




Surveillance of Antimicrobial Resistance in Wound Infections: Insights from a Tertiary Care hospital



Abstract
Background: Wound infections are a common cause of morbidity in both inpatient and outpatient settings. Increasing antimicrobial resistance (AMR) among wound pathogens complicates empirical treatment and highlights the need for localised surveillance. Stratified analyses by sex, age, and clinical setting are crucial for optimising antimicrobial stewardship and informing clinical decision-making.
Aim: The present study investigated the spectrum of bacterial pathogens isolated from wound swabs and their antimicrobial resistance profiles in a large cohort of patients. The study further explored resistance patterns stratified by sex, age group, and patient setting (inpatient vs outpatient) to identify clinically relevant trends and support rational antibiotic use in wound management.
Methods: We conducted a retrospective cross-sectional study analysing 2,577 wound swab cultures collected from January 2022 to December 2023. Bacterial isolates were identified and classified as Gram-positive or Gram-negative. Antimicrobial susceptibility was determined using standard disc diffusion methods. Resistance patterns were compared across sex, age groups (<12, 12–40, 41–60, >60 years), and patient settings (inpatient vs outpatient) using chi-square tests with a significance threshold of p < 0.05.
Results: Gram-positive bacteria accounted for 52.5% of isolates, with Staphylococcus aureus being the most prevalent (42.1%). Gram-negative isolates included E. coli (17.0%) and Pseudomonas aeruginosa (8.8%). Resistance rates were significantly higher in male patients for several antibiotics, including oxacillin, amoxicillin, and cefotaxime (p < 0.05). Age-stratified analysis revealed increased resistance to ciprofloxacin and clindamycin among older age groups. Inpatients demonstrated significantly higher resistance to key antibiotics such as ceftriaxone (78.9% vs 61.2%), gentamicin (52.2% vs 22.2%), and meropenem (33.1% vs 20.7%) compared to outpatients (p < 0.00).
Conclusions: High rates of AMR in wound infections—especially among inpatients, males, and older adults—highlight the need for stratified local surveillance to guide empiric therapy. These findings support the integration of culture-guided treatment, antimicrobial stewardship, and infection prevention measures to curb resistance and improve wound care outcomes.
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Introduction 
Antimicrobial resistance (AMR) is currently considered an alarming issue in the world, and Bangladesh is at risk of AMR due to the poor healthcare facilities, the absence of proper guidelines, the overuse of antibiotics, and the inadequate sanitation and hygiene for both humans and animals (Dadzie  et al., 2019; Zubair et al., 2025). Ample antibiotics are frequently used in hospitals for immunodeficient or diseased individuals. Hence, a hospital is considered a central point for the emergence of AMR by providing a suitable environment for acquiring resistant pathogens from different sources, such as other patients, shared apparatus, and hospital employees (Roy et al., 2025). Wound infections represent a significant burden in both inpatient and outpatient clinical settings, contributing to increased morbidity, prolonged hospital stays, and greater healthcare costs worldwide (Bowler PG et., al 2001; Lipsky BA et., al 2012). These infections are commonly polymicrobial, with isolates ranging from Gram-positive cocci—especially Staphylococcus aureus—to Gram-negative bacilli such as Pseudomonas aeruginosa and Escherichia coli )Dryden M et., al 2010; Brook I et., al 2008). Wound infections with antibiotic-resistant bacteria may lead to higher mortality and prolonged debility of the patient, which may result in a longer hospital stay and increased healthcare costs. The situation is significantly worse in developing countries due to irrational use of antibiotics. Better management of wound infection requires accurate diagnosis of infection and its resistance patterns, drug-sensitivity-guided treatment, host factors that influence antimicrobial activity and better management of adverse drug effects (Sandar et al., 2021). Accurate identification of wound isolates and their antimicrobial susceptibility profiles is critical for guiding empiric therapy and implementing targeted antimicrobial stewardship interventions (Bassetti M et., al 2017). The escalating prevalence of antimicrobial resistance (AMR) among wound pathogens complicates empirical treatment, particularly in low- and middle-income countries where culture-based diagnostics may be underutilised (Laxminarayan R et., al 2013). Studies have shown that resistance patterns vary not only by organism but also by host demographics, such as age and sex, and by healthcare exposure, such as inpatient versus outpatient status (Falagas ME et., al   2007; Zarb P et., al 2012; Gupta V et., al 2019). These stratified differences in AMR have important implications for individualised therapy and infection control measures. In clinical practice, sex-based differences in immune response, healthcare-seeking behaviour, and antibiotic exposure may influence resistance trends (Klein SL et., al 2016). Likewise, age-related changes in pharmacokinetics and comorbidities can affect microbial susceptibility (High KP et., al 2009). Understanding these patterns is essential for refining empirical therapy protocols and prioritising interventions for high-risk groups. Recent studies from sub-Saharan Africa and Asia have documented alarmingly high resistance rates in both inpatient and outpatient wound infections. A 2025 study in Kenya reported the presence of vancomycin resistance genes in S. aureus and S. xylosus from wound isolates, underscoring the urgency for enhanced antimicrobial surveillance and stewardship (Ochwoto  et. al., 2025). Similarly, research in Tanzania highlighted widespread resistance among chronic wound pathogens, with poor sanitation and inappropriate antibiotic use identified as major contributing factors (Kipanyula MJ et., al.,2024) In China, retrospective data from 2023 showed that multidrug-resistant organisms (MDROs) were more prevalent in older adults and inpatients, suggesting the influence of demographic and healthcare exposure on resistance patterns (Liu Y  et., al  2023). Also, studies across diverse geographic regions have documented rising antimicrobial resistance in wound infections, reinforcing the global nature of this public health threat. In Kenya, Ochwoto et al. (2025) analysed wound swab isolates from 118 patients and identified Staphylococcus aureus and Escherichia coli as predominant pathogens. Alarmingly, vancomycin resistance genes were detected in S. aureus and S. xylosus, underscoring the critical need for robust antimicrobial stewardship and diagnostic surveillance in routine wound care (Ochwoto M  et., al 2025). Similarly, a 2024 investigation in Tanzania by Kipanyula et al. highlighted high resistance rates among wound pathogens, particularly in chronic cases. The study emphasised the role of poor hospital sanitation and inconsistent antibiotic use in driving resistance trends (Kipanyula MJ et., al 2024). In China, Liu et al. (2023) conducted a retrospective analysis of 461 wound infection cases and reported that multidrug-resistant organisms (MDROs)—especially S. aureus and Pseudomonas aeruginosa—were strongly associated with patient age, sex, and inpatient status. (Liu Y et., al 2023). Several novel therapeutic strategies have been explored to overcome these barriers. Bacteriophage therapy has gained renewed interest, with evidence supporting its efficacy against biofilm-associated infections, particularly those caused by Pseudomonas aeruginosa and Staphylococcus aureus (Burrowes B et., al 2024). Additionally, antimicrobial photodynamic therapy (aPDT) has shown promise by utilising light-activated compounds that generate reactive oxygen species, effectively killing antibiotic-resistant pathogens in infected wounds without inducing traditional resistance mechanisms (Dai T et., al 2024). Advancements in nanotechnology have introduced materials such as zwitterion-infused clays and functionalized nanoparticles with potent antimicrobial properties. These novel biomaterials have demonstrated broad-spectrum activity against resistant bacterial and fungal pathogens in wound environments and may serve as future alternatives to systemic antibiotics (Zhang Y et., al 2025). In this study, we investigated the spectrum of bacterial pathogens isolated from wound swabs and their antimicrobial resistance profiles in a large cohort of patients. We further explored resistance patterns stratified by sex, age group, and patient setting (inpatient vs outpatient) to identify clinically relevant trends and support rational antibiotic use in wound management.
Methods
 Study Design and Setting
This retrospective cross-sectional study was conducted at six major healthcare facilities: four medical laboratories—National Center for Public Health Laboratories (NCPHL), AULAQI Specialised Medical Laboratory, Mid Lab, and MIL Lab—and two tertiary referral hospitals—Al-Thowrah General Hospital and Science and Technology Hospital.  Sanaa City. a tertiary care center serving both urban and rural populations. The study involved the review of microbiological records from patients with wound infections who presented to inpatient and outpatient departments from January 2022 to December 2023

Inclusion criteria:
· Patients of any age and gender
· Culture-confirmed bacterial wound infections
· Availability of complete antimicrobial susceptibility profiles
Exclusion criteria:
· Polymicrobial infections where individual isolate susceptibility could not be separated
· Duplicate isolates from the same patient within 7 days
· Fungal or viral wound infections

 




Specimen Collection and Processing
Wound specimens were collected using sterile cotton swabs or aspirates from the base of the wound after cleaning with normal saline and debridement (when applicable). Samples were transported in sterile transport media to the microbiology laboratory within two hours of collection.
Upon receipt, samples were inoculated on:
 Blood agar
 MacConkey agar
 Chocolate agar (when anaerobic or fastidious growth was suspected)
Plates were incubated aerobically at 35–37°C for 24–48 hours. Bacterial identification was performed using colony morphology, Gram staining, conventional biochemical tests (e.g., catalase, coagulase, oxidase, TSI), and automated identification systems (e.g., VITEK® 2 Compact or MALDI-TOF MS where available).
 Antimicrobial Susceptibility Testing (AST)
AST was performed using the Kirby–Bauer disk diffusion method on Mueller-Hinton agar following Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI M100 – latest edition during study). For selected isolates, minimum inhibitory concentration (MIC) testing was conducted using broth microdilution or automated systems.
Quality control was ensured by testing reference strains, including E. coli ATCC 25922, P. aeruginosa ATCC 27853, and S. aureus ATCC 25923, alongside clinical isolates.


Statistical Analysis
Data were compiled using Microsoft Excel and analysed with IBM SPSS Statistics version 25. Descriptive statistics were employed to summarise the distribution of bacterial species and antimicrobial resistance patterns. Associations between antimicrobial resistance and categorical variables, including age, gender, and patient setting, were evaluated using the Chi-square test or Fisher’s exact test, as appropriate. A p-value of <0.05 was considered indicative of statistical significance.


Results 
Table 1 demonstrates that the majority of patients were aged 12–40 years (69.8%), followed by those aged 41–60 years (17.3%). Male patients (64.6%) were nearly twice as prevalent as female patients (35.4%). Most cases originated from outpatient settings (81.7%), whereas only 18.3% were from inpatients.
Table1. "Demographic Characteristics of Patients with Culture-Confirmed Wound Infections (N = 2,577)"
	Percentage (%)
	Frequency (number)
	Characteristic

	Age group (in years)

	5.0
	129
	<12

	69.8
	1800
	12-40

	17.3
	447
	41-60

	7.8
	201
	>60

	Gender

	64.6
	1665
	Male

	35.4
	912
	Female

	Patient setting

	18.3
	471
	Inpatient

	81.7
	2106
	Outpatient



Table 2 shows that Gram-positive bacteria (GPB) constituted 52.5% of the isolates, while Gram-negative bacteria (GNB) accounted for 47.5%. The most frequently identified species was Staphylococcus aureus (42.1%), the majority of which were isolated from outpatients (84.8%). Other notable isolates included Escherichia coli (17.0%), Pseudomonas aeruginosa (8.8%), and Klebsiella spp. (7.1%).

Table 2. "Distribution of Bacterial Pathogens Isolated from Wound Cultures Among Inpatients and Outpatients"
	Characteristic
	Inpatient n(%)
	Outpatient n (%)
	Total n (%)

	Gram reaction

	GPB
	211(15.6)
	1143(84.4)
	1354(52.5)

	GNB
	260(21.3)
	963(78.7)
	1223(47.5)

	Type of bacteria

	Acinetobacter spp
	4(7.3)
	51(92.7)
	55(2.1)

	Burkholderia species
	0(0.0)
	23(100.0)
	23(0.9)

	Citrobacter spp
	0(0.0)
	81(100.0)
	81(3.1)

	E. coli
	103(23.5)
	336(76.5)
	439(17.0)

	Enterobacter spp
	0(0.0)
	37(100.0)
	37(1.4)

	Klebsiella pneumoniae
	2(1.6)
	125(98.4)
	127(4.9)

	Klebsiella spp
	88(48.1)
	95(51.9)
	183(7.1)

	Moraxella catarrhalis
	0(0.0)
	10(100.0)
	10(0.4)

	Morganella morganii
	1(20.0)
	4(80.0)
	5(0.2)

	Proteus mirabilis
	7(18.9)
	30(81.1)
	37(1.4)

	Pseudomonas aeruginosa
	55(24.3)
	171(75.7)
	226(8.8)

	bacillus spp
	0(0.0)
	14(100.0)
	14(0.5)

	CONS
	21(28.8)
	52(71.2)
	73(2.8)

	Enterococcus species
	13(14.8)
	75(85.2)
	88(3.4)

	lactobacilli spp
	0(0.0)
	26(100.0)
	26(1.0)

	non haemoltic strpt
	4(14.8)
	23(85.2)
	27(1.0)

	other Bheamolytic
	1(11.1)
	8(88.9)
	9(0.3)

	s pyogenes
	1(5.9)
	16(94.1)
	17(0.7)

	staph saprophyticus
	6(100.0)
	0(0.0)
	6(0.2)

	Staph. Aureus
	165(15.2)
	919(84.8)
	1084(42.1)

	Strept. Pneumoniae
	0(0.0)
	4(100.0)
	4(0.2)

	viridance streptococcus
	0(0.0)
	6(100.0)
	6(0.2)


CONS= Coagulase Negative Staphylococcus species

Table 3 indicates that male patients exhibited significantly higher resistance rates to oxacillin (73.8% vs. 56.9%; p=0.00) and amoxicillin (95.4% vs. 88.0%; p=0.00). Additionally, resistance to cefotaxime, ceftazidime, and cefepime was also significantly higher among males. In contrast, no significant gender differences were observed in resistance to cefoxitin, ampicillin, clindamycin, and other tested antibiotics.
Table 3. Sex-Based Differences in Antimicrobial Resistance Among Gram-Positive Isolates from Wound Infections
	Drug name
	Result
	Male
	Female
	P value

	Cefoxitine
	R
	180(82.2)
	93(81.6)
	0.89

	
	S
	39(17.8)
	21(18.4)
	

	oxacillin
	R
	293(73.8)
	136(56.9)
	0.00

	
	S
	104(26.2)
	103(43.1)
	

	Amoxicillin
	R
	436(95.4)
	213(88)
	0.00

	
	S
	21(4.6)
	29(12)
	

	Amoxiclavulanicacid
	R
	415(61)
	201(54.5)
	0.03

	
	S
	265(39)
	168(45.5)
	

	Cefotaxime
	R
	216(72)
	103(56.3)
	0.00

	
	S
	84(28)
	80(43.7)
	

	Cefepime
	R
	232(66.7)
	137(56.8)
	0.01

	
	S
	116(33.3)
	104(43.2)
	

	Ceftazidime
	R
	265(89.5)
	141(79.7)
	0.00

	
	S
	31(10.5)
	36(20.3)
	

	Cefuroxime
	R
	271(67.6)
	158(64)
	0.34

	
	S
	130(32.4)
	89(36)
	

	Pipracillintazobactam
	R
	101(39.9)
	30(35.7)
	0.49

	
	S
	152(60.1)
	54(64.3)
	

	Ampicillin
	R
	297(83.9)
	138(84.1)
	0.94

	
	S
	57(16.1)
	26(15.9)
	

	Ampicillinsulbactam
	R
	215(57.8)
	114(54.8)
	0.48

	
	S
	157(42.2)
	94(45.2)
	

	Ceftriaxone
	R
	302(69.9)
	201(60.4)
	0.00

	
	S
	130(30.1)
	132(39.6)
	

	Aztroneome
	R
	54(91.5)
	18(81.8)
	0.21

	
	S
	5(8.5)
	4(18.2)
	

	Imipenem
	R
	165(36.4)
	59(21.9)
	0.00

	
	S
	288(63.6)
	211(78.1)
	

	Meropenem
	R
	63(27.2)
	36(16.9)
	0.00

	
	S
	169(72.8)
	177(83.1)
	

	Cefixime
	R
	88(69.3)
	54(83.1)
	0.03

	
	S
	39(30.7)
	11(16.9)
	

	chloramphenicol
	R
	63(39.4)
	34(35.1)
	0.48

	
	S
	97(60.6)
	63(64.9)
	

	Ciprofloxacin
	R
	192(41.7)
	114(32.9)
	0.01

	
	S
	268(58.3)
	232(67.1)
	

	clindamycin
	R
	118(30.3)
	66(29.1)
	0.74

	
	S
	271(69.7)
	161(70.9)
	

	Erythromycin
	R
	334(53.4)
	170(54.8)
	0.68

	
	S
	291(46.6)
	140(45.2)
	

	Azithromycin
	R
	280(54.4)
	164(49.2)
	0.14

	
	S
	235(45.6)
	169(50.8)
	

	Amikacin
	R
	122(31.2)
	61(26.2)
	0.18

	
	S
	269(68.8)
	172(73.8)
	

	Gentamicin
	R
	211(45.7)
	85(36.6)
	0.02

	
	S
	251(54.3)
	147(63.4)
	

	Levofloxacin
	R
	171(45.7)
	91(30.8)
	0.00

	
	S
	203(54.3)
	204(69.2)
	

	Colistin
	R
	81(73)
	25(61)
	0.15

	
	S
	30(27)
	16(39)
	

	Sulfontrimethoprime
	R
	198(44.2)
	95(51.9)
	0.07

	
	S
	250(55.8)
	88(48.1)
	

	Penicillin
	R
	182(82.4)
	76(65)
	0.00

	
	S
	39(17.6)
	41(35)
	

	Tetracycline
	R
	158(40.5)
	65(42.2)
	0.71

	
	S
	232(59.5)
	89(57.8)
	


R=resistant, S=sensitive.

Table 4 demonstrates that isolates from male patients exhibited significantly higher resistance to cefoxitin, amoxicillin–clavulanic acid, ceftazidime, ciprofloxacin, meropenem, amikacin, gentamicin, and levofloxacin. In contrast, no significant differences in resistance were observed for amoxicillin, cefuroxime, imipenem, and other tested antibiotics.

Table 4. Sex-Based Differences in Antimicrobial Resistance Among Gram-Negative Isolates from Wound Infections
	Drug name
	Result
	Male
	Female
	P Value

	Cefoxitine
	R
	200(81.6)
	72(70.6)
	0.02

	
	S
	45(18.4)
	30(29.4)
	

	oxacillin
	R
	8(80)
	13(72.2)
	0.64

	
	S
	2(20)
	5(27.8)
	

	Amoxicillin
	R
	742(98.9)
	379(97.7)
	0.09

	
	S
	8(1.1)
	9(2.3)
	

	Amoxiclavulanicacid
	R
	572(72.9)
	268(63.5)
	0.00

	
	S
	213(27.1)
	154(36.5)
	

	Cefotaxime
	R
	383(87.2)
	176(85.9)
	0.62

	
	S
	56(12.8)
	29(14.1)
	

	Cefepime
	R
	359(79.4)
	218(74.1)
	0.09

	
	S
	93(20.6)
	76(25.9)
	

	Ceftazidime
	R
	375(86.4)
	207(78.1)
	0.00

	
	S
	59(13.6)
	58(21.9)
	

	Cefuroxime
	R
	414(90.8)
	195(90.3)
	0.83

	
	S
	42(9.2)
	21(9.7)
	

	Pipracillintazobactam
	R
	248(48.2)
	72(37.3)
	0.00

	
	S
	266(51.8)
	121(62.7)
	

	Ampicillin
	R
	280(95.2)
	142(92.8)
	0.28

	
	S
	14(4.8)
	11(7.2)
	

	Ampicillinsulbactam
	R
	334(83.7)
	129(80.1)
	0.31

	
	S
	65(16.3)
	32(19.9)
	

	Ceftriaxone
	R
	389(89)
	232(80.3)
	0.00

	
	S
	48(11)
	57(19.7)
	

	Aztroneome
	R
	248(76.5)
	81(71.1)
	0.02

	
	S
	76(23.5)
	33(28.9)
	

	Imipenem
	R
	166(26.1)
	57(20.1)
	0.05

	
	S
	469(73.9)
	226(79.9)
	

	Meropenem
	R
	184(37.9)
	86(28.0)
	0.00

	
	S
	302(62.1)
	221(72.0)
	

	Cefixime
	R
	218(94.8)
	99(94.3)
	0.85

	
	S
	12(5.2)
	6(5.7)
	

	chloramphenicol
	R
	163(56.6)
	63(42.9)
	0.00

	
	S
	125(43.4)
	84(57.1)
	

	Ciprofloxacin
	R
	314(62.8)
	179(53.1)
	0.00

	
	S
	186(37.2)
	158(46.9)
	

	clindamycin
	R
	17(30.4)
	15(50.0)
	0.07

	
	S
	39(69.6)
	15(50.0)
	

	Erythromycin
	R
	158(85.9)
	71(92.2)
	0.15

	
	S
	26(14.1)
	6(7.8)
	

	Azithromycin
	R
	187(78.9)
	75(75.8)
	0.52

	
	S
	50(21.1)
	24(24.2)
	

	Amikacin
	R
	195(32.9)
	78(22.5)
	0.00

	
	S
	397(67.1)
	269(77.5)
	

	Gentamicin
	R
	305(55.4)
	122(36.2)
	0.00

	
	S
	246(44.6)
	215(63.8)
	

	Levofloxacin
	R
	252(56.4)
	128(45.6)
	0.00

	
	S
	195(43.6)
	153(54.4)
	

	Colistin
	R
	40(11.5)
	14(13.9)
	0.51

	
	S
	309(88.5)
	87(86.1)
	

	Sulfontrimethoprime
	R
	309(79.8)
	114(72.6)
	0.06

	
	S
	78(20.2)
	43(27.4)
	

	Penicillin
	R
	4(80)
	2(100.0)
	0.49

	
	S
	1(20)
	0(0.0)
	

	Tetracycline
	R
	132(71.7)
	62(64.6)
	0.21

	
	S
	52(28.3)
	34(35.4)
	


R=resistant, S=sensitive.


Table 5 reveals significant age-related differences (p < 0.05) in antimicrobial resistance patterns. Resistance to oxacillin was highest among elderly patients (>60 years). Amoxicillin resistance was most pronounced at the extremes of age (<12 and >60 years). Additionally, resistance to ciprofloxacin, clindamycin, erythromycin, azithromycin, and amikacin demonstrated age-dependent variation, with a general trend of increasing resistance with advancing age.

Table 5. Age-Related Variation in Antimicrobial Resistance Among Gram-Positive Wound Isolates
	Drug name
	Result
	<12yrs
	12–40yrs
	41–60yrs
	>60yrs
	p Value

	Cefoxitine
	resistant
	19(70.4)
	177(83.9)
	49(77.8)
	28(87.5)
	0.22

	
	sensitive
	8(29.6)
	34(16.1)
	14(22.2)
	4(12.5)
	

	oxacillin
	resistant
	20(76.9)
	325(66.1)
	54(65.9)
	30(83.3)
	0.01

	
	sensitive
	6(23.1)
	167(33.9)
	28(34.1)
	6(16.7)
	

	Amoxicillin
	resistant
	42(100.0)
	451(90.7)
	109(96.5)
	47(100.0)
	0.00

	
	sensitive
	0(0.0)
	46(9.3)
	4(3.5)
	0(0.0)
	

	Amoxiclavulanicacid
	resistant
	37(53.6)
	431(59.2)
	103(57.2)
	45(62.5)
	0.70

	
	sensitive
	32(46.4)
	297(40.8)
	77(42.8)
	27(37.5)
	

	Cefotaxime
	resistant
	15(65.2)
	233(66.4)
	51(64.6)
	20(66.7)
	0.99

	
	sensitive
	8(34.8)
	118(33.6)
	28(35.4)
	10(33.3)
	

	Cefepime
	resistant
	27(73.0)
	250(62.2)
	58(58.0)
	34(68.0)
	0.35

	
	sensitive
	10(27.0)
	152(37.8)
	42(42.0)
	16(32.0)
	

	Ceftazidime
	resistant
	31(88.6)
	262(85.3)
	75(84.3)
	38(90.5)
	0.75

	
	sensitive
	4(11.4)
	45(14.7)
	14(15.7)
	4(9.5)
	

	Cefuroxime
	resistant
	39(65.0)
	263(67.6)
	82(61.2)
	45(69.2)
	0.54

	
	sensitive
	21(35.0)
	126(32.4)
	52(38.8)
	20(30.8)
	

	Pipracillintazobactam
	resistant
	4(30.8)
	98(41.7)
	18(29.5)
	11(39.3)
	0.33

	
	sensitive
	9(69.2)
	137(58.3)
	43(70.5)
	17(60.7)
	

	Ampicillin
	resistant
	29(87.9)
	299(83.1)
	73(84.9)
	34(87.2)
	0.81

	
	sensitive
	4(12.1)
	61(16.9)
	13(15.1)
	5(12.8)
	

	Ampicillinsulbactam
	resistant
	20(45.5)
	219(58.7)
	51(49.5)
	39(65.0)
	0.08

	
	sensitive
	24(54.5)
	154(41.3)
	52(50.5)
	21(35.0)
	

	Ceftriaxone
	resistant
	42(64.6)
	317(63.8)
	91(66.9)
	53(79.1)
	0.09

	
	sensitive
	23(35.4)
	180(36.2)
	45(33.1)
	14(20.9)
	

	Aztroneome
	resistant
	3(75.0)
	43(89.6)
	22(100.0)
	4(57.1)
	0.01

	
	sensitive
	1(25.0)
	5(10.4)
	0(0.0)
	3(42.9)
	

	Imipenem
	resistant
	11(23.9)
	157(32.8)
	41(30.8)
	15(22.7)
	0.26

	
	sensitive
	35(76.1)
	321(67.2)
	92(69.2)
	51(77.3)
	

	Meropenem
	resistant
	3(10.0)
	71(24.4)
	12(16.4)
	13(25.5)
	0.16

	
	sensitive
	27(90.0)
	220(75.6)
	61(83.6)
	38(74.5)
	

	Cefixime
	resistant
	7(77.8)
	95(71.4)
	29(78.4)
	11(84.6)
	0.64

	
	sensitive
	2(22.2)
	38(28.6)
	8(21.6)
	2(15.4)
	

	chloramphenicol
	resistant
	5(38.5)
	67(35.4)
	20(57.1)
	5(25.0)
	0.06

	
	sensitive
	8(61.5)
	122(64.6)
	15(42.9)
	15(75.0)
	

	Ciprofloxacin
	resistant
	2(9.1)
	187(34.5)
	73(45.3)
	44(54.3)
	0.00

	
	sensitive
	20(90.9)
	355(65.5)
	88(54.7)
	37(45.7)
	

	clindamycin
	resistant
	11(17.7)
	104(27.9)
	40(32.5)
	29(50.0)
	0.00

	
	sensitive
	51(82.3)
	269(72.1)
	83(67.5)
	29(50.0)
	

	Erythromycin
	resistant
	25(36.8)
	329(53.2)
	94(55.3)
	56(70.9)
	0.00

	
	sensitive
	43(63.2)
	289(46.8)
	76(44.7)
	23(29.1)
	

	Azithromycin
	resistant
	28(38.9)
	271(49.4)
	91(60.3)
	54(71.1)
	0.00

	
	sensitive
	44(61.1)
	278(50.6)
	60(39.7)
	22(28.9)
	

	Amikacin
	resistant
	6(12.0)
	119(30.3)
	31(25.8)
	27(44.3)
	0.00

	
	sensitive
	44(88.0)
	274(69.7)
	89(74.2)
	34(55.7)
	

	Gentamicin
	resistant
	14(33.3)
	199(41.5)
	50(43.5)
	33(56.9)
	0.08

	
	sensitive
	28(66.7)
	280(58.5)
	65(56.5)
	25(43.1)
	

	Levofloxacin
	resistant
	6(37.5)
	173(37.2)
	54(42.5)
	29(47.5)
	0.36

	
	sensitive
	10(62.5)
	292(62.8)
	73(57.5)
	32(52.5)
	

	Colistin
	resistant
	3(50.0)
	82(73.2)
	14(70.0)
	7(50.0)
	0.22

	
	sensitive
	3(50.0)
	30(26.8)
	6(30.0)
	7(50.0)
	

	Sulfontrimethoprime
	resistant
	15(42.9)
	198(44.8)
	51(47.2)
	29(63.0)
	0.12

	
	sensitive
	20(57.1)
	244(55.2)
	57(52.8)
	17(37.0)
	

	Penicillin
	resistant
	15(78.9)
	200(76.6)
	30(71.4)
	13(81.3)
	0.83

	
	sensitive
	4(21.1)
	61(23.4)
	12(28.6)
	3(18.8)
	

	Tetracycline
	resistant
	11(42.3)
	155(39.0)
	39(44.3)
	18(54.5)
	0.31

	
	sensitive
	15(57.7)
	242(61.0)
	49(55.7)
	15(45.5)
	




Table 6 shows that meropenem resistance varied significantly across age groups (p = 0.04), with higher resistance observed in younger adults. Gentamicin resistance also differed significantly (p = 0.00), being highest among patients aged 41–60 years. Similarly, erythromycin resistance demonstrated a significant difference (p = 0.00), with the highest rates observed in middle-aged adults and the lowest rates in older adults.

Table 6. Age-Related Variation in Antimicrobial Resistance Among Gram-Negative Wound Isolates
	Age Group

	Drug name
	Result
	<12yrs
	12–40 yrs
	41–60 yrs
	>60 yrs
	p Value

	Cefoxitine
	resistant
	12(80.0)
	178(78.4)
	68(78.2)
	14(77.8)
	0.99

	
	sensitive
	3(20.0)
	49(21.6)
	19(21.8)
	4(22.2)
	

	Oxacillin
	resistant
	1(100.0)
	16(69.6)
	3(100)
	1(100)
	0.56

	
	sensitive
	0(0.0)
	7(30.4)
	0(0)
	0(0)
	

	Amoxicillin
	resistant
	40(97.7)
	763(98.1)
	219(99.5)
	99(100)
	0.22

	
	sensitive
	1(2.4)
	15(1.9)
	1(0.5)
	0(0)
	

	Amoxiclavulanicacid
	resistant
	33(75.1)
	578(70)
	156(67.2)
	73(69.5)
	0.73

	
	sensitive
	11(25.1)
	248(30)
	76(32.8)
	32(30.5)
	

	Cefotaxime
	resistant
	23(95.9)
	382(87.4)
	118(84.3)
	36(83.7)
	0.39

	
	sensitive
	1(4.2)
	55(12.6)
	22(15.7)
	7(16.3)
	

	Cefepime
	resistant
	20(64.5)
	374(78.1)
	131(78.4)
	52(75.4)
	0.34

	
	sensitive
	11(35.6)
	105(21.9)
	36(21.6)
	17(24.6)
	

	Ceftazidime
	resistant
	25(89.4)
	359(81.8)
	141(84.9)
	57(86.4)
	0.52

	
	sensitive
	3(10.7)
	80(18.2)
	25(15.1)
	9(13.6)
	

	Cefuroxime
	resistant
	29(93.5)
	350(90)
	156(91.2)
	74(91.4)
	0.89

	
	sensitive
	2(6.5)
	39(10)
	15(8.8)
	7(8.6)
	

	Pipracillintazobactam
	resistant
	8(28.7)
	201(46.2)
	71(42.8)
	40(51.3)
	0.18

	
	sensitive
	20(71.4)
	234(53.8)
	95(57.2)
	38(48.7)
	

	Ampicillin
	resistant
	19(95.1)
	266(94.3)
	99(97.1)
	38(88.4)
	0.22

	
	sensitive
	1(5.0)
	16(5.7)
	3(2.9)
	5(11.6)
	

	Ampicillinsulbactam
	resistant
	28(84.8)
	285(85.1)
	103(75.7)
	47(83.9)
	0.10

	
	sensitive
	5(15.3)
	50(14.9)
	33(24.3)
	9(16.1)
	

	Ceftriaxone
	resistant
	30(90.9)
	387(85.6)
	138(86.8)
	66(80.5)
	0.44

	
	sensitive
	3(9.1)
	65(14.4)
	21(13.2)
	16(19.5)
	

	Aztroneome
	resistant
	10(66.8)
	231(75.7)
	67(73.6)
	21(77.8)
	0.83

	
	sensitive
	5(33.3)
	74(24.3)
	24(26.4)
	6(22.2)
	

	Imipenem
	resistant
	6(15.9)
	147(24.7)
	50(25.5)
	20(22.5)
	0.60

	
	sensitive
	32(84.2)
	448(75.3)
	146(74.5)
	69(77.5)
	

	Meropenem
	resistant
	11(31.4)
	191(37.3)
	48(29.8)
	20(23.5)
	0.04

	
	sensitive
	24(68.7)
	321(62.7)
	113(70.2)
	65(76.5)
	

	Cefixime
	resistant
	19(95.1)
	195(95.6)
	76(91.6)
	27(96.4)
	0.55

	
	sensitive
	1(5.0)
	9(4.4)
	7(8.4)
	1(3.6)
	

	chloramphenicol
	resistant
	10(58.9)
	153(53.1)
	44(46.8)
	19(52.8)
	0.68

	
	sensitive
	7(41.2)
	135(46.9)
	50(53.2)
	17(47.2)
	

	Ciprofloxacin
	resistant
	9(64.3)
	310(57.1)
	115(61.2)
	59(64.1)
	0.50

	
	sensitive
	5(35.8)
	233(42.9)
	73(38.8)
	33(35.9)
	

	clindamycin
	resistant
	0(0.0)
	20(40)
	6(28.6)
	6(54.5)
	0.20

	
	sensitive
	4(100.0)
	30(60)
	15(71.4)
	5(45.5)
	

	Erythromycin
	resistant
	12(80.0)
	145(91.8)
	57(87.7)
	15(65.2)
	0.00

	
	sensitive
	3(20.0)
	13(8.2)
	8(12.3)
	8(34.8)
	

	Azithromycin
	resistant
	10(62.5)
	178(79.8)
	58(76.3)
	16(76.2)
	0.41

	
	sensitive
	6(37.6)
	45(20.2)
	18(23.7)
	5(23.8)
	

	Amikacin
	resistant
	8(21.6)
	192(30.5)
	51(29)
	22(22.7)
	0.31

	
	sensitive
	29(78.5)
	437(69.5)
	125(71)
	75(77.3)
	

	Gentamicin
	resistant
	12(32.4)
	307(51.9)
	77(43)
	31(38.8)
	0.00

	
	sensitive
	25(67.7)
	285(48.1)
	102(57)
	49(61.3)
	

	Levofloxacin
	resistant
	6(54.5)
	241(49.6)
	90(58.1)
	43(56.6)
	0.25

	
	sensitive
	5(45.6)
	245(50.4)
	65(41.9)
	33(43.4)
	

	Colistin
	resistant
	1(4.2)
	37(12.8)
	12(13.5)
	4(8.3)
	0.50

	
	sensitive
	23(95.9)
	252(87.2)
	77(86.5)
	44(91.7)
	

	Sulfontrimethoprime
	resistant
	21(84.0)
	277(78.5)
	95(75.4)
	30(75)
	0.74

	
	sensitive
	4(16.1)
	76(21.5)
	31(24.6)
	10(25)
	

	Penicillin
	resistant
	0(0.0)
	4(100)
	2(100)
	0(0)
	0.03

	
	sensitive
	1(100.0)
	0(0)
	0(0)
	0(0)
	

	Tetracycline
	resistant
	6(75.1)
	130(67.7)
	40(74.1)
	18(69.2)
	0.81

	
	sensitive
	2(25.1)
	62(32.3)
	14(25.9)
	8(30.8)
	



Table 7 demonstrates that inpatients exhibited significantly higher resistance to nearly all tested antibiotics, including cefoxitin, oxacillin, amoxicillin, cefotaxime, ceftazidime, ciprofloxacin, and meropenem (all p < 0.05). Resistance was particularly elevated among inpatients for amoxicillin (98.0%), ceftazidime (88.8%), and gentamicin (52.2%). In contrast, outpatients showed lower resistance rates, suggesting reduced prior antibiotic exposure or differences in microbial profiles.


[bookmark: _Hlk203406876]Table 7. Comparison of Antimicrobial Resistance Profiles in Wound Isolates From Inpatients vs Outpatients
	Drug name
	Result 
	Outpatient
	Inpatient
	p Value


	Cefoxitine
	resistant
	539(80.9)
	6(42.9)
	0.00

	
	sensitive
	127(19.1)
	8(57.1)
	

	oxacillin
	resistant
	366(70.2)
	84(58.7)
	0.00

	
	sensitive
	155(29.8)
	59(41.3)
	

	Amoxicillin
	resistant
	1499(98.0)
	271(88.3)
	0.00

	
	sensitive
	31(2.0)
	36(11.7)
	

	Amoxiclavulanicacid
	resistant
	1297(68.2)
	159(44.9)
	0.00

	
	sensitive
	605(31.8)
	195(55.1)
	

	Cefotaxime
	resistant
	759(81.0)
	119(62.6)
	0.00

	
	sensitive
	178(19.0)
	71(37.4)
	

	Cefepime
	resistant
	783(74.4)
	163(57.8)
	0.00

	
	sensitive
	270(25.6)
	119(42.2)
	

	Ceftazidime
	resistant
	845(88.8)
	143(65.0)
	0.00

	
	sensitive
	107(11.2)
	77(35.0)
	

	Cefuroxime
	resistant
	931(81.6)
	107(59.8)
	0.00

	
	sensitive
	210(18.4)
	72(40.2)
	

	Pipracillintazobactam
	resistant
	413(44.4)
	38(33.6)
	0.03

	
	sensitive
	518(55.6)
	75(66.4)
	

	Ampicillin
	resistant
	781(93.0)
	76(60.8)
	0.00

	
	sensitive
	59(7.0)
	49(39.2)
	

	Ampicillinsulbactam
	resistant
	783(69.6)
	9(60.0)
	0.42

	
	sensitive
	342(30.4)
	6(40.0)
	

	Ceftriaxone
	resistant
	941(78.9)
	183(61.2)
	0.00

	
	sensitive
	251(21.1)
	116(38.8)
	

	Aztroneome
	resistant
	392(77.6)
	9(64.3)
	0.24

	
	sensitive
	113(22.4)
	5(35.7)
	

	Imipenem
	resistant
	415(29.5)
	32(13.7)
	0.00

	
	sensitive
	993(70.5)
	201(86.3)
	

	Meropenem
	resistant
	301(33.1)
	68(20.7)
	0.00

	
	sensitive
	609(66.9)
	260(79.3)
	

	Cefixime
	resistant
	457(87.4)
	2(50.0)
	0.02

	
	sensitive
	66(12.6)
	2(50.0)
	

	chloramphenicol
	resistant
	314(47.9)
	9(24.3)
	0.00

	
	sensitive
	341(52.1)
	28(75.7)
	

	Ciprofloxacin
	resistant
	666(52.8)
	133(34.9)
	0.00

	
	sensitive
	596(47.2)
	248(65.1)
	

	clindamycin
	resistant
	182(31.1)
	34(29.3)
	0.70

	
	sensitive
	404(68.9)
	82(70.7)
	

	Erythromycin
	resistant
	690(63.9)
	43(37.1)
	0.00

	
	sensitive
	390(36.1)
	73(62.9)
	

	Azithromycin
	resistant
	649(63.6)
	57(35.0)
	0.00

	
	sensitive
	372(36.4)
	106(65.0)
	

	Amikacin
	resistant
	408(32.7)
	48(15.3)
	0.00

	
	sensitive
	841(67.3)
	266(84.7)
	

	Gentamicin
	resistant
	647(52.2)
	76(22.2)
	0.00

	
	sensitive
	592(47.8)
	267(77.8)
	

	Levofloxacin
	resistant
	541(53.1)
	101(26.6)
	0.00

	
	sensitive
	477(46.9)
	278(73.4)
	

	Colistin
	resistant
	160(28.2)
	0(0.0)
	0.00

	
	sensitive
	408(71.8)
	34(100.0)
	

	Sulfontrimethoprime
	resistant
	716(60.9)
	0(0.0)
	-

	
	sensitive
	459(39.1)
	0(0.0)
	

	Penicillin
	resistant
	218(88.3)
	46(46.9)
	0.00

	
	sensitive
	29(11.7)
	52(53.1)
	

	Tetracycline
	resistant
	385(50.7)
	32(49.2)
	0.81

	
	sensitive
	374(49.3)
	33(50.8)
	




Table 8 demonstrates that resistance to first-line antibiotics was alarmingly high, with amoxicillin (96.4%), ampicillin (88.8%), and most cephalosporins (>75%) exhibiting markedly diminished susceptibility. Intermediate resistance levels were observed for fluoroquinolones (approximately 46–49%), tetracycline (50.6%), macrolides, and sulfontrimethoprime (>59%). Conversely, lower resistance rates were detected for last-resort agents, including carbapenems (meropenem 29.8%, imipenem 27.2%), colistin (26.6%), amikacin (29.2%), and clindamycin (30.8%), indicating these agents retain comparatively greater therapeutic efficacy.


Table 8. The overall antimicrobial resistance of bacterial isolates from wound swab cultures.
	Drug name
	The overall resistance
	Drug name
	The overall resistance

	Cefoxitine
	545/680(80.1)
	Meropenem
	369/1238(29.8)

	oxacillin
	450/664(67.8)
	Cefixime
	459/527(87.1)

	Amoxicillin
	1770/1837(96.4)
	Chloramphenicol
	323/692(46.7)

	Amoxiclavulanicacid
	1456/2256(64.5)
	Ciprofloxacin
	799/1643(48.6)

	Cefotaxime
	878/1127(77.9)
	Clindamycin
	216/702(30.8)

	Cefepime
	946/1335(70.9)
	Erythromycin
	733/1196(61.3)

	Ceftazidime
	988/1172(84.3)
	Azithromycin
	706/1184(59.6)

	Cefuroxime
	1038/1320(78.6)
	Amikacin
	456/1563(29.2)

	Pipracillin tazobactam
	451/1044(43.2)
	Gentamicin
	723/1582(45.7)

	Ampicillin
	857/965(88.8)
	Levofloxacin
	642/1397(46.0)

	Ampicillin sulbactam
	792/1140(69.5)
	Colistin
	160/602(26.6)

	Ceftriaxone
	1124/1491(75.4)
	Sulfontrimethoprime
	716/1175(60.9)

	Aztroneome
	401/519(77.3)
	Penicillin
	264/345(76.5)

	Imipenem
	447/1641(27.2)
	Tetracycline
	417/824(50.6)



Discussion
This study provides a comprehensive analysis of the antimicrobial resistance (AMR) patterns among wound isolates in a large cohort of both inpatients and outpatients. Our findings highlight the high prevalence of resistant bacterial pathogens—most notably Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa—and significant variability in resistance patterns based on sex, age group, and patient setting.
Like our study, Liu et al. (2023) in China identified Staphylococcus aureus and Pseudomonas aeruginosa as the most frequently isolated wound pathogens (Liu et al., 2023). These organisms were dominant across both inpatient and outpatient settings, suggesting their broad involvement in community- and hospital-acquired wound infections.
The predominance of S. aureus aligns with existing literature identifying it as a key etiologic agent in skin and soft tissue infections (Bowler et al. 2001). Alarmingly, resistance to beta-lactams and cephalosporins was widespread among both Gram-positive and Gram-negative isolates. Inpatients demonstrated significantly higher resistance rates across multiple antibiotic classes, likely reflecting more frequent exposure to broad-spectrum agents, hospital-associated flora, and invasive procedures (Bassetti et al. 2017).
The results indicate significantly elevated resistance rates to first-line antibiotics indicate significant misuse and the over-the-counter accessibility of these medications, prevalent in Yemen's unregulated pharmaceutical environment (Aladhal et al., 2025). The resistance rate to ciprofloxacin among Gram-negative isolates is notably high at 54.5%, surpassing previous local studies (Al-Haifi et al., 2025). This increase may be attributed to heightened prescribing pressure or alterations in local prescribing practices over time.
Consistent with our data, multiple studies, including those by Ochwoto et al. (2025) and Matowo et al. (2024) reported high resistance rates to first-line agents such as amoxicillin, ceftriaxone, and ceftazidime among both Gram-positive and Gram-negative wound pathogens (Ochwoto et al. (2025) ; Matowo et al. 2024).
Sex-based differences in AMR were also evident, with male patients exhibiting higher resistance to agents such as oxacillin, amoxicillin, and cefotaxime. This could be attributed to differences in comorbidity profiles, healthcare-seeking behaviour, and antibiotic exposure, as supported by previous studies highlighting immunological and sociobehavioral variations between sexes (Falagas et al., 2017; Klein and Flanagan et al., 2016). Age-stratified analysis revealed increasing resistance with advancing age for several key antibiotics, including ciprofloxacin and clindamycin. Older patients often experience higher healthcare utilisation and may be at greater risk for colonisation with multidrug-resistant organisms (High et al., 2009). These findings underscore the critical need for local, stratified surveillance to guide empirical antimicrobial selection. Current international guidelines advocate for culture-based therapy and narrowing of empiric regimens based on local susceptibility trends (Laxminarayan et al. 2013). The high resistance observed in this study supports these recommendations and highlights the risks of unregulated antibiotic use, especially in outpatient settings where over-the-counter access remains common in many regions. However, vancomycin-resistant S. aureus reported by Ochwoto et al. in Kenya was not detected in our isolates, likely reflecting regional differences in resistance gene prevalence. Additionally, pan-resistant strains described in conflict settings, such as war-torn Ukraine and Gaza, have not yet been observed in our cohort, underscoring the influence of healthcare infrastructure and antimicrobial stewardship on resistance trajectories (Ochwoto et al., 2025).
The findings of this study reinforce the growing concern over antimicrobial resistance in wound pathogens, particularly among inpatients and older individuals. Controlling AMR in wound care requires a comprehensive, multi-pronged strategy. First, empirical treatment should be informed by local antibiogram data and adjusted based on culture and sensitivity results. Second, antimicrobial stewardship programs (ASPs) must be embedded within clinical practice, emphasizing judicious antibiotic selection, dosing, and duration. The WHO AWaRe classification framework can aid in prioritising narrow-spectrum agents and preserving reserve antibiotics for confirmed multidrug-resistant infections (World Health Organization. 2023).
Infection prevention and control (IPC) measures are equally critical. Standard precautions such as hand hygiene, aseptic dressing changes, environmental sanitation, and isolation protocols should be strictly enforced, particularly in high-risk settings. Surveillance systems that stratify AMR data by age, sex, and patient setting—such as the approach used in this study—enable clinicians to identify at-risk populations and tailor interventions accordingly. Education and training of healthcare workers, coupled with patient counselling on antimicrobial use and wound hygiene, are key behavioural interventions that support long-term stewardship goals (Centers for Disease Control and Prevention 2019; Dyar OJ et al., 2017;  Ochwoto et al., 2025).
Emerging alternatives such as bacteriophage therapy, photodynamic therapy, and antimicrobial nanomaterials are under investigation elsewhere but remain unavailable in our setting (Burrowes B, et al. 2024, Dai T, et al. 2024, Zhang Y, Wang Y, Li Z, et al.2025). These discrepancies highlight the need for scalable, context-specific interventions to combat AMR in wound care.
Routine microbiological monitoring of wound isolates, integration of rapid diagnostic tools, and multidisciplinary wound care teams further enhance AMR control. Future research should evaluate the effectiveness of bundled stewardship and IPC interventions on clinical outcomes in wound infection management.
While this study provides valuable insights into the epidemiology of antimicrobial resistance (AMR) in wound infections, several limitations must be acknowledged. First, the retrospective and laboratory-based design inherently limits the ability to control for confounding variables. The data represent only culture-positive cases, which may skew the sample toward more severe or persistent infections. As such, the true prevalence and spectrum of wound pathogens—and associated resistance—may be underestimated in less clinically apparent or uncultured cases. Second, this study relied exclusively on phenotypic antimicrobial susceptibility testing, without accompanying molecular analyses. The absence of genotypic characterization, such as detection of mecA, vanA, ESBL, or carbapenemase genes, limits our understanding of the underlying resistance mechanisms and their potential for horizontal transfer. The emergence of vancomycin-resistant Staphylococcus aureus and carbapenem-resistant Klebsiella pneumoniae in nearby regions further underscores the importance of molecular surveillance in AMR monitoring. Third, our dataset lacked information on clinical outcomes such as time to wound healing, treatment failure, hospitalisation duration, and mortality. Without outcome data, it is difficult to assess the direct clinical impact of the resistance patterns observed. Moreover, relevant host factors—including comorbidities (e.g., diabetes, vascular disease), wound chronicity, and prior antibiotic use—were not consistently captured. These variables are likely to influence both infection risk and treatment response, and their absence limits our ability to fully stratify patient risk. Finally, access to rapid diagnostics, stewardship interventions, and advanced therapies (e.g., bacteriophage, aPDT, or nanotechnology-based wound dressings) was not assessed. These technologies, while still emerging in many settings, could substantially alter the landscape of AMR in wound care
Future studies should adopt a prospective design with integrated clinical, microbiological, and molecular data. Characterisation of resistance genes, biofilm formation, and virulence factors would provide a more comprehensive understanding of pathogen behaviour. Additionally, research should evaluate the effectiveness of targeted antimicrobial stewardship programs, culture-guided treatment protocols, and infection prevention strategies—especially in high-risk populations such as older adults, inpatients, and those with chronic wounds. Strengthening regional AMR surveillance networks and investing in diagnostic capacity will also be essential to support real-time, evidence-based interventions.


Conclusion
This study highlights a high burden of antimicrobial resistance among wound pathogens, with Staphylococcus aureus and Pseudomonas aeruginosa as the dominant organisms. Resistance patterns varied significantly by patient sex, age group, and clinical setting, underscoring the need for stratified surveillance data to guide empirical treatment. Inpatients and older adults were disproportionately affected by multidrug-resistant organisms, reflecting both increased antibiotic exposure and vulnerability. Our findings reinforce the urgent need for context-specific antimicrobial stewardship programs, routine culture-based diagnostics, and targeted infection prevention practices in both outpatient and inpatient settings. As emerging resistance mechanisms and regional disparities continue to evolve, particularly in resource-limited or crisis-affected regions, proactive surveillance and the development of novel therapeutic strategies will be essential to mitigate the clinical impact of AMR in wound care.
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