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Introduction 
 

Human skin is harboured by a wide range of 

bacterial species – they may be present in the 

nasopharynx, gastrointestinal tract and other 

parts of the body with little potential for 

causing disease, because of the presence of 

first line of defense within the body 
(1).

 

Surgical site infection (SSI) is defined as an 

infection that develops 30 days after a surgical 

procedure or 1 year if an implant is placed and 

the infection is often related to surgery 
(2, 3).

 

These infections previously known as post-

operative wound infections are one of the 

most common infections in low and middle 

income countries. Prevalence of these 

infections ranges between 5-16% and they 

contribute to 20% of health care associated 

infection.  

 

Depending on the depth of penetration of 

infection into the wounds, SSIs are divided 
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Surgical site infections (SSIs) are an important cause of mortality and morbidity 

Worldwide, especially common in low and middle income countries. Prevalence of these 

infections ranges between 5-16 %, contributing to 20 % of health care associated infection. 

Their source may be exogenous or endogenous. These infections are responsible for 

increasing the treatment cost, length of hospital stay, hence, a knowledge of the rate of 

SSIs can help in formulating appropriate policies for timely and accurate management in 

hospital. A vast majority of microbes present in hospital environment serve as reservoirs 

for these infections. The present study was done on 450 samples received in Microbiology 

dept of GMC Jammu over a period of 1 year (May 2018- May 2019) to determine the 

bacterial isolates causing SSIs and study their antibiogram. 420 samples (93.3%) showed 

pure isolates while 20 cases (4.44 %) were of mixed infection. Most common isolates 

among Gram negative were Escherichia coli, Klebsiella, Pseudomonas, Acinetobacter sp. 

while Gram positive isolates were Staphylococcus aureus and Enterococcus sp. Among 

gram negative isolates most effective drug was Polymyxin B and Imipenem, while among 

gram positive Linezolid and Vancomycin were most effective. It was seen that multi drug 

resistant organisms were very common in our hospital. Strict implementation of antibiotic 

policy and creating awareness through education programmes can help in combating rapid 

spread of drug resistance.  
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into three types: superficial incisional, deep 

incisional, and organ/space 
(4).

 Whether a 

surgical site will get clinically infected 

depends on a number factors like virulence of 

the pathogen, adjuvant effects of 

microenvironment such as ischaemia or 

foreign body and innate and acquired host 

defenses. Some patient related factors include 

smoking, presence of diabetes while operation 

related factors include duration of surgery, 

type of surgery etc 
(5).

 It is important that 

healthcare workers recognize the patients with 

various risk factors for acquiring SSIs so that 

timely intervention can be taken to minimize 

the risk of contamination. Even though 

surgery has made great advances in last 3 

quarters, postoperative wound infection is the 

most common complication faced by surgeon 

since the advent of surgery and they have 

become an important cause of mortality and 

morbidity due to emergence of antimicrobial 

resistant pathogens. Etiology of surgical 

wound infections is also linked to various 

local factors like hematomas, seromas, suture 

material, poor surgical technique, degree of 

contamination, age, hygiene, and other 

associated diseases.  

 

SSIs may be acquired either from exogenous 

or endogenous sources. Exogenous sources are 

present external to the patient such as patient 

care personnel, visitors, patient care 

equipment, medical devices, or the health care 

environment while endogenous sources are the 

body sites such as skin, nose, mouth, 

gastrointestinal tract or vagina that are usually 

inhabited by microorganisms. Incidence of 

SSIs differs widely between surgical 

procedures, hospitals, patients, and between 

surgeons 
(6,7)

. A variety of microbes are 

present in hospital environment and they serve 

as reservoir for SSIs. Complications linked to 

SSIs include increased readmission rates, 

enhanced overall costs, increased length of 

hospital stay 
(8)

.  

 

The most common bacterial organisms 

isolated from surgical wound infections are 

Enterobacteriaceae, Staphylococcus aureus, 

Pseudomonas aeruginosa and Coagulase 

negative Staphylococcus, Streptococcus, 

Enterococcus species 
(9,10,11)

. In the recent 

years an increased number of gram negative 

infections are being reported as a common 

cause of surgical infections. Various 

surveillance data have shown that the type of 

organisms causing SSIs have not changed over 

the past 10-15 years, but the proportion of 

different types of organisms has changed and 

this has been attributed to increasing acquity 

of surgical patients, increased number of 

immune compromised patients and increased 

use of broad spectrum antibiotics 
(12)

. An 

increased number of SSIs are now being 

caused by antimicrobial resistant organisms as 

well as by atypical bacterial and fungal 

organisms 
(8)

. 

 

 

Due to the paucity of data from India, present 

study was done to know the various bacterial 

isolates associated with SSIs and their 

antimicrobial susceptibility pattern. This 

would help in selecting the most appropriate 

and timely treatment options for SSIs, which 

in turn would help in reducing the cost of 

treatment and morbidity associated with 

disease.  

 

Materials and Methods 

 

Study design: Prospective and observational 

study 

 

Study period : 1 year (May 2018- May 2019) 

 

Procedure  

  

This study was done in bacteriology section, 

Department of Microbiology, Govt. Medical 

College Jammu.  

 



Int.J.Curr.Microbiol.App.Sci (2019) 8(9): 1517-1524 

1519 

 

A total of 450 samples received in 

bacteriology section from different various 

surgical wards (Orthopedics, General Surgery, 

Obstetrics and Gynaecology) were included in 

the study.  

 

Sample collection was conducted by medical 

officers in wards using commercially available 

sterile cotton swabs and following existing 

departmental guidelines. Two swabs per 

patient were collected after carefully cleaning 

wound with sterile water to prevent surface 

contamination. Samples were transported to 

microbiology department within one hour of 

collection to prevent drying of swabs.  

 

Swabs were immediately inoculated on Blood 

agar, MacConkey agar, incubated at 37°C 

aerobically for 24 hours. A portion of second 

swab was used to prepare a direct Gram smear 

in order to have a presumptive idea of 

presence of any infection.  

 

Next day culture plates were checked for 

growth and to identify. Growth obtained was 

subjected to Gram stain to check for colony 

morphology and a battery of standard 

biochemical tests were applied as per 

standardized protocols of our laboratory.  

 

Antimicrobial sensitivity testing was carried 

out by Kirby-Baeur disk diffusion method on 

Mueller Hinton agar as per CLSI guidelines.  

 

Different panels of antimicrobial agents for 

Gram –positive and Gram-negative bacteria 

were used as per Clinical Laboratory 

Standards Institute(CLSI) guidelines
(12) 

 

Results and Discussion 

 

Out of 450 samples processed, 420 (93.3 %) 

showed pure growth. 20 cases (4.44) had 

mixed infection and no growth was obtained 

in 10 cases(2.22%). [Figure 1 ]. Out of 420 

isolates obtained, majority of bacteria obtained 

were gram negative bacteria (80 %) as 

compared to gram positive bacteria (20 %). 

Among the gram negative isolates, most 

common was Escherichia coli 100 (23.8 %), 

followed by Klebsiella pneumonia 69 (16.4 

%), Pseudomonas aeruginosa 64 (15.2 %), 

Acinetobacter spp. 53 (12.6 %), Citrobacter 

sp 20(4.7 %), Proteus spp. 16 (3.8 %), 

Enterobacter 8 (1.9 %). [Table 1] 

 

The microbiological profile of Gram positive 

organisms consisted of Staphylococcus aureus 

50 (11.9 %), of which 10 cases were MRSA 

strains followed by Enterococcus sp 34 

(8.09%). Budding yeast was found in 6 cases 

(1.42 %). [Table 1 ] 

 

Antimicrobial profile of most of gram 

negative isolates showed maximum sensitivity 

to Polymyxin B, Imipenem and 

Chloramphenicol while the most resistant 

drugs were Ampicillin, Third generation 

cephalosporins and amoxyclav. [Table 3] 

 

Among the gram positive isolates most 

sensitive drugs were Linezolid, Vancomycin, 

Chloramphenicol while maximum resistance 

was seen with Penicillin, Ampicillin, 

Erythromycin. [Table 2] 

 

Cases of mixed infection were 20 in number 

and most common infection was a 

combination of a gram positive and a gram 

negative organism like Staphylococcus+ 

Escherichia coli, Proteus+ Enterococcus, 

Staphylococcus + Acinetobacter sp., 

Escherichia coli+ Streptococcus.  

 

Despite great advances made in the field of 

surgical techniques and understanding 

pathogenesis of wound infections, SSIs are an 

important cause of morbidity and mortality 

especially in developing countries
(13, 14)

. Low 

rates of infection in developed countries may 

be due to vast differences in working 

conditions prevailing in these countries. 
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Patients with SSI are twice as likely to die, 

60% more likely to be admitted to the 

intensive care unit and more than five times 

more likely to be readmitted to the hospital 

after discharge. Management of these SSIs is a 

significant concern for physicians and 

surgeons in a health care facility. Hospital 

environment harbours a variety of pathogenic 

microbes which serve as a reservoir for the 

development of SSIs 
(15)

. The widespread 

emergence of resistance to a wide array of 

antibiotics further contributes to the existing 

problem 
(16)

.  

 

The rate of SSIs varies widely among different 

hospitals as well as worldwide. As per 

different studies the rate varies from 2.5 % to 

41.9 % 
(17,18, 19, 20)

. As per our study rate of 

infection was found to be 25 %.  

 

A number of local factors responsible for 

these infections include haematomas, seromas, 

suture material, poor surgical technique, 

degree of contamination, age, nutrition, 

hygiene. The rate of SSIs usually increases 

with the increase in age. This is due to poor 

immune response, presence of co morbidities, 

reduced compliance with treatment 
(19)

. A 

prolonged pre -operative hospital stay with 

exposure to the hospital environment increases 

the risk of SSI 
(21)

. Comparable findings were 

found in the present study.  

 

A prolonged hospital stay leads to 

colonization with antimicrobial resistant 

microbes and affects patient’s susceptibility to 

infection by lowering host resistance and 

increasing the opportunity for bacterial 

colonization 
(19)

. Also, administration of 

preoperative antibiotics is known to decrease 

the incidence of SSI 
(22,23).

 Prophylactic 

antibiotic usage was not a routine in our 

hospital. Only selected patients with some 

infection or other risk factors received 

antibiotic prophylaxis. The lack of attention 

towards the infection control measures, 

inappropriate hand hygiene practices and 

overcrowded hospitals are the major factors 

responsible for high rates of infection in the 

Indian hospitals 
(16)

. 

 
In the present study Staph aureus was the 

most common isolate among gram positive 

and this finding was consistent with the 

reports from other studies (Mundana, Bhave) 
[24,25]

. The source of infection with 

Staphylococcus aureus is usually endogenous 

as it forms a part of normal flora of skin as 

well as nasal flora.  

 
However infection can also be acquired from 

exogenous sources like contamination from 

environment, surgical instruments or hands of 

health care workers 
(26)

.  

 

The most effective drugs against Staph aureus 

were Linezolid, Vancomycin, Cotrimoxazole. 

This finding is of clinical importance as it can 

help in formulation of antibiotic policy of our 

hospital. In this study gram negative infections 

(80 %) were more common than gram positive 

(20%).  

 

This is in concordance with studies by M. 

Saleem, et al., and Gelaw, et al., 
(27, 28)

. A high 

incidence of gram negative infections is often 

attributed to patient’s normal endogenous 

microflora 
(25)

. In this study most common 

isolates were Escherichia coli 100 (23.8 %), 

followed by Klebsiella pneumonia 69 (16.4 

%), Pseudomonas aeruginosa 64 (15.2 %), 

Acinetobacter spp. 53 (12.6 %), Citrobacter 

sp 20(4.7 %), Proteus spp. 16 (3.8 %), 

Enterobacter 8 (1.9 %). [Table 1].  

 
Similar observations were reported by other 

authors also (Lubega A, et al., and Kikkeri 

NV, et al., 
(29, 30)

. Among gram negative 

isolates maximum sensitivity was seen with 

Polymyxin B, Imipenem, and 

Chloramphenicol.  
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Table.1- Characterization of various isolates obtained from patients with surgical site infections 

 

Organism  Number of isolates Percentage of isolates 

(n=420) 

Escherichia coli  100 23.8 

Klebsiella pneumoniae 69 16.4 

Pseudomonas aeruginosa 64 15.2 

Acinetobacter sp 53 12.6 

Staphylococcus aureus 50 11.9 

Enterococcus sp 34 8.09 

Citrobacter 20 4.7 

Proteus 16 3.8 

Enterobacter 8 1.9 

Budding yeast 6 1.42 

 

Table.2 Antibiotic sensitivity pattern of aerobic gram positive bacterial isolates in surgical site 

infections (Percentage of sensitive isolates) 

 

Antibiotics Staphylococcus aureus 

(n= 50) 

Enterococcus sp 

(n= 34) 

Penicillin 0 % 0 % 

Oxacillin 0 % 0 % 

Ampicillin Not tested 0 % 

Cefoxitin 60 % NT 

Ciprofloxacin 50 % 20 % 

Cotrimoxazole 78 % NT 

Erythromycin 40 % 35.2 % 

Azithromycin 60 % NT 

Gentamycin 50 % 70 % 

Vancomycin 100 % 100 % 

Linezolid 100 % 100 % 

Chloramphenicol 92 % 85 % 

 

Fig.1 Demonstrating type of growth from swabs 
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Table.3 Antibiotic sensitivity pattern of aerobic gram negative bacterial isolates in surgical site 

infections (Percentage of sensitive isolates) 

 
Antibiotics Escherichia coli 

(n= 100) 

Klebsiella 

pneumonia 

(n= 69) 

Pseudomonas 

aeruginosa 

(n= 64) 

Proteus 

(n= 16) 

Citrobacter 

(n=20) 

Acinetobacter 

(n= 53) 

Ampicillin 12 % 0 % NT NT 0 % 0 % 

Amoxyclav 31 % 2 % NT NT 0 % 1 % 

Piperacillin- Tazobactum NT NT 40 % NT NT NT 

Cefuroxime 20 % 14 % 15 % 12 % 13 % 10 % 

Cefotaxime 32 % 16 % 14 % 14 % 10 % 11 % 

Ceftazidime NT NT 39 % NT NT NT 

Cefepime 10 % 8 % 13 % 11 % 10 % 8 % 

Imipenem 90 % 95 % 93 % 90 % 92 % 97 % 

Amikacin 70 % 68 % 70 % 86 % 80 % 88 % 

Polymyxin B  100 % 100 % 100 % 100 % 100 % 100 % 

Chloramphenicol 95 % 93 % NT 80 % 89 % 89 % 

Doxycycline 82 % 80% 75 % NT NT NT 

 

The emergence of multi drug resistant 

organisms from SSIs is of great concern. 

Maximum isolates from Enterobacteriaceae 

family were resistant to ampicillin, 

amoxicillin- clavulanic acid and even third 

generation cephalosporins. Various Indian and 

South East Asian workers have reported 

similar findings 
(31, 32,)

.  

 

Nonfermenting gram negative bacilli are 

ubiquitous and notoriously multidrug resistant. 

In the present study >60 % of isolates of 

Pseudomonas were resistant to piperacillin-

tazobactam, ceftazidime, cefepime. Such 

resistance patterns are attributed to injudicious 

use of antimicrobial agents and in such cases 

combination therapy along with meticulous 

wound care and barrier nursing precautions 

are required to avoid the spread of these bugs. 

Various Indian workers have reported similar 

findings 
(32)

. The drug susceptibility findings 

of the present study show that antibiotics like 

third generation cephalosporins, ampicillin, 

amoxyclavulanic acid would be least useful 

for the treatment of infections caused by 

Enterobacteriaceae. Infections caused by non 

fermenters are challenging to treat as they are 

reported to be highly resistant, and due to their 

ability to survive easily and form biofilms. 

Also, it is known that perioperative 

prophylaxis can decrease the incidence of 

wound infection, isolation of such multidrug 

resistant strains is a cause of concern due to a 

limited repertoire of available antimicrobial 

agents.  

 

The present study highlighted major bacterial 

flora isolated from SSIs in our hospital and 

their antibiotic susceptibility patterns.  

 

This study would help clinicians in deciding 

appropriate antimicrobial therapy in order to 

control the rate of SSIs in our hospital. A 

proper knowledge of antibiotic susceptibility 

pattern is of utmost importance to decrease the 

spread of multi drug resistant organisms. Our 

study showed that majority of SSIs were 

resistant to multiple antibiotics.  

 

 Based on our findings various protocols 

which can be followed to decrease incidence 

of SSIs includes- hand hygiene and thorough 

infection control practices to reduce the spread 

of microbes and plasmid mediated drug 

resistance, antibiotic stewardship and 

prophylactic policies based on local 

susceptibility data, the maintenance of the 

infrastructure of operation theatre and wards, 

and finally – a close collaboration between 

microbiologists and surgeons 
(33)

.  
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