
International J. of Healthcare and Biomedical Research, Volume: 2, Issue: 3 ,  April 2014 , Pages  152-161 

152 

www.ijhbr.com       ISSN: 2319-7072 
 

 

Original article: 

Surgical site infections in tertiary care hospital            

Fadnis MP ,Desai S, Kagal A, Bharadwaj R 

 

Dept of Microbiology, B.J. Medical college, Pune , India  

Corresponding author: Dr Fadnis MP  

 

Abstract:  

Introduction: Infections that occur in the wound created by an invasive surgical procedure are generally referred to as surgical 

site infections (SSIs). The present study was conducted to find out incidence of SSIs, correlate it with various risk factors and 

find the pathogens causing these infections with their antibiotic profile.  

METHODS: This prospective study included 90 cases, admitted for clean and clean-contaminated surgeries, in the months of 

June-July 2011. They were assessed preoperatively, operatively and postoperatively till 30 days of their operation to detect any 

SSI. Information which was collected were age, sex, patient’s risk factors like diabetic status,  smoking , obesity, type of surgery 

( clean or clean contaminated), duration of surgery,  insertion of drain, duration of stay. Once wound infection was suspected 

swabs were collected from these sites and were cultured on Blood agar and Maconkey agar. The data obtained was statistically 

analyzed by chi square test and Odds Ratio (OR).  

RESULTS: The rate of SSI was 20%.The clean –contaminated cases had 1.75   times more risk of SSI as compared to clean 

cases. SSI was more in patients with diabetes (OR= 2.38), smoking (OR=2.08), obesity i.e. patients having BMI >30 (P<0.001), 

duration of surgery of more than 2 hours (P<0.002), preoperative hospital stay of more than 14 days(OR=4.2), use of drains 

(P<0.005),and ASA score of >1.The most common organism isolated was Esherichia coli (38.89%),followed by Klebsiella 

pneumoniae (22.22%), Acinetobacter baumani (22.22%) ,Staphylococcus aureus(16.67%),and Pseudomonas 

aeruginosa(5.56%).All the Esherichia coli and Klebsiella pneumoniae isolated were ESBLs producer and all the Staphylococci 

aureus were MRSA. 

CONCLUSIONS: To conclude, in the present study surgical site infection incidence rate  was 20%. Failure of antibiotic 

prophylaxis seen in the present study gives importance to appropriate feedback to the surgeons which would help them in 

choosing proper antibiotic for prophylaxis. The achievable preventive measures should be taken to save the economic burden on 

patient and hospital community as a whole. 
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INTRODUCTION: Infections that occur in the 

wound created by an invasive surgical procedure are 

generally referred to as surgical site infections (SSIs) 

[1]. SSIs are the third most important causes of 

Hospital acquired infections & they account for a 

quarter of all nosocomial infections [2] .These 

infections are associated with considerable morbidity 

and has been reported that over one-third of 

postoperative deaths are related to it. SSIs can range 

from a relatively trivial wound discharge with no 

complications to a life-threatening condition. They 

can double the length of stay in the hospital and 

thereby increase the costs of health care which can be 

related to re-operation, extra nursing care and 
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interventions, and drug treatment costs.[1] Frequency 

of these infections varies from patients to patients. 

There are numerous patient-related (endogenous) and 

process/procedural related (exogenous) risk factors 

that can affect a patient’s risk of developing an SSI. 

Some of these risk factors such as age and gender 

cannot be changed. However, number of other 

factors, such as diabetes, smoking, proper use of 

antibiotics and intraoperative technique can be 

improved to reduce the chances of developing SSIs [3] 

Despite improved understanding of the 

pathophysiology and improved methods of 

prevention and prophylaxis, surgical site infection 

remains the common cause of postoperative 

morbidity and mortality [4] .It is therefore imperative 

to implement adequate measures to reduce these 

incidence and to prevent them, it is necessary to 

identify the epidemiology of these infections. So the 

present study was conducted with the objective to 

know the incidence of surgical site infections, its 

association with various risk factors, frequencies of 

various pathogens causing SSIs and their antibiotic 

profile. 

MATERIALS AND METHODS: This was a 

prospective study which included a total of 90 cases, 

admitted in general surgery wards for clean and clean 

contaminated surgeries in a tertiary care hospital in 

the months of June and July-2011. Before taking the 

sample, a written and signed consent in a language 

that was understood by the patient was taken. Ethical 

committee approval was taken. Swabs were collected 

from nose, throat, axilla and site of surgery from all 

these patients immediately within 24- 48 hrs of their 

preoperative stay to study their normal flora. They 

were assessed preoperatively, operatively and 

postoperatively from the point of their stay till 30 

days of their operation. Information collected were 

age, sex, patient’s risk factors like diabetic status, 

smoking and obesity, this was assessed by American 

Society of Anesthesiologists (ASA) preoperative 

assessment scoring system .Information on type of 

surgery ( clean or clean contaminated), type of 

antibiotic prophylaxis, duration of surgery, site of 

surgery, insertion of drain, duration of stay  was also 

collected. The surgical wound was examined daily 

till the patients’ were discharged and then followed 

till 30 days. Wound infection was suspected based on 

CDC guidelines given below 

The CDC definition of three levels of SSI: 

• superficial incisional, affecting the skin and 

subcutaneous tissue. These infections may be 

indicated by localized (Celsius) signs such as 

redness, pain, heat or swelling at the site of the 

incision or by the drainage of pus. 

• deep incisional, affecting the facial and muscle 

layers. These infections may be indicated by the 

presence of pus or an abscess, fever with tenderness 

of the wound, or a separation of the edges of the 

incision exposing the deeper tissues. 

• organ or space infection, which involves any part of 

the anatomy other than the incision that is opened or 

manipulated during the surgical procedure, for 

example joint or peritoneum. These infections may 

be indicated by the drainage of pus or the formation 

of an abscess on radiological examination or during 

re-operation [1]. 

 Once wound infection was suspected swabs or 

aspirates were collected from these sites following all 

aseptic precautions. These samples were then 

cultured on Blood agar and MacConkey agar and the 

plates were incubated aerobically at 370C overnight. 

Identification of pathogen was done using standard 

methods [5] and antibiotic susceptibility testing was 

done on these isolated organisms by modified Kirby 
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Bauer method using discs according to CLSI 

guidelines [6]. Escherichia coli and Klebsiella spp. 

were detected for Extended spectrum beta lactamase 

enzyme (ESBL) production by placing the discs 

containing 30 µg of ceftazidime, with and without 10 

µg of clavulanic (CA) on the Mueller Hinton agar 

surface. These plates were incubated at 35 °C for 24 

h. According to CLSI guidelines, strains were 

considered positive for ESBL production whenever 

zone diameters increased by ≥5 mm for ceftazidime 

when tested in combination with CA. Isolates of 

Staphyloccous aureus were screened for methicillin 

resistance (MRSA) using 30 µg of cefoxitine disc. 

Those isolates who produced the diameter of zone of 

inhibition less than or equal to 21 mm were 

considered as Methicillin resistant [6].The data 

obtained was statistically analyzed by chi square test 

and P≤0.05 was considered as significant. Odds ratio 

(OR) was found out to see association of SSI with 

various risk factors and OR> 1 was taken as 

significant.  

RESULTS:  

Study Population: 

Out of 90 cases, 33 (36.7%) were clean cases and 57 

(63.3%) were clean contaminated cases. Out of 33 

clean cases majority (22) of cases were operated for 

hernias, out of which 13 cases were operated 

incisional hernias. Whereas out of 57 clean 

contaminated cases, 10 cases were of 

cholecystectomy,followed by 9 cases of appen-

dicectomy. The age and gender wise distribution of 

these cases have been shown in Table 1. 

Incidence of SSI : 

Out of these 90 cases SSI was developed in 18 cases 

with the incidence of 20% (Table 2 shows incidence 

of SSI based on the type of operation). Surgical site 

infection rate in clean surgeries was 15.1%, all these 

cases were of hernias and in clean contaminated 

surgeries the rate was 22.8%.Thus it was 1.75 times 

higher in clean contaminated cases as compared to 

the clean cases (Table.2).  

SSI was maximum in the age group of 21-40 yrs with 

an incidence of 21.74% while least in the age group 

≤20 i.e 14.86% .Out of total 57 males 13 had SSI 

(22.81%) while out of the 33 females only 5 had SSI 

(15.15%). 

 Correlation between various risk factors and SSI  

There was significant correlation between SSI and 

some risk factors like preoperative stay >14 days 

(P<0.05), duration of surgery > 2 hours (P<0.002), 

presence of drain (P<0.005), and patients with ASA 

score >1(P<0.05). Also patients having BMI 

≥30kg/m2 and BMI <18.5 were significantly at a 

higher risk of developing SSI (P<0.001).Whereas 

other factors which did not significantly increase the 

risk of SSI but still contributed to it were diabetes 

(O.R-2.38) and smoking/tobacco chewing (O.R -

2.08)Table .3 shows the relation between various risk 

factors and SSI 

Association between preoperative antibiotic given 

and SSI 

In this study it was seen that patients in whom 

antibiotic prophylaxis was given had significantly 

more incidence of SSI as compared to patients in 

whom antibiotic prophylaxis was not given.  

 (Table.4).  

Organism causing SSI 

The organism that was most frequently isolated was 

Escherichia coli (38.89%), this was followed by 

Klebsiella pneumonia (22.22%), Acinetobacter 

baumani (22.22%), Staphylococcus aureus 

16.67%and Pseudomonas aeruginosa as shown in 

figure 1. All the isolates of Escherichia coli and 

Klebsiella pneumonia were Extended Spectrum β 
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lactamase Producers(ESBLs) sensitive to 

gentamycin, amikacin and imipenem and all the 

isolates of Staphylococcus aureus were MRSA 

sensitivity to vancomycin and linezolid. All isolates 

of Acinetobacter baumani  were sensitive to amikacin 

and imipenem. Pseudomonas aerogenosa was 

sensitive to drugs like ciprofloxacin amikacin, 

imipenem  and polymyxin B. 

On assessing the preoperative flora collected from 

nose, skin and axilla  it was seen  that most of the 

organisms were micrococci but in 2 patients 

Klebsiella  pneumonae was isolated preoperatively 

from the skin as well as postoperatively from their 

surgical sites. In three patients Pseudomonas 

aerogenosa was isolated preoperatively but these 

patients didnot develope SSI. 

Post operative stay 

The mean postoperative stay in the patients who did 

not develop SSI was 5.3662 days; whereas the mean 

postoperative stay in patients who developed SSI was 

18 days. Thus the postoperative stay was almost 

tripled in patients who developed SSI. 

DISCUSSION: 

 In the present study rates of SSI in different types of 

surgeries and its contributing factors were analyzed. 

These are discussed below. The incidence of SSI in 

this study was 20%. This rate was higher than 8.95% 

found by SP Lilani et al[2] and 9%found by 

Muhammad Sharif Awan et al[7] but it lies in between  

2.5-41.9% reported by various other studies8. The 

probable reasons for getting higher rates of SSI in the 

present study may be 

1. The percentage of clean contaminated 

surgeries included in the present study 

was higher (63.3%) as compared to 

studies by SP Lilani et al (30.53%)[2]  

and Muhammad Sharif Awan et al 

(4.1% ) [7]  who had lower rates of SSI. 

2. The incidence of surgical site infection 

increases with increase in the duration 

of preoperative stay [7] .The average 

preoperative stay of the patients 

included in the study was 8.39 days. 

This may be another reason for high 

rates of SSI in the present study  

3. Also being a government hospital in 

which this study was conducted the 

patients included in the study may be 

coming from low socioeconomic status.  

In this study the incidence of surgical site infection 

varied with type of surgeries. It was 15.1 % in clean 

cases and 22.8% in clean-contaminated cases. This 

was in agreement to the various studies in India 

which show an overall infection rate of 4.04 to 30% 

for clean surgeries and 10.06 to 45% for clean-

contaminated surgeries.8, SSI was maximum in the 

age group of 21-40 yrs with an incidence of 21.74% 

while least incidence of SSI was seen in the age 

group ≤20 i.e 14.86%. In the study carried out by S 

Sahu et al 9 maximum infections were reported in the 

age group of 61-80 years (10.7%) and the lowest 

number was found in the 21-40 years of age group 

(4.1%).  

The incidence of SSI in this study was more in males 

as compared to females which was similar to findings 

of other studies (10).In the present study surgeries of 

> 2 hours of duration developed SSI significantly 

more frequently (p<0.002) than surgeries of ≤2 hours 

of duration, increasing the risk by 5.54 times. Various 

studies like the one carried out by Chattopadhyay R 

et al11 and Mawalla et al12 have shown that prolonged 

duration of surgery is a risk factor for SSI. It was 

seen in this study that increase in preoperative 
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hospital stay of more than 14 days significantly 

increased incidence of SSI by 4.23 times. This is in 

agreement to various studies 811 which state that 

preoperative stay is a risk factor for SSI.  Diabetes 

causes vasoconstriction and affects circulation of 

tissue leading to local tissue hypoxia .In the present 

study diabetes increased the risk of SSI by2.38 

times13. Various studies conducted by Muhammad 

Sharif Awan et al6 have found out diabetes as a risk 

factor for SSI..  

It was seen in this study that incidence of  

SSI was 2.08 times more in tobacco chewers  as 

compared to non tobacco chewers patients. 3. Several 

studies have shown association of tobacco 

consumption and increased risk of SSI 14, 15In the 

present study incidence of SSI was significantly more 

in patients with ASA score >1 as compared to 

patients with ASA score of 1.Similar findings were 

given by Khan M et al16 and Chattopadhyay R 11who 

showed that ASA score of > 1 was associated with 

SSI . Ridgeway S, Neumayer L and Kaye KS,have 

concluded in their studies that ASA score of > 3 was 

an independent risk factor for developing SSI 

17,14,18.Present study showed the incidence of SSI 

significantly higher in patients in whom drains were 

used as compared to those without drain (P<0.005). 

Presence of drain increased the risk by 5.09 times. 

Various studies support this.11,12 

             Adipose tissue is poorly vascularised. This 

reduces the immunity of the tissue 3. Hence obesity 

can also be considered as important risk factor. In the 

present study it was seen that obese patients with 

body-mass index ≥30kg/m2 and underweight patients 

with BMI <18.5 kg/m2 developed SSI significantly 

more than patients with BMI <30kg/m2. Muhammad 

Sharif Awan 7 also showed BMI>35kg/m2 as a risk 

factor for SSI .In the study by Kurmann A et al19 

BMI >27kg/m2 was stated as risk factor for SSI. In 

this study it was seen that patients in whom 

prophylactic antibiotics were not given had lower 

incidence of SSI as compared to patients in whom 

prophylactic antibiotics were given. Now this is a 

contradictory observation because many studies have 

shown reduced rate of SSI after antibiotic 

prophylaxis 18 ,. This means that prophylactic 

antibiotics were not helping in the present study in 

reducing SSI rates. 

           In the present study the organism that was 

isolated more frequently was Escherichia coli 

(38.89%) this was followed by Klebsiella 

pneumoniae (22.22%), Acinetobacter spp (22.22%), 

Staphylococcus aureus (16.67%) and Pseudomonas 

aeroginosa (5.56 %). This observation was 

contradictory to various studies which stated 

Staphylococcus aureus as the most commonly 

isolated organism.2,7 . All the Escherichia coli and 

Klebsiella pneumoniae strains isolated were extended 

spectrum β lactamase enzyme producer (ESBLs) , 

most of which showed sensitivity to Amikacin and 

Gentamicin .Similarly all the Staphylococcus aureus 

strains isolated were MRSA which showed 

sensitivity to Vancomycin and Linezolid. All strains 

of Acinetobacter spp and Pseudomonas aerogenosa 

were sensitive to Amikacin and Imipenem. Thus the 

organisms isolated from SSI were found increasingly 

resistant to commonly used antibiotics for 

preoperative prophylaxis like amoxicillin, 

cephalosporins, penicillins .This is in agreement with 

a study by Tourmousoglou CE et al.20 

In only two patients Klebsiella  pneumoniae 

was isolated preoperatively from the skin as well as 

postoperatively from the SSI . In the study carried out 

by SP Lilani et al3, in one patient Staphylococcus 

aureus was isolated preoperatively from the axilla 
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and even from the SSI and in other patient 

Escherichia coli was isolated preoperatively from the 

rectum and perineum and postoperatively from the 

SSI.  The SSI is known to increase the postoperative 

hospital stay the postoperative stay was increased 

three times in patients who developed SSI. Thus in 

spite of the use of prophylactic antibiotics, SSIs are 

still a real risk of surgery and represent a substantial 

burden of disease for both patients and healthcare 

services in terms of morbidity, mortality and 

economic cost.  

 

Table 1: age and sex wise distribution of cases in study group 

Age (Yrs) Sex Total 

Male Female 

≤ 20 4 (4.44) 3 (3.33) 7 (7.78) 

21 – 40 11 (12.22) 12 (13.33) 23 (25.56) 

41 – 60 27(30) 12 (13.33) 39 (43.33) 

61 – 80 15 (16.67) 6 (6.67) 21 (23.33) 

Total 57 (63.33) 33 (36.67) 90 (100) 

 

Table 2a: Association between different Clean surgeries and incidence of SSI 

CLEAN SURGERY TOTAL 

PATIENTS 

PATIENTS WHO 

DEVELOPED SSI (%) 

Bilateral inguinal hernia 3 2 (66) 

Left inguinal hernia 2 1 (50) 

Incisional hernia 13 1(7.6) 

Umbilical hernia 2 0 

Hiatus hernia 2 1(50) 

Hydrocoele 1 0 

Lumpectomy 3 0 

Ca breast 4 0 

Thyroidectomy 3 0 

TOTAL 33 5(15.1) 
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Table 2b: Association between different Clean contaminated surgeries and incidence of SSI 

CLEAN CONTAMINATED 

SURGERY 

TOTAL 

PATIENTS 

PATIENTS WHO 

DEVELOPED SSI (%) 

Appendicectomy 9 3(33.3) 

Prostatectomy 1 1(100) 

Splenectomy 1 0 

Pyelolithotomy 5 1(20) 

Cholecystectomy 10 1(10) 

Hyadatid cyst excision 1 0 

Pseudocyst of pancreas 1 1(100) 

Exploratory laparotomy 4 3(75) 

Ca anal canal  7 1(14.2) 

Stricture in urethra 1 0 

Colostomy 1 1(100) 

Ca oesophagus 2 0 

Oesophageal stricture-stent 

placement 

6 0 

Jejunostomy 1 0 

Fissurectomy 2 0 

Radical nephrectomy 2 1(50) 

Flexible cystoscopy 1 0 

Open ureterolithotomy 1 0 

Calculi removal 1 0 

TOTAL 57 13 (22.8) 

 

Table 3: Association between various risk factors and SSI 

RISK FACTORS                         O.R. P VALUE                         

Duration of surgery 5.54 P<0.002 

Preoperative stay 4.23 P<0.05 

ASA score  >1 5.29 P<0.05 

Drain used 5.09 P<0.005 

BMI >30 and BMI<18.5 2.08 P<0.05 

Diabetes 2.38 P>0.05 

Smoking/Tobacco chewing 2.08 P>0.05 
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Table 4: Association between preoperative antibiotic given and SSI in study group 

Antibiotic SSI Present SSI Absent Total % of SSI present 

Given  13 29 42 30.95 

Not given 5 43 48 10.41 

Total 18 72 90 20 

 

Chi-square = 4.69, P<0.05 

Figure.1 showing organisms detected in patients having SSI 
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