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ABSTRACT 

Unrestrained anti-microbial resistance (AMR) among bacterial pathogens has made the management and treatment of 
post-operative wound infections difficult. This study assessed the current AMR patterns of bacterial isolates in 
post-operative wound infections in a tertiary care hospital in Kathmandu, Nepal. Pus swabs collected from post- 
operative wound infections and submitted for culture and sensitivity were included in this study. Isolation and 
identification of the organism was done by standard microbiological methods. Antibiotic susceptibility test was 
performed by Kirby Bauer disc diffusion method and result was interpreted as per National Committee for Clinical 
Laboratory Standards (NCCLS) guide lines. Of the 120 pus swabs processed for culture, 96 showed bacterial growth. 
Staphylococcus aureus 36 (37.5%) was the predominant gram positive isolate and Escherichia coli 24 (25%) was the 
major gram negative isolate. The infection was most prevalent in the age group 21 - 40 years. All S. aureus isolates 
were sensitive to aminoglycosides and vancomycin. Out of 36 S. aureus, 15 (41.66%) isolates were methicillin resistant 
S. aureus (MRSA). Staphylococcus epidermidis showed high resistance (50% - 100%) to all antibiotics but were 
sensitive to vancomycin. All gram negative isolates showed high resistance against cephalexin (75% - 100%) and 
ceftriaxone (25% - 100%). Overall multi-drug resistant isolates were 66.7%. A high level of AMR was observed in 
gram negative bacterial isolates. Rational use of antibiotics and a regular monitoring of AMR patterns in post-operative 
wound infections are essential and mandatory to avert further emergence and spread of anti-microbial resistance among 
bacterial pathogens. 
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1. Introduction 

Unrestrained and rapidly spreading anti-microbial re- 
sistance among bacterial populations has made the man- 
agement and treatment of post-operative wound infec- 
tions a serious challenge in clinical and surgical practice. 
Patients with post-operative wound infections face addi- 
tional exposure to microbial populations circulating in a 
hospital set up as the hospital environment is always 
charged with microbial pathogens. Most post-operative 
wound infections are hospital acquired, and vary from 
one hospital to the other and are associated with compli-
cations, increased morbidity and mortality [1,2]. The 
emergence of bacterial AMR has made the choice of em- 
pirical therapy more difficult and expensive [3]. Wound 

infections by resistant bacteria have further deteriorated 
the condition in this regard [4]. Rapid spread of resistant 
microbes affected the effectiveness of antimicrobials and 
created world-wide problem [5]. The condition is seri- 
ous in developing countries owing to irrational prescrip- 
tions of antimicrobial agents [6]. These surgical site in- 
fections (SSIs) rates varied from 2.5% to 41.9% [7]. 
Several reports have illustrated the etiologic agents invo- 
lved in SSIs and their AMR patterns in India [7,8], Paki- 
stan [9], Italy [10], Nigeria [3,11] and Uganda [12]. Re- 
ports investigating antimicrobial resistance among bacte- 
rial pathogens involved in post-operative wound infec- 
tions are limited in Nepal [13,14]. 

As the AMR patterns of the bacterial isolates keep 
changing and evolving with time and place, this study 
was conducted to assess the current status of bacterial *Corresponding author. 
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pathogens involved in post-operative wound infections 
and their AMR patterns in a centrally located tertiary 
care hospital in Kathmandu, Nepal. 

2. Materials and Methods 

2.1. Setting 

This prospective study was conducted at the Department 
of Microbiology Kathmandu Medical College Teaching 
Hospital in Kathmandu, Nepal. Patients were enrolled 
after obtaining informed consent from them or their 
attendants. 

2.2. Specimens 

The pus swabs were obtained from patients admitted in 
the post-operative ward of the hospital, after undergoing 
surgery from January 2012 to September 2012. The pus 
swab samples were obtained before cleaning of the 
wounds and were processed for isolation and identifica- 
tion of bacterial pathogens according to the standard 
microbiological techniques. Two pus swabs were col- 
lected aseptically with a sterile cotton swab from each 
patient (n = 120) clinically suspected of infected wounds. 

2.3. Identification of Bacterial Isolates 

Gram stained preparations were made from one swab 
collected and the other swabs were used for the isolation 
of the organism and inoculated on blood agar, Mac- 
Conkey agar and mannitol salt agar. Culture plates were 
incubated aerobically at 37˚C for 24 to 48 hours. Growth 
on culture plates were identified by colony characteristics 
and further identified by gram staining and standard 
biochemical tests [15]. 

2.4. Antimicrobial Susceptibility Testing 

The antimicrobial susceptibility testing was done on 
Mueller Hinton agar by the Kirby Bauer disc diffusion 
method [16] and results were interpreted as per NCCLS 
guide line [17]. S. aureus (ATCC 25923), E. coli (ATCC 
25922) and P. aeruginosa (ATCC 27853) were used for 
the quality control, monitoring the performance and to 
ensure accuracy and reproducibility of all the tests car- 
ried out. Antibiotics used were: amikacin (30 μg), gen- 
tamicin (10 μg), cotrimoxazole (23.75/1.25 μg), piper- 
acillin (100 μg), vancomycin (30 μg), norfloxacin (10 
μg), ofloxacin (5 μg), Ceftriaxone (30 μg), cephalexin 
(30 μg), ciprofloxacin (30 μg) and oxacillin (1 μg). S. 
aureus isolates resistant to oxacillin (1 μg) were identi- 
fied as MRSA and those susceptible as methicillin sensi- 
tive S. aureus (MSSA). Data analysis was carried out 
using SPSS10. 

3. Results 

Pus swabs from 120 post-operative wound infections 

were analyzed in this study and processed for culture. 
Bacterial isolates were obtained from 96 pus swabs. The 
predominant isolates were gram positive bacteria 40 
(41.67%). The most frequently isolated organisms were S. 
aureus 36 (37.5%) followed by E. coli 24 (25%), 
Klebsiella pneumoniae 10 (10.4%) and Citrobacter spp. 
9 (9.38%) (Table 1). Among gram positive bacterial 
isolates S. aureus showed high level of drug resistance to 
piperacillin 15 (41.66%), oxacillin 15 (41.66%) and co- 
trimoxazole 12 (33.33%). Staphylococcus epidermidis 
showed a very high drug resistance level 75% - 100% to 
cotrimoxazole, amikacin, gentamicin, ciprofloxacin and 
oxacillin (Table 2). Of the gram negative isolates Kleb- 
siella pneumoniae, Acinetobacter spp. and E. coli 
showed resistance to most of the antibiotics. All Acine- 
tobacter spp. were found to be resistance to cephalexin 
and Proteus vulgaris were resistance to ceftriaxone, 
cephalexin and ciprofloxacin. Drug resistance pattern of 
gram negative isolates are summarized in (Table 3). 
Bacterial isolates that showed in-vitro resistance to more 
than one antimicrobial agent (or resistance to two or 
more classes of antibiotics) were considered to be multi 
drug resistance [18]. Overall, 64 (66.67%) of the bacte- 
rial isolates showed multi drug resistance in this study, 
while 26 (27.08%) of the isolates were resistance to one 
antibiotic and only 6 (6.25%) isolates were found to be 
sensitive to all the antibiotics tested as depicted in (Table 
4). 
 
Table 1. Prevalence of bacterial isolates in post-operative 
wound infections. 

Bacteria No. of isolates 
Percentage 

(%) of isolates

Staphylococcus aureus 36 37.50 

Escherichia coli 24 25.00 

Klebsiella pneumoniae 10 10.41 

Citrobacter species. 9 9.38 

Pseudomonas aeruginosa 6 6.25 

Staphylococcus epidermidis 4 4.17 

Acinetobacter species. 4 4.17 

Proteus vulgaris 3 3.13 

Total 96 100.00 

 
Table 2. Antibiotic resistance patterns of Gram positive 
organisms. 

Staphylococcus 
aureus n = 36 

Staphylococcus epidermidis
n = 4 Antibiotic 

Resistance (%) Resistance (%) 

Amikacin 0 3 (75) 

Gentamicin 0 3 (75) 

Ciprofloxacin 9 (25) 3 (75) 

Cotrimoxazole 12 (33.33) 4 (100) 

Piperacillin 15 (41.66) 2 (50) 

Oxacillin 15 (41.66) 3 (75) 

Vancomycin 0 0 
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Table 3. Antibiotic resistance patterns of Gram negative organisms. 

Escherichia 
coli 

n = 24 (%) 

Klebsiella 
pneumoniae 
n = 10 (%) 

Citrobacter 
spp. 

n = 9 (%) 

Pseudomonas 
aeruginosa  
n = 6 (%) 

Acinetobacter  
spp. 

n = 4 (%) 

Proteus  
vulgaris 

n = 3 Antibiotic 

Resistance (%) 

Amikacin 6 (25) 5 (50) 0 0 2 (50) 0 

Gentamicin 6 (25) 3 (30) 0 0 3 (75) 0 

Norfloxacin 6 (25) 3 (30) 6 (66.7) 0 1 (25) 0 

Ofloxacin 9 (37.5) 3 (30) 6 (66.7) 0 2 (50) 0 

Ceftriaxone 6 (25) 7 (70) 6 (66.7) 3 (50) 2 (50) 3 (100) 

Cephalexin 18 (75) 8 (80) 9 (100) 6 (100) 4 (100) 3 (100) 

Ciprofloxacin 6 (25) 3 (30) 3 (33.3) 3 (50) 3 (75) 3 (100) 

Cotrimoxazole 15 (37.5) 8 (80) 3 (33.3) 6 (100) 2 (50) 3 (100) 

 
Table 4. Distribution of multi-drug resistant bacterial isolates. 

Organisms S, n (%) R1, n (%) RM, n (%) 

S. aureus 3 (8.3) 18 (50) 15 (41.7) 

E. coli 3 (12.5) 3 (12.5) 18 (75) 

Klebsiella pneumonia 0 2 (20) 8 (80) 

Citrobacter species 0 3 (33.3) 6 (66.7) 

Pseudomonas aeruginosa 0 0 6 (100) 

Staphylococcus epidermidis 0 0 4 (100) 

Acinetobacter spp 0 0 4 (100) 

Proteus vulgaris 0 0 3 (100) 

Total 6 (6.25) 26 (27.08) 64 (66.67) 

Note: n = Number of bacterial isolates, S = Sensitive to all antibiotics tested, R1 = Resistance to one class of antibiotics, RM = Resistance to 2 or more classes of 
antibiotics (multi-drug resistant). 

 
4. Discussion 

Management and treatment of post-operative wound in- 
fections remain a significant concern for surgeons and 
physicians in a health care facility. The problem has been 
magnified due to the unrestrained and rapidly spreading 
resistance to the available array of antimicrobial agents, 
the only choice with us to treat the infections. In-patients 
face additional exposure to hospital acquired infections 
due to longer stays. Data on the AMR in bacterial popu- 
lations are very limited in Nepal especially involving 
post-operative wound infections. The selection of pa- 
tients was restricted to those admitted in the post-opera- 
tive surgical wards after undergoing various surgeries as 
the infection rates are highest in the surgical wards 
among the clinical departments. 56 (58.33%) were Gram 
negative isolates involved in causing post-operative 
wound infections. Similar observations have been re- 
ported from Nigeria [19,20]. This could be attributed to 
be acquired from patient’s normal endogenous microbial 
fecal flora [7,21]. The presence of enteric organisms 
probably resulted in subsequent sepsis [1,22]. E. coli 24 
(42.9%) was the commonest gram negative bacteria iso- 

lated. E. coli invasion of the wound is a clear case of 
poor hospital hygiene, just like other implicated organ- 
isms which are frequent agents of nosocomial infections 
[23]. S. aureus 36 (37.5%) was the single predominant 
gram positive bacterial isolate obtained. Several reports 
have cited S. aureus as the predominant isolate involved 
in causing SSIs [1,3,5,7]. 

Susceptibility outcome revealed that vancomycin was 
the most effective antibiotic against the gram positive 
bacteria. Aminoglycosides were effective against both 
gram positive and gram negative bacteria. A study con- 
ducted in Kenya [3] had reported that gentamicin were 
effective against most of the isolates of E. coli, Pseudo- 
monas aeruginosa and Proteus vulgaris. AMR was 
higher among gram negative isolates as compared to the 
gram positive bacteria. Similar results were reported ear- 
lier [11]. 64/96 (66.7%) of all bacterial isolates screened 
showed multi drug resistance (MDR), where as MDR 
rate was very high, 80.36% (45/54) among gram negative 
bacterial isolates tested. 

MDR among gram positive isolates was found to be 
19/40 = 47.5%. A study conducted in Nepal [14] in 2003 
reported that 47.2% of the bacterial isolates were mul- 
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tidrug resistant. This situation raises a serious concern. 
This suggests a very high resistance gene pool due per- 
haps to gross misuse, overuse and inappropriate use of 
the antibacterial agents [11]. The pattern is best under- 
stood in terms of selective pressure exerted on the organ- 
isms based on the current antibiotics use. Fluoro-qui- 
nolones and aminoglycosides are being more frequently 
prescribed in our settings. Hospitals provide an environ- 
ment conducive to the spread of resistant organisms 
among population [24]. Additionally, higher multidrug 
resistance frequencies in a hospitalized population with 
intense exposure to antibiotics had been reported [25]. 
Limitations of the study being that anaerobic bacteria 
profile and fungal cultures were not done on wound 
swabs obtained from post-operative wound infection. A 
continuous monitoring and update studies on the local 
microbial isolates are an essential and mandatory re- 
quirement for a better management and treatment of 
post-operative wound infections. This would be supple-
mented with proper infection prevention and control 
measures and a sound antibiotic policy. This would result 
in better patient care, safety and health care outcomes. 
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