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Abstract 

Background Despite the worldwide increasing incidence of Group A Streptococcus (GAS) infections reported 
since December 2022, data on noninvasive GAS (nGAS) infections in the post COVID-19 era are limited. By a self-
reported survey performed in an outpatient setting, we investigated the number and clinical features of GAS 
infections, the diagnostic work-up and the type of treatment utilized. In addition, the rate of influenza vaccination 
was evaluated.

Methods In June 2023 family pediatricians involved in the study sent the survey to parents of patients aged 0–16 
years. The survey included questions on GAS infections that occurred from January 1 to May 31, 2023.

Results Among 3580 children, 20.3% had a GAS infection (0,8% < 1 year, 16,4% 1–3 years, 42,3% 3–6 years, 26,5% 6–9 
years, 11,4%, 9–12 years, and 2,6% 12–16 years). Symptoms reported were sore throat (76.9%), fever (75.2%), tonsillar 
exudate (25.2%), lymphadenopathy (21.8%), and scarlet fever (14.7%). A single patient was hospitalized due to GAS 
meningitis.

Twenty four percent of children had more than one GAS infection. In this group, frequencies of symptoms reported 
in the first and in the following infection were similar, except for fever and scarlet fever which were less frequent 
during relapses. GAS was identified by rapid antigen detection test in 81.0% of children. Eighty-nine per cent of chil-
dren were treated with antibiotics, mostly amoxicillin/clavulanate (40.4%) and amoxicillin (39.4%). Thirty four percent 
of children received influenza vaccine. No difference was observed among immunized and not immunized regard-
ing the number and characteristics of GAS infection. 

Conclusions We reported a certain prevalence of nGAS infections in children, mainly those aged 3–6 years age, 
who were mostly characterized by a low score of symptoms, and in most of the cases diagnosed and treated using 
a microbiological test as confirmatory tool.

In this new clinical setting, a national study would be useful to reach more significant data for the definition of a cor-
rect diagnosis and clinical management of nGAS infections in children. Moreover, it is important to improve flu 
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vaccination campaign and coverage to protect children from coinfections that could worsen the disease and misdi-
agnose the etiology of pharyngitis.

Keywords Group A Streptococcus infection, GAS, Children, Pharyngitis, Antibiotics, Influenza, COVID-19, Pandemic

Background
Streptococcus pyogenes, also called Lancefield group A 
streptococcus (GAS), is a ubiquitous gram-positive coc-
cus that can colonize the human skin and the nasophar-
ynx. However, multiple subtypes exist and differ in terms 
of the virulence factors responsible for the GAS patho-
genesis and the broad clinical spectrum of disease [1].

Epidemiologically, GAS can be classified into more than 
220 emm (M) types, based on the amino terminal gene 
sequence of the surface-exposed M protein, which shows 
different patterns of regional and global distribution [2].

Streptococci typically account for approximately one-
third of acute pharyngitis cases, with the majority being 
secondary to viral pathogens [3]. The pharynx of chil-
dren represents the primary GAS reservoir, spreading in 
temperate climates mostly in winter and spring. Trans-
mission generally occurs via droplets, leading mainly to 
superficial or non-invasive infections (nGAS), such as 
pharyngitis and impetigo, or locally invasive skin infec-
tions and local suppurative complications. GAS is unfre-
quently responsible for invasive infections (iGAS) and 
for toxin-mediated or immune-mediated manifestations 
[4], causing almost 500 000 deaths worldwide every year 
[5]. Despite being mainly benign, if not promptly and  
adequately treated, GAS infection can develop severe dis-
ease and sequelae, as in the case of acute rheumatic fever, 
which severely impacts health and economic burden [6, 7].

During the COVID-19 pandemic, containment meas-
ures for SARS-CoV-2 diffusion, led to a reduction in the 
incidence of respiratory infections [8], including GAS 
disease [9]. However, since December 2022, an unusual 
increase in incidence rates of scarlet fever and iGAS 
infections has been reported by several countries across 
Europe, together with a relevant number of deaths in 
children under 10 years of age [10–15]. It has been 
hypothesized that the observed increase could be attrib-
uted to a lack of immunity due to reduced GAS exposure 
especially in younger children. The concomitant increase 
in respiratory syncytial virus (RSV) and seasonal influ-
enza might also have contributed to the development of 
complicated forms [13, 16].

Despite the generally increasing incidence of GAS 
infections, data on nGAS infections in the post 
COVID-19 era are limited. Indeed, epidemiological 
studies capturing the full spectrum of GAS disease are 

challenging. In Italy, GAS surveillance only involves 
notification in cases of scarlet fever and invasive forms, 
and it is not possible to track the overall number of 
nGAS infections.

Here, we used a self-report survey to investigate the 
number and clinical features of nGAS observed in the 
first five months of 2023. The survey was promoted by 
family pediatricians working in the Italian territory, 
who diagnose and manage uncomplicated infectious 
diseases daily and were among the first to observe the 
increasing diffusion of GAS infections affecting young 
patients.

In this study, we aimed to assess the prevalence of 
GAS infections and to characterize the clinical mani-
festations, relapse of infections, diagnostic work-up and 
treatment of children belonging to the Lazio Region, in 
the middle of Italy. In addition, since influenza coin-
fection could be a risk factor for the development of a 
severe GAS disease or complications, the rate of influ-
enza vaccination was also investigated.

Methods
Study population and design
Italian family pediatricians of FIMP (Federazione Itali-
ana Medici Pediatri- Italian Pediatrician Federation), 
working in the Lazio Region, were involved in the 
study. In May 2023, those pediatricians were invited 
to participate via email. Clinicians who agreed to par-
ticipate, sent the survey to all the parents/caregivers of 
the children they assisted (aged 0-16 years)  through 
the messaging service  Pediatotem®-Lviiier srl, a digital 
platform developed to conduct epidemiological stud-
ies among family pediatricians and parents (https:// 
pedia totem. it/ home/). The survey included questions 
on GAS infections that occurred from January 1 to May 
31, 2023. If a recurrent GAS infection, but not the first 
infection, occurred during the study period, the par-
ticipant was excluded from the analysis. The first and 
second reminders were sent by email 14 days and one 
month later, respectively. Replies were allowed until 
15th July 2023. Written informed consent from the 
participants’ legal guardians/next of kin was obtained 
in accordance with the national legislation and institu-
tional requirements.

https://pediatotem.it/home/
https://pediatotem.it/home/
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Survey development and content
The survey is available in Supplementary, Appen-
dix Table  A1 (Italian version) and Supplementary, 
Appendix Table  A2 (English translation for editorial 
purposes).

Statistical analysis
All the data were extracted on July 30, 2023. Continuous 
variables have been described using median and inter-
quartile ranges (IQRs), and categorical variables using 
frequencies and percentages. Comparisons of continuous 
parameters between treatment groups were performed 
with a t-test if normally distributed and with a Mann-
Whitney U test if not normally distributed (as tested 
by the Kruskal-Wallis test); differences in frequencies 
between groups were calculated by using the χ2 exact 
test. Differences were considered significant when p val-
ues were < 0.05. Statistical analyses were performed with 
SPSS 25.0 software for Windows (SPSS, Chicago, IL, 
USA).

Results
From June 1 to July 15, 2023, the survey was sent to 196 
possible family pediatrician respondents. Twenty-eight 
agreed to participate (27 from the city of Rome and one 
from Viterbo). Data on 3580 children (F/M ratio 0.86, 
median age of 5.4 years (IQR 3.3–7.5 years), were col-
lected. Three hundred twenty-five patients were aged less 
than one year (9.1%), 723 were aged 1–3 years (20.2%), 
924 3–6 years (25.8%), 730 6–9 years (20.4%), 547 9–12 
years (15.3%), and 331 were aged 12–16 years (9.2%). The 
characteristics of participants are summarized in Table 1.

Seven hundred twenty-five children (20.3%) were 
reported to have been infected by GAS. Specifically, 
0,8% of the children with GAS were aged less than one 
year, 16,4% 1–3 years, 42,3% 3–6 years, 26,5% 6–9 years, 
11,4%, 9–12 years, and 2,6% 12–16 years. Eighty one par-
ents answered our questions regarding one or more chil-
dren in the same family, for a total of 170 cases.

GAS was identified by rapid antigen detection tests in 
81.0% of the children, by throat culture swabs in 7.8%, 
and by clinical signs in 11.2%.

Among those with GAS infection, the main symptoms 
reported were sore throat (76.9%) and fever (75.2%), fol-
lowed by tonsillar exudate (25.2%), lymphadenopathy 
(21.8%), and scarlet fever (14.7%). A single patient was 
hospitalized due to GAS meningitis. Approximately 4% 
of patients were diagnosed in the absence of symptoms 
(Fig. 1A). The symptoms reported according to the age of 
the participants are reported in Supplementary, Appen-
dix Table A3.

Compared with children diagnosed with throat swabs, 
children clinically diagnosed more frequently presented 
with scarlet fever (29.3% vs. 15.2%, p = 0,003) and tonsil-
lar exudate (34.7% vs. 24.1%, p = 0,03).

Eighty-nine percent of the children were treated with 
antibiotics (Fig. 1B). Treatment included amoxicillin/cla-
vulanate in 40.4% of children, amoxicillin in 39.4%, and 
cefixime in 10.8%. Macrolides were used in 4.7%. Among 
those not treated, only one out of five were asympto-
matic. Symptoms in those not treated with antibiotics 
mainly included sore throat (63%) and fever (58.1%), fol-
lowed by lymphadenopathies (17.6%) and tonsillar exu-
date (14.9%).

Twenty-four percent of the children were reported to 
have more than one GAS infection (Table  2). Multiple 
infections were more frequently observed in children 
aged 3–6 years (44.4%) and 6–9 years (34.8%), whereas 
they were less common in children aged < 3 years and > 9 
years (age < 1 year: 1.1%; 1–3 years: 10.1%; 9–12 years: 
6.2%; 12–16 years: 3.4%). In this group, the frequencies of 
symptoms reported in the first and subsequent infections 
were similar, except for fever and scarlet fever which were 
less frequent during relapses (84% vs. 75.2%, p = 0.044 
and 20.1% vs. 7.3%, p = 0.001, respectively).

When we compared children with single versus 
recurrent GAS infection, those with multiple episodes 
were more likely to report at their first episode fever 
(84.0% vs. 74.8%, p = 0.013), tonsillar exudate (32.5% 
vs. 23.1%, p = 0.014), and lymphadenopathy (32.5% vs. 
16.3%, p < 0.0001) (Supplementary, Appendix Table  A4). 

Table 1 Characteristics of participants

Abbreviations: F Female, M Male, GAS Group A streptococci infection, n Number

Study participants
N = 3580

Characteristics n %

Gender

 F 1658 46.3%

 M 1922 53.7%

Age

 < 1 year 325 9.1%

 1–3 years 723 20.2%

 3–6 years 924 25.8%

 6–9 years 730 20.4%

 9–12 years 547 15.3%

 12–16 years 331 9.2%

Children immunized against seasonal influenza 
virus

1217 34.0%

GAS infection(s)

 Children reporting GAS infection 725 20.3%

 Children reporting > 1 GAS infection 178 24.6%
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Notably, no difference in treatment was observed among 
those with a single or recurrent GAS infection.

Since bacterial and viral coinfections can affect the 
infection severity and because influenza itself can be 
a risk factor for a subsequent GAS infection, we aimed 
to assess the effect of immunization against seasonal 
influenza virus on GAS disease. Thirty-four percent of 
participants reported being immunized for the influ-
enza A and B viruses, with an equal distribution of intra-
muscular and intranasal routes of administration. The 
group of children with greater vaccination coverage was 
aged 3–6 years. The rate of GAS infection was similar 
between immunized and nonimmunized children (16.9% 
vs. 17.6%, p = 0.834). Moreover, no difference in the type 
GAS symptoms or the occurrence of complications 
was observed between immunized and nonimmunized 
children.

Discussion
During the recent COVID-19 pandemic, the number of 
circulating pathogens drastically decreased due to the 
lockdown and the use of masks to prevent the spread of 

SARS-CoV-2. Since December 2022, a strong resurgence 
of infections among children was observed, especially  
caused by respiratory pathogens such as RSV and influ-
enza [17–19]. In this context, an increase in the numbers  
of GAS infections has also been reported worldwide  
[5, 11–15, 20].

Despite the availability of international guidelines on 
the diagnosis and management of GAS infection and its 
complications [21], the massive outbreak and recurrence 
of GAS have made care challenging for pediatricians.

This study aimed to investigate this phenomenon and 
to provide help in handling these cases, by describing 
the characteristics and management of nGAS infections 
among children living in a specific area of Italy, the Lazio 
region. To the best of our knowledge, this is the first Ital-
ian study to describe nGAS infections that occurred after 
the COVID-19 pandemic in a community outpatient set-
ting and, importantly, the first one promoted by family 
pediatricians.

In children aged 0–16 years, we reported that the 
prevalence of GAS infection was 20.3%. The highest 
prevalence was recorded mainly between 3 to 6 years, a 
younger age than previously reported [22].

Differently from invasive infections, notification is 
not required for nGAS infections, making comparisons 
with the prevalence in Italy or in other states in the pre-
COVID-19 period impossible.

Moreover, while an increase in iGAS infections has 
been documented in numerous studies [5, 11–15, 20], 
only limited data on nGAS infections are available.

In the Netherlands, in 2022, the number of general 
practice consultations for GAS pharyngitis in children 
aged 5–14 years was estimated to be approximately twice 
than in 2019 [23].

Fig. 1 Symptoms (A) and treatment (B) of GAS infections reported 

Table 2 Symptoms reported at first and subsequent episodes in 
participants with more than one GAS infection

First episode Relapse P value

n % n %

Fever 142 84% 124 75,2% 0.044

Sore throat 137 81,1% 137 83% 0.640

Tonsillar exudate 55 32,5% 42 25,5% 0.151

Lymphadenopathy 55 32,5% 45 27,3% 0.291

Scarlet fever 34 20,1% 12 7,3% 0.001

No symptoms 6 3,6% 5 3% 0.792
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Similarly, an Australian study reported that the num-
ber of GAS isolates from throat swabs in the emergency 
department setting markedly increased in December 
2022, reaching triple the mean pre-pandemic Decem-
ber rate. At the same time, a reduced age of onset was 
observed [24].

In Denmark, the number of culture-positive test results 
increased beginning in November 2022, peaking in Janu-
ary 2023 and reaching 3.5 times the incidence observed 
in the years 2018-19, with the greatest increase observed 
among children younger than 5 years [11].

In our study, the symptoms reported were nuanced, 
characterized mainly by fever and sore throat at the first 
episode and mostly by sore throat in cases of recurrence. 
Moreover, in most of the patients (81%), the diagnosis 
was confirmed by a rapid antigenic test, a test commonly 
used to support diagnosis because its specificity is suf-
ficiently high to prevent unnecessary use of antibiotics 
[25].

It is important to emphasize that two clinical signs pre-
viously considered to characterize nGAS infection, ton-
sillar exudate and lymphadenopathy, have been reported 
only in 25.2% and 21.8% of cases, respectively, while the 
small group of children who did not undergo a swab test 
for the diagnosis, presented mainly scarlet fever and ton-
sillar exudate. The attenuated clinical picture can easily 
be confused with a viral infection, and for this reason, it 
is even more important to carry out microbiological tests 
for the correct diagnosis.

Numerous scoring systems have been developed for 
years considering 4 signs/symptoms (tonsillar exudate, 
satellite lymphadenopathy, absence of cough, and fever) 
[26], and age (3–14 years as more at risk) [27]. Many 
guide lines from different countries exists but they are 
characterized by several discrepancies in the diagnos-
tic and treatment approach [21]. Among them, Italian 
guidelines state that none of the available scoring systems 
are sufficiently accurate alone to identify GAS pharyngi-
tis with reasonable certainty [28]. Antigenic test is then 
important for confirming the diagnosis of symptomatic 
cases with high clinical scores. In contrast, a low score 
can be considered valid for ruling out GAS pharyngitis, 
in settings with no GAS epidemics and/or with a low 
incidence of rheumatic disease, and not proceeding with 
tests or treatments.

Considering the attenuated symptoms mainly reported 
in our study, the younger age of the subjects affected 
and the worldwide outbreak of GAS infection recently 
observed, clinical and diagnostic test criteria should be 
re-evaluated and discussed to avoid undiagnosed infec-
tions and subsequent related complications [22].

At the same time, using the antigenic test also in cases 
of mild symptoms such as feverishness, sore throat 

without tonsillar exudate, rhinitis and cough, increases 
the risk of not differentiating affected children from GAS 
carriers with mild symptoms due to a possible viral infec-
tion. In this scenario, the availability of a swab test to 
check for viral respiratory infections could be useful for 
differential diagnosis.

The aspect of healthy carriers should always be consid-
ered in the management of a GAS infection, especially 
in the suspect of a recent reinfection, as this condition 
could lead to misdiagnosis.

In our study, 24% of children were reported to have 
more than one GAS infection episode, and symptoms 
reported in the following infection were nuanced than 
symptoms reported in the first infection.

The rates of GAS carriage vary greatly depending on 
the population studied, ranging from 8.4 to 12.9% in 
high-income countries [29]. There is general agreement 
that carriers do not have an increased risk of complica-
tions and are unlikely to transmit GAS pharyngitis. Thus, 
routine antibiotic treatment and investigation of carriers 
are strongly not recommended [28], but should be con-
sidered in selected situations such as local outbreaks of 
GAS pharyngitis, iGAS disease, ARF or poststreptococ-
cal glomerulonephritis and multiple episodes of GAS 
pharyngitis occurring in a family for many weeks despite 
appropriate treatment [30]. Moreover, carriers who 
develop an acute GAS infection caused by another GAS 
type should be treated [28]. In this framework, determin-
ing GAS type or quantifying the bacterial load could be 
useful, although these tests are not routinely available. In 
case of persistence or recurrence of symptoms compli-
ance to therapy and evaluation of other infective causes 
should be performed [28].

In our survey, 89% of the children were treated with 
antibiotics and most of them received a β-lactamase, fol-
lowing the guidelines indications [28]. Indeed, penicillin 
or amoxicillin is the antibiotic of choice for treating GAS 
pharyngitis since, despite the first reported mutations 
that confer reduced penicillin sensitivity [2], there is no 
evidence of newly emerging genetic variants, and GAS 
remains still susceptible to β-lactamase antibiotics [5, 21].

However, since October 2022, in Europe a shortage of 
amoxicillin caused by manufacturing delays and produc-
tion capacity issues has led to supply problems in the 
majority of the EU Member States. The main reason was 
a surge in respiratory infections that led to an increased 
demand for antibiotics [31]. Thus, many pediatricians 
prescribed amoxicillin/clavulanate but subsequently also 
this kind of antibiotic was difficult to find.

The use of antibiotics with a wider spectrum of activ-
ity does not confer any benefit and can lead to adverse 
effects [32]. An Italian study performed by family pedia-
tricians reported that children with rapid test confirmed 
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GAS pharyngitis, received mostly amoxicillin, while 
those not confirmed by swab test were equally likely to 
receive narrow or broad-spectrum antibiotics [33]. Simi-
larly, in an inpatient setting, it was reported that only a 
minority of Italian emergency units utilize both scor-
ing systems and rapid antigen test to manage pediatric 
patients with pharyngitis, considering also the low avail-
ability of the rapid antigen test in that context. Thus, 
almost half of the emergency units involved in that study 
prescribe antibiotics in children with pharyngitis without 
a microbiologically GAS confirmation and one over four 
units administer amoxicillin-clavulanate as the primary 
treatment for GAS pharyngitis [32]. These data highlight 
the importance of a rapid antigenic test availability sup-
porting the clinical diagnosis of GAS infection to avoid 
inappropriate antibiotic prescriptions.

Concerning scarlet fever, in our study it was reported in 
14.7% of children as a first or only manifestation and was 
less frequent during relapses, occurring in only 7.3% of 
cases. We also reported a case of meningitis due to GAS 
infection. Scarlet fever has an excellent prognosis when 
promptly treated with antibiotics such as penicillin and 
amoxicillin as the first-line treatment, to reduce the risk 
of potential complications and reduce transmission [34]. 
We did not observe short-term complications related to 
scarlet fever.

As well as for GAS pharyngitis, hypotheses for the 
increase in scarlet fever observed in different countries 
include decreased herd immunity due to COVID-19 
restrictions, environmental factors such as the early start 
of the respiratory season and the high incidence of circu-
lating respiratory viruses leading to possible coinfections 
[5, 11–15, 20].

Indeed, there have been reports of GAS coinfection 
with respiratory viruses, such as influenza virus and RSV, 
and Varicella zoster. The increase in nGAS and iGAS 
seems to be concurrent, particularly with the seasonal 
increase of influenza [13, 16]. GAS and the majority of 
respiratory viruses share the same seasonal pattern of 
infection rate, it is likely that they influence each other 
and have an effect on the infection severity [35]. In this 
context, vaccination against influenza has been shown to 
reduce the risk of iGAS [36].

In our study, 34% of children reported being immu-
nized against the seasonal influenza viruses, mainly those 
younger than 6 years of age. This prevalence is greater 
than that reported in the overall Italian population (20%), 
possibly due to the availability of the intranasal vaccina-
tions for kids [37]. Despite the higher rate, it is still far 
from the minimum coverage target of 75% for all age 
groups. All patients except one presented uncomplicated 

nGAS infections, both in the group of vaccinated and 
nonvaccinated for influenza, thus it was not possible to 
evaluate the role of flu vaccination in preventing the risk 
of iGAS or nGAS complications. However, considering 
that children, like older people, are generally more at risk 
of influenza and GAS complications, it is important to 
improve vaccination campaign and extend the vaccina-
tion coverage to protect children from coinfections that 
could worsen the disease, especially in frail patients, and 
to misdiagnose the etiology of pharyngitis.

Our study has some limitations: it is a survey in which 
responses were obtained by parents and were not vali-
dated by pediatricians. Moreover, the data were rep-
resentative of only one region of Italy. To make the 
questionnaire more accessible and to obtain as many 
responses as possible from patients’ families, we limited 
the number of questions in the survey, thus we could 
not better define the appropriateness of diagnostic tests 
and treatment, especially on recurrences, nor duration 
of antibiotic prescriptions. However, our study also has 
strengths, as it the first Italian study reporting data on 
GAS infections in a large cohort of children evaluated by 
family pediatricians.

Conclusions
To the best of our knowledge our study is the first to 
describe pediatric nGAS infections that occurred in 
an Italian region after the COVID-19 pandemic. We 
reported a certain prevalence of nGAS infections in 
children, especially those aged 3–6 years age, who were 
mostly characterized by low score symptoms and in most 
of the cases diagnosed and treated using a microbiologi-
cal test as confirmatory tool. Moreover, our study showed 
that patients with recurrent infections experienced 
relapses with nuanced symptoms than the first infection.

According to these findings, the available clinical scor-
ing systems may be not accurate enough to identify nGAS 
in this new clinical setting. On the other hand, new inte-
grative microbiological tests are needed in order to iden-
tify possible viral coinfections that could confound the 
scenario, especially in case of recurrences. In the future it 
would be desirable to perform a national study to obtain 
more significant data and improve the clinical manage-
ment of nGAS infections in children.
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