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ABSTRACT:     
Diabetes is a group of metabolic disorders characterized by hyperglycemia which is a result of either defects 
in insulin secretion, insulin action or both and diabetic foot is the feared complication of diabetes. It is 
characterized by several pathological complications which leads to the development of gangrene and even 
necessitates limb amputation. This dissertation was designed determine the bacterial profile of infected 
ulcers and to institute the appropriate antibiotic usage pattern. Deep wound swab was cultured from 
50diabetic foot ulcer patients. Specimen was examined by gram stain procedure, cultured and antibiotic 
sensitivity, resistance patterns were obtained. A total number of 39 pathogens were isolated from wound 
swabs. Gram negative aerobes constitutes of 33 isolates (84%) followed by gram positive aerobes 6 isolates
(16%). Common pathogens isolated include Klebsiella, Proteus and E. Coli. Gram negative were sensitive to 
Amikacin, Meropenem and Cefexime. Gram positive were sensitive to Amikacin, Vancomycin and 
Teicoplanin. Our study concluded that Gram negative isolates are leading infectious agents from specimens. 
Amikacin was sensitive to Gram negative as well as Gram positive bacteria. Our study also assists the 
physician for the selection of appropriate antibiotics to improve the wound healing.                                                                        
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1. INTRODUCTION: 

Globally many people are being affected with 

Diabetes which is a chronic disorder [1]. It is 

a group of metabolic disorders characterized 

by hyperglycemia which is a result of either 

defects in insulin secretion, insulin action or 

both [2].With nearly one million diabetic 

deaths every year, India turned out as the 

“diabetic capital of the world [3]. Prevalence 

of diabetes is one-quarter in rural population 

than urban population in India and other sub-

continent countries [4]. Roughly one-fourth of 

people with diabetes are prone to an ulcer 

during their entire lifetime which may be 

infected with microbes [5,6]. Hospitalization 

of diabetic people is majorly due to an 

infected ulcer [7]. More over micro-

organisms which have been identified in an 

infected foot differ not only patient to patient 

and hospital to hospital but also from one 

part of the country to another [8]. Most 

frequent pathogens contributing to 

progressive and widespread tissue 

destruction are Escherichia coli, Proteus 

species., Pseudomonas species., 

Staphylococcus aureus and Enterococcus 

species [9]. Casual pathways which lead to 

ulceration of foot include several component 
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causes, of which primary cause is peripheral 

neuropathy. Peripheral neuropathy must be 

intense before leading to loss of protective 

sensation, the later consequences are 

vulnerable to physical and thermal trauma 

which increases the risk of foot ulceration 7-

fold. Excessive plantor pressure is secondary 

causative factor in foot ulceration. It includes 

both limited joint mobility and foot 

deformities. Tertiary cause is trauma, 

predominatly when it is repetitive. People 

with previous foot ulceration history could 

resist to few cycles of stress to their feet in 

advance to any ulcer recurred [10]. Infectious 

microorganisms are associated with 

amputation of infected foot if not treated 

properly and will increase the duration of 

hospital stay and the cost of management as 

well as morbidity and mortality [11]. Foot 

infections in persons with diabetes are 

initially treated empirically, later treated 

according to the appropriate organism 

involved in causing the infection [12].  This 

antibiotic selection is critical in managing the 

health condition of the patient [13]. Aim of 

the present study is was to evaluate the 

bacteriology of diabetic foot ulcers at 

Mahatma Gandhi Memorial Hospital, 

Warangal, Telangana, in order to determine 

the relative frequencies of bacterial isolates 

cultured from foot infections and to assess 

the invitro antibiotic resistance and 

suspectibility of the isolated bacteria to a 

variety of commonly used antibiotics [13]. 

2. MATERIALS AND METHODS  

This is a prospective observational study 

carried out in Mahatma Gandhi Memorial 

Hospital, Warangal. Institutional Human 

Ethics committee endorsement was seeken 

and obtained before conduct of trial 

(MGM/VCOP/PHARMD/V/011/2017). 

Selection of subjects was performed 

according to the following inclusion and 

exclusion criteria. Inclusion Criteria: Patients 

diagnosed with Diabetes. Patients with recent 

and recurrent diabetic foot ulcer. Exclusion 

Criteria: Patients with non-diabetic foot ulcer. 

Statistical analyses:  Tables and graphs were 

drawn by using MS-ACCESS to MS-EXCEL.  

3. RESULTS 

During the study period, a total number of 65 

patients were approached to participate in 

our study, out of which 58 individuals data 

was taken where 50 diabetic foot ulcer 

patients current medical history was 

collected and followed up for further study. 8 

patients data was not included due to several 

reasons (unwillingness of patient and patient 

has not signed the consent form). A majority 

of patients (46%) having the foot ulcer are in 

the age group between(56-65yrs). The 

average age of patients is 56.08±10.31 years. 

Among the 50 patients 32 patients (64%) are 

from rural area who were predominant for 

developing foot ulcer when compared with 

patients 18(36%) of urban area. The duration 

of diabetes mellitus for below 5 years was 

observed in 9(18%) patients, between 5-

10yrs in 13(26%) patients, between 10-15 

years in 20 (40%) patients and in between 

15-20 years in 8(16%) patients. The average 

duration of Diabetes mellitus in patients was 

10±7.071 years. The mean duration of ulcer is 

16.66±21.12 months.  Most worsening 

infection is seen in patients with ulcer 

duration above one month which is shown in 

Table 1. 

Out of 50 patients, 6 patients had recurrent 

ulcers and 44 patients have suffered from 

single ulcer exposure. 10 patients had 

Hypertension, 2 patients had history of 

Coronary artery disease, 1 patient had history 

of Coronary artery disease and Hypertension 

and 1 patient had history of Hypertension 

and Cardio-vascular attack. The average  
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hospital stay of patients is 18.22± 23.75 days. 

The above results were given in Table no.2 

Patients with barefoot walking history were 

at high risk for developing diabetic foot ulcer. 

Most patients admitted were of Spontaneous 

ulcer development followed by Traumatic 

ulcer. 

According to Wagner Nelson classification of 

Diabetic foot ulcer the extent of foot involved 

is assessed in Wagner grading. 2 patients are 

under grade 2, 10 patients are under grade 3, 

28 patients are under grade 4 and 10 patients 

are under grade 5. This data was pictorially 

represented in Fig.no.1. 

Table.1: Demographics variables among diabetic patients with recurrent ulcer and Single 
exposure to ulcer. 

Variables Total No. (%) Single exposure (44) Recurrent ulcer (6) 
Overall 

Mean±sd 
Diabetes mellitus (yrs) 10±7.071 
≤ 5 yrs 9(18%) 9 -  
5–10 yrs 13(26%) 11 2  
10–15 yrs 20(40%) 17 3  
15 20 yrs 8(16%) 6 1  
Duration of Ulcer 16.66±21.12 
≤1 month 41(82%) 38 3  
1-2 months 6(12%) 4 2  
2months ≥ 3(6%) 2 1  
Size of ulcer NA 
≤5cm2 39(78%) 35 4  
≥5 cm2 11(22%) 9 2  

Table no.2 : Data including Hisory of ulcer, duration of hospital stay and the status of the 
subjects involved. 

Variables Total No. (%)
Diabetic patients with 
single exposure (44) 

Diaebticpatients 
with recurrent 

ulcer (6) 

Overall 
Mean± sd 

History of ulcer    NOT APPLICABLE 
Trauma 20(40%) 4 15  
Insect bite 3(6%) - 3  
Spontaneous 27(54%) 2 25  
Typeof Comorbidity    NOT APPLICABLE 
Hypertension 10(20%) 2 8  
CAD 2(4%) - 2  
HTN and CAD 1(2%) - 1  
HTN and CVA 1(2%) 1 -  
None 36(72%) 3 33  
Treatment    NOT APPLICABLE 
Conservative 41(82%) 1 40  
Amputations 9(18%) 4 5  
Hospital stay    18.22± 23.75 
≤  15 days 44(88%) 3 41  
15 – 30 days 5(10%) 3 2  
≥ 30 days 1(2%) 1 -  
Status    NOT APPLICABLE 
Discharge 50 (100%) 6 44  
Dead 0 - -  
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Fig.1: Wagner Nelson Classification of 

Diabetis Foot Ulcer 

Al the 50 sample specimensarere cultured 

and organisms have been found in 39 

specimens. Out of 39 organisms, 33 isolates 

showed single organism growth, remaining 

sample specimens showed poly-microbial 

growth. 

 

Fig.2: Showing the occurrence of Diabetic 

lesions in Diabetic foot ulcer patients. 

In this particular study, 33 isolates were 

Gram negative which are predominant in 

nature including  Klebsiella species 11(33%), 

E.Coli 6(18%), Proteus species 8(24%), 

Pseudomonas species 5(15%), Citrobacter 

species 3(9%) and 6 isolates were Gram 

positive including  Coag negative 

staphylococcus 4 (66.6%) and Staphylococcus  

aureus 2 (33.3%) which was clearly shown in 

Figure 3. 

 
Fig. 3:  Showing the Percentage of Bacterial 
isolates cultured from Diabetic foot ulcer 
patients. 

Gram negative isolates like Klebsiella species 

were susceptible to Cefipime (63%), 

Amikacin (82%), Meropenem (63%), 

Table 3:  Percentage of antibiotic susceptibility in Gram negative aerobes : 

Antibiotics 
Klebsiella 

(%) N=11 

E Coli 

(%) N=6 

Proteus 

(%) N=8 

Pseudomonas 

(%) N=5 

Citrobacter 

(%) N=3 

Amikacin 9 ( 82% ) 4 (66%) 4 (50%) 2 (40%) 2 (67%) 

Oflaxacin 4 ( 36%) - - - - 

Meropenem 7 ( 63%) 3 (50%) 6 (75%) 3 (60%) - 

Ciprofloxacin 4 ( 36%) - - - - 

Cefipime 7 ( 63%) - - - 1 (33%) 

Imipenem 4 ( 36%) 2(33%) - 2 (40%) - 

Clotrimaxazole - 5 (83%) - - - 

Gentamycin 1 (9%) - - - 1 (33%) 

Piperacillin/ 

Tazobactum 

2 (9%) - 2 (25%) - - 
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Ciprofloxacin (36%), Oflaxacin (36%), 

Imipenem (36%). Proteus species were 

susceptible to Meropenem (75%), Amikacin 

(50%) and Piperacillin/tazobactum (25%). 

E.Coli species were susceptible to 

Clotrimaxazole (83%), Amikacin (66%), 

Meropenem (50%) and Imipenem (33%). 

Pseudomonas species were susceptible to 

Meropenem (60%), Amikacin (40%) and 

Imipenem (40%). Citrobacter species were 

susceptible to Amikacin (67%), Gentamycin 

(33%) and Cefipime (37%) was shown in 

Table. 3. 

 

Gram positive bacteria were susceptible to 

Amikacin (100%), Vancomycin(100%) and 

Teicolplanin(100%). Klebsiella species were 

resistant to Pipearacillin/tazobactum (63%), 

Oflaxacin (45%), Tetracycline (27%). E.Coli 

species were resistant to Cefuroxime (100%), 

Piperacillin/tazobactum and Tobramycin 

each (83%), Tetracycline (66%), Amoxicillin 

(50%), Ampicillin/ salbactum (50%), 

Cefipime (50%). Proteus species were 

resistant to Oflaxacin (83%), Amikacin 

(67%), Piperacillin/ tazobactum (67%), 

Cefuroxime (50%). Pseudomonas species 

were resistant to Oflaxacin (100%), 

Piperacillin/tazobactum (80%), Amikacin 

(60%), Augmentin (60%), Clarithromycin 

(60%). Citrobacter species were resistant to 

Clarithomycin (67%), Ciprofloxacin (33%), 

Meropenem (33%). 

4. DISCUSSION 

India holds the largest number of Diabetic 

population and currently with 60.1million 

diabetic individuals. Diabetic foot infection is 

major cause for hospital admission of diabetic 

patients [15]. The current study uses the 

same broad survey approach as study done 

by Deribe et al., [16] which reveals that 64% 

patients are from rural area suffering from 

diabetic foot infection when compared to 

urban people 36%. According to a previous 

dissertation extended spectrum antimicrobial 

therapy may delay the improvement of the 

Diabetic foot infection due to resistance to the 

antimicrobial therapy [17]. Present study 

reported that the small spectrum antibiotic 

therapy is effective to avoid the development 

of the resistant organisms.  

In this study, a total number of 39 organisms 

were isolated from 50 samples with an 

average of 1.28  per case as similar to 

previous study which yielded an average of 

1.21 organisms per case and slightly lower 

than the findings from another report which 

yielded an average of 1.52 per case [18,19]. 

Our findings were similar to some studies 

which yielded that, mild diabetic foot 

infections are mostly monomicrobial, where 

as severe and moderate diabetic foot 

infections are polymicrobial.[13,15]A report 

submitted by Dhanasekaran et al., in 2003, 

have yielded that about 84% of diabetic foot 

ulcers were monomicrobial, which was 

similar to our study findings.[20] Gram 

negative bacteria were the predominant 

species with 84.6% and Gram positive with 

15.3% cases. Among 30 isolates, 26 were 

Gram negative and 4 were Gram positive 

which is similar to Indian studies [10,18]. 

Gram negative bacteria are predominant 

cause for infections which is similar to 

reports from similar studies. [21, 22]. 

Klebsiella and Proteus were the leading 

organisms under Gram negative bacteria in 

this present study. Ramani et al. [23], made 

slightly similar observation and majority of 

Proteus (20.73%), Klebsiella (12.35%) as the 

Table.4: Percentage of antibiotic 
susceptibility in Gram positive aerobes: 

Antibiotic 
S. aureus 
(%) N=2 

Staphylococcus 
(%) N=4 

Teicoplanin 2   (100%) 4 (100%) 
Vancomycin 2   (100%) 4(100%) 
Amikacin 2   (100%) 4 (100%) 
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most common pathogens. Klebsiella species 

exhibited sensitivity to Amikacin (82%), 

Ciprofloxacin (36%) Imipenem (36%) and 

Piperacillin/Tazobactam(9%) accordingly. 

Proteus showed sensitivity to Meropenem 

(75%), Amikacin (50%) and Piperacillin/ 

Tazobactam (25%). E.coliis sensitive to 

Clotrimaxazole (83%), Amikacin (66%), 

Meropenem (50%) and Imipenem (33%). 

Gram positive bacteria showed sensitivity to 

Amikacin, Vancomycin and Teicoplanin. 

Amikacin was effective against Gram positive 

and Gram-negative isolates as similar to 

previous observation [15,9]. A study 

conducted by Umadevi et al., reported that 

Amikacin, Piperacillin/tazobactum and 

Imipenem were sensitive against Gram 

negative bacteria [24]. This present scenario 

distinguished from a study in Chennai that 

they reported E.Coli showed 100% sensitivity 

to Imipenem and Meropenem and they are 

resistant against Gentamycin [25]. Our study 

reported that E.Coli exhibited (83%) 

sensitivity to Clotimaxazole, (75%) to 

Meropenem and (33%) to Imipenem. 

In accordance to resistance pattern, Klebsiella 

species were resistant to Piperacillin/ 

tazobactum (63%), Oflaxacin (45%), 

Clarithromycin (18%). Proteus species were 

resistant to Oflaxacin (83%), Pipercillin/ 

tazobactum (67%) and Amikacin (67%). 

E.Coli was resistant to Cefuroxime (100%), 

Pipercillin/tazobactum (83%), Tobramycin 

(83%) and Tetracycline (66%). Citrobacter 

species showed resistance to Claritromycin 

(67%),  Meropnem (33%) and Ciprofloxacin 

(33%). Gram positive bacteria are resistant to 

Ampicillin/salbactum. 

5. CONCLUSION 

Our study concluded that Gram negative 

isolates are leading infectious agents from 

specimens. Amikacin was sensitive to Gram 

negative as well as Gram positive bacteria. 

Gram negative bacteria are less sensitive to 

Cefipime, Meropenem, Imipenem, 

Ciprofloxacin and resistant to Piperacillin/ 

Tazobactum, Oflaxacin, Cefuroxime and 

Tetracycline. Our study assists physician for 

the selection of proper antibiotics to improve 

the wound healing and also  helps to avoid 

the irrational antibiotic usage by Institutional 

antibiotic committee. From our findings, we 

concluded that the decrease in Multi drug 

resistance improves the wound healing, there 

by improves the patients Quality of Life which 

is helpful for further studies. Our study found 

that rural Diabetic patients having the bare 

foot walking history were more prone to 

develop injuries that may lead to Diabetic foot 

ulcer. 
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