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Introduction 
 

Diabetic ulcer foot is one of the dreaded 

complications of uncontrolled diabetes, 

leading to severe consequences like gangrene 

and amputation of foot. The impaired micro-

vascular circulation in diabetic foot patients 

limits the access of phagocytes, thus favoring 

the development of an infection. Wearing 

improper footwear and injuries occurring 

locally further interfere with the blood supply 

to  lower  extremities.   Diabetes  is  the   most  

 

 

 

 

 

 

 

 
common disease in India with a prevalence 

rate of 12-17% in the urban and 2.5% in the 

rural population (Mohan et al.,  2007). 

 

Most probable causative agents of the diabetic 

foot infections are of polymicrobial etiology, 

of which most of these bacteria are 

developing resistance to commonly used 

antibiotics largely due to their indiscriminate 

use. Proper management of cases requires 
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Diabetic foot ulcer is one of the dreaded complications of uncontrolled diabetic mellitus, 

leading to consequences like gangrene and amputation of foot. This study was conducted 

as an endeavor to scrutinise the major genera of bacteria which were in association with 

the infected diabetic foot ulcers and their antibiotic sensitivity pattern. This prospective 

analytical study included 100 samples from diabetic foot ulcer patients. Isolation and 

identification of organism were done based on standard laboratory technique. Bacterial 

susceptibility to antibiotics was determined by Kirby Bauer disc diffusion method. 

Analysis of 100 samples showed 77% were culture positive and 23% were culture 

negative. Of 77 culture positive 60 (77.9%) were monomicrobial and 17 (22.1%) were 

polymicrobial. A total of 97 bacteria were isolated from 77 culture positive samples, of 

which 67% were gram negative and 32% were gram positive bacteria. Antimicrobial 

sensitivity testing showed that 61.5% of gram negative bacilli were ESBL producers and 

21% of Staphylococcus aureus was methicillin resistant. In conclusion, the prevalence of 

MDR organisms, MRSA and ESBL producing organisms are very high in the diabetic foot 

patients in India because of indiscriminate use of antibiotics which necessitates the need 

for continuous strict surveillance of resistant bacteria. 
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appropriate selection of antibiotics based on 

culture and sensitivity report. 

 

This study was conducted as an endeavor to 

scrutinise the major genera of bacteria which 

were in association with the infected diabetic 

foot ulcers and their corresponding antibiotic 

sensitivity pattern. The bacteriological profile 

of infected ulcers was compared to that of the 

previous studies and the changes were 

observed. 

 

Materials and Methods 

 

A Prospective Analytical study was 

conducted in a tertiary care teaching hospital 

in Pondicherry for duration of 2 months, as 

Short Term Studentship ICMR project.100 

samples from diabetic foot ulcer patients were 

studied after obtaining the informed written 

consent. Repeat isolate from the same patients 

and patients on antibiotic therapy for less than 

2 weeks duration will be excluded from the 

study. 

 

Samples were collected under complete 

aseptic conditions with a sterile swab from the 

base of the ulcer and transported immediately 

to the laboratory without any delay. Samples 

were inoculated on Blood agar and 

MacConkey’s agar and processed for isolation 

and identification of organism based on 

standard laboratory technique (Forbes et al., 

1998).
 

 

Bacterial susceptibility to antimicrobial 

agents was determined on Mueller Hinton 

agar plates by Kirby Bauer disc diffusion 

method with commercially available discs 

(Hi-Media, Mumbai).  

 

Isolates based upon interpretive criteria 

developed by the Clinical and Laboratory 

Standards Institute was categorized as 

susceptible, intermediate and resistant strains 

(CLSI, 2014).
 

Statistical analysis 

 

Percentage, mean, standard deviation and 

95% confidence interval were analysed. 

 

Results and Discussion 

 

In this study, out of 100 diabetic foot ulcers 

patients, 71 were male and 29 were female 

with a male: female ratio of 2.4: 1. The age of 

the patients ranged from 25 to 80 years. The 

maximum number of patients (57%) was in 

the age group of 41-60 years. The next most 

prevalent age group was between 61 and 80 

years (31%) (Table1). 

 

Of 100 samples studied 77% were culture 

positive and 23% were culture negative. A 

total of 97 bacteria were isolated from 77 

culture positive samples, averaging 1.25 

species per patient. In this study, gram 

negative bacteria (67%) were isolated more 

frequently than gram positive bacteria (32%). 

Of 77 culture positive 60 (77.9%) were 

monomicrobial and 17(22.1%) were 

polymicrobial (Table 2). 

 

In the present study, the most common isolate 

was Escherichia coli (23.71%), followed by 

Staphylococcus aureus (19.58%) and 

Pseudomonas aeruginosa (15.46%). The 

other organisms isolated were Enterococcus 

spp (12.37%), Klebsiella spp (11.34%), 

Proteus spp (9.27%) other NFGNB (3.09%), 

Acinetobacter spp (2.06%), Citrobacter spp 

(2.06%), Streptococcus pyogenes (1.03%) 

(Table 3). 

 

Sensitivity testing of Gram positive organism 

showed that Staphylococcus aureus which 

accounted for 19.58% of isolates were 

sensitive to most of the 1
st
 line drugs like 

tetracycline (78.9%), erythromycin (63.1%), 

gentamicin and cotrimoxazole (57.8%), 

ciprofloxacin (42.1%) and 21% of the isolate 

was resistant to cefoxitin. The next common 
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gram positive isolate Enterococcus spp had 

highest sensitivity to gentamicin (58.3%) and 

least sensitivity to penicillin and ciprofloxacin 

(16.6%). Streptococcus pyogenes showed 

100% sensitivity to all drugs (Table 4). 

 

 

Table.1 Age-sex distribution of the diabetic foot ulcer patients 

 

Age in years Female Male Total % 

21-40 6 6 12(12%) 

41-60 15 42 57(57%) 

61-80 8 23 31(31%) 

Total % 29(29%) 71(71%) 100(100%) 

 

 

Table.2 Pattern of isolation of microbial growth and analysis of isolates from diabetic foot ulcer 

 

Parameters Number (%) 

Total number of patients 100 

Culture positive 77(77%) 

Culture negative 23(23%) 

Total number of isolates 97 

Gram negative bacteria 65(67%) 

Gram positive bacteria 32(33%) 

Monomicrobial 60(77.9%) 

Polymicrobial 17(22.1%) 

 

 

Table.3 Bacteria isolated from diabetic foot infections 

 

 

 

Bacteria No of isolates (%) 

Escherichia coli 23 (23.71) 

Staphylococcus aureus 19(19.58) 

Pseudomonas aeruginosa 15(15.46) 

Enterococcus spp 12 (12.37) 

Klebsiella spp. 11(11.34) 

Proteus spp 9 (9.27) 

Other NFGNB 3 (3.09) 

Acinetobacter spp 2 (2.06) 

Citrobacter spp 2(2.06) 

Streptococcus pyogenes 1(1.03) 

Total 97(100) 
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Table.4 Antimicrobial sensitive (%) pattern of Gram positive organisms in diabetic foot 

infections (n=32) 

 

Antibiotic 

Staphylococcus 

aureus(n=19) 

Streptococcus 

pyogens(n=1) 

Enterococcus spp 

(n=12) 

S (%) S (%) S (%) 

Penicillin 2(10.5) 1(100) 2(16.6) 

Erythromycin 12(63.1) 1(100) 5(41.7) 

Cotrimoxazole 11(57.8) 1(100) - 

Gentamicin 11(57.8) 1(100) 7(58.3) 

Ciprofloxacin 8(42.1) 1(100) 2(16.6) 

Tetracycline 15(78.9) 1(100) 4(33.3) 

Cefoxitin 15(78.9) 1(100) - 

S= Sensitive       R= Resistant 

 

Table.5 Antimicrobial sensitivity (%) pattern of Gram negative organisms in diabetic foot 

infections (n=45) 

 

Antibiotic 

Enterobacteriaceae(n=45) Non fermenting Gram 

Negative bacilli(n=20) 

Escheric

hia coli 

(n= 23) 

Klebsiella

spp 

(n=12) 

Proteus 

spp 

(n=9) 

Citroba

cterspp 

(n=1) 

Pseudom

onas spp 

(n= 15) 

Acineto

bacter 

(n=2) 

other 

NFGNB 

(n=3) 

S (%) S (%) S (%) S (%)   - - - 

Ampicillin 5(21.7) - 2(22.2) 0 - - - 

Cotrimoxazole 7(30.4) 7(58.3) 2(22.2) 0 - - - 

Amikacin 18(78.3) 8(66.7) 6(66.7) 0 10(66.6) 1(50) 0 

Gentamicin 11(47.8) 2(16.7) 3(33.3) 0 6(40) 0 1(33.3) 

Tobramycin - - -  8(53.3) 1(50) 0 

Ciprofloxacin 5(21.7) 5(41.7) 4(44.4) 0 10(66.6) 0 0 

Ceftriaxone/Ceftazidime 5(21.7) 4(33.3) 5(55.6) 0 10(66.6) 0 1(33.3) 

Imipenem 22(95.7) 12(100) 9(100) 1(100) 13(86.7) 1(50) 2(66.6) 

PiperacillinTazobactum 18(78.3) 10(83.3) 7(77.8) 1(100) 14(93.3) 0 1(33.3) 

 

The predominant isolate Escherichia coli 

(23.7%) showed maximum sensitivity to 

Imipenem (95.7%), followed by piperacillin 

tazobactum and amikacin (78.3%), 

Gentamicin (47.8%) and Cotrimoxazole 

(30.4%). Other enterobacteriaceae like 

Klebsiella spp, Proteus spp and Citrobacter 

spp were 100% sensitive to Imipenem. Study 

on antimicrobial susceptibility pattern of non 

fermenting gram negative bacilli in diabetic 

foot infections showed that Pseudomonas 

aeruginosa being the 3
rd

 highest isolate 
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(15.4%) was 93.3% sensitive to piperacillin 

tazobactum, followed by imipenem, (86.7%) 

and 66.6% sensitivity to ceftazidime, 

ciprofloxacin and amikacin (Table 5). 

 

Diabetic foot ulcers are one of the major 

public health problems leading to 

socioeconomic burden to the suffering 

individuals. This study comprehends the 

microbiological profile of infected diabetic 

foot ulcers in hospitalized patients. As higher 

resistance is a growing problem, effort was 

made to study the sensitivity and resistance 

pattern of bacteria isolated from diabetic ulcer 

foot. 

 

In this study, out of 100 diabetic foot ulcers 

patients, 71 were male and 29 were female 

with a male: female ratio of 2.4: 1. Increased 

male prevalence has been reported in other 

studies as comparable to our study (Bansal et 

al., 2008; Sekhar et al., 2014; Gadepalli et al., 

2006). 

 

In the current study, predominant number of 

patients (57%) was in the age group of 41-60 

years. Well correlating with similar other 

studies (Bansal et al., 2008; Hena et al., 

2010). 

 

Bansal et al., 2008 in their study stated that, 

most commonly, the causative agents of 

diabetic foot infections are of polymicrobial 

in nature. The polymicrobial etiology of most 

diabetic foot ulcers is possibly one of the 

major contributing factors for the chronicity 

of diabetic foot ulcers. Among 100 cases, 

77% had microbial growth and 23% were 

sterile. This is in accordance with the results 

of study conducted in North India, which 

showed 21% no growth. This is may be due to 

the use of inappropriate systemic or topical 

antibiotics, as an initial treatment. 

 

In the current study, we observed 60(77.9%) 

mono-microbial infection and 17(22.1%) 

poly-microbial infection. In our study, we 

observed predominance of monomicrobial 

infection, in concordance with various other 

studies (CLSI, 2014; Tiwari et al., 2012; 

Dhanasekaran et al., 2003). 

 

Candel et al., 2003, have observed that 

microbial etiology of diabetic foot ulcers were 

due to a variety of aerobic bacteria 

(Staphylococcus spp., Streptococcus spp. and 

Enterobacteriaceae), anaerobic flora 

(Bacteroides spp., Clostridium spp. and 

Peptostreptococcus spp.) and fungi 

.Microbiological evaluation of diabetic foot 

ulcer infections in several Indian studies 

showed the preponderance of Gram negative 

organisms, to be more than Gram-positive 

organisms (Tiwari  et al., 2012; Richard et al., 

2011). 

 

Out of 97 bacteria isolated from 77 culture 

positive cases, 67% were Gram negative and 

33% were Gram-positive bacteria. This is in 

line with the report of previous other studies 

(Tiwari et al., 2012; Shankar et al., 2005). 

 

In our study the predominant isolate was 

Escherichia coli (23.71%) followed by 

Staphylococcus aureus (19.58%), and 

Pseudomonas aeruginosa (15.46%).These 

findings correlated with the various other 

studies conducted (Tiwari et al.,  2012; 

Swarna et al., 2012; Esmat et al.,  2012). 

 

Knowledge on the antibiotic susceptibility 

pattern of the bacteria isolated from diabetic 

foot infections is very crucial for planning the 

appropriate treatment of these cases, prior to 

getting the susceptibility reports from the 

laboratory. More recently, an increase in the 

incidence rate of multi-drug resistant (MDR) 

organisms, namely Methicillin Resistant 

Staphylococcus aureus (MRSA) and 

Extended-Spectrum Beta Lactamase (ESBL)-

producing gram-negative bacteria, has 

become challenging and threatening the final 
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outcome of anti-infectious therapy in the 

community as well as in hospitalized patients 

(Tascini  et al., 2011). Initial antimicrobial 

treatment of severe or life threatening 

infections involves the use of broad spectrum 

antibiotics, aimed at its polymicrobial 

etiology. Escherichia coli were the most 

predominant isolate and it showed maximum 

sensitivity to Imipenem (95.7%), followed by 

amikacin (78.3%), gentamicin (47.8%) and 

cotrimoxazole (30.4%). However, Bansal et 

al., 2008, reported sensitivity to Imipenem 

100%, Amikacin 90%, Gentamicin 30%, 

cotrimoxazole 33.3%. The sensitivity pattern 

of Imipenem and cotrimoxazole is in 

accordance with our study, whereas that of 

Amikacin is higher than our study (Bansal et 

al., 2008). Hena et al., 2010, reported the 

sensitivity pattern of Imipenem to be 94.1% 

which correlates with the present study.
 

 

The emergence of plasmid-mediated ESBLs 

among members of Enterobacteriaceae has 

increased worldwide. In our study, 68.8% of 

Enterobacteriaceae were ESBL producers. 

Recent studies from India have reported 

prevalence of ESBL producers to be as high 

as 68%, similar to our study (Mathur et al., 

2002).
 

 

Methicillin resistant staphylococcal infections 

are the most common hospital acquired 

infections which require higher antibiotics for 

treatment. The rising incidence of MRSA, 

requires early culture attempts and close 

surveillance of patients initially treated with 

Beta-lactam agents. 

 

Staphylococcus aureus being the next 

predominant isolate, showed maximum 

sensitivity to cefoxitin (78.9%), followed by 

tetracycline (78.9%), and erythromycin 

(63.1%), this is corresponding to the 

sensitivity pattern of Staphylococcus aureus 

conducted by Bansal et al., 2008. In India 

incidence of MRSA shows variation from 

6.9% to 81% (Verma et al., 2000). In our 

study, we observed, 21% of Staphylococcus 

aureus isolates were resistant to Methicillin, 

which is in accordance with the results of the 

study conducted by Yates et al., 2009.
 

 

In this study, Pseudomonas aeruginosa were 

highly sensitive to piperacillin tazobactam 

(93.3%), followed by imipenem, (86.7%) and 

ceftazidime (66.6%), amikacin (66.6%), 

ciprofloxacin (66.6%). Sensitivity pattern on 

Pseudomonas correlated with the other 

studies (Bansal et al., 2008; Sekhar et al., 

2014).
 

 

In conclusion, the prevalence of Multi Drug 

Resistance organisms (MDR), MRSAs and 

ESBL producing organisms are very high in 

the diabetic foot patients in India because of 

indiscriminate use of antibiotics. Thus there is 

an alarming need for continuous strict 

surveillance of resistant bacteria, for 

appropriate selection of antibiotics based on 

culture and sensitivity report so that there will 

be proper management of diabetic foot ulcers 

without any complications. 
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