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ABSTRACT 

BACKGROUND AND OBJECTIVE: 

        Diabetic foot ulcers are one of the major medical, social and economic problems 

and one of the leading causes of hospitalization for patients with diabetes all over the 

world. Infection may lead to amputation of the infected foot if it is not promptly 

treated. My study was undertaken with the aim of determining the clinical and 

microbiological profile of diabetic ulcer foot in Government Rajaji Hospital, Madurai. 

In this study various clinical parameters, prevalence of Methicillin Resistant 

Staphylococcus aureus and the antibiotic resistance pattern of the bacterial isolates 

obtained were studied to reduce the risk of complications. 

         

METHODS: 

         A prospective study of 6 months, from March 2016 to August 2016, where 

patients presenting with diabetic ulcer foot in GRH Madurai will be recruited for this 

study. A total of 200 patients with diabetic foot will be included in the study and 

classified according to Wagner's grade. Following consent, a questionnaire will be 

filled to record the patient's demographic data, duration of diabetes, method of 

diabetic control, history of smoking, wound duration, and previous history of 

treatment. Peripheral neuropathy was assessed by touch sensation with pin prick, 

cotton, and peripheral vascular disease by palpation of dorsalis pedis artery and 

posterior tibial artery. Pus and tissue biopsy specimens will be obtained for 

bacteriological study. Culture, isolation, antibiotic sensitivity and identification of the 
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microorganisms will be done according to standard microbiological procedures. 

Antimicrobial susceptibility testing will be performed by Kirby Bauer disc diffusion 

method as recommended by the Clinical and Laboratory standards Institute. 

 

RESULTS 

          Out of the 200 patients included in the study 73% were males with 72% of 

patients being above the age of 50 years. Average duration of ulcer was 24.94 ±4.9 

days and mean duration of DM was 5.64±3.2 years. 65.5% of population was on 

treatment for DM with OHA alone. 37.5% of the patients had no form of formal 

education and a further 55% had no knowledge about diabetic foot care, with only 

39.5% having a regular foot wear wearing habit. While 71.5% had history of previuos 

foot ulcer, 60.5% gave a history of pre-disposing trauma to foot. Ulcers were more 

common 61.5% on the right foot, with sole, 53% being the most common site. 

Maximum number of ulcers,30% were Wagner’s grade III with, peripheral 

neuropathy, 57% being the most common complication associated. A large majority 

of the patients 69% had poor glycemic control as characterised by high HbA1C levels. 

            Amongst the 200 samples cultured, 250 aerobic organisms were isolated 

showing a high prevalence of multibacterial infection. 55.6% of them were were Gram 

negative and 44.4% were Gram positive. Most common organism was Staphyloccal 

spp (38%), while 16.8% of the Staphylococcal isolates being MRS spp followed by 

Klebsiella spp (30.8%), Escherichia coli (7.2%), Streptococcus spp (6.4%), Proteus 

spp (6%), Psuedomonas spp (4.8%), Enterococci (4%), and Actinomycetes spp 

(2.8%). Most of the Gram negative isolates were sensitive to Imipenem and 
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piperacillin/ tazobactam. Out of the 95 Staphylococcal spp, 16 were MRSA and 

showed good sensitivity to vancomycin and linezolid with no evidence of vancomycin 

resistance. 

 

INTERPRETATION AND CONCLUSION 

         A majority of the diabetic patients had little knowledge about diabetic foot care, 

with no proper foot wear usage with poor glycemic control and peripheral neuropathy. 

Moreover late presentation to the hospital was noted with a higher grade of  foot ulcer.     

         Staphylococcal aureus was the most common organism isolated, a small fraction 

of them showing methicillin resistance, followed by Klebsiella spp. Many of the 

isolates showed multi drug resistance. A combination of levofloxacin 

(flouroquinolones) with gentamycin is a better choice for diabetic foot ulcer infections  

caused by Gram negative and positive organisms. In more severe life threatening 

infections linezolid/ vancomycin for MRSA coverage and imipenem for Gram 

negative coverage can be considered. 

 

KEY WORDS: 

       Diabetic ulcer foot, clinical profile, microbiological profile, antibiotic sensitivity, 

MRSA 
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INTRODUCTION 

     Diabetes Mellitus (DM) is  a chronic disorder that affects a large majority of the 

population and in the present scenario, it act’s as a health problem to the Indian public 

in general.
. 
India acts as home for DM and currently carrying the load of 42 million 

cases and ranking the top most country amongst the list of top ten nations with the 

most number of diabetics. The diabetic population in India is expected to reach 57 

million by the year 2025.  Among diabetic patients, foot ulcer is the most common 

complication accounts 15% during their lifetime. The diabetic individuals have at least 

a 10 time risk of being hospitalized in view of bone and soft tissue infections of the 

foot when compared to those who are non-diabetic . Diabetic foot leads to amputation 

of limbs that has a major impact on an individual, not just the physical deformity, but 

leads to the individual being  dependent economically and socially deprived.  

       India as already mentioned  has more diabetics than any other nation in the world 

and incidence of diabetic foot problem as well as limb/foot amputations remain very 

high, that accounts for nearly 20 % of diabetes related admissions in hospitals. This 

can be explained by several cultural as well as social practices like walking without 

adequate footwear, not enough facilities for diabetes care as well as education, and 

poor and downtrodden  social and economic conditions. Though, there is a large 

whole hearted effort put into for increase in foot care awareness in diabetics, there is 

still a large distance to cover in routine diabetic foot evaluation.       

      DM has multifaceted pathological and clinical complications like peripheral 

neuropathy, peripheral occlusive vascular disease, foot ulceration and secondary 

infection along osteomyelitis that may or may not manifest. Though numerous studies 
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have studied on the bacteriological profile of foot infections in diabetics in the past, 

the results often vary and contradict each other. These differences may be explained 

by the different organisms that cause them, due to different eras in which the study 

was conducted, geographical differences, or the wide spectrum and the severity of the 

infection, as were mentioned in the studies . Most of the DFI’s are multi bacterial 

infections and adequate treatment of these necessitates the correct antibiotic spectrum, 

based on the culture and sensitivity of the causative organisms.  

      Staphylococcus.aureus constitutes one of the most relevant pathogen in foot 

infections in diabetic patients, even when other organisms are a part of a mixed or 

multi bacterial infection. An important example on how this is clinically relevant was 

the appearance of methicillin resistant aureus (MRSA),  that according to reports 

surfaced just one year into the introduction of methicillin. Methicillin-resistant S. 

aureus (MRSA) is commonly seen  in already admitted patients in hospital or those 

who have a history of antibiotic use in the recent past. Antibiotic abuse and the 

prescribing broad over narrow spectrum antibiotics, have definitely contributed to the 

rapid emergence of MRSA in DFI’s. Another factor that led to MRSA increase in 

prevalence is the increased prevalence of MRSA in community as a whole. Most of 

the MRSA exhibit resistance to multiple antibiotics and are susceptible only to higher 

antibiotics such as vancomycin. MRSA infestation causes increased hospital 

admission days and can cause increased financial burden to the community. MRSA 

biofilm is another entity that results in chronic infections and can result in treatment 

failure with common antibiotics and hence, identification of MRSA and its prevention 

from infection is warranted. Thus the occurrence and  prevalence of MRSA and its 
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present  microbial and sensitivity profile becomes important in the prescription of 

adequate empirical antibiotics for DFI’s. 
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AIMS AND OBJECTIVES 

    This study has been performed with the aim of determining the clinical and 

microbiological profile of infected diabetic foot ulcers in Government Rajaji Hospital, 

Madurai with emphasis on the  prevalence of Methicillin Resistant Staphylococcus 

aureus in  diabetic ulcer foot and their in vitro susceptibility  to various  antimicrobial 

agents. 

 

 

Primary objectives: 

1. To derive conclusions about clinical and microbiologial profile and antibiotic 

sensitivity of diabetic ulcer foot in GRH Madurai. 

2. To study the emergence, prevalance  and antibiotic sensitivity pattern  of 

Methicillin-Resistant Staphylococcus aureus in diabetic foot ulcers in GRH Madurai. 
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REVIEW OF LITERATURE 

GENERAL INTRODUCTION 

CHAPTER – 1 

1.1 History of Diabetes 

        Diabetes has always known to man as a very lethal condition since centuries. 

Most recently hopes have been raised that a cure is imminent with advances in the 

transplantation of beta cells, stem cell therapies and research into gene therapy 

(George, 2009; Robertson, Drexler and Vernillo, 2003 and Johnson and Luciani, 

2010). 

         From the ancient times Physicians with different beliefs on the cause of diabetes 

tried a variety of treatments to take care of the condition. From around 1500 B.C 

translations have revealed different concoctions that “could remove the urine which 

runs very often among the people with such condition”. A Roman writer, who lived 

during the times of Hippocrates, translated Greek writings on medicine and claimed 

that people with this medical condition urinated more than they drank. His view was 

accepted for hundreds of years, until Girolamo Cardano measured the amount of fluid 

consumed by such patients and then compared this to the amount of urine produced 

(Pyke, 1997). It was equivalent and hence the error was rectified. Aretaeus of 

Cappadocia in the 1st century AD were the first to describe the condition formally as 

diabetes and described the condition as the passing of copious amounts of urine and 

the loss of body flesh (Dobson, 1776). Another Greek Physician Galen said that this 

condition was “a weakness of the kidney which cannot hold back water” thus advising 
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horse riding at the time as a good way to get rid of the excess urine. The Chinese 

physician Gang-ke suggested that the urine from diabetic people was sweet and that it 

attracted dogs. In the fifth and the sixth century a reputed Indian Physician, Dr. 

Susruta, for the first time recognised the two primary types of diabetes, one affecting 

very thin people and another form most often seen among the obese and more 

sedentary individuals (Raghunathan, 1976). He recommended a moderate diet with 

low fat, salt and sugar along with exercise for overweight patients; a treatment still 

offered to people with diabetes (O‟Gorman and Krook, 2008; Bluherm and Zimmer, 

2010). Thomas Willis, a 17th century Oxford University Physician, believed that 

diabetes was the disease of blood and suggested that sugar found in the blood was 

found aberrantly in the urine. It was only in 1857 that Claude Bernard isolated a 

substance, glycogen, and illustrated the role it played in the metabolism of glucose 

(Young, 1957). Until this time however the organ involved was not known (Pyke, 

1997). 

         In 1869, German researcher Paul Langerhans highlighted a special cluster of 

cells within the pancreas. Although the cells were recognised, the role they played in 

diabetes was not established. In 1889, Oskar Minkowski performed experiments on 

removing the pancreases of dogs, thus inducing diabetes in the animals and 

definitively proving the significance of the pancreas (MacLeod, 1978; Leibowitz, 

1972). This led to Miskowski and others to search unsuccessfully for the substance 

that differentiated diabetics from non-diabetics (MacLeod, 1978). In 1893, Edouard 

Laguesse noted the importance of the cells identified by Langerhans and in honour of 

Langerhans called them “Islands of Langerhans”. They are now known as islets of 
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Langerhans (Leibowitz, 1972). In the early 20th century Rennie and Fraser used the 

extracts of islets of Langerhans from a special fish purchased from the Aberdeen fish 

market to treat patients with diabetes. Doctors ran out of the fish and hence the 

compounds could no longer be used to treat the patients (Rennie et al., 1907). It was 

only in 1921 that Drs. Frederick Banting and Charles Best isolated insulin from the 

pancreas of an animal and used that to treat diabetes in humans. Throughout the years 

since the insulin from the animals were used the ingredients and forms of insulin have 

been changed and improved. Banting and Best‟s work on the discovery of insulin has 

overcome many potentially fatal symptoms of diabetes by controlling the blood sugar 

and acetone bodies (Allan, 1972 and Fulton, 1956).   

          In the 21st century the treatment options for patients with diabetes include 

transplantations of beta cells, stem cell transplants as well as well transplants of 

organs such as pancreas or pancreas/kidney (Gunaselli and Doss, 2010 and Johnson 

and Luciani, 2010). Recombinant insulin identical to human insulin and modified 

human insulin with more rapid and much slower absorption are used thus replacing 

the traditionally used porcine insulin. Genetic engineering is now used to produce 

naturally occurring peptides that are able to stimulate the growth of insulin-producing 

cells in the pancreas (Garcia et al., 2001). Advances in diabetes research are 

significant and much needed because diabetes is on the rise worldwide and is 

considered by some experts already to be at an epidemic level (Zimmet et al., 2001 

and Wild et al., 2004). 
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1.2 Prevalence of T2DM in the world: Projections for 2030  

     Type 2 diabetes mellitus (T2DM) has become a worldwide health problem that is 

almost certain to worsen. It remains an important cause of mortality and morbidity 

worldwide. Poor glucose control and presence of diabetes complications (detailed in 

this chapter in section 1.6) are commonly regarded as risk factors for increased 

morbidity as well as mortality. As per the the World Health Organisation (WHO) that 

Type 2 diabetes mellitus will soon become a serious health problem all over the globe 

with an estimated 290 million diabetics by the 1
st 

quarter of 21
st 

century.(Zimmet et 

al., 2001 and Wild et al., 2004). It is calculated that India will be home to 80 million 

diabetes patients by the third decade of 21 
st 

century. As per WHO facts and figures in 

the UK the estimates include 1.7 million in the year 2000 to 2.6 million of diabetics by 

2030 (WHO website). 

 

1.3 Pathophysiology of Type 2 diabetes mellitus 

       The pathophysiology of T2DM is mainly characterised by peripheral insulin 

resistance (Unger and Parkin, 2010). There are many other factors which can lead to 

insulin resistance one of which is obesity. Body fat content in obese people produces 

insulin resistance by depositing the excess intra-abdominal fat within the adipose 

tissues which in normal healthy individuals would have held into liver and skeletal 

muscle cells (Matsuzawa, 2010). Due to this there are increasing levels of 

triglycerides by the release of fatty acids and the excess fat cells release cytokines  go 

and inhibit receptors for insulin, making the pancreas to produce more and more 

insulin eventually damaging the beta cells (Gabriely et al., 2002). In contrast, in low-
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birth weight individuals there is less adipose tissue to hold the excess fat leading to a 

similar increase in triglycerides levels leading to insulin resistance (Gabriely et al., 

2002). Other studies have suggested that there are certain hormones such as leptin and 

resistin which play a significant role in increasing insulin resistance. In the absence of 

leptin, triglycerides accumulate in non-adipose tissues leading to insulin resistance. 

Other studies have suggested that low adinopectin (an adipose tissue-derived protein) 

concentrations also can produce insulin resistance by stimulating the fatty acid 

oxidation (Rea and Donnelly, 2004 and Beltowski, 2003)..Another study suggests that 

islet amyloid could be involved in beta – cell failure as a result of T2DM (Andersson 

et al., 2008 and Udayashankar et al., 2009). In T2DM, islet amyloidosis which is 

responsible for promoting beta cell damage consequently death is frequently observed 

(Hoppener et al., 2002). The regulation of glucose can also be altered by certain 

environmental factors such as sedentary lifestyle which can lead to obesity in turn 

leading to insulin resistance. Genetic predisposition could be one of the factors which 

can cause beta cell damage and in turn ineffective production of insulin. The entry of 

glucose into the cells is necessary to provide energy and cell starvation can lead to an 

increased synthesis of ketone bodies which are a cause of a number of complications 

discussed below in section 1.6. Some of these complications however can be 

controlled by administration of insulin secretory drugs such as sulfonylureas (Baron, 

2002). If the insulin-secretory drugs can regulate the insulin levels in the blood then 

exogenous insulin would not be required as an essential part of the treatment. 
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1.4 Prevalence of diabetic foot (DF) infections 

      One of the most common complications of T2DM is ulcer foot that can leaf=d 

onto severe infection and lower limb gangrene and eventually amputation. Yearly 

about 500 thousand people all over the globe develop ulceration of foot. Diabetic 

patients have close to 30 times more chance of losing a lower limb than a non diabetic 

person. Nearly 75% of all amputations of lower limbs are performed on diabetic 

patients. It has been estimated that each half a minute one diabetic loses his lower 

limb (Bakker, Houtum and Riley, 2005).  

1.5 Pathophysiology of diabetic foot infections 

       Diabetic patients develop ulceration of foot and they usually begin with the 

formation of the acute wound. 
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Figure 1: Cellular and Inflammatory responses to acute wound healing- reprinted 

with permission from the author Prof. Patricia Price. 

           In diabetic patients the cellular and the inflammatory pathways involved in 

wound healing are affected. In diabetes hyperglycaemia particularly through 

hyperosmotic effects influence neutrophils and fibroblasts breaking the healing 

cascade (Lazarus et al., 1994). The faulty healing response is additionally affected due 

to the wound hypoxia caused by the microvascular and macrovascular conditions 

within the diabetic patients (Yamasaki et al., 2010 and Kashiwagi et al., 2010). The 

microvascular conditions lead to injury in small blood vessels often leading to 

vasoconstriction. As the condition progresses the vascular abnormalities affect the 

membranes of the blood vessels leading to macrovascular conditions mainly 

peripheral vascular disease affecting the leg artery. Due to the higher glucose levels 

and free fatty acid metabolism there is an oxidative stress in the wound often referred 

to as ischemic wound which renders a perfect environment for the anaerobes.                

Patients with these additional complications such as ischemia, peripheral neuropathy 

and peripheral occlusive vascular disease often have unsuccessful inflammatory 

responses and hence have weakened immune system. One of the peculiar 

characteristics often seen in the chronic wound within an immuno-compromised 

diabetic patient is replicating micro-organisms. Additionally the excess sugar lowers 

the resistance to infections which further leads to a gangrenous ulcer with lower limb 

amputations (Gadepalli et al., 2006). About 60% of the amputations are as a result of 

infection of the diabetic foot ulcer making infection the most important pathway of 
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DF. Infection, however, is never the sole cause of DF and other risk factors include 

increasing age, sex, race, smoking habits, duration of diabetes and glycated 

haemoglobin (HBA1C) (Mavian et al., 2010). The history of previous hospitalisations 

for the same wound, duration of the wound, duration of hospital stay, osteomyelitis, 

previous antibiotic therapy and non-healing gangrenous foot ulcer can also affect the 

diabetic foot ulcer and its prognosis (Singh, Armstrong and Lipsky, 2005). Thus 

multiple factors contribute to the aetiopathogenesis of diabetic foot infections (Neu et 

al., 2001). 

 

CHAPTER 2 

2.1 Clinical aetiology of diabetic foot infections 

      A diabetic foot ulcer involves repeated infections due to aerobes, anaerobes or 

fungi individually or in combination (Zayed et al., 2009). The infection often starts 

locally with an ulcer affecting immediate surrounding skin with a purulent discharge 

and erythema. These signs can be missed due to the presence of neuropathy and 

ischaemia which are the two of the commonest risk factors to DFI (Boulton, 2007 and 

Pendsey, 2010). The infection can become subsequently a spreading infection as the 

sepsis progresses to cellulitis. This spreading infection can become severe causing 

extensive deep soft tissue damage. The deep tissue fills with pus and can cause 

abscess formation subsequently leading to tissue necrosis and severe bacteraemia. DF 

wound classifications is used to classify the stage of infection (Lavery, Armstrong and 

Harkless, 1996). 
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2.2 Different diabetic wound classification systems 

      Foot ulcers when classified can help a great deal to reach a consensus about 

management and can predict the result of the wound after management (Fraykberg et 

al., 2002 and Armstrong and Lavery, 1998). There are many wound classification 

systems some of which are described below. 

2.2.1 Wagner’s ulcer classification system 

           Wagner‟s ulcer classification system is based on the depth of penetration, the 

presence of gangrene and the extent of tissue necrosis shown below in table 1 

(Wagner, 1987). 

Table 1: Wagner’s DFU classification 

Wound grades Description of grades 

0 Preulcer. No open lesions, skin intact; 

may have deformities, erythematous areas 

of pressureor hyperkeratosis. 

1 Superficial ulcer. Disruption of skin 

without penetration of the subcutaneous 

fat layer. Superficial infection with or 

without cellulitis may be present. 

2 Full-thickness ulcer. Penetrates through 

fat to tendon, or joint capsule without 
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deep abscess or osteomyelitis. 

3 Deep ulcer which may or may not probe 

to bone, with abscess, osteomyelitis, or 

joint sepsis. Includes deep plantar space 

infections or abscesses, necrotizing 

fasciitis, and tendon sheath infections. 

4 Denotes gangrene of a geographical 

portion of the foot such as toes, forefoot 

or heel. The remainder of the foot is 

salvageable though it maybe infected. 

5 Gangrene or necrosis to the extent that 

the foot is beyond salvage and will  

require a major limb- or life-sparing 

amputation 

 

          Even though it is one of the most commonly used system’s  it does not take into 

account two clinically relevant parameters namely ; ischaemia and infection 

(Fraykberg, 2002). 

 

2.2.2 University of Texas: diabetic wound classification 

               The stages and grades of ulcers depth and ischaemia are discussed below 
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1) Stages 

- Nil infection / ischaemia 

– Presence of infection 

– Presence of ischemia 

tage D – The presence of both infection and ischemia 

2) Grading 

– Wound is epithelialized  

– Wound is superficial  

2 – Capsule / tendon is penetrated by the wound 

– Joint / bone is penetrated by the wound 

          This system uses the four grades of ulcer depth (0 to 3) and four stages (A to D), 

based on ischaemia or infection, or both thus covering both  the significant  co- 

morbidities of a DFU. 

        

2.2.3 Modified Wagner Classification System 

Table 2: Modified Wagner Classification System 

Grade Lesion 

0  Open lesions absent: deformity or cellulitis may be present 

A Presence of  ischemia 
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B Presence of infection 

1 Ulcer is superficial 

A Presence of  ischemia 

B Presence of infection 

2 Deep ulcers to tendon, or joint capsule 

A Presence of  ischemia 

B Presence of infection 

3 Deep ulcers with abscess, osteomyelitis, or joint sepsis 

A Presence of  ischemia 

B Presence of infection 

4 Gangrene is localised — forefoot or heel 

A Presence of  ischemia 

B Presence of infection 

5 Entire foot is gangrenous 

A Presence of  ischemia 

B Presence of infection 
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2.2.4 Curative health services (CHS) database 

       The CHS wound database classifies the wound on the basis of the rate at which 

the anatomy of the wound was affected to the progression of infection as seen in table 

2 (Margolis et al., 2002). 

Table 3: CHS wound grade scale 

Wound grade Description of grade 

1 only dermis and epidermis is involved 

with no full thickness involvement 

2 Entire skin thickness and subcutaneous 

tissuses are involved 

3 Grade 2 + tendon, ligament and or joint 

tissue is exposed 

4 Grade 3 + abcesses and or osteomyelitis 

5 Grade 4 + wound has necrotic tissue 

6 Grade 5 + necrotic tissue surrounding the 

wound 

 

       Although the diabetic wound classification systems aid in the prediction of 

outcome and can help to initiate appropriate management, treatment is influenced by 

the nature of the aerobes, anaerobes and fungi affecting the DFU. 
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2.3 Predominant aerobes in diabetic foot infections 

       The Human body has a vast number of bacteria living as normal flora with skin 

harbouring many commensal. In a diabetic patient with poor immune responses even a 

normal skin commensal can cause significant infection. Common skin commensal like 

Staphylococcus aureus (S. aureus) and Staphylococcus epidermidis (S. epidermidis) 

are seen as pathogens in diabetic wounds (Citron et al., 2007). Other nasal commensal 

such as Streptococcus species have also been cultured from the diabetic wound 

clinical specimens. Streptococcus species in rare cases cause severe blistering 

cellulitis and tissue destruction (Loan et al., 2005). Gram – negative aerobes such as 

the Citrobacter sp., Escherichia coli (E. coli), Pseudomonas aeruginosa (P. 

aeruginosa), Acinetobacter and Serratia sp. are examples of normal flora often 

cultured from a diabetic wound. There have been a number of studies showing the 

pathogenic nature of the Gram – negative bacteria in DFI (Bansal, 2008, Viswanthan, 

2005, Citron et al., 2007, Abdulrazak et al., 2005, Gadepalli et al., 2006). Although 

these are normal flora of the gut and intestinal tract they are isolated from the diabetic 

foot ulcer as the patient may lack good hygiene due to their age or obesity (Cowen and 

Steels, 2004). These organisms often act in synergy with other bacteria and can cause 

severe infections (Ambrosch, Lehnert and Lobmann, 2003). In the Microbiological 

laboratory the processing of the clinical specimens involves the identification of these 

clinically significant bacteria and often involves the use of biochemical tests which 

facilitate in their differentiation. The tables below describe some of the distinguishing 

characteristics used for identification. 
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Table 4: Characteristics of Gram – positive aerobes from DFI 

Genera Gram 

nature 

Family  Distinctive 

cellular 

pathology 

Biochemical 

characteristics 

Locati

on site 

Comm

on 

growt

h 

media 

Colour 

of 

colonies 

or 

medium 

Clinically 

significant 

species 

Staphylo

coccus 

sp 

 

 

 

 

Gram 

positive 

non 

motile 

non 

sporing 

facultat

ive 

aerobes 

Staphylo

coccacea

e 

Spherical 

cocci 

Catalase (+ve), 

Coagulase(+/-

ve) 

Skin 

comm

ensal 

Colum

bia 

blood 

agar, 

salt 

mannit

ol agar, 

nutrien

t agar 

Golden 

yellow 

to cream 

buff 

pigment

ation 

S.aureus 

S.epidermid

is 

Streptoc

occus sp 

streptoco

ccacea 

Cocci in 

pairs or in 

chains 

Catalase, 

oxidase, VP and 

bile esculin(-ve) 

Skin 

and 

throat 

comm

ensals 

Colum

bia 

blood 

agar 

α,β,γ 

hemolys

is 

S.pyogenes, 

S.agalactac

ea, 

S.aeroginos

us, S.bovis 

Enteroco

ccus sp 

enteroco

ccaceae 

Cocci in 

pairs or 

chains 

Catalase and 

oxidase(-ve),  

VP and bile 

esculin(+ve) 

Intesti

nal 

comm

ensals 

Colum

bia 

blood 

agar 

γ 

hemolys

is 

E.faecalis 

Table 4 presents the various characteristics of Gram – positive aerobes that are some 

of the clinically significant species isolated from the DFI. Staphylococcus species  S. 

aureus and S. epidermidis can be further distinguished such that S. aureus is normally 
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coagulase (+ve) and catalase (+ve) while S. epidermidis is coagulase (-ve) and 

catalase (+ve). Similarly bile esculin test aid in distinguishing Streptococcus and 

Enterococcus species with the former being bile esculin (+ve) and later being bile 

esculin (-ve). Other colony characteristics can also help in initial identification. 

 

 

Table 5: Characteristics of Gram – negative aerobes from DFI 

Genera  Gram 

nature 

and 

Family 

Distinctive 

cellular 

morpholo

gy 

Biochemical 

characteristics 

Colour of 

colonies or 

medium 

Location site Clinically 

significant 

species 

Escheric

hia sp 

enterob

acterice

ae 

Mobile  Catalase +ve, oxidase 

and citrate -ve 

Pink on Mac 

Conkey’s agar 

Commensal of 

gut 

E.coli 

Klebsiell

a sp 

Non 

motile, 

polysaccha

ride 

capsule 

Catalase, KCN and 

VP +ve, oxidase -ve 

Pink on Mac 

Conkey’s agar 

Normal flora of 

skin, mouth and 

intestine 

K.pneumon

iae 

Enteroba

cter spp 

motile Catalase, VP, 

gluconate+ve, 

oxidase-ve 

Pink on Mac 

Conkey’s agar 

Urinary and 

respiratory tract 

E.cloacae 

Citrobac

ter spp 

motile Catalase, citrate +ve, 

oxidase, lysine -ve 

Occasionally 

pink on Mac 

Conkey’s agar 

Normal intestinal 

flora 

 

Proteus 

spp 

motile Catalase, 

phenylalanine +ve , 

Colourless  on 

Mac Conkey’s 

Normal intestinal 

flora 

P.mirablis, 

P.vulgaris 
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oxidase –ve, urea and 

gelatin hydrolysed 

agar, swarming 

growth on 

nutrient agar 

Salmone

lla spp 

motile Catalase, Simmons 

citrate, lysine 

decarboxylase+ve,mo

st of them are H2S 

producers, KCN and 

oxidase –ve 

Colourless  on 

Mac Conkey’s 

agar 

Transmitted by 

animals 

S.typhi’ 

S.paratyphi 

Serratia 

spp 

motile Catalase, VP, 

gluconate +ve, 

oxidase-ve 

Red 

pigmentation 

by some strains 

on Mac 

Conkey’s agar  

UTI, RTI 

wounds 

S.marcesce

ns 

Pseudom

onas spp 

motile Catalase, oxidase +ve Pyocin- 

flourescent 

yellow 

pigmentation 

on nutrient 

agar, lactose 

non fermentor 

Immunocompro

mised 

P.aeruogin

osa 

Acinetob

acter spp 

Gram 

negativ

e, strict 

aerobe 

cocco 

bacilli 

Mora 

xellace

Non motile  Colourless 

colonies lactose 

non fermentor 

Open wounds 

immunocompro

mised 

A.baumann

ii 
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ae 

       The table 5 shows all the characteristics which are often used in microbiological 

laboratories to help distinguishing the clinically significant Gram – negative aerobes 

using traditional biochemical identification. Gram – negative aerobes from the DFI are 

mainly from the Enterobacteriaceae family and are mainly grouped as lactose 

fermentors and non fermentors using Mac Conkey‟s agar. Proteus species most 

significantly shows Phenylalanine test (+ve) while Pseudomonas species shows 

oxidase and catalase (+ve). Serratia species often show red pigmented colonies on the 

Mac Conkey‟s agar. 

 

2.4 Predominant anaerobes in diabetic foot infections 

         Anaerobes are often present as normal flora of the skin and mucous membranes. 

In states of distorted host defence or where the skin‟s integrity is disrupted they can 

colonise and invade up to the vassal channels Finegold, 1993). Some of the anaerobes 

are rich in enzymes and toxins which help them in crossing the natural or anatomical 

barriers of the body causing toxaemic or septic syndromes (Gubina, 1997). In diabetic 

foot patients, due to ischemia and neuropathy with vascular inefficiency, tissue anoxia 

occurs which lowers the redox potential and favours the growth of anaerobic bacteria 

(Armstrong et al., 2002 and Stefanopoulos and Kolokotronis, 2004). Many of the 

infections that harbour anaerobes have a foul odour, gas in the specimen and the 

location of infection is in proximity to a mucosal surface. Gram - positive anaerobes 

include the Gram - positive cocci (Peptostreptococcus spp.) which form part of the 

normal flora of humans yet are the most frequently isolated from the clinical 
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specimens others include the Gram - positive spore forming cocci (Clostridium spp.) 

along with other Gram - positive non spore forming cocci (Propionibacterium spp) 

(Esposito et al., 2008, Citron et al., 2007 and Baines et al, 2008). Most common Gram 

– negative anaerobes cultured from the DFI are Prevotella spp, Veillonella spp, 

Fusobacterium spp and Bacteroides spp  (Fille et al., 2006, Ge et al., 2002). 

Anaerobes have recently undergone extensive taxonomic changes with the advances 

in molecular techniques. The genus of one clinically significant anaerobe 

Peptostreptococcus was shown, by 16S rRNA sequencing to be very heterogeneous 

and phylogenetically incoherent (Song, et al., 2007a and 2007b). The table 5 below 

shows the classification of Peptostreptococcus spp. from past and present. 

 

Table 6 Re - classification of gram positive anaerobes 

Previous approved name  
 

Current classification 
 

P. asaccharolyticus Pst. asaccharolyticus, 

Peptoniphilus asacharolyticus 

P. glycinophilus  

 

Pst. micros, Micromonas 

micra, Parvimonas micra 

P. indolicus Pst. Indolicus 

P. magnus Pst. magnus, Finegoldia magna 

P. niger P. niger 
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P. prevottii Anaerococcus prevottii 

P. anaerobius  Pst. Anaerobius 

P. parvulus  Pst. Parvulus 

Pst. Productus  Pst. Productus 

Newly proposed strains 

 

Peptoniphilus gorbachii 

Peptoniphilus olsenii 

Anaerococcus murdochii 

P = Peptocococcus, Pst = Peptostreptococccus 

 

         The changes in the nomenclature were made on the basis of one of the 

following: differing G+C ratios, differing atmospheric requirements, nucleic acid 

studies and saccharolytic activities. As a routine in a Microbiological laboratory 

identification of the anaerobes is not carried out or restricted to the genus level. 

Identification of species often requires tedious and expensive use of procedures which 

are not economical routinely in laboratories. The tables discussed below collate all the 

most commonly isolated anaerobes from DFI and the different characteristics that can 

be used to distinguish them. 

 

2.5 Predominant fungi in diabetic foot infections 

        Fungi are present as normal flora in the mucosal organs, skin, mouth and the 

digestive system. In certain situations, such as during illness, use of too many 
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antibiotics, use of steroids, obesity and in immuno compromised hosts fungi are 

capable of multiplying. Moist skin or any damage to the skin can encourage fungal 

infections. These characteristics are often seen among the diabetic foot patients due to 

neuropathy and repeated trauma to the skin, fungi gain entry and multiply. One of the 

clinically significant fungi cultured from DF ulcers is Candida spp. Candida belongs 

to the family Saccharomycetaceae. In the laboratory Candida appears as large, round, 

white or cream dry colonies which under microscope show budding yeast cells. 

Candida is a clinically significant fungus and has been shown to cause bloodstream 

infections, oropharyngeal, superficial infections such as thrush and vaginal 

Candidiasis. Candida has also been shown to cause other deep seated yeast infections 

in immune compromised diabetic foot patients (Bansal et al., 2008).  

          In one study carried out by Heald and his colleagues, (001) Candida was grown 

from the bone and deep fissures of an affected DF rather than superficial ulcers. 

Osteomyelitis was also seen due to Candida in one of the studies based on the clinical 

characteristics and radiographs. These dimorphic structures thus prove to an 

advantage to Candida albicans giving firm attachment and hence rendering an 

infection untreatable.  

             The most significant species of Candida isolated from diabetic foot ulcers 

include C. tropicalis, C. albicans, C. guilliermondii and C. pseudotropicalis there are 

other species which in association with other organisms become opportunistic 

(Mlinaric et al., 2005).  
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2.6 Mixed infections in diabetic foot infections 

       One of the most intriguing observations made in all microbiological studies of 

diabetic foot ulcers is that the obligate anaerobes were never found alone, they were 

always isolated with aerobes signifying a relationship with each other and the 

polymicrobial nature of the infection (Finegold and Wexler, 1988 and Hartemann et 

al., 2004). 

 

2.7 Antibiotic treatment of diabetic foot infections 

        The Infectious Diseases Society of America termed the 6 most feared pathogens 

as “ESKAPE” these included the Enterococcus faecalis, Staphylococcus aureus, 

Clostridium difficile, Acinetobacter baumannii, Pseudomonas aeruginosa and 

Enterobacter species, often referred to in the press as the „Superbugs‟ due to their 

resistance to almost all antibiotics (Rice, 2008).  

      Since DF ulcers often start with localised infection topical agents such as 

antiseptic solutions can be initially used to clean the wounds. These can only be 

helpful for a brief contact time with the wound surface. Antiseptic lotions in the form 

of hypochlorite or potassium permanganate are used for localised infections. Some 

preparations can stay in contact with the wound surface for a longer period of time in 

the form of dressings these mainly include creams, ointments or impregnations. Silver 

based products have recently shown to have broad – spectrum effect against both the 

Gram – positive and Gram – negative organisms along with the yeasts and fungi 

(O‟Meara et al., 2000). Oral antibiotics have most commonly been used as treatment 
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on an outpatient basis (Lipsky et al., 2004). Clinicians normally use systemic 

antibiotics as the last resort when topical interventions fail to initiate healing of the DF 

ulcer. Systemic antibiotics mainly including the penicillins, cephalosporins, 

aminoglycosides and quinolones can be used against a wide variety of Gram – 

positive and Gram – negative organisms (Vuorisalo, Venermo and Lepantalo, 2009). 

To overcome resistance, combination antibiotics such as amoxicillin/clavulanic acid 

and piperacillin/tazobactam can be used as β – lactamase inhibitors. Aminoglycosides 

and tetracylines inhibit protein synthesis and bind to the conserved sequences within 

the 16s rRNA of the 30s rRNA subunit while macrolides and chloromphenicol act on 

the 23s rRNA on the 50s rRNA subunit (Livermore, 2003). Bacterial growth depends 

on the DNA and RNA synthesis. The aminoglycosides are active against many Gram 

– negative organisms. There are some antibiotics such as fluoroquinolones which can 

disrupt the nucleic acid synthesis directly, whereas sulfonamides and trimethoprim act 

indirectly on folic acid metabolism (Mascaretti, 2003). When the number of the 

possible pathogens causing infections is small the antibiotic susceptibility is 

predictable and empirical treatment could be justified. It covers the most common 

pathogens with some modifications according to the severity of the infection is being 

considered (Frykberg, 2002). For spreading and severe infections the patients admitted 

to the hospital can be given antibiotics with wide spectrum intravenously. 

       Treatment of peripheral neuropathy and ischemia is critical as these impair the 

delivery of oxygen, leucocytes and other host defence factors along with the 

antibiotics (Singh, Armstrong and Lipsky, 2005 and Steed et al., 2008). This can lead 

to deformities due to abnormal pressure and therefore it becomes imperative to tackle 
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vascular supply. Many vaso-dilator drugs have been proved to be beneficial in 

promoting the healing of lesions (Caputo et al., 1994b). Since surgical methods would 

not restore the normal host factors, adjunctive therapy using hyperbaric oxygen 

therapy (Cimsit, Uzun and Yildiz, 2009) and the use of maggots (fly larva) for bio 

surgical debridement of calluses (Frykberg, 2002) can prove advantageous in the 

healing of diabetic ulcers (Steed et al., 1996). These calluses further increase the 

pressure and cause a non-healing ulceration. Debridement promotes re 

epithelialisation from the edge of the ulcer with a cast applied on the wound enabling 

the patient to walk freely but still keeping the pressure off the lesion (Frykberg, 2002). 

A continuous monitoring for the degree of neuropathy using a widely accepted 

instrument known as nylon Semmes-Weinstein monofilament is essential for closed 

progression of the foot (Steed et al., 2008). 

 

2.8 Trends in antibiotic resistance among the aerobic bacteria 

    Organisms belonging to the Enterobacteriaceae family and the species from the 

Staphylococcus genus are the 2 most common organisms isolated from the diabetic 

foot ulcers. Resistance to β-lactam antibiotics was known even before penicillin was 

clinically used. In 1940 Abraham and Chain first described a bacterial enzyme in E. 

coli that destroyed penicillin and termed it as penicillinase  as the structure of β-

lactams were unknown (Mascaretti, 2003). There are 5 classes of the β-lactamases 

from the Gram - negative bacteria mainly named after their substrate profiles. β-

lactamases are often the penicillinases, cephalosporinases and carbapenemases (Bush, 

1989). Many species of the Enterobacteriaceae family are ESBL (extended spectrum 
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β-lactamase) producers and are a global problem. One study has highlighted the 

number of ESBL producing organisms from DFI. Of the total 134 isolates of E. coli 

and K. pneumoniae 31 isolates showed ESBL production: 15 E. coli and 16 K. 

pneumoniae (Varaiya et al., 2008). These are a group of enzymes that have the 

common property of providing resistance to extended-spectrum β-lactamases 

antibiotics such as cefotaxime, ceftazidime, ceftriaxone, cefpime and cefpirome (Rossi 

et al., 2006). AmpC genes acquired by the Pseudomonas aeruginosa are responsible 

for imparting ESBL resistance. Pseudomonas aeruginosa exhibits high intrinsic 

resistance to penem antibiotics such as faropenem, ritipenem, sulopenem, and 

sulphonamides due to the permeability barrier to the compound (Okamoto, Gotoh and 

Nishino, 2001). K. pneumonia carbapenemase (KPC) and metallo- β-lactamases 

(MBL) are some of the other ESBL seen among the Enterobacteriaceae family 

imparting high antibacterial resistance (Jacoby, 2009). Penicillin resistance emerged 

in Staphylococcus aureus in the early 1940s, shortly after its introduction 

(Thornsberry, 1988). Resistant Staphylococci have been a clinical problem since 1944 

when sulphonamide-resistant strains appeared among the wounded during the 2nd 

world war (Massad et al., 1993). By the 1948 it was reported that in over half of the 

hospital Staphylococcus strains were penicillin resistant. Streptomycin and 

erythromycin, tetracycline and chloromphenicol resistance had also developed by the 

1950s. Within 10 years of the introduction of methicillin in the 1960 resistance to 

methicillin was discovered. Staphylococcus species have been shown to possess the 

penicillin binding protein PBP2a which is encoded by the mec A gene. The PB2a 

protein has a low affinity binding for the beta lactam antibiotics (Grubb, 1998). This 
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mecA gene thus has rendered many of the Staphylococcus species resistant to 

methicillin. By the 1980s epidemic strains of MRSA emerged (Enright, 2002). In 

2002, there were various studies reporting some strains of Staphylococcus showing 

resistance to Vancomycin. The Vanco gene Van A was co- transferred from the 

resistant organism Enterococcus faecalis NCTC 12201 to Staphylococcus (Chang et 

al., 2004).  

 

2.9 Methicillin resistant Staphylococcus aureus (MRSA) 

2.9.1 Epidemiology and characteristics of Methicillin resistant Staphylococcus 

aureus (MRSA) 

      Staphylococcus aureus was first identified in the late 19th century and has since 

been recognised as part of the natural flora of humans. It frequents the face, hands and 

perineum, with the most common site being the nares (nostril) (Williams, 1963). 

Between 30% and 60% of the healthy population carry Staphylococcus aureus, of 

which between 10% and 20% are chronically colonised (ongoing, persistent 

population of Staphylococcus aureus on or in the body but in the absence of infection) 

(Foster, 2004). MRSA is reported as the leading cause of wound infections in most 

parts of the world. The high prevalence of MRSA colonisation in diabetic foot ulcers 

is a consequence of antibiotic overuse and the selection of broad rather than narrow 

spectrum agents. MRSA is now endemic in both community and hospital 

environments and there has been a reported increase in hospital stays, increased cost, 

and increased morbidity and mortality associated with these infections compared to 

other diabetic foot ulcer infections (Lipski, 2004; Reiber et al., 1998). 
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         MRSA mainly exists on the superficial part of the skin, is easy to detect and it is 

an excellent indicator organism that can be used to compare diagnostic methods and to 

demonstrate the ability of methods to assess the presence of microbial diversity.  

 

2.9.2 Genotype and phenotype of MRSA 

       MRSA is a Gram positive non-motile, non-facultative coccus. Optimum 

environmental conditions for growth are temperatures between 15oC and 45oC. High 

concentrations of sodium chloride do not alter growth, even when concentrations 

reach up to 15% (Parfentjev and Catelli, 1964). It is coagulase positive, making it 

distinguishable from the other Staphylococcaceae in laboratory testing and it is 

catalase positive which differentiates it from Streptococci species. MRSA produce a 

number of virulence factors which elicit suppurative infections and toxinosis. Surface 

proteins allow bacterial attachment to the extracellular matrix of the host, specifically 

the proteins laminin and fibronectin, found in epithelial and endothelial tissue (Lowy, 

1998). Toxins produced by the bacteria damage host cell membranes and allow cell 

invasion. Panton Valentine leukocidin is an exotoxin and is also responsible for pore 

formation within host membranes (Lina and Piemont, 1999). The majority of strains 

of Staphylococcus aureus express a surface polysaccharide or microcapsule (type 5 or 

8), which is thought to interfere with phagocytosis. Protein A is another surface 

protein which binds with IgG molecules (Foster, 1998). The wide range of toxins 

associated with Staphylococcus aureus have been identified as causing a range of 

illnesses, including vomiting, sepsis and toxic shock syndrome (McCormick et al., 

2001). Others include skin and soft tissue infections, such as cellulitis and abscesses, 
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acute bacterial endocarditis, bacteraemia, infections associated with intravenous 

cannula sites, central venous access sites, osteomyelitis and post-operative wound 

infections.  It is, therefore, of little surprise that Staphylococcus aureus infections 

were associated with a mortality rate of almost 80% during the pre-antibiotic era. By 

1942 this had reduced significantly with the introduction of penicillin (Smith and 

Bradshaw, 2008).      

        The cessation was short-lived, however, when strains emerged that expressed 

inhibitory penicillinase. Towards the end of the 1950s, methicillin was introduced as a 

synthetic penicillin alternative.  

         By the 1980s epidemic strains of MRSA were being isolated from hospitals in 

the north east Thames and Essex regions, which were resistant to a range of antibiotics 

(Duckworth et al., 1988). Over the following ten years, strains of Epidemic 

Methicillin Resistant Staphylococcus aureus (EMRSA) continued to emerge and were 

numbered EMRSA 1-14. Early in the 1990s, EMRSA-15 and later EMRSA-16 were 

isolated from UK hospitals (Johnson et al., 2001). These two identified strains have 

developed into the most successful and most resistant and continue to be isolated from 

hospitals around the world. EMRSA-17 appeared in 2002 (Aucken, 2002) and has an 

expanding resistance profile. Phenotypical-resistance to beta lactam antibiotics in 

MRSA is derived in part from the production of beta-lactamase, which destroys the 

beta-lactam ring of this group of antibiotics and also its penicillin-binding protein 

(PBP2a). The PBP is responsible for the integration and regeneration of cell wall 

components. Methicillin belongs to the beta-lactam group of antibiotics whose mode 

of action depends on their tendency and high affinity for combining with the PBP of 
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the target bacteria. MRSA has PBP2a which has a low affinity for the beta-lactam 

antibiotics, thus maintaining cell wall synthesis, despite PBPs 1 through 4 being 

bound and inactivated by the drug (Richmond, 2002). 

         Genetic expression of resistance to beta lactam antibiotics is determined by the 

mecA gene housed on the Staphylococcal cassette chromosome (SCC), which 

functions as a mobile genetic island that inserts and integrates with the S. aureus 

chromosome. The SCC can also detach from the chromosome and this freedom of 

movement allows for the horizontal transfer of SCCmec. The mecA gene itself is 

thought to be regulated by a number of other genes, constituting a mec complex, in 

which at least six different classes have been identified (class I through to class VI) 

(Berglund et al., 2009). These differ slightly in terms of the mec gene itself and also in 

the number or type of genes assisting mec in its insertion and excision from the 

chromosome. 

       Typing of strains of MRSA through the SCCmec has revealed that nosocomial 

strains are mainly clonal in origin. For example, EMRSA-15 and EMRSA-16 are 

spread internationally and remain responsible for a high number of UK cases. There 

are currently 17 strains of EMRSA in the UK (Aucken, 2002). 

      A study by Enright in 2002 examined 359 MRSA isolates that were distributed 

worldwide and identified five lineages or clonal complexes, i.e. the vast majority of 

these isolates shared intimate genetic characteristics with each other (Enright et al., 

2002). Lim et al., (2002) examined 35 EMRSA from England and Australia and found 

distinct characteristics that allowed grouping of isolates according to genetic 

similarities. For example, a group of recent isolates were identified as sharing the 
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same mecA complex as strains from America and New Zealand isolated in the 1980s 

(Lim et al., 2002). 

         Community MRSA (CA-MRSA) is now well recognised and was initially 

thought to be identical to nosocomial MRSA apart from the environment in which it 

flourished. When cases began to emerge in populations lacking the usual risk factors 

for MRSA, further investigation followed. One strain in the US resulted in four 

paediatric deaths (Gillet et al., 2002) and, during analysis, was found to be genetically 

distinct from nosocomial forms, due to a different mec complex (SCCmec IV) and the 

presence of a gene for Panton-Valentine leukocidin toxin. This particular CA-MRSA 

has demonstrated signs of global spread (Vandenesch et al., 2003), but there is a need 

for further testing using a variety of mechanisms, to reach agreement as to whether 

community and hospital strains are totally separate entities. There is also a scarcity of 

data regarding genetic similarities or differences between methicillin sensitive 

Staphylococcus aureus (MSSA) and MRSA. Essentially, MRSA is so flexible and 

adaptable that there is huge potential for any number of genetic combinations. 

 

2.9.3 MRSA prevalence 

      Between 1997 and 1999 the “SENTRY Antimicrobial Surveillance Programme” 

reported the prevalence of MRSA in isolates from all sites of infection (Diekema et 

al., 2001). In Hong Kong 73% of isolates were positive for MRSA, the US 34.2% and 

in Europe 26.3%. By 2001 a report from the “European Antimicrobial Resistance 

Surveillance System” identified prevalence for MRSA in the UK as 45% and in both 

Italy and Greece as 40% (“European Antimicrobial Resistance Surveillance System. 
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Annual Report, 2001”). In a study of elderly hospital in-patients, at three weeks post 

admission, the prevalence of MRSA was 158/1000, which is 15.8% (Hori et al., 

2002). Grundmann et al., (2002) sampled the prevalence of MRSA carriage in the 

normal elderly population living in their own homes. They found that those between 

the ages of 65 and 74 years had a prevalence of 2%, which increased to 6% as the age 

range increased to 75 years of age (Grundmann et al., 2002). 

 

2.9.4 Transmission of MRSA 

       MRSA can be maintained and transmitted in any number of ways, but the most 

common is through human to human contamination, more specifically through 

healthcare worker to patient. A colonised staff member can easily assist in 

dissemination, throughout the course of a shift, by either acting as a carrier between 

patients or between contaminated inanimate objects and patients (Aucken, 2002). 

MRSA has been isolated from computer keyboards, door knobs and stainless steel 

surfaces (Noyce et al., 2006), in addition to the more obvious sites such as hands, 

uniforms and watches. Multiple modes of transmission have led to MRSA spreading 

around the globe. Within the UK a study analysing 129 isolates of EMRSA-16 from 

hospitals showed the dissemination of a strain originating in one hospital. Beginning 

in Kettering, it first spread to neighbouring counties with 15 hospitals. The strain then 

appeared in 21 hospitals in London and, over the course of three years, it was isolated 

from every region in the UK. Intercontinental spread has also been identified during 

analysis of a Canadian strain, which was later found to originate in India (Roman et 

al., 1997). 
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2.9.5 Risk factors for MRSA 

        Initial studies of risk factors for MRSA infection examined patients in ICU and 

burns units, as these groups were associated with high infection rates (Pujol et al., 

1996). Patients with surgical wounds, enteral feeding tubes and intravenous or urinary 

catheterisation all increase risk (Coello et al., 1997). Also, colonisation with MRSA is 

a risk factor for the development of infection. In a study following 209 colonised 

patients, 29% developed infections over an 18 month period (Huang et al., 2003). 

Davies et al., (2004) studied infection rates following nasal colonisation and found 

that 19% went on to develop infection, compared with only 2% of the non-colonised 

group. Similarly, a study of colonised chronic ulcers showed a prevalence of 3.9% for 

developing MRSA bacteremia (Roghmann et al., 2001). Within the elderly hospital 

population risk factors identified are increasing age and length of stay, while their 

counterparts in the community were found to be at risk due to previous hospital 

admission and diabetes (Hori et al., 2002; Grundmann et al., 2002). Previous 

antibiotic use is an acknowledged risk factor and a recent meta-analysis of a study 

population of 4,364 MRSA-positive and 19,865 control patients showed that those 

with recent exposure to antibiotics had a two-fold increase in risk for MRSA 

acquisition, versus their non-treated counterparts. The risk is even higher if previous 

treatment included quinolones or glycopeptides (Tacconelli et al., 2008), ciprofloxacin 

and cephalosporin (Hill et al., 1998) or cephalosporins and fluoroquinolones 

(Graffunder and Venezia, 2002). 
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2.10 Trends in antibiotic resistance among the anaerobic bacteria 

      Susceptibility testing of anaerobes originated after the methods had been used for 

the aerobic bacteria. Early in the 1950s antimicrobial testing included the tube 

dilution, plate dilution and disk method, all revealing the minimum inhibitory 

concentration (MIC) but without any standardisation for the inoculum, period of 

incubation, choice of complete or partial inhibition as an endpoint. The testing varied 

in different locations; different media and even different methods were used (Hecht, 

2002). In 1985, a standardised method was published for carrying out antimicrobial 

susceptibility testing. However, until today it is undergoing continuous refinement. 

Literature on the antimicrobial susceptibility of anaerobes is very limited as compared 

to the aerobes, and most often the antimicrobial agents are tested against very few 

isolates as anaerobes are difficult to isolate and identify; thus the frequency of testing 

at the hospitals is extremely low. This is evidenced by one study carried out in New 

Zealand by Roberts and her colleagues (2006), where she reported that over 15 years 

only 3 surveys had been carried out looking at the susceptibility patterns of the clinical 

isolates (Roberts et al., 2006). In Belgium a 3rd multicentre antimicrobial 

susceptibility survey was carried out on 443 anaerobes collected over a period of 2 

years and their antimicrobial susceptibility patterns remained stable except for reduced 

susceptibility to clindamycin (Wybo et al., 2007). 

      Since the early 1970s antibiotic resistance among the anaerobes has become 

evident. Bacteroides fragilis was one of the most frequently isolated resistant 

anaerobes. Bacteroides fragilis groups have shown complete resistance to penicillin G 

and clindamycin due to the presence of the ermF, ermG and ermS determinants 
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(Aldridge et al., 2001). Many of the Clostridium species have also shown resistance to 

clindamycin due to ermQ, ermP determinants. All these determinants were shown to 

be encoded by genes on the chromosome, plasmid or transposons and are transferable 

by conjugation (Brazier et al., 2008). Piperacillin had been effective in the treatment 

of infections against anaerobes until the 1990s. No more than 25% of the Gram - 

negative anaerobes showed resistance to piperacillin alone (Behra-Miellet et al., 

2003a). Metronidazole resistance has been more common among the Gram – positive 

anaerobes and is caused due to the presence of the nim genes (Mory et al., 1998). 

Resistance to quinolones, mainly the fluoroquinolones, is seen due to the presence of 

the gyrA and gyrB genes (Brazier et al., 2008). These antibiotics are generally given in 

combination with aminoglycosides or cephalosporins. Very few anaerobic strains have 

shown resistance to carbapenems such as imipenems. Most of the anaerobes are 

susceptible to piperacillin/tazobactam, ampicillin/sulbactam, meropenem and 

vancomycin (Brazier et al., 2008; Behra-Miellet et al., 2003b and Citron et al., 2007). 

One of the studies highlights the use of tetracycline showing there is less resistance 

seen among the anaerobes in the UK because tetracycline had not been routinely 

prescribed in the past (Hecht, 2004). Similarly fusidic acid is not frequently used in 

Asia hence very few resistant strains are seen. Although Gram – negative organisms 

except Bacteroides species are intrinsically resistant to fusidic acid but can be 

effective against the Gram – positive organisms mainly the Staphylococcus and 

Streptococcus species (Chinedum, 2005). Both these studies highlight the need to 

limit the use of antibiotics and use other mechanisms to combat infections (Brazier et 

al., 2008 and Behra-Miellet, et al., 2003b). There have been a number of new 
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antimicrobial agents used for the treatment of infections due to Clostridium difficile 

these include the lipoglycopeptides, macrocyclic esters, nitrothiazoles and 

diarytdiamines (Koeth et al., 2004; Brook, 2007 and Caputo, 1994a).There have been 

very few new antimicrobials developed for the treatment of Gram - negative 

anaerobes which could be a problem in the future. 

 

2.11 Biofilms in DFI and their resistance to antibiotics 

      Biofilms are found to be present in two-thirds of chronic wounds and they are 

often been resistant to antibiotics (Dowd et al., 2008). There are number of familiar 

mechanisms of antibiotic resistance, such as efflux pumps (Nikaido, 1996), modifying 

enzymes (Livermore, 2003) and target mutations (Hall and Partridge, 2001). However, 

in biofilms even the most sensitive bacteria with no genetic basis for resistance can 

have greatly reduced susceptibility to antibiotics. The major components of these are 

the exopolysaccharides with DNA, protein and lipids making up a significant 

proportion of the matrix.  

       Exopolysaccharides have been utilised, for example, for the initial attachment to a 

surface of the Vibrio cholerae and for the development of Pseudomonas, 

Staphylococcus epidermidis and many other pathogenic biofilms (Laue et al., 2006). 

These biofilms protect organisms from phagocytosis and facilitate antibiotic 

resistance, acting as a barrier, decreasing the diffusion of antibiotics, antimicrobial 

proteins, lysozymes and small molecular antimicrobials such as defensins. Biofilms 

concentrate bacterial enzymes that degrade antibiotics for example β-lactamases 

(Wilson and Devine, 2003). Antimicrobial agents kill rapidly growing bacterial cells 
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more effectively than those of the slower growing ones. Some antibiotics, in order to 

be active, require certain rates of bacterial growth, for example penicillin and 

ampicillin fail to kill non-growing bacterial cells. Other new antibiotics such as 

aminoglycosides and fluoroquinolones can kill non growing bacterial cells, but they 

are more effective at killing fast growing cells (Wilson and Devine, 2003). In 

biofilms, the bacterial cells experience limited diffusion of nutrients and oxygen and 

also accumulation of metabolic waste. These conditions favour anaerobic metabolism 

producing acidic compounds that act on the deeper regions of the biofilms further 

reducing the activity of certain antibiotics such as aminoglycosides and quinolones 

(Stewart and Costerton, 2001). 
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ELIGIBILITY CRITERIA 

 

Inclusion criteria 

 Patients more than 25 years of age groups in both sexes presenting with 

diabetic ulcer foot in GRH Madurai. 

 Patients consented for inclusion in the study according to designated proforma. 

 

Exclusion criteria 

 Patients less than 25 years of age  

 Patient not consented for inclusion in the study. 
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MATERIALS AND METHOD 

Research design for  diabetic foot study 

      Ethics approval for this study was obtained. Patient‟s consent was obtained 

(appendix II) and a questionnaire (appendix III) was designed, A prospective study, 

considering 100 patients with diabetic  ulcer foot  admitted in the general surgery 

wards of Govt.Rajaji Hospital Madurai and  patients from surgical OPD or casualty 

presenting with diabetic ulcer foot in GRH Madurai, during the period of March 2016 

to August 2016, satisfying the inclusion criteria mentioned below after the clearance 

from the ethical committee was obtained. 

        Diabetic patients were interviewed about diabetes mellitus type, duration along 

with their treatment profile, level of glucose control and presence or absence of 

chronic DM complications including previous ulcer/amputation of the lower limbs. 

Both feet were also examined for signs of peripheral vascular disease and neuropathic 

symptoms of tingling, numbness, and burning sensation including skin status (colour, 

thickness, dryness, cracking), nail status (colour, thickness) and the presence of 

deformities (such as claws and hammer toes), oedema, infection, ulceration, callus and 

blistering. Gangrene and amputation were also noted and if a wound existed it was 

classified on the Wagner‟s based classification system. Additionally, a measurement 

of patients' blood pressure, using a standard mercury sphygmomanometer was taken. 

The WHO definition of hypertension was used in this study: systolic blood pressure 

160 mmHg or more and/or a diastolic blood pressure 95 mmHg or more and any on 

going treatment with anti-hypertensive drugs was recorded. Height, weight 

measurements, insulin usage, electrocardiogram and duration of insulin use were 
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recorded for all patients. Other clinical parameters such as fasting blood sugar, lipid 

profile, serum electrolytes, haemoglobin, cell count and packed cell volume (PCV) 

were measured. Any other complications or diseases were also recorded. Clinical 

specimens such as tissue biopsies and pus samples were obtained and were processed 

for microbiological study. Antibiotic susceptibility testing was carried out on the 

clinical isolates obtained from tissues and pus specimens. 

 

Identification of clinical isolates 

         Following superficial pre-cleansing of wounds with normal saline and adjacent 

skin with iodine, tissue biopsies in case of a necrotic wound or amputated toe(s) were 

placed in sterile saline and send immediately to the Microbiology laboratory. Pus 

samples were aspirated after pre – cleansing of the wounds with iodine or in some 

cases swabs were taken by targeting the moist and necrotic areas of the ulcer which 

are likely to contain aerobic and anaerobic microbial populations. 

 

Clinical processing of tissue specimens 

          A total of 73 tissue biopsies  were cultured to record their microflora. On 

obtaining the tissue biopsies or an amputated toe, the necrotic or gangrenous part was 

teased and sectioned using forceps and scalpel and then placed on the slide and gram 

stained. Small gangrenous tissue sections were placed on one corner of the series of 

selective and non - selective media agar plates shown in figure 2, and incubated under 

aerobic conditions. A sterile loop was used to spread the bacteria from the tissue by 
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touching the loop on the tissue and using the streak plate technique to obtain an even 

distribution of colonies. All the microbiological processing was carried out 

immediately on receipt of the tissue specimens to sustain the viability of  aerobic 

organisms. 

 

 

 

Figure 2: Selection of media agar plates for the microbiological processing of 

tissue and pus specimens 

      Plates 1 and 2 was used for the processing of clinical specimens obtained from 

diabetic foot patients and incubated at different temperatures, time and incubation 

conditions. 
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Clinical processing of pus specimens 

            For aspirated pus, a total of 27 pus samples were cultured to record their 

microbial aetiology. A sterile loop was used and a loop full of the pus was streaked on 

the selection of different media plates shown in figure 2 incubated under aerobic 

conditions. All the microbiological processing was carried out immediately on receipt 

of the pus specimens to sustain the viability of aerobic organisms. 

 

 

Identification of organisms to genus or species 

           After the respective incubation periods, shown in figure 2, the aerobes present 

were distinguished from each other on the basis of their morphological characteristics 

such as size, colour of colonies, texture, consistency and most importantly Gram 

staining. Traditional biochemical testing was carried out for aerobic organisms. 

Techniques usually followed at the Microbiology laboratory at GRH Madurai and the 

schemes of identification shown in the figure 3, were followed to identify the aerobes 

to genus level. Since  anaerobic culturing was not a regular practice in Microbiology 

department in  GRH Madurai, anaerobes were not included in the study. Hi Staph kit , 

Hi Strep kit were used for identification of Staphylococcus and Streptococcus to 

species level. Additionally Oxacillin discs (6 μg/ml) were used for the identification of 

methicillin resistant and methicillin sensitive Staphylococcus spp on Muller Hinton 

agar plates with a concentration of 4% of NaCl. 
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Figure 3: Scheme for the identification of aerobes to genus level using traditional 

biochemical tests (adapted using Bailey and Scotts, 2002). 

           The workflow shown in figure 3 was used in the identification of aerobes from 

the  DF patient‟s tissue and pus samples. The biochemical tests included for lactose 

fermenters included Indole, citrate, methyl red (MR), Voges-Proskauer (VP) and 

Triple sugar iron test (TSI) such that E. coli showed Indole (+ve), citrate (-ve), MR 

(+ve) and VP (-ve). Klebsiella spp. showed Indole (-ve), MR (-ve), VP (+ve) and 

citrate (+ve). Enterobacteria spp. Showed Indole (-ve), MR (-ve), VP (+ve), citrate 

(+ve), TSI slant blackening. The biochemical tests for the identification of lactose non 

fermentors included Phenyl pyruvic acid test (PPA), urease, oxidase, nitrate, gelatin 

liquefaction such that Proteus spp. showed PPA (+ve), urease (+ve) and oxidase (-ve) 
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while Pseudomonas spp. showed oxidase (+ve), urease (- ve), nitrate (+ve) and gelatin 

liquefaction. The biochemical tests were predicted on the organism‟s ability for 

substrate utilisation or their metabolic activities. Streptococcus and Enterococcus spp. 

were distinguished using bile esculin test being (+ve) for Enterococcus spp.  

 

 Antibiotics used in the Antimicrobial susceptibility testing   

      At Madurai GRH’s Microbiology department the antibiotic susceptibility testing 

on aerobes was routinely carried out for the following antibiotics: Amikacin (Ak-30 

μg), amoxicillin/clavulanic acid (Ac 20 by 10), ampicillin (A- 10 μg), 

ampicillin/sulbactam (As-10 by 10), azithromycin (Az-15 μg), carbenicillin (Cb-100 

μg), cefazolin (Cz 30 μg), cefepime (Cpm 30 μg), cefoperazome (Cs-75 μg), 

ceftazidime (Ca-30 μg), ceftizoxime (Ck-30 μg), cefuroxime (Cu-30 μg), 

chloromphenicol (C-30 μg), co-trimaxazole (Co-25 μg), gentamycin (G-10 μg), 

gatifloxacin (Gf-05 μg), imipenem (I-10 μg), lomefloxacin (Lo-10 μg), levofloxacin 

(Le-05 μg), meropenem (Mr-10 μg), nitrofurantoin (Nf-300 μg), penicillin (P-10 μg), 

piperacillin/tazobactam (Pt- 100 by 10) and ticarcillin/clavulanic acid (Tc-75 by 10). 

All of the antibiotic discs used were obtained from Hi-Media. Anaerobic culturing 

was not carried out on regular basis and hence was not included in the study.  

 

 Method used for antimicrobial susceptibility testing of aerobes 

        The Kirby Bauer‟s disc diffusion method was used routinely for the antibiotic 

susceptibility testing of aerobes at the Microbiological laboratory at GRH Madurai.  
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NCCLS guidelines were followed for the selection of media, inoculum turbidity, and 

preparations of media plates along with the application of discs and the interpretations 

of zone of inhibition.  

 

Selection of media and direct colony suspension for inoculum preparation 

         As recommended by the NCCLS, Muller Hinton agar plates with a concentration 

of 4% of NaCl were used for the susceptibility testing of aerobes. The plates were 

prepared in- house in 150 mm diameter plates containing 30 ml of agar media for 

aerobic testing. The different colony types were suspended in sterile saline and 

prepared to a turbidity of 0.5 McFarland turbidity standards (using 0.5 ml of 0.048 

mol/L of barium chloride to 99.5 ml of 0.18 mol/L of 0.36 N sulphuric acid with 

constant stirring to maintain a suspension). In total 4 antibiotic discs per media plate 

were placed using sterile forceps. 

 

Control organisms used in the study 

        All the antibiotics were also tested on the control organisms such as E. coli 

ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 as suggested by the 

NCCLS during the susceptibility testing against aerobes.  

Interpretation of antibiotic susceptibility testing 

       The zone of inhibition around the tested antibiotics was measured in case of 

aerobes and interpretations were made using the breakpoints detailed in the HiMedia 

manual validated according the NCCLS standards. 
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        An organism would be considered sensitive for a concentration of antibiotic and 

that implies that an infection due to the isolate may be appropriately treated with the 

dosage of an antimicrobial agent recommended for that type of infections unless   

otherwise indicated. Intermediate levels of antibiotic susceptibility imply that the 

infection may be appropriately treated in body sites where the drugs are 

physiologically concentrated or when a high dosage of drug can be used. Resistant 

isolates are not inhibited by the usually achievable concentrations of the agent with 

normal dosage schedules and/or fail in the range where specific microbial resistance 

mechanisms are likely and clinical efficacy has not been reliable in treatment studies 

(NCCLS, M11 – A7). 
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RESULTS AND DISCUSSION 

       197 of the 200 patients included in the study had been diagnosed with type 2 

diabetes mellitus. Of the 200 patients 54 (27%) were females and 146 (73%) were 

males. The average age of females was 61.37 years and males were 57.14 years; with 

an average 7.5 years of diabetes history. Of the total 200 patients included in this 

study 36 patients had undergone amputations of toe/toes although none had a leg 

amputed. After evaluating the questionnaire it was evident that the likely risk factors 

that could have led to amputations included peripheral vascular diseases, 

hypertension, ischaemic heart diseases, ischaemia, trauma and most significantly 

infection. Patients suffering with foot ulcers had other type 2 diabetes related 

complications affecting their kidneys, heart and liver. Gangrene and infections 

dominated in all the 200 patients and hence a microbiological study identifying the 

organisms was imperative for empirical treatment. 

Statistical test: Chi-square test (χ2) and correlation coefficient (r) was worked out to 

find out statistical significant difference and linear relation between variables. SPSS 

version 17, as statistical software was used to analyse the data. 

 

Table 7: Distribution of cases according to Age and Sex 

 

Age (years) 

 

Male(%) 

 

Female(%) 

 

Total(%) 

21-30 2(1%) 2(1%) 4(2%) 
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31-40 10(5%) 6(3%) 16(8%) 

41-50 30(15%) 6(3%) 36(18%) 

51-60 36(18%) 10(5%) 46(23%) 

61-70 42(21%) 16(8%) 58(29%) 

71-80 18(9%) 12(6%) 30(15%) 

81-90 8(4%) 2(1%) 10(5%) 

91-100 0 0 0 

 

Total 

146(73%) 54(27%) 200(100%) 

Chi-square=9.07 , p value=0.002
* 

(Age: χ2=43.42, p = 0.0001*, Sex: χ2=9.07, p = 0.002*,*= p is significant at 95% 

confidence interval) 

        The lowest and highest age at occurrence of diabetic foot ulcer was 22 and 89 

years. Maximum,72% cases were above the age of 50 years and as age increases, the 

chance of getting of Diabetic foot ulcer also increases(χ2=43.42, p = 0.0001*).The 

proportion of male cases were higher,73% as compared to females, 27% and 

difference was statistically significant (χ2=9.07, p = 0.002*) (Table 7). 

Distribution of cases, according to Clinical criteria: 

1. Type of DM (table 8) 

Type of DM Frequency(%) 
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Type I DM 3(1.5%) 

Type II DM 197(98.5%) 

 

    Among the 200 patients included in the study a majority 197 (98.5%) were type II 

DM patients as compared to 3 (1.5%) patients having type I DM.  

 

2. Duration of ulcer (table 9) 

Duration of ulcer   Frequency(%) 

<10 days 31(15.5%) 

11-20 days 33(16.5%) 

21-30 days 96(48%) 

>30 days 40(20%) 

 

      Among the 200 patients in the study maximum number of patients had ulcer 

between 21-30 days, 48% (96 out of 200). Mean duration of ulcer was 24.94 ± 4.9 

days.    

3. Duration of DM (table 10) 

Duration of DM (years) Frequency(%) 

<1 53(26.5%) 
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2-5 55(27.5%) 

6-10 48(24%) 

11-15 23(11.5%) 

>15 6(3%) 

Not known 15(7.5%) 

 

      Maximum number 55 (27.5%) out of the 200 patients had DM for the past 2-5 

years and 53 (26.5%) patients giving history of DM for the past 1 year or less. The 

mean duration of DM was 5.64 ± 3.2 years. Another interesting mention is that 15 

(7.5%) of the patients had previously undiagnosed DM. 

    

4. Mode of diabetic treatment (table 11) 

Mode of treatment Frequency (%) 

Oral hypoglycemic agents (OHA) 131(65.5%) 

Insulin 25(12.5%) 

OHA + insulin 23(11.5%) 

None 17(8.5%) 

Native treatment 3(1.5%) 

Others 1(0.5%) 
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     Out of 200 patients, maximum 65.5% patients were on OHA alone while 12.5% 

were on insulin alone and a further 11.5% on combined OHA and insulin therapy. But 

a large number, 15 out of the 17 patients who were not on any form of medication 

were found to be not diagnosed as having DM before the study.  

 

5. Prevalence of diabetic foot ulcer in relation to educational status (table 12) 

Educational level Frequency(%) 

None 72(36%) 

Primary school (upto class IV) 35(17.5%) 

High school(class IV- class X) 67(33.5%) 

Class X and above 24(12%) 

 

   Out of the 200 patients with diabetic foot ulcer a majority 36% of the patients had 

no form of formal education while only 12% of the patients with class X and above 

were found to be having diabetic foot ulcer. 

 

Table 6: Some other important clinical parameters among diabetic foot ulcer 

patients (table 13) 

Clinical parameter Frequency (%) 

 Positive knowledge about foot care 90(45%) 
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Regular footwear wearing habit 121(60.5%) 

Previous foot ulcer 143(71.5%) 

Spontaneous initiating factor 79(39.5%) 

Trauma predisposing to ulcer 121(61.5%) 

 

            It was noted that among the 200 subjects included in the study, only 45% had 

positive knowledge about foot care, and a majority of the patients 55% had no 

knowledge about foot care precautions and safe practices to be followed in diabetic 

patients. Only 60.5% subjects had a history of regular footwear wearing habits, with 

39.5% of the subjects were walking barefoot regularly. A majority 71.5% had history 

of previous foot ulcer either in the same or opposite leg. While a majority 61.5% gave 

a history of trauma pre-disposing to ulcer, 39.5% had spontaneous ulceration. 

 

7. Side and site of ulcer (table 14) 

Site of Ulcer:  Sole Toes Others 

Right foot 123(61.5%) 66(53.65%) 32(2%6.01) 25(20.32%) 

Left foot 77(38.5%)      40(51.94%) 27(35.06%) 10(12.98%) 

   

   The majority of patients, 98.5% were belonged to Type II DM and the duration of 

DM was about 2 to 5 years seen maximum in 27.5% patients. However, 7.5% patients 

were unknown about the duration of illness or were previously undiagnosed. 
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Maximum, 48% cases having ulcer was of duration 21 to 30 days and maximum, 30% 

ulcers were of grade III type. Majority of ulcers, 61.5% were located on Rt. Foot of 

which maximum, 51.94% were present over the sole area (Table 14). 

 

8. Grade of ulcer (table 15) 

Grade of Ulcer Frequency(%) 

I 17(8.5%) 

II 55(27.5%) 

III 60(30%) 

IV 45(22.5%) 

V 23(11.5%) 

 

     The maximum number60 (30%) of the ulcers were of grade III with a good number 

of grade II 55 (27.5%) and grade III 45 (22.5%) ulcers. 

 

Table 16: Diabetic foot ulcer with associated complications 

Associated complications Frequency 

Neuropathy only 55(27.5%) 

Hypertension (HTN) only 11(5.5%) 
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Peripheral Vascular Disease(PVD) only 8(4%) 

Ischaemic heart disease (IHD) 2(1%) 

Neuropathy + PVD 25(12.5%) 

HTN + PVD 16(8%) 

HTN + Neuropathy 24(12%) 

Neuropathy +IHD 2(1%) 

HTN+IHD 4(2%) 

Nephropathy 4(2%) 

Neuropathy + Nephropathy 5(2.5%) 

Neuro+PVD+HTN+Nephropathy 3(1.5%) 

No complication 41(20.5%) 

 

      Out of 200 patients, maximum 79.5% were suffering from one or more of DM 

associated complications. Peripheral Neuropathy, most common associated 

complication was seen in 57 %cases (Table 16). 

 

 

Table 17 : Levels of HbA1C among diabetic foot ulcer patients 

HbA1C  level Frequency (%) 



68 

 

<6 6(3%) 

6-7 56(28%) 

7-8 72(36%) 

>8 66(33%) 

 

      Out of 200 diabetic foot ulcer patients in the study a majority 36% of the subjects 

had HbA1C level between 7-8 indicating unsatisfactory glycaemic control, while 33% 

had HbA1C levels >8 indicating severe uncontrolled diabetes. Only 3% had controlled 

diabetes.  

 

Analysis of clinical isolates from pus specimens from the diabetic foot patients 

           The microbiological study was carried out on 54 pus samples along with 146 

tissue biopsies from the diabetic foot patients. This section details the clinical isolates 

from pus specimens from diabetic foot patients. The diversity of aerobic isolates was 

extensive. From the 54 pus specimens from diabetic foot patients 70 aerobes were 

cultured. 

 

Distribution of aerobes from the diabetic foot pus samples 

         There were 29 Gram – positive aerobes and 41 Gram –negative aerobes isolated 

from the 54 pus samples from diabetic foot patients. The Gram – positive aerobes 

from the diabetic foot pus samples mainly included the methicillin resistant 



69 

 

Staphylococcus species, methicillin sensitive Staphylococcus species and 

Streptococcus species. With the use of Hi Staph kit the methicillin resistant species 

were identified and these included S. aureus, S. arlettae, S. intermedius, S. kloosii, S. 

capitis, S. schleiferi and S. epidermidis. Streptococcus species were mainly 

Streptoccocus pyogenes. The Gram – negative aerobes from the diabetic foot pus 

samples mainly belonged to the Enterobacteriaceae family as shown in figure 2.3. 

 

Fig 4: The total number of Gram – positive aerobes and Gram – negative aerobes 

from the diabetic foot patients. MSS spp – methicillin sensitive Staphyloccocus 

species, MRS spp – methicillin resistant Staphylococcus species, E. coli – Escherichia 

coli, P. aeruginosa – Pseudomonas aeruginosa and K. pneumoniae – Klebsiella 

pneumoniae. 
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samples 
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Distribution of aerobes obtained from the tissue specimens from the diabetic foot 

patients 

         Due to the severity of infections and amputations seen among the  diabetic foot 

patients, tissue biopsies were also sent to the Microbiological laboratory at GRH 

Madurai for microbiological culturing. On microbiological processing of tissues 

samples, a wide variety of organisms were identified. Figure 5 shows the percentage 

of each aerobe cultured from tissue specimens with 29% belonging to methicillin 
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sensitive Staphylococcus species and 10% methicillin resistant Staphylococcus 

species. Among the gram negative aerobes E. coli and P. aeruginosa were shown to 

comprise 10% of the total organisms while Klebsiella pneumoniae.was found in 34% 

of total organisms. In total from146 tissue samples 180 aerobes were cultured of 

which 82 were Gram – positive aerobes and 98 were Gram – negative aerobes. 

 

 

Fig 6:The total number of Gram – positive aerobes and Gram – negative aerobes from 

diabetic foot patient‟s tissues. MSS spp – methicillin sensitive Staphyloccocus species 

(n = 61), MRS spp – methicillin resistant Staphylococcus species (n = 11), E. coli – 

Escherichia coli (n = 11), P. aeruginosa – Pseudomonas aeruginosa (n = 8) and K. 

pneumoniae – Klebsiella pneumoniae (n = 57). These were identified using 

traditionally used biochemical identification. 
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Distribution of aerobes from the diabetic foot pus samples and tissue specimens 

     A total of 250 aerobic organisms were isolated from the total 200 pus samples and 

tissue specimens. 44.4% (111 out of 250) of the isolates were Gram positive, while 

55.6% (139 out of 250) were Gram negative. Majority, 38% (95 out of 250) of the 

isolates were Staphylococcus spp, with 16.8% (16 out of 95) being MRS spp and 
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83.1% (79 out of 95) being the MSS spp. Second most common organism isolated was 

Klebsiella spp with 30.8% (77 out of 250). 
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Distribution of aerobes from the pus and tissue specimens according to their 

Wagner’s grades 

       The diabetic foot patient‟s ulcers from the Indian study all were categorised 

according to their Wagner’s grades. The categories of organisms obtained from these 

ulcers are grouped and shown in the table 18. 

Table 18. Spectrum of aerobic organisms from pus and tissue specimens from the 

diabetic foot patients correlated to their Wagner’s grades 

 

Aerobes from pus and tissues 

Wagner’s Grades 

I II III IV V 

MSS spp (n = 79) 5 20 24 19 11 

MRS spp (n = 16) 0 1 5 4 6 

S. pyogenes (n = 16) 2 3 4 6 1 

K. pneumoniae (n = 77) 7 22 23 16 9 

P. aeruginosa (n = 12) 0 1 3 5 3 

E. coli (n = 18) 2 5 4 6 1 

Enterococcus (n = 10) 1 3 4 2 0 

Proteus spp (n = 15) 0 2 7 4 2 

Actinomycetes (n = 7) 0 1 2 4 0 

 17 58 76 66 33 
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      The aerobes categorised in this table includes collections from both pus and tissue 

specimens from the Indian diabetic foot patients. 

      From the table 18 it is clear that MRS spps mainly were obtained from grades III, 

IV and V suggesting that the infections must have been deep seated. MSS spps were 

isolated from all grades with higher numbers seen in grades II and III. Amongst the 

Gram – negative aerobes P. aeruginosa, Actinomycetes and Proteus species were 

isolated from higher grade infections, mainly grades III and IV. Generally as the grade 

of the ulcer increased the bacteriological yield also increased simultaneously. More 

virulent organisms like MRSA and gram negative organisms like P. aeruginosa, K. 

pneumoniae , Actinomycetes and Proteus species were seen in higher frequency in 

higher grade ulcers suggesting a relation between the two. 

Fig 9. Relation between MSS spp and MRSA spp in relation to Wagner’s grade 
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 The number of aerobes also showed an increase up to grade III but at grade IV there 

was a decrease in numbers. 

 

 Antimicrobial susceptibility testing of aerobes from diabetic foot patients  

     From the 54 pus and 146 tissue specimens from the diabetic foot patients there 

were in total 250 aerobes cultured. Antimicrobial sensitivity was carried out on 250 

aerobes. As a routine practice antimicrobial testing by Kirby Bauer‟s disk diffusion 

method on aerobes is regularly carried out at GRH Madurai. Therefore for 

antimicrobial susceptibility testing of aerobes antibiotic discs were used with the 

recommended NCCLS antibiotic potency. The antibiotic disc were purchased from Hi 

media and their manual was used to categorise the organisms antibiotic profiles 

(sensitive, intermediate and resistant) and these are extracted from the Hi media 

manual and represented in table 19. 

Table 19. Zone-size interpretive charts for antibiotics used for testing aerobes 

from  diabetic foot patient’s pus and tissue specimens 

Hi-media 

interpretation for the 

following antibiotics 

 

Potency Sensitive 

(mm or 

more) 

 

Intermediate 

 

Resistant 

(mm or 

less) 

 

Amikacin 30 mcg 17 15-16 14 

Amoxicillin/Clavulanic 30 mcg 

for 

Staphyloc 

20 - 19 
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acid  occus  

30 mcg 

for enteric 

organism 

18 14-17 13 

 

Ampicillin 10 mcg 

for 

Staphyloc 

occus 

29 - 28 

10 mcg 

for 

Strepto - 

Coccus 

26 19-25 18 

Ampicillin/ Sulbactam 10 mcg 15 12-14 11 

Azithromycin  15 mcg 18 14-17 13 

Carbenicillin  100 mcg 

for enteric 

organism 

23 20-22 19 

100 mcg 

for 

Pseudom 

onas 

aeruginosa 

17 14-16 13 

Cefazolin 30 mcg 18 15-17 14 

Cefepime  30 mcg 18 15-17 14 

Cefaperazone  75mcg 21 16-20 15 

Ceftazidime  30mcg 18 15-17 14 

Ceftizoxime  30mcg 20 15-19 14 
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Cefuroxime  30mcg 18 14-17 13 

chloramphenicol 30mcg 21 18-20 17 

Co-trimaxazole 23.75mcg 19 16-18 15 

Gentamicin  10mcg 15 13-14 12 

Gatifloxacin  5mcg for 

Staphylococcus 

23 20-23 19 

5mcg for 

Streptococcus 

21 18-20 19 

Imipenem  10mcg 16 14-15 13 

5mcg for 

Staphylococcus 

19 16-18 15 

Levofloxacin  5mcg for 

enteric and 

Streptococcus 

17 14-16 13 

Linezolid 30mcg 23 21-22 20 

Lomefloxacin  10mcg 22 19-21 18 

Meropenem  10mcg 16 14-15 13 

Nitrofurantoin  300mcg 17 15-16 14 

Penicillin  10units 29 - 28 

Piperacillin/Tazobactum 100/10mcg 21 18-20 17 

Ticacillin/Clavulanic 

acid 

75/10mcg for 

enteric and 

Pseudomonas 

spp 

20 15-19 14 

75/10mcg for 

Staphylococcus 

spp 

23 - 22 

Vancomycin  30mcg 12 9-11 9 
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*based on results obtained using Muller Hinton agar by disc – diffusion method 

* Hi media chart used which is validated in accordance to the performance standards 

for antimicrobial disc tests by NCCLS. 

 

 

 

Antimicrobial susceptibility testing of Gram – positive aerobes from the diabetic 

foot patients  

       Here the method followed was Kirby Bauer‟s disk diffusion using antibiotic discs 

(normally carried out at GRH Madurai) as per NCCLS standards and  represented as 

sensitive, intermediate and resistant. The antimicrobial susceptibility testing was 

carried out on 111 Gram – positive aerobes cultured from the DF patient’s pus and 

tissue specimens. The antibiotics tested included gentamycin, co-trimoxazole, 

ceftazidime, amoxicillin/clavulanic acid, imipenem, linezolid, levofloxacin, 

vancomycin and piperacillin/tazobactam.  
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      The figure 2.11 below represents the MSS species susceptibility profiles and it is 

evident that few MSS spps showed resistance to the tested antibiotics .

 

Fig 10. In vitro activities of antimicrobial agents against methicillin sensitive 

Staphylococcus species obtained from the diabetic foot pus and tissue specimens. 

        A high number out of the 79 MSS spps from DF patients showed susceptibility to 

all the tested antibiotics, except co-trimoxazole to which they exhibited a 35.4% 

resistance (28 out of 79) and only 39.2% susceptibility(31 out of 79). Meanwhile the 

MSS spp exhibited excellent sensitivity to piperacillin/ tazobactum(98.7%), 

imipenem, linezolid and vancomycin(100%) with no resistant strains to vancomycin, 

imipenem and linezolid. 
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     A different type of sensitivity to the tested antibiotics was seen in MRSA spp as 

shown in figure 11

 

Figure 11. In vitro activities of antimicrobial agents against methicillin resistant 

Staphylococcus species obtained from the diabetic foot pus and tissue specimens. 

        Worryingly most of the MRS spp from the DF patients showed resistance to the 

tested antibiotics. Co-trimoxazole in particular was least sensitive with 0% (0 out of 

16) sample sensitive and 87.5% (14 out of 16) samples showing resistance. 

Piperacillin/ tazobactum too showed only 43.7% (7 out of 16) sensitiveness with 

31.2% (5 out of 16) samples showing resistance. But Linezolid showed 0% (0 out of 

16) resistance and 93.7% (15 out of 16) sensitiveness, while Vancomycin showed 

87.5% (14 out of 16) samples to be sensitive and 6.25% (1 out of 16) samples to be 

resistant. 
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            As seen in the figure 12 all the Streptococcus strains from the DF patient’s 

specimens showed good sensitivity to the tested antibiotics with minimal intermediate 

and resistant strains seen. However, 50% (8 out of 16) samples tested from the group 

showed resistance to Co-trimoxazole and 31.25% (5 out of 16) showed resistance to 

Amoxicillin/ clavulanic acid. But Imipenen, piperacillin/tazobactam, Linezolid and 

Vancomycin all showed no resistant  (0%) strains, while Levofloxacin and 

Ceftazidime showed only 6.25% (1 out of 16) resistant strains. 

 

Figure 12. In vitro activities of antimicrobial agents against 

Streptococcus species from the diabetic foot pus and tissue specimens 

Antimicrobial susceptibility testing of Gram – negative aerobes from the diabetic 

foot patients 
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        The antimicrobial susceptibility testing was carried out on 139 Gram –negative 

aerobes from the DF patient‟s pus and tissue specimens. Here the method followed 

was Kirby Bauer‟s disk diffusion using antibiotic discs (normally carried out at GRH 

Madurai) as per NCCLS standards and  represented as sensitive, intermediate and 

resistant.  The antibiotics tested included gentamycin, co-trimoxazole, ceftazidime, 

amoxicillin/clavulanic acid, imipenem, levofloxacin and piperacillin/tazobactam.  
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    Among the 12 tested P. aeruginosa strains from the samples 10 (83.33%) were 

sensitive to imipenem and 9 (75%) to piperacillin/tazobactam. While amoxicillin/ 

clavulanic acid was resistant to 50% (6 out of 12), levofloxacin encountered 41.67% 

(5 out of 12) resistance. Interestingly there were a number of antibiotics to which the 

strains were intermediate sensitivity such as co-trimoxazole 33.3% (4 out of 12), 

ceftazidime 25% ( 3 out of 12) and gentamycin 25% (3 out of 12) showing that they 

could become resistant in the future. 

 

Figure 13: In vitro activities of antimicrobial agents against P. aeruginosa from 

the diabetic foot pus and tissue specimens 
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    In the figure 14. below, out of the 77  K. pneumoniae strains from the  DF patients 

pus and tissue specimens good sensitivity was shown  to imipenem 90.9% (70 out of 

77),  amikacin 70.1% (54 out of 77) and  piperacillin/tazobactam 87% (67 out of 77) . 

Meanwhile resistance to co-trimoxazole was shown by 35% (27 out of 77) with only 

51.9% (40 out of 77) sensitive to the same. Interestingly 25.9% (20 out of 77) samples 

showed intermediate resistance to ceftazidime showing it could become resistant in 

future. 

 

Figure 14. In vitro activities of antimicrobial agents against K. pneumoniae from 

diabetic foot pus and tissue specimens 
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         Out of the 18 Escherichia spp tested good sensitivity was shown to Imipenem 

77.8% (14 out of 18) and piperacillin/tazobactam 83.3% (15 out of 18), while 

increased resistance was shown to amoxicillin/ clavulanic acid 38.8% (7 out of 18) 

and co-trimoxazole 33.3% (6 out of 18). Levofloxacin could become resistant in the 

future as 27.7% ( 5 out of 18) samples showed it to intermediately sensitive. 

 

 

Figure 15. In vitro activities of antimicrobial agents against Escherichia  spp 

 from diabetic foot pus and tissue specimens 
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   In the figure.16. below, out of the 15 Proteus strains, good sensitivity was shown to 

Imipenem 80% (12 out of 15) and piperacillin/tazobactam 93.3% (14 out of 15). But 

sensitivity to amoxicillin/ clavulanic acid was only 46.6% (7 out of 15) and 

furthermore 40% (6 out of 15) were resistant to the same. Ceftazidime was moderately 

sensitive with 53.3% (8 out of 15) showing sensitivity while 26.7% (4 out of 15) was 

resistant and the rest were of intermediate sensitivity.  

 

Figure 16. In vitro activities of antimicrobial agents against Proteus spp 

 from diabetic foot pus and tissue specimens 
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DISCUSSION 

      The prevalence of diabetes is increasing in India faster than in any other country in 

the world. There are about 33 million diabetics mainly from the urban population 

(Viswanathan, 2005). Diabetes affects many organs of the body but my study was 

carried out only on the diabetic foot infections of affected patients in GRH Madurai.         

       This study was carried out on 200 diabetic foot patients. Ischaemic heart diseases 

and renal failure were very common in this cohort.  Some of the most commonly seen 

causes of the formation of an ulcer seen in other studies (Viswanathan, 2005) were 

peripheral vascular disease and neuropathy, these were also seen in our study. 

Ischaemia and trauma are very common among the Indian DF patients as also reported 

by other studies (Kandemir et al., 2007; Bansal et al., 2008, Viswanathan, 2002 and 

Shankar et al., 2005). These risk factors promote the development of diabetic foot 

ulcers with infections that can spread rapidly and lead to tissue destruction and 

subsequently amputation (Edmonds and Foster, 2004). In one of the studies carried 

out by Vijay, (2000) on 374 patients, 52% had infected foot ulcers. Infection thus 

plays a pivotal role in enhancing diabetic foot towards amputation. 

      The microbial flora of the normal skin is complex and diverse with a number of 

bacteria residing such as Staphylococcus, Streptococcus, Propionibacterium and 

Corynebacteria. It is also these primary bacteria that occur in the healthy skin that are 

also are cultured from the wound. Since the deep tissues are always surrounded by a 

number of commensal from the skin, recognition of the pathogen remains crucial. 
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       In the present study with 54 pus samples and 146 tissues samples from the Indian 

DF patient‟s there were total 250 aerobes cultured. In the DF patient‟s it was found 

that Staphylococcus and Klebsiella species predominated in DF ulcers in concordance 

with other studies carried out in the region (Bansal et al., 2008 and Viswanathan et al., 

2002). On sub-speciation Staphylococcus schleiferi was one of the species of 

Staphylococcus cultured from  diabetic foot patient‟s specimens. This organism is 

normally cultured from immunocompromised individuals (Kumar et al., 2007). 

Among the Gram – negative aerobes the most commonly encountered were the 

species belonging to the Enterobacteriaceae family such as K. pneumoniae ,P. 

aeruginos, and E. coli in agreement with the other studies carried out in India 

(Gadepalli et al., 2006 and Varaiya et al., 2008).  

     Among the Indian DF patient‟s clinical specimens tissue and pus there were equal 

numbers of Gram – positive and Gram – negative aerobes cultured in disagreement 

with other studies where Gram – negative aerobes were dominantly cultured from the 

DF patient‟s specimens (Bansal et al., 2008; Shankar et al., 2005). 

         All of the ulcers were classified according to their Wagners grades and as the 

Wagner‟s grades increased subsequently the number of aerobes also increased. This 

characteristic was also seen by Bansal and colleagues (2008). One of the peculiar 

characteristics of diabetic foot is the polymicrobial nature which was clear from this 

study in DF cohort as mixed infections were very common. There were 48 samples 

with mixed infection. The polymicrobial nature of DFI is raised in a number of studies 

all over the world (Citron et al., 2007, Bansal et al., 2008, Viswanthan, 2005, 

Gadepalli et al., 2006 and Esposito et al., 2008).  
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The in vitro antibiotic susceptibility testing carried out on the aerobes  showed many 

aerobes that were sensitive to many of the the tested antibiotics such as amikacin, 

imipenem, Levofloxacin  and piperacillin/tazobactam. Arguably it could imply that 

the aerobes when tested in vitro could show sensitivity but when present in a mixed 

culture could interact with other organisms and acquire resistance (Zayed et al., 2009).  

       A study carried out by Esposito and his colleagues (2008) suggested that on 

administering combination antibiotics such as Piperacillin/tazobactam 93.4% of 

patients were either cured or there was improvement seen among them. In our study it 

was evident that amputation of the toe/toes among the total 36 out of the 100 DF 

patients included in the study would have occurred due to treatment failure as our 

results from the antimicrobial susceptibility results imply. In the developing world 

however there is a lack of investment, lack of access (non affordable) to drugs, lack of 

regulatory control, lack of quality standards for test evaluations and all these have an 

active role in the development of antibiotic resistance. 

           From the patterns of antimicrobial susceptibility to the tested antibiotics, a 

combination therapy can be used with the advantage of covering the gaps in empirical 

therapy but this could result in misuse and inappropriate reuse of the antibiotics. 

Antibiotic failure can be due to wrong diagnosis, resistant pathogens, suboptimal 

dosing, an immuno - compromised host, delayed therapy, un-drained infection, 

presence of foreign body and medication non-compliance However the qualitative 

information regarding the microbial ecology of the ulcer and the general antibiotic 

susceptibility patterns in DF patients in GRH Madurai were facilitated by our study. It 
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would have been advantageous to carry out β-lactamases production testing but due to 

time constraints and resources, this was not carried out. 

                  From the data obtained from this study on diabetic foot patients, the foot 

problems such as ulceration, infection, gangrene, and amputations were common 

resulting in frequent and long-term admission to hospital. This is in agreement with 

the study carried out by Lavery et al. (2006) who concluded that for those patients 

who developed foot infections the risk of hospitalisation with 55.7 times greater than 

those who did not develop foot infections and the risk of amputation were 154.5 times 

higher. The economic and emotional consequences for the family of the patient can be 

significant (Aleem, 2003). One of the studies carried out in the southern parts of India 

found that patients without foot problems spent 9.3% of their total income, while 

patients with foot problems had spent 32.3% of their total income on treatment 

(Shobhana, 2000). 
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SUMMARY 

          My study was undertaken with the aim of determining the clinical and 

microbiological profile of diabetic ulcer foot in Government Rajaji Hospital, Madurai 

from March 2016 – August 2016. In this study various clinical parameters and the 

antibiotic resistance pattern of the bacterial isolates, prevalence of Methicillin 

Resistant Staphylococcus aureus and their in vitro susceptibility to various 

antimicrobial agents from diabetic ulcer foot patients in Government Rajaji 

Hospital,Madurai were studied. 

 

        The prevalence, pathophysiology, clinical classification and etiological agents of 

diabetic foot ulcer/infection, antibiotic therapy, emergence of resistance and MRSA, 

its prevalence, epidemiology and transmission are described in detail. 

 

         The evaluation of the patient was done as shown in the proforma.Following 

consent, a questionnaire was filled to record the patient's demographic data, 

educational status, duration of diabetes, method of glycemic control, history of 

smoking, duration of wound, knowledge about foot care, use of regular footwear, 

predisposing trauma, co-existing co-morbidities and previous history of treatment. 

Clinical grading of the ulcer was done according to Wagner’s classification. 

Peripheral neuropathy was assessed by touch sensation with pin prick, cotton, and 

peripheral vascular disease by palpation of dorsalis pedis artery and posterior tibial 

artery. Random blood sugar, renal function test and HbA1C levels were investigated 

as part of routine diabetic work up. Pus and tissue biopsy specimens will be obtained 
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for bacteriological study. Culture, isolation, antibiotic sensitivity and identification of 

the microorganisms were done according to standard microbiological procedures. 

Antimicrobial susceptibility testing was performed by Kirby Bauer disc diffusion 

method as recommended by the Clinical and Laboratory standards Institute. 

 

         Of the 200 patients in my study, the lowest and highest age at occurrence of 

diabetic foot ulcer was 22 and 89 years. Maximum, 72% cases were above the age of 

50 years and as age increases, the chance of getting of diabetic foot ulcer also 

increases. The proportions of male cases were higher, 73% as compared to females, 

27% and both the differences were statistically significant. Mean duration of the ulcer 

was 24.94 ± 4.9 days with the maximum number of patients, 48% having ulcer 

duration between 21 to 30 days. 98.5% of the studied patients had type II DM, with 

mean duration of DM for 5.64±3.2 years. While 27.5% of the patients had DM for 2-5 

years, 7.5% were undiagnosed until the time of presentation of ulcer. 65.5% of the 

patients were on OHA alone for diabetic control while 18.5% were not on any form of 

medication for the same. A 36.5% of my study population had no form of any formal 

education, and a further 45% were unaware about diabetic foot care, while 60.5% 

were not in the habit of using regular footwear. 72.5% gave a history of previous foot 

ulcer with a large majority, 60.5% gave predisposing trauma history. Right foot ulcers 

were more, 61.5% and ulcers over sole of foot numbered 53%. Wagner grade III 

ulcers formed 60% and peripheral neuropathy was the most common complication at 

57%. A large majority, 36% of the DFU patients had a HbA1C levels between 7-8 

suggesting unsatisfactory glycaemic control. 
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                 The microbiological study was carried out on 54 pus samples along with 

146 tissue biopsies from the diabetic foot patients. A total of 250 aerobic organisms 

were isolated from the total 200 pus samples and tissue specimens. 44.4% (111 out of 

250) of the isolates were Gram positive, while 55.6% (139 out of 250) were Gram 

negative. Majority, 38% (95 out of 250) of the isolates were Staphylococcus spp, with 

16.8% (16 out of 95) being MRS spp and 83.1% (79 out of 95) being the MSS spp. 

Second most common organism isolated was Klebsiella spp with 30.8% (77 out of 

250). The Gram – positive aerobes from the diabetic samples mainly included the 

methicillin resistant Staphylococcus species, methicillin sensitive Staphylococcus 

species and Streptococcus species. The Gram – negative aerobes from the diabetic 

foot pus samples mainly belonged to the Enterobacteriaceae family. The diabetic foot 

patient‟s ulcers from the Indian study all were categorised according to Wagner’s 

grades. It was found that MRS spps mainly were obtained from grades III, IV and V 

suggesting that the infections must have been deep seated. MSS spps were isolated 

from all grades with higher numbers seen in grades II and III. Amongst the Gram – 

negative aerobes P. aeruginosa, Actinomycetes and Proteus species were isolated 

from higher grade infections, mainly grades III and IV. Generally as the grade of the 

ulcer increased the bacteriological yield also increased simultaneously. More virulent 

organisms like MRSA and gram negative organisms like P. aeruginosa, K. 

pneumoniae , Actinomycetes and Proteus species were seen in higher frequency in 

higher grade ulcers suggesting a relation between the two. 

       Antimicrobial susceptibility testing of Gram – positive and negative aerobes from 

the diabetic foot patients was done. Here the method followed was Kirby Bauer‟s disk 
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diffusion using antibiotic discs (normally carried out at GRH Madurai) as per NCCLS 

standards and  represented as sensitive, intermediate and resistant.  

        A high number out of the 79 MSS spps from DF patients showed susceptibility to 

all the tested antibiotics, except co-trimoxazole to which they exhibited a 35.4% 

resistance with excellent sensitivity to piperacillin/ tazobactum(98.7%), imipenem, 

linezolid and vancomycin(100%). Worryingly most of the MRS spp from the DF 

patients showed resistance to the tested antibiotics. Co-trimoxazole in particular was 

least sensitive with 0%  and Piperacillin/ tazobactum  showed only 43.7% 

sensitiveness. But to  Linezolid it showed 0% resistance, while towards Vancomycin 

only 6.25% samples were resistant. The Streptococcus strains from the DF patient’s 

specimens showed good sensitivity to the tested antibiotics with minimal intermediate 

and resistant strains seen. However, 50% (8 out of 16) samples tested from the group 

showed resistance to Co-trimoxazole while Imipenen, piperacillin/tazobactam, 

Linezolid and Vancomycin all showed no resistant  (0%) strains 

          Among the 12 tested P. aeruginosa strains from the samples 83.33% were 

sensitive to imipenem and 75% to piperacillin/tazobactam. Interestingly there were a 

number of antibiotics to which the strains were intermediate sensitivity such as co-

trimoxazole 33.3%, ceftazidime 25% and gentamycin 25% showing that they could 

become resistant in the future. Out of the 77  K. pneumoniae strains from the  DF 

patients pus and tissue specimens good sensitivity was shown  to imipenem 90.9%,  

amikacin 70.1% and  piperacillin/tazobactam 87%. Meanwhile resistance to co-

trimoxazole was shown by 35% with only 51.9% sensitive to the same. Interestingly 

25.9% samples showed intermediate resistance to ceftazidime showing it could 
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become resistant in future. Out of the 18 Escherichia spp tested good sensitivity was 

shown to Imipenem 77.8% and piperacillin/tazobactam 83.3%. Out of the 15 Proteus 

strains, good sensitivity was shown to Imipenem 80% (12 out of 15) and 

piperacillin/tazobactam 93.3% (14 out of 15).  
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CONCLUSION 

          A majority of the diabetic patients had little knowledge about diabetic foot care, 

with no proper foot wear usage with poor glycemic control and peripheral neuropathy. 

Moreover late presentation to the hospital was noted with a higher grade of  foot ulcer.     

           Staphylococcal aureus was the most common organism isolated, a small 

fraction of them showing methicillin resistance, followed by Klebsiella spp. Many of 

the isolates showed multi drug resistance. A combination of levofloxacin 

(flouroquinolones) with gentamycin is a better choice for diabetic foot ulcer infections  

caused by Gram negative and positive organisms in GRH, Madurai. In more severe 

life threatening infections linezolid/ vancomycin for MRSA coverage and imipenem 

for Gram negative coverage can be considered.  

            This study  has highlighted the complexity of leg ulcers harbouring wide 

varieties of aerobes. The qualitative information regarding the microbial ecology and 

the general antibiotic susceptibility patterns in diabetic foot ulcer patients in GRH 

Madurai were facilitated by our study 
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ANNEXURE-II 

List of Abbreviations 

AD- After death of Jesus 

BC- Before Christ birth 

DFI- Diabetic foot infections 

MRSA- Methicillin Resistant Staphylococcus aureus 

NCCLS- National committee for clinical laboratory standards 

NCTC- National collection of type cultures 

PN- Peripheral neuropathy 

PVD- Peripheral vascular disease 

spp- species 

SPSS- Statistical package for social sciences 

T1DM- Type 1 Diabetes mellitus 

T2DM- Type 2 Diabetes mellitus 

VP- Voges–Proskauer test 

Microbes Abbreviations 

E.coli- Escherichia coli 

K .pneumoniae- Klebsiella pneumoniae 

MRSA- Methicillin resistant Staphylococcus aureus 
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MRSE- Methicillin resistant Staphylococcus epidermidis 

MSSE- Methicillin sensitive Staphylococcus epidermidis 

P .mirabili-s Proteus mirabilis 

P .vulgaris- Proteus vulgaris 

S. artitae- Staphylococcus artitae 

S. capitis- Staphylococcus capitis 

S. epidermidis- Staphylococcus epidermidis 

S. intermedius- Staphylococcus intermedius 

S. klossi- Staphylococcus klossi 

S. schleiferi- Staphylococcus schleiferi 

S. typhi- Salmonella typhi 

S.aureus- Staphylococcus aureus 

Spp- Species 
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ANNEXURE-III 

PROFORMA 

PATIENT PARTICULARS 

 Name 

 Age 

 Sex 

 Occupation 

 Educational status 

 

HISTORY 

• MEDICAL HISTORY 

1. Diabetes – Duration 

2. Treatment history 

3. Co-morbidities 

4. Nutrition 

5. Addictions 

6. Current drug intake 

7. Hypersensitivities 

8. Past Medical or surgical history 

 

• GENERAL HISTORY 

1. Everyday activities 

2. Foot Protection 
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3. Callus formation 

4. Bony deformities of the foot 

5. Neuropathic symptoms 

6. Claudication or rest pain 

 

• WOUND/ ULCER HISTORY 

1. Area involved 

2. Number of months involved 

3. Precipitating cause 

4. Previous involvement in the same site 

5. Infection 

6. Hospitalization 

7. Wound care 

8. Wound healing 

9. Patient adherence to advice 

10. Social problems hampering adequate wound care 

11. Previous foot trauma or surgery 

12. Presence of pedal edema 

13. Charcot arthroneuropathy 
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CLINICAL EXAMINATION 

General examination              

 Level of consciousness 

 Level of orientation 

 Pulse rate 

 Blood pressure 

 

Examination of vascular system  

1. Palpation of peripheral pulses (dorsalis pedis, posterior tibial, popliteal, 

femoral) 

2. Color changes: Cyanosis, Dependent rubor erythema 

3. Edema 

4. Integumentary changes consistent with ischemia: 

Atrophy of skin 

Atrophy of nail 

Abnormal wrinkling 

Loss of hair 

 

Examination of nervous system 

1. Vibration perception 

         Tuning fork 128Hz 

Measurement of vibration perception threshold (Biothesiometer) 

2. Light pressure : Semmes-Weinstein 10 gram monofilament 
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3. Light touch : Cotton wool 

 

Examination of skin and appendages 

1. Appearance  of  skin : Color,  texture,  turgor,  quality dry skin. 

2. Calluses : Discoloration/subcallus hemorrhage 

3. Fissures (especially posterior heels) 

4. Appearance  of  Nail : Onychomycosis,  dystrophic,  atrophy,  hypertrophy,  

paronychia 

5. Presence/absence  of  hair 

6. Ulceration, gangrene, infection (Note location, size, depth, infection, etc) 

7. Interdigital  lesions 

8. Fungal  infections  like  Tinea pedis 

9. Markers  of  diabetes 

       Shin spots – diabetic dermopathy 

       Necrobiosi  lipoidica  diabeticorum 

       Bullosum  diabeticorum 

        Granuloma  annulare 
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ANNEXURE-IV 

PHOTOGRAPHS 

Fig17: Wagner grade II ulcer  

 

Fig18: Wagner grade IV ulcer  
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Fig19: Wagner grade V ulcer  

 

 

Fig20: Sterile swab for collecting pus sample 
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Fig21: Collection of pus swab 

 

 

Fig22: β hemolysis of S.aureus 
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Fig23: Klebsiella pneumonia in culture media 

 

 

 
 

 

 

 

Fig24: Kirby bauer antibiotic sensitivity 
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ANNEXURE-V 

                                   

 

MASTERCHART 
 

Key to master chart 

 Educational status A- no formal education 

                               B- < IV
th

grade 

                              C- IV – X
th 

grade 

                              D- > X 
th 

grade 

 Knowledge about footcare present- yes-Y ; no- N 

 Side affected- right-R ; left- L 

 History of hypertension present- H 

 History of ischemic heart disease present- I 

 History of trauma predisposing ulcer- present-T; absent- S 

 History of previuos ulcer- present- Y; absent- N 

 Method of glycemic control- O- oral hypoglycemic agents 

                                                i- insulin 

                                               BB- both 

 Ulcer site- toes-T; sole- S; others- O 

 Peripheral neuropathy present- PN 

 Peripheral vascular disease present- V 

 Wagner classification staging- I-1; II- 2; III-3; IV-4; V-5 

 HbA1C Levels- A-<6; B-6-7; C-7-8; D->8 
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ANNEXURE-VI 

ETHICAL COMMITTEE APPROVAL LETTER 

 

 

                                

 

 



121 

 

ANNEXURE-VII 

 

ANTI-PLAGIARISM CERTIFICATE 
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