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Abstract
Diabetic ulceration is a multi-factorial problem which is responsible for considerable morbidity 
threatening the health care system. By knowing the clinical profile and bio-burden on diabetic ulcer, 
it is highly beneficial for health treatment. The purpose of the present study was to evaluate the 
diversity of major bacterial etiology in diabetic ulcer patients. The different samples like pus, swab, and 
infected tissues were collected from diabetic ulcer patients aseptically and samples were transported 
through cold chain to the laboratory. The samples were cultured in nutrient agar, mannitol salt agar, 
macConkey agar and blood agar. Suspected colonies were biochemically confirmed for the isolation 
of Staphylococcus aureus, Pseudomonas aeruginosa, E.coli and Klebsiella spp. In total 150 diabetic 
ulcer patients suffering from diabetic foot ulcers, gangrene, burn cases and accidental ulcer cases were 
analyzed. However, most of the patients developed mono-microbial infection; S.aureus was the most 
prevalent microbe in diabetic ulcer cases, which were positive for nucA gene.
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INTRODUCTION
 Diabetes is a major health issue that 
has reached alarming levels with nearly half a 
billion people living with diabetes worldwide. 
At present, 463 million adults are living with 
diabetes and by 2045, this will rise to 700 million1. 
The proportion of people with type 2 diabetes 
is increasing in most countries. Along with the 
rising prevalence of diabetes, an increase in its 
complications is also expected. Patients with 
diabetes are more susceptible to infections 
due to increased glucose levels and suppressed 
immune response as well as the neuropathy 
and decreased blood flow to the extremities 
that lead to slow-healing wounds2. Diabetic foot 
ulcerations and infections are one of the major 
medical, social, economic problem and the leading 
cause of morbidity and mortality, especially in the 
developing countries like India3. It is estimated 
that around 15% of diabetic patients develop foot 
ulcers in their life time. Diabetes accounts for more 
than 50% of amputation of which 85% of lower 
amputation in diabetes patients are preceded by 
foot ulcers4. The global prevalence of diabetic foot 
ulcers varies from 3% in Oceania to 13% in North 
America, with a global average of 6.4%.The annual 
incidence of diabetic foot ulcer (DFUs) or necrosis 
in diabetic patients is known to be about 2% to 
5% and the lifetime risk ranges from 15% to 20%5. 
Diabetic foot ulcers are most commonly caused 
by irritated or wounded feet, nerve damage, poor 
circulation and hyperglycaemia. Unusual swelling, 
redness, irritation and stenches on one or both 
feet are common initial symptoms of foot ulcers6. 
Prevalence of diabetic foot ulcer in the clinical 
population of India is found to be 3.6%7. There are 
scanty reports available regarding the incidence of 
different bacterial pathogens associated with DFU 
in Odisha. So the present study has been envisaged 
to document the spectrum of bacterial pathogens 
associated with diabetic ulcer in this region.

MAteRiAls AND MethODs
Study subjects
 One hundred and fifty patients with 
diabetes attending general surgery ward for 
diabetic foot ulcer management at different 
tertiary care Hospital, Bhubaneswar were included 
during the study period from November 2019 to 
March 2020. Patients willing to participate in the 

study were enrolled. Samples were collected from 
patients with different grades of wounds/ulcers 
and gangrene after obtaining written informed 
consent among the age group of ≥18 years.
Data collection 
 Socio-demographic and anthropological 
data [age, marital status, literacy status, 
occupation, life style (sedentary/ active), familial 
history (parents/siblings), reasons for stress, 
duration and severity of disease, along with type 
of treatment (oral anti-diabetic/ insulin), etc. 
were collected from patients with diabetes using 
standardized questionnaires.
Sample collection
 Samples were collected from patients 
with diabetes having ulcers, surgical sites with 
infection and other wounds by needle aspirate 
method. In case of closed wounds, the skin 
or mucosal surface were disinfected with 2% 
chlorhexidine or 70% alcohol followed by iodine 
solution (1-2% tincture iodine or 10% solution of 
povidone-iodine). Prior to specimen collection, 
removal of iodine with alcohol was done. In case 
of open wounds, debridement, was thoroughly 
rinsed with sterile saline prior to collection8. 
Tissue samples were obtained from depth of 
ulcers and transferred aseptically into labelled 
sampling vials with sterile saline and processed 
in the Microbiology laboratory Regional Medical 
Research Centre, Bhubaneswar.
Microbial analysis
 Samples were streaked on nutrient agar, 
mannitol salt agar, macConkey Agar (MCA) and 
incubated aerobically for 18-24 h at 37°C. Plates 
with no growth or comparatively low growth will 
be re-incubated for another 18-48 h for isolation 
of bacteria that require extended incubation. 
Blood Agar plates were incubated in aerobic 
conditions. Cultural characteristics, morphological 
appearances of colonies on selective media, gram 
staining and standard biochemical tests were 
performed to characterize the bacteria.
DNA extraction
 DNA was prepared from bacteria as 
described previously9. In brief, a single colony 
forming unit(CFU) was suspended in 20 µl of lysis 
buffer containing 0.25% (vol/vol) sodium dodecyl 
sulfate and 0.05 N NaOH. After heating for 15 
min at 95°C, 180µl of high-performance liquid 
chromatography-grade H2O (GCC Biotech) was 
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added and the lysis suspension was stored at  20°C 
for further analysis.
PCR analysis for S.aureus
 PCR reaction contained 2μl of DNA which 
was added to 23 μl of master mix containing 0.1μl 
of Taq polymerase , 0.5 μl of dNTPs , 0.625 μl of 
primers were used for amplification of the nucA 
gene (nucA1 5’GCGATTGATGG TGATACGGTT3’ and 
nucA2 5’AGCCAAGCCTTGACGAACTAAAGC3’), 1.5μl 
of MgCl

2 
, 2.5μl of 10X PCR buffer and 17.15μl of 

water (GCC Biotech). PCR was performed using the 
program including initial denaturation at 95°C for 
10 mins, followed by 30 cycles of annealing with 
an temperature of 55°C was used for nucA gene 
amplification. Final extension was carried out for 
5 mins at 72°C. The PCR products were visualized 
using agarose gel (2%) electrophoresis. Gel images 
were captured using the Gel documentation 
system.

RESULTS
 A total of 150 patients with diabetic ulcers 
were enrolled. Most of them developed diabetic 
foot ulcers; whereas few patients developed 
gangrene, some also developed ulcers after an 
accident or burns. Out of the total patients studied 
106 (73%) people developed diabetic foot ulcers; 
whereas 24 (16%) patients developed gangrene 
due to loss of blood supplies to the extremities, 9 
(6%) people suffered from ulcers accidentally and 
only 7 (4.6%) people developed ulcers after burns. 
Further 85 (71%) males and 21 (67%) females 
developed DFUs whereas; 7 (22%) females and 
17 (14%) males developed gangrene. About 5% 
each of males suffered from DFUs either due to 
accident and/or burns (Table-1 and Fig. 1). As per 
the age group wise distribution with signs and 

table 1. Percentage of clinical cases in patients with 
diabetic ulcers

Clinical cases [n=150, (%)] Male  Female 
  [n = 119, (%)]  [n = 31 (%)]

DFU 106 (73.33) 85 (71.42) 21 (67.74)
Gangrene 24 (16) 17 (14.28) 7(22.58)
Accidental 9 (6) 7 (5.88) 2(6.45)
Burns   7(4.66) 6 (5.04) 1(3.22)

table 2. Prevalence of age group and Sepsis patient 
related to diabetic foot ulcer

Bacterial isolates No. of Diabetic Ulcer 
 Patients [n =150 (%)]

S.aureus 78 (52)
S.aureus + P.aeruginosa 15 (10)
S.aureus + E.coli 21 (14)
P.aeruginosa 19 (12.66)
P.aeruginosa + E.coli 6 (4)
P.aeruginosa + Klebsiella sp 2 (1.33)
E.coli 6 (4)
E.coli + Klebsiella sp 1 (0.66)
Klebsiella sp 2 (1.33)

Fig. 1. Different types of ulcers in patients with diabetes (Gangrene, DFUs, Burn cases, Accidental cases and 
Amputation cases).
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symptoms of patients, 119 (79.4%) were males and 
31 (20.6%) were females. 112 (74.6%) patients in 
the age group ≥45-55 years and 34 (22%) in the 
age group ≥55-65 years developed DFUs. About 
105 (70%) of patients had infection from single 
bacterial species; whereas 45 (30%) patients had 
polymicrobial infection. In this study, different age 
groups, duration of diabetes, types of infection, 
duration of infection and medication were the 
significant risk factors in DFUs (Table 2). The 
microbiological profile of samples from patients 
with diabetic foot ulcers showed a total number 
of 195 isolates were detected from 150 ulcer 
specimens. S.aureus was isolated from 114 (76%) 
of the samples followed by 42 (28%) Pseudomonas 
aeruginosa. E.coli was found 34 (22%) of the 
samples. The infection status of samples from 
patients with diabetic foot ulcers.78 (52%) of the 
samples were infected with S.aureus, 19 (12%) 
with P.aeruginosa, 6 (4%) with E.coli whereas; 2 
(1%) had Klebsiella spp. only (Table-3). It was found 
that the major etiological agent was S.aureus 
followed by P.aeruginosa and E.coli. S.aureus was 
one of the most important microorganism that 
manifests a range of clinical problems resulting 

from high-resistance to anti-microbial agents. PCR 
was performed for the confirmation of S.aureus. 
All the samples were positive for nucA gene which 
confirmed the presence of S.aureus in diabetic 
ulcer patients. (Fig. 2)

Fig. 2. Agarose gel electrophoresis showing PCR amplification of nucA gene of S. aureus isolates. 
[Lane 1:100bp ladder, lane2-19 S.aureus DNA, lane 20: ATCC strain of S. aureus (25923)].

table 3. Bacterial etiology related to diabetic ulcer 
patients

Parameters   No. of patients with
  Diabetic Ulcers 
  n =150, (%) 

Age Group >30-45 2(1.33%)
(in years) >45-60 138(92%)
 >60 10 (6.66%)
Duration of <10 57(38%)
Diabetes >10 93 (62%)
(in years)
Types of Mono-microbial 105 (70)
Infection Poly-microbial 45 (30)
Duration of 1-9 71(55.33%)
Infection 10-19 72(40%)
(in months) 20-29 4(2.66%)
 ≥30 3 (2%)
Medication Insulin 74 (49.33%)
 Oral 76 (50.66%)

DISCUSSION
 It was observed that S.aureus was the 
major etiological agent among one hundred 
fifty diabetic ulcers samples, S.aureus were 
concomitantly isolated from diabetic foot ulcer 
patients. Our finding is consistent with previous 
studies reported by Mottola et al10. S.aureus is 
one of the most important micro-organisms that 
cause clinical problems resulting high-resistance 

to different antimicrobial agents. Though it is 
rarely found in the normal flora of humans, it 
is frequently isolated from patients with burns, 
cystic fibrosis and neutropenia11. Diabetic foot 
ulcer is one of the most common devastating 
complications of diabetes mellitus and the leading 
cause of agonizing amputation throughout the 
world12. These infections may be colonized by 
pathogenic and anti-microbial resistant bacteria, 
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harbouring several virulence factors that could 
impair its successful treatment13. Certain socio-
cultural practices in India like barefoot walking, 
poor hygiene habits, inadequate facilities for 
diabetic care, low level of education and poor 
socio-economic conditions often lead to foot 
lesions and hospitalizations14. The present study 
showed 80% male ascendancy followed by 
20% female. However, the present study is also 
comparable with a multicentric study from 
Saudi Arabia15,16. Direct antibiotic treatment 
cannot be recommended as per clinical signs or 
symptoms of infection as there is a very fine line 
between colonization of micro-organisms and 
problematic bio-burden and the direct antibiotic 
treatment efficacy remains unclear on the basis 
of only these two major determinants. Whereas, 
treatment options based upon targeting microbial 
population to promote healing and determining 
infection related complications might be a novel 
one17. S.aureus may cause severe tissue damage 
in diabetic patients and should never be ignored 
as insignificant in diabetic foot ulcers. Moreover, 
it should never be considered a contaminant or 
normal flora, and it should clearly be considered 
a pathogen, because it may result in sepsis and 
amputation18. The numerous virulence factors 
and toxins secreted by S.aureus during infection 
that evade host immune defences are few of 
the challenges in managing S.aureus infections 
is an inherent resistance mechanism, referred 
to as intrinsic resistance. Its multiplicity of 
resistance mechanisms may render this microbe 
less amenable to control by antibiotic cycling. 
S.aureus is noted for its metabolic versatility and 
its exceptional ability to colonize a wide variety of 
environments and also for its intrinsic resistance 
to a wide variety of antimicrobial agent19.
 There are many studies that suggest that 
apart from clinical factors, the socio-demographic 
variables play an important role in diabetic foot 
ulceration. It was reported by DeBerardis et 
al (2005) that the prevalence of diabetic foot 
complications was higher in older patients, 
those with limited formal education and a low 
socio-demographic status20. Our results couldn’t 
substantiate the claim mentioned in the above 
study. One ninety five micro-organisms were 

isolated from one fifty clinical samples of diabetic 
foot ulcers, which showed multiple bacterial 
infections that represent an average of 1.3 
organisms per ulcer which is slightly lower than 
other studies21,22, and showed an average of 1.52 
organisms per ulcer. Diabetic foot infections are 
usually polymicrobial in nature and this has been 
well documented in the literature. S.aureus was 
the most common isolate observed in diabetic 
foot ulcers that was in accordance with findings 
of previous studies23,24. The emergence of S.aureus 
in the DFUs caused severe wound infection and 
worsened of the wound25. However, the bacterial 
diversity and prevalence of specific bacteria vary 
greatly from studies to studies. Identification of 
diabetes with DFUs and its associated factors are 
the key to reduce further complications and to 
have baseline information to initiate appropriate 
interventions.

CONCLUSION
 The present study reports that S.aureus 
was the major etiological agent with socio-
demographic and clinical profile of patients with 
diabetic ulcer. There was a predominance of mono-
microbial growth with gram-positive organisms. 
Healthcare should be made more accessible 
to facilitate early diagnosis of DFU and its 
complications to minimize the rate of amputations. 
This type of study should be continued for a longer 
period both in coastal and tribal areas of Odisha.
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