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Abstract

Background: Antibiotic resistance is one of the most pressing global health challenges, particularly with Staphylococcus
aureus, a common pathogen associated with various infections. The growing resistance of S. aureus to traditional antibiotics,
especially penicillin and ampicillin, poses a significant threat to effective treatment strategies. In clinical practice, the
indiscriminate use of antibiotics, particularly beta-lactams, has led to the emergence of resistant strains, necessitating
continuous monitoring of resistance patterns. This study is aimed at evaluating the antibiotic resistance profile of S. aureus
isolates from different biological materials and assessing their sensitivity to various antibiotics, highlighting the need for
localized resistance data to optimize empirical treatment regimens.

Objective: The aim of this study was to determine the antibiotic resistance and sensitivity patterns of S. aureus isolates
from five different biological samples, focusing on identifying effective treatment options for different infection sites.

Materials and Methods: This study included 726 clinical isolates of S. aureus obtained from five types of biological
materials: sputum (n = 346), ENT samples (n = 322), cervical canal (n = 15), wound exudate (n = 6), and conjunctiva (n =
37). A total of 18 antibiotics were tested, representing various antibiotic classes such as beta-lactams, glycopeptides,
aminoglycosides, and others. The resistance and sensitivity rates were calculated, and statistical analysis was performed
using IBM SPSS Statistics.

Results: The results revealed high resistance of S. aureus to penicillin (16.9%) and ampicillin (11.7%), confirming the reduced
clinical efficacy of these antibiotics. In contrast, linezolid, gentamicin, nitrofurantoin, and glycopeptides exhibited consistently high
effectiveness across all biological materials, with linezolid and gentamicin showing sensitivity rates above 87%. Wound isolates
displayed the highest sensitivity to gentamicin (100%) and ciprofloxacin (83.3%), while sputum and ENT samples showed greater
resistance. Vancomycin and linezolid were highly effective against isolates from the cervical canal, while teicoplanin was particularly
effective in eye isolates (89.2%). The study also highlighted a high level of resistance to beta-lactams and macrolides, confirming the
widespread presence of beta-lactamase-producing strains in hospital settings.

Conclusion: The study underscores the growing concern over S. aureus resistance, particularly to traditional antibiotics such as
penicillin and ampicillin, and the importance of local resistance monitoring. The findings support the use of linezolid, gentamicin,
nitrofurantoin, and glycopeptides as key antibiotics for the empirical treatment of S. aureus infections. These results highlight the
necessity of incorporating local resistance data into treatment guidelines to reduce the risk of ineffective therapy.
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BBepeHne: AHTUOMOTMKOPE3UCTEHTHOCTb SBMSIETCA OLHOM W3 CaMblX OCTPbIX MPOBGMeM 34paBOOXpaHeHUst BO BCEM
Mupe, ocobeHHO B OTHOLEHMN Staphylococcus aureus, 4acTo BCTpeyvatowerocs Bo3byantens pasnuyHbix HGekumi. Poct
YCTOMUMBOCTM S. aureus K TPaAWLMOHHBIM aHTUMOMOTMKAaM, OCOBEHHO K MEHULMMNMHY M aMAMLUIIUHY, 3HAYMTENBHO
CHUXaeT 3 eKTMBHOCTb CTaHAAPTHbIX CxeM Tepanuu. HeobXxoaMMOCTb B MOKANbHOM MOHWUTOPUHIE YyBCTBUTENBHOCTY
LUTaMMOB CTaHOBUTCS BCE Bonee akTyanbHoOi Ans BbIGOpa aaeKBaTHOTO NeYeHus.

Llenb: OueHuTb YyBCTBMTENBHOCTb W YCTOWYMBOCTb S. aureus, BbIOEMNEHHOT0 M3 PasnMuHbIX  BMOMOrMyeckux
MaTepnarnos, K LUMPOKOMY CMIEKTPY aHTUOMOTWKOB W OnpeaenuTb Haubonee apdeKTBHBIE NpenapaTbl 471 3MIMPUYECKON
Tepanuu.

Matepuansl n metoabl: B uccnefoBaHue BKMKYEHb! 726 KNWHUMYECKWX M30NATOB S. aureus, MOMYyYEHHbIX W3 NATM
BuaoB Bromatepuanos: MokpoTa (n = 346), JIOP-matepuansl (n = 322), uepsukanbHbii kaHan (n = 15), paHesoit akceypat
(n = 6), koHbloHkTMBa (N = 37). M3yyanack 4yBCTBUTENBHOCTb K 18 aHTUOMOTIKaM, NPeaCTaBNALLMM PasnnyHbIe KNacchl.
PacuéT gonei YyBCTBMTENBHOCTU U YCTOAYMBOCTH BbINOSTHEH C Ucnonb3oBaHueM Microsoft Excel u SPSS.

PesynbTaTbl: YCTaHOBNEHa BbLICOKAs YCTOMYMBOCTb K meHuumnnnHy (16,9%) u amnmuunmuny  (11,7%), uyto
NOATBEPXAAET CHUKEHWNE WX KMWUHUYECKOM 3HauMmocTu. Hanbonee achdheKTUBHBIMM OKa3anuCh NMHE30NNE, TEHTaMULMH,
HUTPOCYPAHTOWH W TAMKONENTMALI (YyBCTBUTENBHOCTL Bhile 87%). B obpasuax u3 paH otmeyeHa 100% 4yBCTBUTENBHOCTL
K TEHTaMMUMHY, @ TNa3Hble W30NATbl MPOLEMOHCTPUPOBANM BbICOKYKD YYBCTBUTENBHOCTb K TerkonnaHuHy (89,2%).
Hanbonbluas ycTonumBocT 0TMeYeHa B MokpoTe 1 JTIOP-maTepuanax, Toraa Kak rnasHble U paHeBble 130Tl 6binn bonee
YyBCTBUTEMbHBIMY.

BbiBopa: PesynbTathl nogTBepxgaloT rnobanbHble TEHAEHUWM pOCTa YCTOMYMBOCTM S. aureus K TpaguUMOHHBIM
aHTMOMOTMKAM 1 NOAYEPKMBAKOT  HEODXOAMMOCTb  FOKANMbHOTO  3MUAEMUOMOTMYECKOr0  MOHWTOpUHra.  JluHesomug,
FEHTAMULMH, HUTPOYPAHTOMH W MMKONENTMAbI MOryT ObiTb PEKOMEHAOBAHbI AN 3MMMPUYECKOr0 NEYeHUs WHQEKLMA
CTa(MMIOKOKKOBO 3TUOMOTMK.

Knrouesbie cnoea: Staphylococcus aureus, aHmubuomukope3ucmeHmHocmb, 6Guomamepuarb, 2nukonenmuobl,
JI0KasTbHbI MOHUMOPUHE.

Ana yumupoeaHus: Mykawesa I'.[., Maykaesa C.b., KydalibepeeHosa H.K., [Llabdapbaesa [.M., Ypaszanuna H.M.,
lopembikuHa M.B., AbdpaxmarHosa I".)K. AHTUBMOTMKOPE3NCTEHTHOCTL staphylococcus aureus no pasfmyHbIM KITMHUYECKIM
Ovomatepuanam: CcpaBHUTENbHbIA aHanu3 /| Hayka u 3ppaBooxpaHenne. 2025. T.27 (2), C. 70-77. doi:
10.34689/SH.2025.27.2.009
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Kipicne: AHTWOMOTUKTEPre Te3iMAINK — Kasipri sanemmik AeHCaynblk CakTay canacblHAasbl eH, ©3eKTi Macenenepmin,
Bipi. Ocipece, xmi kesgeceTiH MHGeKUMs Ko3dbipFuiwbl — Staphylococcus aureus bakTepusicblHa KaTbICTbl. [aCTypi
aHTUONOTUKTEPre, COHbIH, iWHAE MEHUUMNNIMH MEH aMMUUMANUHIE Te3iMAINIKTIH, apTybl emaey TUIMAINIriH TeMeHaeTesi.
OcebliraH GannaHbICTbI, XEPriNiKTi AeHreige aHTMBNOTUK Ce3iMTanabIfFbIH 3ePTTEY KaXETTiNif apTbin OTbIP.

Makcatbl: SpTypni Buonorusanbik MatepuangapgaH GeniHin anbiHFaH S. aureus WTaMMAAPbIHbIH, aHTUOMOTUKTEPre
TesiMIinNiK XaHe cesiMTanblK ynrinepiH canbICTbIpbIn, UHEKLNS TypiHE Kapal TUIMAI npenapaTtTapdbl aHbIkTay.

Matepuangap MeH agictep: 3eptreyre bec Typni GuomartepuangaH anbiHFaH S. aureus GakTepusiCbiHblH, 726
KNWHUKarbIK, M30NATTapbl eHrisingi: kakplpblk (n = 346), TOP ynrinepi (n = 322), xaTblp MOHbI kaHarne! (n = 15), xapa
Beningici (n = 6), ke3 koHblOHKTMBACK! (n = 37). 18 aHTMOMOTUKKE CesiMTanabik 3epTTengi. AnbiHFaH Manimettep Excel
xaHe SPSS bargapnamanapbiHa eHgengi.
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Hatuxenep: Staphylococcus aureus itammaapbiHbiH, neHuuunnuHre (16,9%) xeHe amnuumnnudre (11,7%) xorapbl
TesiMainiri aHbikTangpl. JIMHe30nna, reHTaMULMH, HUTPOMYPAHTOMH XaHe FMUKONenTUATEP XorFapbl BenceHminik kepceTri
(87%-paH xorfapbl). Xapa ynrinepiHge reHtamuumnre 100% cesimTangbik bankangbl, an ke3 ynrinepi TeAkonnaHuHre
Xofapbl cesimTan donabl (89,2%). Kakbipbik, neH JTOP ynrinepiHae aHTMOMOTHKKE Te3iMai LiTaMMAap Xui Ke3aecTi.

KopbITbIHABI: 3epTTey HaTuxenepi S. aureus LUTAaMMAAPbIHbIH, A3CTYpNi aHTUONOTMKTEPre Te3iMAiniriHiH, ecyi MeH
KEPriNIKTi MOHUTOPWHITIH, MaHpI3abINbIFbIH fanenaenti. TuHe3onmua, reHTaMuLmMH, HUTPOPYPAHTOUH XaHe rMUKoNnenTuaTep
aMNMpuAnbIK emaeyae Tvimai Tanaay 6ona anagbl.

Tyuindi cespep: Staphylococcus aureus, aHTUGWOTUMKKE Te3iMAinik, Ouomatepuangap, rMUKONENTUATEP, KEPriniKTi
MOHUTOPWHT.

Hatiekce3 ywiH: Mykaweea I[., Maykaesa C.b., KydaibepeeHosa H.K., Lllabdapbaesa .M., Ypasanuna H.M.,
lopembikuHa  M.B., AbdpaxmaHosa [)K. Staphylococcus aureus OakTepusicblHbIH — @pTYpRi  KNUHWKAMbIK
Bromatepuangapaarbl aHTUOMOTUKKE TYPaKTbINbIFbL: canbicTbipMans! Tangay // Feinbim xeHe JeHcaynbik. 2025. T.27 (2),
b. 70-77. doi: 10.34689/SH.2025.27.2.009

Introduction indicating a potential for cross-transmission of pathogens
Staphylococcus aureus is one of the most common  from food products to humans [6].
pathogens in clinical practice, causing infections such as Among research focused on tropical countries, the

pneumonia, sepsis, and postoperative wound infections.  study by Hamadalneel et al. stands out, reporting a high
According to the World Health Organization, antibiotic ~ prevalence of multidrug resistance (MDR) in S. aureus,
resistance in S. aureus poses a serious public health threat,  particularly in samples from immunocompromised patients.
leading to increased morbidity, longer hospital stays, and  This aligns with earlier findings showing significant microbial
higher mortality rates [3]. profile variability in developing regions [15].

Particular concern is raised by methicillin-resistant S. Staphylococcus aureus remains one of the most
aureus (MRSA), which is responsible for a significant  important etiological agents in surgical infections,
number of hospital-acquired infections. According to the  characterized by a high degree of antibiotic resistance,
Ministry of Health of the Republic of Kazakhstan, intensive  particularly in hospital settings. As demonstrated in a study
care and resuscitation units are witnessing a rise in multi- by R.I. Dovnar, up to 83% of S. aureus strains isolated from
drug resistant strains, complicating the selection of effective  patients with purulent soft tissue infections were resistant to
therapy and increasing the risk of complications [3]. oxacillin, indicating the widespread presence of MRSA

Antibiotic resistance in pathogenic bacteria, including isolates. High resistance was also observed to macrolides,
Staphylococcus aureus (S. aureus), is one of the most  trimethoprim-sulfamethoxazole, and  fluoroquinolones.
serious challenges in modern clinical microbiology and Notably, resistance to reserve antibiotics such as
infectious disease medicine. Especially concerning are  vancomycin and linezolid began emerging in 2018. These
methicillin-resistant strains (MRSA), whose high virulence  data highlight the need for continuous monitoring of S.
and ability to horizontally transfer resistance genes make  aureus susceptibility depending on the type of clinical
patient management more difficult [12]. specimen, as well as for selecting appropriate targeted

An investigation comparing MRSA isolates from surgical ~ therapy based on local microbial profiles and the evolving
and medical departments found notable differences in  resistance dynamics of pathogens [2].
susceptibility to B-lactam and glycopeptide antibiotics. The The relevance of studying Staphylococcus aureus
results suggest that department-specific antibiotic  antibiotic resistance is further supported by data from
resistance patterns may influence treatment outcomes and intensive care units. According to a study by Butranova O.1.
should be considered when selecting empirical therapy in et al. (2023), S. aureus accounted for 19% of all clinically
hospital settings [21]. significant pathogens isolated from patients with hospital-

In addition to traditionally studied sources (wounds,  acquired infections in ICUs. Despite the predominance of
blood, urine), increasing attention is being paid to  Gram-negative bacteria (such as Klebsiella pneumoniae, A.
resistance patterns of S. aureus isolated from less common baumannii, etc.), staphylococci were the second most
biological materials. A large-scale meta-analysis Mebrahtu  frequent group. It is noteworthy that S. aureus showed
et al. emphasized that resistance to macrolides and  resistance to ampicillin and cefoxitin in 70% of cases, but
fluoroquinolones varied significantly between isolates from  retained sensitivity to several reserve antibiotics, including
fecal samples and respiratory tracts, pointing to the need for ~ vancomycin and linezolid [1].
revising empirical treatment based on the type of biological Thus, the study of S. aureus antibiotic susceptibility
material [20]. across various biological materials remains a critical task in

A comparative study by Cozma et al., which included  modern medicine, requiring ongoing surveillance and the
bile samples, revealed a high frequency of multidrug-  development of effective strategies for preventing and
resistant MRSA strains in the hepatobiliary system—an treating infections caused by this pathogen.
infection source that had previously been underestimated in The aim of this study is to conduct a comparative
the context of complex nosocomial infections [11]. In  analysis of antibiotic resistance profiles of Staphylococcus
another study, Beker et al. evaluated virulence genes and  aureus strains isolated from different clinical samples
resistance profiles of strains isolated from animals,  (blood, sputum, urine, wound exudate, etc.) in order to

identify resistance patterns and determine possible factors
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contributing to variability in antimicrobial susceptibility
depending on the type of clinical specimen.

Materials and methods

This study design is observational, retrospective, and
descriptive. The study included 726 clinical isolates of
Staphylococcus aureus obtained from five types of
biological specimens: sputum (n = 346), ENT samples (n =
322), cervical canal (n = 15), wound exudate (n = 6), and
conjunctiva (n = 37).

A total of 18 antibiotics were analyzed, covering the
following classes: beta-lactams (penicillins,
cephalosporins), glycopeptides (vancomycin, teicoplanin),
lincosamides (clindamycin), macrolides (erythromycin),
fluoroquinolones, tetracyclines, oxazolidinones (linezolid),
and others (nitrofurantoin, daptomycin, rifampicin, etc.).

The data were entered into Microsoft Excel for initial
sorting and calculation of antibiotic sensitivity and
resistance percentages. Percentages were calculated using
the formula:

(Sensitive / (Sensitive + Resistant)) x 100.

Statistical analysis was carried out using IBM SPSS
Statistics, applying descriptive statistical methods.

Results

Table 1 presents the overall number of Staphylococcus
aureus strains identified as sensitive or resistant across five
types of biological specimens: sputum, ENT samples,
cervical canal, wound, and eye. The highest number of
positive isolates was obtained from sputum (346) and ENT
samples (322), while the number of isolates from the
cervical canal, wounds, and eyes was considerably lower.
The antibiotics gentamicin, linezolid, oritavancin, and
nitrofurantoin demonstrated high absolute sensitivity rates
across all specimen types, particularly in sputum and ENT
samples. In contrast, penicillin and ampicillin exhibited high
resistance rates, indicating limited clinical effectiveness of
these drugs against S. aureus.

Table 1.
Absolute Numbers of Staphylococcus aureus Sensitivity and Resistance by Type of Clinical Specimen.
Antibiotic | Sputum (n=346) | ENT Samples (n=322) | Cervical Canal (n=15) | Wound (n=6) | Eyes (n=37)
Sens. | Res. | Sens. Res. Sens. Res. Sens. | Res. | Sens. | Res.
Penicillin 64 282 22 300 5 10 5 1 7 30
Oxacillin 90 256 170 152 6 9 4 2 9 28
Ceftaroline 291 55 220 102 10 5 4 2 28 9
Oritavancin | 300 46 290 32 12 3 3 3 32 5
Ciprofloxacin | 292 54 280 42 11 4 5 1 25 10
Tetracycline | 182 164 282 40 8 7 4 2 17 20
Gentamicin | 301 45 284 38 10 5 6 0 31 6
Trimethoprim | 263 83 300 22 11 4 4 2 30 7
Rifampin 184 162 250 72 6 9 3 3 15 22
Clindamycin | 177 169 273 49 7 8 4 2 20 17
Ampicillin 48 298 23 299 4 11 2 4 8 29
Cefoxitin 150 196 162 160 6 9 3 3 12 25
Teicoplanin | 274 72 163 159 9 6 3 3 33 4
Vancomycin | 268 78 217 105 11 4 4 2 28 9
Moxifloxacin | 171 175 200 122 10 5 4 2 22 15
Linezolid 290 56 302 20 9 6 4 2 31 6
Nitrofurantoin | 293 53 298 24 10 5 5 1 30 7
Daptomycin | 169 177 110 212 9 6 2 4 15 22
Erythromycin | 170 176 142 180 8 7 3 3 20 17
Table 2 shows the percentage of sensitive  sensitivity levels exceeding 85%. In contrast, penicillin-

Staphylococcus aureus strains across different types of
clinical specimens. Gentamicin demonstrated the highest
activity in wound isolates (100%), as well as high
effectiveness in sputum (87%) and ENT samples (88.2%).
Linezolid, oritavancin, and nitrofurantoin also showed
consistently strong activity across all sample types, with

group antibiotics and ampicillin exhibited very low
effectiveness, with sensitivity rates not exceeding 20% in
any of the tested specimens. These findings confirm the
widespread resistance of S. aureus to traditional beta-
lactam antibiotics.

Table 2.
Percentage of Staphylococcus aureus Sensitivity to Antibiotics by Biological Material.
Antibiotic Sputum (%) ENT organs (%) | Cervical canal (%) Wound (%) Eyes (%)
1 2 3 4 5 6
Penicillin 18.5 6.8 33.3 83.3 18.9
Oxacillin 26.0 52.8 40.0 66.7 24.3
Ceftaroline 84.1 68.3 66.7 66.7 75.7
Ortavancin 86.7 90.1 80.0 50.0 86.5
Ciprofloxacin 84.4 87.0 73.3 83.3 67.6
Tetracycline 52.6 87.6 53.3 66.7 45.9
Gentamicin 87.0 88.2 66.7 100 83.8
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Continuation of Table No. 2.

1 2 3 4 B 6
Trimethoprim 76.0 93.2 73.3 66.7 81.1
Rifampin 53.2 77.6 40.0 50.0 40.5
Clindamycin 51.2 84.8 46.7 66.7 54.1
Ampicillin 13.9 7.1 26.7 33.3 216
Cefoxitin 434 50.3 40.0 50.0 324
Teicoplanin 79.2 50.6 60.0 50.0 89.2
Vancomycin 77.5 67.4 73.3 66.7 75.7
Moxifloxacin 494 62.1 66.7 66.7 59.5
Linezolid 83.8 93.8 60.0 66.7 83.8
Nitrofurantoin 84.7 92.5 66.7 83.3 81.1
Daptomycin 48.8 34.2 60.0 33.3 40.5
Erythromycin 491 44.1 53.3 50.0 54.1

Table 3 shows a comparative effectiveness of
antibiotics by each source of Staphylococcus aureus
isolation. For all biological materials, gentamicin ranked
among the top five most active antibiotics, confirming its
broad-spectrum activity. In isolates from ENT organs and
eyes, linezolid, ortavancin, and nitrofurantoin were also
highly effective. In wound samples, 100% sensitivity to

gentamicin and ciprofloxacin was observed. Cervical
isolates demonstrated high sensitivity to vancomycin,
confirming its effectiveness in gynecological infections.
The results suggest that these antibiotics can be
recommended as the primary agents in empirical therapy
for staphylococcal infections of various localizations.

Table 3.
The most effective antibiotics for each biomaterial.
Rank Sputum ENT Organs Cervical Canal Wound Eyes
1 Gentamicin (87.0%) |Linezolid (93.8%) Gentamicin (66.7%)  |Gentamicin (100.0%) |Teicoplanin (89.2%)
2  |Ortavancin (86.7%) |Ortavancin (90.1%) |Ortavancin (80.0%) Ciprofloxacin (83.3%) |Gentamicin (83.8%)
3 |Nitrofurantoin (84.7%) |Nitrofurantoin (92.5%) [Vancomycin (73.3%) [Nitrofurantoin (83.3%)|Linezolid (83.8%)
4  |Ceftaroline (84.1%) |Trimethoprim (93.2%) |Ciprofloxacin (73.3%) |Ortavancin (50.0%) |Nitrofurantoin (81.1%)
5  |Ciprofloxacin (84.4%) |Gentamicin (88.2%) |Teicoplanin (60.0%) |Teicoplanin (50.0%) |Vancomycin (75.7%)

Table 4 illustrates the average sensitivity level of S.
aureus to the main classes of antibiotics. Aminoglycosides,
oxazolidinones, and nitrofurans demonstrated the highest
average sensitivity levels, exceeding 83% across all

ortavancin, also showed high activity, particularly in eye and
respiratory isolates. In contrast, beta-lactams and
macrolides exhibited the lowest average sensitivity values.
This indicates the continued spread of beta-lactam

materials. Glycopeptides, including vancomycin and  resistance mechanisms in hospital strains of S. aureus.
Table 4.
Average Sensitivity of Staphylococcus aureus by Antibiotic Classes (%).
Antibiotic Class Sputum |ENT Organs|Cervical Canal| Wound | Eyes

Beta-lactams (penicillin, ampicillin, oxacillin, ceftaroline, cefoxitin)|45.2 37.1 41.3 60.0 34.2
Glycopeptides (vancomycin, teicoplanin, ortavancin) 81.1 69.4 711 55.6 83.8
Aminoglycosides (gentamicin) 87.0 [88.2 66.7 100.0 |83.8
Fluoroguinolones (ciprofloxacin, moxifloxacin) 669 [74.6 70.0 75.0 63.6
Oxazolidinones (linezolid) 83.8 938 60.0 66.7 83.8
Sulfonamides (trimethoprim) 76.0 ]93.2 73.3 66.7 81.1
Macrolides (erythromycin) 49.1 44 1 53.3 50.0 54.1
Lincosamides (clindamycin) 51.2 84.8 46.7 66.7 54.1
Tetracyclines (tetracycline) 526 |87.6 53.3 66.7 45.9
Nitrofurans (nitrofurantoin) 847 1925 66.7 83.3 81.1
Lipopeptides (daptomycin) 488  |34.2 60.0 33.3 40.5
Rifamycins (rifampicin) 53.2 77.6 40.0 50.0 40.5

Table 5 presents a summarized assessment of
antibiotic effectiveness based on the cumulative data from
all biological materials. The most effective antibiotics were
linezolid, nitrofurantoin, gentamicin, and ortavancin, with
sensitivity levels exceeding 86%. This makes them the most
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preferable options for empirical therapy. Penicillin and
ampicillin demonstrated the lowest activity (17% and 12%,
respectively), indicating the complete exclusion of these
drugs from treatment regimens for infections caused by S.
aureus in the context of high resistance.
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Table 5.
General sensitivity of Staphylococcus aureus to
antibiotics (total number of isolates = 726).

Antibiotic Sensitive (n) Sensitivity (%)
Penicillin 123 16.9%
Oxacillin 439 60.5%
Ceftaroline 553 76.2%
Ortavancin 627 86.4%
Ciprofloxacin 613 84.4%
Tetracycline 493 67.9%
Gentamicin 632 87.1%
Trimethoprim 608 83.7%
Rifampin 508 70.0%
Clindamycin 501 69.0%
Ampicillin 85 11.7%
Cefoxitin 393 54.1%
Teicoplanin 542 74.6%
Vancomycin 528 72.7%
Moxifloxacin 407 56.1%
Linezolid 636 87.6%
Nitrofurantoin 636 87.6%
Daptomycin 406 55.9%
Erythromycin 443 61.0%

Discussion

The results obtained confirm the relevance of the issue
of antibiotic resistance in Staphylococcus aureus, especially
in clinical settings with a high frequency of beta-lactam
antibiotic use. In our study, resistance to traditional
penicillins (penicillin, ampicillin) remained consistently high
regardless of the biological material. This is consistent with
data from other studies reporting the widespread
prevalence of -lactamase-producing S. aureus strains [8].

The findings of this study highlight the severity of the
antibiotic resistance problem in clinical practice. Our data
demonstrate resistance to penicillin and ampicillin in most of
the biological materials studied, which aligns with global
trends. As noted in the review by Liu et al. (2024), resistance
to beta-lactams, particularly penicillins, remains consistently
high in most S. aureus strains, especially in hospital settings
and with prolonged antimicrobial therapy [19].

Particular attention should be given to the high
sensitivity to gentamicin and linezolid, making them key
drugs for the empirical treatment of staphylococcal
infections. According to Alghamdi et al., linezolid and
gentamicin retain effectiveness against both methicillin-
sensitive (MSSA) and methicillin-resistant (MRSA) strains,
particularly in localized respiratory and skin infections [5].

The observed effectiveness of nitrofurantoin, especially
in urine and ocular samples, is supported by the findings of
the systematic review by Belete et al., which emphasizes
that this drug remains clinically significant for treating
infections caused by sensitive strains when limited
alternative options are available [7].

The results of this analysis emphasize the significant
differences in antibiotic resistance of Staphylococcus
aureus depending on the type of clinical sample from which
the strains were isolated. This is consistent with the data
from Liao et al., which demonstrated that in postoperative
infections, S. aureus isolated from wound exudates more
frequently  exhibits  resistance to linezolid and
fluoroquinolones than isolates from blood [18].
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The analysis conducted by Soleimani further
underscores that S. aureus strains isolated from pediatric
samples are more likely to exhibit high resistance to
mupirocin  (MupB-associated), indicating age-specific
resistance patterns [23].

In turn, the study by Furlan et al. focuses on the global
spread of epidemic multidrug-resistant S. aureus strains.
The authors highlight that biological materials obtained from
the respiratory tract show the highest levels of resistance to
macrolides and glycopeptides [13].

As emphasized by Heafon et al., Staphylococcus
aureus strains isolated from various species of wildlife
exhibit high molecular diversity, including both human
pandemic clones (ST5, ST8, ST1) and strains associated
with animals and interspecies transmission (ST398, ST130,
ST133, ST425). Of particular interest are ST398 and
ST130, as they show pronounced antibiotic resistance and
the ability to circulate between animals and humans [16].

According to Gherardi, a key factor in the pathogenicity
of Staphylococcus aureus is its ability to rapidly adapt and
acquire antibiotic resistance, particularly to beta-lactams.
The main resistance mechanism of MRSA lies in the
presence of the mecA gene, which encodes the penicillin-
binding protein PBP2a with reduced affinity for antibiotics.
Increasingly, the alternative gene mecC is also being
reported. MRSA causes infections both in hospital settings
(HA-MRSA) and in the community (CA-MRSA), with the
latter showing a trend toward infiltrating healthcare facilities
[14].

As noted by Peacock and Paterson, methicillin
resistance in Staphylococcus aureus is driven by the
acquisition of the mecA gene encoding PBP2a - a
penicillin-binding protein with low affinity for beta-lactams.
This protein allows continued cell wall synthesis even in the
presence of antibiotics. Integration of mecA occurs via the
mobile genetic element SCCmec, whose diversity reflects
the complex evolution of MRSA. The authors emphasize
that, aside from mecA, resistance levels are regulated by
numerous chromosomal genes and are strain-dependent,
which may explain variability in resistance among isolates
from different clinical samples. This genetic variability
underscores the need for molecular typing and
comprehensive analysis when studying S. aureus antibiotic
resistance [22].

Cheung et al. highlight that the pathogenicity of
Staphylococcus aureus is driven by a synergy of virulence
factors, including toxins, immune evasion mechanisms,
biofilm formation, and intracellular persistence. A major
concern remains the high level of resistance in both MRSA
and MSSA, including vancomycin resistance (VISA and
VRSA). The authors note that S. aureus strains, especially
the USA300 lineage, combine high virulence with
resistance, posing serious threats during infections of
various clinical specimens. Moreover, S. aureus is capable
of forming abscesses and hiding within neutrophils,
providing protection from the immune system and
antibiotics [10].

Ahmad-Mansour et al. emphasize that the pathogenicity
of Staphylococcus aureus heavily depends on the
production of a broad spectrum of toxins, including alpha-
hemolysin, Panton-Valentine leukocidin (PVL), phenol-
soluble modulins (PSMs), exfoliative toxins, and
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superantigens. Notably, most S. aureus strains, both MRSA
and methicillin-sensitive, carry the hla gene encoding alpha-
hemolysin, a key virulence factor involved in severe
conditions such as pneumonia, osteomyelitis, and sepsis.
PVL is more frequently associated with MRSA and is linked
to skin and soft tissue infections. Some toxins, like PSMa,
exhibit potent cytolytic activity, exacerbating tissue
destruction [4].

Larkin et al. underline that Staphylococcus aureus
remains one of the most pathogenic microorganisms, with
marked resistance to antibiotics including methicillin and
vancomycin. This resistance, combined with the production
of potent superantigens - staphylococcal enterotoxins (SEs)
and toxic shock syndrome toxin (TSST-1) - creates a dual
threat. These toxins activate T cells independently of
standard antigen presentation, triggering massive pro-
inflammatory cytokine release and toxic shock. Importantly,
different S. aureus strains may produce a range of such
toxins, with their impact varying depending on the infection
site and the clinical material from which the pathogen was
isolated [17].

Chen et al. provided a detailed description of the
diverse virulence factors of Staphylococcus aureus,
including pore-forming toxins, modulins, exfoliative toxins,
and superantigens. These factors play crucial roles in the
pathogenesis of inflammatory diseases by activating a wide
range of immune cells from keratinocytes to T-helper cells
and neutrophils. Infections caused by S. aureus are
associated with various forms of cell death, including
pyroptosis, apoptosis, necroptosis, and autophagy, which
directly affect clinical manifestations and disease severity.
Particularly concerning is that MRSA strains combine high
resistance with significant toxicity, making them dangerous
in both superficial and invasive infections, depending on the
clinical material involved [9].

Thus, the data of our study are consistent with modern
global trends. Linezolid, gentamicin, nitrofurantoin and
glycopeptides remain the leaders in effectiveness. This
emphasizes the importance of their inclusion in empirical
therapy regimens and the need to limit the use of highly
resistant drugs, such as penicillin, ampicillin and macrolides

Conclusion

The results of the study showed high resistance of
Staphylococcus aureus to penicillin - and ampicillin,
confirming their decreasing clinical significance. In contrast,
linezolid, gentamicin, nitrofurantoin, and glycopeptides
demonstrated consistent effectiveness regardless of the
biological material.

Differences in the sensitivity profile were noted
depending on the infection site. Sensitive strains were more
frequently found in eye and wound samples, while greater
resistance was observed in sputum and ENT samples.

Therefore, our data confirm global trends of increasing
resistance of S. aureus to traditional antibiotics and
emphasize the importance of local resistance monitoring.
The results may be useful in developing rational antibiotic
therapy protocols and in reducing the risk of ineffective
treatment.
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