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Abstract 

Background: Surgery has made great advances in last 3 quarters of this century and post-operative 

wound infection is the most common complication faced by surgeon since the advent of surgery. 

Aim: To determine the bacteriological profile and antibiogram of surgical site infections. 

Materials and methods: This prospective study was done for a period of one year (January 1, 2016 

to December 31, 2016) in a Govt. Medical College, Amritsar. The study population included 712 

patients suffering from Surgical Site infections in the various wards (Orthopedics, General Surgery, 

Obstetrics and Gynecology) of our hospital. Two sterile cotton swabs were collected aseptically. 

Gram stained preparation was made from one swab. The other swab was inoculated on blood agar and 

Mac Conkey agar and incubated for 48 hours. Growth on culture plate was identified by its colony 

characters and standard biochemical tests. Antimicrobial sensitivity testing was done by Kirby- Baeur 

disk diffusion method. 

Results: Rate of SSI was 58.00%. A total of 431 isolates were obtained, out of which 428 (99.30%) 

were bacterial isolates and 3 (0.69%) were fungal isolates. Monomicrobial growth was seen in 395 

(95.64%) patients whereas polymicrobial growth was seen in 18 patients (4.35%). Out of 428 

bacterial isolates, majority of bacteria were gram negative bacteria (60.74%) but most common isolate 

was Staphylococcus aureus. The microbiological profile of the 260 (60.74%) gram negative bacteria 

was Klebsiella pneumoniae followed by Pseudomonas aeruginosa, Escherichia coli, Acinetobacter 

spp., Citrobacter spp. and Proteus spp. Methicillin resistance was seen in 10.52% of all the S.aureus  

isolates and 21.05% of CONS isolates. No vancomycin resistance in enterococcus was detected. Out 

of 260 gram negative bacilli, 105 (40.38%) were ESBL producers. 

Conclusion: To conclude, there is emergence of MDR gram negative organisms. The prevention of 

surgical site infections encompasses meticulous operative technique, timely administration of 

appropriate preoperative antibiotics, and a variety of preventive measures aimed at neutralizing the 
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threat of bacterial, viral, and fungal contamination posed by operative staff, the operating room 

environment, and the patient’s endogenous skin flora.   
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Post-operative, Surgical infections, Bacterial pathogens, Antimicrobial sensitivity, Multidrug 

resistance. 

 

Introduction 

Surgical site infections (SSI), one of the most 

common causes of healthcare associated 

infections are a common complication associated 

with surgery, with a reported incidence rates of 

2-20% [1]. Surgery has made great advances in 

last 3 quarters of this century and postoperative 

wound infection is the most common 

complication faced by surgeon since the advent 

of surgery.  

 

A number of local factors such as hematomas, 

seromas, suture material, poor surgical 

technique, degree of contamination and also age, 

nutrition, hygiene, and other associated diseases 

play an important role in the etiology of post-

operative wound infection. The incidence of 

surgical site infection differs widely between 

surgical procedures, hospitals, patients and 

between surgeons [2,3]. 

 

The most commonly isolated bacterial pathogens 

are Staphylococcus aureus (S.aureus), 

Enterobacteriaceae, Coagulase Negative 

Staphylococcus (CoNS), Enterococcus and 

Pseudomonas aeruginosa [4]. In the recent years 

there has been a growing prevalence of gram 

negative organisms besides gram positive 

bacteria as a cause of serious infections in many 

hospitals. In addition, the widespread use of 

antimicrobials, together with the length of time 

over which they have been available have led to 

major problem of resistant organisms [5]. In such 

scenario, a working knowledge of the most likely 

organisms and the prevailing antibiotic 

sensitivity/resistance pattern will be of great 

help. The present study was undertaken to 

determine the bacteriological profile and 

antibiogram of surgical site infections. 

 

Materials and methods 

This Prospective study was done for a period of 

one year (January 1, 2016 to December 31, 2016) 

in a Govt. Medical College, Amritsar. The study 

population included 712 patients suffering from 

Surgical Site infections (SSI) in the various 

surgical wards (Orthopedics, General Surgery, 

Obstetrics and Gynecology,) of our hospital. 

Two sterile cotton swabs were collected 

aseptically from each patient suspected of having 

SSI. Gram stained preparation was made from 

one swab for provisional diagnosis. The other 

swab was inoculated on blood agar and Mac 

Conkey agar and incubated at 37°C for 48 hours 

before being reported as sterile. Growth on 

culture plate was identified by its colony 

characters & the battery of standard biochemical 

tests [6]. 

 

Antimicrobial sensitivity testing was carried out 

by Kirby-Baeur disk diffusion method on 

Mueller Hinton agar as per CLSI guidelines. 

Methicillin resistance in Staphylococcus isolates 

was tested by cefoxitin disc diffusion method.  

Extended spectrum beta lactamases (ESBL) 

production were detected as per CLSI guidelines 

[7]. 

 

Results  

Out of 712 patients with surgical site infections, 

aerobic bacterial growth was obtained in 413 

(58.00%) patients. A total of 431 isolates were 

obtained, out of which 428 (99.30%) were 

bacterial isolates and 3 (0.69%) were fungal 

isolates. Monomicrobial growth was seen in 395 

(95.64%) patients whereas polymicrobial growth 

was seen in 18 patients (4.35%). 

 

Maximum positivity was obtained from 

Orthopedics Department 294 (71.18%), followed 
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by Obstetrics and Gynecology department 78 

(18.88%) and General Surgery department 41 

(9.92%) (Table - 1). 

 

Table - 1: Department specific distribution of 

positive cases. 

Department No of 

positive 

cases 

Percentage of 

positive cases 

(%) 

Orthopedics 294  71.18% 

Obstetrics and 

Gynecology 

78    18.88% 

General Surgery 41  09.92% 

 

Table - 2: Characterization of various bacterial 

isolates obtained from patients with surgical site 

infections. 

Organism No of 

isolates 

Percentage 

of isolates 

(%) 

Staphylococcus 

aureus 

128 29.90% 

Klebsiella 

pneumoniae 

100 23.36% 

Pseudomonas 

aeruginosa 

 64 14.95% 

Escherichia coli  44 10.28% 

Coagulase Negative 

Staphylococcus 

 37  0 8.64% 

Acinetobacter spp  36  08.41% 

Citrobacter spp  11  02.57% 

Proteus spp  05  01.16% 

Enterococcus spp  03  00.70% 

 

Out of 428 bacterial isolates, majority of bacteria 

were gram negative bacteria (60.74%) as 

compared to gram positive bacteria (39.25%), 

but most common isolate was Staphylococcus 

aureus (29.90%). The microbiological profile of 

the 260 (60.74%) gram negative bacteria was 

Klebsiella pneumoniae 100 (38.46%) followed 

by Pseudomonas aeruginosa 64 (24.61%), 

Escherichia coli 44 (16.92%), Acinetobacter spp. 

36 (13.84%), Citrobacter spp. 11 (4.23%) and 

Proteus spp. 05 (1.92%). Out of 168 gram 

positive isolates, Staphylococcus aureus 128 

(76.19%) dominated followed by Coagulase 

Negative Staphylococcus 37 (22.02%) and 

Enterococcus spp. 03(1.78%) (Table - 2). 

 

Out of 260 gram negative bacilli, 105 (40.38%) 

were ESBL producers. Antimicrobial profile of 

both Staphylococcus aureus and Coagulase 

negative staphylococcus showed maximum 

sensitivity to linezolid (98.03% and 97.37%  

respectively), followed by amikacin (80.85% and 

56.52%  respectively) and amoxyclav (80.43% 

and 77.77% respectively). S.aureus was found 

highly resistant to penicillin (10.34%) and 

ciprofloxacin (10%). Methicillin resistance was 

seen in 10.52% of all the S.aureus isolates and 

21.05% of CONS isolates. No vancomycin 

resistance in enterococcus was detected (Table - 

3). 

 

Antimicrobial profile of most of the gram 

negative isolates showed maximum sensitivity to 

piperacillin-tazobactum and sulbactum 

ceftriaxone. In comparison they showed higher 

rate of resistance against third generation 

cephalosporins, gentamicin, and ciprofloxacin 

(Table - 4). 

 

Discussion 

Despite the advances in surgical techniques and 

better understanding of the pathogenesis of 

wound infection, management of SSIs remains a 

significant concern for surgeons and physicians 

in a health care facility. Hospitals serve as a 

reservoir for SSIs as they harbor a variety of 

pathogenic microbes [8]. The unrestrained and 

rapidly spreading resistance to the available array 

of antimicrobials further contributes to the 

existing problem [9].  

 

 In our study, the rate of surgical site infections 

was 58.00% which was comparable with the 

study conducted by Mundhana AS, et al. and 

Saleem, et al. [10, 11]. A prolonged preoperative 

stay with exposure to hospital environment, 

instrumentation, duration of surgery and 

presence of co-morbid illness like diabetes, 

hypertension may contribute to increased rate of 

SSI [12].The lack of attention towards the 
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infection control measures, inappropriate hand 

hygiene practices and overcrowded  hospitals can 

be the major contributory factors for high 

infection rate in Indian hospitals [9]. 

 

Table - 3: Antibiotic sensitivity pattern of aerobic gram positive bacterial isolates in surgical site 

infections. 

 

Table - 4: Antibiotic sensitivity pattern of aerobic gram negative bacterial isolates in surgical site 

infections. 

Antibiotics Gram negative organisms 

 Klebsiella 

pneumoniae 

Pseudomonas  

Aeruginosa 

Escherichia 

coli  

Acinetobacter 

spp 

Citrobacter 

spp 

Proteus 

spp 

Amikacin 36% 38.23% 50% 23.25% 23.07% I4.28% 

Gentamycin 14.28% 30.76% 22% 19.04% 42.85% 14.28% 

Ciprofloxacin 14.28% 43.33% 12.5% 17.64% 23.07% 33.33% 

Ceftazidime 15.62% 37.25% 6.66% 83.33% 22.22% 100% 

Ceftriaxone 12.76% N.T. 17.77% 17.5% 33.33% 25% 

Sulbactum 

ceftriaxone 

45% N.T. 61.90% 68.18% 66.66% 100% 

Piperacillin 

tazobactum 

76% 91.66% 72.22% 71.79% 72.72% 85.71% 

Cefoperazone N.T. 34.37% N.T. N.T. N.T. N.T. 

Imipenem N.T. 58.33% N.T, 62.50% N.T. N.T. 

Sulbactum 

ceftazidime 

N.T. 86.36% N.T. N.T. N.T. N.T. 

N.T. = Not tested 

 

In the present study predominance of S. 

aureus (29.90%) was seen and this finding was 

consistent with reports from other 

studies (Mundana, Bhave) [10, 13]. Infection 

with S. aureus is most likely associated with 

endogenous source as it is a member of the skin 

and nasal flora and also exogenous source with 

contamination from environment, surgical 

Antibiotics    Gram positive organisms 

Staphylococcus aureus CONS Enterococcus spp 

Ampicillin 10.34% 13.15% 0% 

Amikacin 80.85% 56.52% N.T. 

Gentamycin 45.09% 34.09% 33.33% 

Ciprofloxacin 10% 20.63% 33.33% 

Azithromycin 58.33% 28.12% N.T. 

Cotrimoxazole 28.57% 40% N.T. 

Cephalexin 36% 27.27% N.T. 

Cefoxitin 89.48% 78.95% N.T. 

Amoxyclav 80.43% 77.77% 66.66% 

Linezolid 98.03% 97.37% N.T. 

Ampilcillinsulbactum N.T. N.T. 66.66% 

Vancomycin N.T. N.T. 100% 

Chloramphenicol N.T. N.T. 66.66% 
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instruments or from hands of health workers 

(Adwan G) [14]. In our set up, methicillin 

resistance was seen in 10.52% 

of S.aureus isolates and 21.05 % of CONS 

isolates. This finding was in concordance with 

the study conducted by Takesui Y, et al. [15]. In 

our study S.aureus showed high sensitivity to 

linezolid, Amikacin followed by Amoxyclav.  

This finding can be of relevant clinical use for 

the formulation of antibiotic policy of our 

hospital. 

 

In this study, gram negative bacilli (60.74%) 

dominated gram positive cocci (39.26%). Studies 

concordant with our study were of M. Saleem, et 

al. and Gelaw, et al. [11, 16].The high incidence 

of gram-negative organisms in the postoperative 

wound infections can be attributed to be acquired 

from patient’s normal endogenous microflora 

(Bhave PP) [13]. Findings in this study were 

Klebsiella pneumoniae as the most common 

organism (23.36%) followed by Pseudomonas 

aeruginosa (14.95%), Escherichia coli (10.28%), 

Acinetobacter spp. (8.41%) and Citrobacter spp. 

(2.57%). Similar observations had been reported 

by various other authors also (Lubega A, et al. 

and Kikkeri NV, et al) [17, 18].    

 

Multi drug resistance (MDR) is a dreadly 

problem in nosocomial infections. In the current 

study, out of 260 gram negative bacilli, 105 were 

ESBL producers (40.38%). Similar results were 

given by previous studies (Mundhana AS, et al 

and V.Rambabu, et al.) who also found (35.29%) 

and (35.71%) respectively of ESBL producing 

strains [10,19]. Klebsiella pneumoniae was found 

to be most multidrug resistant followed by 

Acinetobacter spp. and Pseudomonas aeruginosa 

in the current findings. MDR status was 

displayed in all Escherichia coli, A.baumannii, 

Pseudomonas stuartii and 87.5% of Klebsiella 

spp. isolates, as documented by Manyahi J, et al. 

also [20]. In the present study, against most of 

the gram negative isolates, piperacillin-

tazobactum and beta-lactamase inhibitor 

combination proved to be highly effective 

whereas third generation cephalosporins, 

fluoroquinolones and aminoglycosides, the 

commonly prescribed antibiotics, were least 

effective drugs. This could be due to the overuse 

of these drugs and the high prevalence of 

extended spectrum beta lactamases (ESBLs) 

among these organisms [21]. Gram negative 

bacteria are more resistant to antibiotics than 

gram positive bacteria by virtue of their outer 

membrane porins [22].  

 

In our study, Pseudomonas aeruginosa and 

Acinetobacter spp. had only moderate sensitivity 

to imipenem. Conversely, results of Shahane V, 

et al. had shown Pseudomonas isolates with good 

sensitivity to imipenem (100%) [21]. 

 

Conclusion 

Our study highlights emergence of MDR gram 

negative organisms though Staphylococcus 

aureus was predominant organism. The 

prevention of surgical site infections 

encompasses meticulous operative technique, 

timely administration of appropriate preoperative 

antibiotics, and a variety of preventive measures 

aimed at neutralizing the threat of bacterial, viral, 

and fungal contamination posed by operative 

staff, the operating room environment, and the 

patient’s endogenous skin flora.   
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