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ABSTRACT 

BACKGROUND 

Infection at or near surgical incisions within 30 days of an operative procedure, or within 1 year of an operation if a foreign body is 

implanted as part of the surgery is defined as a surgical site infection (SSI). They are the 2nd most common cause of nosocomial 

infections. It has been estimated that SSI develops in at least 2% of hospitalised patients undergoing operative procedures. The 

incidence of Methicillin-Resistant Staphylococcus aureus (MRSA), extended spectrum betalactamase (ESBL) and 

metallobetalactamase (MBL) producing organisms have been steadily increasing over the past few years resulting in limitation of 

therapeutic options. 

 

MATERIALS AND METHODS 

It is a descriptive study conducted from December 2014 to June 2016 at a tertiary care hospital, Bangalore. Samples were collected 

aseptically from the wound using sterile cotton swabs. Isolates were identified by conventional methods and their antibiogram 

pattern was studied by Kirby Bauer’s disc diffusion method. Staphylococcus aureus when isolated was studied for MRSA using 

oxacillin and cefoxitin disc diffusion test. Gram-negative isolates resistant to cephalosporins and carbapenems during antibiotic 

susceptibility testing were studied for ESBL production using ceftazidime and cefotaxime disc diffusion test and MBL production 

using imipenem-EDTA combined disc test respectively using standard CLSI guidelines. All the statistical analysis was done by chi-

square test using SPSS software. 

 

RESULTS 

Of 100 clinically diagnosed cases, 68 samples yielded growth of various bacterial isolates. 47 out of 56 cases (83.9%) from 

emergency surgeries and 21 out of 44 cases (47.7%) from elective surgeries were infected. Staphylococcus aureus was the most 

common organism isolated (32.9%) followed by Klebsiella pneumoniae (26.3%). MRSA was observed in 24% of Staphylococcus 

aureus isolates. ESBL production was observed in 23% of all Gram-negative isolates and MBL production was observed in 57% of 

all nil-fermenting Gram-negative isolates. 

 

CONCLUSION 

SSIs are menacing problem for healthcare providers. The rise of MRSA, ESBL and MBL producing organisms and continuous change 

in the resistance pattern has made SSI a therapeutic challenge. Management of SSI involves lot of skill and treatment should be 

judiciously based on risk stratification. 
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BACKGROUND 

Surgical Site Infections [SSIs] have plagued surgeons since 

time immemorial.[1] Infection is encountered by all the 

surgeons; by nature of their craft, they invariably impair the 

first line of host defences, the cutaneous or the mucosal 

barrier. The entrance of microbes into the host tissues is the 

initial requirement for infection.[2] 
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SSIs are the second most common cause of nosocomial 

infections. It has been estimated that SSI develops in at least 

2% of hospitalised patients undergoing operative procedures, 

although this is a likely underestimate because of incomplete 

post discharge data, other data indicate that SSIs develop 

following 3-20% of certain procedures.[3] 

The Centres for Disease Control and Prevention (CDC) has 

proposed specific criteria for diagnosis of SSI. This splits SSIs 

into 3 groups- Superficial incisional, Deep incisional and 

Organ space infections depending on the site and the extent 

of infection.[4] 

Sources of SSIs can include the patient’s own normal flora 

or organisms present in the hospital environment. The 

common organisms encountered in post-operative wound 

infections are Staphylococcus aureus, Coagulase-Negative 

Staphylococci, Enterococci, Proteus, Pseudomonas, 

Escherichia coli and Klebsiella species. In case of wound 
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infections following appendectomy or other lower bowel 

surgery, indigenous flora of the lower gastrointestinal tract 

are involved like Escherichia coli.[5] 

Before the routine use of prophylactic antibiotics, 

infection rates in the four surgical classifications (Clean, 

clean-contaminated, contaminated and dirty wounds) were 

1-2% or less for clean wounds, 6-9% for clean-contaminated 

wounds, 13-20% for contaminated wounds and about 40% 

for dirty wounds. Since the introduction of routine 

prophylactic antibiotic use, infection rates in the most 

contaminated groups have reduced drastically.[6] 

The incidence of Methicillin-resistant Staphylococcus 

aureus (MRSA), extended spectrum betalactamases (ESBL) 

and metallo-beta-lactamases (MBL) producing organisms 

have been steadily increasing over the past few years 

resulting in limitation of therapeutic options.[7] 

This study is undertaken to isolate and identify the 

aerobic bacteria from clinically diagnosed cases of surgical 

site infections, study their antibiogram pattern, detect MRSA 

among the Staphylococcus aureus isolates and detect ESBL 

and MBL production in Gram-negative bacterial isolates. 

 

MATERIALS AND METHODS 

The present study was carried out in the Department of 

Microbiology, Kempegowda Institute of Medical Sciences, 

Hospital and Research Centre, Bangalore over a period of one 

and half year (December 2014 to June 2016). A total of 100 

clinically diagnosed cases of surgical site infections admitted 

in various surgical wards were taken for the study. 

Samples were collected aseptically from the wound using 

sterile cotton swabs. Isolates were identified by conventional 

methods and their antibiogram pattern was studied by Kirby 

Bauer’s disc diffusion method. Staphylococcus aureus when 

isolated was studied for MRSA using oxacillin and cefoxitin 

disc diffusion test. Gram-negative isolates resistant to 

cephalosporins and carbapenems during antibiotic 

susceptibility testing were studied for ESBL production using 

ceftazidime and cefotaxime disc diffusion test and MBL 

production using imipenem-EDTA combined disc test 

respectively using standard CLSI guidelines. 

All the statistical analysis was done by Chi-square test using 

SPSS software. 

 

RESULTS 

A total of 100 clinically diagnosed cases of surgical site 

infections of all ages and both sexes, admitted in various 

surgical wards at KIMS Hospital, Bangalore, were included in 

the study. 

Of 100 clinically diagnosed cases of SSI, maximum 

number of patients were in the age group of 21-30 years 

(45%), followed by 31-40 years (18%) and 41-50 years 

(18%). Out of 100 cases studied, 38 (38%) were male 

patients and 62 (62%) were female patients with a male to 

female ratio of 0.6:1. (Figure 1) 

Of 100 clinically diagnosed cases of SSI, 68 cases belonged 

to class I wound and 32 cases to class II. SSIs in clean 

surgeries were 60.3% (41 of 68) and clean-contaminated 

surgeries were 84.3% (27 of 32). (Figure 2). 

Of 100 clinically diagnosed cases, 44 cases belonged to 

elective surgery and 56 cases belonged to emergency surgery. 

SSIs in elective surgeries were 47.7% (21 of 44) and 

emergency surgeries were 84% (47 of 56). (Figure 3). 

In our study, all cases of SSI were diagnosed between 2nd 

and 4th postoperative day. 

Of 100 clinically diagnosed cases of SSI, 68 samples 

showed growth in culture and 32 samples yielded no growth. 

The difference between positive and negative Gram 

staining for prediction of subsequent culture results was 

statistically significant (p< 0.01) by Fisher exact test.                 

(Table 1). 

Out of 68 culture-positive cases, 60 (88.24%) samples 

yielded a single organism and two organisms were grown in 

each of the remaining 8 (11.76%) samples. 

Out of 68 culture-positive cases, there were 76 isolates 

altogether. Staphylococcus aureus (32.9%) was the most 

common organism isolated followed by Klebsiella 

pneumoniae (26.3%). (Table 2). 

Gram-positive organisms showed the following 

susceptibility pattern: Vancomycin (100%), gentamycin 

(93.33%), linezolid (90%), cefepime and tetracycline 

(73.33%), oxacillin (70%), ciprofloxacin and cotrimoxazole 

(60%), clindamycin (53.33%), cefoperazone (50%), amoxy-

clav (46.67%) and erythromycin (43.33%). 

Gram-negative organisms showed the following 

susceptibility pattern: Levofloxacin (97.43%), imipenem 

(84.6%), amikacin and gentamycin (79.5%), piperacillin-

tazobactam (76.92%), cefepime (61.53%), ciprofloxacin 

(43.6%), cefoperazone (35.9%), amoxy-clav and cefuroxime 

(33.33%), cotrimoxazole (30.76%) and ampicillin (7.7%). 

Nil-fermenting organisms showed the following 

susceptibility pattern: Amikacin, levofloxacin and tobramycin 

(100%), gentamycin, netilmicin and piperacillin-tazobactam 

(71.4%), cefepime (57.1%), imipenem and meropenem 

(42.9%), ceftriaxone-tazobactam and cefuroxime (14.3%) 

and amoxy-clav (0%). 

Out of 25 Staphylococcus aureus strains, 6 (24%) were 

MRSA both by oxacillin and cefoxitin disc diffusion test. 

Out of 39 Gram-negative isolates, 9 (23.1%) were found 

to be ESBL producers by ceftazidime plus ceftazidime-

clavulanic acid and cefotaxime plus cefotaxime-clavulanic 

acid disc diffusion test. 6 out of 14 (42.86%) E. coli were 

found to be ESBL producers and 3 out of 20 (15%) K. 

pneumoniae were found to be ESBL producers. 

Out of 7 nil-fermenting Gram-negative isolates, 4 

(57.14%) were found to be MBL producers by imipenem-

EDTA combined disc test. 2 out of 4 (50%) A. baumannii were 

found to be MBL producers and 2 out of 3 (66.67%) P. 

aeruginosa were found to be MBL producers. 

 

Gram Stain 
Culture 

Positive 

Culture 

Negative 
Total 

 

Positive 

PC & GPC 21 03 
 

70 
PC & GNB 38 01 

PC, GPC & GNB 07 00 

Negative 
Few PC, No org 02 03 

30 
No PC, No org 00 25 

Total 68 32 100 

Table 1. Direct Microscopy and Culture Positivity 

 
PC- Pus cells, GPC- Gram-positive cocci, GNB- Gram-

negative bacilli, org- organism. 
 

Organisms No. of Isolates (%) 
Staphylococcus aureus 25 32.9 
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Klebsiella pneumoniae 20 26.3 
Escherichia coli 14 18.42 

Acinetobacter baumannii 04 5.26 
Enterobacter cloacae 04 5.26 
Enterococcus faecalis 03 3.95 

Pseudomonas aeruginosa 03 3.95 
Staphylococcus epidermidis 02 2.63 

Proteus mirabilis 01 1.32 
Total 76 100 

Table 2. Distribution of Culture-positive Cases According to 
Spectrum of Bacterial Isolates 

 

 
 

Figure 1. Age and Gender Distribution of Patients with SSI 

 

 
Figure 2. Comparison of SSI rates According to Class of 

Surgery 
 

 
Figure 3: Comparison of SSI Rates According to Nature of 

Surgery 
 

 
Picture 1: MRSA- Cefoxitin and Oxacillin  

Disc Diffusion Test 

 
 

Picture 2: ESBL- Ceftazidime plus Ceftazidime/Clavulanic 
Acid and Cefotaxime plus Cefotaxime Clavulanic Acid Disc 

Diffusion Test 
 

 
 

Picture 3: MBL- Imipenem-EDTA Combined Disc Test 
 

DISCUSSION 

Wound infection as a complication of both surgery and 

trauma has always been a challenge to surgeons. The 

management of infection is a complex and important aspect 

of wound care. The value of Microbiology in prevention and 

treatment of wound infection cannot be overemphasised, as 

proactive measures are made possible with knowledge of the 

prevailing organisms and their antibiogram.[8] 

While the global estimates of SSIs have varied from 2.5-

7%,[9,10] studies in India have consistently shown higher rates 

ranging from 23-38%.[11,12] In our study, out of 100 clinically 

suspected cases of SSI, 68 were infected (infection rate of 

68%). Giacometti A et al in 2000 reported an overall SSI rate 

of 90.8%.[13] Similar finding was noted by Divya P in 2016 

(SSI rate of 92.9%) in Bellary, Karnataka.[14] The variability in 

estimates is consistent with the differences in the 

characteristics of the hospital populations, the underlying 

diseases, differences in clinical procedures, the extent of 

infection control measures, and in addition the hospital 

environment. 

The endogenous contamination remains the main risk 

factor for the development of surgical infection because of the 

enormous dose of the organisms available from the bowel 

and other hollow visceral organs. In our study, SSI rate for 

clean surgeries was 60.3%, which increased to 84.3% in 
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clean-contaminated, which was significant statistically 

(p<0.05) and was in accordance with other studies. Lilani et 

al in 2005 noted a SSI rate of 3.03% in clean surgeries and 

22.4% in clean-contaminated.[15] Kamat et al in 2008 

observed an infection rate of 5.4% for clean and 35.5% for 

clean-contaminated in a descriptive study of SSIs in a 

teaching hospital in Goa.[12] 

Higher incidence of wound infections was seen in 

emergency operations (84%) in the present study than the 

elective operations (47.7%) which was significant statistically 

(p<0.01). Kamat et al (2008) also observed increased 

incidence of SSI in emergency cases.[12] Higher infection rate 

in patients who underwent emergency surgery could be due 

to combination of various factors: patient’s condition is 

generally low, inadequate preparation, operations performed 

are usually on potentially contaminated or contaminated 

sites, i.e. intestinal obstruction, strangulated hernia, etc. 

In the present study, 76 isolates were obtained from 68 

culture-positive cases of SSI. Most common organism isolated 

was Staphylococcus aureus (32.9%), followed by Klebsiella 

pneumoniae (26.3%) and Escherichia coli (18.42%). Other 

organisms isolated were Acinetobacter baumannii and 

Enterobacter cloacae (5.26% each), Enterococcus faecalis and 

Pseudomonas aeruginosa (3.95% each), Staphylococcus 

epidermidis (2.63%) and Proteus mirabilis (1.32%). 

Predominance of Staphylococcus aureus in SSI in present 

study is consistent with reports from other studies like Lilani 

et al (2005).[15] Among the Gram-negative bacilli, Klebsiella 

pneumoniae (43.48%) was the most commonly isolated 

organism. 

In the present study, among 25 isolates of Staphylococcus 

aureus, 6 strains (24%) were methicillin resistant both by 

cefoxitin and oxacillin disc diffusion tests. According to Anand 

KB, out of 50 strains of Staphylococcus aureus, 32 were MRSA 

by cefoxitin disc diffusion test and 28 were resistant by 

oxacillin disc diffusion test.[16] 

In the present study, 42.86% Escherichia coli and 15% of 

Klebsiella pneumoniae isolates were found to be ESBL 

producers. This correlates with the study done by Kumar MS 

in which 63.7% of Escherichia coli and 14% of Klebsiella 

pneumoniae isolates were found to be ESBL producers.[17] 

In our study, 66.67% of Pseudomonas aeruginosa and 

50% of Acinetobacter baumannii were found to be MBL 

producers. The percentage of MBL production in 

Pseudomonas aeruginosa is similar to studies conducted by 

Manoharan et al (42.6%) and Saderi H et al (39.06%).[18, 19] 

 

CONCLUSION 

This study has given us the knowledge about SSIs and their 

incidence in our hospital, it also emphasised on the fact that 

SSIs are more common in clean-contaminated than in clean 

surgeries. It also showed that there was increased rate of SSIs 

in patients who underwent emergency surgeries. 

It has given us the knowledge of the most common 

organisms causing surgical site infections and their antibiotic 

susceptibility pattern. Staphylococcus aureus was the 

commonest organism isolated, however, 60.5% of the isolates 

were Gram-negative bacilli with Klebsiella pneumoniae being 

the predominant isolate. 

The Gram-positive organisms were most susceptible to 

vancomycin followed by gentamicin and linezolid. The Gram-

negative organisms were most susceptible to levofloxacin 

followed by imipenem, amikacin and gentamicin. 

Methicillin resistance is a common problem in 

Staphylococcus aureus which can be routinely detected by 

oxacillin and cefoxitin disc diffusion test. The MRSA strains in 

our study were most susceptible to vancomycin, gentamicin 

and linezolid. 

Microorganisms like Klebsiella pneumoniae and 

Escherichia coli have the ability to produce Extended 

spectrum betalactamase resulting in limitation of therapeutic 

options which can be routinely detected by ceftazidime plus 

ceftazidime-clavulanic acid and cefotaxime plus cefotaxime-

clavulanic acid disc diffusion test. The ESBL strains in our 

study were most susceptible to levofloxacin followed by 

imipenem and gentamicin. 

The presence of metallobetalactamases producing 

Pseudomonas aeruginosa and Acinetobacter baumannii is 

being increasingly reported and was detected in our study by 

imipenem-EDTA combined disc test. The MBL strains in our 

study were most susceptible to levofloxacin, amikacin and 

tobramycin. 

Each hospital has its own unique bacterial flora to which 

patients are at risk for acquiring infection during 

hospitalisation. In such situations, microorganisms exhibit 

unique patterns of antimicrobial activity during a certain 

period of time. Only when such epidemiological data are 

available can the surgeon employ a logical approach towards 

SSI control. Resistance to antimicrobials also has become a 

serious problem necessitating in depth study of SSI to 

prevent future complications in operated cases. 

Understanding the factors leading to surgical site 

infection will help in rationalising the use of antimicrobials as 

it now appears that the wheel has rotated a full circle and fear 

is rightly being expressed that we will soon have the same 

conditions of wound infection as before Lister’s era, if not 

judiciously used. 

The presence of MRSA, ESBL and MBL in our study calls 

for intensive infection control practices, and continuous 

antibiotic surveillance and an effective antibiotic policy are 

required to address the problem. 

Molecular studies are necessary to evaluate the various 

MRSA, ESBL and MBL types. 
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