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ABSTRACT

Diabetes mellitus is a disease which occurs when the pancreas either fails to secrete the insulin or the body 
becomes unable to use the secreted insulin. As the disease progresses, diabetic ulcers which are open sores or 
wounds may develop as it has been reported in more than 25% of the patients. Even though the diabetic foot 
ulcers are more common the ulcers can develop on hands also. Infections with various pathogenic bacteria are 
common in such ulcers (40%-80%) and the multi-drug resistant bacterial strains and the complication arise 
from them cause prolonged morbidity, amputation of lower limb and in extreme cases even mortalities. So, to 
understand the quantitative and qualitative bacterial population in such diabetic wound ulcers are important. In 
the present study we analyze 53 diabetic patients with foot or hand ulcers for the characteristics of the bacterial 
community in their ulcers. 43 (81.13%) patients were having diabetic foot ulcers and the remaining 10 (18.86%) 
patients were with diabetic hand ulcers. 90.69% of patients with diabetic foot ulcers and 70% of diabetic hand 
ulcer patients were males. 39.53% of the diabetic patients were graded as Wagner 2 and there was no any 
patient with Wagner grade–5. Different types of Gram positive and Gram negative bacterial pathogens were 
isolated and identified from both the types of ulcers and they included Staphylococcus aureus, Streptococcus 
spp., E. coli, Proteus spp., Pseudomonas spp., Klebsiella spp. etc. Thus this study underlines the seriousness of 
bacterial colonization in diabetic ulcers and tries to aware about the importance of treatment with rationale use 
of antibiotics and with proper management.
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INTRODUCTION

Diabetes mellitus is one of the challenging, 
chronic and complex health issues worldwide, 
characterized by a number of metabolic 
complications including hyperglycemia and 
dyslipidemia due to the alterations in the 
metabolism mechanisms of carbohydrates, 
protein and fat [1], and the disease sets in when 
the pancreas fails to synthesize the insulin or 
when the system is incompetent to effectively 

utilize the produced insulin [2-4]. It has affected 
more than 425 million people across the globe 
according to a 2017 study itself [5], and at a 
high pace, the prevalence has been noted to be 
increasing with an estimated 592 million patients 
by 2035 [3]. The world health organization-
WHO predicts that the adult mortality from the 
diabetes mellitus will be doubled by the year 
2030 [6].

Following diabetes, blood supply to body parts 
becomes poorer resulting in the development 
of ulcers in body extremities like foot and, even 
though not that common, in hands too. If not 
treated and managed effectively, these ulcers 
are prone to fungal and bacterial infections [6,7]. 
The complications associated with diabetes 
mellitus is being worsened by the acute bacterial 
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skin and skin structures infections (ABSSSIs) 
leading to prolonged morbidity, hospital 
expenditures and high rate of mortalities [8,9]. 
The ABSSSIs when caused by multidrug resistant 
(MDR) microorganisms, which are understudied 
[10], the clinical conditions get worsen. The 
hand infections in diabetic patients are usually 
underestimated but results in extensive 
destruction of tissues. 41% of hand infection 
cultures in diabetic mellitus patients proves the 
presence of poly-microbial populations and if 
left untreated, in case of deep infections, they 
could lead to increased morbidity, re-surgical 
procedures, amputations and even mortalities 
[11]. 

When uncontrolled, the diabetic mellitus patients 
develop complications that results latency in 
healing and increase the susceptibility for getting 
victimized for emerging infections mainly by 
bacterial pathogens [12]. Many of the acute 
infections in diabetic patients predominantly 
occur with Gram-positive, aerobic cocci in which 
Staphylococcus aureus and beta-hemolytic 
Streptococci would be the predominant members 
(5,13) and in chronic infection cases the causative 
agents could be aerobic, Gram-positive cocci or 
obligate anaerobic Gram-negative bacilli [5,14]. 
In urinary tract infection in diabetic patients the 
Gram-negative E. coli and Klebsiella pneumonia 
are the mostly encountered bacterial pathogens 
[14].

MATERIALS AND METHODS

Sample collection

From the diabetic in-patient section of a tertiary 
hospital facility, swab specimens were collected 
from the foot and hand ulcers of 53 patients. 
In-charge clinicians evaluated the severity of 
lesions and ulcers, and graded according to the 
Wagner wound classification system [15]. All the 
selected 53 patients with diabetic hand and foot 
infections above 40 years of age.

Identification of the Isolates–Primary screening

The samples were subjected to basic 
biochemical (to ensure hyperglycemia) and 
detailed microbiological processes as per 
standard protocols. For the identification of 
the bacterial isolates the primary analysis like 

colony morphology, Gram’s staining, motility 
observation etc. were performed.

Identification of the Isolates–Biochemical 
tests

The biochemical tests like IMViC (Indole, MR-
VP, Citrate), Catalase, Oxidase, TSI, Nitrate, 
Urease sugar fermentation reactions etc. were 
performed as per standard protocols [16,17]. All 
the results were recorded and analyzed.
Identification of the isolates–Culture on different 
media

For the isolation of various suspected aerobic 
and anaerobic pathogen, media like nutrient 
agar, MacConkey agar, blood agar, cetrimide 
agar, mannitol salt agar, eosin methylene blue 
agar, brain heart infusion agar, Robertson’s 
cooked meat medium etc. were used and all 
the cultures were performed in triplicates. The 
inoculation, incubation etc. were performed as 
per standard procedures.

RESULTS

A total of 53 patients, after confirming their 
hyper glycemic condition through biochemical 
analysis of the blood samples, were selected 
for the study. Out of them 43 (81.13%) patients 
were found to have developed diabetic foot 
ulcers and the remaining 10 (18.86%) patients 
were having diabetic hand ulcers. Among the 
patients with diabetic foot ulcers, huge majority 
of them (39 patients, 90.69%) were males and 
the remaining 4 (9.3%) patients were females. In 
the case of diabetic hand ulcer, out of the total 10 
patients identified with, 7 (70%) were males and 
3 (30%) were females. The average age of the 
patients with diabetic foot ulcers was found to 
be 59.77 and with diabetic hand ulcer was found 
to be 55.22.

While grading the diabetic foot wound based on 
their severity in accordance with the Wagner 
wound classification system, it was assessed 
as follows: Grade 0 – intact skin with o any 
abnormalities, Grade 1 is superficial ulcer of 
skin or subcutaneous tissue, Grade 2 – ulcers 
extend into tendon, bone, or capsule, Grade 3 – 
deep ulcer with osteomyelitis, or abscess, Grade 
4 – partial foot gangrene and Grade 5 – whole 
foot gangrene. The results in the present study 
showed that there were 11 patients graded as 
Wagner 1 which constituted to 25.58% of the 
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total patients with diabetic foot ulcers. Another 
17 patients (39.53) were graded as Wagner 2 and 
this grade had the highest number of patients. 
Wagner 3 graded patients were only 3, and it 
comes 6.97%. Wagner 4 grade was the second 
largest grade with 12 patients and 27.90%. 
There were no patients with Wagner grade 5. 
The results are tabulated (Table 1) and shown in 
the graph (Figure 1).

Coming to the qualitative and quantitative 
population of pathogenic bacteria isolated 
from the diabetic foot ulcers the Gram-positive 
Staphylococcus aureus was present in 27 of 
the 43 samples and the genus Streptococcus 
was present in 19 samples. The occurrence of 

various Gram-negative pathogenic bacteria was 
as follows: E. coli was present in 27 samples, 
Proteus spp. in 21 samples, Pseudomonas spp. in 
11 samples and the Klebsiella spp. was present in 
7 samples the results have been shown in Table 
2 and in Figure 2.

The diabetic hand ulcer samples have also 
shown the presence of pathogenic bacteria. Out 
of the 10 samples, all the 9 had the presence of 
Staphylococcus spp. including Staphylococcus 
aureus and Streptococcus spp. six samples 
showed the presence of Gram-negative Klebsiella 
spp. and five samples had Pseudomonas spp. in 
them. The results have been shown in the Table 
3 and in Figure 3.

Patients Characteristics

Ulcer area Foot Hand

Total no. specimens 43 10

Extent of foot infection: number (percentage)

Wagner 1 11 (25.58) 2 (20)

Wagner 2 17 (39.53) 3 (30)

Wagner 3 3 (6.97) 3 (30)

Wagner 4 12 (27.90) 2 (20)

Wagner 5 --- ---

Table 1: Wagner grading of diabetic foot and hand ulcers.

Name of the bacterial pathogens Number of isolates

Staphylococcus aureus 27

Streptococcus spp. 19

Proteus spp. 21

Klebsiella spp. 7

E.coli 27

Psuedomonas spp. 11

Table 2: Details of bacterial isolates form 43 diabetic foot ulcer samples.

Figure 1: Percentage of patients with Wagner grades in diabetic foot and hand ulcers.
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DISCUSSION

Diabetes mellitus is a chronic disease with a 
number of complications that arise when either 
the pancreas fails to secrete insulin or when 
the body fails to use the insulin that is being 
secreted. Development of ulcers and microbial 
infection worsen the condition further, and the 
spread of the pathogens to the bones and soft 
tissues of the body causes prolonged morbidity, 
situations like surgical amputation of lower 
limbs or even death [18]. In the present study 
the pathogenic bacterial population were 
isolated and identified from both the hand and 

foot ulcers of 53 in-patients of a diabetic facility 
of a tertiary hospital. The results showed the 
presence of the Gram-positive Staphylococcus 
aureus, Streptococcus spp. and Gram-negative 
pathogenic bacteria like E. coli, Proteus spp., 
Pseudomonas spp. and Klebsiella spp. The 
findings of this study are correlative with the 
reports by many researchers including that of 
Shahi et al. [19]. They concluded that the patients 
were infected with various bacterial pathogens 
including Staphylococcus spp., Enterococcus spp, 
Alcaligenes spp, Escherichia coli, Pseudomonas 
spp. etc. Another study by Anvarinejad et al. [20] 
reported that the Staphylococcus spp. and E. coli 

Figure 2: Prevalence of bacterial isolates in 43 diabetic foot ulcer samples.

Name bacterial pathogens No. isolates
Staphylococcus spp. 9
Streptococcus spp. 9

Klebsiella spp. 6
Pseudomonas spp. 5

Table 3: Details of bacterial isolates form 10 diabetic hand ulcer sample.

Figure 3: Prevalence of bacterial isolates in 10 diabetic hand ulcer sample.
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were the most isolated bacteria from diabetic 
ulcers. So the findings of this study, in general 
underlines the reports from other investigations.

CONCLUSION

Diabetes mellitus-the chronic disease caused 
by many defined and undefined factors makes 
the patient’s life miserable. The scenario 
worsens when the ulcers are formed on the 
body extremities and get infected with bacterial 
and fungal pathogens. In the present study 53 
patients – with 43 having diabetic foot ulcers 
and 10 with diabetic hand ulcers were analyzed 
and found to have the pathogenic bacterial 
populations comprised of Staphylococcus 
aureus, Streptococcus spp, E. coli, Proteus spp., 
Pseudomonas spp. and Klebsiella spp. The 
notable thing to be noted is that, most of these 
pathogens have multi-drug resistant strains 
which could make the cases more terrible. So, it 
is important understand the species and strains 
of these bacteria and to examine their responses 
to different drugs and antibiotics. In short, the 
studies which are already going on across the 
globe need to be continued and evaluated.
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