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Background: Surgical site infections (SSIs)’ is the most common infections 

linked to healthcare, resulting in heightened morbidity, extended hospital stays, 

and escalating healthcare expenses. Understanding local changes in 

microbiology and patterns of antibiotic resistance is essential for successful 

treatment. Objectives: To separate and recognise bacterial and fungal pathogens 

for having surgical site infections and detect their antimicrobial susceptibility 

patterns and multidrug-resistant organisms. 

Materials and Methods: This hospital-based observational cross-sectional 

study was conducted in the Departments of Microbiology TMMC&RC, 

Moradabad, from April 2024 to October 2025. There were 161 patients with 

SSIs that were clinically suspected. Standard microbiological methods were 

applied to specimens obtained aseptically from infected surgical wounds. The 

antibiotic sensitivity was done by Kirby Bauer Disc Diffusion Assay according 

to CLSI Guidelines M100 33rd Edition. 

Results: Participants were predominantly male (54.0%), with an age 

distribution centered around 40 years. 59.6% of isolates were Gram-negative 

bacteria, with Gram-positive bacteria coming in second (37.3%) and fungal 

isolates (3.1%). The most common pathogen isolated was Methicillin-resistant 

Staphylococcus aureus (MRSA) (29.2%), which was followed by Escherichia 

coli (24.2%) and Klebsiella pneumoniae (16.1%). High drug resistance was seen 

in Ampicillin (89.7%), Ciprofloxacin (88.1%), and Cefotaxime (83.3%), 

whereas Tigecycline (97.7%), Linezolid (96.7%), Teicoplanin (96.2%), and 

Vancomycin (93.2%) retained excellent activity against resistant isolates. All 

fungal isolates were vulnerable to fluconazole and amphotericin-B. 

Conclusion: Gram-negative bacteria predominated among SSI pathogens, 

whereas the most prevalent individual isolate was MRSA. The necessity for 

ongoing monitoring is highlighted by the significant degree of resistance to 

widely used antibiotics, antimicrobial stewardship, and culture-guided therapy 

to optimize SSI management. 

Keywords: Surgical site infection; Antimicrobial resistance; MRSA; Gram-

negative bacteria; Antibiotic susceptibility; Multidrug-resistant organisms. 
 

 

INTRODUCTION 
 

Surgical site infections (SSIs)’ continue to be a 

prominent obstacle to surgical care among the most 

common illnesses linked to healthcare globally.[1] 

They represent almost one-fifth of the total number 

of infections associated with healthcare facilities and 

are associated with extended length of stay, increased 

surgical morbidity and mortality, impaired wound 

healing, and significant financial costs.[2,3] Despite 

the great progress made in surgery, sterilization, 

perioperative management and prophylaxis against 

microbes, SSIs continue to affect millions of patients 

each year, particularly in developing countries where 
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there are still problems with respect to infection 

control.[4,5] 

There are more cases of SSIs in developing countries 

than those of developed countries. Whereas in 

developed countries the rate of occurrence is 

normally between 2 and 5 percent, studies conducted 

in India have shown that the rate of occurrence is 

between 5 and 20 percent. The risk factors associated 

with patients differ depending on the kind of surgery 

and hospital infrastructure. The growing prevalence 

of SSI bacteria' tolerance to antibiotics has made 

matters more difficult. treatment outcomes and 

increased healthcare expenditure.[6,7] 

The ‘Centre’s for Disease Control and Prevention 

(CDC)’ categorise ‘SSIs’ into three groups: deep 

incisional SSI, which affects deeper soft tissues 

including muscle and fascia, superficial incisional 

surgical site infection (SSI), affects skin and 

subcutaneous tissues, and organ/space SSI, 

anatomical structure manipulated during surgery. 

This classification is important for determining 

disease severity, therapeutic approach, and 

prognosis.[5,8] 

The pathogenesis of SSI involves microbial 

contamination of the surgical wound during or after 

surgery. Infection develops when the microbial 

burden exceeds host defense mechanisms.[9] Several 

factors influence this process, including the virulence 

of microorganisms, duration of surgery, wound 

contamination, immunological status of the patient, 

diabetes mellitus, malnutrition, obesity, prolonged 

hospitalization, and inappropriate antibiotic use.[5,10] 

Common causative organisms comprise 

Acinetobacter species, Pseudomonas aeruginosa, 

Staphylococcus aureus, Escherichia coli, Klebsiella 

spp., Enterococcus spp. Many of these organisms 

have developed multidrug resistance, significantly 

limiting therapeutic options.[11,12] 

A major diagnostic and therapeutic challenge is the 

growing prevalence of fungus and bacteria that are 

resistant to drugs (MDR). Empirical antibiotic 

therapy is often initiated before microbiological 

confirmation, which may contribute to inappropriate 

antimicrobial use and further selection of resistant 

strains.[13] For efficient clinical therapy, it is 

consequently crucial to continuously monitor local 

bacterial profiles and antimicrobial susceptibility 

trends.[14] 

Although several studies have suggested that SSI 

rates and bacterial isolates, the prevalence rate of 

multidrug-resistant bacteria and fungi causing SSIs 

remain limited in many healthcare settings.15 

Periodic surveillance is crucial to understand 

evolving resistance trends and guide evidence-based 

antimicrobial policies. Therefore, goal of the current 

investigation was to separate and identify causative 

organisms of surgical site infections, their 

antimicrobial susceptibility patterns, and multidrug-

resistant organisms, thereby contributing to improved 

patient management, infection control practices and 

antimicrobial stewardship. 

 

MATERIALS AND METHODS 
 

The Department of Microbiology at Teerthanker 

Mahaveer Medical College and Research Centre 

(TMMC&RC), Moradabad, a tertiary care teaching 

hospital that serves both urban and rural populations 

in Western Uttar Pradesh, was the hospital-based 

observational cross-sectional study. The research was 

carried out for a duration of eighteen months, starting 

from April 2024 up to October 2025, after obtaining 

permissions from the College Research Committee 

and the Institutional Ethics Committee. 

Patients of all ages that had undergone surgery and 

had shown clinical signs of SSI that is pain, redness, 

swelling, purulent drainage, or delayed wound 

healing were recruited after obtaining their written 

informed consent. Patients that had sustained trauma 

wounds, puncture wounds locally or had been 

transferred from another institution and were already 

diagnosed with SSI were excluded. 

Data on clinical and microbiology were sourced from 

surgical wards and the laboratory files. The specimen 

collection was carried out aseptically through the use 

of sterile cotton swabs or aspiration of pus from 

infected surgical wounds. From each patient, two 

specimens were collected, whereby one would be 

used for direct microscopic examination while the 

other for culture and the test for antimicrobial 

susceptibility. The sample processing was done 

following the normal microbiological practices and 

taken to the microbiology laboratory immediately. 

The conventional microbiological procedures were 

applied in identification of the bacteria and fungi. 

Disk diffusion by Kirby-Bauer method was applied 

in testing the antimicrobial susceptibility according to 

CLSI guidelines. 

All experiments adhered to the recognized standards 

of ethics in biomedical research on humans, and 

confidentiality of patients was preserved at all times. 

Sample Size Estimation 

The number of samples was calculated by means of 

the formula n = Z² x P(100 – P)/E², where Z = 1.96 

for 95% confidence level, P = 38% (anticipated 

prevalence), and E = 7% (allowable error). Thus, n = 

(1.96)² × 38 × (100 − 38) / (7)² = 183.9 ≈ 184. 

Therefore, the minimum sample size required for the 

study was 184 patients. 

Statistical Analysis 

SPSS software version 26.0 was used for data 

analysis after data collection in Microsoft Excel. 

Frequencies and percentages were employed to 

analyze qualitative data such as sex, the species of 

isolated microorganism, pattern of antimicrobial 

susceptibility and multidrug resistance. Mean± 

standard deviation (SD) was used to analyze 

quantitative data like age and duration of hospital 

stay. Differences among continuous variables were 

determined using the students t-test, while 

differences between the categorical variables were 

analyzed using Chi-Square test or Fisher’s Exact 
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Test. The level of significance used was p-value < 

0.05. 

 

RESULTS 

 

The subjects involved in the study were 161 patients 

with surgical site infection. Clinical and demographic 

features in this study population are shown in Table 1 

and Figure 1. The participants age were in between 

18 to 76 years, with an average age of 40.9 ± 14.1 

years, a median age of 40 years. Gender distribution 

was made up of 54.0% male and 46.0% female. The 

departments were recruited mostly from General 

Surgery (52.8%), Orthopedics (28.0%), Gynecology 

(16.1%), and ENT (3.1%). 

 

Table 1: Baseline Demographic and Clinical Characteristics of Patients with Surgical Site Infections (N = 161) 

Characteristic Value 

Age (years) 

Mean ± SD 40.9 ± 14.1 

Median (Range) 40 (14–76) 

Sex, n (%) 

Male 87 (54.0) 

Female 74 (46.0) 

Hospital Department, n (%) 

General Surgery 85 (52.8) 

Orthopedics 45 (28.0) 

Gynecology 26 (16.1) 

ENT 5 (3.1) 

Type of Microbial Isolate, n (%) 

Gram-negative bacteria 96 (59.6) 

Gram-positive bacteria 60 (37.3) 

Fungal isolates 5 (3.1) 

Clinical Specimen, n (%) 

Pus 161 (100.0) 

 

Figure 1: Microbial Categories Among SSI Isolates 

Table 2 depicts the number of microbial isolates 

obtained from various hospital departments. General 

Surgery was found to have the highest number of 

isolates accounting for 64.0%, while Orthopedics had 

28.0%, Gynecology 16.1% and ENT 3.1%. General 

Surgery and Orthopedics wards mostly gram 

negative bacilli were isolated, while Gram-positive 

bacteria were isolated from all wards. Fungal isolates 

were rare and isolated from General Surgery. 

 

Table 2: Distribution of Microbial Isolates According to Hospital Department 

Department Gram-negative n (%) Gram-positive n (%) Fungal n (%) Total n (%) 

General Surgery 74 (46.0) 25 (15.5) 4 (2.5) 103 (64.0) 

Orthopedics 24 (14.9) 20 (12.4) 1 (0.6) 45 (28.0) 

Gynecology 13 (8.1) 13 (8.1) 0 26 (16.1) 

ENT 3 (1.9) 2 (1.2) 0 5 (3.1) 

Total 96 (59.6) 60 (37.3) 5 (3.1) 161 (100) 

Surgical site infection microorganism profile is 

outlined in Table 3 and Figure 2. The most frequent 

causative organism was methicillin-resistant 

Staphylococcus aureus (MRSA), which comprised 

29.2% of all isolated organisms, Escherichia coli 

comprising 24.2% and Klebsiella pneumoniae, 

comprising 16.1%. Other important pathogens that 

have been identified include Pseudomonas 

aeruginosa (8.1%), Acinetobacter baumannii (5.6%) 

and Enterococcus spp. (5.0%). Fungi have been 

rarely found to be associated with the causation of 

surgical site infections, where only Candida tropicalis 

and Candida albicans were identified comprising 

3.1% of all organisms.

 

Table 3: Microbiological Profile of Organisms Isolated from Surgical Site Infections 

Organism n % 

Methicillin-resistant Staphylococcus aureus (MRSA) 47 29.2 

Escherichia coli 39 24.2 

Klebsiella pneumoniae 26 16.1 

Pseudomonas aeruginosa 13 8.1 

Acinetobacter baumannii 9 5.6 

Enterococcus spp. 8 5 

Proteus mirabilis 6 3.7 
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Staphylococcus aureus (MSSA) 3 1.9 

Candida tropicalis 3 1.9 

Candida albicans 2 1.2 

Other isolates (S. marcescens Streptococcus species 3 3.1 

Enterobacter species 
Group A Streptococcus  

Enterobacter cloacae) 

  

Total 161 100 

 

Figure 2: Distribution of Microorganisms in SSI 

Table 4 and Figure 3 below illustrate the 

antimicrobial susceptibility profiles of regularly used 

antibiotics. There is considerable resistance to 

Ampicillin (89.7%), Ciprofloxacin (88.1%) and 

Cefotaxime (83.3%). Moreover, there is significant 

resistance to Ceftazidime, Gentamicin and 

Amoxicillin-Clavulanate, whereby these drugs are 

ineffective against more than two-thirds of the 

isolates. On the other hand, carbapenems demonstrate 

relatively higher susceptibility rates compared to 

other antibiotics. Susceptibility rates of Imipenem 

and Meropenem are 49.5% and 51.6%.

 

Table 4: Antimicrobial Susceptibility Pattern of Commonly Used Antibiotics 

Antibiotic Resistant n (%) Intermediate n (%) Sensitive n (%) 

Ampicillin 70 (89.7) 1 (1.3) 7 (9.0) 

Ciprofloxacin 133 (88.1) 3 (2.0) 15 (9.9) 

Cefotaxime 70 (83.3) 3 (3.6) 11 (13.1) 

Ceftazidime 57 (69.5) 4 (4.9) 21 (25.6) 

Gentamicin 90 (65.2) 10 (7.2) 38 (27.5) 

Amoxicillin-Clavulanate 43 (65.2) 3 (4.5) 20 (30.3) 

Imipenem 36 (39.6) 10 (11.0) 45 (49.5) 

Meropenem 34 (36.6) 11 (11.8) 48 (51.6) 

 

 
Figure 3: Resistance Pattern of Commonly Used 

Antimicrobial Agents 

 

The susceptibility profile of reserve antimicrobial 

and antifungal agents is shown in Table 5. 

Tigecycline exhibited the highest antibacterial 

activity, with 97.7% of isolates remaining 

susceptible. Similarly, Linezolid (96.7%), 

Teicoplanin (96.2%), and Vancomycin (93.2%) 

demonstrated excellent effectiveness against Gram-

positive pathogens. All fungal isolates were 

susceptible to Amphotericin-B and Fluconazole. 

These findings suggest that reserve antimicrobial 

agents continue to retain substantial activity against 

resistant microorganisms causing surgical site 

infections.

Table 5: Susceptibility Pattern of Reserve Antimicrobial and Antifungal Agents 

Agent Tested (n) Sensitive n (%) Resistant n (%) 

Tigecycline 43 42 (97.7) 1 (2.3) 

Vancomycin 59 55 (93.2) 4 (6.8) 

Linezolid 60 58 (96.7) 2 (3.3) 

Teicoplanin 26 25 (96.2) 1 (3.8) 

Amphotericin-B 5 5 (100) 0 

Fluconazole 5 5 (100) 0 

 

In Table 6, The relationship between organism type 

and antimicrobial susceptibility is shown. Difference 

in the susceptibility pattern was significantly 

observed in the case of Ampicillin (χ² 

= 23.7, p < 0.001), Cefotaxime (χ² = 27.9, p < 0.001), 

Ciprofloxacin (χ² = 7.46, p = 0.024), and 

Chloramphenicol (χ² = 120.0, p < 0.001) between 

Gram-negative and Gram-positive bacteria. 

However, no significant difference in susceptibility 

pattern was found in the case of Ceftazidime and 

Gentamicin between the two organism types.
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Table 6: Association between Organism Type and Antimicrobial Susceptibility Pattern 

Antibiotic χ² Value p-value 

Ampicillin 23.7 <0.001 

Ceftazidime 2.94 0.23 

Cefotaxime 27.9 <0.001 

Ciprofloxacin 7.46 0.024 

Gentamicin 0.535 0.765 

Cholramphenicol 120 <0.001 

 

DISCUSSION 

 

This current study was conducted to investigate the 

microbial spectrum and antibiotic susceptibility of 

microorganisms associated with SSIs. In this study, 

161 SSIs were subjected to laboratory investigation. 

The majority of the isolates (59.6%) were Gram-

negative bacteria, followed by Gram-positive 

bacteria (37.3%) and fungi (3.1%). There have been 

reports of a similar prevalence of Gram-negative 

microorganisms by Alhumaid S et al,[16] who 

observed that 56.3% of isolates were Gram-negative, 

while Dahal K et al,[17] and Dessie et al. reported 

Gram-negative prevalence rates of 78% and 73.1%, 

respectively. These findings suggest a growing 

dominance of Gram-negative organisms in SSI 

epidemiology, likely driven by selective antibiotic 

pressure and prolonged hospital exposure. 

In terms of the group of isolated pathogens, the 

methicillin-resistant Staphylococcus aureus (MRSA) 

was noted to be the most frequently detected 

organism (29.2%), while Escherichia coli and 

Klebsiella pneumoniae accounted for 24.2% and 

16.1%, respectively. Similar findings have been 

recorded by Negi et al,[18] where Staphylococcus 

aureus has been found to be the major cause of SSIs 

and accounted for 50.4% of isolates. In the same way, 

Saadatian-Elahi et al,[19] showed Staphylococcus 

aureus to be the leading organism causing SSIs, while 

Alelign et al,[20] indicated that 76% of orthopedic 

SSIs were due to S. aureus, which were significantly 

resistant to methicillin. However, Misha et al,[21] 

recorded E. coli as the major isolated pathogen. 

The antimicrobial sensitivity profile of the present 

study showed significantly higher resistance levels 

against commonly used antibiotics. The antibiotic 

resistance levels were 89.7% for Ampicillin, 88.1% 

for Ciprofloxacin, and 83.3% for Cefotaxime. Similar 

findings have been found by Nobel et al,[22] High 

resistance to amoxicillin, cephalosporins, and other 

commonly prescribed antibiotics was found in 

wound-related bacteria. Hope et al. also found 

resistance to ampicillin and gentamicin. whereas 

Dessie et al,[23] observed marked resistance to 

ampicillin, amoxicillin, and tetracycline. Pop-Vicas 

et al,[24] Moreover, there is evidence to show that 

multidrug resistance is prevalent among the Gram-

negative bacilli associated with SSIs. Based on these 

results, there are indications of an increasing 

inefficiency of the frontline antimicrobials. 

In the present study, carbapenems were found to have 

better performance, with Imipenem having a 

susceptibility of 49.5%, and Meropenem having a 

susceptibility of 51.6% by Zhanel et al,[25] who 

reported good activity of Imipenem and Meropenem 

against Gram-negative isolates. Negi et al,[26] 

Similarly, Meropenem is considered to be one of the 

most efficient drugs against resistant Gram-negative 

bacteria. The results confirm the continued 

importance of carbapenems in treating serious 

surgical site infections (SSIs), despite the problem of 

developing drug resistance. 

A positive outcome from this study includes the great 

effectiveness demonstrated by the reserve 

antimicrobials. Tigecycline, Linezolid, Teicoplanin, 

and Vancomycin were found to be susceptible at 

greater than 93%. Same results were seen by Zhanel 

et al,[25] and Negi et al,[26] Vancomycin and Linezolid 

have shown nearly universal sensitivity for Gram-

positive strains. The continued efficacy of both these 

drugs highlights their importance as valuable 

treatment options for SSI pathogens that have 

become resistant. 

Fungal pathogens represented 3.1% of total isolated 

pathogens in the present study, where isolation of 

Candida tropicalis and Candida albicans was seen. 

All fungi were found susceptible to Amphotericin B 

and Fluconazole. The same results have been 

obtained by Shirani K et al,[27] who classified 

Candida spp. as important opportunistic pathogens 

causing infection at the surgical site and highlighted 

the importance of monitoring fungi in high-risk 

patients. 

The significant amount of resistance to antibiotics 

highlighted in this study is in keeping with the 

worldwide phenomenon of increasing resistance to 

SSI organisms. Similar worries have been expressed 

by Salam m et al,[28] who reported multidrug 

resistance in 64.6% of SSI isolates, and by Manyahi 

et al,[29] who found that nearly two-thirds of SSI 

pathogens were multidrug resistant. Likewise, Nobel 

et al,[22] Multidrug resistance (MDR) levels greater 

than 80% have been reported for several wound 

infections. The problem of development of resistant 

bacteria not only makes the selection of treatment 

options difficult but is also responsible for delayed 

discharge, worse clinical results, and higher cost of 

healthcare delivery. In view of increasing cases of 

antimicrobial resistance in post-surgical patients, 

these observations highlight the need for regular 

surveillance of microbiology, prepare antibiogram, 

infection control, and antibiotic stewardship 

programme. 
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CONCLUSION 

 

The current study showed that Gram-negative 

organisms were the prominent cause of surgical site 

infections, but methicillin-resistant Staphylococcus 

aureus (MRSA) was the leading cause among the 

single microorganisms. Resistance to many 

antibiotics commonly used in the treatment of 

surgical infections was observed. There was 

resistance to such commonly prescribed antibiotics as 

ampicillin, ciprofloxacin, and cefotaxime, 

highlighting the increased risk of antibiotic 

resistance. However, last-resort antibiotics 

tigecycline, linezolid, vancomycin, and teicoplanin 

had high activity against the vast majority of bacterial 

strains. These findings emphasize for routine 

microbiological monitoring, drug susceptibility 

testing and microbiologically directed therapy in the 

treatment of infections of surgical sites. 

Limitations 

There is limited generalizability of the results of this 

study since it took place in one tertiary care center 

only. The period for which the study took place may 

be insufficient to understand any trend regarding 

pathogen transfer and there is a small number of 

patients as well as a lack of information on the 

antimicrobial resistance. In addition, there is no 

analysis of the resistance mechanisms and the 

multidrug-resistance of the isolates. Therefore, 

further studies need to be conducted using molecular 

diagnosis to understand surgical site infections’ 

antibiotic resistance pattern. 

 

REFERENCES 
 
1. Rezaei AR, Zienkiewicz D, Rezaei AR. Surgical site 

infections: a comprehensive review. Journal of trauma and 

injury. 2025 Jun;38(2):71–81. doi:10.20408/jti.2025.0019 
PubMed PMID: 40571954. 

2. World Health Organization. Global guidelines for the 

prevention of surgical site infection. Geneva: World Health 
Organization; 2016. Available from: WHO IRIS Repository. 

3. Dadi NCT, Radochová B, Vargová J, Bujdáková H. Impact 

of Healthcare-Associated Infections Connected to Medical 
Devices—An Update. Microorganisms. 2021 Nov 

11;9(11):2332. doi:10.3390/microorganisms9112332 

4. Maraş G, Sürme Y. Surgical Site Infections: Prevalence, 
Economic Burden, and New Preventive Recommendations. 

Explor Res Hypothesis Med. 2023 Dec 25;000(000):366–71. 

doi:10.14218/ERHM.2023.00010 
5. Rezaei AR, Zienkiewicz D, Rezaei AR. Surgical site 

infections: a comprehensive review. Journal of Trauma and 

Injury. 2025 Jun 30;38(2):71–81. 
doi:10.20408/jti.2025.0019 

6. Niyomugabo A, Mukeshimana M, Collins A, Felix 

Bongomin, Geldine Chironda. Prevalence and Risk Factors 
for Surgical Site Infections among Patients in Referral 

Hospitals in Rwanda. Rwanda Journal of Medicine and 

Health Sciences. 2024 Aug 22;7(2):260–72. 
doi:10.4314/rjmhs.v7i2.14 

7. Mohan N, Gnanasekar D, TK S, Ignatious A. Prevalence and 

Risk Factors of Surgical Site Infections in a Teaching 
Medical College in the Trichy District of India. Cureus. 2023 

May 25. doi:10.7759/cureus.39465 

8. Shailabh S, Khan IA, Zade A, Sapkale B. Surgical site 
infections: A narrative review of risk factors, prevention, and 

emerging innovations. J Lab Physicians. 2025 Dec 23;0:1. 
doi:10.25259/JLP_219_2025 

9. Chen H, Han QF, Wu F. Distribution of pathogenic bacteria 

and analysis of risk factors for surgical site infections after 

hepatobiliary surgery. BMC Infect Dis. 2026 Jan 

8;26(1):276. doi:10.1186/s12879-025-12360-w 

10. Gouda NS. Surgical Site Infection. Journal of Pioneering 
Medical Sciences. 2025 Mar 31;14(3):21–33. 

doi:10.47310/jpms2025140303 

11. Tobin EH, Zahra F. Nosocomial Infections. [Updated 2025 
Aug 2]. In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2026 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK559312/. 
12. Prajescu B, Gavriliu L, Iesanu MI, Ioan A, Boboc AA, Boboc 

C, et al. Bacterial Species and Antibiotic Resistance—A 

Retrospective Analysis of Bacterial Cultures in a Pediatric 
Hospital. Antibiotics. 2023 May 26;12(6):966. 

doi:10.3390/antibiotics12060966 

13. Bassetti M, Kanj SS, Kiratisin P, Rodrigues C, Van Duin D, 
Villegas MV, et al. Early appropriate diagnostics and 

treatment of MDR Gram-negative infections. JAC 

Antimicrob Resist. 2022 Sep 5;4(5). 
doi:10.1093/jacamr/dlac089 

14. Gajic I, Kabic J, Kekic D, Jovicevic M, Milenkovic M, Mitic 

Culafic D, et al. Antimicrobial Susceptibility Testing: A 
Comprehensive Review of Currently Used Methods. 

Antibiotics. 2022 Mar 23;11(4):427. 

doi:10.3390/antibiotics11040427 
15. Kawtharani I, Ghssein G, Mcheimeche H, Hassan M, 

Salameh P, Sadier N. Prevalence and antibiotic susceptibility 

patterns of bacteria causing surgical site infections in a 
tertiary care centers in Lebanon. PLOS Global Public Health. 

2026 Jan 7;6(1):e0005783. 

doi:10.1371/journal.pgph.0005783 
16. Alhumaid S, Al Mutair A, Al Alawi Z, Alzahrani AJ, 

Tobaiqy M, Alresasi AM, et al. Antimicrobial susceptibility 

of gram-positive and gram-negative bacteria: a 5-year 
retrospective analysis at a multi-hospital healthcare system 

in Saudi Arabia. Ann Clin Microbiol Antimicrob. 2021 Jun 

12;20(1):43. doi:10.1186/s12941-021-00450-x PubMed 
PMID: 34118930. 

17. Dahal K, Rawal L, Shah S, Pokharel S, Dahal M, Shrestha S, 

et al. Pattern of antibiotic resistance in surgical site infections 
in a tertiary care hospital of Nepal. International Journal of 

Surgery: Global Health. 2024 Mar;7(2). 

doi:10.1097/GH9.0000000000000403 
18. Negi V. Bacteriological Profile of Surgical Site Infections 

and Their Antibiogram: A Study From Resource Constrained 

Rural Setting of Uttarakhand State, India. JOURNAL OF 
CLINICAL AND DIAGNOSTIC RESEARCH. 2015. 

doi:10.7860/JCDR/2015/15342.6698 

19. Saadatian-Elahi M, Teyssou R, Vanhems P. Staphylococcus 
aureus, the major pathogen in orthopaedic and cardiac 

surgical site infections: A literature review. International 
Journal of Surgery. 2008;6(3):238–45. 

doi:10.1016/j.ijsu.2007.05.001 

20. Alelign D, Tefera T, Tadesse D, Tessema M, Seid M, Kuwa 
Y, et al. Bacteriological Profiles, Antimicrobial 

Susceptibility Patterns, and Associated Factors in Patients 

Undergoing Orthopedic Surgery with Suspicion of Surgical 
Site Infection at Arba Minch General Hospital in Southern 

Ethiopia. Infect Drug Resist. 2022 May;Volume 15:2427–

43. doi:10.2147/IDR.S367510 
21. Misha G, Chelkeba L, Melaku T. Bacterial profile and 

antimicrobial susceptibility patterns of isolates among 

patients diagnosed with surgical site infection at a tertiary 
teaching hospital in Ethiopia: a prospective cohort study. 

Ann Clin Microbiol Antimicrob. 2021 May 10;20(1):33. 

doi:10.1186/s12941-021-00440-z 
22. Nobel FA, Islam S, Babu G, Akter S, Jebin RA, Sarker TC, 

et al. Isolation of multidrug resistance bacteria from the 

patients with wound infection and their antibiotics 
susceptibility patterns: A cross-sectional study. Annals of 

Medicine & Surgery. 2022 Dec;84. 

doi:10.1016/j.amsu.2022.104895 
23. Dessie W, Mulugeta G, Fentaw S, Mihret A, Hassen M, 

Abebe E. Pattern of Bacterial Pathogens and Their 

Susceptibility Isolated from Surgical Site Infections at 
Selected Referral Hospitals, Addis Ababa, Ethiopia. Int J 



883 

 International Journal of Medicine and Public Health, Vol 16, Issue 4, October-December 2026 (www.ijmedph.org) 

 

Microbiol. 2016;2016:2418902. doi:10.1155/2016/2418902 

PubMed PMID: 27446213. 

24. Pop-Vicas A, Opal SM. The clinical impact of multidrug-

resistant gram-negative bacilli in the management of septic 

shock. Virulence. 2014 Jan 27;5(1):206–12. 
doi:10.4161/viru.26210 

25. Zhanel GG, Simor AE, Vercaigne L, Mandell L, the 

Canadian Carbapenem Discussion Group. Imipenem and 
Meropenem: Comparison of In Vitro Activity, 

Pharmacokinetics, Clinical Trials and Adverse Effects. 

Canadian Journal of Infectious Diseases and Medical 
Microbiology. 1998 Jan 11;9(4):215–28. 

doi:10.1155/1998/831425 

26. Negi A, Anand M, Singh A, Kumar A, Prasad K. Assessment 
of doripenem, meropenem, and imipenem against respiratory 

isolates of Pseudomonas aeroginosa in a tertiary care hospital 

of north India. Indian Journal of Critical Care Medicine. 2017 

Oct;21(10):703–6. doi:10.4103/ijccm.IJCCM_341_17 

27. Shirani K, Seifi A, Assadi A, Mortazavi A, SeyedAlinaghi S. 

A review on fungal surgical site infections: epidemiology, 
risk factors, main fungal agents, and prevention. Iran J 

Microbiol. 2025 Jul 26. doi:10.18502/ijm.v17i4.19225 

28. Salam MdA, Al-Amin MdY, Salam MT, Pawar JS, Akhter 
N, Rabaan AA, et al. Antimicrobial Resistance: A Growing 

Serious Threat for Global Public Health. Healthcare. 2023 

Jul 5;11(13):1946. doi:10.3390/healthcare11131946 
29. Manyahi J, Kibwana U, Mgimba E, Majigo M. Multi-drug 

resistant bacteria predict mortality in bloodstream infection 

in a tertiary setting in Tanzania. PLoS One. 2020 Mar 
4;15(3):e0220424. doi:10.1371/journal.pone.0220424. 

 


