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Abstract 
Multi drug resistance microorganism is considered to be one of the major health problems. The 
aim of this study was to determine antibiotic susceptibility pattern of bacterial pathogens of sur-
gical site infection. A total 250 samples were included, out of which 62.4% showed significant 
bacterial growth. Gram negative bacteria were 85.25% and gram positive bacteria were 14.75%; 
among them 65.38% of the total isolates were multi drug resistance (MDR). The age group be-
tween 31 - 40 found the highest number of isolates 22.4%. Among gram negative bacilli, the high-
est production of MDR was found in Acinetobacter spp. followed by Pseudomonas aeruginosa, 
Klebsiella pneumoniae and Escherichia coli. In gram positive cocci, the highest production of MDR 
was found in Staphylococcus aureus. Acinetobacter spp. was found highly susceptible to amikacin 
and gentamycin 20.1% followed by ofloxacin and ciprofloxacin 18.6% and 16.2% respectively. 
Staphylococcus aureus showed 100% sensitive to clindamycin whereas penicillin showed 100% 
resistance followed by amoxycillin (93.75%). Amikacine and clindamycin were drugs of choice for 
gram negative and gram positive bacteria respectively. This study showed that alarming increase 
of infections was caused by multi drug resistance bacterial organisms. It increases length of stay 
and may produce lasting sequelae and requires extra resources for investigations, management 
and nursing care. Surveillance of surgical site infection is a useful tool to demonstrate the magni-
tude of the problem and find out appropriate preventive methods.  
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1. Introduction 
Microorganisms are important causes of morbidity in surgical patients. All surgical wounds are contaminated by 
both pathogens and body commensals [1] [2] but the development of infection in the site depends on complex 
interplay of many factors [3]. These may be microbial virulence [4]. Operation-related risk factors of patient in-
cluding prolonged hospital stay before surgery, duration of the operation, tissue trauma, poor hemostasis, and 
foreign material in the wound, with these last greatly increasing the risk of serious infection despite a relatively 
small bacterial inoculum [5]. Meanwhile, the organisms that would invade the tissue depend on the location of 
the wound [6]. This is because of close correlations between microorganisms present in wounds in close prox-
imity to those sites [7]. Superficial incisions are mostly colonized by endogenous bacterial flora (commensals) 
or pathogens, of which Staphylococcus aureus is frequently observed [8]. The microbial pathogens are therefore 
brought to wound site by direct contact, self-contamination and airborne [9]. Whichever organism(s) is involved 
depends on the locations of wound, exposure of the patients and the hospital hygiene. Selective pressure favour-
ing resistant strains arises from misuse and over use of antibiotics [10]. MDR is one of the major threats due to 
widespread use of antimicrobial drugs in general population. It is a condition enabling a disease causing organ-
ism to resist distinct drugs or chemicals of a wide variety of structure and function targeted at eradicating the 
organism. 

The widespread uses of antibiotics, together with the length of time during which they have been available 
have led to major problems of resistant organisms contributing to morbidity and mortality [11]. Despite techno-
logical advances in surgery, wound infection has been regarded as the most common nosocomial infection, es-
pecially in patients undergoing surgery [12]. Multi-drug resistant (MDR) bacteria are resistant to two or more 
classes of antimicrobial agents. Over the past decade, gram-positive bacteria, such as MRSA and VRE have at-
tracted attention in the battle against MDR microorganisms. Paralleling the developments in gram-positive bac-
teria, infections caused by multi-drug resistant gram-negative bacilli (MDR-GNB) have become a growing 
problem. In recent years, bacterial resistance to different antibiotics has raised dramatically leaving physician 
with few therapeutic options. Methicillin resistant Staphylococcus aureus (MRSA), extended-spectrum-β-lac- 
tamases (ESBL) producing enterobacteria and vancomycin resistant enterococci (VRE) have become common 
hospital problems [13]. People infected with drug-resistant organisms are more likely to have longer and more 
expensive hospital stays, and may be more likely to die as a result of the infection. When the drug of choice for 
treating their infection doesn’t work, they require treatment with second- or third-choice drugs that may be less 
effective, more toxic, and more expensive. This means that patients with an antimicrobial-resistant infection 
may suffer more and pay more for treatment. Surveys of the prevalence and antibacterial susceptibility patterns 
of bacterial isolates are important for determining appropriate empirical therapy for infections in critically-ill pa-
tients. The present study was carried out to determine drug resistance trends among pathogen of surgical site in-
fection. 

2. Materials and Methods 
2.1. Setting 
A prospective study was conducted at B and B Hospital, Gwarko, Lalitpur during July 2012 to December 2012. 
In this study 250 samples from surgical sites infection were collected from the patients visiting B and B Hospital 
for culture and antibiotic susceptibility testing, and were processed according to the standard laboratory methods. 
The research objective and methods were explained to the patients and informed consent was taken from each 
participant before collection of specimen. 

2.2. Specimens 
Purulent material and wound swab were collected and sent to the microbiology section of Pathology Department, 
B and B Hospital. Strict aseptic condition was maintained during collection and processing of the samples to 
maintain quality control. Two swabs were collected. 

2.3. Isolation and Identification of Bacterial Organisms 
Purulent material and wound swab specimens were inoculated directly or with the help of sterile inoculating 
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loop onto MacConkey agar and blood agar medium by continuous streaking method and incubated at 37˚C for 
24 hours in aerobic condition. The identification of bacterial isolates, found significant growth was done by 
standard microbiological techniques as described in Bergey’s Manual [14] of systemic bacteriology which com-
prises of studying the colony characters, staining reactions and biochemical tests. The sterility of each batch of 
test medium was confirmed by incubating one un-inoculated tube and plate along with inoculated ones as qual-
ity control. The quality of media were assured by testing each batch of medium using control strains of bacteria 
known to give positive and negative reactions. 

2.4. Antibiotic Susceptibility Test 
Antibiotic susceptibility of the isolates was determined by Kirby Bauer disc diffusion method, according to 
CLSI recommendations [15]. Antibiotic discs (Hi Media) was used for gram positive isolates were ciprofloxacin 
(5 mcg), amoxicillin (20 mcg), erythromycin (15 mcg), clindamycin (2 mcg), gentamycin (10 mcg), cloxacillin 
(1 mcg), and penicillin (10 units), For gram negative isolates ciprofloxacin (5 mcg), ofloxacin (5 mcg), ceftri-
axone (30 mcg), gentamycin (10 mcg), chloramphenicol (30 mcg), amikacin (30 mcg), were tested. The zones of 
inhibition were measured and the organisms identified as sensitive or resistant based on standard criteria. Con-
trol strains were used for checking the quality of discs and reagents. The results are expressed in percentage. 
Data was analysed by EPI-Info and presented by chart and diagrams. 

3. Results 
Total 250 clinical samples were included in this study out of that 156 (62.4%) were bacterial culture positive 
(Table 1). Nine different bacterial species were isolated; among them 133 were gram negative and 23 were 
gram positive. Multi drug resistance (MDR) was found to be 65.38%. Acinetobacter spp. was the most pre-
dominant isolates (32.33%) followed by Pseudomonas aeruginosa (21.80%), Klebsiella pneumoniae (17.29%), 
Escherichia coli (16.55%), and Enterobacter spp. (9.78%), whereas Staphylococcus aureus (69.57%), and 
CoNS (13.05%) were the major gram positive isolates (Table 2). The age group 31 - 40 years had the maximum  
 
Table 1. Growth profile of surgical samples. 

S.N Growth No. of samples % 

1. Culture positive 156 62.4 

2. No growth 94 37.6 

 Total 250 100 

 
Table 2. Distribution of bacterial organisms in different pathological specimens. 

Pathogens Number Percentage MDR Number Percentage 

Gram negative 133 85.25 89 57.0 

Acinetobacter spp. 43 32.33 36 23.0 

Pseudomonas aeruginosa 29 21.80 16 10.25 

Klebsiella pneumoniae 23 17.29 16 10.25 

Escherichia coli 22 16.55 12 7.6 

Enterobacter spp. 13 9.78 8 5.1 

Proteus mirabilis 3 2.25 1 0.64 

Gram positive 23 14.75 13 8.3 

Staphylococcus aureus 16 69.57 11 7.05 

Coagulase negative staphylococci (CoNS) 3 13.05 1 0.64 

Enterococcus spp. 2 8.69 1 0.64 

Streptococcus spp. 2 8.69 0 00 

Total 156 100 102 65.3 
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growth 35 (22.4%) followed by 41 - 50 years age group 27 (17.3%) and 21 - 30 years age group 21 (13.4%) re-
spectively (Table 3). Acinetobacter spp. was found highly susceptible to amikacin and gentamycin 9 (20.1%) 
followed by ofloxacin and ciprofloxacin 8 (18.6%) and 7 (16.2%) respectively. Amikacin (58.62%) was the 
most effective antibiotics against Pseudomonas aeruginosa followed by chloramphenicol, ofloxacin and genta-
mycin (44.82%). Klebsiella pneumoniae, amikacin was found (56.52%) susceptible whereas ceftriaxone showed 
(82.60%) resistance followed by ciprofloxacin (73.91%). Escherichia coli, the most susceptible antibiotics was 
amikacin (83.36%) followed by gentamycin (63.63%) and the most resistant antibiotics were ceftriaxone 
(63.63%) followed by ciprofloxacin and ofloxacin (54.54%) (Table 4). Antibiotics susceptibility pattern of 
Staphylococcus aureus, clindamycin showed 100% susceptible whereas penicillin showed 100% resistance fol-
lowed by amoxycillin (93.75%). In case of CoNS. ciprofloxacin and clindamycin was 66.66% susceptible 
whereas amoxcillin and erythromycin were 100% resistance (Table 5). 

4. Discussion 
The problem of infection has been persistent in the surgical world even after the introduction of antibiotics. 
Pathogens that infect surgical wounds can be part of normal flora or acquired from the hospital environment or 
other infected patients. S. aureus, being the normal microbial flora of the skin is one of the commonest causes of 
wound infection. The countries where resources are limited, postoperative surgical site infections remain as one 
of the major types of nosocomial infections [16]. The successful management of patients suffering from bacte-
rial illnesses depends upon the identification of the types of organisms that cause the diseases and the selection 
of an effective antibiotic against the organism. Antibiotics are one of the pillars of modern medical care and play 
a major role in prophylaxis and treatment of infectious diseases. Cognizant of this, the issue of their availability, 
selection and proper use are of critically important to the global community [13]. Wound infections have been a 
 
Table 3. Distribution of pathogens according to age of the patients. 

Age 0 - 10  
years 

11 - 20  
years 

21 - 30  
years 

31 - 40  
years 

41 - 50  
years 

51 - 60  
years 

61 - 70  
years 

71 - 80  
years 

81 - 90  
years 

Total no.  
of isolates 8 12 21 35 27 13 15 14 11 

 
Table 4. Antibiotic resistant pattern of gram negative bacteria. 

Antibiotics Acinetobacter  
spp. (N = 43) 

Pseudomonas 
aeruginosa (N = 29) 

Klebsiella  
pneumoniae (N = 23) 

Escherichia  
coli (N = 22) 

Enterobacter  
spp. (N = 13) 

Proteus  
mirabilis (N = 3) 

Ciprofloxacin 36 18 17 12 8 1 

Ofloxacin 35 16 15 12 8 1 

Ceftriaxone 37 26 19 14 10 1 

Gentamycin  34 16 15 8 8 2 

Amikacin  34 12 10 3 5 0 

Chloramphenicol 40 16 15 7 7 2 

 
Table 5. Antibiotic resistant pattern of gram positive bacteria. 

Antibiotics Staphylococcus aureus (N = 16) CoNS (N = 3) Enterococcus spp. (N = 2) Streptococcus spp. (N = 2) 

Ciprofloxacin 12 1 1 0 

Gentamycin 10 0 2 0 

Amoxycillin 15 3 2 0 

Erythromycin 8 3 2 0 

Clindamycin 0 1 0 0 

Cloxacillin 2 1 0 0 

Penicillin 16 0 1 1 
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problem in the field of surgery for a long time. Advances in control of infections have not completely eradicated 
this problem because of development of drug resistance. Antimicrobial resistance can increase complications 
and costs associated with procedures and treatment. 

In this study total 250 clinical samples were included out of that 156 (62.4%) samples showed culture positive 
among them 133 (85.25%) were gram negative bacilli and 23 (14.75%) were gram positive cocci. Similar study 
conducted by Olowe et al. [17] reported that rate of bacterial isolate among clinically septic wound infections 
was 85.7%, out of that 61.4% of the isolates were gram negative bacteria and 38.6% of the isolated were gram 
positive cocci. Raza et al. [18] showed that 96/120 (80%) sample was culture positive out of them 58.33% were 
gram negative bacilli. 

Surgical wound infection was most prevalent in the age group of 31 - 40 years 33 (22.4%) followed by 41 - 
50 years age group 27 (17.5%) and 21 - 30 years age group 21 (13.4%). 

Altogether 9 different bacterial species were isolated, in which 6 species were gram negative and 3 species 
were gram positive. Among gram negative, Acinetobacter spp. (32.33%) was the most prevalent pathogens fol-
lowed by Pseudomonas aeruginosa (21.80%), Klebsiella pneumoniae (17.29%), and Escherichia coli (16.55%). 
whereas in gram positive, S. aureus (69.57%) was common clinical pathogens followed by CoNS (13.05%). 
Raza et al. [18] reported that most frequently isolated organisms were S. aureus (41.67%) followed by E. coli 
(25%), and Klebsiella pneumoniae (10.4%). 

This study showed that S. aureus was the major gram positive cocci (69.57%) associated with surgical wound 
infections. This result is consistent with data in Eastern Nigeria [19]. According to CDC, Staphylococcus aureus 
is the most prevalent organism associated with surgical wound infections. Majority of the Staphylococci were 
multiple antibiotics resistant and these multi-drug resistance patterns had been documented already [20]. This 
may reflect the degree of carriage of S. aureus as a member of the skin flora of the patients as well as nasal car-
riage by the Surgeons and other Health Workers. This calls for periodic screening of members of the surgical 
team for nasal carriage of S. aureus and their prompt treatment before any operative measures.  

Among gram negative isolates, Acinetobacter spp., Klebsiella pneumoniae, Escherichia coli, and Pseudomo-
nas aeruginosa demonstrated high level of resistance to most of the antibiotics tested. This finding was also in 
agreement with the findings of other studies [20] [21]. The ability to persist on inanimate dry surfaces (humidi-
fiers, hospital equipments, furniture, mattresses) and animate (human skin and mucus membranes) objects is 
probably a main factor in the long-term existence of particular Acinetobacter spp. in the hospital setting which 
subsequently results in a prolonged opportunity to infect patients. However, although A. baumannii is the most 
prevalent Acinetobacter species in clinical samples, it is not the most prevalent Acinetobacter species in the 
hospital environment. 

Out of 156 culture positive samples, 102 isolates (65.38%) were found to be MDR. In gram negative isolates, 
66.9% (89/133) were found MDR whereas in gram positive isolates, 56.52% (13/23) were found MDR. This re-
sult was also in agreement with the finding of other studies [20] [21]. Similar result were reported by Raza et al. 
[18] 66.7% of bacterial isolates showed multi drug resistance whereases 83.33% (45/54) were gram negative 
bacteria and 47.5% (19/40) gram positive isolates were MDR. Multiple drug resistance (MDR) is defined as re-
sistance of two groups of the antimicrobial agents. The high frequency of multiple antibiotics resistance might 
be a reflection of inappropriate use of antimicrobials, lack of laboratory diagnostic tests, unavailability of guide-
line for the selection of antibiotics. Outbreaks of S. aureus resistant to beta-lactam antibiotics have been fre-
quently associated with devastating nosocomial infections [22]-[24]. Bacterial resistance to beta-lactam antibi-
otics is primarily due to the production of beta-lactam ring of the antibiotics rendering them inactive [25]. Inap-
propriate practices like misuse and abuse of antibiotics and unskilled practitioners can also lead to emergence of 
resistance in bacteria. Expired antibiotics, self medication, counterfeit drugs, inadequate hospital control meas-
ures can as well promote the development of resistance in clinical isolates [24]. The worldwide escalation in 
both community- and hospital-acquired antimicrobial-resistant bacteria is threatening the ability to effectively 
treat patients, emphasizing the need for continued surveillance, more appropriate antimicrobial prescription, 
prudent infection control and new treatment alternatives [20] [24]. The use of molecular biology techniques 
would also enhance the molecular identification of resistance genes [24]. 

5. Conclusion 
Present study shows that out of 250 clinical samples, 156 showing culture positive among them (65.38%) is 
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found to be multi drug resistant (MDR). In gram negative isolates, 66.9% (89/133) were found MDR whereas in 
gram positive isolates, 56.52% (13/23) were found MDR. Amikacin and clindamycin were drugs of choice for 
gram negative and gram positive bacterial isolates respectively. Unfortunately the emergence of antibiotic resis-
tance bacteria is threatening the effectiveness of many antimicrobial agents which has increased the hospital stay 
and may produce lasting sequelae and requires extra resources for investigations, management and nursing care. 
Surveillance of surgical sit infection is a useful tool to demonstrate the magnitude of the problem and find out 
appropriate preventive methods. 
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