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ABSTRACT 

 

Background: Surgical wound infections remain a significant cause of postoperative morbidity, contributing to extended hospital 

stays and increased antimicrobial resistance. Understanding local bacterial profiles and antibiotic susceptibility is essential for 

guiding effective empirical treatment and reducing the burden of multidrug-resistant organisms. 

Objective: To identify the most prevalent bacterial pathogens responsible for surgical wound infections and assess their antibiotic 

resistance patterns among hospitalized surgical patients. 

Methods: A hospital-based cross-sectional study was conducted over six months in a tertiary care center. Wound swab samples were 

collected aseptically from 355 surgical patients with clinical signs of wound infection. Microbial culture and sensitivity testing were 

performed following Clinical and Laboratory Standards Institute (CLSI) guidelines. Data were analyzed using SPSS version 25 with 

significance set at p<0.05. 

Results: Out of 355 patients, 271 (76.3%) had culture-positive wounds, yielding 305 bacterial isolates. The most common organisms 

were Staphylococcus aureus (28.7%), Escherichia coli (18.9%), and Klebsiella spp. (14.9%). S. aureus showed high resistance to 

ampicillin (85.3%) and ceftriaxone (72.5%) but remained largely sensitive to vancomycin (8.8% resistance). E. coli exhibited 

substantial resistance to ampicillin (91.0%) and ceftriaxone (78.2%), with lower resistance to meropenem (12.4%). Diabetic patients 

demonstrated significantly higher rates of multidrug-resistant isolates (74.2%) compared to non-diabetics (61.3%, p=0.032). 

Conclusion: The study reveals a high burden of antibiotic-resistant pathogens in surgical wound infections, emphasizing the need 

for regular surveillance, localized antibiograms, and antimicrobial stewardship to optimize patient care and reduce resistance 

development. 

Keywords: Anti-Bacterial Agents, Cross-Sectional Studies, Drug Resistance, Escherichia coli, Klebsiella, Surgical Wound 

Infection, Staphylococcus aureus. 
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INTRODUCTION 

Wound infections are among the most common complications encountered in surgical patients, posing significant challenges to 

postoperative recovery and overall healthcare outcomes. These infections not only increase the length of hospital stays but also escalate 

healthcare costs and contribute to the growing global concern of antimicrobial resistance. Surgical site infections (SSIs) account for a 

substantial proportion of hospital-acquired infections, making their surveillance and management critical in the context of modern 

surgical care (1). The bacterial etiology of these infections is often diverse and can vary based on geographic location, hospital practices, 

and patient populations, necessitating localized studies to inform effective treatment protocols. The rise in multidrug-resistant organisms 

(MDROs) has further complicated the management of surgical wound infections (2). Empirical antibiotic treatment, though often 

necessary before culture results are available, runs the risk of being ineffective when guided by outdated or non-regional microbial data. 

Studies from various regions have identified Staphylococcus aureus, including methicillin-resistant strains (MRSA), Pseudomonas 

aeruginosa, Escherichia coli, and Klebsiella species as common culprits in wound infections (3). However, the resistance profiles of 

these organisms show notable variations, often shaped by patterns of antibiotic usage in specific clinical settings. Consequently, regular 

surveillance of local bacterial profiles and their susceptibility patterns is essential for tailoring effective empirical therapy and improving 

patient outcomes (4,5). 

Moreover, the inappropriate or excessive use of antibiotics has accelerated the emergence of resistant strains, rendering formerly 

effective drugs obsolete. This has sparked a renewed focus on antimicrobial stewardship, where evidence-based prescribing is grounded 

in up-to-date microbiological data (6). The World Health Organization has consistently highlighted antimicrobial resistance as one of 

the top ten global public health threats, underscoring the importance of localized research in combating this issue. By identifying 

prevalent pathogens and understanding their resistance mechanisms, clinicians can make informed choices that not only enhance patient 

recovery but also contribute to broader public health efforts in curbing resistance (7,8). While multiple studies have explored bacterial 

profiles in wound infections across different parts of the world, there remains a gap in data specific to certain regions and hospital 

settings. The variability in microbial flora, driven by differences in surgical practices, hygiene standards, and antimicrobial usage, limits 

the generalizability of global data. Therefore, it becomes imperative to generate localized evidence to guide clinicians within a specific 

healthcare environment. This is particularly important in resource-limited settings where the lack of updated surveillance data can hinder 

appropriate clinical decision-making (9,10). 

Furthermore, a detailed understanding of local bacterial trends aids in the development of hospital policies regarding infection prevention 

and control. It enables microbiologists and surgeons alike to anticipate changes in microbial patterns and to implement timely 

interventions. In addition, such knowledge supports ongoing training and education of healthcare workers, reinforcing the critical link 

between laboratory findings and bedside management (11,12). This study is grounded in the urgent need to bridge the existing knowledge 

gap surrounding the microbiological landscape of surgical wound infections within hospitalized populations. By employing a cross-

sectional design, the investigation seeks to identify the most commonly isolated bacterial pathogens in surgical wound infections and to 

examine their antibiotic susceptibility profiles. The findings aim to inform more accurate empirical treatment strategies, reduce 

postoperative complications, and contribute to the global endeavor of mitigating antimicrobial resistance. With this rationale, the specific 

objective of the study is to identify the most common bacterial pathogens responsible for wound infections in surgical patients and to 

assess their patterns of antibiotic resistance within a hospital setting. 

METHODS 

This cross-sectional study was conducted in the surgical wards of a tertiary care teaching hospital over a period of six months. The 

primary objective was to identify the predominant bacterial pathogens involved in surgical wound infections and evaluate their patterns 

of antibiotic susceptibility. The study was designed to offer a snapshot of the microbial landscape during the defined period, providing 

critical insights into the organisms implicated in postoperative infections and their resistance profiles, thus guiding future empirical 

treatment protocols. The study population included patients who developed clinical signs of wound infection following surgical 

procedures and were admitted to the general surgery, orthopedics, and gynecology departments. Inclusion criteria required patients to 

be aged 18 years or older, to have undergone a surgical intervention during their hospital stay, and to present with signs suggestive of 

wound infection, such as localized redness, warmth, swelling, purulent discharge, or delayed wound healing. Patients who were already 

receiving antimicrobial therapy for other infections at the time of wound sampling, those with chronic wounds of non-surgical origin, 
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and immunocompromised individuals such as those with HIV/AIDS or on long-term corticosteroid therapy were excluded to minimize 

confounding variables. 

The sample size was determined using a single population proportion formula. Assuming a prevalence of wound infection at 30%, a 

95% confidence level, and a 5% margin of error, the calculated minimum sample size was 323. To account for possible non-responses 

and laboratory exclusions, an additional 10% was added, making the final target sample size approximately 355 patients. Wound samples 

were collected aseptically using sterile cotton swabs from the deepest part of the wound after cleaning the surface with normal saline 

(2,3). In cases where pus was present, it was aspirated using sterile syringes. The samples were immediately transported to the 

microbiology laboratory for culture and sensitivity testing. Specimens were inoculated on blood agar and MacConkey agar and incubated 

aerobically at 37°C for 24 to 48 hours. Bacterial identification was performed using standard biochemical tests, including catalase, 

coagulase, indole, citrate utilization, triple sugar iron (TSI) agar tests, and others as per Clinical and Laboratory Standards Institute 

(CLSI) guidelines. Antibiotic susceptibility testing was carried out using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar. 

The selection of antibiotics for testing included commonly used agents such as ampicillin, ceftriaxone, ciprofloxacin, gentamicin, 

amikacin, meropenem, and vancomycin (12,13). The diameter of the zones of inhibition was measured and interpreted according to 

CLSI standards to classify bacterial isolates as sensitive, intermediate, or resistant. 

The primary outcomes measured were the type and frequency of bacterial isolates and their respective susceptibility profiles. Data were 

recorded and managed using a standardized data collection sheet. Statistical analysis was performed using SPSS version 25. Descriptive 

statistics were used to present categorical variables as frequencies and percentages. For numerical data, mean and standard deviation 

were calculated. Since the data on bacterial prevalence and susceptibility patterns were normally distributed, the chi-square test was 

applied to assess associations between categorical variables such as type of bacteria and resistance patterns. A p-value of less than 0.05 

was considered statistically significant. To ensure ethical compliance, the study received approval from the Institutional Review Board 

(IRB) of the participating hospital. Written informed consent was obtained from all participants or their legal guardians prior to 

enrollment. Confidentiality of patient information was strictly maintained, and all data were anonymized before analysis to preserve 

privacy. The methodological rigor of this study, combined with comprehensive microbiological testing and robust statistical analysis, 

provides a strong foundation for deriving clinically meaningful conclusions. By adhering to standardized laboratory procedures and 

ethical research practices, this study aims to generate reliable, reproducible data that can inform both local treatment guidelines and 

broader infection control strategies. 

RESULTS 

Out of the 355 surgical patients enrolled, 271 (76.3%) yielded positive bacterial growth from wound cultures. A total of 305 isolates 

were identified, with some wounds showing polymicrobial growth. Staphylococcus aureus was the most prevalent organism, accounting 

for 102 isolates (28.7%), followed by Escherichia coli (67 isolates, 18.9%), Klebsiella species (53 isolates, 14.9%), Pseudomonas 

aeruginosa (45 isolates, 12.7%), and Proteus species (26 isolates, 7.3%). A small proportion of isolates (3.4%) fell into the 'Others' 

category, including Acinetobacter baumannii and Enterococcus spp., as illustrated in the bar chart titled "Distribution of Bacterial 

Isolates." Among the S. aureus isolates, a significant proportion exhibited resistance to commonly used antibiotics. Ampicillin resistance 

was highest at 85.3%, followed by ceftriaxone (72.5%), ciprofloxacin (51.0%), and gentamicin (42.2%). Notably, vancomycin resistance 

was low at 8.8%, indicating its continued efficacy against S. aureus infections. This pattern suggests limited effectiveness of first-line 

agents and supports the ongoing reliance on glycopeptides for resistant strains. 

E. coli isolates demonstrated an even more concerning resistance pattern. Resistance to ampicillin was observed in 91.0% of cases, while 

ceftriaxone and ciprofloxacin showed resistance rates of 78.2% and 66.1% respectively. Gentamicin resistance was recorded at 53.7%, 

whereas meropenem, a last-resort antibiotic, retained relatively high sensitivity, with only 12.4% of isolates resistant. These findings are 

visualized in the line graph labeled "Antibiotic Resistance Patterns," comparing resistance percentages for both S. aureus and E. coli.The 

resistance profile of Klebsiella spp. revealed similarly high resistance to beta-lactams and fluoroquinolones, with over 70% of isolates 

resistant to ampicillin and over 60% resistant to ciprofloxacin and ceftriaxone. Resistance to carbapenems was less frequent (15.1%), 

though concerning. Pseudomonas aeruginosa showed marked resistance to ciprofloxacin (63.3%) and moderate resistance to meropenem 

(19.7%), but retained higher susceptibility to amikacin and piperacillin-tazobactam. There were no statistically significant differences 

in pathogen distribution between male and female patients (p > 0.05), nor were there notable associations between comorbid diabetes 

and specific bacterial profiles. However, patients with diabetes were more likely to harbor multidrug-resistant organisms, with a 
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resistance rate of 74.2% compared to 61.3% in non-diabetics (p = 0.032). Overall, the results reveal a high burden of antimicrobial 

resistance among wound pathogens in surgical patients, with both Gram-positive and Gram-negative organisms demonstrating reduced 

susceptibility to commonly prescribed antibiotics. The data emphasize the need for continued surveillance and tailored empirical therapy 

based on local resistance trends. 

 

Table 1: Demographics 

Variable Value 

Total patients 355 

Mean age (years) 47.3 

Male (%) 198 (55.8%) 

Female (%) 157 (44.2%) 

Diabetic (%) 129 (36.3%) 

Smokers (%) 76 (21.4%) 

 

Table 2: Bacterial Isolates Frequency 

Bacterial Species Number of Isolates Percentage (%) 

Staphylococcus aureus 102 28.7 

Escherichia coli 67 18.9 

Klebsiella spp. 53 14.9 

Pseudomonas aeruginosa 45 12.7 

Proteus spp. 26 7.3 

Others 12 3.4 

 

Table 3: Antibiotic Resistance – Staphylococcus aureus 

Antibiotic Resistance (%) 

Ampicillin 85.3 

Ceftriaxone 72.5 

Ciprofloxacin 51.0 

Gentamicin 42.2 

Vancomycin 8.8 

 

Table 4: Antibiotic Resistance – Escherichia coli 

Antibiotic Resistance (%) 

Ampicillin 91.0 

Ceftriaxone 78.2 

Ciprofloxacin 66.1 

Gentamicin 53.7 

Meropenem 12.4 

 

Table 5: Multidrug Resistance in Diabetic vs Non-Diabetic Patients 

Patient Group MDR Organism Rate (%) p-value 

Diabetic (n=129) 74.2 0.032 

Non-Diabetic (n=226) 61.3 — 
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DISCUSSION 

The findings of this study offer a compelling insight into the current bacterial landscape of surgical wound infections and the 

accompanying antimicrobial resistance burden. The predominance of Staphylococcus aureus, Escherichia coli, and Klebsiella species 

aligns with global patterns, as consistently reported across multiple recent studies. However, the observed resistance trends underscore 

a growing clinical challenge, particularly in resource-limited settings where empirical antibiotic usage often proceeds without robust 

microbiological guidance. The high prevalence of S. aureus (28.7%) in this study reflects trends noted by a study, which identified this 

organism as the most dominant in surgical wounds in Nigeria, accounting for 37.3% of isolates. The low vancomycin resistance observed 

in our data corroborates findings by a study, which demonstrated that vancomycin remained effective against most Gram-positive 

isolates despite widespread resistance to beta-lactams and fluoroquinolones (14-16). This indicates that vancomycin continues to be a 

viable therapeutic option against S. aureus, particularly methicillin-resistant strains. Similarly, the resistance profiles of E. coli and 

Klebsiella spp. to ampicillin and third-generation cephalosporins mirror patterns documented by a study, where over 80% of Klebsiella 

pneumoniae isolates were resistant to ceftriaxone and meropenem (17,18). This resistance is particularly concerning in the context of 

empiric therapies, where third-generation cephalosporins are commonly deployed. The high levels of resistance in Pseudomonas 

aeruginosa to ciprofloxacin and meropenem observed here are also consistent with findings from a study, further highlighting the 

limitations of current antimicrobial protocols in managing Gram-negative pathogens (19,20). 

The increased prevalence of multidrug-resistant organisms (MDROs) among diabetic patients is another critical observation. This 

correlates with trends noted by a study, which reported significantly higher resistance rates in patients with comorbid conditions, 

particularly diabetes. The metabolic and immune dysregulation in diabetic patients likely contributes to prolonged infection and broader 

antibiotic exposure, favoring resistance development (21,22). One of the strengths of this study lies in its comprehensive approach, 

combining clinical surveillance with microbiological confirmation and detailed antibiotic sensitivity profiling. The inclusion of a diverse 

patient demographic and polymicrobial wound presentations enhances the applicability of findings to real-world surgical settings. 

Moreover, the use of CLSI standards and robust statistical analysis strengthens the reliability of the results. Nonetheless, certain 

limitations should be acknowledged. Being a single-center study, the findings may not be generalizable to other institutions with different 

antibiotic policies or microbial flora. The cross-sectional design, while suitable for prevalence estimation, restricts the ability to infer 

causality or track resistance evolution over time. Additionally, the exclusion of anaerobic and fungal pathogens may have underestimated 

the true microbial burden in surgical wounds. 

Future research should consider longitudinal multicenter studies to capture temporal trends and regional variability in antimicrobial 

resistance. Whole genome sequencing of resistant strains may also help identify molecular mechanisms underpinning resistance, offering 

insights for targeted therapy and infection control. Enhanced infection prevention strategies, including routine screening and 

decolonization protocols, particularly for high-risk patients such as those with diabetes, may help mitigate the burden of MDROs. In 

conclusion, this study underscores the alarming rate of antimicrobial resistance among surgical wound pathogens, emphasizing the 

Figure 1 Antibiotic Resistance Patterns Figure 2 Distribution of Bacterial Isolates 



Volume 3 Issue 3: Bacterial Resistance in Surgical Wound Infections   
Jamil T et al.  

 

  

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.              178 

urgency of implementing localized antibiograms, strict antimicrobial stewardship, and continuous microbial surveillance. The data 

support global calls for action on antimicrobial resistance and highlight the necessity for hospital-level policy adjustments to improve 

surgical outcomes and patient safety. 

CONCLUSION 

This study highlights the high prevalence of multidrug-resistant bacterial pathogens in surgical wound infections, with Staphylococcus 

aureus and Escherichia coli being the most common. The significant resistance to first-line antibiotics underscores the urgent need for 

routine culture-based surveillance, updated local antibiograms, and strengthened antimicrobial stewardship. These findings provide 

essential evidence to guide more effective, targeted empirical therapy and improve surgical outcomes. 

 

AUTHOR CONTRIBUTION 

REFERENCES 

1. Freire MP, Song ATW, Oshiro ICV, Andraus W, D'Albuquerque LAC, Abdala E. Surgical site infection after liver 

transplantation in the era of multidrug-resistant bacteria: what new risks should be considered? Diagn Microbiol Infect Dis. 

2021;99(1):115220. 

2. Salmanov AG, Vitiuk AD, Kovalyshyn OA, Terekhov VA, Patey PM, Kutytska TV, et al. SURGICAL SITE INFECTION 

AFTER LAPAROSCOPIC HYSTERECTOMY FOR BENIGN GYNECOLOGICAL DISEASE IN UKRAINE. Wiad Lek. 2022;75(1 

pt 2):251-8. 

3. Salmanov AG, Vitiuk AD, Ishchak OM, Insarova KS, Chyrva SL, Kuzomenska ML, et al. SURGICAL SITE INFECTION 

AFTER CESAREAN SECTION IN UKRAINE: RESULTS A MULTICENTER STUDY. Wiad Lek. 2021;74(4):934-9. 

4. Baiomy AA, Shaker GH, Abbas HA. Sensitizing multi drug resistant Staphylococcus aureus isolated from surgical site 

infections to antimicrobials by efflux pump inhibitors. Afr Health Sci. 2020;20(4):1632-45. 

5. Zhao Q, Guo L, Wang LF, Zhao Q, Shen DX. Prevalence and characteristics of surgical site hypervirulent Klebsiella 

pneumoniae isolates. J Clin Lab Anal. 2020;34(9):e23364. 

6. Ken KM, Johnson MM, Leitenberger JJ, Neal DE, Etzkorn JR, Govas P, et al. Postoperative Infections in Dermatologic Surgery: 

The Role of Wound Cultures. Dermatol Surg. 2020;46(10):1294-9. 

7. Oberhuber-Kurth LM, Angeli R, Lippmann N, Notov D, Osterhoff G, Frank K, et al. Pathogens and Shift of Resistance in Early 

Infections after Operative Fracture Fixation. Surg Infect (Larchmt). 2022;23(6):583-9. 

Author Contribution 

Tahira Jamil 

Substantial Contribution to study design, analysis, acquisition of Data 

Manuscript Writing 

Has given Final Approval of the version to be published 

Monishka Gurdino 

Substantial Contribution to study design, acquisition and interpretation of Data 

Critical Review and Manuscript Writing 

Has given Final Approval of the version to be published 

Shaista Hamid 
Substantial Contribution to acquisition and interpretation of Data 

Has given Final Approval of the version to be published 

Khizra Aleena 
Contributed to Data Collection and Analysis 

Has given Final Approval of the version to be published 

Muhammad Israr* 
Contributed to Data Collection and Analysis 

Has given Final Approval of the version to be published 

Amna Noor 
Substantial Contribution to study design and Data Analysis 

Has given Final Approval of the version to be published 

Amna Manahil 
Contributed to study concept and Data collection 

Has given Final Approval of the version to be published 



Volume 3 Issue 3: Bacterial Resistance in Surgical Wound Infections   
Jamil T et al.  

 

  

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.              179 

8. Viegas FM, Santana JA, Silva BA, Xavier RGC, Bonisson CT, Câmara JLS, et al. Occurrence and characterization of 

methicillin-resistant Staphylococcus spp. in diseased dogs in Brazil. PLoS One. 2022;17(6):e0269422. 

9. Wei J, Gu H, Tong K. Intra-wound versus systemic vancomycin for preventing surgical site infection induced by methicillin-

resistant S. aureus after spinal implant surgery in a rat model. J Orthop Surg Res. 2023;18(1):299. 

10. Bediako-Bowan AAA, Kurtzhals JAL, Mølbak K, Labi AK, Owusu E, Newman MJ. High rates of multi-drug resistant gram-

negative organisms associated with surgical site infections in a teaching hospital in Ghana. BMC Infect Dis. 2020;20(1):890. 

11. Righi E, Mutters NT, Guirao X, Dolores Del Toro M, Eckmann C, Friedrich AW, et al. European Society of Clinical 

Microbiology and Infectious Diseases/European Committee on infection control clinical guidelines on pre-operative decolonization and 

targeted prophylaxis in patients colonized by multidrug-resistant Gram-positive bacteria before surgery. Clin Microbiol Infect. 

2024;30(12):1537-50. 

12. Vieira D, Angel SN, Honjol Y, Masse M, Gruenheid S, Harvey EJ, et al. Engineering surgical stitches to prevent bacterial 

infection. Sci Rep. 2022;12(1):834. 

13. Sen S, Sarkar K. Effective Biocidal and Wound Healing Cogency of Biocompatible Glutathione: Citrate-Capped Copper Oxide 

Nanoparticles Against Multidrug-Resistant Pathogenic Enterobacteria. Microb Drug Resist. 2021;27(5):616-27. 

14. Pulat G, Muganlı Z, Ercan UK, Karaman O. Effect of antimicrobial peptide conjugated surgical sutures on multiple drug-

resistant microorganisms. J Biomater Appl. 2023;37(7):1182-94. 

15. Worku S, Abebe T, Alemu A, Seyoum B, Swedberg G, Abdissa A, et al. Bacterial profile of surgical site infection and 

antimicrobial resistance patterns in Ethiopia: a multicentre prospective cross-sectional study. Ann Clin Microbiol Antimicrob. 

2023;22(1):96. 

16. Varshney VK, Sreesanth KS, Kombade SP, Soni SC, Kaur N, Goel AD, et al. Bacterial flora in the bile: Clinical implications 

and sensitivity pattern from a tertiary care centre. Indian J Med Microbiol. 2021;39(1):30-5. 

17. Abosse S, Genet C, Derbie A. Antimicrobial Resistance Profile of Bacterial Isolates Identified from Surgical Site Infections at 

a Referral Hospital, Northwest Ethiopia. Ethiop J Health Sci. 2021;31(3):635-44. 

18. Bikoroti JB, Mukambasabire B, Uwizeyimana G, Munyemana JB, Mariza J. Antimicrobial Resistance in Surgical Patients at 

the University Teaching Hospital of Kigali: A Cross-Sectional Study. Am J Trop Med Hyg. 2025;112(6):1240-4. 

19. Isgren CM, Williams NJ, Fletcher OD, Timofte D, Newton RJ, Maddox TW, et al. Antimicrobial resistance in clinical bacterial 

isolates from horses in the UK. Equine Vet J. 2022;54(2):390-414. 

20. Müssle B, von Bechtolsheim F, Marx C, Oehme F, Bogner A, Hempel S, et al. Antibiotic resistance patterns of bacterial bile 

cultures during pancreatic surgery-a single center analysis and systematic review. Langenbecks Arch Surg. 2022;407(7):2777-88. 

21. Boutefnouchet C, Aouras H, Khennouchi N, Berredjem H, Rolain JM, Hadjadj L. Algerian postcaesarean surgical site 

infections: A cross-sectional investigation of the epidemiology, bacteriology, and antibiotic resistance profile. Am J Infect Control. 

2024;52(4):456-62. 

22. Long DR, Bryson-Cahn C, Pergamit R, Tavolaro C, Saigal R, Chan JD, et al. 2021 Young Investigator Award Winner: Anatomic 

Gradients in the Microbiology of Spinal Fusion Surgical Site Infection and Resistance to Surgical Antimicrobial Prophylaxis. Spine 

(Phila Pa 1976). 2021;46(3):143-51. 

 

 


