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Background: Wound infections caused by antimicrobial-resistant bacteria challenge treatment and infection control, particularly in 
healthcare settings of underdeveloped regions, such as Shantou.
Methods: This retrospective study analyzed bacterial spectrum and antimicrobial resistance patterns of wound isolates collected from 
January 2015 to December 2023 at the Skin and Venereal Disease Prevention and Control Hospital, Shantou, China. Patient data (type, 
age, sex, infection site) were extracted independently by two researchers. Bacteria were identified using the MALDI Biotyper System 
or VITEK 2 COMPACT System. Data were analyzed with GraphPad Prism 8.0.2, using the chi-square test for comparisons; p < 0.05 
was considered statistically significant.
Results: A total of 790 wound specimens were processed using standard microbiological techniques. Staphylococcus aureus was the 
most prevalent pathogen (39.4%), followed by Klebsiella pneumoniae (12.4%), Pseudomonas aeruginosa (6.89%), Staphylococcus 
haemolyticus (6.21%), Staphylococcus epidermidis (5.88%) and Escherichia coli (5.21%). Of these, male patients accounted for 363 of 
420 (86.4%) cases, more than females, who accounted for 232 of 370 (62.7%). The highest incidence occurred in the 2–17-year age 
group (25.0%), followed by those aged 51–60 years (14.9%). Extended-spectrum β-lactamase (ESBL) production was noted in 41.9% 
of E. coli and 29.7% of K. pneumoniae. Among the Gram-positive multidrug-resistant (MDR) isolates, S. haemolyticus (91.8%), 
S. epidermidis (91.4%), and S. aureus (73.9%) were the most resistant. Methicillin-resistant Staphylococcus aureus (MRSA) accounted 
for 68.5% of S. aureus, with high resistance to penicillin (97.3%) and erythromycin (73.5%). MR-CoNS, mainly S. epidermidis, was 
resistant to erythromycin (88.5%) and oxacillin (77.1%).
Conclusion: The high prevalence of MRSA (68.5%) and MDR S. aureus (73.6%) may reflect widespread antibiotic misuse, 
emphasizing the need for culture-guided therapy and robust antibiotic stewardship.
Keywords: bacterial spectrum, wound infections, antimicrobial resistance trends, extended-spectrum β-lactamase, ESBL, methicillin- 
resistant Staphylococcus aureus, MRSA

Introduction
Wound infections occur due to complex interactions between the host immune system, potential pathogens, and external 
environmental factors. They can vary significantly in severity, ranging from mild, self-healing, to potentially fatal 
conditions. The site of the wound determines the capacity of bacterial pathogens to invade the tissue.1 The most 
frequently isolated bacterial pathogens from wound infections include S. aureus, S. epidermidis, S. haemolyticus, 
Acinetobacter spp., E. coli, Klebsiella spp., Enterobacter spp., Citrobacter spp., and anaerobes, such as Clostridium 
spp. and Peptostreptococcus spp.2,3 Studies suggest that hospital-acquired wound infections are the main cause of 
morbidity, with 0–80%, due to patients’ vulnerability, hazardous microbes, and suboptimal healthcare practices in 
clinical settings.2–5 These infections are typically treated using topical, oral, or intravenous antibiotics. However, the 
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misuse and overuse of these drugs have led to the emergence of drug-resistant strains, posing significant challenges to 
global health, particularly in the underdeveloped regions of China, such as Shantou.

Among the resistant strains related to wound infections, Methicillin-resistant Staphylococcus aureus (MRSA) is a highly 
reported isolate.6,7 MRSA significantly affects large surface areas of the skin or deeper soft tissues, causing various conditions, 
including abscesses, cellulitis, burns, and deep ulcers.8,9 Enterobacteriaceae producing extended-spectrum β-lactamases 
(ESBL) are commonly involved in wound infections. In addition to ESBL-, carbapenemase-, and plasmid-mediated AmpC 
enzyme-producing strains, other types of resistant bacteria have also been reported in wound infections.10 Rising antibiotic 
resistance can worsen infections, delay wound healing, prolong hospital stays, and increase healthcare costs.11,12

Data on the prevalence of ESBL-producing bacteria as a cause of wound infections in China are scarce,13 creating 
a significant gap in understanding antimicrobial resistance (AMR) epidemiology, particularly in densely populated 
regions, such as Shantou, which face various healthcare challenges. Although our previous study analyzed microbial 
species and biomarker associations for wound infections using data from 2022 to 2024,14 it primarily focused on 
biomarker correlations and included fungal pathogens, without examining longitudinal trends. In contrast, the present 
9-year study (2015–2023) investigates bacterial spectrum and antimicrobial resistance patterns of MRSA, MRCoN, 
multidrug-resistant (MDR) bacteria, and ESBL-producing gram-negative strains, including inpatient–outpatient compar
isons. This broader analysis addresses existing gaps and provides evidence-based insights for optimizing treatment 
strategies for wound infections in eastern Guangdong and similar settings.

Methods
Study Design
This retrospective study was conducted at Skin and Venereal Disease Prevention and Control Hospital in Shantou City, 
Guangdong, China. The hospital in question is the only tertiary care center for skin and venereal diseases in eastern 
Guangdong, providing healthcare services to 4,574,000 individuals. The study period was from January 2015 to 
December 2023.

Study Population and Data Collection
The source population consisted of all patients presenting with clinical signs of wound infection, such as redness, 
discomfort, swelling, persistent discharge, and foul odor, from which samples were sent to the hospital laboratory for 
microbiological culture. Patients included in the study were those presenting with clinical signs of wound infection and 
with complete clinical records available in the hospital electronic database. Patients were excluded if they had received 
antibiotics within 30 days prior to sample collection, had polymicrobial infections or infections caused by non-bacterial 
pathogens (eg, fungi), or if duplicate samples or repeated admissions were present; in such cases, only the first episode of 
infection per patient was analyzed. A total of 790 specimens, including 435 (55.0%) pus samples and 355 (44.9%) fine 
needle aspirates, were obtained.15,16 The study received ethical approval from the hospital, which adhered to the 
standards of the Helsinki Declaration (Letter number: 2022–101). Data on patient type, age, sex, and infection site 
were collected from the hospital’s electronic records and extracted from an Excel file (2021) by two researchers, SK and 
HB, independently. Subsequently, the files underwent cross-checking and comparison to remove any possible bias. 
Patients with incomplete clinical records, prior antibiotic use within 30 days, or polymicrobial infections were excluded 
from this study. Moreover, specimens cultured with non-bacterial pathogens were excluded to ensure clarity when 
assigning infections to MRSA or ESBL-producing Enterobacteriaceae. All eligible patients with wound infections were 
included to minimize selection bias. Duplicates or repeated admissions were excluded by analyzing only the first episode 
of infection per patient.

Routine Laboratory Protocol
Sample Collection
Pus specimens were collected from the wounds of patients in hospital wards using sterile cotton swabs and fine-needle 
syringes (FNSs).17 Each sample was subsequently labeled with the patient’s details, collection method, and date and time 
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of collection. Patient information, including the infection site, signs and symptoms, underlying conditions, and previous 
antibiotic treatment, was recorded. The wound infection area was washed with sterile normal saline. A sterile cotton 
swab was then gently rolled over the wound surface to collect the samples. The pus-filled swabs were stored in sterile test 
containers with lids and labeled with relevant details. FNSs were used to obtain pus samples from deep wounds. 
Specimens were collected from wounds on various body parts, including the legs, hands, back, abdomen, feet, breasts, 
chest, head, and neck. The needles were appropriately labeled, capped, and promptly sent to the laboratory for fine-needle 
aspiration cytology.

Sample Processing, Bacterial Culturing, and Bacteria Identification
Depending on the type and location of the wound, each specimen was visually examined for consistency, color, turbidity, 
and the presence of blood.16–18 Pus specimens were inoculated onto blood, chocolate, MacConkey, and nutrient agar 
plates manufactured by Zhuhai Deere Bioengineering Co., Ltd., for the isolation of bacterial species, following standard 
clinical laboratory guidelines.19 The isolated bacteria were identified using the MALDI Biotyper System (Bruker 
Daltonics GmbH, Bremen, Germany) or the VITEK 2 COMPACT System (bioMérieux, Marcy L’étoile, France), 
according to the manufacturer’s instructions.

Analysis of Antimicrobial Susceptibility Patterns
Antimicrobial susceptibility testing was performed using the Vitek 2 system (bioMérieux, Marcy l’ Étoile, France) 
according to the manufacturer’s instructions. Antibiotics, including β-lactams, aminoglycosides, macrolides, tetracy
clines, fluoroquinolones, glycopeptides, oxazolidinones, lincosamides, streptogramins, rifamycins, nitrofurans, sulfona
mides, and β-lactam/β-lactamase inhibitor combinations, were used against both gram-positive and gram-negative 
isolates. All antibiotics, media, and reagents used in this study were purchased from Zhuhai Deere Bioengineering 
Co., Ltd. (Zhuhai, Guangdong, China). The data results were analyzed as “susceptible”, “resistant”, or “intermediate” 
according to the guidelines set by the Clinical and Laboratory Standards Institute (CLSI M100-S25, 2024).20 Bacteria 
were classified as MDR if they exhibited resistance to at least one antibiotic in three or more classes.

MRSA and ESBL Producers’ Confirmation
Methicillin-resistant bacteria were suspected based on the MIC results and were confirmed using cefoxitin disc diffusion 
tests.21 ESBL-producing bacteria were detected among Enterobacteriaceae isolates using antibiotic discs containing 
30 μg of cefotaxime, ceftazidime, ceftriaxone, and aztreonam.20 Bacterial isolates with ceftazidime zone diameter 
<22 mm and cefotaxime zone diameter <27 mm were considered potential producers of ESBL according to standard 
guidelines. Enterobacteriaceae suspected of producing ESBL were confirmed using the double-disc synergy test 
(DDST).22

Quality Control and Statistical Analysis
A sterility check was performed on all the prepared biochemical and streaking media. The reference strains E. coli ATCC 
25922 and S. aureus ATCC 25923 were used as quality controls for AST and biochemical tests. Similarly, E. coli ATCC 
25922 was used as a negative control for the screening and phenotypic confirmation of DDST assays against ESBL- 
producing gram-negative bacilli.

GraphPad Prism version 8.0.2 was used for data analysis. Frequencies were computed for categorical variables. The 
chi-square test was used for comparative analysis, and a p-value of less than 0.05 was considered statistically significant.

Results
Distribution of Bacterial Species
A total of 790 pus samples from patients with clinical wound infections were collected and examined over a 9-year study 
period. Of the collected samples, 187 (23.6%) were from the legs, 173 (21.8%) from the arms, 132 (16.7%) from the 
torso, 103 (13.0%) from generalised/widespread regions, 94 (11.8%) from the face, 48 (6.07%) from the feet, 34 (4.30%) 
from the genital area, and 19 (2.40%) from the nails. Of these, 595 (75.3%) bacterial isolates were identified, of which 
385 (64.7%) were gram-positive and 210 (35.2%) gram-negative.
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Among the 595 bacterial isolates, S. aureus was the predominant (n = 235, 39.4%), followed 
by K. pneumoniae (n = 74, 12.4%), P. aeruginosa (n = 41, 6.89%), S. haemolyticus (n = 37, 6.21%), 
S. epidermidis (n = 35, 5.88%), and E. coli (n = 31, 5.21%). The overall distribution of bacterial species is 
presented in Table 1. The predominant bacterial species were more frequently isolated from inpatients (n = 352, 
59.1%) than outpatients (n = 243, 40.8%).

Clinical Characteristics of Patients Associated with Wound Infections
Among 420 male patients, 363 showed aerobic bacterial growth, whereas among 370 female patients, only 232 showed 
positive cultures. The highest incidence of wound infection was reported in patients aged 2–17 years, with 149 (25.0%) 
cases, followed by those aged 51–60-year age group, with 89 cases (14.9%). The incidence of bacterial infections 
increased over time (Table 1; Figure 1). The incidence of P. aeruginosa infection rose from 0.05 per 1,000 patients in 
2015 to 0.10 per 1,000 patients in 2023. The annual incidence of wound infections is shown in Figures 2 and 3. Among 
gram-negative bacteria, K. pneumoniae and E. coli were more prevalent in 2019, whereas, among gram-positive bacteria, 
S. aureus was common in 2017. Of the 595 patients, 352 (59.1%) were inpatients in different wards and 243 (40.8%) 
were outpatients (Table 2).

Distribution of Skin Diseases
Among the skin infections, eczema was the most frequent (n = 125, 28.7%), followed by herpes zoster (n = 31, 7.12%), 
urethritis (n = 17, 3.90%), pemphigus erythematosus (n = 12, 2.75%), pemphigus vulgaris (n = 11, 2.52%), acne (n = 9, 
2.06%), and bullous pemphigoid (n = 9, 2.06%).

The bacterial species identified in the eczema group included S. aureus (n = 48, 41.0%), K. pneumoniae (n = 21, 
32.3%), P. aeruginosa (n = 11, 28.2%), E. coli (n = 8, 28.5%), A. baumannii (n = 7, 35.0%), S. haemolyticus (n = 5, 
17.8%), E. cloacae (n = 6, 27.2%), and S. epidermidis (n = 4, 14.2%). Herpes zoster was associated with E. cloacae (n = 
6, 27.2%), E. faecalis (n = 2, 12.5%), S. aureus (n = 4, 3.41%), K. pneumoniae (n = 4, 6.15%), E. coli (n = 3, 10.7%), 
A. baumannii (n = 2, 10.0%), S. epidermidis (n = 2, 7.14%), S. haemolyticus (n = 1, 3.57%), and P. aeruginosa (n = 1, 
2.56%). Bacterial species associated with various skin infections are listed in Table S1.

Antibacterial Susceptibility of Gram-Positive Bacteria
The antibacterial resistance of the gram-positive bacteria is shown in Figure 4. E. faecalis isolates were 100% susceptible 
to ampicillin, moxifloxacin, penicillin, tigecycline, vancomycin, linezolid, and piracillin/tazobactam. In contrast, 94.4% 
and 75.0% of E. faecalis isolates were resistant to tetracycline and clindamycin, respectively. All staphylococcal isolates, 
including S. aureus, S. epidermidis, and S. haemolyticus, were 100% susceptible to quinupristin, linezolid, tigecycline, 
and vancomycin. In contrast, S. aureus showed 97.3% resistance to penicillin. S. epidermidis and S. haemolyticus 
exhibited 88.5% and 91.8% resistance, respectively, to erythromycin. Of the total isolates, 68.5% were MRSA strains and 
97.3% were resistant to penicillin, followed by erythromycin (73.5%), clindamycin (70.3%), cefoxitin (55.5%), and 
oxacillin (53.2%). In 80.2% of the methicillin-resistant coagulase-negative staphylococci (MRCoNS), S. epidermidis was 
88.5% resistant to erythromycin, followed by oxacillin (77.1%), clindamycin (68.5%), trimethoprim/sulfamethoxazole 
(62.8%), and ciprofloxacin (45.7%). S. haemolyticus was 94.5% resistant to penicillin, followed by erythromycin 
(91.8%), oxacillin (83.3%), ciprofloxacin (70.2%), and clindamycin (64.8%) (Table S2). S. haemolyticus constituted 
the highest proportion (91.8%) of gram-positive MDR isolates, followed by S. epidermidis (91.4%) and S. aureus 
(73.6%). Gram-positive MDR species in wound infections compared to non-MDR wound infections were statistically 
significant (p = 0.05) (Figure 5).

Antibacterial Susceptibility of Gram-Negative Bacteria
The antibacterial resistance of the gram-negative bacteria is shown in Figure 6. Among the bacterial isolates, 
A. baumannii demonstrated 100% susceptibility to ciprofloxacin, gentamicin, tobramycin, and imipenem, and 100% 
resistance to ampicillin. E. coli showed 100% susceptibility to amikacin, aureomycin, ertapenem, and imipenem. 
However, ceftriaxone and cefazolin showed susceptibility rates of 44.8% (13 of 29), and 6.25% (1 of 16). All the 
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Table 1 Distribution of Clinical Isolates from Wound Infections Based on Age Groups, Gender, and Occurrence in Inpatients per 1,000 Patients per Year

Total 
n (%) 

595 (100)

A. 
baumannii 

20 
(3.36)

E. 
coli 
31 

(5.21)

E. 
cloacae 

23 
(3.86)

E. 
faecalis 

18 
(3.02)

K. 
pneumoniae 

74 
(12.4)

P. 
aeruginosa 

41 
(6.89)

S. 
aureus 

235 (39.4)

S. 
epidermidis 

35 
(5.88)

S. 
haemolyticus 

37 
(6.21)

Others 
81 

(13.6)

Age in years

0–1 21 (3.52) 2 (9.52) – 1 (4.76) – 6 (28.5) 1 (4.76) 11 (52.3)

2–17 149 (25.0) 1 (0.67) 3 (2.01) 1 (0.67) 2 (1.34) 6 (4.02) 4 (2.68) 120 (80.5) 8 (5.36) – 4 (2.68)

18–30 61 (10.2) 3 (4.91) 3 (4.91) 1 (1.63) – 5 (8.19) 2 (3.27) 26 (42.6) 9 (14.7) 5 (8.19) 21 (34.4)

31–40 39 (6.55) 1 (2.56) 4 (10.2) 2 (5.12) 1 (2.56) 3 (7.69) 2 (5.12) 18 (46.1) 2 (5.12) 1 (2.56) 5 (12.8)

41–50 63 (10.5) 1 (1.58) 3 (4.76) 2 (3.17) 1 (1.58) 12 (19.0) 3 (4.76) 23 (36.5) 4 (6.34) 7 (11.1) 56 (88.8)

51–60 89 (14.9) 3 (3.37) 7 (7.86) 5 (5.61) 3 (3.37) 17 (19.1) 8 (8.89) 19 (21.3) 5 (5.61) 9 (10.1) 13 (14.6)

61–70 88 (14.7) 7 (7.95) 5 (5.68) 6 (6.81) 8 (9.09) 15 (17.0) 11 (12.5) 5 (5.68) 4 (4.54) 8 (9.09) 19 (21.5)

71–80 65 (10.9) 1 (1.53) 4 (6.15) 6 (9.23) 3 (4.61) 10 (15.3) 9 (13.8) 18 (27.6) 3 (4.61) 4 (6.15) 7 (10.7)

Above 80 20 (3.36) 1 (5.0) 2 (10.0) – – 5 (25.0) 2 (10.0) – – 2 (10.0) 12 (60.0)

Gender

Male 363 (65.6) 16 17 10 17 47 21 133 25 8 69

Female 232 (60.4) 4 14 13 1 27 20 101 10 29 13

Ratio 1.56:1.0 4.0:1.0 1.21:1.0 0.76:1.0 17.0:1.0 1.74:1.0 1.05:1.0 1.3:1.0 2.5:1.0 0.27:1.0 5.3:1.0

Incidence/1,000 patients

2015 0.66 0.03 0.05 0.01 0.03 0.08 0.05 0.10 0.08 0.07 0.16

2016 0.78 0.01 0.03 0.03 0.02 0.12 0.03 0.33 0.05 0.06 0.10

2017 0.84 0.02 0.02 0.02 0.02 0.06 0.05 0.46 0.03 0.07 0.09

(Continued)
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Table 1 (Continued). 

Total 
n (%) 

595 (100)

A. 
baumannii 

20 
(3.36)

E. 
coli 
31 

(5.21)

E. 
cloacae 

23 
(3.86)

E. 
faecalis 

18 
(3.02)

K. 
pneumoniae 

74 
(12.4)

P. 
aeruginosa 

41 
(6.89)

S. 
aureus 

235 (39.4)

S. 
epidermidis 

35 
(5.88)

S. 
haemolyticus 

37 
(6.21)

Others 
81 

(13.6)

2018 0.71 0.03 0.02 0.03 0.01 0.11 0.01 0.34 0.02 0.01 0.12

2019 0.92 0.06 0.08 0.03 0.01 0.13 0.05 0.35 0.07 0.03 0.11

2020 0.44 0.05 0.04 0.03 – 0.07 0.05 0.13 0.02 0.01 0.04

2021 0.53 – 0.02 0.03 0.03 0.07 0.03 0.23 0.02 0.04 0.06

2022 0.51 – 0.02 0.03 0.03 0.07 0.04 0.19 0.02 0.06 0.05

2023 0.57 – 0.03 0.02 0.03 0.03 0.10 0.21 0.04 0.02 0.09

Means 0.6622 0.033 0.034 0.025 0.022 0.082 0.045 2.35 0.038 0.041 0.091
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E. cloacae isolates were 100% susceptible to amikacin, ampicillin/sulbactam, ertapenem, gentamicin, ceftazidime, 
cefepime, vancomycin, and piperacillin/tazobactam. Nitrofurantoin showed the lowest susceptibility with a rate of 
69.5% (16 of 23). Similarly, K. pneumoniae showed 97.1% susceptibility to cefepime and piperacillin/tazobactam, 

Figure 1 Distribution of bacteria causing wound infections. 
Abbreviations: A, Acinetobacter; E. coli, Escherichia coli; E. faecalis, Enterococcus faecalis; K, Klebsiella; P, Pseudomonas; S, Staphylococcus.

Figure 2 Prevalence of different bacteria causing wound infections over the years. 
Abbreviations: A, Acinetobacter; E. coli, Escherichia coli; E. faecalis, Enterococcus faecalis; K, Klebsiella; P, Pseudomonas; S, Staphylococcus.
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with 40.5% showing intermediate resistance, and 28.3% showing resistance to nitrofurantoin. P. aeruginosa is 100% 
susceptible to aztreonam. In contrast, 100% of P. aeruginosa isolates were resistant to ampicillin/sulbactam, ampicillin, 
and trimethoprim/sulfamethoxazole. Of the 31 E. coli isolates, 13 (41.9%) were ESBL positive. Similarly, 22 isolates of 
K. pneumoniae (29.7%) and one isolate of K. oxytoca (16.6%) were positive for ESBL (Table S3). Among the gram- 

Figure 3 Trends of bacterial species causing wound infections over years. (a) Number of gram-negative bacteria causing wound infections per year. (b). Number of gram- 
positive bacteria causing wound infections per years.

Table 2 Comparative Analysis of Bacterial Isolates Among Inpatients and Outpatients Attending 
the Skin and Venereal Diseases Prevention and Control Hospital of Shantou City

Bacterial Isolates Inpatient n (%) Outpatient n (%) Frequency n (%) P Value

A. baumannii 2 (0.56) 18 (7.40) 20 (3.36) 0.001

A. lwoffii 1 (0.28) 1 (0.16) –

Burkholderia cepacia 1 (0.28) 1 (0.16) –

Citrobacter koseri 1 (0.41) 1 (0.16) –

Chryseobacterium indologenes 1 (0.28) – 1 (0.16) –

Citrobacter freundii 1 (0.28) 1 (0.16) –

E. coli 19 (5.39) 12 (4.93) 31 (5.21) 0.08

Elizabethkingia meningoseptica – 1 (0.41) 1 (0.16) –

A. aerogenes 1 (0.28) 1 (0.41) 2 (0.33) 0.99

E. cloacae 3 (0.85) 20 (8.23) 23 (3.86) 0.001

E. faecalis 14 (3.97) 4 (1.64) 18 (3.02) 0.001

E. faecium – 1 (0.41) 1 (0.16) –

Entero. gallinarum – 2 (0.82) 2 (0.33) –

K. oxytoca 4 (1.13) 3 (1.23) 7 (1.17) 0.59

K. ozaenae 1 (0.28) – 1 (0.16) –

A. pneumoniae 59 (16.7) 15 (6.17) 74 (12.4) 0.001

Morg. morganii 6 (1.70) 1 (0.41) 7 (1.17) 0.008

(Continued)
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negative MDR isolates, E. coli was predominant (74.1%), followed by E. faecalis (61.1%), K. pneumoniae (45.9%), and 
P. aeruginosa (34.1%). The isolates with the lowest MDR rates included A. baumannii (25.0%) and E. cloacae (8.69%). 
Gram-negative MDR species in wound infections compared to non-MDR wound infections were statistically significant 
(p = 0.05) (Figure 5).

Figure 4 Antimicrobial resistance profiles of gram-positive bacterial isolates. The figure was drawn using GraphPad Prism version 8.0.2.

Table 2 (Continued). 

Bacterial Isolates Inpatient n (%) Outpatient n (%) Frequency n (%) P Value

Proteus mirabilis 1 (0.28) 1 (0.16) –

P. aeruginosa 38 (10.7) 3 (1.23) 41 (6.89) 0.001

Ps. alcaligenes 1 (0.41) 1 (0.16) –

Raou.ornithinolytica 1 (0.28) – 1 (0.16) –

Ps. fluorescens 2 (0.56) 1 (0.41) 3 (0.50) 0.41

Pantoea.agglomerans 1 (0.28) 1 (0.16) –

Ser. marcescens 6 (1.70) 1 (0.41) 7 (1.17) 0.008

Sphingomonas paucimobilis 1 (0.28) 1 (0.41) 2 (0.33) 0.99

S. aureus 119 (33.8) 116 (47.7) 235 (39.4) 0.78

S. sciuri 1 (0.28) – 1 (0.16) –

S. cohnii. ssp. urealyticus 1 (0.28) – 1 (0.16) –

S. capitis 2 (0.56) 1 (0.41) 3 (0.50) 0.41

S. epidermidis 24 (6.81) 11 (4.52) 35 (5.88) 0.002

S. haemolyticus 23 (6.53) 14 (5.76) 37 (6.21) 0.06

S. hominis 6 (1.70) 2 (0.82) 8 (1.34) 0.05

S. ludgunensis 4 (1.13) 1 (0.41) 5 (0.84) 0.06

S. warneri 3 (0.85) – 3 (0.50) –

S. lentus 6 (1.70) 1 (0.41) 7(1.17) 0.008

S. agalactiae – 10 (4.11) 10 (1.68) –

Aeromonas hydrophila – 1 (0.41) 1 (0.16) –

Total 352 (59.1) 243 (40.8) 595 (100) –
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Discussion
This 9-year study identified various types of aerobic bacteria that cause wound infections using standard microbiological 
methods. Of the 595 bacteria-positive samples analyzed, 352 (59.1%) were from inpatients and 243 (40.8%) were from 
outpatients. The findings were nearly identical to those of a previously published study, in which 60.5% of the 
participants were inpatients and 39.5% were outpatients.17 Wound infections have been reported to be high in inpatients, 
which may be due to prolonged hospital stay, surgical procedures, immunocompromised status, invasive procedures, and 

Figure 6 Antimicrobial resistance profiles of gram-negative bacterial isolates. The figure was drawn using GraphPad Prism version 8.0.2.

Figure 5 Comparison of multiple drug-resistant bacterial species with non-multiple drug-resistant species by using the Chi-squre test. The red species names indicate the 
Gram-negative bacteria, while black indicates Gram-positive bacteria. The compared values are shown. *, P, 0.05; **, P, 0.01; ***, P, 0.001; ****, P, 0.0001. 
Abbreviation: ns, not significant.
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hospital-acquired infections.23 The type and prevalence of bacteria associated with wound infections depend on various 
factors, including the type of wound, patient’s immune status, risk of hospital-acquired infections, antibiotic use, 
geographic location, and hygiene practices.24–26

Among the age groups, the incidence of wound infection was highest in the 2–17-year-old age group, with 149 cases 
(25.0%). The increased incidence in the 2–17-year age group may be attributed to the development of the immune 
system.27 Wound infections in male patients accounted for 363 of 420 (86.4%) cases, more than in females, 232 of 370 
(62.7%). The high proportion of infections in the male population is consistent with previous studies in China.28,29 This 
high rate may be due to increased socioeconomic activities and greater exposure of the male population compared to 
females.30–32

Among the bacterial isolates, the predominant species was S. aureus (n = 235, 39.4%), followed by K. pneumoniae 
(n = 74, 12.4%), P. aeruginosa (n = 41, 6.89%), S. haemolyticus (n = 37, 6.21%), S. epidermidis (n = 35, 5.88%), and 
E. coli (n = 31, 5.21%). The large proportion of S. aureus, reported in previous studies from China (29.2%), Nepal 
(50.0%), and Ethiopia (26.2%), differs from that in Sweden, where the predominant species was S. pseudintermedius 
(46.0%).17,33,34 These differences may be due to variations in study populations, geographic distribution of bacterial 
species, or differences in infection sources. S. aureus is part of the normal flora of the human skin.35 It is an opportunistic 
pathogen that causes wound infections owing to compromised host immunity or disruption of the skin barrier.35 

Moreover, S. aureus can colonize the skin, particularly in patients with compromised skin conditions such as atopic 
dermatitis.36 Notably, S. aureus forms biofilms primarily in wound infections, thereby causing drug resistance by 
providing a protective environment for the bacteria and making them less susceptible to antibiotics.37–39 All S. aureus 
isolates were 100% susceptible to vancomycin, which is consistent with the results of a previous study.33 Similarly, other 
studies have reported that vancomycin resistance is typically <3% globally.40 However, the growing trend of vancomycin 
resistance driven by the plasmid-mediated vanA gene is concerning, and careful use of this critical drug is essential.41 

High susceptibility to vancomycin is a vital treatment option; however, the high rates of resistance to other antibiotics 
necessitate urgent action to address antimicrobial resistance. In addition to vancomycin, other antibiotics, such as 
linezolid, tigecycline, and teicoplanin, are considered the most effective drugs in most studies, making them critical 
alternatives.42 Among the staphylococcal isolates, 68.5% were MRSA strains, and 73.6% were MDR S. aureus strains. 
Our findings were higher than those of previous studies that reported MRSA strains ranging from 35.4% to 40.0%.33,43 

The high prevalence of MRSA and MDR S. aureus in our study may contribute to the widespread misuse or overuse of 
antibiotics in the region, which could lead to the selection of resistant strains. The results align with a previously 
published study from Nepal, which reported a 60.6% rate of cefoxitin-resistant MRSA.17 The high resistance rates 
observed in our study emphasize the urgent need for antimicrobial resistance control programs and measures to manage 
the spread of resistant strains.

Among K. pneumoniae isolates, 32.4% were susceptible to ciprofloxacin. In a previous study, 35.7% of 
K. pneumoniae isolates were susceptible to ciprofloxacin.44 Similarly, an analysis from China reported that ciprofloxacin 
resistance in K. pneumoniae has increased from 18.6% in 2006 to 44.61% in 2020.45 Ciprofloxacin is a fluoroquinolone 
antibiotic used against K. pneumoniae to treat infections; however, the identified low susceptibility rate shows the 
growing challenge of antibiotic resistance in this pathogen. The high resistance of K. pneumoniae to ciprofloxacin is 
primarily due to mutations in gyrA and parC, as well as the horizontal transfer of plasmid-mediated qnr genes.46 

Additionally, efflux pump systems, such as acrAB-tolC and expelled ciprofloxacin from the cell, further contribute to 
resistance.47 All P. aeruginosa were 100% resistant to ampicillin and 61.9% to ceftriaxone. It was previously reported 
that, among P. aeruginosa isolates, 34.8% were resistant to ampicillin and 27.3% were resistant to ceftriaxone.33 The 
high resistance of P. aeruginosa may be due to intrinsic resistance mechanisms, such as low outer membrane perme
ability and the production of beta-lactamases and efflux pumps (eg, MexXY) that actively expel antibiotics from the 
cell.48 Moreover, the potential for horizontal gene transfer (HGT) of resistance genes such as blaCTX-M, blaTET, and 
blaSHV among bacterial species has contributed to the increase in resistance.49 Molecular characterization of resistance 
mechanisms in our locality is necessary to understand the genetic basis of resistance. P. aeruginosa caused wound 
infections increased from 0.05 cases per 1,000 patients in 2015 to 0.10 cases per 1,000 patients in 2023. Thus, wound 
infections caused by P. aeruginosa are a serious concern for the local population and may exacerbate the burden on the 
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healthcare system through prolonged hospital stays, increased treatment costs, and the need for specialized therapies. The 
World Health Organization (WHO) 2024 bacterial pathogen list recently classified P. aeruginosa as a high-priority 
pathogen, emphasizing the urgent need for new antibiotics and enhanced infection control strategies to combat its 
spread.50

In the 80.2% MRCoNS strains, S. epidermidis was 100% resistant to penicillin, followed by erythromycin (88.5%), 
oxacillin (77.1%), clindamycin (68.5%), and ciprofloxacin (45.7%). Resistivities of penicillin (100%), oxacillin (100%), 
erythromycin (80.0%), clindamycin (80.0%), and levofloxacin (32.3%) against S. epidermidis have been reported 
previously.51 The widespread resistance to beta-lactams may be due to the presence of the mecA gene in MRCoNS, 
which interferes with methicillin resistance by altering penicillin-binding proteins (PBPs).52 The high resistance to 
erythromycin and clindamycin may contribute to the clonal dissemination of strains carrying erm genes, which alters 
macrolide-lincosamide-streptogramin B (MLSB) resistance.53 Among the MDR strains, 91.8% and 91.4% were identified 
as S. haemolyticus and S. epidermidis, respectively. Several studies have been published on MDR bacterial strains, with 
a 10–59% occurrence rate in wound infections.51,54–56 These differences may be due to regional antibiotic prescription 
practices, prolonged hospital stays, enhanced exposure to nosocomial pathogens, or lack of robust antimicrobial steward
ship programs in our hospital setting.

All A. baumannii isolates were resistant to multiple drugs in the current study. Over the past decade, numerous 
nosocomial outbreaks caused by Acinetobacter species have been reported worldwide due to their ability to persist on 
surfaces, resist disinfectants, and acquire resistance genes through mobile genetic elements. Considering this emerging 
species, health care officials require special attention to mitigate this hazard.57 A. baumannii showed lower resistance to 
amikacin (12.5%) and meropenem (30.0%). The lowest resistivity of amikacin (13.3%) and meropenem (26.7%) against 
A. baumannii has been reported previously.33 However, due to the worldwide occurrence of plasmid-mediated carbape
nem-resistant genes, such as blaKPC-2, blaNDM-1, blaIMP, and blaVIM, careful use of meropenem and imipenem is 
required.58,59

Similarly, 44.8% of E. coli isolates were susceptible to ceftriaxone, and 6.25% were susceptible to cefazolin, indicating 
high rates of resistance to these third- and first-generation cephalosporins. In a previous study, 40.6% and 43.5% of E. coli 
isolates were reported to be resistant to ceftriaxone and cefazolin, respectively.33 Resistance is possibly due to the widespread 
prevalence of ESBLs (eg, blaCTX-M and blaTEM) and AmpC beta-lactamases, which hydrolyze cephalosporins and are 
often plasmid-mediated, facilitating horizontal gene transfer in the clinical setting.60,61 E. coli plays a significant role in 
nosocomial infections, as demonstrated by its high rate of antibiotic resistance.62 All E. faecalis isolates were 100% 
susceptible to vancomycin and 94.4% were resistant to tetracycline. Similarly, Guan et al reported 100% vancomycin 
susceptibility and 79.2% tetracycline resistance in E. faecalis.33 This shows that the resistance of E. faecalis to tetracycline 
was high in the Shantou region, which might be due to the misuse and easy availability of this drug.

In total, 74.1% of E. coli, 61.1% of E. faecalis, and 8.69% of E. cloacae isolates were identified as MDR strains. 
E. coli MDR strains were predominant among gram-negative bacteria. This predominantly aligns with E. coli’s ability to 
acquire resistance genes using plasmids, integrons, and transposons.63 In the current study, 41.9% of E. coli and 29.7% of 
K. pneumoniae isolates were ESBL-producing. A previous study in Ethiopia reported that 13.51% of E. coli and 16.55% 
of K. pneumoniae isolates produced ESBL. Another study reported that 25% of E. coli and 40% of K. pneumoniae 
isolates from Nepal were ESBL producers.17,64 In Iraq, it was reported that 87.6% of isolates were ESBL-positive.65

Wound infections are a significant public health challenge, particularly in developing countries.2 Wound infections, 
which are common nosocomial conditions, account for up to 80% of deaths in high populations, including burn victims, 
immunocompromised patients, diabetic ulcers, infection type, and pathogen virulence.5 Antimicrobial resistance has 
become an increasingly serious problem. Therefore, modern infection control and preventive methods cannot completely 
prevent wound infections.66 Antimicrobial resistance patterns can shift rapidly, as demonstrated by the present results 
compared to previous studies. Antimicrobial resistance can develop rapidly among pathogens owing to multiple factors, 
including overuse and underuse of antibiotics. MRSA and ESBL-producing bacteria pose significant threats to wound 
management and control.29,33,67,68

This retrospective study has some limitations that warrant consideration. This study was conducted at a single 
hospital; therefore, the results may not be applicable to all patients with wound infections or to other healthcare settings. 
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The distribution and prevalence of wound infections vary greatly, depending on the institution. Variations in patient 
demographics, local antibiotic prescription practices, and hospital-specific infection control protocols can significantly 
influence the pathogen distribution and resistance patterns.69,70 Furthermore, potential limitations include the retro
spective design, exclusion of polymicrobial infections, and possible misclassification of commensal CoNS. Future studies 
should consider prospective designs, include molecular characterization of isolates, and assess broader epidemiological 
factors influencing antimicrobial resistance. However, the study findings help develop strategies for improving the 
hospital’s management of wound infections in our locality and in similar settings. The absence of molecular character
ization restricts our study from tracking transmission pathways or confirming clonal outbreaks. Similarly, biofilm- 
forming capacity, an important virulence factor in chronic wounds, was not observed, leaving gaps in our understanding 
of treatment failure.

Conclusion
This study identified S. aureus, K. pneumoniae, P. aeruginosa, S. haemolyticus, S. epidermidis, and E. coli as the 
predominant pathogens in wound infections. MDR strains were highly prevalent, including 91.8% of S. haemolyticus, 
91.4% of S. epidermidis, and 74.1% of E. coli, while ESBL production was noted in 41.9% of E. coli and 29.7% of 
K. pneumoniae. These findings highlight the serious threat posed by MDR and ESBL-producing bacteria to wound 
management, particularly in developing regions. Culture-guided therapy is essential to prevent overuse of broad- 
spectrum antibiotics, reserving vancomycin for MRSA and carbapenems for ESBL producers. Implementation of 
MRSA decolonization protocols, antimicrobial stewardship programs, and regional resistance surveillance systems is 
critical. Rapid molecular diagnostics and targeted interventions are urgently needed to limit the spread of resistant strains 
and ensure effective wound infection management.

Institutional Review Board Statement
This study was approved by the Medical Ethical Review Committee for conducting scientific research and technical 
projects at the Second Affiliated Hospital of Shantou University Medical College, China, which adhered to the standards 
of the declaration of Helsinki (Letter No. 2022-101).

Patient Consent Form
The data were obtained from the hospital record as a secondary source; no patient image or figure is involved. Therefore, 
informed consent was waived by the Medical Ethics Review Committee for conducting scientific research and technical 
projects at the Second Affiliated Hospital of Shantou University Medical College, China.

Data Sharing Statement
All data are presented in the manuscript; any raw data are available upon request from the corresponding author (email: 
sabir_khan182@yahoo.com).

Acknowledgments
The authors are grateful to Jiangxi Cancer Hospital for its support of this work.

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 Science and Technology Research Project of the Jiangxi Provincial Department of 
Education (GJJ2403604), and the Research Start-up Fund of Jiangxi Cancer Hospital (BSQDJ2024001).

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S552862                                                                                                                                                                                                                                                                                                                                                                                                   5813

Bilal et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Disclosure
The authors declare no conflicts of interest in this work.

References
1. Zhang A, Liu Y, Qin D, Sun M, Wang T, Chen X. Research status of self-healing hydrogel for wound management: a review. Int J Biol Macromol. 

2020;164:2108–2123. doi:10.1016/j.ijbiomac.2020.08.109
2. Bowler PG, Duerden BI, Armstrong DG. Wound microbiology and associated approaches to wound management. Clin Microbiol Rev. 2001;14 

(2):244–269. doi:10.1128/cmr.14.2.244-269.2001
3. Nobel FA, Islam S, Babu G, et al. Isolation of multidrug resistance bacteria from the patients with wound infection and their antibiotics 

susceptibility patterns: a cross-sectional study. Ann Med Surg Lond. 2022;84:104895. doi:10.1016/j.amsu.2022.104895
4. Gottrup F, Melling A, Hollander D. An overview of surgical site infections: aetiology, incidence and risk factors. Surgical-Site-Infections-Overview 

html. Available from: www.worldwidewounds.com/2005/September/Gottrup. Accessed January, 2008.
5. 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
6. Almuhayawi MS, Alruhaili MH, Gattan HS, et al. Staphylococcus aureus induced wound infections which antimicrobial resistance, methicillin- and 

vancomycin-resistant: assessment of emergence and cross sectional study. Infect Drug Resist. 2023;16:5335–5346. doi:10.2147/idr.S418681
7. Rasmi AH, Ahmed EF, Darwish AMA, Gad GFM. Virulence genes distributed among Staphylococcus aureus causing wound infections and their 

correlation to antibiotic resistance. BMC Infect Dis. 2022;22(1):652. doi:10.1186/s12879-022-07624-8
8. Kujath P, Kujath C. Complicated skin, skin structure and soft tissue infections - are we threatened by multi-resistant pathogens? Eur J Med Res. 

2010;15(12):544–553. doi:10.1186/2047-783x-15-12-544
9. Lima WG, de Brito JCM, Cardoso VN, Fernandes SOA. In-depth characterization of antibacterial activity of melittin against Staphylococcus aureus 

and use in a model of non-surgical MRSA-infected skin wounds. Eur J Pharm Sci. 2021;156:105592. doi:10.1016/j.ejps.2020.105592
10. Yahav D, Giske CG, Grāmatniece A, Abodakpi H, Tam VH, Leibovici L. New β-lactam–β-lactamase inhibitor combinations. Clin Microbiol Rev. 

2020;34(1). doi:10.1128/cmr.00115-20
11. Ciorba V, Odone A, Veronesi L, Pasquarella C, Signorelli C. Antibiotic resistance as a major public health concern: epidemiology and economic 

impact. Ann Ig. 2015;27(3):562–579. doi:10.7416/ai.2015.2048
12. Uberoi A, McCready-Vangi A, Grice EA. The wound microbiota: microbial mechanisms of impaired wound healing and infection. Nat Rev 

Microbiol. 2024;22(8):507–521. doi:10.1038/s41579-024-01035-z
13. Hu B, Ye H, Xu Y, et al. Clinical and economic outcomes associated with community-acquired intra-abdominal infections caused by extended 

spectrum beta-lactamase (ESBL) producing bacteria in China. Curr Med Res Opin. 2010;26(6):1443–1449. doi:10.1185/03007991003769068
14. Khan S, Hou B, Khan MN, et al. A 3-year retrospective analysis of microbial species and key biomarkers associated with wound infections in 

Shantou hospital, china. original research. Front Cell Infect Microbiol. 2025;15. doi:10.3389/fcimb.2025.1549470
15. Li S, Renick P, Senkowsky J, Nair A, Tang L. Diagnostics for wound infections. Adv Wound Care. 2021;10(6):317–327. doi:10.1089/ 

wound.2019.1103
16. Williams C. Small wounds and localised infections. RCEM Lecture Notes. 2023;410–427.
17. Upreti N, Rayamajhee B, Sherchan SP, Choudhari MK, Banjara MR. Prevalence of methicillin resistant Staphylococcus aureus, multidrug resistant 

and extended spectrum β-lactamase producing gram negative bacilli causing wound infections at a tertiary care hospital of Nepal. Antimicrob Resist 
Infect Control. 2018;7(1):121. doi:10.1186/s13756-018-0408-z

18. Moyes RB, Reynolds J, Breakwell DP. Differential staining of bacteria: gram stain. Curr Protoc Microbiol. 2009. doi:10.1002/9780471729259. 
mca03cs15

19. Carr FJ. Microbiology: a fundamental introduction. EC Microbiology. 2017;8(3):123–183.
20. CLSI. Performance Standards for Antimicrobial Susceptibility Testing. In: CLSI supplement M100. 32nd ed. Clinical and Laboratory Standards 

Institute; 2022.
21. Dhungel S, Rijal KR, Yadav B, et al. Methicillin-resistant Staphylococcus aureus (MRSA): prevalence, antimicrobial susceptibility pattern, and 

detection of mecA gene among cardiac patients from a tertiary care heart center in Kathmandu, Nepal. Infect Dis. 2021;14:11786337211037355. 
doi:10.1177/11786337211037355

22. Harwalkar A, Sataraddi J, Gupta S, Yoganand R, Rao A, Srinivasa H. The detection of ESBL-producing Escherichia coli in patients with 
symptomatic urinary tract infections using different diffusion methods in a rural setting. J Infect Public Health. 2013;6(2):108–114. doi:10.1016/j. 
jiph.2012.10.004

23. Mehta Y, Gupta A, Todi S, et al. Guidelines for prevention of hospital acquired infections. Indian J Crit Care Med. 2014;18(3):149. doi:10.4103/ 
0972-5229.128705

24. Gupta M, Naik AK, Singh SK. Bacteriological profile and antimicrobial resistance patterns of burn wound infections in a tertiary care hospital. 
Heliyon. 2019;5(12):e02956. doi:10.1016/j.heliyon.2019.e02956

25. Dong B, Liang D, Lin M, et al. Bacterial etiologies of five core syndromes: laboratory-based syndromic surveillance conducted in Guangxi, China. 
PLoS One. 2014;9(10):e110876. doi:10.1371/journal.pone.0110876

26. RAJALAKSHMY K, Kumari SP, AHMED SM. Prevalence and antibiogram of aerobic bacterial isolates from pus samples in a tertiary care 
hospital of north Kerala, India. Notulae Scientia Biologicae. 2024;16(1):11757. doi:10.55779/nsb16111757

27. MacLeod AS, Mansbridge JN. The innate immune system in acute and chronic wounds. Adv Wound Care. 2016;5(2):65–78. doi:10.1089/ 
wound.2014.0608

28. Sun X, Ni P, Wu M, Huang Y, Ye J, Xie T. A clinicoepidemiological profile of chronic wounds in wound healing department in Shanghai. Int J Low 
Extrem Wounds. 2017;16(1):36–44. doi:10.1177/1534734617696730

29. 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 Regen. 2020;28(5):623–630. doi:10.1111/wrr.12825

https://doi.org/10.2147/IDR.S552862                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2025:18 5814

Bilal et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.ijbiomac.2020.08.109
https://doi.org/10.1128/cmr.14.2.244-269.2001
https://doi.org/10.1016/j.amsu.2022.104895
http://www.worldwidewounds.com/2005/September/Gottrup
https://doi.org/10.1093/jac/dkh513
https://doi.org/10.2147/idr.S418681
https://doi.org/10.1186/s12879-022-07624-8
https://doi.org/10.1186/2047-783x-15-12-544
https://doi.org/10.1016/j.ejps.2020.105592
https://doi.org/10.1128/cmr.00115-20
https://doi.org/10.7416/ai.2015.2048
https://doi.org/10.1038/s41579-024-01035-z
https://doi.org/10.1185/03007991003769068
https://doi.org/10.3389/fcimb.2025.1549470
https://doi.org/10.1089/wound.2019.1103
https://doi.org/10.1089/wound.2019.1103
https://doi.org/10.1186/s13756-018-0408-z
https://doi.org/10.1002/9780471729259.mca03cs15
https://doi.org/10.1002/9780471729259.mca03cs15
https://doi.org/10.1177/11786337211037355
https://doi.org/10.1016/j.jiph.2012.10.004
https://doi.org/10.1016/j.jiph.2012.10.004
https://doi.org/10.4103/0972-5229.128705
https://doi.org/10.4103/0972-5229.128705
https://doi.org/10.1016/j.heliyon.2019.e02956
https://doi.org/10.1371/journal.pone.0110876
https://doi.org/10.55779/nsb16111757
https://doi.org/10.1089/wound.2014.0608
https://doi.org/10.1089/wound.2014.0608
https://doi.org/10.1177/1534734617696730
https://doi.org/10.1111/wrr.12825


30. Mukherjee S, Mishra S, Tiwary S. Microbial profile and antibiogram of pus isolate in a tertiary care hospital of Western Odisha. J Evolution of Med 
Dent Sci. 2020;9(16):1325–1331. doi:10.14260/jemds/2020/289

31. Yao Z, Niu J, Cheng B. Prevalence of chronic skin wounds and their risk factors in an inpatient hospital setting in northern China. Adv Skin Wound 
Care. 2020;33(9):1–10. doi:10.1097/01.ASW.0000694164.34068.82

32. Giacomoni PU, Mammone T, Teri M. Gender-linked differences in human skin. J Dermatological Sci. 2009;55(3):144–149. doi:10.1016/j. 
jdermsci.2009.06.001

33. 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 Lausanne. 2021;8:609584. doi:10.3389/fmed.2021.609584

34. Windahl U, Bengtsson B, Nyman AK, Holst BS. The distribution of pathogens and their antimicrobial susceptibility patterns among canine surgical 
wound infections in Sweden in relation to different risk factors. Acta Vet Scand. 2015;57(1):11. doi:10.1186/s13028-015-0102-6

35. Olaniyi R, Pozzi C, Grimaldi L, Bagnoli F. Staphylococcus aureus-associated skin and soft tissue infections: anatomical localization, epidemiology, 
therapy and potential prophylaxis. Curr Top Microbiol Immunol. 2017;409:199–227. doi:10.1007/82_2016_32

36. Burian M, Plange J, Schmitt L, et al. Adaptation of Staphylococcus aureus to the human skin environment identified using an ex vivo tissue model. 
Front Microbiol. 2021;12:728989. doi:10.3389/fmicb.2021.728989

37. Shahmohammadi MR, Nahaei MR, Akbarzadeh A, Milani M. Clinical test to detect mec A and antibiotic resistance in Staphylococcus aureus, 
based on novel biotechnological methods. Artif Cells Nanomed Biotechnol. 2016;44(6):1464–1468. doi:10.3109/21691401.2015.1041639

38. Mamdoh H, Hassanein KM, Eltoony LF, et al. Clinical and bacteriological analyses of biofilm-forming staphylococci isolated from diabetic foot 
ulcers. Infect Drug Resist. 2023;16:1737–1750. doi:10.2147/idr.S393724

39. Hong X, Zhou S, Dai X, et al. Molecular typing and characterization of Staphylococcus aureus isolates from burn wound infections in Fujian, 
China. Front Microbiol. 2023;14:1236497. doi:10.3389/fmicb.2023.1236497

40. An NV, LHl H, Luong VH, et al. Antimicrobial resistance patterns of Staphylococcus aureus isolated at a general hospital in Vietnam between 2014 
and 2021. Infect Drug Resist;2024. 259–273. doi:10.2147/IDR.S437920

41. Ejaz M, Syed MA, Jackson CR, Sharif M, Faryal R. Epidemiology of Staphylococcus aureus non-susceptible to vancomycin in South Asia. 
Antibiotics. 2023;12(6). doi:10.3390/antibiotics12060972

42. Ji X, Zhu W, Lu H, et al. Antibiotic resistance profiles and MLST typing of Staphylococcus aureus clone associated with skin and soft tissue 
infections in a hospital of China. Infect Drug Resist. 2024;17:2555–2566. doi:10.2147/idr.S465951

43. Călina D, Docea AO, Rosu L, et al. Antimicrobial resistance development following surgical site infections. Mole Med Rep. 2017;15(2):681–688. 
doi:10.3892/mmr.2016.6034

44. Rajput A, Singh K, Kumar V, Sexena R, Singh R. Antibacterial resistance pattern of aerobic bacteria isolates from burn patients in tertiary care 
hospital. Biomed Res. 2008;19(1):1–4.

45. Lin Z, Yu J, Liu S, Zhu M. Prevalence and antibiotic resistance of Klebsiella pneumoniae in a tertiary hospital in Hangzhou, China, 2006-2020. 
J Int Med Res. 2022;50(2):3000605221079761. doi:10.1177/03000605221079761

46. Sani GS, Ghane M, Babaeekhou L. Fluoroquinolone-resistance mechanisms and molecular epidemiology of ciprofloxacin-resistant Klebsiella 
pneumoniae isolates in Iran. Folia Microbiol. 2023;68(4):633–644. doi:10.1007/s12223-023-01042-2

47. Zhou XY, Ye XG, He LT, et al. In vitro characterization and inhibition of the interaction between ciprofloxacin and berberine against 
multidrug-resistant Klebsiella pneumoniae. J Antibiot. 2016;69(10):741–746. doi:10.1038/ja.2016.15

48. Langendonk RF, Neill DR, Fothergill JL. The building blocks of antimicrobial resistance in pseudomonas aeruginosa: implications for current 
resistance-breaking therapies. Front Cell Infect Microbiol. 2021;11:665759. doi:10.3389/fcimb.2021.665759

49. Qin S, Xiao W, Zhou C, et al. Pseudomonas aeruginosa: pathogenesis, virulence factors, antibiotic resistance, interaction with host, technology 
advances and emerging therapeutics. Signal Transduct Target Ther. 2022;7(1):199. doi:10.1038/s41392-022-01056-1

50. Jesudason T. WHO publishes updated list of bacterial priority pathogens. Lancet Microbe. 2024;5(9):100940. doi:10.1016/j.lanmic.2024.07.003
51. Wong SY, Manikam R, Muniandy S. Prevalence and antibiotic susceptibility of bacteria from acute and chronic wounds in Malaysian subjects. 

J Infect Developing Countries. 2015;9(09):936–944. doi:10.3855/jidc.5882
52. Katkowska M, Kosecka-Strojek M, Wolska-Gębarzewska M, et al. Emerging challenges in methicillin resistance of coagulase-negative 

staphylococci. Antibiotics. 2025;14(1):37. doi:10.3390/antibiotics14010037
53. Deshamukhya C, Bhowmik D, Dhar (Chanda) D, Bhattacharjee A. Tn5406, a staphylococcal transposon associated with macrolide-lincosamide- 

streptograminb resistance in clinical isolates of Staphylococcus aureus. Indian J Med Microbiol. 2023;42:30–33. doi:10.1016/j.ijmmb.2023.01.004
54. Pallavali RR, Degati VL, Lomada D, Reddy MC, Durbaka VRP, Das G. Isolation and in vitro evaluation of bacteriophages against MDR-bacterial 

isolates from septic wound infections. PLoS One. 2017;12(7):e0179245. doi:10.1371/journal.pone.0179245
55. Mendo-Lopez R, Jasso L, Guevara X, et al. Multidrug-resistant microorganisms colonizing lower extremity wounds in patients in a tertiary care 

hospital, Lima, Peru. American JTrop Med Hyg. 2017;97(4):1045. doi:10.4269/ajtmh.17-0235
56. Cataldo MC, Bonura C, Caputo G, et al. Colonization of pressure ulcers by multidrug-resistant microorganisms in patients receiving home care. 

Scand J Infect Dis. 2011;43(11–12):947–952. doi:10.3109/00365548.2011.591821
57. Wieland K, Chhatwal P, Vonberg R-P. Nosocomial outbreaks caused by Acinetobacter baumannii and Pseudomonas aeruginosa: results of 

a systematic review. Am J Infect Control. 2018;46(6):643–648. doi:10.1016/j.ajic.2017.12.014
58. Bilal H, Zhang G, Rehman T, et al. First report of blaNDM-1 bearing IncX3 plasmid in clinically isolated ST11 Klebsiella pneumoniae from 

Pakistan. Microorganisms. 2021;9(5):951. doi:10.3390/microorganisms9050951
59. Bilal H, Rehman TU, Khan MA, et al. Molecular epidemiology of mcr-1, blaKPC-2, and blaNDM-1 harboring clinically isolated escherichia coli 

from Pakistan. Infect Drug Resist. 2021;14:1467–1479. doi:10.2147/idr.S302687
60. Hussain HI, Aqib AI, Seleem MN, et al. Genetic basis of molecular mechanisms in β-lactam resistant gram-negative bacteria. Microb Pathogenesis. 

2021;158:105040. doi:10.1016/j.micpath.2021.105040
61. Nagshetty K, Shilpa B, Patil SA, Shivannavar C, Manjula N. An overview of extended spectrum beta lactamases and metallo beta lactamases. Adv 

Microbiol. 2021;11(01):37. doi:10.4236/aim.2021.111004
62. Wang S, Zhao S, Zhou Y, Jin S, Ye T, Pan X. Antibiotic resistance spectrum of E. coli strains from different samples and age-grouped patients: a 

10-year retrospective study. BMJ Open. 2023;13(4):e067490. doi:10.1136/bmjopen-2022-067490

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S552862                                                                                                                                                                                                                                                                                                                                                                                                   5815

Bilal et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.14260/jemds/2020/289
https://doi.org/10.1097/01.ASW.0000694164.34068.82
https://doi.org/10.1016/j.jdermsci.2009.06.001
https://doi.org/10.1016/j.jdermsci.2009.06.001
https://doi.org/10.3389/fmed.2021.609584
https://doi.org/10.1186/s13028-015-0102-6
https://doi.org/10.1007/82_2016_32
https://doi.org/10.3389/fmicb.2021.728989
https://doi.org/10.3109/21691401.2015.1041639
https://doi.org/10.2147/idr.S393724
https://doi.org/10.3389/fmicb.2023.1236497
https://doi.org/10.2147/IDR.S437920
https://doi.org/10.3390/antibiotics12060972
https://doi.org/10.2147/idr.S465951
https://doi.org/10.3892/mmr.2016.6034
https://doi.org/10.1177/03000605221079761
https://doi.org/10.1007/s12223-023-01042-2
https://doi.org/10.1038/ja.2016.15
https://doi.org/10.3389/fcimb.2021.665759
https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1016/j.lanmic.2024.07.003
https://doi.org/10.3855/jidc.5882
https://doi.org/10.3390/antibiotics14010037
https://doi.org/10.1016/j.ijmmb.2023.01.004
https://doi.org/10.1371/journal.pone.0179245
https://doi.org/10.4269/ajtmh.17-0235
https://doi.org/10.3109/00365548.2011.591821
https://doi.org/10.1016/j.ajic.2017.12.014
https://doi.org/10.3390/microorganisms9050951
https://doi.org/10.2147/idr.S302687
https://doi.org/10.1016/j.micpath.2021.105040
https://doi.org/10.4236/aim.2021.111004
https://doi.org/10.1136/bmjopen-2022-067490


63. Partridge SR, Kwong SM, Firth N, Jensen SO. Mobile genetic elements associated with antimicrobial resistance. Clin Microbiol Rev. 2018;31(4). 
doi:10.1128/cmr.00088-17

64. Mama M, Abdissa A, Sewunet T. Antimicrobial susceptibility pattern of bacterial isolates from wound infection and their sensitivity to alternative 
topical agents at Jimma university specialized hospital, South-West Ethiopia. Ann Clinic Microbiol Antimicrob. 2014;13(1):1–10. doi:10.1186/ 
1476-0711-13-14

65. Allami M, Mohammed EJ, Alnaji Z, AJ S. Antibiotic resistance and its correlation with biofilm formation and virulence genes in Klebsiella 
pneumoniae isolated from wounds. J Appl Genet. 2024;65(4):925–935. doi:10.1007/s13353-024-00893-w

66. Daeschlein G. Antimicrobial and antiseptic strategies in wound management. Int Wound J. 2013;10(Suppl s1):9–14. doi:10.1111/iwj.12175
67. Cen H, Wu Z, Wang F, Han C. Pathogen distribution and drug resistance in a burn ward: a three-year retrospective analysis of a single center in 

China. Int J Clin Exp Med. 2015;8(10):19188.
68. Li X, Chen Y, Gao W, Ouyang W, Wei J, Wen Z. Epidemiology and outcomes of complicated skin and soft tissue infections among inpatients in 

Southern China from 2008 to 2013. PLoS One. 2016;11(2):e0149960. doi:10.1371/journal.pone.0149960
69. Goodman KE, Baghdadi JD, Magder LS, et al. Patterns, predictors, and intercenter variability in empiric gram-negative antibiotic use across 928 

United States hospitals. Clinl Infect Dis. 2023;76(3):e1224–e1235. doi:10.1093/cid/ciac504
70. Giamarellou H, Galani L, Karavasilis T, Ioannidis K, Karaiskos I. Antimicrobial stewardship in the hospital setting: a narrative review. Antibiotics. 

2023;12(10):1557. doi:10.3390/antibiotics12101557

Infection and Drug Resistance                                                                                                    

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 2025:18 5816

Bilal et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1128/cmr.00088-17
https://doi.org/10.1186/1476-0711-13-14
https://doi.org/10.1186/1476-0711-13-14
https://doi.org/10.1007/s13353-024-00893-w
https://doi.org/10.1111/iwj.12175
https://doi.org/10.1371/journal.pone.0149960
https://doi.org/10.1093/cid/ciac504
https://doi.org/10.3390/antibiotics12101557
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

	Introduction
	Methods
	Study Design
	Study Population and Data Collection
	Routine Laboratory Protocol
	Sample Collection
	Sample Processing, Bacterial Culturing, and Bacteria Identification
	Analysis of Antimicrobial Susceptibility Patterns
	MRSA and ESBL Producers’ Confirmation

	Quality Control and Statistical Analysis

	Results
	Distribution of Bacterial Species
	Clinical Characteristics of Patients Associated with Wound Infections
	Distribution of Skin Diseases
	Antibacterial Susceptibility of Gram-Positive Bacteria
	Antibacterial Susceptibility of Gram-Negative Bacteria

	Discussion
	Conclusion
	Institutional Review Board Statement
	Patient Consent Form
	Data Sharing Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

