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Abstract 
  
 

A cross-sectional, descriptive study was carried out in the Department of Surgery, Mymensingh Medical 

College Hospital, Mymensingh, Bangladesh, between October 2014 and September 2015, to determine the 

microbiological profile and antibiotic susceptibility patterns of organisms isolated from diabetic foot ulcer. A 

total of 130 patients of diabetic foot ulcer were included in the study according to inclusion and exclusion 

criteria. Samples of pus were collected from those patients and sent for culture and sensitivity tests. Out of 

130 cases, the highest number of patients 55(42.4%) were in 50-59 years age group. The mean age was 

60.1±9.8 years. Most of the patients (70%) were male. 90(69.2%) samples yielded growth, while 40(30.8%) 

did not show any bacterial growth. Out of those 90 samples with growths, 112 bacteria were isolated. Of 

them, 59(52.7%) organisms were gram-positive, while 28(25%) were gram-negative and 25(22.3%) 

organisms were both gram-positive and gram-negative. Out of 59 gram-positive isolates, 35(59.3%) were S. 

aureus, 18(30.5%) were Enterococci, and 6(10.2%) were Streptococci. In 28 gram-negative isolates, 

15(53.7%) were E. coli, 6(21.4%) were Pseudomonas, 4(14.2%) were klebsiella, and 3(10.7%) were proteus. 

Regarding antibiotic sensitivity, all gram-positive bacteria (100%) were sensitive to vancomycin. S. aureus 

was 80% sensitive to ceftriaxone, 71.4% to flucloxacillin, 65.7% to clavulanic acid, 54.2% to ampicillin, 48.5% 

to amoxicillin, and 28.5% to cotrimoxazole. Enterococci spp. was 61.1% sensitive to ceftriaxone, 33.3% to 

clavulanic acid, (27.7%) to ampicillin, and 16.6% to both amoxicillin and cotrimoxazole. Streptococcus spp. 

showed 83.3% sensitivity to ceftriaxone, 66.6% to flucloxacillin, 33.3% to clavulanic acid, and 16.6% to 

cotrimoxazole. Among gram-negative bacteria, E. coli was found to be sensitive to imipenem (100%), 

ceftriaxone (86%), amikacin (100%), cefuroxime (73.3%), ampicillin (33.3%), ciprofloxacin (60%), and 

gentamycin (60%). Pseudomonas was found to be sensitive to imipenem (50%), ceftriaxone (66.6%), 

amikacin (83.3%), and cefuroxime (66.6%). Klebsiella was found to be sensitive to imipenem (100%), 

ceftriaxone (75%), amikacin (75%), cefuroxime (50%), and ciprofloxacin (25%). Proteus was found to be 

sensitive to imipenem (100%), ceftriaxone (66.6%), amikacin (66.6%), cefuroxime (33.3%), ciprofloxacin 

(66.6%), and gentamycin (66.6%). 
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Introduction 
 

Diabetes mellitus (DM) is an epidemic disease 

worldwide, making it one of the most challenging 

health problems in the 21st century. Diabetic foot 

is defined as the foot of diabetic patients with 

ulceration, infection and/ or destruction of the 

deep tissues associated with neurological 

abnormalities and various degrees of peripheral 

vascular disease in the lower limb.
1
 Diabetic foot 

is the most common complication of diabetes 

mellitus, and is greater than retinopathy, 

nephropathy, heart attack and stroke combined. 

A patient with diabetic foot has major negative 

effects  on  quality  of  life due to loss of mobility, 
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loss of work and reduction of social activities. 

Diabetic foot infection in type 2 diabetes has male 

predominance  and   most   of   the   patients  are  
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overweight, hyperglycemic having DM for more 

than 10 years. Ulcer is the most common 

presentation of diabetic foot. Neuropathic ulcers 

occur in 78.4% patients and the rest of the 22.6% 

had neuroischemic ulcers.
2
 Foot ulcers are 

common in diabetic patients with prevalence of 

25%.
3
 Peripheral neuropathy clearly renders the 

patient victim to unrecognized injury, which 

potentiates the risk of bacterial invasion and 

infection.
4
  

 

Diabetic foot infections are often polymicrobial. 

Staphylococcus aureus and Pseudomonas 

aeruginosa are the most common organisms 

responsible for diabetic foot infections.
5
 

Anaerobic organisms are also common causes of 

diabetic foot infection, but the prevalence is less.
6
 

Proper antibiotics according to culture and 

sensitivity should be used to management 

protocol.
7 

Ceftriaxone, flucloxacillin are the most 

effective antibiotics for gram positive organisms.
8
 

Imipenem, meropenem, and ceftriaxone are the 

most effective agents against gram negative 

organisms.
9
 Proper management of diabetic foot 

should be by  multidisciplinary team approach.  

 

Diabetic foot infection can be prevented. For the 

prevention of diabetic foot infection, good 

glycemic control, lifestyle modifications with 

proper feet cares like keeping their feet dry and 

clean while also keeping them moisturized and 

protection from injury that may cause infection.
10

 

Treatment of underlying disease processes, 

ensuring adequate blood supply, local wound 

care, infection control and pressure offloading are 

the essential components of diabetic foot 

management.  Diabetic foot ulcers tend to heal 

slowly, need intensive care, and healing can be 

complicated by infection and gangrene, leading to 

long-term    in-hospital   treatment   and   /   or  
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amputations.
9
 We proposed this study to 

determine the microbiological profile and 

antibiotic susceptibility patterns of organisms 

isolated from diabetic foot ulcer. The study results 

may facilitate physicians by increasing 

information pool about common organisms in our 

country as well as initiating measures to control 

such infections and antibiotic management, which 

ultimately help them reduce hospital stay and 

economic and psychological burdens of the 

patients and thereby improve their quality of lives. 

 

Methods 
 

This cross-sectional, descriptive type study was 

conducted in the Department of Surgery, 

Mymensingh Medical College Hospital, 

Mymensingh, Bangladesh, from October 2014 to 

September 2015. All diabetic patients with foot 

ulcers admitted into the Department of Surgery 

were the study population. However, a total of 

130 patients were finally selected based on 

inclusion and exclusion criteria. Inclusion criteria 

included type 2 diabetic patients with foot ulcers 

admitted in the hospital and age more than 40 

years. Exclusion criteria included patients having 

type 1 diabetes mellitus and with previous 

amputation. We adopted a purposive type of non-

random sampling technique. From each patient, 

pus and wound swabs were collected and sent 

for culture and sensitivity test by maintaining all 

aseptic precautions.  

 

All diabetic foot infections cases were treated in 

hospital within available facilities. However, some 

of the ischemic and critically infective cases were 

referred to higher facility centre after preliminary 

treatment for short duration. Since it was difficult 

to eradicate the etiological factors of diabetic foot 

infection, treatment was protracted.   
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Moreover, it was difficult to achieve and maintain 

healing without continued care. This demands 

proper hygiene and sound financial background 

as most of the treatment needs out-of-pocket 

expenses. 

 

Data was checked multiple times to ensure its 

correctness and consistency. Data analysis was 

done by SPSS software version 18.0 for 

Windows. The significance of this study was 

tested statistically by using the appropriate tests. 

The study was approved by the Ethical Review 

Committee of Mymensingh Medical College, 

Mymensingh, Bangladesh. 

 

Results 
 

 

A total of 130 patients were selected for this 

study. The mean age of the patients was 

60.1±9.8 years. Most of the respondents (42.4%) 

were in the 50-59 years age group. Male-female 

ratio was 2.3:1. Out of 130 cases, the highest 

number of patients 55(42.4%) were in 50-59 

years age group. The mean age was 60.1±9.8 

years. Most of the patients (70%) were male. 

90(69.2%) samples yielded growth, while 

40(30.8%) did not show any bacterial growth. Out 

of those 90 samples with growths, 112 bacteria 

were isolated. Of them, 59(52.7%) organisms 

were gram-positive, while 28(25%) were gram-

negative and 25(22.3%) organisms were both 

gram-positive and gram-negative (Table-I). Out of 

59 gram-positive isolates, 35(59.3%) were S. 

aureus, 18(30.5%) were Enterococci, and 

6(10.2%) were Streptococci. In 28 gram-negative 

isolates, 15(53.7%) were E. coli, 6(21.4%) were 

Pseudomonas, 4(14.2%) were klebsiella, and 

3(10.7%) were proteus (Table-I). Regarding 

antibiotic   sensitivity,   all  gram-positive  bacteria  
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(100%) were sensitive to vancomycin. 

 
 

Table I: Distribution of bacterial isolates from 

diabetic foot ulcers (n=130) 

 

Type of bacteria Frequen

cy 

Percen

tage 

Gram-positive bacteria 

 

      59 
 

52.7 

Staphylococcus aureus  

Enterococcus spp. 

Streptococcus spp. 

 

35 

18 

6 

 

59.3 

30.5 

10.2 
 

Gram-negative bacteria 

 

28 

 

25.0 

E.coli 

Pseudomonas Aeroginosa 

Klebseilla 

Proteus spp. 

15 

6 

4 

3 

53.7 

21.4 

14.2 

10.7 

Both gram-positive and 

negative 

25 22.3 

 

 

However, S. aureus was 80% sensitive to 

ceftriaxone, 71.4% to flucloxacillin, 65.7% to 

clavulanic acid, 54.2% to ampicillin, 48.5% to 

amoxicillin, and 28.5% to cotrimoxazole. 

Enterococci spp. was 61.1% sensitive to 

ceftriaxone, 33.3% to clavulanic acid, (27.7%) to 

ampicillin, and 16.6% to both amoxicillin and 

cotrimoxazole. Streptococcus spp. showed 

83.3% sensitivity to ceftriaxone, 66.6% to 

flucloxacillin, 33.3% to clavulanic acid, and 16.6% 

to cotrimoxazole (Table-II).  Among gram-

negative bacteria, E. coli was found to be 

sensitive to imipenem (100%), ceftriaxone (86%), 

amikacin (100%), cefuroxime (73.3%), ampicillin 

(33.3%), ciprofloxacin (60%), and gentamycin 

(60%). Pseudomonas was found to be sensitive 

to imipenem (50%), ceftriaxone (66.6%), 

amikacin (83.3%), and cefuroxime (66.6%). 

Klebsiella was found to be sensitive to imipenem  
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(100%), ceftriaxone (75%), amikacin (75%), 

cefuroxime (50%), and ciprofloxacin (25%). 

Proteus was found to be sensitive to imipenem 

(100%), ceftriaxone (66.6%), amikacin (66.6%), 

cefuroxime (33.3%), ciprofloxacin (66.6%), and 

gentamycin (66.6%) (Table-III). 

 

Table II: Distribution of antibiotic sensitivity 

pattern of gram-positive isolates 

 

Antibiotics   S. aureus 
N(%) 

Enterococci 
N(%) 

St.coccus 
spp. N(%) 

Vancomycin 35(100.0) 18(100.0)                                   6(100.0) 

Ceftriaxone 28(80.0)                        11(61.1)                                    5(83.3) 

Flucloxacillin 25(71.4)                            - 4(66.6) 

Clavulanic 

acid 

23(65.7)                        6(33.3)                                      2(33.3) 

Ampicillin 19(54.2)                        5(27.7)                                       - 

Amoxacillin 17(48.5)                        3(16.6)                                       - 

Cotrimoxazole 10(28.5)                        3(16.6)                                      1(16.6) 

 

 

Table III: Distribution of antibiotic sensitivity 

pattern of gram-negative isolates 
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u

s
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N
o
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Imipenum 15(100)                    3(50)                                      4(100)                       3(100) 

Ceftriaxone 13(86)                    4(66.6)                                  3(75)                         2(66.6) 

Amikcin 15(100)                  5(83.3)                                  3(75)                         2(66.6) 

Cefuroxime 11(73.3) 4(66.6) 2(50.0) 1(33.3) 

Ampicillin 5(33.3) - - - 

Ciprofloxacin 9(60.0) - 1(25.0) 2(66.6) 

Gentamycin 9(60.0) - - 2(66.6) 
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Discussion 

 

In our study, the age range of the patients was 

40–79 years with a mean age of 60.1±9.8 years. 

Most of the patients (42.4%) were within the 50-

59 years age group. Supporting to our study, 

another study showed that 56.3% were in the 51-

70 years age group, with mean age of 60.5±9.9 

years.10 In the present study, the majority of the 

patients 91(70.0%) were male with a male-female 

ratio of 2.3:1. Similar findings were observed in 

another study done by Pandurengan.
11 

  

 

Out of 130 samples, 90(69.2%) yield bacterial 

growths. In 90 growths, 112 types of bacteria 

were isolated. Of 112 isolates, 59(52.7%) were 

gram positive, whereas 28(25.0%) were gram 

negative and 25(22.3%) organisms were both 

gram positive and gram negative. Similar findings 

were observed in another study done in 

Bangladesh.
8
 Of gram-positive bacteria, 66% 

were S. aureus and 34% were enterococci, while 

among gram-negative bacteria, 48% were E. coli, 

24% were pseudomonas, 16% were klebsiella 

and 12% were proteus. Our findings were similar 

to Amini et al.
1
 All gram-positive bacteria (100%) 

were sensitive to vancomycin. However, S. 

aureus was 80% sensitive to ceftriaxone, 71.4% 

to flucloxacillin, 65.7% to clavulanic acid, 54.2% 

to ampicillin, 48.5% to amoxicillin, and 28.5% to 

cotrimoxazole. Enterococci spp. was 61.1% 

sensitive to ceftriaxone, 33.3% to clavulanic acid, 

(27.7%) to ampicillin, and 16.6% to both 

amoxicillin and cotrimoxazole. Streptococcus 

spp. showed 83.3% sensitivity to ceftriaxone, 

66.6% to flucloxacillin, 33.3% to clavulanic acid, 

and 16.6% to cotrimoxazole. Among gram-

negative bacteria, E. coli was found to be 

sensitive to imipenem (100%), ceftriaxone (86%),  
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amikacin (100%), cefuroxime (73.3%), ampicillin 

(33.3%), ciprofloxacin (60%), and gentamycin 

(60%). Pseudomonas was found to be sensitive 

to imipenem (50%), ceftriaxone (66.6%), 

amikacin (83.3%), and cefuroxime (66.6%). 

Klebsiella was found to be sensitive to imipenem 

(100%), ceftriaxone (75%), amikacin (75%), 

cefuroxime (50%), and ciprofloxacin (25%). 

Proteus was found to be sensitive to imipenem 

(100%), ceftriaxone (66.6%), amikacin (66.6%), 

cefuroxime (33.3%), ciprofloxacin (66.6%), and 

gentamycin (66.6%). Similar sensitivity pattern 

was reported by Sing et al.
7 
 

 

Our study was of short duration and conducted 

only at one hospital with a small sample size and 

non-random sampling technique which limits the 

generalization of the findings. Hence, we 

recommend conduction of a large scale study on 

diabetic foot for generalization of the findings.   

 

Conclusion 
 

Based on the study findings, it can be concluded 

that in diabetic foot infections responsible 

microorganisms may include gram positive, gram 

negative and mixed types of organisms. 

Staphylococcus aureus and Escherichia coli are 

usually the most common organisms involved in 

diabetic foot infection. Polymicrobial infection with 

multi-drug resistance cases are frequently found. 

More sensitive antibiotics are imipenem, 

ceftriaxone, and amikacin. Conservative 

treatment, debridement and dressing, off-loading, 

culture-guided intellectual use of antibiotics 

therapy are the most successful treatment 

modalities. Educating our diabetic patients on 

how to prevent foot infection can create impacts 

on lowering such morbidities and mortalities. 

 

 

 

 

 

CBMJ 2024 January: Vol. 13 No. 01 

 

 

 

References 
 

1. Amini M, Davati A, Piri M. Determination of the 

resistance pattern of prevalent aerobic bacterial 

infections of diabetic foot ulcer. Iranian J Pathol. 

2013;8(1):21-6. 

 

2. Murugan S, Mani KR, Uma Devi P. Prevalence 

of Methicillin Resistant Staphylococcus aureus 

among diabetes patients with foot ulcers and 

their antimicrobial susceptibility pattern. J Clin 

of Diagn Res. 2008;2(4):979-84. 

 

3. van Acker K, Léger P, Hartemann A, Chawla A, 

Siddiqui MK. Burden of diabetic foot disorders, 

guidelines for management and disparities in 

implementation in Europe: a systematic 

literature review. Diabetes Metab Res Rev. 

2014;30(8):635-45. 

 

4. Ghotaslou R, Memar MY, Alizadeh N. 

Classification, microbiology and treatment of 

diabetic foot infections. J Wound Care. 

2018;27(7):434-41. 

 

5. McDermott K, Fang M, Boulton AJM, Selvin E, 

Hicks CW. Etiology, Epidemiology, and 

Disparities in the Burden of Diabetic Foot 

Ulcers. Diabetes Care. 2023;46(1):209-21. 

 

6. Abdulrazak A, Bitar ZI, Al-Shamali AA, 

Mobasher LA. Bacteriological study of diabetic 

foot infections. J Diabetes Complications. 

2005;19(3):138-41. 

 

7. Singh N, Armstrong DG, Lipsky BA. Preventing 

foot ulcers in patients with diabetes. JAMA. 

2005;293(2):217-28. 

 

8. Sayeed MA, Mahtab H, Khanam PA, Latif ZA, 

Banu A, Khan AK. Prevalence of diabetes and 

impaired fasting glucose in urban population of 

Bangladesh. Bangladesh Med Res Counc Bull. 

2007;33(1):1-12. 
 

 

 

Page 93 

 



 

 

     Original Article 

 

 

9. Mir G. Diabetic foot ulcer healing with a silver 

dressing combined with soft silicone 

technology. Wounds Int. 2013;4(3):15-8. 

 

10. Pittet D, Wyssa B, Herter-Clavel C, Kursteiner 

K, Vaucher J, Lew PD. Outcome of diabetic foot 

infections treated conservatively: a 

retrospective cohort study with long-term follow-

up. Arch Intern Med. 1999;159(8):851-6. 

 

11. Pandurengan K. Diabetic foot: vasculopathy 

assessment and analysis of risk factors of 

amputation. Int J Res Med Sci. 2015;3(1):70-6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 CBMJ 2024 January: Vol. 13 No. 01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 94 


