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ABSTRACT

Aims: Staphylococcus aureus (S. aureus), particularly methicillin-resistant S. aureus 
(MRSA), is a high-priority pathogen, and local long-term data are limited. This study 
aimed to evaluate MRSA distribution and antimicrobial resistance trends among clinical 
S. aureus isolates over five years.

Methods: In this retrospective, single-center study, the first S. aureus isolate per patient 
from diagnostic clinical specimens at a tertiary-care hospital between 2021 and 2025 
was included; surveillance screening specimens were excluded. The primary endpoints 
were the proportion of MRSA and resistance to individual antimicrobial agents.

Results: The study included 391 isolates from 391 patients. The median age was 51.9 
years (interquartile range: 28.3-70.9), and 196 of the patients were female (50.1%). 
MRSA accounted for 92 isolates (23.5%), with no difference by age group, sex, 
specimen type, or clinical unit (all p>0.05). Compared with methicillin-susceptible S. 
aureus (MSSA), MRSA isolates were more frequently resistant to fluoroquinolones, 
erythromycin, fusidic acid, tetracycline, trimethoprim-sulfamethoxazole, and gentamicin 
(all p<0.001), but not to clindamycin (p=0.210). No isolate was resistant to vancomycin, 
linezolid, or rifampicin. From 2021 to 2025, resistance increased for ciprofloxacin (7.4% 
to 26.5%; p<0.001), erythromycin (p=0.013), clindamycin (p=0.024), and fusidic acid 
(p=0.028). Calendar year was independently associated with methicillin resistance 
(adjusted odds ratio 1.27 per year; p=0.017). Multidrug resistance was more frequent in 
MRSA than MSSA isolates (55.4% vs. 3.0%; p<0.001).

Conclusions: In this center, MRSA accounted for about one quarter of clinical isolates 
and increased over time. Methicillin resistance was associated with resistance to non-
beta-lactam antimicrobial agents and with multidrug resistance, and resistance to 
ciprofloxacin, erythromycin, and clindamycin increased.
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 Introduction
Antimicrobial resistance (AMR) is one of the foremost global 

health threats of the 21st century, causing a marked increase in 
infection-related morbidity and mortality and imposing a substantial 
socioeconomic burden on healthcare systems worldwide (1,2); 
predictive models estimate that it could cause up to 10 million 
deaths annually by 2050 (3). Staphylococcus aureus (S. aureus) 
is a key driver of this clinical burden; methicillin-resistant strains 
are listed by the World Health Organization (WHO) as high-priority 
pathogens (4), and S. aureus belongs to the “ESKAPE” group of 
pathogens, which escape the biocidal action of frequently used 
antimicrobial agents and dominate nosocomial infections (5). 
Data from the WHO Global AMR and Use Surveillance System 
indicate that resistance in S. aureus is increasing worldwide (1).

S. aureus, a Gram-positive, coagulase-positive coccus, is a 
significant pathogen capable of causing a wide clinical spectrum 
ranging from nasal colonization to skin and soft tissue infections, 
osteomyelitis, pneumonia, infective endocarditis, and bacteremia 
(6,7). Methicillin-resistant S. aureus (MRSA) develops via 
mecA or mecC genes carried on the staphylococcal cassette 
chromosome mec and exhibits resistance to beta-lactam agents 
through the production of penicillin-binding protein 2a (8-10). 
Currently, MRSA strains can develop resistance not only to beta-
lactams but also to agents in other antimicrobial categories, 
such as fluoroquinolones, macrolides, aminoglycosides, 
and tetracyclines, leading to the emergence of multidrug-
resistant (MDR) strains (11,12). In recent years, an increase in 
resistance rates to non-beta-lactam antimicrobial agents, such 
as fluoroquinolones and trimethoprim-sulfamethoxazole (TMP-
SMX), has also been reported (13). In addition, the multiple 
antibiotic resistance (MAR) index, a summary measure of the 
proportion of individually tested antimicrobial agents to which 
an isolate is resistant, is used as an epidemiological tool for 
describing the accumulated resistance burden of bacterial 
populations (14).

This study aimed to evaluate the AMR profiles and temporal 
resistance trends of S. aureus strains isolated from various 
clinical samples between January 1, 2021, and December 31, 
2025. Specifically, we compared the resistance rates of MRSA 
and methicillin-susceptible S. aureus (MSSA) isolates, identified 
factors independently associated with methicillin resistance and 
with temporal changes in resistance, determined the MAR index 
and the prevalence of multidrug resistance, and explored co-
resistance relationships among antimicrobial agents.

Methods

Study design and setting

This retrospective, single-center observational study 
examined S. aureus strains isolated from clinical samples 

submitted to the Medical Microbiology Laboratory of University 
of Health Sciences Türkiye, Konya Beyhekim Training and 
Research Hospital, a tertiary-care hospital in Konya, Türkiye, 
between January 1, 2021 and December 31, 2025. The hospital 
is a regional referral center with approximately 1,000 beds, 
including 100 intensive care unit beds. The study was designed 
and reported in accordance with the strengthening the reporting 
of observational studies in epidemiology (STROBE) statement 
(15). The primary endpoints were the proportion of MRSA 
and the proportion of isolates resistant to each antimicrobial 
agent, including their changes over the study period; the MAR 
index, multidrug resistance, and pairwise co-resistance were 
secondary endpoints.

Isolate selection

Only the first isolate from each patient was included, regardless 
of specimen type, in accordance with the recommendations for 
cumulative antimicrobial susceptibility data (16). Isolates from 
specimens submitted for diagnostic purposes were eligible, 
whereas specimens obtained for active surveillance screening 
were excluded. Because clinical data were not available, 
colonization could not be distinguished from infection. Of 912 
S. aureus isolates screened, 391 were included (Figure 1); the 
exclusion criteria are detailed in Supplementary Methods S1.

Microbiological identification and antimicrobial 
susceptibility testing

Specimens were cultured on 5% sheep blood agar and eosin 
methylene blue agar and incubated aerobically at 35-37 °C for 
18-24 hours. S. aureus was identified by colony morphology, 
Gram staining, and catalase and coagulase tests, supplemented 
with conventional tests when necessary (17,18). Species-
level identification and antimicrobial susceptibility testing were 
performed using the BD Phoenix™ automated microbiology 
system (Becton Dickinson, Sparks, MD, USA) according to 
the manufacturer’s instructions, and results were interpreted 
according to European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) clinical breakpoints (19). For longitudinal 
consistency, categorical results were cross-verified against 
EUCAST version 15.0 (2025) for agents whose breakpoints did 
not change during the study period (Supplementary Methods 
S1). Methicillin resistance was determined with the system’s 
cefoxitin-based screening and oxacillin algorithms. S. aureus 
ATCC 25923 and ATCC 29213 were used for quality control. 
All results were reported as susceptible or resistant; no isolate 
was categorized as “susceptible, increased exposure”. Results 
for all twelve antimicrobial agents on the panel (erythromycin, 
clindamycin, ciprofloxacin, levofloxacin, fusidic acid, tetracycline, 
TMP-SMX, gentamicin, teicoplanin, vancomycin, linezolid and 
rifampicin) were available for every isolate, and penicillin results 
were available for 345 isolates (88.2%).
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Resistance phenotypes and multiple antibiotic 
resistance index

MDR, extensive drug resistance (XDR) and pandrug 
resistance (PDR) were defined at the level of antimicrobial 
categories according to Magiorakos et al. (20). Because methicillin 
resistance confers resistance to the entire beta-lactam category, 
MRSA isolates were classified as MDR only when they were also 
resistant to at least one agent in each of at least two non-beta-
lactam antimicrobial categories. The panel used in this study 
represented eleven antimicrobial categories (anti-staphylococcal 
beta-lactams, aminoglycosides, ansamycins, fluoroquinolones, 
folate pathway inhibitors, fusidanes, glycopeptides, lincosamides, 
macrolides, oxazolidinones and tetracyclines). In contrast, the 
MAR index was calculated at the level of individual antimicrobial 
agents, as the number of antimicrobial agents to which the isolate 
was resistant divided by the total number of antimicrobial agents 
tested for that isolate (14). Oxacillin was excluded to avoid 
counting the beta-lactam category twice; the denominator was 
therefore 13 antimicrobial agents (the 12 agents listed above 
plus penicillin), or 12 agents when penicillin was not tested. 
Because antimicrobial consumption data were not available, the 
MAR index and the conventional 0.2 threshold (14) were used 
only as descriptive measures.

Ethical considerations

The study protocol was approved by the Non-Drug and 
Non-Medical Device Research Ethics Committee of Karatay 
University, acting as the Institutional Review Board (approval 

date: 26.03.2026; approval number: 2026/037). The study 
was conducted in accordance with the ethical principles of the 
Declaration of Helsinki (1975, as revised in 2013). Because the 
study was retrospective and based on anonymized laboratory 
records, the ethics committee granted a waiver of written 
informed consent.

Statistical Analysis

Analyses were performed with IBM SPSS Statistics 
for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). 
Categorical variables are presented as number (percentage), 
and the MAR index as mean ± standard deviation and median 
[interquartile range (IQR)]; normality was assessed with the 
Shapiro-Wilk test. Categorical variables were compared with 
Pearson’s chi-squared test (with Yates’ continuity correction for 
2×2 tables) or Fisher’s exact test, and the MAR index with the 
Mann-Whitney U or Kruskal-Wallis test. Temporal trends were 
assessed with the chi-squared test for trend (Cochran-Armitage) 
(21). Multivariable binary logistic regression was used to identify 
factors independently associated with methicillin resistance (age 
group, sex, specimen type, clinical unit, admission status and 
calendar year) and to estimate the association between calendar 
year and resistance to each antimicrobial agent after adjustment 
for methicillin resistance, admission status and clinical unit; 
results are presented as adjusted odds ratios (aORs) with 
95% confidence intervals (CIs). Pairwise co-resistance among 
eight antimicrobial agents (28 agent pairs within each of the 
MRSA and MSSA groups) was quantified with the odds ratio 

Figure 1. Flowchart of isolate selection
MRSA: Methicillin-resistant S. aureus, MSSA: Methicillin-susceptible S. aureus
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and the phi (Φ) coefficient, tested with Fisher’s exact test and 
displayed as heatmaps. Because these multiple comparisons 
were not adjusted for multiplicity, the co-resistance analysis, 
like the subgroup analyses, was considered exploratory and 
hypothesis-generating. A two-sided p<0.05 was considered 
statistically significant. Secondary analyses are described in 
Supplementary Methods S1.

RESULTS

Study population

Of the 912 S. aureus isolates screened, 391 non-duplicate 
isolates (one per patient) met the inclusion criteria (Figure 1). 
The median age of the patients was 51.9 years (IQR 28.3-70.9), 
and 196 (50.1%) were female. The annual number of isolates 
increased from 54 in 2021 to 102 in 2025 (Table 1).

Table 1. Characteristics of the Staphylococcus aureus isolates and distribution of MRSA and MSSA isolates
Table 1A. All isolates according to year of isolation, age group and clinical unit
Characteristic p-value p-value
Year of isolationa

2021

2022

2023

2024

2025

Age group (years) 0.674 0.674

0-18

19-65

>65

Clinical unitb 0.172 0.172

Internal medicine units

Surgical units

Intensive care units

Emergency department

Paediatrics

All isolates

Table 1B. MRSA and MSSA isolates according to sex and specimen type
Characteristic Total, n (%) MRSA, n (%) MSSA, n (%) p-value
Sex 0.700

Male 195 (49.9) 48 (24.6) 147 (75.4)

Female 196 (50.1) 44 (22.4) 152 (77.6)

Specimen type 0.709c

Wound 116 (29.7) 33 (28.4) 83 (71.6)

Urine 103 (26.3) 23 (22.3) 80 (77.7)

Blood 70 (17.9) 15 (21.4) 55 (78.6)

Nasald 37 (9.5) 5 (13.5) 32 (86.5)

Deep tracheal aspirate 28 (7.2) 7 (25.0) 21 (75.0)

Sputum 16 (4.1) 4 (25.0) 12 (75.0)

Other specimense 21 (5.4) 5 (23.8) 16 (76.2)

All isolates 391 (100.0) 92 (23.5) 299 (76.5)
Isolate and total columns show column percentages; the MRSA and MSSA columns show row percentages. P-values compare the proportion of MRSA across 
categories (Pearson’s chi-squared test, with Yates’ continuity correction for 2×2 comparisons). The proportion of MRSA also did not differ between inpatient and 
outpatient isolates (p=0.961). MRSA: Methicillin-resistant Staphylococcus aureus; MSSA: Methicillin-susceptible Staphylococcus aureus
a: For the association with methicillin resistance, see Table 3. b: Compared across the contributing clinical departments; the infectious diseases department (n=82) 
is included within internal medicine units. c: Calculated across all 14 specimen categories (Supplementary Table S4). d: Submitted for diagnostic evaluation, not for 
colonization screening. e: Eight categories with fewer than ten isolates each (joint fluid, bronchial lavage, vaginal, central venous catheter, catheter, aspirate, abscess 
and pleural fluid cultures)



Distribution of MRSA and MSSA isolates

Overall, 92 isolates (23.5%) were MRSA and 299 (76.5%) 
were MSSA. Most isolates were recovered from wound (29.7%), 
urine (26.3%), and blood (17.9%) cultures. The proportion of 
MRSA did not differ significantly according to age group, sex, 
admission status, clinical unit, or specimen type (Table 1).

Antimicrobial susceptibility testing

Compared with MSSA isolates, MRSA isolates were 
significantly more resistant to erythromycin, fluoroquinolones, 
fusidic acid, tetracycline, TMP-SMX, and gentamicin (all 
p<0.001), whereas clindamycin resistance did not differ 
significantly (22.8% vs. 16.4%; p=0.210) (Table 2). The largest 
differences were observed for ciprofloxacin (47.8% vs. 3.0%) 
and TMP-SMX (21.7% vs. 0.7%). No isolate was resistant to 
vancomycin, linezolid, or rifampicin. Teicoplanin resistance was 
detected in three isolates (0.8%), which were not available for 
confirmatory testing.

Temporal trends in antimicrobial resistance

Resistance to ciprofloxacin, erythromycin, clindamycin and 
fusidic acid increased significantly between 2021 and 2025 (p for 
trend <0.05), with the largest increase observed for ciprofloxacin 
(from 7.4% to 26.5%; p<0.001) (Figure 2). No significant trend 
was found for levofloxacin, tetracycline, gentamicin, or TMP-
SMX. Annual resistance rates with 95% CIs are provided in 
Supplementary Table S1.

Multivariable analysis

Calendar year was the only factor independently associated 
with methicillin resistance (aOR 1.27 per year; 95% CI 1.04-1.55; 

p=0.017) (Table 3). After adjustment for methicillin resistance, 
admission status and clinical unit, calendar year remained 
independently associated with resistance to ciprofloxacin (aOR 
1.60), clindamycin (aOR 1.28) and erythromycin (aOR 1.25), 
but not with resistance to levofloxacin or TMP-SMX. Methicillin 
resistance was strongly associated with resistance to non-beta-
lactam antimicrobial agents, most markedly TMP-SMX (aOR 
55.8) and ciprofloxacin (aOR 37.2).

MAR index and multidrug resistance

The median MAR index was 0.077 (IQR 0.077-0.231), and 
99 isolates (25.3%) had a MAR index above 0.2. The MAR index 
was higher in MRSA than in MSSA isolates (mean 0.261 vs. 
0.105; p<0.001) but did not differ significantly between clinical 
units (p=0.597). MDR was identified in 51 MRSA (55.4%) and 
9 MSSA (3.0%) isolates (p<0.001), and no isolate met the XDR 
or PDR criteria (Supplementary Table S2). Secondary analyses 
are summarized in Supplementary Results S1.

Co-resistance associations

Pairwise co-resistance associations among the eight 
antimicrobial agents included in this exploratory analysis are 
shown in Supplementary Figure S1, and detailed statistics 
are given in Supplementary Table S3. Of the 28 agent pairs 
examined in each group, 15 in MRSA and 8 in MSSA isolates 
showed a nominally significant association (unadjusted p<0.05). 
The strongest associations were between clindamycin and 
erythromycin (Φ=0.60 in MRSA and 0.90 in MSSA isolates; 
p<0.001 for both), with more than 93% of clindamycin-resistant 
isolates in both groups also being resistant to erythromycin, 
and between ciprofloxacin and levofloxacin (Φ=0.68 and 0.81, 

Figure 2. Annual resistance rates of Staphylococcus aureus isolates (MRSA and MSSA combined), 2021-2025. (A) Antimicrobial agents showing 
a statistically significant change across the study period; (B) agents without a significant change. P-values were obtained with the chi-squared test 
for trend (Cochran-Armitage). Error bars indicate 95% confidence intervals (Wilson method), and the number of isolates contributing to each year is 
shown beneath the axis. Annual numbers and rates of resistant isolates are given in Supplementary Table S1. 
TMP-SMX: Trimethoprim-sulfamethoxazole, MRSA: Methicillin-resistant Staphylococcus aureus, MSSA: Methicillin-susceptible Staphylococcus aureus
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respectively; p<0.001 for both). Other associations, such as 
those between gentamicin and fluoroquinolone resistance 
(Φ=0.30-0.42) and, in MRSA isolates, between fusidic acid and 
levofloxacin resistance (Φ=0.51), should be interpreted with 
caution given the number of comparisons.

Discussion
In this five-year single-center study, MRSA accounted for 

23.5% of clinical S. aureus isolates, and its proportion increased 
over the study period; this association persisted after adjustment 
for patient and unit characteristics. MRSA isolates carried 
most of the resistance burden: more than half were MDR, and 
methicillin resistance was strongly associated with resistance 

to most non-beta-lactam antimicrobial agents. Resistance to 
ciprofloxacin, erythromycin and clindamycin increased over 
time, and these associations persisted after adjustment for 
methicillin resistance, whereas no resistance to vancomycin, 
linezolid or rifampicin was detected.

The MRSA proportion observed here lies within the 20-40% 
range reported for Türkiye and other countries of Southern 
Europe, the Eastern Mediterranean and North Africa in WHO and 
European surveillance data, whereas proportions below 10% 
have been reported in Northern European countries with long-
standing stewardship and infection-control programmes (1,22). 
MRSA remains one of the leading pathogen-drug combinations 
responsible for deaths attributable to AMR worldwide (2,23). 

Table 2. Antimicrobial resistance of MRSA and MSSA isolates [resistant isolates, n (%)]
Antimicrobial agent All isolates (n=391) MRSA (n=92) MSSA (n=299) p-value
Erythromycin 89 (22.8) 38 (41.3) 51 (17.1) <0.001

Clindamycin 70 (17.9) 21 (22.8) 49 (16.4) 0.210

Ciprofloxacin 53 (13.6) 44 (47.8) 9 (3.0) <0.001

Levofloxacin 36 (9.2) 30 (32.6) 6 (2.0) <0.001

Fusidic acid 40 (10.2) 30 (32.6) 10 (3.3) <0.001

Tetracycline 38 (9.7) 23 (25.0) 15 (5.0) <0.001

TMP-SMX 22 (5.6) 20 (21.7) 2 (0.7) <0.001

Gentamicin 21 (5.4) 13 (14.1) 8 (2.7) <0.001

Teicoplanin 3 (0.8) 2 (2.2) 1 (0.3) 0.139

Vancomycin 0 (0.0) 0 (0.0) 0 (0.0) -

Linezolid 0 (0.0) 0 (0.0) 0 (0.0) -

Rifampicin 0 (0.0) 0 (0.0) 0 (0.0) -
All remaining isolates were susceptible; no isolate was categorized as susceptible, increased exposure. P-values were obtained with Pearson’s chi-squared test with 
Yates’ continuity correction or with Fisher’s exact test (teicoplanin). MRSA: Methicillin-resistant Staphylococcus aureus, MSSA: Methicillin-susceptible Staphylococcus 
aureus, TMP-SMX: Trimethoprim-sulfamethoxazole

Table 3. Multivariable logistic regression analysis of factors associated with methicillin resistance and with resistance to 
individual antimicrobial agents
Outcome and variable aOR (95% CI) p-value
Methicillin resistance (MRSA vs. MSSA)a

Calendar year (per 1-year increase) 1.27 (1.04-1.55) 0.017

Resistance to individual agents: calendar year (per 1-year increase)b

Ciprofloxacin 1.60 (1.16-2.21) 0.004

Clindamycin 1.28 (1.04-1.57) 0.018

Erythromycin 1.25 (1.03-1.52) 0.021

Levofloxacin 1.08 (0.78-1.48) 0.648

TMP-SMX 0.78 (0.54-1.14) 0.207

Resistance to individual agents: methicillin resistance (MRSA vs. MSSA)b,c

TMP-SMX 55.8 (12.1-257.9) <0.001

Ciprofloxacin 37.2 (15.9-87.2) <0.001
a: Single model including calendar year, age group, sex, specimen type, clinical unit and admission status; age group, sex, specimen type, clinical unit and admission 
status were not significantly associated with methicillin resistance. b: Separate models for each agent including calendar year and methicillin resistance, adjusted for 
admission status and clinical unit. c: The two agents with the strongest associations are shown. aOR: Adjusted odds ratio, CI: Confidence interval, MRSA: Methicillin-
resistant Staphylococcus aureus, MSSA: Methicillin-susceptible Staphylococcus aureus, TMP-SMX: Trimethoprim-sulfamethoxazole



Whereas MRSA proportions have declined in many European 
countries and in North America since the mid-2000s (22,24), the 
proportion of MRSA in our cohort increased during the study 
period. Genomic studies from Saudi Arabia have linked recent 
increases in MRSA to clonal expansion and plasmid-mediated 
dissemination of resistance (10,25); in the absence of molecular 
typing, we cannot determine whether a similar process, changes 
in referral patterns or an increase in community-associated 
MRSA underlies our observation (12,26).

As reported previously, MRSA isolates were markedly more 
resistant than MSSA isolates to non-beta-lactam antimicrobial 
agents (11,13). Gentamicin resistance was approximately 
fivefold higher in MRSA; similar differences have been attributed 
to the co-location of aminoglycoside-modifying enzyme genes 
with other resistance determinants on mobile genetic elements 
(25,27), although resistance genes were not investigated in 
the present study. TMP-SMX, which is among the oral agents 
used for MRSA skin and soft tissue infections (28), showed 
resistance in about one in five MRSA isolates (21.7%); because 
the TMP-SMX breakpoint was revised after the study period, 
this rate should be compared with other reports with caution. 
The increase in ciprofloxacin resistance, which persisted after 
adjustment for methicillin resistance, is in line with the increasing 
fluoroquinolone resistance reported among S. aureus isolates 
in other settings (13). Almost all levofloxacin-resistant isolates 
were also resistant to ciprofloxacin, a pattern that may reflect 
class-wide target-site mutations in gyrA and grlA (the parC 
homologue) (29); however, this could not be confirmed without 
molecular analysis.

More than 93% of clindamycin-resistant isolates in both the 
MRSA and MSSA groups were also resistant to erythromycin, a 
pattern compatible with macrolide-lincosamide-streptogramin B 
resistance mediated by erm genes (30,31); because erm genes 
were not investigated, this interpretation remains presumptive. 
In addition, inducible clindamycin resistance was not analysed 
as a separate phenotype, so its contribution to the observed 
resistance rates could not be assessed. The increase in 
fusidic acid resistance, which was associated with levofloxacin 
resistance in MRSA isolates in the exploratory co-resistance 
analysis, has been attributed elsewhere to selective pressure 
from widespread topical use (32) and to co-selection within 
multiresistant strains; because antimicrobial consumption and 
molecular data were not available, neither explanation could 
be evaluated in this study. No vancomycin-resistant isolate was 
detected; however, reduced vancomycin susceptibility, which 
has been investigated in MRSA isolates from Türkiye (33), 
cannot be excluded by routine automated testing.

The MAR index showed that the accumulated resistance 
burden was concentrated in MRSA rather than in particular 
clinical units. Because antimicrobial consumption data were not 
available, the 0.2 threshold, originally proposed to identify high-

risk sources of contamination (14), was used only descriptively, 
as in recent clinical applications of the index (34). Likewise, 
MRSA proportions were similar across age groups, sexes, 
specimen types and clinical units, a finding compatible with 
reports of MRSA outside traditional high-risk groups, including 
paediatric skin and soft tissue infections in Türkiye (35), and with 
international data (26); however, without clinical and molecular 
data, the community or healthcare origin of these isolates could 
not be determined.

These findings describe the in vitro susceptibility of isolates 
recovered from diagnostic specimens at a single center. 
Because clinical infection criteria, antimicrobial exposure data, 
and molecular typing were not available, they do not permit 
conclusions about treatment effectiveness or about the causes 
of the observed temporal changes.

Strengths 

The main strengths of this study are as follows:

• A five-year dataset restricted to the first isolate per patient, 
with susceptibility testing on a single automated platform and 
harmonization of categorical results to one EUCAST version.

• Multivariable adjustment of temporal trends for methicillin 
resistance, admission status, and clinical unit.

• Combined use of the category-based MDR classification, 
the agent-based MAR index and exploratory co-resistance 
mapping to describe the resistance burden.

Study Limitations

The main limitations are as follows:

•	 Retrospective, single-center design in a tertiary referral 
hospital, which may limit generalizability and introduce referral 
bias.

•	 Lack of clinical data (clinical infection criteria, 
comorbidities, prior antimicrobial use, and outcomes) and 
antimicrobial consumption data; colonization could therefore 
not be distinguished from infection, and resistance could not be 
linked to antimicrobial exposure.

•	 No molecular confirmation of methicillin resistance 
(mecA/mecC) or genotyping; clonal relatedness and resistance 
mechanisms (e.g., erm genes or fluoroquinolone target-site 
mutations) could not be assessed.

•	 Unequal annual sample sizes, which may have affected 
trend estimates.

•	 Multiple pairwise comparisons in the co-resistance analysis 
without formal adjustment for multiplicity; these associations are 
exploratory, and some nominally significant findings may have 
arisen by chance.

•	 Minimum inhibitory concentrations were not archived for 
most agents and isolates were not stored; results could not be 
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re-interpreted against later breakpoint revisions (e.g., TMP-SMX 
in EUCAST v16.0), and the three teicoplanin-resistant isolates 
could not be confirmed.

Conclusion
In this center, MRSA accounted for about one quarter of 

clinical S. aureus isolates, and its proportion increased over the 
five-year study period. Methicillin resistance was associated 
with higher rates of resistance to most non-beta-lactam 
antimicrobial agents and with multidrug resistance. Resistance 
to ciprofloxacin, erythromycin and clindamycin increased 
over time and remained associated with calendar year after 
adjustment for methicillin resistance, whereas no resistance to 
vancomycin, linezolid or rifampicin was detected.
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