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Streptococcus pyogenes is a Gram-positive, facultatively anaerobic, β-hemolytic bacterium, a typical human pathogen that 
causes pathological processes in various biotopes of the human body.The prevalence of the phenomenon of antibiotic resis-
tance among bacteria requires the study of the sensitivity profile of pathogen strains to antibacterial drugs to develop a rational 
antibiotic therapy regimen. The biomaterial was inoculated on Columbia agar with 5% sheep blood, incubated at a temperature 
of +37 ± 1 0C for 18–24 hours in an atmosphere of 5% CO2. Colonies whose morphotype corresponded to S. pyogenes were 
further identified using the bacitracin S test, PYR test, HIPPURAT test .A pure culture was isolated, and identification was 
performed using a GP card on a VITEK 2 Compact 15 bacteriological analyzer. The sensitivity of the isolated strains to anti-
bacterial drugs was determined by the disk diffusion method in accordance with the requirements of the recommendations of 
the European Committee on Antimicrobial Susceptibility Testing. During the period 2021–2023, 50 strains of S. pyogenes 
isolated from the oropharynx of pediatric and adult patients with suspected upper respiratory tract infection and 21 strains 
isolated from wounds of adult patients were studied. It was found that the percentage of S. pyogenes strains isolated from the 
oropharynx of adults sensitive to benzylpenicillin was 100.0%, norfloxacin – 69.7%, erythromycin – 63.6%, clindamycin – 
87.9%, tetracycline – 54.5%. The percentage of S. pyogenes strains isolated from the oropharynx of children sensitive to ben-
zylpenicillin was 100.0%, norfloxacin – 82.4%, erythromycin – 70.6%, clindamycin – 94.1%, tetracycline – 64.7%. β-lactam 
antibiotics can be used in 100% of cases for the treatment of infections caused by S. pyogenes in children and adults. The 
increase in the number of S. pyogenes strains isolated from the oropharynx of children occurs in the autumn-winter-spring 
period of the year, and in adults – in the winter-spring-summer period. The aim of this study was to establish the level of sus-
ceptibility profile to antibacterial drugs of isolated S. pyogenes strains from pediatric and adult patients with infections of dif-
ferent biotopes.  

Keywords: group A Streptococcus; antibiotic; children; wound; antibiotic resistance; oropharynx; Ukraine.  

Introduction  
 

Streptococcus pyogenes or Group A Streptococcus (GAS) is one 
of the common etiological causes of invasive and non-invasive bac-
terial infections of various biotopes in children and adults. Noninva-
sive infection caused by GAS can manifest as pharyngitis, tonsillitis, 
scarlet fever, erysipelas, and contagious impetigo, while invasive in-
fection has clinical manifestations of necrotizing fasciitis, septic 
shock, and meningitis. Some of the more serious poststreptococcal 
complications or immunogenic sequelae include acute rheumatic fe-
ver, poststreptococcal glomerulonephritis, rheumatic heart disease, 
and toxic shock syndrome. Infections caused by S. pyogenes are most 
common in children and adolescents (Burckhardt et al., 2024; Keller 
et al., 2024; Gashaw et al., 2025).  

GAS is a Gram-positive, facultatively anaerobic, β-hemolytic, 
chain-forming bacterium and is a typical human pathogen. Oropha-
ryngeal carriage is approximately 3% for adults and 8% for school-
age children, however, these rates show seasonal peaks in the fall-
winter-spring period. According to statistics, one in three children 
experiences a sore throat each year, and pharyngotonsillitis or strepto-
coccal tonsillitis is the cause of one in four of these cases. S. pyogenes 
accounts for 4–10% of cases of pharyngitis in adults (Bergsten et al., 
2024; Biała et al., 2024; Tyrrell et al., 2024).  

Acute sore throat or pharyngotonsillitis is a common reason for 
patients to seek primary care, often resulting in the prescription of an-
tibiotics. Although acute sore throat is usually benign and resolves on 
its own, regardless of the causative agent of the infectious inflammati-
on, it can sometimes lead to complications. Healthy individuals can 
become carriers of GAS in the oropharynx after recovery from an 

illness caused by the same pathogen, or without any previous illness, 
potentially through contact with other patients who have been infec-
ted with S. pyogenes, or asymptomatic carriers. Asymptomatic carria-
ge of GAS is more common among children and adolescents than 
among adults. Human skin and mucous membranes are the only natu-
ral reservoirs of this organism, and it initially colonizes the oropha-
rynx and skin, from where it can progress to severe disease. Misdiag-
nosis of carriers of S. pyogenes with a viral condition as a streptococ-
cal infection may lead to unnecessary antibiotic exposure, which will 
not provide treatment benefits for patients and may catalyze the deve-
lopment of antibacterial drug (ABD) resistance in both S. pyogenes 
itself and other members of the human microbiome (Boutin et al., 
2024; Marco et al., 2024; Woldan-Gradalska et al., 2024).  

Streptococcus pyogenes is the most common cause of pharyngitis 
among school-aged children. It is responsible for 616 and 111 million 
cases of pharyngitis and pyoderma in children, respectively. Approxi-
mately 18 million people worldwide suffer from severe disease asso-
ciated with this organism, with 1.78 million new cases and at least 
517,000 deaths each year. More than 660,000 people suffer from 
invasive GAS infections, which result in more than 160,000 deaths 
worldwide each year. Pharyngitis caused by S. pyogenes is responsi-
ble for approximately 5.2 million outpatient visits and 2.8 million an-
tibiotic prescriptions each year in the United States, accounting for 
5.9% of all outpatient antibiotic prescriptions for children aged 3–
9 years. According to the Centers for Disease Control and Prevention, 
GAS accounts for 20–30% of cases of pharyngitis in children and 5–
15% of cases of pharyngitis in adults (Biała et al., 2024; Kline et al., 
2024; Su et al., 2024). According to research by Australian scientists, 
the annual incidence of scarlet fever in the state of Victoria, Australia, 
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from 2007 to 2017 was generally stable, ranging from 1.9 cases per 
100,000 in 2012 and 2014 to 3.1 cases per 100,000 in 2016 (mean 2.5 
per 100,000). The researchers found no significant trend in annual 
incidence over the study period, adjusted for sex and age group 
(aIRR, 0.99, 95% CI 0.98–1.01) (Phakey et al., 2024).  

Quick antibiotic treatment of GAS infections in children after mi-
crobiological confirmation is essential to prevent complications, fur-
ther disease transmission, and death. Untreated GAS infections can 
progress to poststreptococcal complications, and inappropriate anti-
biotic prescribing based on inaccurate data can lead to the emergence 
and spread of antibiotic-resistant bacteria. Factors contributing to re-
sistance include misuse, overuse, and poor infection prevention prac-
tices and empirical treatment practices. Diseases caused by S. pyo-
genes and their post-infectious sequelae, which predominantly affect 
children, have a significant public health and economic impact (Di Pi-
etro et al., 2024; Su et al., 2024; Gashaw et al., 2025).  

The human skin and mucous membranes are the first line of de-
fense against S. pyogenes attachment to cells and subsequent invasion 
into the human body. They form a barrier immune system that is re-
cognized as part of the innate immune system. Furthermore, in additi-
on to the physical barriers that prevent pathogen entry, chemical barri-
ers in the dermis also enhance the effectiveness of this barrier immune 
system. GAS has a high pathogenic potential due to its ability to carry 
multiple virulence factors, including the surface protein M, which is 
encoded by the emm gene. Several lineages of hypervirulent GAS 
strains have been identified to date, including emm 1 (global clone 
M1), as well as emm 3, emm 12, emm 28, emm 59, and emm 89. 
Today, there are over 250 registered serotypes of S. pyogenes, which 
exhibit a wide range of pathogenic effects in the blood, skin and soft 
tissues, the lymphatic system, and on immune cells and neurons (Baz-
har et al., 2024; Mills et al., 2024; Sitkiewicz et al., 2024).  

Clinical aspects are visualized alongside an example of a virulen-
ce factor with this property and, in some cases, a specific host cell re-
ceptor. This organism is spread by airborne droplets from asympto-
matic oropharyngeal carriers, often school-aged children. In the 
blood, S. pyogenes causes hemolysis, multiplies, is able to dissolve 
thrombi, evade phagocytes, hyperactivate T cells, and disrupt B cell 
responses. It masquerades as host tissue elements, penetrates through 
pore-forming toxins, causes inflammation, pain, skin necrosis, and 
spreads through lymphatic vessels (Bergsten et al., 2024; Ramírez de 
Arellano et al., 2024; Su et al., 2024).  

The pathogenesis of GAS consists of several steps. S. pyogenes 
overcomes physical barriers in the epidermis, bypasses chemical bar-
riers and immune attacks by host leukocytes in the dermis, and 
spreads into deeper tissues. The initial attachment of the microorgan-
ism to the extracellular matrices of human skin and mucous membra-
nes is due to strong adhesion to them through the interaction of the 
adhesins of the encapsulated GAS (M protein, F1 protein, and 
S. pyogenes fibronectin-binding protein) with host cell surface recep-
tors (fibronectin, laminin, and collagen). When there is skin/mucosal 
damage, GAS or complement-opsonized GAS enters and aggressive-
ly infects host cells. Opsonization by S. pyogenes involves mannose-
IgG-recognizing C1 interactions as well as a mannose-binding lectin 
related to the lectinserine protease family that binds mannan. GAS 
has various virulence factors – M protein, complement evasion factor, 
streptococcal pyrogenic exotoxin B, streptococcal C5a peptidase, 
hemolysins or streptolysins O and S, hyaluronic acid capsule, strepto-
kinase, hyaluronidase, streptodornase or deoxyribonuclease, and other 
biologically active substances that affect human immune functions. 
GAS has always been considered an extracellular bacterium. How-
ever, there is growing evidence that this organism is capable of ente-
ring human cells by internalization, a mechanism that helps it evade 
antibiotics and phagocytosis, which increases antibiotic treatment fai-
lure, the development of biofilms, and the rise of antibacterial resis-
tance (Cinicola et al., 2024; Martín-Delgado et al., 2024; Mills et al., 
2024).  

The M protein is one of the main factors in the pathogenicity of 
GAS, as it acts as an adhesion factor to the host epithelium and has 
anti-opsonin activity against the host immune system. The type of M 
protein determines the tropism of the strain to certain organs and 

tissues that are likely to be affected, in particular strains with M1 and 
M12 proteins are tropic to cells of the oropharyngeal mucosa, while 
the preferred tissue site for strain M81 is the skin. The tissue prefe-
rence for strain M89 is unknown. Invasive infections caused by 
S. pyogenes are most commonly found in strains with proteins of the 
M1, M3, M6, M12, M18 and M28 types (Karapati et al., 2024; Mat-
sui et al., 2024; Leśnik et al., 2025).  

Effective empirical treatment of most infections caused by S. pyo-
genes is crucial for the prevention of poststreptococcal complications. 
β-lactam antibiotics, particularly penicillin, are considered the stan-
dard choice for empirical treatment of infections caused by this organ-
ism. Despite this, treatment failure remains a significant problem, pos-
sibly due to intracellular persistence of S. pyogenes, biofilm formati-
on, protection by β-lactamase-producing bacteria, alteration of the 
commensal microbiota, or insufficient penetration of penicillin into 
tissues. Penicillin resistance remains a rare phenotype for S. pyogenes, 
but alarming rates of resistance to alternative treatments such as ma-
crolides, lincosamides, and even third- and fourth-generation cephalo-
sporins are causing public concern. Penicillin acts on penicillin-bin-
ding proteins (PBPs), limiting peptidoglycan synthesis, ultimately lea-
ding to streptococcal cell death. To date, rare strains of GAS have 
been identified that possess an altered penicillin-binding protein 2X 
(PBP2X) with a recombinant segment of Streptococcus dysgalactiae 
subspecies equisimilis, which contributes to a decrease in their sensiti-
vity to penicillin. This led to the emergence of a new strain characte-
rized by high fitness, virulence and reduced susceptibility to penicil-
lin. Two clonally related strains of the rare type emm 43.4 have been 
recorded, which demonstrate lower susceptibility to various antibio-
tics. These two strains had identical non-synonymous mutations in the 
pbp2x gene, which encodes PBP2X. This mutation involves a threo-
nine to lysine substitution at amino acid 553 (Thr553Lys), which was 
not found in susceptible strains of the emm 43.4 type. This discovery 
was perceived as the basis for the development of β-lactam resistance, 
which became a major cause of concern in the medical community 
(Lapthorne et al., 2024; Thacharodi et al., 2024; Geteneh et al., 2025).  

Macrolides are antibiotics with a distinct macrocyclic lactone ring 
attached to deoxysugars. Some of the widely used macrolides include 
erythromycin, azithromycin, and telithromycin. They exhibit a broad-
er spectrum of activity and are often prescribed to patients with peni-
cillin allergies. Clindamycin is often prescribed as an adjunct to peni-
cillin because it binds to 23S ribosomal RNA and in vitro immediate-
ly reduces GAS toxin production, providing an antitoxin effect. It is 
estimated that one in five invasive infections caused by S. pyogenes 
are caused by strains resistant to erythromycin and clindamycin, limi-
ting clinicians' ability to prescribe antibacterial therapy. Recent reports 
show that the rate of resistance to macrolides is 32.8% in Spain, 
40.0% in Turkey and Belgium, 98.4% in China, and 22.8% in 
Greece. Macrolide resistance in GAS is influenced by several mecha-
nisms: ribosomal post-transcriptional and pre-transcriptional modifi-
cation (methylation), active expulsion by efflux pumps, and target 
protection. Transcriptional modifications are determined by erythro-
mycin-resistant proteins, which provide point mutation in the riboso-
mal system by methylating an adenyl residue on the 23S rRNA chain 
of S. pyogenes strains. The major genes conferring macrolide resistan-
ce include ermB, ermT, and ermTR. The US Centers for Disease 
Control and Prevention (CDC) Active Bacterial Surveillance Program 
reported an increase from 11.9% to 24.7% and from 8.9% to 23.8% 
of erythromycin- and clindamycin-resistant S. pyogenes strains, re-
spectively, due to the expression of emm 77, emm 58, emm 11, emm 
83, and emm 92. Another major mechanism of resistance involves the 
use of macrolide efflux pumps controlled by the mef(A) gene. Initial-
ly, mef(A) was thought to be the gene responsible for conferring 
macrolide resistance in GAS, but a new gene, namely msr(D), was 
discovered along with mef(A), which also helped confer macrolide 
resistance in S. pyogenes strains (Thacharodi et al., 2024; Geteneh 
et al., 2025; Ünübol et al., 2025).  

Tetracycline is an oral antibiotic derived from Streptomyces bac-
teria that acts on bacterial cells by inhibiting protein translation. Seve-
ral well-known tetracycline antibiotics include doxycycline and era-
vacycline. Tetracycline resistance was not a prominent phenomenon 
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in S. pyogenes until the early 21st century. Tetracycline resistance has 
been shown to be due to the presence of the tetO, tetM, and tetK 
genes. Studies of several tetracycline-resistant GAS strains carrying 
the tetM gene have shown that the prtF1 gene, which is used to syn-
thesize the fibronectin-binding protein F1 for cell adhesion, was 
found in 60% of tetracycline-resistant strains compared to 28% of 
tetracycline-susceptible strains. Efflux pumps also constitute an im-
portant part of tetracycline resistance in S. pyogenes strains, as these 
pumps are membrane-bound and are mainly controlled by the plas-
mid-encoded tetK and tetL genes. These genes actively work together 
to pump excess tetracycline out of the cytoplasm and slow its accu-
mulation, thereby conferring tetracycline resistance. Fluoroquinolones 
have high antibiotic activity and are rarely prescribed as empiric anti-
bacterial therapy due to adverse side effects such as gastrointestinal 
and central nervous system toxicity. In most cases, they are used as a 
last resort in the treatment of invasive infections caused by GAS. 
Fluoroquinolones act by inhibiting two type II DNA topoisomerases, 
DNA gyrase and topoisomerase IV, which leads to the arrest of DNA 
replication and, consequently, cell death. In recent years, there has 
been an increase in fluoroquinolone-resistant GAS strains, which has 
led to the need for a deeper understanding of the mechanism involved 
in the development of fluoroquinolone resistance. Resistance to fluo-
roquinolones is due to mutations in the amino acid sequences of ParC, 
ParE, and GyrA, with all isolates having at least one mutation in their 
ParC sequence. Sulfamethoxazole and trimethoprim are bacteriostatic 
antimicrobials commonly prescribed for respiratory diseases. They 
work by inhibiting dihydrofolate production, stopping the production 
of folic acid in GAS bacterial cells. Folate plays a key role in DNA 
replication, and inhibition of the folate cycle inevitably leads to cell 
death. The genes that contribute to this resistance are variants of the 
Dyr sequences, namely DfrF, DfrA, and DrfG, which are dihydrofo-
late reductases (Thacharodi et al., 2024).  

The aim of this study was to establish the level of susceptibility 
profile to antibacterial drugs of isolated S. pyogenes strains from pedi-
atric and adult patients with infections of various biotopes who recei-
ved medical care at the Municipal Non-Commercial Enterprise “City 
Clinical Hospital No. 6” of the Dnipro City Council.  
 
Materials and methods  
 

Study area and data collection. Informed Consent Statement: Pa-
tients gave their informed consent in accordance with the primary 
accounting documentation No. 003-6/о “Informed voluntary consent 
of the patient for diagnosis, treatment and surgery and anesthesia and 
for the presence or participation of participants in the educational 
process”. This study was conducted during 2021–2023 by bacterio-
logical culture of oropharyngeal and wound samples from patients. 
Oropharyngeal samples from children and adults were collected be-
fore the administration of ABD. The procedure was performed on an 
empty stomach with sterile disposable applicators and delivered to the 
bacteriological laboratory within 2 hours of collection. When using a 
transport medium, the delivery time was increased to 72 hours. Sam-
ples of wound discharge from children and adults were also collected 
before the administration of ABD, using sterile disposable applicators 
and delivered to the bacteriological laboratory within 2 hours of col-
lection. When using a transport medium, the delivery time was in-
creased to 72 hours. The biomaterial was transferred to Columbia 
agar with 5% sheep blood (Graso, Poland), incubated at a temperature 
of +37 ± 1 C for 18–24 hours in an atmosphere of 5% CO2. Colonies, 
the morphotype of which corresponded to S. pyogenes, were further 
identified using the bacitracin S test (Erba Lachema, Czech Repub-
lic), PYR test (Erba Lachema, Czech Republic), Hippurat test (Erba 
Lachema, Czech Republic). A pure culture was isolated, identifica-
tion was carried out using a GP card (BioMeriuex, France) on a Vitek 
2 Compact 15 bacteriological analyzer (BioMeriuex, France). The 
susceptibility of the isolated strains to ABD was determined by the 
disk diffusion method in accordance with the requirements of the 
recommendations of the European Committee on Antimicrobial Sus-
ceptibility Testing (Eucast). The following ABD discs were used: 
benzylpenicillin (1 U) (Liofilchem, Italy), norfloxacin (10 μg) (Far-

maktiv, Ukraine), erythromycin (15 μg) (Farmaktiv, Ukraine), clinda-
mycin (2 μg) (Farmaktiv, Ukraine), tetracycline (30 μg) (Farmaktiv, 
Ukraine). For determination of sensitivity by disk diffusion method 
according to EUCAST recommendations, Mueller-Hinton agar + 5% 
defibrinated horse blood and 20 mg/L β-NAD (Graso, Poland) were 
used. Cultures were incubated at +35 ± 1 0C for 18 ± 2 hours in an 
atmosphere of 5% CO2. The diameters of growth inhibition zones 
around the ABD disks were measured with a calibrated ruler. Quality 
control of the studies was performed in accordance with the approved 
internal laboratory quality control program and EUCAST recom-
mendations.  

Statistical data processing was carried out using ANOVA analy-
sis of variance to find the dependence in the obtained data by examin-
ing the significance of differences in mean values and correlation. The 
one-way analysis of variance (ANOVA) test was applied for the 
diameters of growth retardation zones (mm), considering P < 0.05 as 
statistically significant.  
 
Results  
 

During the period 2021–2023, we studied 50 strains of S. pyo-
genes isolated from the oropharynx of patients with suspected upper 
respiratory tract infection who sought medical help at the Municipal 
non-commercial enterprise “City Clinical Hospital No. 6” of the Dni-
pro City Council (Dnipro, Ukraine), including 17 strains (34.0%) 
obtained from children, 33 strains (66.0%) from adults.  

The number of S. pyogenes strains isolated from the oropharynx 
of children and adults depending on the period of the year for 2021–
2023 is shown in Figure 1.  

  
Fig. 1. Distribution of the number of S. pyogenes strains isolated  

from the oropharynx of children and adults depending on the period 
of the year for 2021–2023 (χ2 = 8.121, P < 0.05), green columns – 

adults (n = 33), blue columns – children (n = 17)  

It was found that in 2021–2023, the number of S. pyogenes 
strains isolated from the oropharynx of adults in the winter period was 
18.2%, in spring – 33.3%, in summer – 33.3%, in autumn – 15.2% 
(correlation coefficient is –0.12; P < 0.05). Among children, the dis-
tribution rate of GAS strains isolated from the oropharynx in 2021–
2023 in the winter period was 17.6%, in spring – 23.5%, in summer – 
11.8%, in autumn – 47.1% (correlation coefficient is 0.64; P < 0.05).  

The number of S. pyogenes strains isolated from the oropharynx 
of children and adults depending on the type of medical care provided 
for 2021–2023 is given in Table 1.  

It was found that in 2021–2023, the number of GAS strains iso-
lated from the oropharynx of adults was 51.5% for outpatient diseases 
and 48.5% for inpatient diseases, this distribution among children was 
58.8% for outpatient diseases and 41.2% for inpatient diseases.  

The number of S. pyogenes strains isolated from the oropharynx 
of children and adults, depending on age, for 2021–2023 is given in 
Table 2. It was found that in 2021–2023, 57.6% of S. pyogenes strains 
were isolated from the oropharynx of adults aged 18 to 30 years, 
42.4% – 30 years and older. Among children under 5 years of age, the 
number of S. pyogenes strains isolated from the oropharynx was 
52.9%, from 5 years to 17 years – 47.1%. The number of S. pyogenes 
strains isolated from the oropharynx of children and adults, depending 
on gender, for 2021–2023 is given in Table 3.  
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Table 1  
Distribution of the number of S. pyogenes strains isolated from the oropharynx  
of children and adults depending on the type of medical care provided in 2021–2023  

Type of medical care provided 
Age category of patients 

adults (n = 33) (χ2 = 3.975, P < 0.05) children (n = 17) (χ2 = 4.121, P < 0.05) 
number of strains % number of strains % 

Outpatient 17 51.5 10 58.8 
Inpatient 16 48.5 7 41.2 

Table 2  
Distribution of the number of S. pyogenes strains isolated from the oropharynx of children and adults in relation to age for 2021–2023  

Age  
of adult patients 

Number of strains GAS (n = 33) (χ2 = 4.294, P < 0.05) Age  
of children 

Number of strains GAS (n = 17) (χ2 = 4.356, P < 0.05) 
absolute number % absolute number % 

18–30 years old 19 57.6 < 5 years 9 52.9 
≥ 30 years 14 42.4 5–17 years old 8 47.1 
Note: GAS – group A Streptococcus.  

Table 3  
Distribution of the number of S. pyogenes strains isolated from the oropharynx of children and adults in relation to gender for 2021–2023  

Gender  
of adult patients 

Number of strains GAS (n = 33) (χ2 = 3.912, P < 0.05) Gender  
of children 

Number of strains GAS (n = 17) (χ2 = 4.012, P < 0.05) 
absolute number % absolute number % 

Female 27 81.8 Female 11 64.7 
Male 6 18.2 Male 6 35.3 
Note: GAS – group A Streptococcus.  

It was found that in 2021–2023, 81.8% of S. pyogenes strains 
were isolated from the oropharynx of adult women, 18.2% from adult 
men. Among children, the number of S. pyogenes strains isolated 
from the oropharynx was 64.7% for girls, 35.3% for boys.  

The antibacterial susceptibility profile of S. pyogenes strains iso-
lated from the oropharynx of children and adults for 2021–2023 is 
shown in Figure 2.  

  
Fig. 2. Number of ABD-sensitive S. pyogenes strains isolated from 

the oropharynx of children and adults in 2021–2023 (χ2 = 3.978,  
P < 0.05), green columns – adults (n = 33), blue columns – children 

(n = 17), BEN – benzylpenicillin, NOR – norfloxacin, ERY –  
erythromycin, CLI – clindamycin, TYC – tetracycline  

It was found that in 2021–2023, the percentage of GAS strains 
isolated from the oropharynx of adults (n = 33) sensitive to benzylpe-
nicillin was 100.0%, norfloxacin – 69.7%, erythromycin – 63.6%, 
clindamycin – 87.9%, tetracycline – 54.5%. The percentage of S. 
pyogenes strains isolated from the oropharynx of children (n = 17) 
sensitive to benzylpenicillin was 100.0%, norfloxacin – 82.4%, eryt-
hromycin – 70.6%, clindamycin – 94.1%, tetracycline – 64.7%.  

The antibacterial drug resistance profile of S. pyogenes strains 
isolated from the oropharynx of children and adults for 2021–2023 is 
shown in Figure 3. It was found that in 2021–2023, the percentage of 
S. pyogenes strains isolated from the oropharynx of adults (n = 33) 
resistant to benzylpenicillin was 0.0%, norfloxacin – 30.3%, erythro-
mycin – 36.4%, clindamycin – 12.1%, tetracycline – 45.5%. The 
precentage of GAS strains isolated from the oropharynx of children (n 
= 17) resistant to benzylpenicillin was 0.0%, norfloxacin – 17.6%, 
erythromycin – 29.4%, clindamycin – 5.9%, tetracycline – 35.3%.  

  
Fig. 3. Number of ABD-resistant S. pyogenes strains isolated  

from the oropharynx of children and adults in 2021–2023 (χ2 = 3.865, 
P < 0.05), green columns – adults (n = 33), blue columns – children  

(n = 17), BEN – benzylpenicillin, NOR – norfloxacin, ERY –  
erythromycin, CLI – clindamycin, TYC – tetracycline  

During the period 2021–2023, we studied 21 strains of S. pyo-
genes isolated from wounds of adult patients. The number of GAS 
strains isolated from wounds of adult patients depending on the type 
of medical care provided for 2021–2023 is given in Table 4.  

Table 4  
Distribution of the number of S. pyogenes strains  
isolated from wounds of adult patients depending  
on the type of medical care provided in 2021–2023  

Type of medical  
care provided 

Number of strains GAS (n = 21) (χ2 = 3.914, P < 0.05) 
absolute number % 

Outpatient 10 47.6 
Inpatient 11 52.4 
Note: GAS – group A Streptococcus.  

It was found that for the years 2021–2023, the number of S. pyo-
genes strains isolated from wounds of adult patients was 47.6% for 
outpatients and 52.4% for inpatients. The number of GAS strains 
isolated from wounds of adult patients depending on age for the years 
2021–2023 is given in Table 5. It was found that in 2021–2023, 
23.8% of S. pyogenes strains were isolated from wounds of adult 
patients aged 18 to 30 years, 76.2% – 30 years and older. The number 
of S. pyogenes strains isolated from wounds of adult patients depend-
ing on the period of the year for 2021–2023 is shown in Figure 4.  
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Table 5  
Distribution of the number of S. pyogenes strains isolated  
from wounds of adult patients depending on age for 2021–2023  

Age of adult 
patients 

Number of strains GAS (n = 21) (χ2 = 4.454, P < 0.05) 
absolute number % 

18–30 years old 5 23.8 
≥ 30 years 16 76.2 
Note: GAS – group A Streptococcus.  

  
Fig. 4. Distribution of the number of S. pyogenes strains isolated  
from wounds of adult patients (n = 21) depending on the period  

of the year for 2021–2023 (χ2 = 4.436, P < 0.05)  

It was found that in 2021–2023, the percentage of S. pyogenes 
strains isolated from wounds of adult patients in the winter period was 
23.8%, in spring – 19.0%, in summer – 52.4%, in autumn – 4.8% 
(correlation coefficient is –0.15; P < 0.05).  

The profile of sensitivity and resistance to antibacterial drugs of 
S. pyogenes strains isolated from wounds of adults in 2021–2023 is 
shown in Figure 5.  

  
Fig. 5. Susceptibility profile to ABD of S. pyogenes strains isolated 
from wounds of adult patients in 2021–2023 (n = 21, χ2 = 4.054, P < 
0.05), green columns – number of susceptible strains, blue columns – 
number of resistant strains, BEN – benzylpenicillin, NOR – norflo-
xacin, ERY – erythromycin, CLI – clindamycin, TYC – tetracycline  

It was found that in 2021–2023, the percentage of S. pyogenes 
strains (n = 21) isolated from wounds of adult patients sensitive to 
benzylpenicillin was 100.0%, norfloxacin – 85.7%, erythromycin – 
61.9%, clindamycin – 100.0%, tetracycline – 38.1%. The ABD resis-
tance rate of GAS strains isolated from wounds of adult patients (n = 
21) for benzylpenicillin was 0.0%, norfloxacin – 14.3%, erythromy-
cin – 38.1%, clindamycin – 0.0%, tetracycline – 61.9%.  

A comparison of the susceptibility profile to ABD of S. pyogenes 
strains isolated from the oropharynx (n = 33) and wounds (n = 21) of 
adult patients for 2021–2023 is shown in Figure 6.  

It was found that the sensitivity indicators to ABD of S. pyogenes 
strains isolated from the oropharynx (n = 33) and wounds (n = 21) of 
adult patients in 2021–2023 to benzylpenicillin and erythromycin do 
not differ, but the indicators of sensitivity to norfloxacin, clindamycin, 
and tetracycline do differ from each other.  

  
Fig. 6. Comparison of the susceptibility profile to ABD of S. pyo-
genes strains isolated from the oropharynx (n = 33) and wounds 

(n = 21) of adult patients in 2021–2023 (χ2 = 7.811, P < 0.05), green 
columns – the number of susceptible strains from the oropharynx, 
blue columns – the number of susceptible strains from wounds, 

BEN – benzylpenicillin, NOR – norfloxacin, ERY – erythromycin, 
CLI – clindamycin, TYC – tetracycline  

 
Discussion  
 

We found that during the period 2021–2023, the number of 
S. pyogenes strains isolated from the oropharynx of children was 
greatest in the autumn-winter-spring period of the year, which is 
88.2%, with the largest number of strains being isolated in the autumn 
and spring periods. These indicators correlate with the data obtained 
by Italian and Polish researchers (Biała et al., 2024; Di Pietro et al., 
2024). Having analyzed the dependence of the number of isolated 
GAS strains from the oropharynx of adults, it was found that the 
largest number of strains was isolated in the winter-spring-summer 
period, especially in the spring and summer periods of the year, 
33.3%, respectively. These indicators partially correlate with the data 
obtained by Polish and American researchers (Biała et al., 2024; 
Kline et al., 2024).  

We found that the distribution of the number of GAS strains iso-
lated from the oropharynx of children and adults in relation to the type 
of medical care provided for 2021–2023 indicates the preference of 
patients with S. pyogenes infection for outpatient hospital visits and 
the prescription of antibacterial therapy in outpatient settings, which 
correlates with the data of Australian researchers. According to the 
results of our study, it was found that the largest number of S. pyoge-
nes strains was isolated from the oropharynx of adults aged 18 to 
30 years, among children this indicator was highest in the age group 
up to 5 years, which correlates with the data of Australian researchers 
(Phakey et al., 2024).  

Analysis of the distribution of the number of S. pyogenes strains 
isolated from the oropharynx of children and adults depending on 
gender in 2021–2023 found that GAS strains were most often isolated 
among adult female patients (81.8%) and among girls (64.7%), which 
correlates with the data obtained by Polish researchers (Biała et al., 
2024). However, this indicator differs significantly from those of 
Australian researchers (Phakey et al., 2024), who found that S. pyo-
genes strains were most often isolated from the oropharynx of male 
adults and children.  

We found that in 82.4% of cases, S. pyogenes strains isolated 
from the oropharynx of children were sensitive to norfloxacin, 70.6% 
of strains were sensitive to erythromycin, 64.7% were sensitive to tet-
racycline. It was found that in 69.7% of cases, GAS strains isolated 
from the oropharynx of adults were sensitive to norfloxacin, 63.7% of 
strains were sensitive to erythromycin and 54.5% were sensitive to 
tetracycline. In 85.7% of cases, GAS strains isolated from wounds of 
adults were susceptible to norfloxacin, 61.9% of strains were suscep-
tible to erythromycin, 38.1% were susceptible to tetracycline. A com-
parison of the susceptibility profile to ABD of isolated S. pyogenes 
strains from the oropharynx of children and adults with the indicators 
of researchers from other countries is presented in Table 6.  
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Table 6  
Comparative characteristics of the susceptibility profile to ABD S. pyogenes  
from biomaterial of children and adults with indicators of researchers from other countries  

Country Number of strains susceptible to ABD GAS, % 
BEN NOR ERY CLI TYC 

Dnipro, Ukraine (children, oropharynx) 100.0 82.4 70.6 94.1 64.7 
Dnipro, Ukraine (adults, oropharynx) 100.0 69.7 63.6 87.9 54.5 
Dnipro, Ukraine (adults, wounds) 100.0 85.7 61.9 100.0 38.1 
Southern Ethiopia (Gebre et al., 2024) 100.0 – 59.1 95.5 59.1 
Northern Ethiopia (Meles et al., 2024) 45.2 95.2 85.6 92.8 71.2 
Bulgaria (Gergova et al., 2024) – 100.0 60.0 100.0 100.0 
Greece (Gergova et al., 2024) – 98.0 79.6 81.3 59.2 
Spain (Gergova et al., 2024) – 100.0 91.3 96.1 88.0 
Hungary (Gergova et al., 2024) – 86.5 89.5 90.8 100.0 
USA (Gergova et al., 2024) – 98.6 77.0 100.0 77.4 
South Africa (Rampersadh et al., 2024) 100.0 100.0 99.0 100.0 91.6 
Turkey (Ünübol et al., 2025) 100.0 95.8 89.5 91.6 34.7 
Note: GAS – group A Streptococcus; BEN – benzylpenicillin, NOR – norfloxacin, ERY – erythromycin, CLI – clindamycin, TYC – tetracycline.  

It was established that the sensitivity indices to benzylpenicillin of 
isolated S. pyogenes strains from the oropharynx of children and 
adults in Dnipro, Ukraine, obtained by us, correlate with each other, 
therefore β-lactam antibiotics can be used in 100% of cases for the 
treatment of infections caused by this microorganism among children 
and adults. The sensitivity index we obtained for GAS strains isolated 
from the oropharynx of children to norfloxacin, erythromycin, clin-
damycin, and tetracycline is 12.7%, 7.0%, 6.2%, and 10.2% higher 
than that in adult patients, respectively.  

The benzylpenicillin susceptibility profile of isolated S. pyogenes 
strains from the oropharynx and wounds of adult patients in Dnipro, 
Ukraine correlates with each other, therefore β-lactam antibiotics can 
be used in 100% of cases for the treatment of infections caused by this 
microorganism. The sensitivity index to norfloxacin and clindamycin 
of S. pyogenes strains isolated from the oropharynx of adults obtained 
by us is 16.0% and 12.1% lower than that of strains isolated from 
wounds of adult patients, respectively. The erythromycin susceptibili-
ty profile of GAS strains isolated from the oropharynx and wounds of 
adults is the same. The tetracycline susceptibility profile of S. pyo-
genes strains isolated from the oropharynx of adults is 16.4% higher 
than the susceptibility profile of strains isolated from wounds. It was 
found that the sensitivity index to benzylpenicillin of GAS strains 
isolated from the oropharynx of children and adults obtained by us 
correlates with the data of researchers from Turkey, South Africa, and 
Southern Ethiopia and differs significantly from the indicators of 
researchers from Northern Ethiopia. The norfloxacin susceptibility 
profile of S. pyogenes strains isolated from the oropharynx of children 
and adults obtained by us correlates with the data of researchers from 
Hungary and is lower than the indicators of other researchers. The 
erythromycin susceptibility profile of GAS strains isolated from the 
oropharynx of children and adults partially correlates with the data of 
researchers from the European Region, being 6.4% lower than the 
rates in the USA, higher than the rates in Southern Ethiopia, and low-
er than the rates in South Africa and Turkey. It was found that the 
sensitivity index to clindamycin of isolated S. pyogenes strains from 
the oropharynx of children and adults, obtained by us, correlates with 
the data of researchers from Ethiopia, countries of the European re-
gion and Turkey, and is 5.9% lower than the index for the USA and 
South Africa. The sensitivity to tetracycline of GAS strains isolated 
from the oropharynx of children and adults correlates with the data of 
researchers from Ethiopia and Greece, is lower than the indicators of 
other countries of the European Region and the USA, and is signifi-
cantly higher than the indicators in Turkey. Thus, we achieved our 
goal and confirmed the hypothesis of our research.  
 
Conclusions  
 

β-lactam antibiotics can reasonably be used as the main group of 
drugs for the treatment of infections caused by S. pyogenes in children 
and adults. The ABD susceptibility profile of S. pyogenes strains 
among children and adults correlates with data from researchers in 

other countries. The ABD susceptibility profiles of GAS strains isola-
ted from the oropharynx and wounds of adult patients are partially 
different.  

The increase in the number of S. pyogenes strains isolated from 
the oropharynx of children occurs in the autumn-winter-spring period 
of the year, and in adults – in the winter-spring-summer period.  

The results of our study established the antibacterial drug suscep-
tibility profile of S. pyogenes strains, which will allow clinicians to 
prescribe empirical antibacterial therapy for infections caused by this 
microorganism among children and adults, with subsequent adjust-
ment after receiving the antibiotic sensitivity test of the bacteriological 
study. Antimicrobial resistance is a global problem in the public 
health and healthcare system, which requires the results of analyzing 
the distribution of resistant strains and antimicrobial susceptibility 
profile indicators.  
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