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Abstract 
Foundation: Foot contaminations are an incessant complexity of patients with diabetes mellitus, 
representing up to 20% of diabetes-related clinic confirmations. Irresistible specialists are related with 
the most noticeably bad results, which may at last lead to removal of the tainted foot except if brief 
treatment methodologies are followed. The present investigation looked to uncover the bacterial 
etiology of diabetic foot ulcers in Bhubaneswar, the diabetic capital of India. 
Techniques: A 10-month-long distinct examination was done to break down the oxygen consuming 
and anaerobic bacterial confines of all patients conceded with diabetic foot contaminations giving 

Wagner grade 2– 5 ulcers. Bacteriological determination and anti-toxin affectability profiles were done 
and investigated utilizing standard methodology. 
Results: Diabetic polyneuropathy was observed to be normal (56.8%) and gram-negative microbes 
(57.6%) were disconnected more regularly than gram-positive ones (42.3%) in the patients screened. 
The most continuous bacterial disconnects were Pseudomonas aeruginosa, Staphylococcus aureus, 
coagulase-negative staphylococci (CONS), and Enterobacteriaceae. Forty-nine societies (68%) 
demonstrated polymicrobial association. About 44% of P. aeruginosa were multi-sedate safe, and 
MRSA was recuperated on eight events (10.3%). Bacteroides spp. Furthermore, Peptostreptococcus 

spp. were the major anaerobic confines. 
Ends: Our investigation bolsters the perspective set forth by past South Indian creators that the 
dissemination of gram-negative microscopic organisms (57.6%) is more typical than that of gram-
positive ones (42.3%) and it is in opposition to the perspective that diabetic foot diseases are much of 
the time monomicrobial. Moreover, recuperation of multi-medicate safe P. aeruginosa detaches is of 
genuine worry, as nobody has revealed the equivalent from the Bhuaneswar.  
 

Keywords: Diabetes; foot contaminations; Wagner grade 
 

Introduction 

Perpetual damage pollution is an essential clinical issue that prompts high ghastliness, 

mortality, and cost. While there is no understanding significance of unending wounds, it is 

regularly agreed that a human damage is assigned interminable if it remains open for longer 

than 6– 8 weeks [1, 2]. The wounds are depicted by bacterial weight, perpetual exacerbation, 
and an uneven cell protect mechanism [2]. Multiple kinds of microorganisms, including 

Staphylococcus aureus, Pseudomonas aeruginosa, Bacteroides spp., Peptostreptococcus, 

Enterococcus spp., and Streptococcus pyogenes, have been segregated from steady wounds, 

in spite of the way that the damage may not allude to any clinical kept sickness. Various 

other bacterial species have been recognized by using advanced sub-nuclear techniques [3]. 

Recent clinical data have seemed microbial biofilms are likely going to be accessible in 

unending wounds, and it has been recommended that biofilms are a significant supporter of 

the improvement and upkeep of chronicity of wounds [4]. Biofilms are a composed system of 

microorganisms encased in a self-diminished structure that is devotee to both an inert or 

living surface [5]. The sicknesses achieved by biofilms are depicted by surface-related 

sullying microorganism, microorganism clusters encased in an extracellular cross section 
(ECM), kept neighborhood pollution, and security from against microbial treatment [6]. 

Current topical and key enemy of microbials are irrelevantly effective in the treatment of  
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these microbial systems. Moreover, the host's searing 

response is deficient in doing combating the closeness of 

biofilm [7]. An imperative inconvenience in characterizing 

new medicines for endless wounds is the nonattendance of 
an attractive animal presentation in which steady wounds 

can be productively inspected. Investigators have 

endeavored a couple of strategies to prompt relentless 

injuries, for instance, the ischemic rabbit ear model [8], 

radiation impaired rats [9], and diabetic mice [10, 11]. Studies, 

to date, have exhibited that it is less requesting to hurt the 

tissue than to impel a reproducible model in which the 

unending damage recovering response is initiated [12]. 

Wound retouching in these models is for the most part 

delayed just by a brief time period or advances so mightily 

that the pollution winds up key and results in high mortality 
[13, 14]. The db/db mouse has been comprehensively used for 

concentrates related with diabetes. The db/db mouse has an 

unconstrained inherited change of the leptin receptor 

(LEPR) in the operational hub and loses control of satiation. 

The mouse revels and at last takes after human sort 2 

diabetesmellitus, with heaviness, hyperglycemia, periphery 

neuropathy, and conceded wound repairing. Despite the sort 

2 diabetes phenotype, db/db mice take around twice as long 

to patch wounds as nondiabetic heterozygous littermates 

under explicit conditions. Turned end in db/db mice is 

essentially by epidermal movement rather than wound 

contraction [15]. Much of the force ask about on curved 
repairing in diabetic mice has focused on the effects of such 

factors as flammable cytokines, improvement factors, 

neuropeptides, arrange metalloproteinases, tissue inhibitor 

of metalloproteinases, low oxygen, and cell senescence [16, 

17]. Targeting biofilms that are accessible outwardly of 

unlimited wounds may be an incredible strategy to propel 

patching of perpetual wounds [1]. Our goal was to develop a 

diabetic mouse appear in which we could inspect the 

activity of biofilm in relentless wounds. In this examination, 

we developed a biofilm-tried damage show in the db/db 

mouse by inoculating the damage with P. aeruginosa biofilm 
and keeping up unhealed damage for 28 days. This model 

gives a reproducible mouse twisted with bound cutaneous 

sickness while keeping up a vital separation from basic 

defilement. The model may enable the examination of 

unequivocal frameworks by which biofilms debilitate 

recovering, and support the screening of rising antibiofilm 

methodology on wound repairing. Relentless damage 

sullying is an essential clinical issue that prompts high 

depressingness, mortality, and cost. While there is no 

agreement importance of interminable wounds, it is 

generally agreed that a human damage is assigned unending 
if it remains open for longer than 6– 8 weeks [1, 2]. The 

wounds are depicted by bacterial weight, ceaseless 

aggravation, and an unequal cell protect mechanism [2]. 

Multiple sorts of microorganisms, including Staphylococcus 

aureus, Pseudomonas aeruginosa, Bacteroides spp., 

Peptostreptococcus, Enterococcus spp., and Streptococcus 

pyogenes, have been detached from consistent wounds, in 

spite of the way that the damage may not indicate any 

clinical confined tainting. Various other bacterial species 

have been perceived by using advanced nuclear techniques 
[3]. Recent clinical data have seemed microbial biofilms are 

most likely going to be accessible in endless wounds, and it 
has been prescribed that biofilms are an essential supporter 

of the improvement and upkeep of chronicity of wounds [4]. 

Biofilms are a composed system of microorganisms encased 

in a self-diminished matrix that is devotee to both a latent or 

living surface [5]. The defilements achieved by biofilms are 

depicted by surface-related polluting microorganism, 

microorganism bundles encased in an extracellular cross 
section (ECM), confined adjacent malady, and security from 

against disease treatment [6]. Current topical and principal 

counter agents poisons are irrelevantly convincing in the 

treatment of these microbial systems. Similarly, the host's 

red hot response is lacking in battling the proximity of 

biofilm [7]. A significant inconvenience in enumerating new 

medications for wearisome wounds is the nonappearance of 

a classy animal show in which unending wounds can be 

methodicallly thought about. Pros have endeavored a couple 

of systems to affect interminable injuries, for instance, the 

ischemic rabbit ear model,8 radiationimpaired rats [9], and 
diabetic mice [10, 11]. Studies, to date, have shown that it is 

less requesting to hurt the tissue than to incite a reproducible 

model in which the unending damage retouching response is 

initiated [12]. Wound recovering in these models is ordinarily 

conceded just by a brief time allotment or advances so 

mightily that the malady winds up primary and results in 

high mortality [13, 14]. The db/db mouse has been 

comprehensively used for concentrates related with 

diabetes. The db/db mouse has an unconstrained genetic 

difference in the leptin receptor (LEPR) in the operational 

hub and loses control of satiation. The mouse gorges and 

definitely takes after mankind 2 diabetesmellitus, with 
weight, hyperglycemia, periphery neuropathy, and conceded 

wound repairing. Despite the sort 2 diabetes phenotype, 

db/db mice take generally twice as long to repair wounds as 

nondiabetic heterozygous littermates under explicit 

conditions. Curved end in db/db mice is on a very basic 

level by epidermal movement instead of wound contraction 
[15]. Much of the rhythmic movement look at on contorted 

recovering in diabetic mice has focused on the effects of 

such factors as red hot cytokines, improvement factors, 

neuropeptides, matrix metalloproteinases, tissue inhibitor of 

metalloproteinases, low oxygen, and cell senescence [16, 17]. 
In this investigation, we assessed deferred twisted mending 

in diabetic patients with Pseudomonas aeruginosa biofilm at 

IMS and Sum medical clinic, Bhubaneswar.  

 

Materials and Methods 

Study subjects 

Patients (n =77) admitted to a particular diabetes care center 

in at IMS and Sum medical clinic, Bhubaneswar, from May 

2016 to March 2015 were penniless down to choose the 

etiology of their illnesses and their reality on the Wagner 

scale. Age, sex, metabolic control, cardiovascular peril 
factors, wound sort and its imprisonment and Wagner 

survey were chronicled. The related co-dreary conditions in 

all of the 77 patients were in like manner recorded. Survey 1 

was described as cellulitis or a shallow ulcer, audit 2 as 

subcutaneous damage, fascitis, or tendonitis without 

osteomyelitis, audit 3 as osteomyelitis, survey 4 as a kept 

gangrene, and grade 5 as vast gangrene. Wagner survey 1 

patients were not considered for the examination as these 

bruises regularly harbor skin contaminants that as often as 

possible lead to false-positive results. 

 

Methods 
Culture materials from every one of the injuries were 

gathered, either by washing the injury with 100 cm3 of 

clean physiological saline and afterward making a cut desire 
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at the base of the injury or by applying a sterile cotton swab 

(Himedia, Mumbai) to the injury. The examples were 

transported to the preparing lab on Cary and Blair media and 

Robertson's cooked meat media in a 0° smaller than normal 
cooler (Tarson Labs, Mumbai) and were refined under 

standard microbiological conditions. Distinguishing proof 

was made according to strategies proposed CLSI 24.  

 

Results 

An entirety of 77 patients (46 folks and 31 females) with 

diabetes mellitus (5 type 1 and 72 type 2) and diabetic foot 

ulcers were admitted to the medicinal facility. Their mean 

age was 63 quite a while and their mean Hb A1C was 6.3%. 

The related comorbid conditions recorded from the 77 

patients are shown in Table 1. The confinement of wounds 

was for the most part on the toes, with 40% on the colossal 

toe and 31% on exchange toes, 27% on the underside, and 

2% on various pieces of the foot. Twenty-three percent of 
the patients (n =18) were named Wagner sort out 2, 38.9% 

(n =30) as stage 3, 20.7% (n =16) as stage 4, and 6.4% (n 

=5) as stage 5. The component of evacuation was settled 

with the help of Doppler ultrasound contemplates. The sorts 

of watchful evacuation performed were according to the 

accompanying: (I) underneath the knee, n =1; (ii) Symes 

task (through the lower leg), n =1; (iii) through the knee, n 

=2; (iv) trans metatarsal, n =1; and exceptional toe, n =3. 

The center facility stay was 8 days. Bacterial limits 

experienced in the examination are showed up. 

 
Table 1: One hundred and eighteen bacterial disconnects were Table 1 Bacteriology of 77 different Wagner grade diabetic foot ulcers 

 

Micro-organisms W2 W3 W4 W5 Total % 

Gram-negative aerobes 39 21 5  65 84.4 

Pseudomonas aeruginosa 14 6 3  23 29.8 

Escherichia coli 12 4 1  17 22.0 

Klebsiella pneumoniae 5 4   9 11.6 

Proteus mirabilis 5 2 1  8 10.3 

Proteus vulgaris  1   1 1.2 

Citrobacter koseri 1 1   2 1.2 

Citrobacter freundi  1   1 1.2 

Klebsiella oxytoca  1    1.2 

Edwardsiella tarda 1    1 1.2 

Klebsiella ozaenae 1    1 1.2 

Enterobacter aerogenes  1   1 1.2 

Gram-positive aerobes 28 9 6 5 48 62.3 

Methicillin-sensitive Staphylococcus aureus 6 2 1 2 11 14.2 

Methicillin-resistant Staphylococcus aureus 2  3 3 8 10.3 

Coagulase-negative staphylococci (CONS) 16 3 1  20 25.9 

Enterococcus faecalis  2 1  3 3.8 

Corynebacterium jeikeium 2 1   3 3.8 

Bacillus subtilis 2 1   3 3.8 

Gram-negative anaerobes  3   3 3.8 

Bacteroides fragilis  3   3 3.8 

Gram-positive anaerobes  1 1  2 2.5 

Peptostreptococcus spp.  1 1  2 2.5 

Sterile culture 1 1 1 2 5 6.4 

Polymicrobial etiology     49 68.0 

 

In the table refers to different Wagner grade diabetic foot 

ulcers. 

Among 77 social orders of which 5 were sterile. 

Otherworldly vegetation was Pseudomonas aeruginosa 

(29.8%), trailed by Staphylococcus aureus (24.6%), 
coagulase-negative staphylococci (CONS) (25.9%), 

Escherichia coli (22%) and distinctive Enterobacteriaceae. 

In 49 positive social orders (68%), polymicrobial etiology 

was experienced. There were three occasions on which 

Corynebacterium jeikeium was separated. Five anaerobic 

isolates were gotten viz. Bacteroides fragilis (n =3) from 

Wagner audit 3 ulcers, however Peptostreptococcus spp. (n 

=2) had a spot with one each from assessments 3 and 4. An 

antibiogram of the oxygen devouring gram-negative 

disconnects revealed that ciprofloxacin, amikacin and, 

somewhat, cefotaxime and gentamicin were fruitful, while 
an extensive part of the gram-positives were sensitive to 

gentamicin. Additionally, among the 19 detaches of S. 

aureus, 8 (10.3%) were methicillin-safe that were sensitive 

to vancomycin (30 Ag/circle). Ten isolates of P. aeruginosa 

(43.5%) were multidrug-safe with something like two of the 

customary antipseudomonal hostile to contamination 

specialists like amikacin, gentamicin, cefotaxime or 

ciprofloxacin.  

 

Discussion 

With an extending diabetic masses worldwide and with 
essential centrality to the world's diabetic capital, there is a 

basic rising in the prevalence of foot defilements moreover 

in Bhubaneswar, India, the Indian diabetic capital. Eastern 

India has the greatest number of diabetic individuals and 

their money related conditions are poor. Subsequently, an 

examination of the pieces of vivacious and anaerobic tiny 

life forms and their antibiogram profile acknowledge mind 

blowing centrality. Essentially as with past data showed up 

by Gin et al. [18] the present South Indian examination 

recorded the intensity of diabetic polyneuropathy (56.8%) 

among most of the other related co-inauspicious conditions 
of diabetes mellitus. It is represented to be the prime figure 

incorporated the initiation of a sullying in the more 

significant tissues of the diabetic foot after starting bacterial 

presentation [19]. Unfortunately our examination revealed an 

obvious, overwhelming commitment of gram-negative 

detaches (84.4% aerobes and 3.8% anaerobes) appeared 
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differently in relation to gram-positive minuscule life forms 

(62.3% aerobes and 2.5% anaerobes). Besides, unlike mulls 

over by others [20, 21], we found a 29.8% (n =23) recovery 

rate of P. aeruginosa in the cases screened. In 65.21% of the 
cases (15 of the 23 isolates), P. aeruginosa exhibited a 

mixed commitment with various living creatures, for 

instance, E. coli, Enterococci spp., S. aureus, CONS, and 

Proteus spp. A progressing clinical examination by 

Dhanasekaran et al. [22] revealed that 84% of diabetic foot 

ulcers are as regularly as conceivable monomicrobial, 

instead of our disclosures. Thinks by Viswanathan et al. [23] 

from another center in South India, uncovered 35% gram-

positive pathogens segregated and 65% gram-negative ones. 

These disclosures resemble our own, underlining the high 

inescapability of gram-negative pathogens in Eastern India. 
Three broad diabetes examine centers have gotten on a very 

basic level equivalent to results. Besides, 43.5% (n =10) of 

the P. aeruginosa isolates were multi-sedate impenetrable to 

no less than two of the customary antipseudomonal hostile 

to disease specialists, for instance, amikacin, gentamicin, 

cefotaxime, or ciprofloxacin. Wheat et al. have prescribed 

that P. aeruginosa may cause outrageous tissue hurt in 

diabetics and should never be insulted as immaterial in 

diabetic foot ulcers [24]. They should never be consider as 

contaminants or conventional vegetation aside from in the 

event that they are unquestionably isolated as pathogens. 

The result of considering these microorganisms as 
contaminants or commensals may result in sepsis and 

evacuation [25]. Drawn out or sweeping reach against 

microbial treatment may slant patients to defilements with 

hostile to contamination safe living things like MRSA or 

vancomycin-safe enterococci (VRE) [26], yet our 

examination was not capable give data identifying with past 

counter-agent poison treatment of the examination cases. In 

any case, data presented on the polymicrobial consideration 

may, somewhat, illuminate a possible prior treatment history 

of the patients inspected, as Lipsky et al. [20] and others [27] 

have definite that polymicrobial etiology in diabetic foot 
ulcers may as often as possible be a direct result of past 

treatment history. MRSA has ended up being dynamically 

transcendent in diabetic foot wounds [28]. Among the 19 

disengages of S. aureus, 8 (10.3%) were methicillin-safe. 

Regardless, most of the isolates were delicate to 

vancomycin (30 Ag/plate), which expect criticalness as 

vancomycin-safe S. aureus (VRSA) is all things considered 

dynamically declared by others [29]. Our unit of C. jeikeium 

(diphtheroid) from 3 patients (3.8%) suggests that they may 

hold some pathogenicity in the diabetic host as there reliably 

is apparently a connection between C. jeikeium and diabetes 
mellitus. C. jeikeium is seen as a deft pathogen in diabetic 

patients 30 that gets segment into necrotic fragile tissue or 

bone and anticipate a pathogenic activity, paying little 

personality to its being a for the most part low-ruinous 

microorganisms. In a past report, Corynebacterium spp. was 

represented in 12% of diabetic patients with positive social 

orders [30]. Bessmann et al. have revealed that B. fragilis and 

Peptostreptococcus spp. can be recovered in high numbers 

from extraordinary pollutions. Our imprisonment of B. 

fragilis with E. faecalis on two occasions confirms its 

synergistic activity, as supported by Bessmann et al. [31] 

Reports on polymicrobial etiology were practically 
identical, while a couple of makers have declared a larger 

amount of anaerobic limits [32]. This qualification could be 

related to the model gathering and transport structure, which 

never fused a specific conditions for anaerobic greenery, in 

spite of the way that Cary and Blair and RCM media 

support the eagerness of anaerobic microorganisms [31]. We 

need to consider progressively trustworthy methods, like 
curettage of the base of the ulcers and significant tissue 

social orders [33]. Gram-negative infinitesimal life forms that 

are seen as normal vegetation of the skin, as Citrobacter spp. 

also, P. aeruginosa, may cause extraordinary tissue hurt in 

diabetics and should never be normally disregarded as 

immaterial in diabetic foot ulcers [28]. The Wagner grades 

with the most separates were 2 and 3, as in past 

examinations [34]. We couldn't develop any connection 

between's damage significance and microbiological 

disclosures, though most of the anaerobes were recovered 

from audit 3 and 4 wounds. In once-over, our examination 
supports the point of view put forward by past South Indian 

makers that the movement of gram-negative 

microorganisms (57.6%) is more average than that of gram-

positive ones (42.3%), anyway it doesn't reinforce the see 

that diabetic foot infections are a great part of the time 

monomicrobial. Furthermore, recovery of multi-cure safe P. 

aeruginosa separates is an authentic stress, as no one has 

nitty gritty the proportional from the South Indian milieu. 

Future undertakings must be engaged at understanding the 

activity of bacterial pathogens in diabetic foot ulcers, and 

beginning treatment should be composed at both oxygen 

devouring and anaerobic tiny living beings. The 
endorsement of a fundamental, cost-effective computation 

for the assurance of diabetic foot sicknesses will be of chief 

use. In any case, as proposed by Lipsky et al. [18], area of 

neuropathy before its ensnarements make is the best way to 

deal with prevent diabetic foot illnesses. 
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