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Introduction 
Streptococcus pyogenes is a Gram-positive bacterium, facul-

tative anaerobic, β-hemolytic, Lancefield Group A 
Streptococcus (GAS) [15]. S. pyogenes is one of the major 
pathogens responsible for a wide range of human diseases, rang-
ing from pharyngitis, septicemia, impetigo, cellulitis, erysipelas, 
puerperal fever, and scarlet fever, to the severe toxic shock syn-
drome and necrotizing fasciitis. If untreated, the infections due 
to S. pyogenes can lead to autoimmune sequelae, such as 
glomerulonephritis and rheumatic fever [7,15,18,25,33,34,45]. 
The pathogen's ability to produce a diverse arsenal of virulence 
factors-including the M protein, streptolysins, and superantigens 
- facilitates immune evasion and tissue damage, contributing to 
its pathogenicity. The virulence factors include streptokinase, 
proteinases, esterase, hemolysins, DNases, M-protein, 
hyaluronidases, complement inhibitor, superoxide dismutase, 
and immunoglobulin-degrading enzymes. Moreover, the role of 
biofilm formation by S. pyogenes has gained increasing attention 

as a mechanism contributing to persistence and resistance to 
antibiotic treatment [4]. Humans are the main reservoir of S. 
pyogenes, and transmission mainly occurs by respiratory 
droplets and direct contact with skin lesions, and recently it has 
been reported also through foodborne [7,15,18,45]. It is estimat-
ed that S. pyogenes infections incidence is around 3 to 10 per 
100,000 populations in developed countries, with a mortality 
rate of up to 20%, affecting both young and old subjects, in the 
case of invasive infection [30]. More recently, it has been report-
ed from several countries in Europe an increasing trend in cases 
affected by invasive GAS infections after SARS-CoV 2 pandem-
ic, particularly in the pediatric population [8]. Therefore, surveil-
lance, prevention and targeted therapies of GAS infections are 
considered of strategic importance. The first line of choice in 
antibiotic therapy is the use of β-lactams, especially penicillin 
and amoxicillin, whereas cephalosporins are considered as an 
alternative therapy, with penicillin allergy [15,18,45]. However, 
the development of antimicrobial resistance has also been report-
ed among streptococcal isolates worldwide, causing reduced 
susceptibility and treatment failures and severe threats to human 
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Summary 
 

Background: Streptococcus pyogenes is a Gram-positive bacterium responsible for different infections, some of them serious and 
life-threatening. Increasing antimicrobial resistance trends have been observed in S. pyogenes isolates worldwide. In the present study, 
data of susceptibility patterns of S. pyogenes isolates were retrieved from 2000 to 2019 with the aim to observe the emergence of 
resistance and to guide clinicians in prescription appropriateness. 
Materials and Methods: we collected a total of 4,958 unique S. pyogenes strains from positive samples, out of them 4,597 (93%) 
were from throat swabs, followed by vaginal swabs, skin swabs, blood cultures, and ear swabs. The median age of patients was 10 
years (range 0-94 years). 
Results: the analysis was performed on the data collected from throat samples and blood cultures. In the isolates from throat speci-
mens, except β-lactams and glycopeptides (vancomycin) which presented 100% of susceptibility, and tetracycline which presented an 
average resistance rate of 26%, all the other antibiotics tested showed significant increasing resistance trends: clindamycin 13-23%, 
erythromycin 29-35%, and levofloxacin 5-12% (p<0.01). About susceptibilities of isolates from blood cultures, although the low 
number of isolates, we observed 98-100% of susceptibility. 
Conclusions: although this work is single-center, national and regional active surveillance projects are needed to monitor antimi-
crobial resistance trends of S. pyogenes, and to help physicians in antibiotic prescription in subjects affected by acute or recurrent 
sore throats.
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health, as underlined by the World Health Organization (WHO) 
[43]. The mechanisms of antimicrobial resistance developed by 
streptococcus strains have been demonstrated to be different, 
such as enzymatic inactivation of antibiotics, modifications of 
the antimicrobial target, and preventing drug access to targets. 
Moreover, streptococcus strains are also recognized as biofilm 
producers, so causing persistent infections and multi-drugs resist-
ance [3]. In the present work, because different resistance pat-
terns for S. pyogenes have been reported according to geograph-
ical locations, we analyzed 20-year data (2000-2019) regarding 
the susceptibility patterns of S. pyogenes strains isolated in the 
Italian Hospital of Desio, with the aim to identify the emergence 
of antibiotic resistances during the study period and, re-viewing 
the literature, to provide useful information to guide clinicians in 
the best choice and rational use of antimicrobial treatments. 

 
 

Materials and Methods 
Study design and setting 

This retrospective study analyzed antibiotic resistance patterns 
of Streptococcus pyogenes over a 20-year period (January 1, 2000 
- December 31, 2019), using data from the Laboratory of 
Microbiology at Desio Hospital, Italy. If multiple isolates from the 
same subject showed identical resistance profiles, only the first 
isolate was included. Specimens containing organisms other than 
S. pyogenes were excluded. 

 
Bacterial isolates and antimicrobial susceptibility 
testing 

Antimicrobial susceptibility testing was performed using the 
VITEK® 1 and 2 systems (bioMérieux, Marcy l’Étoile, France) 
with AST-ST03 cards designed for streptococcal isolates. 
Resistance to nine antibiotics was evaluated: benzylpenicillin, 
amoxicillin/clavulanic acid, cefotaxime, cotrimoxazole 
(trimethoprim/sulfamethoxazole), clindamycin, erythromycin, 
tetracycline, levofloxacin, and vancomycin. Moreover, the 
macrolide resistance profiles for all erythromycin-resistant iso-
lates was assessed to investigate constitutive and inducible 
Macrolide/Lincosamide/Streptogramin B resistance phenotype 
(MLSB), and macrolide only M phenotype. Interpretive criteria 
followed Clinical and Laboratory Standards Institute (CLSI) 
guidelines from 2000 to 2010 [10], and the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) criteria from 
June 2011 to December 2019 [13]. Bacterial identification was 
initially performed using the VITEK® systems and, from 2014 
onward, by Matrix-Assisted Laser Desorption/Ionization Time-
Of-Flight Mass Spectrometry (MALDI-TOF MS) via the 
VITEK® MS system (bioMérieux). This system uses an AXIMA 
mass spectrometer (Shimadzu) linked to the SARAMIS v.4.12 
database. Spectrum acquisition was managed using Launchpad 
software (v.2.9.3). Escherichia coli ATCC® 8739 served as a con-
trol strain throughout the study. 

 
Statistical analysis 

Data were analyzed using Stata Statistical Software (Release 
16) [39]. Antimicrobial resistance trends were assessed using the 
chi-square test across four time intervals: 2000-2004, 2005-2009, 
2010-2014, and 2015-2019. A p-value of less than 0.05 was con-
sidered statistically significant. 

Results 
In this study, we collected a total of 4,958 unique S. pyogenes 

strains from positive samples, that were divided in the following 
way: 4,597 (93%) from throat swabs, 192 (4%) from vaginal 
swabs, 107 (2%) from skin swabs, 38 (0.7%) from blood cul-
tures, and 24 (0.3%) from ear swabs. The median age of patients 
was 10 years (range 0-94 years). Most of isolates were from 
females (51% compared to 49% males). Due to the greatest num-
ber of cases, we decided to conduct the analysis on the data from 
throat swabs and blood culture samples to compare the suscepti-
bility patterns of S. pyogenes isolates. 

Figure 1 shows the number of S. pyogenes isolates from pos-
itive throat swabs over the study period. It is possible to note the 
significant decreased number of positive samples between 
the first period (2000-2004, n=2,172) and the last period (2015-
2019, n=489) (p<0.05). However, the percentages of positives 
were similar during the different intervals of time, from 13% 
(2,172/16,652) in the first period to 10% (489/4,753) in the 
last period (p>0.05), with an average value of 11% over the 
study time.  

Figure 2 shows the relationship between age of subjects and 
the number of throat swab performed in the laboratory, and we 
observed that most of throat swabs was required between 0 and 
14 years, followed by the range 26-46 years, highlighting that 
group 5-15 years old is the highest risk age group for S. pyogenes 
pharyngitis. 

Figure 3 shows the S. pyogenes susceptibilities against the 9 
antimicrobial drugs tested among all throat swab isolates 
enrolled in the study. From 2000-2004 to 2015-2019, except ben-
zylpenicillin and the related amoxicillin + clavulanic acid, cefo-
taxime and vancomycin which did not show any resistance devel-
opment (100% of susceptibility), and tetracycline which present-
ed an average percentage of resistance of 26%, all the other 
antibiotics showed significant increasing resistance rates, clin-
damycin 13-23% and levofloxacin 6-12% (p value trend <0.01). 
Erythromycin resistance showed oscillations in the study period, 
it increased from 29% in the period 2000-2004 to 36% in 2010-
2014 and decreased to 35% in the last period (p value trend 
<0.01). The evaluation of the resistance phenotypes revealed 
inducible MLSB resistance in 22 (3.5%) of the erythromycin-
resistant isolates (n=640). Three of these isolates were resistant 
to erythromycin, but susceptible to clindamycin (M-type), sug-
gesting the presence of an erythromycin efflux mechanism. 
Moreover, we observed the high resistance to trimethoprim-sul-
famethoxazole antibiotic (96%), although it has been demonstrat-
ed that trimethoprim-sulfamethoxazole resistance is due to the 
technical limitations in laboratory methodology, particularly in 
the presence in media of high concentration of thymidine, that 
cause the inhibition of sulfur antibiotics [6]. 

Concerning S. pyogenes susceptibilities from isolates in 
blood cultures, although the low number of isolates, we observed 
98-100% of susceptibility (Figure 4). Finally, the antibiotic 
resistance rates of S. pyogenes strains isolated from the other 
sources, such as from vaginal, skin, and ear swabs, presented 
similar results to those obtained from the throat swab samples, 
but the results were not statistically significant due to the small 
sample sizes (p>0.05). 

                                         [Microbiologia Medica 2025; 40:14201]                                                              [page 15]

Article



[page 16]                                                               [Microbiologia Medica 2025; 40:14201]

Article

Figure 1. Number of S. pyogenes isolates from positive throat swabs during the period 2000-2019.

Figure 2. Number of throat swab prescriptions versus age’s patient.
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Figure 3. Antimicrobial trends of S. pyogenes isolated from throat swabs during the period 2000-2019.

Figure 4. Susceptibilities trends of S. pyogenes isolates from blood cultures during the period 2000-2019.
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Discussion 
Antimicrobial resistance is one of the top 10 global human 

health problems [4]. In this paper, we conducted a retrospective 
analysis on data concerning the susceptibility patterns of S. pyogenes 
strains isolated over 20 years, with the aim to highlight the impor-
tance of an active antimicrobial surveillance. S. pyogenes does not 
belong to the bacteria under the European Antimicrobial Resistance 
Surveillance Network (EARS-Net) [12], but it causes more than 700 
million of infections annually worldwide, with about 500,000 deaths 
due to the different virulence factors used by this microorganism 
[7,18,45]. Recently, after SARS-CoV-2 pandemic, there has also 
been an increased incidence of severe and invasive infections due to 
S. pyogenes, particularly in children less than 10-year of age, in dif-
ferent European countries (UK, Ireland, France, the Netherlands and 
Finland) and in the United States [8,44,9]. In 2022, Alcolea-Medina 
and coauthors reported that in London the increase of S. pyogenes 
infections were most probably due to decreased S. pyogenes expo-
sure, particularly amongst children, and the high circulating levels of 
respiratory viruses, which may conduct to S. pyogenes infections [2]. 
Moreover, Italy is a country that presents high resistance rates 
among antibiotics, as documented by European and Italian surveil-
lance reports [12,21]. Therefore, our work allowed us to describe the 
in-creased resistances over a long study period, in order to aid clini-
cians in the optimization of drug prescription appropriateness in 
cases of S. pyogenes infection. 

Reviewing the literature, numerous studies on susceptibility 
trends are present, but it is important to note that the comparisons 
between them are difficult, because the type of population tested 
(pediatric or adult), the type of infection (invasive/non-invasive, 
pharyngeal/non-pharyngeal) and the study period are different. 
However, similarities and dis-similarities have been found. 
Moreover, although we used CLSI and EUCAST breakpoint guide-
lines due to the long study period, it has been reported an acceptable 
level of agreement between them, without altered antibiotic suscep-
tibility interpretations [24]. 

S. pyogenes is generally considered universally susceptible to β-
lactams, which inhibit cell wall synthesis and are used as first treat-
ment choice by clinicians [18,42]. In our study, we observed a com-
plete susceptibility to β-lactams (benzylpenicillin), and the related 
amoxicillin-clavulanic acid and the third-generation cephalosporin 
cefotaxime Although further research and confirmation are needed, 
it has been reported the presence of isolates with decreased suscep-
tibility to β-lactams in China, Mexico and USA, most probably due 
to a pbp2x gene point mutation, which decreases the affinity of bac-
terial Penicillin-Binding Proteins (PBP) for β-lactams and could be 
a first step in development of resistance [41,45]. Among other strep-
tococcal species, in Italy, from 2015 to 2022, the proportion of 
Streptococcus pneumoniae isolates resistant to penicillin remained 
substantially stable, while in Japan and also in North America 
Streptococcus agalactiae isolates have shown emerging reduced 
susceptibility to β-lactams due to amino acid substitutions in peni-
cillin-binding proteins [21,19,27,41]. Macrolides, which inhibit pro-
tein synthesis, are the second treatment choice when a severe allergy 
to β-lactams is diagnosed in cases of pharyngitis due to S. pyogenes. 
On the other hand, in non-severe allergy cases, other β-lactams, i.e. 
cephalosporins, have better clinical activity than macrolides. 
Notably, a meta-analysis published in 2023 summarized macrolide 
resistance rates ranging from 10% to over 40% globally, with high-
est incidences reported in Asia and Southern Europe [18]. Regional 
surveillance further supports this variability: Portugal experienced a 
decline in S. pyogenes macrolide resistance from 2007 to 2013, driv-

en in part by clonal shifts [38]; in Greece, Meletis and coauthors 
reported an erythromycin resistance rate of 20.4%, and in other stud-
ies the range was from 11.9% to 38% [32]; Abraham and Sistla 
reported an overall macrolide resistance rate of 53%, a value that is 
higher compared to other studies from India [1]; in Southern 
Hungary, Gajdacs and coauthors found a macrolide resistance rate 
ranging 23-40% [17]. These trends correspond well with the 33% 
erythromycin resistance observed in our Italian cohort. 

Among the Lincosamides, which inhibit protein synthesis, clin-
damycin resistance increased 13-23% during the study period, a 
value which is similar to those from other European countries, such 
as Denmark (26%), Portugal (14.2-33.9%), France (26.3%), Spain 
(17.6%), but lower compared to that found in USA, 43.2% [18,42]. 
Among the tetracyclines, which inhibit protein synthesis, tetracy-
cline is not routinely used to treat streptococcal infections, while 
doxycycline and minocycline are commonly used in clinical medi-
cine, but these antibiotics present severe side effects, particularly in 
childhood and pregnant women. However, tetracyclines are exten-
sively administered for the treatment and prophylaxis in animals 
around the world, favoring a high resistance among both Gram-neg-
ative and Gram-positive bacteria [18,29,42]. In our study, resistance 
to tetracycline did not increase over time, and the average value was 
26%, similar to a re-port from Brazil (31.8%) and a report from Iran 
(30.4%) [5,26], lower than 40.8% from Greece and 46.3% from 
Poland [6], and higher compared to those referred from Norway 
(6.1%), Denmark (8%), southern Greece (6.4%), and Portugal 
(10.5%) [16,31]. The fluoroquinolones, which inhibit nucleic acid 
synthesis, are mainly used against bacteria belonging to the 
Streptococcus genus for the treatment of respiratory tract and uro-
genital tract infections. Reports on quinolones resistance of S. pyo-
genes, particularly levofloxacin, are rare. A reduced susceptibility to 
levofloxacin was firstly reported in Belgium during the period 2008-
2010 (4.3-21.6%) [40]. After that, the quinolone resistance has been 
also described in Hungary (13.5%), Japan (11.1-14.3%), Ethiopia 
(7.1%), Greece (2%), and Germany (1.3%) [17,18,20,22]. In our 
study, we observed an average value of non-susceptibility of 11%. 
Lastly, among glycopeptides, which inhibit cell wall synthesis and 
are used in severe infections due to S. pyogenes [23], the data analy-
sis on vancomycin resistance was per-formed during the two last 
study periods, 2010-2014 and 2015-2019, and resistances were not 
found. Resistance to vancomycin is extremely uncommon but it was 
reported in a study from Ethiopia (35.5%) [25]. The presence of van 
gene cassette has not been demonstrated in S. pyogenes [25]. 
Probably, biofilm formation is the cause of reduced susceptibility to 
vancomycin, underlying that further research is needed [23]. 

In our study, we also analyzed the susceptibility patterns of S. 
pyogenes strains isolated from blood cultures. Although the number 
of cases was low (n=38), the isolates from blood cultures did not 
present any development of antimicrobial resistances, most probably 
due to the absence of previous antimicrobial treatments. Concerning 
the low erythromycin resistance detected, our findings are consistent 
with data from the National Surveillance in Spain (2007-2020), 
which similarly reported low and progressively declining erythro-
mycin resistance among invasive S. pyogenes isolates, most proba-
bly due to a reduced macrolide consumption and shifts in circulating 
clones, resulting in a decreased prevalence of strains harboring 
macrolide-resistance genes [42]. Comparable trends have also been 
described in Italy, where an 11-year surveillance study documented 
changes in emm types, virulence profiles, and antibiotic resistance 
patterns among invasive S. pyogenes isolates, highlighting the 
dynamic interplay between clonal replacement and resistance evolu-
tion [11]. Moreover, the introduction of Streptococcus Group A 
detection rapid tests (detectable in our work in the significant 
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decreased number of throat swab cultures performed in the laborato-
ry from 2000 (n=3,989) to 2019 (n=602)) was an important advance, 
allowing the diagnosis of S. pyogenes throat infection in a few min-
utes [36]. However, the presence of false positive and false-negative 
results using this methodology, and the difficulties of physicians to 
distinguish between sore throats of viral or bacterial origin, deter-
mined a wrong use of antibiotics, therefore increasing the possibility 
of developing resistances, as recently described [37]. 

Our study presents some limitations that need to be not neglect-
ed: i) the work was retrospective and performed in a single center, 
and a larger number of subjects is needed to confirm our results; ii) 
the study period encompassed isolates collected between 2000 and 
2019, which is relatively old and may not accurately represent the 
current resistance patterns circulating among GAS; iii) the low num-
bers of isolates from skin swabs and ear swabs; iv) the low number 
of isolates from blood cultures with the aim to compare the results 
to those from non-invasive throat isolates; v) the absence of clinical 
correlation of reported in vitro resistance and clinical resistance 
(treatment failure); vi) the absence of genetic data, but the imple-
mentation of whole-genome sequencing technology could allow to 
characterize the dynamics and features of strains associated with vir-
ulence factor distributions, diffusion of resistance, and putative vac-
cine targets in many geographic areas. 

The COVID-19 pandemic has indirectly influenced the epidemi-
ology of GAS and antibiotic resistance patterns by disrupting routine 
healthcare, altering antibiotic prescribing practices, and affecting 
transmission dynamics [28]. In fact, in a post-COVID study, eryth-
romycin resistance among GAS isolates increased markedly from 
6% in 2020 to 25% during 2021-2022, with 13% of isolates overall 
showing erythromycin resistance [35]. Similarly, data from the US 
CDC Active Bacterial Core Surveillance program reported increases 
in erythromycin- and clindamycin-resistant invasive GAS strains 
from 11.9% to 24.7% and from 8.9% to 23.8%, respectively [14]. 
These observations highlight the necessity of integrating antimicro-
bial stewardship with active regional and national surveillance. Such 
integration can support the monitoring of antimicrobial resistance 
trends and improve the appropriateness of antibiotic prescriptions - 
not only for human health but also for animal livestock, food pro-
duction, and agriculture, which are interconnected. 

 
 

References 
  1. Abraham T, Sistla S. Trends in antimicrobial resistance patterns 

of Group A streptococci, molecular basis and implications. 
Indian J Med Microbiol 2018;36:186-91. 

  2. Alcolea-Medina A, Snell LB, Alder C, et al. The on-going 
Streptococcus pyogenes (Group A Streptococcus) outbreak in 
London, United Kingdom, in December 2022: a molecular epi-
demiology study. Clin Microbiol Infect 2023;29:887-90. 

  3. Alves-Barroco C, Rivas-García L, Fernandes AR, Baptista PV. 
Tackling multidrug resistance in Streptococci - from novel bio-
therapeutic strategies to nanomedicines. Front Microbiol 2020; 
11:579916. 

  4. Barnett T, Indraratna A, Sanderson-Smith M. Secreted virulence 
factors of Streptococcus pyogenes. In: Ferretti JJ, Stevens DL, 
Fischetti VA (eds.), Streptococcus pyogenes: basic biology to 
clinical manifestations. 2nd edition. University of Oklahoma 
Health Sciences Center; Oklahoma City, USA; 2022. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK587095/ 

  5. Barros RR. Antimicrobial resistance among beta-hemolytic 
Streptococcus in Brazil: an overview. Antibiotics (Basel) 2021; 
10:973. 

  6. Bowen AC, Lilliebridge RA, Tong SY, et al. Is Streptococcus 

pyogenes resistant or susceptible to trimethoprim-sulfamethox-
azole? J Clin Microbiol 2012;50:4067-72. 

  7. Brouwer S, Rivera-Hernandez T, Curren BF, et al. Pathogenesis, 
epidemiology and control of Group A Streptococcus infection. 
Nat Rev Microbiol 2023;21:431-47. 

  8. Calvo C, Saavedra Lozano J. Current epidemiological situation 
of Streptococcus pyogenes infections. An Pediatr (Engl Ed) 
2024;100:161-3. 

  9. Centers for Disease Control and Prevention (CDCP). Increase 
in pediatric invasive group A Streptococcal infections 2022. 
Available from: https://emergency.cdc.gov/han/2022/han 
00484.asp 

10. Clinical Laboratory and Standards Institute (CLSI). 
Performance standards for antimicrobial susceptibility testing. 
31st edition. CLSI supplement M100. 2021. 

11. Creti R, Imperi M, Baldassarri L, et al. Types, virulence factors, 
and antibiotic resistance of invasive Streptococcus pyogenes 
isolates from Italy: what has changed in 11 years? J Clin 
Microbiol 2007;45:2249-56. 

12. European Centre for Disease Prevention and Control (ECDC). 
Surveillance and disease data for antimicrobial resistance. 
ECDC; Stockholm, Sweden; 2022. Available from: https://www. 
ecdc.europa.eu/en/antimicrobial-resistance/surveillance-and-
disease-data 

13. The European Committee on Antimicrobial Susceptibility 
Testing (EUCAST). Breakpoint tables for interpretation of 
MICs and zone diameters. Version 11.0 2021. Available from: 
http://www.eucast.org. 

14. Fay K, Onukwube J, Chochua S, et al. Patterns of antibiotic non-
susceptibility among invasive group A Streptococcus infections 
- United States, 2006-2017. Clin Infect Dis 2021;73:1957-64. 

15. Ferretti JJ, Stevens DL, Fischetti VA (eds). Streptococcus pyo-
genes: basic biology to clinical manifestations. 2nd edition. 
University of Oklahoma Health Sciences Center; Oklahoma 
City, USA; 2022. 

16. Friães A, Lopes JP, Melo-Cristino J, et al. Changes in 
Streptococcus pyogenes causing invasive disease in Portugal: 
evidence for superantigen gene loss and acquisition. Int J Med 
Microbiol 2013;303:505-13. 

17. Gajdács M, Ábrók M, Lázár A, Burián K. Beta-haemolytic 
group A, C and G streptococcal infections in Southern 
Hungary: a 10-year population-based retrospective survey 
(2008-2017) and a review of the literature. Infect Drug Resist 
2020;13:4739-49. 

18. Gergova R, Boyanov V, Muhtarova A, Alexandrova A. A 
Review of the impact of streptococcal infections and antimicro-
bial resistance on human health. Antibiotics (Basel) 2024; 
13:360. 

19. Hakenbeck R, Brückner R, Denapaite D, Maurer P. Molecular 
mechanisms of β-lactam resistance in Streptococcus pneumoni-
ae. Future Microbiol. 2012 Mar;7(3):395-410. 

20. Huang YC, Lai JF, Wu CJ, et al. High-level levofloxacin-resis-
tant emm12 group A Streptococcus, 2012-2018: a multicenter 
study in Taiwan. J Microbiol Immunol Infect 2023;56:8759. 

21. Iacchini S, Boros S, Pezzotti P, et al. AR-ISS: sorveglianza 
nazionale dell’Antibiotico-Resistenza. Rapporti ISS 
Sorveglianza RIS-4/2023. Istituto Superiore di Sanità; Rome, 
Italy; 2023. 

22. Ikebe T, Hirasawa K, Suzuki R, et al. Antimicrobial susceptibil-
ity survey of Streptococcus pyogenes isolated in Japan from 
patients with severe invasive group A streptococcal infections. 
Antimicrob Agents Chemother 2005;49:788-90. 

23. Johnson AF, LaRock CN. Antibiotic Treatment, Mechanisms for 

                                         [Microbiologia Medica 2025; 40:14201]                                                              [page 19]

Article



[page 20]                                                               [Microbiologia Medica 2025; 40:14201]

Failure, and Adjunctive Therapies for Infections by Group A 
Streptococcus. Front Microbiol 2021;12:760255. 

24. Kassim A, Omuse G, Premji Z, Revathi G. Comparison of 
Clinical Laboratory Standards Institute and European 
Committee on Antimicrobial Susceptibility Testing guidelines 
for the interpretation of antibiotic susceptibility at a University 
teaching hospital in Nairobi, Kenya: a cross-sectional study. Ann 
Clin Microbiol Antimicrob 2016;15:21. 

25. Kebede D, Admas A, Mekonnen D. Prevalence and antibiotics 
susceptibility profiles of Streptococcus pyogenes among pedi-
atric patients with acute pharyngitis at Felege Hiwot 
Comprehensive Specialized Hospital, Northwest Ethiopia. BMC 
Microbiol 2021;21:135. 

26. Khademi F, Vaez H, Sahebkar A, Taheri RA. Group A 
Streptococcus antibiotic resistance in Iranian Children: a meta-
analysis. Oman Med J 2021;36:e222. 

27. Kimura K, Nagano N, Arakawa Y. Classification of group B 
streptococci with reduced β-lactam susceptibility (GBS-RBS) 
based on the amino acid substitutions in PBPs. J Antimicrob 
Chemother 2015;70:1601-3. 

28. Lamagni TL, Guy R, Chand MA, et al. Resurgence of invasive 
group A streptococcal infections in England, 2022. Lancet Infect 
Dis 2023;23:e15-21. 

29. Luiken REC, Van Gompel L, Munk P, et al. Associations 
between antimicrobial use and the faecal resistome on broiler 
farms from nine European countries. J Antimicrob Chemother 
2019;74:2596-604. 

30. Massese M, La Sorda M, De Maio F, et al. Epidemiology of 
group A streptococcal infection: are we ready for a new sce-
nario? Lancet Microbe 2024;5:620-1. 

31. Meisal R, Høiby EA, Caugant DA, Musser JM. Molecular char-
acteristics of pharyngeal and invasive emm3 Streptococcus pyo-
genes strains from Norway, 1988-2003. Eur J Clin Microbiol 
Infect Dis 2010;29:31-43. 

32. Meletis G, Soulopoulos Ketikidis AL, Floropoulou N, et al. 
Antimicrobial resistance rates of Streptococcus pyogenes in a 
Greek tertiary care hospital: 6-year data and literature review. 
New Microbiol 2023;46:37-42. 

33. Miller KM, Tanz RR, Shulman ST, et al. Standardization of 
Epidemiological Surveillance of Group A Streptococcal 
Pharyngitis. Open Forum Infect Dis 2022;9:S5-14. 

34. Miller KM, Van Beneden C, McDonald M, et al. Standardization 
of epidemiological surveillance of acute poststreptococcal 

glomerulonephritis. Open Forum Infect Dis 2022;9:S57-64. 
35. Patel A, Guzman-Cottrill J, Fleming-Dutra K, et al. Increased 

Prevalence of Group A Streptococcus (GAS) High Level 
Macrolide Resistance During the COVID-19 Pandemic. Open 
Forum Infectious Diseases. Oxford University Press; Ocford, 
UK; 2022. 

36. Reijtman V, García ME, Mastroianni A, et al. Evaluation of a 
rapid diagnostic test for the detection of Streptococcus pyogenes 
in invasive infections. Rev Argent Microbiol 2020;52:261-5. 

37. Sabharwal KA, Simon MW. Are clinicians overdiagnosing strep 
throat and overprescribing antibiotics? Front Pediatr 2023;11: 
1248903. 

38. Silva-Costa C, Ramirez M, Melo-Cristino J, Portuguese Group 
for Study of Streptococcal Infections. Declining macrolide 
resistance in Streptococcus pyogenes in Portugal (2007-13) was 
accompanied by continuous clonal changes. J Antimicrob 
Chemother 2015;70:2729-33. 

39. StataCorp. Stata Statistical Software: Release 16. StataCorp 
LLC; College Station, TX; 2019. 

40. Van Heirstraeten L, Leten G, Lammens C, et al. Increase in flu-
oroquinolone non-susceptibility among clinical Streptococcus 
pyogenes in Belgium during 2007-10. J Antimicrob Chemother 
2012;67:2602-5. 

41. Vannice KS, Ricaldi J, Nanduri S, et al. Streptococcus pyogenes 
pbp2x Mutation Confers Reduced Susceptibility to β-Lactam 
Antibiotics. Clin In-fect Dis 2020;71:201-4. 

42. Villalón P, Bárcena M, Medina-Pascual MJ, et al. National sur-
veillance of tetracycline, erythromycin, and clindamycin resist-
ance in invasive Streptococcus pyogenes: a retrospective study 
of the situation in Spain, 2007-2020. Antibiotics (Basel) 2023; 
12:99. 

43. World Health Organization (WHO). Antimicrobial resistance. 
2022. Available at: https://www.who.int/news-room/fact-sheets/ 
detail/antimicrobial-resistance 

44. World Health Organization (WHO). Disease outbreak news; 
increased incidence of scarlet fever and invasive group A 
Streptococcus infection - multi-country. 2022. Available at: 
https://www.who.int/emergencies/disease-outbreak-news/item/ 
2022-DON429 

45. Yu D, Zheng Y, Yang Y. Is there emergence of β-lactam antibi-
otic-resistant Streptococcus pyogenes in China? Infect Drug 
Resist 2020;13:2323-7.

Article

Received: 30 July 2025; Accepted: 26 November 2025. 
Authors’ contributions: J.I. and R.M.S. designed this study; J.I., D.C. and R.M.S. wrote this paper; J.I. and R.M.S. contributed to lab data collection; J.I., 
D.C., R.M.S. and C.S. analyzed data; V.L. and P.B. reviewed this manuscript. All authors have read the final version of the manuscript, and agreed to be 
held accountable for all aspects of the work. 
Conflict of interest: the authors declare no potential conflict of interest. 
Funding: none. 
Ethics approval and consent to participate: approval from the local ethics committee was not required because all subjects’ data were retrospective and 
de-identified. 
Informed consent: informed consent was not required because all subjects’ data were retrospective and de-identified. 
Availability of data and materials: the data presented in this study are available on request from the corresponding author. 
Acknowledgments: we gratefully acknowledge the personnel of the Hospital of Desio for technical support. We also thank Elena Intra for reviewing this 
manuscript. 
 
Publisher’s note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or 
those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not 
guaranteed or endorsed by the publisher. 
 
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).


