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Abstract

Bacteriological analysis and clinical grading of 113 patients with diabetic foot 

lesions revealed polymicrobial aetiology in 96 (85%) and single aetiology in 16 (14%) 

patients. A total of 290 organisms (223  aerobes and 67 anaerobes) were isolated and 

an average of 2.56 isolates per case was reported. In this study, Staphylococcus 

aureus among the gram-positive and Pseudomonas aeruginosa among the gram 

negative were the predominantly isolated organisms. Among anaerobes, gram 

positive cocci were the predominant (69%) with Peptostreptococcus species being 

the leading isolate. Antimicrobial sensitivity pattern of the isolates is discussed in 

detail.
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Introduction

iabetes mellitus is a worldwide Dphenomenon. Type 2 diabetes is the 

most common form of diabetes in 

developing countries like India, Africa and 

China. At present 31.7 million people are 

diabetic in India. Hence, it has been 

labelled as "The diabetic capital of the 
1world".  Diabetes warrants a lot of 

attention because of its various 

compl i ca t i ons  l ike  r e t inopathy ,  

nephropathy, peripheral neuropathy, 

cardiovascular disease, peripheral 

vascular disease (PVD), cerebrovascular 
2accident, hypertension and diabetic foot.  

Many factors like trauma, duration of 

diabetes, smoking and deformity can 

cause foot lesion in diabetic patients, 

however peripheral vascular disease (PVD) 

and neuropathy are the two major factors 

that can cause havoc in the foot of the 

patient. Due to these risk factors, minor 

abrasion which, if, left unattended can 
3cause an ulcer.  This ulcer can further get 

infected with a spectrum of aerobic and / 
4or anaerobic bacteria.  Timely intervention 

with broad spectrum antibiotics and 

proper diabetic foot care helps in healing 

the ulcer. This is of utmost importance, as 

a  de lay  would  l ead  to  fur ther  

complications like amputation of foot or 

limb. 

In view of the above facts, a prospective 

study was carried out to determine the 

relative frequency of aerobic and 

anaerobic microbial isolates cultured from 

diabetic foot infections and to assess their 

comparative in vitro susceptibility to the 

commonly used antibiotics.

Material and Methods

A prospective study of 113 patients 

with diabetic foot infection was conducted 

over a period of 18 months in an urban 
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tertiary care teaching hospital. The 

patients previously diagnosed or newly 

diagnosed as diabetic, presenting with 

lower extremity infection attending out 

patients department (OPD) or admitted in 

wards of J. J. hospitals, Mumbai were 

included in the study.

A questionnaire was developed to 

record the medical history, examination 

details and investigation reports. Details 

regarding type of diabetes, its duration, 

treatment, compliance by the patient, 

awareness about complications, personal 

habits like smoking and alcohol 

consumption, history of hypertension, 

neuropathy, and trauma were recorded. 

On local examination, foot ulcers in 

diabetic patients were categorised into six 

grades (grade 0 - grade 5) based on Wagner 
5Classification System.

Grade 0 - A b s e n t  s k i n  l e s i o n ,  

hyperkeratosis, and bony 

deformity.

Grade I - Ulceration involving only the 

dermis.

Grade II - Ulceration involving tendon 

and capsule

Grade III- Extending to bone usually 

causing osteomyelitis

Grade IV - Localised gangrene (forefoot)

Grade V - Gangrene involving a major 

part of the foot.

Various specimens (pus, wound 

exudates, or tissues biopsy) for 

microbiological studies were obtained 

from the ulcer region. For ulcer, the wound 

was first rinsed with sterile normal saline 

and then two swabs were collected from 

the depth of the wound to check for the 

presence of aerobes and anaerobes. The 

swab for anaerobic culture was 

transferred to a tube of sterile Robertson's 

cooked-meat broth (RCM). The other swab 

for aerobic culture was transferred into a 

sterile tube with glucose medium. Any 

fluid discharged (in sufficient quantity) 

from the wound was aspirated with sterile 

needle and syringe aseptically. Part of the 

specimen collected from wound was 

transferred to a sterile test tube for gram 

staining and aerobic culture studies and 

the remaining part was inoculated in RCM 

medium for anaerobic culture. The tubes 

were immediately transported to the 

laboratory for processing. In the case of 

p a t i e n t s  u n d e r g o i n g  s u r g e r y  

(debridement, drainage, amputation), the 

surgeon was requested to send 

intraoperative specimen to the lab for 

processing the same. The specimens were 

cultured on Blood agar and MacConkey 

agar for Aerobic / Facultative anaerobic 

organisms, and on Neomycin Blood Agar 

for anaerobic organism. Isolates obtained 

were identified by standard laboratory 

t e c h n i q u e s  a n d  a n t i m i c r o b i a l  

susceptibility testing of aerobic isolates 

was performed by the Kirby Bauer disc 

diffusion method as recommended by the 

Clinical and Laboratory Standards 
6Institute (CLSL).  The anaerobes were 

grouped based on the following antibiotic 

identification discs namely kanamycin (1 

mg), colistin (10 µg), and vancomycin (5 

µg). Sodium polyanethol sulphonate (SPS) 

disc was placed near the colistin disc for 

rapid presumptive identification of 

Peptostreptococcus anaerobius.

Speciation of anaerobic isolates:

Pure isolates were further processed for 

grouping of anaerobes and speciation of 
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7,8the same

Following tests were carried out

20% bile tube test

Indole production

Catalase production

Nitrate reduction test

Production of lipase and lecithinase

Urea hydrolysis

Results and Observations

In the 113 diabetic foot patients 

studied, 75 (66%) were males and 38 (34%) 

were females, male-to-female ratio being 

1.97, in the age group of 21 to 71 years 

(average = 54.23 years; S.D. = 11 years). 

Among those having diabetic foot ulcers, a 

majority of patients (37%) were in the age 

group 51 to 60 years.

A maximum of 47 (42%) patients had 

diabetes for less than seven years of 

duration, followed by 42 (37%) patients, 

who had duration of diabetes of seven to 

11 years and 16 (14%) had duration of 

more than 11 years. In eight patients, the 

duration was not known. Mean duration 

diabetes mellitus was 7.8 ± 3.8 years 

(mean ± SD). In various predisposing 

factors studied among 113 patients, 89 

(79%) patients had history of trauma. 

Neuropathy was present in 69 (61%) 

patients, while, history of smoking was 

present in 60 (53%) patients. History of 

barefoot walking was present in 44 (19%) 

patients. History of previous ulcer was 

present in 25 (22%) patients, while, 

peripheral vascular disease was present in 

only 14 (12%) patients.

The diabetic foot infection of a majority 

of patients was classified under Wagner's 

III, II and IV at 38%, 26% and 19% 

respectively. Eleven per cent of patients 

were classified under Wagner's I, followed 

by 5% under Wagner's V. Only one case 

was classified under Wagner's 0.

Microbiological Aspect

All 113 samples but one showed 

growth. Monomicrobial growth was 

observed in 16 (14%) samples. All the 16 

samples grew only aerobes, out of these, 

n i n e  w e r e  c o a g u l a s e  n e g a t i v e  

s taphy lococc i ,  and  seven  were  

Staphylococcus aureus. A majority of 

samples that is 96 (85%) showed 

polymicrobial growth of which, 29 were a 

mixed growth of only aerobes and 67 were 

a mixed growth of both aerobes and 

anaerobes. Of the 290 isolates, 223 were 

aerobes and 67 were anaerobes. Among 

the aerobes, 90 were gram-positive cocci 

and 133 were gram-nagative bacilli and 

the majority were Staphylococcus aureus 

(50) followed by Pseudomonas aeruginosa 

(47). Acinetobacter spp was the least 

predominant (2). Among the anaerobes, 46 

were cocci and all were gram positive. 21 

were bacilli, of which, 16 were gram 

negative and five were gram positive. The 

p r e d o m i n a n t  a n a e r o b e  w a s  

Peptostreptocuccus species [38 (57%)], 

followed by anaerobic streptococci [8 

(12%)].

A majority of cases (94) belonged to 

Wagner's II, III and IV grades; hence 
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Wagner's Grade

0

I

II

III

IV

V

N=113

1

12

29

43

22

6

Percentage

1

11

26

38

19

5

Distribution of Wagner's Grades in Diabetic Foot Cases



709

maximum aerobes (193) were also from 

these grades. Gram positive cocci were the 

predominant isolates in Wagner's grades I 

and II, while, gram negative bacilli were the 

predominant isolates in Wagner's grades 

III, IV, V. (Table 2)

Maximum of anaerobes (61) were from 

Wagner's grades II, III and IV, as a 

maximum number of cases of diabetic foot 

infection (94) were from these groups. The 

predominant isolates from Wagner's 

grades II, III and IV were gram-positive 

cocci where, Peptostreptococcus species 

was the predominant. Four Pigmented 

prevotella species and two Clostridium 

perfringens were isolated from grade V. 

Antibiotic sensitivity pattern of 27 

(41%) staphylococcus species showed that 

24 Staphylococcus aureus and three 

Coagulase negative staphylococci (CNS) 

w e r e  o x a c i l l i n  r e s i s t a n t .  A l l  

Staphylococcus aureus  were sensitive to 

vancomycin while, only two CNS were 

resistant to vancomycin. The least 

resistance was seen in teicoplanin i.e. only 

8%. All Streptococcus species were 

sensitive to vancomycin, teicoplanin, and 

linezolid. Seventy three per cent were 

resistant to erythromycin and tetracycline, 

while, 60% were resistant to penicillin and 

clindamycin. All Enterococcus species were 

sensitive to vancomycin and linezolid. 

Majority of the isolates of Pseudomonas 

aeruginosa (79%) were resistant to 

ciprofloxacin, followed by gentamicin 

(70%), ceftazidime (32%) and cefoperazone 

(21%). The least resistant was seen in 

Imepenem (9%), followed by piperacillin 

(13%), piperacillin / tazobactam and 

cefipime (17% each).

On statistical analysis by chi squares 

test, it was found that among the various 

Bombay Hospital Journal, Vol. 53, No. 4, 2011

Aerobic Bacteria Isolated From Various Grades 
of Diabetic Foot Lesions

Staphylococcus
species

Streptococcus
species

Enterococcus
species

Pseudomonas
aeruginosa

Proteus
species

Klebsiella 
species

Providentia
species

Chrobacter
species

Morganella
morgagnii

Escherichia
coli

Acinetobacter
species

No growth

Total 
(Percentage) 

Average no. of
organisms/case

Aerobes

(No. of Cases)

I

(12)

12

1

-

1

-

-

-

-

-

-

-

-

14

Total %

65 (29)

15 (7)

10 (4)

47 (21)

36 (16)

18 (8)

13 (6)

8 (4)

7 (3)

2 (1)

2 (1)

-

223 (100)

II

(29)

26

9

2

5

-

10

-

-

-

-

-

-

52

III

(43)

20

1

6

27

17

6

2

8

-

2

-

-

89

IV

(22)

7

2

2

12

15

-

7

-

5

-

2

-

52

V

(6)

-

2

-

2

4

2

4

-

2

-

-

-

16
(6) (23) (40) (23) (7)

1.16 1.79 2.06 2.36 2.66 -

Aerobic Bacteria Isolated From Various Grades 
of Diabetic Foot Lesions

Peptostreptococcus
species

Peptostreptococcus
anaerobius

Anaerobic 
streptococci

Pigmented 
prevotella species

Bacteroides 
fragilis group

Clostridium 
perfringens

Total
(%)

Average no of
anaerobes / case

Aerobes

(No. of Cases)

I

(12)

Total %II

(29)

III

(43)

IV

(22)

V

(6)

-

-

-

-

-

-

0

32 (48)

6 (9)

8 (12)

12 (18)

4 (6)

5 (7)

67

6

-

6

-

-

-

12

17

2

2

5

2

-

28

9

4

-

3

2

3

21

-

-

-

4

-

2

6

(0%) (100)(18) (42) (31) (9)

0 -0.41 0.65 0.95 1
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risk factors for limb amputation in diabetic 

foot lesion, the significant ones were 

peripheral vascular disease (P < 0.001), 

history of ulcer (P = 0.035), Wagner's 

grades IV (P < 0.001) and V (P = 0.008). 

Presence of polymicrobial infection (P = 

0.001) and isolation of anaerobes (P < 

0.001) were also statistically, significant 

risk factor for amputation. (Table 4)

Discussion

In the present study, a total of 290 

organisms were isolated from 113 patients 

and an average of 2.56 organisms per case 

was found. This is slightly higher than the 

findings from Bansal et al study where 

9cultures yielded an average of 1.52.  

Polymicrobial nature of diabetic foot 

infections has been observed in various 
10,11,12studies.  In the present study, the 

predominant isolate was Staphylococcus 

aureus (22.4%) followed by P. aeruginosa 

(21%). Almost similar results were 
12,13obtained by LIanes et at, Pathare et al.  

In this study, of the 67 (23%) anaerobes 

isolated, the predominant isolate was 

Peptostreptococcus species [38 (57%)], 

followed by anaerobic streptococci [8 

(12%)], similar results were obtained in 
13,14Pathare et al, Viswanathan et al study.

As regards to the antibiotic sensitivity 

pattern of the 50 Staphylococcus aureus, 

resistance was found to be the lowest (8%) 

for teicoplanin and highest (92%) for 

penicill in. This was followed by 

contrimoxazole (82%), tetracycline (80%), 

ciprofloxacin (70%), erythromycin (62%) 

and linezolid (26%). Among CNS, 

resistance was found to be the highest for 

t e t r acyc l ine  ( 87%)  f o l l owed  by  

cotrimoxazole, teicoplanin, erythromycin 

and penicillin (73% each respectively). the 

least resistance was seen to vancomycin 

and linezolid (13%) which was similar to 
15the findings of Raymundo and Mendoza.  

Among 65 staphylococcus species, 41.5% 

were MRSA which was similar to the study 

of Tentolouris et al in which 40% were 
16MRSA.  In the present study majority of 

the isolates of Pseudomonas aeruginosa 

(79%) were resistant to ciprofloxacin. High 

resistance was also seen in gentamicin 

(70%) tobramycin (60%), amikacin (55%), 

and ceftazidime (32%). Similar to the study 

of Reymundo and Mendoza lower 

resistance was observed with meropenem 

(9%), followed by piperacillin (13%), 
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Evaluation of risk factors in limb amputation 
in diabetic foot case

Uncontrolled
Diabetes

Smoking

Barefoot

PVD

Neuropathy

Trauma

History of ulcer

Duration of diabetes
> 8 yrs

Predisposing 

Factors

With 

amputation

Without

amputation

Odds

Ratio

95% CI P Value

0.69 to

6.231

Wagner's grade I

II

III

IV

V

Polymicrobial
growth

Anaerobic 
isolates

40

24

20

11

26

39

15

23

0

6

13

20

6

45

42

54

36

24

3

43

50

10

17

12

23

30

2

0

52

25

2.074

1.016

1.467

22

0.796

2.34

2.9

2.835

NA

0.301

0.515

26.4

NA

NA

24.08

0.288

0.879

0.436

<0.001

0.7

0.151

0.035

0.019

0.008

0.026

0.151

<0.01

0.008

0.001

<0.001

0.478 to

2.161

0.679 to

3.168

5.116 to 

94.606

0.368 to

1.718

0.849 to

6.453

1.163 to

7.23

1.256 to

6.4

NA

0.111 to 

0.815

0.231 to

1.149

5.747 to 

121.77

NA

NA

6.757 to

85.816

NA ; not applicable
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piperacillin / tazobactam and cefipime 
15(17% each).

To conclude in the present study it was 

found that diabetic foot infections are 

polymicrobial in nature. As the Wagner's 

grade increased, the prevalence of isolates 

also increased. While Staphylococcus 

aureus was the most common among 

gram-positive organisms, Pseudomonas 

aeruginosa was the most frequent isolates 

among the gram-negative pathogens. 

Among anaerobes, gram positive cocci 

w e r e  t h e  p r e d o m i n a n t  w i t h  

Peptostreptococcus species being the 

leading isolate. Due to increased 

resistance, the drug of choice for gram 

positive cocci was Vancomycin and for 

gram negative and pseudomonas infection 

was Imepenem. Early recognition of risk 

factors like elevated blood sugar, trauma, 

neuropathy and PVD, previous history of 

ulcer etc. can prevent further damage to 

the limb. Clinical grading of foot ulcer 

according to Wagner's classification, along 

with identification of causative organisms 

and effective line of treatment can help 

control infection and thus prevent the loss 

of limb.

References 

1. Wild S, Roglic G, Green A, et al. Global 

prevalence of diabetes: Estimates for the year 

2000 and projections for 2030. Diabetes Care 

2004;27:1047-53.

2. Ramachandran A, Snehalatha C, Viswanathan 

V. Burden of type 2 diabetes and its 

complication - The Indian scenario. Current 

Science 2002;83(12):1471-1476.

3. Brike JA, Novick A, Hawkins ES, A review of 

causes of foot ulceration in patients with 

diabetes mellitus. Journal of prosthetics and 

orthotics 1992; 4(1):13-22.

4. Wheat LJ, Allen SD, Henry M, et al. Diabetic Foot 

Infections-Bacteriologic analysis. Arch Intern 

Med 1986;146:935-1940.

Bombay Hospital Journal, Vol. 53, No. 4, 2011

5. Wagner FW. The dysvascular foot: A system for 

diagnosis and treatment. Foot Ankle 1981;2:64-

72.

6. Baird D. Staphylococcus: Cluster-forming 

gram-positive cocci. In : Collee JG, Fraser AG, 

Marmion BP, Simmons A, editors. Mackie and 
thMcCartney Practical Medical Microbiology. 14  

ed. New York: Churchill Livingstone;1996. p. 

245-61.

7. Baron EJ and Citron DM. Anaerobic 

identification flowchart using minimal 

laboratory resources. Clin. Infect. Disease 

1997;25(S2):143-S146.

8. Clinical Laboratory Standards Institute (CLSI). 

Performance standards for antimicrobial 
thsusceptibility testing, 18  informational 

supplement. CLSI document M100 - 18, Wayne, 

Pennsylvania: 2006

9. Bansal E, Ashish G, Sanjeev B, et al. Spectrum 

of microbial flora in diabetic foot ulcers. Indian 

Journal of Pathology and Microbiology 

2008;51(2):204-208.

10. Louie TJ, Bartlett JG, Tally FP, et al. Aerobic and 

anaerobic bacteria in diabetic foot ulcer. Journal 

of Internal Medicine 1976;85:461-463.

11. Sharp CS, Bessman A N, Wagner FW. 

Microbiology of superficial and deep tissues in 

infected diabetic gangrene. Surgery. Gynecology 

and Obstetrics 1979;149:217-219.

12. Lalanes LRI., Pena Ac, Cauton-Valera R. 

Clinical, Microbiological profile and outcome of 

diabetic patients with foot ulcers admitted at 

Quirino Memorial Medical Center. Phil. J. 

Microbiol. Infect. Dis. 2001;30(3):101-107.

13. Pathare NA, Bal A, Talakar GV, et al. Diabetic 

foot infections: A study of microorganisms 

associated with the different Wagner Grades. 

Indian J Pathol Microbiol 1998:41:437-41.

14. Viswanathan V, Jasmine JJ, Snehalatha C, et 

al. Prevalence of pathogens in diabetic foot 

infection in South India type 2 patients. J. Assoc 

Physicians India 2002;50:1013-6.

15. Raymundo MFP and Mendoza MT. The 

microbiological features and clinical outcome of 

diabetic food infections among patients 

admitted at UP-PGH. Phil. J. Microbiol. Infect. 

Dis. 2002;31(2):51-63.

16. Tentolouris N, Jude EB, Smirnof I, et al. 

Methicillin-resistant Staphylococcus aureus: An 

increasing problem in a Diabetic foot. Diabet 

Med 1999;1:767-71.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

