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Objective: This study aimed to characterize the microbial profiles and antibiotic resistance patterns of predominant pathogens in
chronic wounds, with the ultimate goal of optimizing evidence-based antimicrobial therapy to improve wound healing outcomes.
Methods: Clinical data and microbial specimens (wound secretions, blood and urine) were collected from patients admitted to the
Burns Department of the Second Affiliated Hospital of Kunming Medical University (January 2019-December 2023). Bacterial
identification and antibiotic susceptibility testing were performed via standard microbiological methods and interpreted per CLSI
guidelines. Statistical analyses were conducted via SPSS 27.0 and WHONET 5.6.

Results: Among the 784 pathogenic isolates, gram-negative bacteria predominated (53.32%), followed by gram-positive bacteria
(43.62%) and fungi (3.06%). The most prevalent pathogens were Staphylococcus aureus (52.05%), Escherichia coli (23.68%),
Enterobacter cloacae (14.83%), and Pseudomonas aeruginosa (13.64%). Multidrug-resistant (MDR) strains accounted for 16.8%,
with methicillin-resistant S. aureus (MRSA) representing 66.67% of MDR isolates. Resistance to ciprofloxacin, gentamicin, and
levofloxacin increased significantly over time (P < 0.05).

Conclusion: Staphylococcus aureus is the most prevalent pathogen in chronic wounds, and the presence of multidrug-resistant
bacteria complicates treatment, increasing resistance to empiric antibiotics. Tailored antimicrobial therapy on the basis of local
resistance patterns is critical for effective management.

Keywords: chronic wound infections, antimicrobial resistance, microbial sensitivity tests, multidrug-resistant bacteria, retrospective
study

Background
Chronic wounds are defined as wounds that fail to achieve anatomical and functional integrity through the normal,
orderly process of tissue repair and remain difficult to heal after more than one month of treatment."> Owing to the
reduced blood supply and the formation of abundant exudates, a large number of bacteria proliferate on chronic wounds,
leading to infection and hindering wound healing.®> The prevalence of chronic wounds has been increasing annually,
driven by population aging, obesity, and lifestyle changes.*’

Professor Fu Xiaobing’s team analyzed 2513 inpatients from 17 hospitals across China between 2007 and 2008, and
found that the proportion of patients with chronic non-healing wounds was 1.7%o among hospitalized individuals.® This

finding is largely consistent with subsequent research—a national multicenter retrospective study by Cheng et al in 2020,
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based on 3300 patients, also reported an incidence of 1.7%o in the inpatient population.” Other studies have documented
that the prevalence of chronic wounds among surgical inpatients in China ranges from 1.5%o to 3%0.® Nationwide, the
annual volume of patients receiving wound repair interventions has reached the scale of hundreds of millions, with
chronic non-healing wounds accounting for approximately 30%.°

The microbiological profile of chronic wounds differs considerably across regions. In Western countries,

10-12

Staphylococcus aureus (30-50%) and Pseudomonas aeruginosa (15-25%) are the most common isolates, while

studies from Asia—including China—report a higher proportion of gram-negative bacteria such as Escherichia coli,
Klebsiella pneumoniae, and Enterobacter cloacae alongside S. aureus.®"

National surveillance data from China (CHINET) reveal that MRSA prevalence declined from 69.0% in 2005 to
35.3% in 2017,'* though this remains higher than in Western countries (15-25%).'®> Fluoroquinolone resistance in E. coli
has increased from approximately 40% to over 70% over the same period,'* and carbapenem resistance in K. pneumoniae
has emerged as a growing concern.'®

Tertiary care hospitals manage more complex chronic wound cases and typically report higher rates of multidrug-
resistant organisms (MDROs) compared to primary or secondary care settings. Studies from Chinese tertiary hospitals
have documented MDRO rates of 15-25% among chronic wound isolates, with MRSA being the most prevalent.'*'*

The emergence of antimicrobial resistance (AMR) further complicates the management of chronic wound infections.
With the widespread and often indiscriminate use of antimicrobial agents, resistant bacterial strains have become
increasingly prevalent, leading to a rise in difficult-to-treat chronic wound infections. Consequently, the judicious and
evidence-based application of antimicrobial therapy remains a critical yet unresolved clinical dilemma.

This study aims to provide insights into the bacterial characteristics and antibiotic resistance profiles of chronic

wounds to guide the rational use of antibiotics in clinical practice.

Materials and Methods
Subjects

This retrospective study included inpatients diagnosed with chronic wounds in the Burns Department of the Second
Affiliated Hospital of Kunming Medical University between January 2019 and December 2023. Clinical samples—
including wound exudates, and tissue biopsies—were aseptically collected and subjected to standard microbiological
analysis. Clinical data, pathogen detection results, and antibiotic susceptibility testing results from patients with positive
pathogen detection results were retrospectively analyzed.

Microbiological Methods

Wound specimens were collected following a standardized protocol

Levine technique for chronic wound swab
sampling.”’18 After the wound surface was cleansed with sterile 0.9% saline solution (1-2 applications) to remove
superficial contaminants, exudates were collected using sterile rayon-tipped swabs by rotating the swab over clean
granulation tissue with sufficient pressure to express the wound fluid. The swabs were immediately placed in a Thermo
CO, incubator and delivered to the microbiology laboratory within 30 minutes under controlled temperature conditions
(20-25°C). Bacterial isolation and identification were performed via standardized microbiological procedures. The
samples were inoculated onto 5% sheep blood agar, MacConkey agar, chocolate agar, and then incubated at 35+1°C
under appropriate atmospheric conditions for 2448 hours. Isolates were identified via the VITEK 2 automated system
(bioM¢érieux, France) with GN and GP identification cards.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed via determination and the Kirby-Bauer disk diffusion method.
Antibiotic disks (Oxoid, UK; distributed by Guangzhou Nat Biological Technology Co., Ltd.) were applied according
to the manufacturer’s specifications. The zone diameters were measured via calibrated Vernier calipers (Mitutoyo, Japan)
and interpreted according to the Clinical and Laboratory Standards Institute (CLSI) M100 guidelines (2016-2020
editions), applying the specific breakpoints corresponding to the isolation year.
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Quality Control Strains

Routine quality control was performed using reference strains: Escherichia coli (ATCC 25922, ATCC 35218),
Pseudomonas aeruginosa (ATCC 27853), Staphylococcus aureus (ATCC 25923, ATCC 29213), and Enterococcus
faecalis (ATCC 29212). The isolates were categorized as susceptible (S), intermediate (I), or resistant (R), with reduced
sensitivity defined as intermediate or resistant,'” in this article, the analysis of the bacterial isolates was limited to
a descriptive count of their antibiotic resistance profiles, without statistical analysis. To avoid duplication bias, subse-
quent isolates of the same species with identical antimicrobial profiles from the same patient during a single hospitaliza-
tion were excluded from analysis. All the incubations were performed at 37°C in a Thermo Scientific incubator (Thermo
Fisher, USA).

Statistical Analysis Software

Count data are expressed as frequencies (percentages), and continuous data with a normal distribution are presented as
mean =+ standard deviation. For data that did not follow a normal distribution, the median and interquartile range were
used. WHONET 5.6 software was used to analyze the infection sites, and detection rates of gram-negative bacteria,
gram-positive bacteria, fungi, and multidrug-resistant bacteria. SPSS 27.0 statistical software was used to conduct
a logistic regression analysis on the resistance data. Antibiotic resistance (resistant/nonresistant) was used as the
dependent variable, with the year as the independent variable. A P-value less than 0.05 was considered statistically
significant.

Results

Clinical Data of Patients
During the five-year study period (2019-2023), our institution admitted 1909 consecutive inpatients meeting the
diagnostic criteria for chronic wounds. The cohort demographics were as follows:

Age distribution: The patient population spanned all age groups from pediatric (1 year) to geriatric (92 years), with
a mean age of 39.47 + 22.46 years. Patients aged 18—64 years accounted for62.44% of the cohort, followed by elderly
(>65 years, 14.04%) and children (<18 years, 23.52%).

Gender distribution: Of the 1909 patients, 1216 (63.7%) were male and 693 (36.3%) were female.

Hospitalization duration: The length of stay varied considerably (range: 3-93 days; mean: 17.39 £ 10.69 days).

Healthcare utilization: Total medical expenses demonstrated substantial variability (range: 838.20-324,877.35 CNY;
mean: 18,709.36 + 17,943.34 CNY).

Microbiological analysis yielded 813 clinically significant pathogenic isolates (isolation rate: 42.6%) from chronic
wound specimens. Wound infections can be categorized into several distinct etiological types (Table 1):

Distribution of Pathogenic Bacteria

Our analysis of 1909 chronic wound cases identified 813 pathogenic isolates, with 784 nonduplicate strains representing
a 41.07% detection rate (784/1909). All results presented below are derived exclusively from wound exudate and tissue
biopsy specimens. The microbial distribution demonstrated bacterial predominance (96.94%, 760/784), comprising gram-

Table | Annual Distribution of Chronic Wound Etiologies (2019-2023)

2019 | 2020 | 2021 | 2022 | 2023 | Total

Pressure ulcers 9 4 26 51 83 173
Diabetic foot ulcers 17 12 20 46 50 145
Scar-associated ulcers 17 28 18 I 51 125
Trauma/surgical ulcers 20 15 6 13 26 80
Radiation-induced ulcers | 0 | 0 0 | 2
Chronic skin ulcers 75 48 44 53 68 288
Total 138 108 114 174 279 813
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Table 2 Distribution and Composition of Bacterial and Fungal Isolates from Clinical Samples (2019-2023)

2019 2020 2021 2022 2023 Total %
Gram-positive 59 42 54 60 127 342 43.62%
Staphylococcus aureus 24 26 27 34 67 178 52.05%
Staphylococcus epidermidis 8 5 8 | 12 34 9.94%
Enterococcus faecalis 8 6 8 10 32 9.36%
Gram-negative 76 62 58 95 127 418 53.32%
Escherichia coli 12 I 14 33 29 99 23.68%
Proteus mirabilis 14 8 7 13 20 62 14.83%
Pseudomonas aeruginosa 8 12 6 13 18 57 13.64%
Klebsiella pneumoniae 9 12 9 10 9 49 11.72%
Enterobacter cloacae 4 3 3 7 12 29 6.94%
Fungal 2 2 | 9 10 24 3.06%
Candida albicans - - - 5 5 10 41.67%
Candida parapsilosis - - - | 3 4 16.67%
Candida tropicalis - | - | | 3 12.50%
Candida krusei - - | | - 2 8.33%
Total 137 106 113 164 264 784 100.00%

negative (53.32%, 418/784) and gram-positive (43.62%, 342/784) organisms. The gram-negative spectrum was domi-
nated by Escherichia coli (23.68%), Enterobacter cloacae (14.83%), Pseudomonas aeruginosa (13.64%), and Klebsiella
pneumoniae (11.72%), whereas Staphylococcus aureus constituted the majority of gram-positive isolates (52.05%, 178/
342). Fungal infections, primarily Candida albicans were infrequent (3.06%, 24/784). Longitudinal analysis revealed
Staphylococcus aureus, Escherichia coli, Enterobacter cloacae, Pseudomonas aeruginosa, and Klebsiella pneumoniae as
the five predominant pathogens (Table 2), with S. aureus demonstrating a clinically significant annual increase in
detection rates (Figure 1), highlighting its growing epidemiological importance in chronic wound infections. These
findings underscore the necessity for ongoing microbial surveillance and tailored antimicrobial strategies in wound
management.
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Figure | Annual distribution of major bacterial isolates (2019-2023).
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Table 3 Annual Distribution and Proportion of Multidrug-
Resistant (MDR) Bacterial Strains (2019-2023)

2019 | 2020 | 2021 | 2022 | 2023 | Total | %
MRSA | 7 9 12 17 43 88 66.67%
CRAB | 6 2 0 2 4 14 10.61%
CRKP | 2 6 2 14 10.61%
CRPA | 2 2 2 3 3 12 9.09%
CRE | | | | 4 3.03%
Total 18 20 16 25 53 132 100.00%

Distribution of Multidrug-Resistant Bacteria

Among the 784 pathogenic strains isolated, 132 (16.8%) exhibited multidrug-resistant (MDR) phenotypes (Table 3).
Methicillin-resistant Staphylococcus aureus (MRSA) was the predominant MDR pathogen, representing 49.4% (88/178)
of all S. aureus isolates (Table 2). Other clinically significant MDR strains included carbapenem-resistant Acinetobacter
baumannii  (CRAB), carbapenem-resistant  Klebsiella — pneumoniae (CRKP), and carbapenem-resistant
Enterobacteriaceae (CRE). Notably, no vancomycin-resistant enterococci (VREs) were identified during the study
period.

Antibiotic Susceptibility Testing

Logistic regression analysis was performed with year (2019-2023) as a continuous independent variable. An odds ratio
(OR) > 1 indicates a significant annual increase in resistance rate, whereas OR < 1 indicates a significant annual decrease.
The results of the antibiotic susceptibility tests, as shown in Table 4, revealed statistically significant changes in the
following bacterial strains: Staphylococcus aureus exhibited increased resistance to ciprofloxacin (OR 1.316), gentamicin
(OR 1.37), levofloxacin (OR 1.261), moxifloxacin (OR 1.272), rifampin (OR 1.622), minocycline (OR 1.37), and
chloramphenicol (OR 1.622). Escherichia coli presented increased resistance to trimethoprim-sulfamethoxazole (OR
1.512). Enterobacter cloacae showed increased resistance to ceftriaxone (OR 1.544) and tigecycline (OR 2.041).
Pseudomonas aeruginosa exhibited increased resistance to tobramycin (OR 1.65) and ticarcillin-clavulanic acid (OR

Table 4 Antimicrobial Resistance Profiles of Bacterial Isolates

Antimicrobial Agent | n % OR Cl Trend (P)
Staphylococcus aureus Ciprofloxacin 77 43.26% | 1.316 | 1.062-1.632 0.275
(n=178) Gentamicin 37 | 20.79% | 1.37 1.101-1.706 | 0.315

Levofloxacin 67 37.64% | 1.261 | 1.013-1.570 0.232

Moxifloxacin 6 3.37% 1.272 | 1.020-1.585 0.24

Penicillin 172 | 96.63% | 1.494 | 0.859-2.602

Rifampin 47 | 26.40% | 1.622 | 1.227-2.145 | 0.484

Nitrofurantoin 6 3.37% | 0.669 | 0.384-1.165

Oxacillin 105 | 58.99% | 1.187 | 0.965-1.459

Minocycline 6l 34.27% | 1.616 | 1.258-2.078 | 0.48

Vancomycin 0 0.00%

Linezolid 0 0.00%

CHL 66 | 37.08% | 1.538 | 1.212—-1.95I 0.43

ERY 110 | 61.80% | 1.022 | 0.83-1.258

Q-D 2 1.12% 1.974 | 0.421-9.257

Clindamycin 107 | 60.11% | 0.994 | 0.808-1.223 0414

(Continued)
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Table 4 (Continued).

Antimicrobial Agent | n % OR Cl Trend (P)
Escherichia coli SXT 70 | 70.71% | 1.512 | 1.090-2.098 | 0414
(n=99) Levofloxacin 86 | 86.87% | 1.12 | 0.733-1.711

Ciprofloxacin 73 73.74% | 0.851 | 0.598-1.209

Ampicillin 90 | 90.91% | 0.938 | 0.554-1.589

Amikacin 3 3.03% | 0.628 | 0.280-1.408

Ertapenem 3 3.03% 1.337 | 0.487-3.675

Imipenem 3 3.03% | 0.880 | 0.386-2.004

Tigecyclin I 11.11% | 0.179 | 0.073-0.438

Cefazolin 82 | 82.83% | 0.753 | 0.484-1.172
Proteus mirabilis Ceftriaxone 28 45.16% | 1.544 | 1.086-2.196 0.435
(n=62) Tigecycline 47 | 75.81% | 2.041 | 1.305-3.190 | 0.713

Amikacin 0 0.00%

CFs 0 0.00%

TZP 4 6.45% | 0.368 | 0.126-1.076

Aztreonam 4 6.45% 1.106 | 0.568-2.153

Ceftazidime | 1.61% | 0.895 | 0.258-3.10

Meropenem | 1.61% | 0.895 | 0.258-3.1

Cefazolin 45 | 72.58% | 1.244 | 0.871-1.778

Ampicillin 48 | 77.42% | 1.032 | 0.707-1.507
Pseudomonas aeruginosa Colistin 30 56.60% | 1.227 | 0.766—1.965 0.204
(n=53) Imipenem 13 24.53% | 0.877 | 0.515-1.494 | —1.31

Tigecycline 47 | 88.68% | 0.285 | 0.058-1.408 | —1.25

Tobramycin 27 | 50.94% | 1.65 1.004-2.714 | 0.501

SXT 44 | 83.02% | 0.202 | 0.038-1.057

TIM 36 | 67.92% | 1.882 | 1.114-3.179 | 0.632
Staphylococcus epidermidis | Vancomycin I 32.35% | 5.354 | 1.501-19.095 | 1.678
(n=34) Oxacillin 16 | 47.06% | 0.32 | 0.148-0.692 | —I.14

Tigecycline 0 0.00%

Linezolid 0 0.00%

1.882). Staphylococcus epidermidis showed increased resistance to vancomycin (OR 5.354). Additionally,
Staphylococcus aureus displayed universal susceptibility to vancomycin, linezolid, nitrofurantoin, moxifloxacin, and
quinupristin-dalfopristin, with 100% sensitivity to vancomycin and linezolid. The resistance to penicillin was high at
96.63%. Escherichia coli exhibited high resistance to ampicillin (90.91%), levofloxacin (86.87%), and cefazolin
(82.83%), whereas it presented increased sensitivity to gentamicin, ertapenem, imipenem, and tigecycline.
Enterobacter cloacae had universal susceptibility to amikacin, cefoperazone/sulbactam, piperacillin/tazobactam, mero-
penem, and cefotaxime, with 100% sensitivity to amikacin and cefoperazone/sulbactam. Pseudomonas aeruginosa
presented increased resistance to tigecycline, trimethoprim-sulfamethoxazole, and ticarcillin-clavulanic acid.
Staphylococcus epidermidis showed 100% sensitivity to tigecycline and linezolid.

Discussion

In recent years, the global incidence of chronic wounds, arising from diverse etiologies, has increased significantly. As
established in the literature, a hallmark of chronic nonhealing wounds is bacterial colonization, which often progresses to
infection and may involve biofilm formation.?® Biofilm-associated infections are known to be persistent and recalcitrant
to treatment, substantially impairing wound healing, prolonging morbidity, and severely compromising patients’ quality
of life.> While the present study did not directly assess biofilm formation in the isolated organisms, it provides valuable
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insights into the microbial profiles and antibiotic resistance patterns that underlie these challenging infections. To
advance the understanding of chronic nonhealing wounds and guide the judicious use of antimicrobial agents for
improved wound management, this study performed a retrospective analysis of microbial profiles and antibiotic
susceptibility patterns in patients with chronic wounds.

Our findings indicate that chronic skin ulcers were the predominant wound type, with infection being the most
frequent complication, followed by pressure ulcers, diabetic ulcers, trauma-related wounds, and postoperative ulcers. In
contrast, Western populations exhibit a distinct etiology, with diabetes mellitus, venous insufficiency, pressure injuries,
and surgical wounds cited as primary contributors to chronic wounds.'**'>* These disparities may reflect variations in
socioeconomic development, healthcare infrastructure, and lifestyle or dietary practices across regions, particularly in
developing countries such as China.

Chronic wounds result from persistent impairment of the skin’s barrier function, with multiple factors contributing to
delayed or impaired healing. Among these factors, microbial colonization and infection play critical roles in the
pathogenesis of chronic nonhealing wounds.?>*® In this study, the pathogen culture positivity rate (41.07%) was
significantly lower than the rates reported in Western studies, such as those reported by Howell-Jones (82%) and
Kassam (91.4%).27*® This discrepancy may be attributed to several factors. First, increased patient awareness of self-
care and earlier medical consultation in China have been documented in recent years.”” Second, preemptive wound
disinfection and antibiotic use before clinical evaluation are common practices in Chinese healthcare settings.'® Third,
heterogeneity in study populations, as well as variations in sample size and sampling techniques, may also influence
microbial detection rates.'®

In our study, the most commonly isolated bacteria were Staphylococcus aureus, Escherichia coli, Enterobacter
cloacae, Pseudomonas aeruginosa, and Klebsiella pneumoniae. These findings are largely consistent with previous
reports by Calina et al (Romania),>**® Guan et al (China),"® and others, with the notable exception that Enterobacter
cloacae was more prevalent than Pseudomonas aeruginosa in our cohort. Notably, Staphylococcus aureus emerged as the
predominant pathogen, accounting for 52.05% of the isolates. This observation aligns with epidemiological data from
North America,*'>* Europe®*® 32,39-41

bacteria predominated over gram-positive organisms in chronic wound infections, a pattern corroborated by prior

and Asia, including multiple centers in China.'**° Furthermore, gram-negative
studies.*” However, contrasting reports have identified gram-positive bacteria as the most common isolates.
Specifically, Dong et al (China)*® reported a predominance of gram-positive organisms in their cohort, while Gayathri
et al (India)* and Mendes et al (Portugal)** similarly found gram-positive bacteria to be most prevalent. These
discrepancies may stem from regional variations, differences in patient demographics, climatic influences, wound
etiologies, and methodological approaches to microbial culture. Despite these variations, our data support the prevailing
trend that gram-negative bacteria are more prevalent in chronic wounds overall. Consequently, empirical antibiotic
therapy for chronic wound infections should prioritize agents with enhanced activity against gram-negative pathogens.

Indeed, the antibiotic susceptibility of bacteria isolated from infected wounds varies depending on the clinical
department’s use of antibiotics. The study results revealed that among gram-positive bacteria, Staphylococcus aureus
demonstrated universal susceptibility to vancomycin, linezolid, nitrofurantoin, moxifloxacin, and quinupristin-
dalfopristin, with 100% sensitivity to vancomycin and linezolid. However, resistance to ciprofloxacin, gentamicin,
levofloxacin, moxifloxacin, rifampin, minocycline, and chloramphenicol significantly increased, which may be attributed
to the large proportion of methicillin-resistant Staphylococcus aureus (MRSA) (66.67%) isolated in this study. While
Staphylococcus aureus is highly sensitive to vancomycin, prolonged use of vancomycin can induce bacterial resistance.
Therefore, vancomycin should not be the first-choice drug for prophylaxis and routine treatment. As shown in Table 4,
the resistance of Staphylococcus epidermidis to vancomycin significantly increased. Once Staphylococcus aureus
becomes resistant to vancomycin, it poses a significant challenge in clinical treatment. Among gram-negative bacteria,
Escherichia coli presented a significant increase in resistance to trimethoprim-sulfamethoxazole, and Enterobacter
cloacae presented increased resistance to ceftriaxone and tigecycline. Pseudomonas aeruginosa displayed a significant
increase in resistance to tobramycin and ticarcillin-clavulanic acid. Therefore, antibiotics with high resistance rates—
such as penicillin for S. aureus (96.63%) and ampicillin for E. coli (90.91%)—should be avoided in empirical therapy for
chronic wound infections. An epidemiological study conducted in 2008 indicated that the proportion of chronic skin
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wound patients receiving antimicrobial therapy in China (78%)*° was significantly greater than that in Western
countries.*>*® Undoubtedly, the overuse and misuse of antibiotics is a global issue, that directly contributes to the spread
of antibiotic resistance, especially in China.

Longitudinal analysis of our five-year data revealed several clinically significant temporal patterns. First, the detection
rate of Staphylococcus aureus increased progressively from 24 isolates in 2019 to 67 isolates in 2023, representing
a nearly threefold increase over the study period (Figure 1 and Table 2). This trend aligns with national surveillance data

1314 and underscores the growing clinical

showing stable or increasing S. aureus prevalence in wound infections,
importance of this pathogen in chronic wound management. Second, the proportion of methicillin-resistant S. aureus
(MRSA) among all S. aureus isolates increased substantially from 29.2% (7/24) in 2019 to 64.2% (43/67) in 2023
(Table 3). This rising MRSA trend contrasts with national CHINET surveillance data, which reported a decline in MRSA
prevalence from 69.0% in 2005 to 35.3% in 2017.'* The divergence may reflect regional differences in antibiotic
prescribing practices, infection control measures, or patient characteristics in our tertiary care setting in southwestern
China. Third, resistance to several antibiotics showed significant annual increases, as indicated by the odds ratios (ORs)
presented in Table 4. Notably, S. aureus resistance to rifampin (OR 1.622, 95% CI 1.227-2.145) and chloramphenicol
(OR 1.538, 95% CI 1.212—1.951) increased significantly over time, while Enterobacter cloacae resistance to tigecycline
showed the most pronounced increase among all tested pathogen-antibiotic combinations (OR 2.041, 95% CI
1.305-3.190). These emerging resistance patterns highlight the dynamic nature of antimicrobial resistance and the
need for continuous local surveillance to guide empirical therapy.

Among the 784 pathogenic isolates, 132 (16.8%) were classified as multidrug-resistant (MDR). The detection rate of
methicillin-resistant Staphylococcus aureus (MRSA) was substantially higher than that reported in other studies,
representing 66.67% of all MDR strains and 49.44% of Staphylococcus aureus. These findings were higher than those
reported by N. Mohamed*’ and Haonan Gua.'? The epidemiology of multidrug-resistant organisms (MDROs) is highly
complex and multifactorial, changing over time and across regions, and depending on patient characteristics.*> While
national surveillance data (CHINET) revealed a decline in the prevalence of MRSA from 69.0% (2005) to 35.3%
(2017),'* our study revealed an increasing trend. In addition to the inherent resistance mechanisms of the bacteria, this
result could also be attributed to the study being conducted in a remote southwestern region, where economic and
medical conditions are less favorable, hand hygiene awareness among healthcare workers and patients is lacking, and
antibiotic use is not always well-regulated. Therefore, from a clinical perspective, it is crucial for healthcare profes-
sionals to rigorously implement hand hygiene practices and follow strict guidelines for antibiotic use. In clinical practice,
antibiotics are necessary for managing chronic wounds to control infections and prevent the formation of bacterial
biofilms. However, the choice of antibiotic regimen should be based on several factors, including suspected pathogens,
local antimicrobial resistance patterns, wound type, and infection severity. The selection of initial antibiotics is often
based on empirical decisions. Thus, microbial cultures and susceptibility testing should be performed before starting
antibiotic therapy for infected wounds, as this provides a more accurate foundation for rational antibiotic use in clinical
practice. Whenever possible, oral antibiotics should be preferred over intravenous antibiotics, and topical antibiotics
should be considered over systemic therapy. Topical treatments such as polymyxin B, silver sulfadiazine, and mupirocin
are often effective for localized wound infections and may reduce systemic antibiotic exposure.**** However, the
comparative effectiveness of topical versus systemic antibiotics requires further investigation, and the choice should
be guided by infection severity and wound characteristics. Once the wound is adequately cleaned, antibiotic therapy
should be discontinued immediately to avoid unnecessary prolonged use.*®*

Tertiary care hospitals differ fundamentally from primary or secondary care facilities in several aspects that influence
the interpretation of our findings. First, patients treated at tertiary centers typically present with more complex
comorbidities, longer disease duration, and prior antibiotic exposure—all of which are risk factors for colonization
and infection with multidrug-resistant organisms (MDROs). The MDRO rate of 16.8% observed in our study is
comparable to the 15-25% range reported from other Chinese tertiary hospitals,'*?® but considerably higher than the
<10% typically reported from community settings.*> This confirms that tertiary care patients represent a high-risk
population requiring enhanced infection control measures. Second, the high prevalence of MRSA (49.4% of S. aureus
isolates) in our tertiary center has direct implications for empirical antibiotic selection. Unlike primary care settings
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where beta-lactams remain effective for most staphylococcal infections, empirical therapy for suspected staphylococcal
wound infections at tertiary centers should consider MRSA coverage until susceptibility results are available. However,
the universal susceptibility of S. aureus to vancomycin and linezolid (100%) provides reassurance that these agents
remain reliable options for severe infections. Third, the predominance of gram-negative bacteria (53.32%) in our tertiary
care cohort suggests that empirical regimens should also provide adequate coverage against Escherichia coli,
Enterobacter cloacae, and Pseudomonas aeruginosa. The high resistance rates observed for commonly used agents—
such as ampicillin (90.91% in E. coli) and tigecycline (88.68% in P. aeruginosa)—indicate that these antibiotics are not
appropriate for empirical use in our setting. Conversely, the universal susceptibility of E. cloacae to amikacin and
cefoperazone-sulbactam (100%) suggests these agents may be valuable options.

While this study provides valuable insights into microbial profiles and antimicrobial resistance patterns in chronic
wounds, several limitations should be acknowledged. First, although the use of sterile cotton swabs is a noninvasive and
widely used method, improper handling or iatrogenic contamination may affect the accuracy of the results, making it
difficult to determine whether the bacteria are infecting the wound or simply colonizing it. Second, as a retrospective
study, we were unable to determine the source of infection (community-acquired or hospital-acquired). The lack of
sufficient information in our database may have directly impacted the antimicrobial resistance rates. Third, as a single-
center investigation, our findings may not be broadly applicable because of unique regional antimicrobial prescribing
practices, specific patient demographics at our institution and local variations in wound etiology and management
protocols. Future studies should consider these factors and conduct multicenter studies with comparative analyses to
ensure the accuracy and reliability of the results. Fourth, due to the retrospective nature of this study, complete data on
patient comorbidities and clinical outcomes were not available for all cases, which may limit the generalizability of our
findings.

Conclusion

This five-year retrospective study from a tertiary care hospital in southwestern China reveals a complex and evolving
microbial landscape in chronic wound infections. Gram-negative bacteria predominate (53.32%), with Escherichia coli
(23.68%), Enterobacter cloacae (14.83%), and Pseudomonas aeruginosa (13.64%) being the most prevalent, while
Staphylococcus aureus remains the single most common gram-positive pathogen (52.05% of gram-positive isolates).

Key resistance patterns include near-universal resistance to penicillin in S. aureus (96.63%) and ampicillin in E. coli
(90.91%), as well as high resistance to tigecycline in P. aeruginosa (88.68%). Encouragingly, S. aureus remains
universally susceptible to vancomycin and linezolid (100%), and E. cloacae shows 100% susceptibility to amikacin
and cefoperazone-sulbactam.

Over the five-year period, significant annual increases in resistance were observed for multiple antibiotic-pathogen
combinations, most notably S. epidermidis to vancomycin (OR 5.354), E. cloacae to tigecycline (OR 2.041), and
S. aureus to rifampin (OR 1.622). MRSA prevalence increased from 29.2% in 2019 to 64.2% in 2023, contrasting
with national declining trends and highlighting the unique resistance ecology of our tertiary setting.

In the tertiary hospital context, where patients present with greater comorbidity burden and prior antibiotic exposure,
the MDRO rate of 16.8% (with MRSA accounting for 66.67% of MDR isolates) supports the need for setting-specific
empirical guidelines. Empirical therapy should provide coverage for both MRSA and predominant gram-negative
pathogens, while avoiding antibiotics with high local resistance rates. Continuous surveillance and antimicrobial
stewardship programs are essential to address the dynamic resistance patterns documented in this study.

Abbreviations

CLSI, Clinical and Laboratory Standards Institute; AMR, Antimicrobial resistance; MIs, Minimum inhibitory concentra-
tions; MRSA, Methicillin-resistant Staphylococcus aureus; CRPA, CarbaPenem Resistant Pseudomonas aeruginosa;
CRAB, CarbaPenem Resistant Acinetobacter baumann; CRKP, Carbapenem-resistant Klebsiella pneumoniae; SXT,
Trimethoprim-sulfamethoxazole; TIM, Ticarcillin-clavulanat; TZP, Piperacillin-tazobactam; CFS, Cefoperazone-
sulbactam; Q-D, Quinupristin-dalfopristin; CHL, Chloramphenicol; ERY, Erythromycin.

Infection and Drug Resistance 2026:19 heeps: 9



Chen et al

Data Sharing Statement
The data set supporting the conclusions of this article is available from the corresponding author (Wu-Quan Li) on
reasonable request. Data used in this paper is included in the paper.

Ethics Approval and Informed Consent

This study was approved by the ethics committee of the Second Affiliated Hospital of Kunming Medical University
(Review -PJ- Section —2024-154). The ethics committee abandoned the requirement for participants to give formal
informed permission because of the retrospective nature of this study. Patients’ anonymous information was provided
from the microbiology hospital laboratory, which isolated the strains. The study completely followed the guiding
principles in the Declaration of Helsinki.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This work was supported by the Yunnan Provincial Education Department Scientific Research Fund Project (2024J0322).

Disclosure
The author declares that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

References

1. Liu J, Shen H. Clinical efficacy of chitosan-based hydrocolloid dressing in the treatment of chronic refractory wounds. Int Wound J. 2022;19
(8):2012-2018. doi:10.1111/iwj.13801

2. Clinton A, Carter T. Chronic wound biofilms: pathogenesis and potential therapies. Lab Med. 2015;46(4):277-284. doi:10.1309/
LMBNSWKUI4JPN7SO

3. Kapp S, Miller C, Santamaria N. The quality of life of people who have chronic wounds and who self-treat. J Clin Nurs. 2018;27(1-2):182-192.
PubMed PMID: 28493644. doi:10.1111/jocn.13870

4. Freedman BR, Hwang C, Talbot S, Hibler B, Matoori S, Mooney DJ. Breakthrough treatments for accelerated wound healing. Sci Adv. 2023;9(20):
eade7007. doi:10.1126/sciadv.ade7007

5. Martinengo L, Olsson M, Bajpai R, et al. Prevalence of chronic wounds in the general population: systematic review and meta-analysis of
observational studies. Ann Epidemiol. 2019;29:8-15. doi:10.1016/j.annepidem.2018.10.005

6. Jiang YH. Signature analysis of pathogenic microorganism on chronic cutaneous wounds of the Chinese people. Infect Inflammation Repair.
2011;12(3):134-138. doi:10.3969/j.issn.1672-8521.2011.03.003

7. Cheng B, Jiang Y, Fu X, et al. Epidemiological characteristics and clinical analyses of chronic cutaneous wounds of inpatients in China: prevention

and control. Wound Repair Regener. 2020;28(5):623—630. doi:10.1111/wrr.12825

. Tang LY, Lu SL. The application of injury/efficacy ratio in chronic wound healing. Modern Med J China. 2018;20(9):71-72. doi:10.3969/].

issn.1672-9463.2018.09.023

9. Duan LL, Hui LM, Wei L. Research progress on the application of multi-disciplinary diagnosis and treatment mode led by wound therapists in the
treatment of chronic difficult to heal wounds. China Med Pharm. 2025;15(24):46—49. doi:10.20116/].issn2095-0616.2025.24.09

10. Bowler PG, Duerden BI, Armstrong DG. Wound microbiology and associated approaches to wound management. Clin Microbiol Rev. 2001;14
(2):244-269. PubMed PMID: 11292638; PubMed Central PMCID: PMC88973. doi:10.1128/CMR.14.2.244-269.2001

11. Gjedsbel K, Christensen JJ, Karlsmark T, Jorgensen B, Klein BM, Krogfelt KA. Multiple bacterial species reside in chronic wounds: a longitudinal
study. Int Wound J. 2006;3(3):225-231. PubMed PMID: 16984578; PubMed Central PMCID: PMC7951738. doi:10.1111/j.1742-481X.2006.00159.x

12. Tammelin A, Lindholm C, Hambraeus A. Chronic ulcers and antibiotic treatment. J Wound Care. 1998;7(9):435-437. PubMed PMID: 9887733.
doi:10.12968/jowc.1998.7.9.435

13. Guan H, Dong W, Lu Y, et al. Distribution and antibiotic resistance patterns of pathogenic bacteria in patients with chronic cutaneous wounds in
China. Front Med. 2021;8. PubMed PMID: 33816517. doi:10.3389/fmed.2021.609584

14. Hu F, Zhu D, Wang F, Wang M. Current status and trends of antibacterial resistance in China. Clinl Infect Dis. 2018;67(suppl 2):S128-34.
doi:10.1093/cid/ciy657

15. Antimicrobial resistance: global report on surveillance. Available from: https://www.who.int/publications/i/item/9789241564748. Accessed April
10, 2026.

oo

10 https: Infection and Drug Resistance 2026:19


https://doi.org/10.1111/iwj.13801
https://doi.org/10.1309/LMBNSWKUI4JPN7SO
https://doi.org/10.1309/LMBNSWKUI4JPN7SO
https://doi.org/10.1111/jocn.13870
https://doi.org/10.1126/sciadv.ade7007
https://doi.org/10.1016/j.annepidem.2018.10.005
https://doi.org/10.3969/j.issn.1672-8521.2011.03.003
https://doi.org/10.1111/wrr.12825
https://doi.org/10.3969/j.issn.1672-9463.2018.09.023
https://doi.org/10.3969/j.issn.1672-9463.2018.09.023
https://doi.org/10.20116/j.issn2095-0616.2025.24.09
https://doi.org/10.1128/CMR.14.2.244-269.2001
https://doi.org/10.1111/j.1742-481X.2006.00159.x
https://doi.org/10.12968/jowc.1998.7.9.435
https://doi.org/10.3389/fmed.2021.609584
https://doi.org/10.1093/cid/ciy657
https://www.who.int/publications/i/item/9789241564748

Chen et al

16.

17.
18.

19.

20.

2

—_

22.

23.
24.

25.

26.

217.

28.

29.

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

uay

42.

43.

44,

45.

46.

47.

48.

49.

Zhang Y, Wang Q, Yin Y, et al. Epidemiology of carbapenem-resistant enterobacteriaceae infections: report from the China CRE network. Antimicrob
Agents Chemother. 2018;62(2):¢01882—17. PubMed PMID: 29203488; PubMed Central PMCID: PMC5786810. doi:10.1128/AAC.01882-17
Medscape. Evidence corer: diagnosing infected wounds - page 2. Available from: https://www.medscape.com/viewarticle/562855. Accessed April 09, 2026.
Gardner SE, Frantz RA, Saltzman CL, Hillis SL, Park H, Scherubel M. Diagnostic validity of three swab techniques for identifying chronic wound
infection. Wound Repair Regen. 2006;14(5):548-557. PubMed PMID: 17014666. doi:10.1111/j.1743-6109.2006.00162.x

Fransén J, Huss FRM, Nilsson LE, Rydell U, Sjoberg F, Hanberger H. Surveillance of antibiotic susceptibility in a Swedish burn center 1994-2012.
Burns. 2016;42(6):1295-1303. doi:10.1016/j.burns.2016.01.025

Omar A, Wright J, Schultz G, Burrell R, Nadworny P. Microbial biofilms and chronic wounds. Microorganisms. 2017;5(1):9. doi:10.3390/
microorganisms5010009

. Valencia IC, Falabella A, Kirsner RS, Eaglstein WH. Chronic venous insufficiency and venous leg ulceration. J Am Acad Dermatol. 2001;44

(3):401-424. doi:10.1067/mjd.2001.111633

Richmond NA, Maderal AD, Vivas AC. Evidence-based management of common chronic lower extremity ulcers: management of chronic lower
extremity ulcers. Dermatol Ther. 2013;26(3):187-196. doi:10.1111/dth.12051

Frykberg RG, Banks J. Challenges in the treatment of chronic wounds. Adv Wound Care. 2015;4(9):560-582. doi:10.1089/wound.2015.0635
Cilina D, Docea AO, Rosu L, et al. Antimicrobial resistance development following surgical site infections. Mol Med Reports. 2017;15
(2):681-688. doi:10.3892/mmr.2016.6034

Wu XX, Zhang Y, Hu T, et al. Long-term antibacterial composite via alginate acrogel sustained release of antibiotics and Cu used for bone tissue
bacteria infection. Int J Biol Macromol. 2021;167:1211-1220. doi:10.1016/j.ijbiomac.2020.11.075

Xm D, L1P, Ps L, N P, Bf Y, Zq F. Bacteriological investigation and drug resistance analysis of chronic refractory wound secretions. J Craniofacial
Surg. 2022;33(7). PubMed PMID: 35045013. doi:10.1097/SCS.0000000000008473

Howell-Jones RS, Wilson MJ, Hill KE, Howard AJ, Price PE, Thomas DW. A review of the microbiology, antibiotic usage and resistance in
chronic skin wounds. J Antimicrob Chemother. 2005;55(2):143—149. doi:10.1093/jac/dkh513

Kassam NA, Damian DJ, Kajeguka D, Nyombi B, Kibiki GS. Spectrum and antibiogram of bacteria isolated from patients presenting with infected
wounds in a Tertiary Hospital, northern Tanzania. BMC Res Notes. 2017;10(1):757. doi:10.1186/s13104-017-3092-9

Jiang Y, Huang S, Fu X, et al. Epidemiology of chronic cutaneous wounds in China. Wound Repair Regener. 2011;19(2):181-188. doi:10.1111/
j-1524-475X.2010.00666.x

Wang C, Niu X, Bao S, Shen W, Jiang C. Distribution patterns and antibiotic resistance profiles of bacterial pathogens among patients with wound
infections in the Jiaxing region from 2021 to 2023. Infect Drug Resist. 2024;17:2883-2896. doi:10.2147/IDR.S470401

. Matecki R, Klimas K, Kujawa A. Different patterns of bacterial species and antibiotic susceptibility in diabetic foot syndrome with and without

coexistent ischemia. J Diab Res. 2021;2021:1-9. doi:10.1155/2021/9947233

Alhubail A, Sewify M, Messenger G, et al. Microbiological profile of diabetic foot ulcers in Kuwait. PLoS One. 2020;15(12):¢0244306.
doi:10.1371/journal.pone.0244306

Parks C, Nguyen S. Bacteriologic analysis of bone biopsy from diabetic foot infections within a VA patient population. Foot. 2019;38:1-3.
doi:10.1016/j.foot.2018.10.004

Mahnic A, Breznik V, Bombek Than M, Rupnik M. Comparison between cultivation and sequencing based approaches for microbiota analysis in
swabs and biopsies of chronic wounds. Front Med. 2021;8(8):607255. doi:10.3389/fmed.2021.607255

Machado C, Teixeira S, Fonseca L, et al. Evolutionary trends in bacteria isolated from moderate and severe diabetic foot infections in a Portuguese
tertiary center. Diabetes Metab Syndr. 2020;14(3):205-209. doi:10.1016/j.dsx.2020.02.010

Fayolle M, Morsli M, Gelis A, et al. The persistence of Staphylococcus aureus in pressure ulcers: a colonising role. Genes. 2021;12(12):1883.
doi:10.3390/genes 12121883

Di Domenico EG, De Angelis B, Cavallo I, et al. Silver sulfadiazine eradicates antibiotic-tolerant Staphylococcus aureus and Pseudomonas
aeruginosa biofilms in patients with infected diabetic foot ulcers. JCM. 2020;9(12):3807. doi:10.3390/jcm9123807

Cwajda-Biatasik J, Moscicka P, Jawien A, Szewczyk MT. Microbiological status of venous leg ulcers and its predictors: a single-center
cross-sectional study. ZJJERPH. 2021;18(24):12965. doi:10.3390/ijerph182412965

Xie Y, Xu Y, Chen K, et al. Microbiological and antimicrobial pattern of diabetic foot ulcers at a tertiary care center in East China. Int J Lower
Extremity Wounds. 2024;23(1):104-108. doi:10.1177/15347346211055972

Ry K, CI L, Mas A, Ca A, Ms A. Characteristics and microbiological profile of patients with diabetic foot infections in Kuantan, Pahang. Malays
Orthop J. 2022;16(1):11-17. doi:10.5704/M0J.2203.003

. Selvarajan S, Dhandapani S, A R, L T, Lakshmanan A. Bacteriological profile of diabetic foot ulcers and detection of methicillin-resistant

Staphylococcus aureus and extended-spectrum B-lactamase producers in a tertiary care hospital. Cureus. 2021. doi:10.7759/cureus.20596

Di Domenico E, Farulla I, Prignano G, et al. Biofilm is a major virulence determinant in bacterial colonization of chronic skin ulcers independently
from the multidrug resistant phenotype. ZJMS. 2017;18(5):1077. doi:10.3390/ijms18051077

Gayathri V, Rani A. Bacteriological profile and prevalence of ESBL and MRSA in different risk categories in diabetic foot infections (DFI) in
a teaching Hospital, Visakhapatnam, A.P. IJCMR. 2018;5(4). doi:10.21276/ijcmr.2018.5.4.24

Mendes JJ, Marques-Costa A, Vilela C, et al. Clinical and bacteriological survey of diabetic foot infections in Lisbon. Diabetes Res Clin Pract.
2012;95(1):153-161. doi:10.1016/j.diabres.2011.10.001

Howell-Jones RS, Price PE, Howard AJ, Thomas DW. Antibiotic prescribing for chronic skin wounds in primary care. Wound Repair Regener.
2006;14(4):387-393. doi:10.1111/j.1743-6109.2006.00144.x

Hernandez R. The use of systemic antibiotics in the treatment of chronic wounds. Dermatol Ther. 2006;19(6):326-337. doi:10.1111/.1529-
8019.2006.00091.x

Mohamed N, Wang MY, Le Huec JC, et al. Vaccine development to prevent Staphylococcus aureus surgical-site infections. Br J Surg. 2017;104(2):
e41-54. doi:10.1002/bjs.10454

Tang J, Guan H, Dong W, et al. Application of compound polymyxin B ointment in the treatment of chronic refractory wounds. Int J Lower
Extremity Wounds. 2022;21(3):320-324. doi:10.1177/1534734620944512

Stevens DL, Bisno AL, Chambers HF, et al. Executive summary: practice guidelines for the diagnosis and management of skin and soft tissue
infections: 2014 update by the infectious diseases society of America. Clinl Infect Dis. 2014;59(2):147-159. doi:10.1093/cid/ciu444

Infection and Drug Resistance 2026:19 heeps: 11


https://doi.org/10.1128/AAC.01882-17
https://www.medscape.com/viewarticle/562855
https://doi.org/10.1111/j.1743-6109.2006.00162.x
https://doi.org/10.1016/j.burns.2016.01.025
https://doi.org/10.3390/microorganisms5010009
https://doi.org/10.3390/microorganisms5010009
https://doi.org/10.1067/mjd.2001.111633
https://doi.org/10.1111/dth.12051
https://doi.org/10.1089/wound.2015.0635
https://doi.org/10.3892/mmr.2016.6034
https://doi.org/10.1016/j.ijbiomac.2020.11.075
https://doi.org/10.1097/SCS.0000000000008473
https://doi.org/10.1093/jac/dkh513
https://doi.org/10.1186/s13104-017-3092-9
https://doi.org/10.1111/j.1524-475X.2010.00666.x
https://doi.org/10.1111/j.1524-475X.2010.00666.x
https://doi.org/10.2147/IDR.S470401
https://doi.org/10.1155/2021/9947233
https://doi.org/10.1371/journal.pone.0244306
https://doi.org/10.1016/j.foot.2018.10.004
https://doi.org/10.3389/fmed.2021.607255
https://doi.org/10.1016/j.dsx.2020.02.010
https://doi.org/10.3390/genes12121883
https://doi.org/10.3390/jcm9123807
https://doi.org/10.3390/ijerph182412965
https://doi.org/10.1177/15347346211055972
https://doi.org/10.5704/MOJ.2203.003
https://doi.org/10.7759/cureus.20596
https://doi.org/10.3390/ijms18051077
https://doi.org/10.21276/ijcmr.2018.5.4.24
https://doi.org/10.1016/j.diabres.2011.10.001
https://doi.org/10.1111/j.1743-6109.2006.00144.x
https://doi.org/10.1111/j.1529-8019.2006.00091.x
https://doi.org/10.1111/j.1529-8019.2006.00091.x
https://doi.org/10.1002/bjs.10454
https://doi.org/10.1177/1534734620944512
https://doi.org/10.1093/cid/ciu444

Chen et al

Infection and Drug Resistance Dovepress

Taylor & Francis Group
Publish your work in this journal

Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial,
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

. Infection and Drug Resistance 2026:19
12 EXinO


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Background
	Materials and Methods
	Subjects
	Microbiological Methods
	Antimicrobial Susceptibility Testing
	Quality Control Strains
	Statistical Analysis Software

	Results
	Clinical Data of Patients
	Distribution of Pathogenic Bacteria
	Distribution of Multidrug-Resistant Bacteria
	Antibiotic Susceptibility Testing

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure

