environmental changes, host susceptibility and 
alterations in pathogen characteristics in the context of 
lifting NPIs, is likely to have shaped this iGAS outbreak 
in Europe.
The observed variation in clinical presentations 

between countries warrants further exploration. Several 
hypotheses may explain these differences. First, varia-
tion in case ascertainment due to differences in hospital 
admission policies, type of participating centres (e.g., 
tertiary versus secondary), or clinical thresholds for 
suspecting and testing for iGAS in specific disease 
entities, may have introduced selection bias. Second, 
differences in circulating emm types could play a role, 
as associations between specific emm types and certain 
types of infection have been reported. Third, healthcare-
seeking behaviour may vary between countries, with 
some types of infections prompting hospital visits in an 
earlier phase than others, which then may be managed 
in outpatient settings. Fourth, community antibiotic

Overall increase 
during post-NPIs 
period a

95% CI

All iGAS cases +229.8% 141.9–341.6
Sensitivity analysis n ◦ 1: linear segmented regression +223.9% 89.9–358.0
Sensitivity analysis n ◦ 2: single level negative
binomial regression

+265.8% 81.1–450.6

Sensitivity analysis n ◦ 3: quasi-Poisson regression with 
9- and 12- month seasonality

+297.9% 157.1–438.7

Sensitivity analysis n ◦ 4: without lag period +221.1% 137.0–331.5
Bacteriemia and sepsis cases (including STSS) +177.2% 78.2–299.6
ENT and abscess cases +177.1% 59.9–351.6
SSTI (including necrotizing fasciitis) +83.9% 9.5–184.1
Pulmonary cases +238.0% 75.8–464.8
Osteo-articular cases +62.7% −8.3–157.9

The overall increase is calculated as the overall difference between the modulization of the outcome during 
the post-NPI period and the counterfactual scenario—if no NPIs had been implemented—accounting for the 
trend of the pre-NPIs period. Abbreviations: NPIs, non-pharmaceutical interventions; iGAS, invasive Group A 
streptococcus; ENT, Ear–Nose-Throat; STSS, Streptococcal Toxic Shock Syndrome; SSTI, Skin and soft tissue 
infection. a For the study, we defined three study periods: the baseline period: from January 1st, 2018, to March 
31st, 2020, the NPIs period from April 1st, 2020, to March 31st, 2022, and the post-NPIs period: from October 
1st, 2022, to March 31st, 2024.

Table 2: Overall increase in the monthly number of iGAS cases during the post-NPIs period, 
associated to sensitivity analyses and subgroup analysis by clinical phenotypes of iGAS, N = 2091.
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Fig. 2: Evolution of the monthly number of iGAS cases by clinical phenotypes from January 1st 2018 to March 31st 2024 assessed by 
interrupted time series analyses. a: Bacteriemia and sepsis, including STSS (N = 797); b: ENT and abscesses cases (N = 534); c: Osteo-articular
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prescribing practices could mask or suppress respira-
tory iGAS presentations prior to hospital admission, 
particularly if antibiotics are more commonly pre-
scribed for respiratory symptoms. Fifth, differences in 
viral co-circulation and timing of seasonal epidemics 
may affect the incidence of specific disease entities 
associated with iGAS in some regions. Sixth, national 
immunization policies—such as universal varicella 
and/or influenza vaccination offered to all children in 
some countries—may influence the clinical spectrum 
of iGAS.

Implications for clinical practice and further 
research
The correlation between viruses and iGAS identified in 
this study gives rise to the hypothesis that vaccinating 
against viral infections, such as influenza, RSV and 
VZV may represent a potential public health strategy to 
reduce the burden of iGAS in children. This is espe-
cially relevant since a vaccine for GAS is not yet avail-
able. However, the potential impact of viral vaccines on 
iGAS incidence remains uncertain. For instance, 
although previous studies have shown a decline in 
varicella-related iGAS following the introduction of 
VZV vaccination, the overall incidence of iGAS did not 
decrease. 42,43 Furthermore, as RSV immunisation will 
primarily protect infants in their first year of life, it is 
unlikely to contribute to herd immunity. Prospective 
studies are therefore needed to assess whether univer-
sal vaccination strategies against these viruses will 
actually impact the burden of iGAS in children. 
Increases in GAS outbreaks following lifting NPIs in 

the context of COVID-19, and possibly in future pan-
demics of novel respiratory viruses, highlights the 
importance of strengthening awareness and timely 
notification to improve early recognition and

management. Further research on virulence factors, 
such as the M-protein and superantigens, is imperative 
to enhance comprehension of iGAS pathogenicity and 
outbreaks.

Strengths and limitations
To our knowledge this is the largest multinational 
paediatric consortium investigating iGAS disease. The 
large study population and multinational design are 
major strengths of this study. All participating centres 
used the same definition for iGAS disease, adding to 
the internal and external validity of our study. 
Furthermore, ongoing prospective surveillance is a key 
quality of this study.
The study also has some limitations. First, as this is 

an observational study, no causal relationship between 
viral infections and iGAS cases can be established, and 
similar patterns could be found between other patho-
gens. However, we performed correlation analyses be-
tween the circulation of specific viruses and the clinical 
phenotypes of iGAS. These analyses revealed a corre-
lation in time and level between these viruses and 
specific clinical phenotypes of iGAS, suggesting that 
respiratory viruses and VZV may contribute differently 
to the epidemiology of specific clinical phenotypes of 
iGAS. Second, although this consortium comprises a 
substantial number of countries across Europe, not 
every European country was represented. Furthermore, 
the number of participating hospitals per country var-
ied, as in some countries it was a national or regional 
registry while in other countries individual hospitals 
participated; however, the total number of countries 
and patients was large enough to analyse the relation-
ship between viruses and some clinical phenotypes of 
iGAS. Indications for microbiological testing, in pa-
tients presenting with pneumonia for example, cases 
can differ between countries, which might explain 
variations in clinical phenotypes per country. Vaccina-
tion schedules, especially regarding varicella and 
influenza vaccination, differ between the participating 
countries, which probably could have impacted the 
observed numbers of clinical phenotypes per country, 
such as pneumonia and SSTI cases. Moreover, we 
performed interrupted time series analysis taking into 
account the multi-country aspect of the data. Third, due 
to our definition of iGAS including only sterile cultures, 
less severe cutaneous cases, such as cellulitis where the 
pathogen is often not confirmed, might not have been

cases (N = 337); d: Pneumonia cases (N = 473); e: Cutaneous cases, including necrotizing fasciitis (N = 443). For the study, we defined three 
study period: baseline period (January 1st, 2018, to March 31st, 2020), NPIs period (April 1st, 2020, to March 31st, 2022), and post-NPIs 
period (October 1st 2022 to March 31st, 2024.) The effect of the lifting of NPIs was considered delayed, thus, we defined a lag period of 
6 months (April 1st to September 30th, 2022). The black line corresponds to the observed monthly number of iGAS cases. The red line 
corresponds to the fitted value of the monthly number of cases with the 95% confidence interval. The dashed blue line and its 95% 
confidence interval corresponds to the expected number of iGAS cases during the post-NPIs period, if no NPIs had ever been implemented. 
Abbreviation: NPIs, Non-pharmaceutical interventions; iGAS, invasive Group A streptococcus; ENT, Ear-Nose-throat; STSS, streptococcal toxic 
shock syndrome; SSTI, Skin and soft tissue infections.

Correlation between SSTI iGAS cases Pneumonia iGAS cases

Rho 95% CI p-value Rho 95% CI p-value

Influenza 0.19 −0.28–0.59 0.43 0.69 0.35–0.87 <0.001

RSV 0.08 −0.38–0.52 0.72 0.57 0.11–0.79 0.01

VZV 0.73 0.42–0.89 <0.001 0.31 −0.16–0.67 0.19

Abbreviations: NPIs, non-pharmaceutical interventions; iGAS, invasive Group A streptococcus; SSTI, Skin and 
soft tissue infection. Bold entities indicate p < 0.05.

Table 3: Pearson correlation tests between virus (Influenza, RSV and varicella) epidemiological 
trend and SSTI (N = 443) or pneumonia (N = 473) cases during the post-NPIs period.
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included. Although we still observed a correlation 
between SSTI cases and VZV, the actual correlation 
might be stronger than we identified. Fourth, although 
our consortium includes four countries with universal 
VZV immunization programs, assessing the impact of 
these strategies on SSTI cases was not feasible within 
our current analysis. Since these vaccination programs 
were already in place by 2018, there was no change in 
vaccination policy during the study period, limiting our 
ability to evaluate their effect using a population-level 
time series approach. However, as the study con-
tinues to recruit prospectively, future analyses will be

possible, particularly as the United Kingdom and 
Slovenia have recently introduced universal VZV 
vaccination programs. Fifth, having access to individual 
microbiological or nationally confirmed laboratory data 
for RSV, influenza, or VZV would have strengthened 
the findings of this study. However, dedicated national 
surveillance systems for these viruses exist in only a few 
of the 15 participating countries. As a result, correlating 
national surveillance data with the epidemiological 
trends of various iGAS phenotypes within each country 
was not feasible. Previous studies have shown that 
Google Trends data correlate accurately with national

Fig. 3: Correlation between the evolution of viruses (Influenza, RSV and varicella) and clinical phenotypes of iGAS. a: Evolution of iGAS 
pneumonia cases (N = 473), Influenza and RSV from January 1st, 2018, to March 31st, 2024. b: Graphical representation of the Pearson 
correlation between the monthly number of iGAS pneumonia cases and the relative trend of viruses (Influenza, RSV and VZV) during the post 
NPIs period. c: Evolution of SSTI iGAS cases (N = 443) and VZV from January 1st, 2018, to March 31st, 2024. d: Graphical representation of 
the Pearson correlation between the monthly number of SSTI iGAS cases and the relative trend of viruses (Influenza, RSV and VZV) during the 
post NPIs period. Abbreviations: NPIs, non-pharmaceutical interventions; iGAS, invasive Group A streptococcus; SSTI, Skin and soft tissue 
infection.
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surveillance data and ED visits for respiratory infections 
such as influenza and RSV. 19–23 To validate our 
approach using Google Trends data we compared na-
tional surveillance data from a subset of countries with 
their corresponding Google Trends search data and 
observed mostly strong to very strong correlations. This 
methodology uniquely enabled us to link the evolution 
of certain clinical iGAS phenotypes at a European 
multi-country level to the epidemiological trends of 
respiratory viruses and VZV. Sixth, the implementation 
of NPIs varied across countries in both timing and in-
tensity. Although we did not define separate dates for 
NPI implementation and lifting for each participating 
country, the multilevel negative binomial regression 
model, which includes a random intercept for country, 
allows baseline levels and trends to vary across 
countries. Seventh, our study did not account for pop-
ulation adherence to NPIs; however, the methodology 
remained consistent across all countries over time. 
Eighth, healthcare seeking behaviour and access to 
medical help may have differed throughout the study 
period due to the pandemic and therefore delays in 
diagnosis or hospital presentation could have occurred. 
However, the estimates of the increase in cases 
requiring ICU did not statistically differ from cases 
admitted to wards. Ninth, the use of composite cate-
gories for several clinical phenotypes may have intro-
duced some heterogeneity, however, efforts were made 
to harmonize definitions across countries through 
broader composite categories to allow for meaningful 
aggregation without compromising core clinical 
distinctions.
In conclusion, taking advantage of a large multina-

tional surveillance system of iGAS, the PEGASUS 
consortium, this study highlighted the differences in 
magnitude and clinical phenotypes involved in the 
2022–23 iGAS outbreak across countries in Europe, 
supporting the role of viruses as potential drivers of this 
outbreak.
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