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Introduction 
 

Diabetic foot ulcer is a major complication of 

diabetes mellitus, and probably the major 

component of the diabetic foot. Wound 

healing is an innate mechanism of action that 

works reliably most of the time. A key feature 

of wound healing is stepwise repair of lost 

extracellular matrix (ECM) that forms the 

largest component of the dermal skin layer.
1
 

But in some cases, certain disorders or 

physiological insult disturbs the wound 

healing process. Diabetes mellitus is one such 

metabolic disorder that impedes the normal 

steps of the wound healing process. Many 

studies show a prolonged inflammatory phase 

in diabetic wounds, which causes a delay in 

the formation of mature granulation tissue and 

a parallel reduction in wound tensile 

strength.
2
 Treatment of diabetic foot ulcers 

should include: blood sugar control, removal 

of dead tissue from the wound, wound 

dressings, and removing pressure from the 

wound through techniques such as total 

contact casting. Surgery in some cases may 

improve outcomes.
3
 Hyperbaric oxygen 

therapy may also help but is expensive.
3
 It 

occurs in 15% of people with diabetes,
4
 and 

precedes 84% of all diabetes-related lower-leg 

amputations.
5
  

 

Skin commensals such as coagulase-negative 

Staphylococci, Corynebacterium, or 

Micrococcus from swab cultures are not 
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usually considered true pathogens, although 

they may grow repeatedly or from reliable 

specimens. In most centers, including Korea, 

S. aureus is the most frequently isolated, and 

perhaps most virulent pathogen, whether 

alone or in combination. Aerobic Gram-

positive cocci, especially S. aureus and 

Streptococcus species, are the predominant 

pathogens in DFIs and usually cause 

monomicrobial infection in previously 

untreated acute infections. Polymicrobial 

infections, which may include various types 

of aerobes such as S. aureus, Streptococcus, 

Enterococcus, Enterobacteriaceae, and 

Pseudomonas commonly, appear in deep or 

chronic wounds. Polymicrobial infections 

caused by multi-drug resistant, aerobic Gram-

negatives predominated in a tertiary care 

center in India and Pakistan. In contrast to 

Western countries, S. aureus is less prevalent 

and P. aeruginosa is more common in 

developing countries with warm climates, 

especially Asia and Africa. The reasons for 

this are not clear but may be related to 

environmental factors, footwear, personal 

hygiene, antimicrobial pre-treatment, or other 

factors.
6,7

  

 

In Korea, Gram-positive aerobes such as 

Staphylococcus, Streptococcus, and 

Enterococcus are more common than Gram-

negative aerobes such as Enterobacteriaceae 

and Pseudomonas. Among them, S. aureus is 

the most common pathogen, with a 

prevalence ranging from 26.2% to 46.3%. 

Anaerobes are predominantly seen in DFIs 

with ulcers that are deeper and more chronic 

and are associated with ischemia, necrosis, 

gangrene, or foul odor; however, their clinical 

significance is not yet clear. Genetic 

(molecular) analysis can rapidly and reliably 

detect many more microorganisms (especially 

anaerobes) than conventional culture methods 

and is used for characterization, determination 

of virulence, and the potential antibiotic 

resistance of pathogens in patients with DFIs. 

Their role in improving the clinical care of 

patients with DFIs will become more 

significant with the use of metagenomics, 

transcriptomics, proteomics, and 

metabolomics. 
8,9 

 

Objective 
 

To isolate the bacteria responsible for 

infection in diabetic foot ulcers 
 

Materials and Methods 
 

Source of data 
 

The present study was carried out in 

Department of Microbiology, DR B R 

AMBEDKAR MEDICAL COLLEGE, 

BENGALURU, over a period of one year 

from June 2016 – May 2017. 50 diabetic 

patients with foot ulcer attending the Surgery 

Out Patient Department were included in the 

study. These patients were diabetic or 

detected to be diabetic by blood glucose 

estimation at the time of their visit to the 

hospital. 
 

Inclusion criteria 
 

Type I and II diabetes of all the age groups 

and both sexes.  
 

Foot ulcers of Grade I or more.  
 

Exclusion criteria 
 

Patients on antibiotic treatment.  
 

Foot ulcers of Grade 0. 
 

Results and Discussion 
 

Of the 50 cases studied, most of the patients 

belonged to > 60 years of life. Males were 

more affected compared to females with a 

ratio 1.6:1. Among Gram positive aerobes, 

Staphylococcus aureus was the predominant 

isolate (23.5%) followed by Enterococcus 
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faecalis in 9.4% of cases. Among Gram 

negative aerobes, Proteus mirabilis was the 

most common isolate (19.8%) and followed 

by Pseudomonas aeruginosa and Klebsiella 

pneumoniae in 9.4% of the cases. 

 

In the present study, Of the 50 cases studied, 

most of the patients belonged to > 60 years of 

life. Males were more affected compared to 

females with a ratio 1.6:1. Among Gram 

positive aerobes, Staphylococcus aureus was 

the predominant isolate (23.5%) followed by 

Enterococcus faecalis in 9.4% of cases. 

Among Gram negative aerobes, Proteus 

mirabilis was the most common isolate 

(19.8%) and followed by Pseudomonas 

aeruginosa and Klebsiella pneumoniae in 

9.4% of the cases. 

 

Louie TJ et al., (1976)
10

 studied 20 diabetic 

foot ulcers. Specimens were obtained by 

scraping ulcer base or a deep portion of 

wound edge after debridement of superficial 

exudates. The specimens were inoculated at 

bedside onto aerobic and anaerobic culture 

media. There were a total of 116 isolates of 

which 64 were aerobes and 52 were anaerobes 

with an average of 5.8 bacterial species per 

specimen. 35 Gram positive bacteria; 

predominantly Streptococcus faecalis & 29 

Gram negative bacteria; predominantly 

Proteus species were isolated in their study. 

Major anaerobes were Peptococcus species 

and Bacteroides fragilis. All had 

polymicrobial infection except one which had 

pure growth of Clostridium perfringens. 

 

Charles S Sharp et al., (1979)
11

 studied 58 

superficial & deep ulcers. In 10 of the 58 

superficial and deep double specimens, 

identical organisms or combinations of 

organisms were found at both sites. No 

common organisms in both the sites were 

seen in 13 patients whereas in 9 patients, all 

the organisms found in initial superficial 

cultures were also found in deep specimen 

with additional organisms in deep specimens. 

In 8 patients, organisms isolated from deep 

and superficial cultures were same whereas in 

18 patients they isolated different organisms 

from different sites.  

 

The most common organisms isolated from 

both sites were Proteus species and 

Enterococci. Most frequent anaerobe isolated 

was Bacteroides fragilis. Bamberger DM et al 

(1987)
27

 studied 51 diabetic patients with 

osteomyelitis of foot. 153 organisms were 

isolated. Staphylococcus aureus along with 

Group D Streptococci were the commonest. 

Gram positive cocci accounted for nearly 

48% of the isolates (Table 1 and 2).  

 

 

Table.1 Age and sex wise distribution of cases 

 

s Male Female Total 

No. % No. % No. % 

31-40 years 01 2 01 2 02 04 

41-50 years 05 10 01 2 06 12 

51-60 years 11 22 06 12 17 34 

  >60 years 14 28 11 22 25 50 

Total 31 62 19 38 50 100 
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Table.2 Number and percentage of aerobes isolated 

 

GRAM POSITIVES No. of aerobes (n=106) Percentage(%) 

Staphylococcus aureus 25 23.5 

Enterococcus faecalis 10 9.4 

Coagulase negative 

Staphylococcus (CONS) 

05 4.7 

Group A Streptococci 02 1.8 

Corynebacterium species 01 0.9 

GRAM NEGATIVES   

Proteus mirabilis 21 19.8 

Pseudomonas aeruginosa 10 9.4 

Klebsiella pneumoniae 10 9.4 

Escherichia coli 9 8.5 

Proteus vulgaris 4 3.7 

Klebsiella oxytoca 3 2.8 

Citrobacter freundii 1 0.9 

Acinetobacter species 3 2.8 

Enterobacter species 3 2.8 

 

Gram negative bacilli accounted for nearly 

20% of the isolates, predominated by 

Enterobacter cloacae, Proteus species, 

Pseudomonas aeruginosa and Klebsiella 

pneumoniae. 18% of the isolates were 

obligate anaerobes among which Peptococcus 

species was commonest followed by 

Bacteroides species. Clostridium species 

constituted 2% of the isolates. 

 

Ramani et al., (1991)
12

 studied 75 diabetic 

foot ulcers of grade 2 or more. A total of 223 

isolates (162 aerobes and 61 anaerobes) with 

an average of 2.97 bacteria per specimen were 

isolated. Staphylococcus aureus was the 

predominant isolate recovered in 60% of 

cases.  

 

The other aerobic organisms isolated were 

Proteus mirabilis (26.67%), Klebsiella 

species (26.67%), Pseudomonas species 

(25.33%). Anaerobic bacteria were isolated in 

46 patients (61.33%). These included 

Bacteroides fragilis (32%), Peptococcus 

(17.33%) and Clostridium welchii (10.67%). 

Grayson et al., (1994)
13

 studied 92 diabetic 

patients with limb threatening foot infections. 

Polymicrobial nature of infections was noted. 

Staphylococcus aureus was the commonest 

isolate. The other Gram positive aerobic cocci 

isolated were Enterococcus sps, 

Streptococcus sps and Coagulase negative 

Staphylococcus. Gram negative facultative 

aerobes were less frequent & consisted of 

Pseudomonas aeruginosa, Escherichia coli, 

Klebsiella species, Proteus species and others. 

Amongst anaerobes, Non-fragilis Bacteroides 

species was commonest. 

 

In conclusion, approximately 15 percent of 

people with diabetes experience foot ulcers.
 

And approximately 84 percent of lower limb 

amputations have a history of ulceration with 

only approximately half of amputees 

surviving for more than 2 years. 56 percent of 

individuals with foot ulcers who do not have 

amputations survive for 5 years. Foot ulcers 

and amputations significantly reduce the 

quality of life. Approximately 8.8 percent of 

hospital admissions of diabetic patients are 



Int.J.Curr.Microbiol.App.Sci (2019) 8(5): 274-278 

278 

 

for foot related problems, and such hospital 

admissions are about 13 days longer than for 

diabetics without foot related admissions. 

Approximately 35 to 40 percent of ulcers 

recur within 3 years and up to 70 percent 

recur within 5 years. Diabetic foot disease is 

the leading cause of non-traumatic lower limb 

amputations. 
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