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ABSTRACT

Patients with diabetes demonstrated to be more prone to developing infections than others. Diabetic foot ulcer isa
major health problem in these patients. The purpose of the study was to investigate the incidence of fungal and
bacterial pathogens in diabetic foot infections. A total of 57 diabetic patients with non-healing diabetic foot
infections who were referred to diabetic clinic during 2011 to 2012 were included for the study. Samples were
obtained from the depth of the wound by the use of a sterile swab. Direct fresh smear, fungal and bacterial culture
were performed for each patient. Fungal contaminations were confirmed by direct microscopy and/or culture and
molecular method. In this study, 9 patients (15.7%) did not show any bacterial and fungal infections, 35.4 % (17/48)
had yeast and 80.7% had bacterial infections whereas 31.25% showed mix infection. Candida species were the most
predominantly isolated fungi (17patients) including C. albicans (30 %), C. parapsilosis (58 %) and C. glabrata (12
%). E. coli and Pseudomonas aeruginosa were the predominantly gram negative bacilli causing infections in
diabetic foot ulcer. Saphylococci were the most frequent organisms encountered and S.aureous was isolated from
10 (20.8%) specimens. Other detected gram-positive bacteria were: Streptococci (4%) and Enterococcus faecalis
(2%). The results of the study indicate that Candida Sp is the main yeast infection in patients with diabetic foot
ulcer. Asa result, mycological evaluation of the non-healing diabetic foot ulcers and suitable antifungal therapy due
to biofilm formation and drug resistance should always is necessary.

INTRODUCTION

Diabetes mellitus (DM) is characterized by relatiee complete insulin deficiency, a defect in insauli
action or both, leading to gross defects in glucds¢ and protein metabolism.1 It is a chronic dse
which affects a large part of the human populatand also the main endocrine cause of morbidity and
mortality all over the world. The incidence is ieasing globally and the estimated number of patient
with diabetes mellitus in 2030 is 366 million [1].

One of the most important complications of diabetss diabetic ulcer which frequently results from
neuropathy in conjunction with deformity and mintrauma (for example acute injury, ill-fitting shoes
walking barefoot) [2,3].

Diabetic patients are at greater risk for bacterdéadd fungal infections and also have an increased
susceptibility to developing skin and soft tissuefections. In these patients, soft tissue and bone
infection of the lower limbs is the most common saufor hospital admission and sometimes precede
lower-extremity amputation. [3among dia] The raté lower extremity amputation among diabetics is
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more than 40 times that of non-diabetics [4,5,68acterial infection of diabetic foot ulcers are
polymicrobial and have aerobic and anaerobic saurtleat have been investigated in many other
researches. [7,8,9,].But there is a little and fogfenous data about the role of mycotic infecticaand
their prevalence in diabetic foot syndrome. Thegfumvolved in diabetic foot ulcers are mainly Calal
spp. Filamentous fungi and yeasts are referred stoetilogical agents of diabetic foot infection kpme
authors [10,11]. The purpose of the present studys vo identify frequency of fungal and bacterial
infections in ulcerated diabetic foot tissue in bdiaic patient's by conventional technique and
Polymerase chain reaction (PCR).

MATERIALS AND METHODS

Sample collection The study was done over a period of 12 monttsnfDecember 2011to October 2012. Fifty
seven patients with diabetes and a foot ulcer aflg@r2 — 4, (based on Wagner wound classificatistery) who
were referred to diabetes clinic (Tehran, Iran)evenrolled in the study. 42 male and 15 female wiilonic
diabetic foot ulcers whose wounds have not alreadgived any antiseptic, antibiotic or surgicaatneent this time
were examined for this study.

The patients who had received antifungal agentshén last four weeks were excluded. They were ailhjti
presenting with diabetic foot ulcers to the Diabesémd Metabolic disorder clinic, Tehran UniversiyMedical
Sciences, Tehran, Iran.

The patient’s medical history including age, sewration of diabetes, FBS and HbAlc level, currenligrapy,
presence of vascular insufficiency and/or neuropathephropathy and etc. which were obtained using a
guestionnaire with their own consent.

Samples were obtained from the depth of the woteldn(g aseptic precautions) after debridement .$asnpere
transported to the microbiology laboratory withmleour in sterile containers.

The necrotic areas of the tissues were mounted®@id End also inoculated into Sabouraud's Dextrossr A§DA)
(HiMedia Ltd, Mumbai). Specimens for bacteriolodisaudy were cultured in the following agar medsheep
blood, chocolate, and MacConkey agar. The fungabs$es were incubated at 37 °C for 1 weak and etedudaily
for growth of fungal microorganism. The bacterialtare plates were incubated aerobically at 37°@dén 5%
CO2, chocolate blood agar) and examined at 24 8hdHor anaerobic cultures, the specimens werailated into
blood agar .This media was incubated in Gas Pak JBs at 37°C and examined after 48 and 96 mofibation.
Aerobic bacteria were identified according to stmdd methods [12] Anaerobic bacteria were identifted
techniques described previously [13].

The colonies were identified on the basis of thmacroscopic and microscopic (slide culture) featuréeast
samples were cultured in Chrom agar (HiMedia, Ipthaisolation and identification dfandida spp.

Molecular identification of yeast
All isolates ofCandida species were examined by molecular method of PCEPRE&s following steps.

DNA extraction : Genomic DNA from clinical isolates and standardcépe of candida were extracted by glass
bead and lysis solution according to previous desdrmethod [14]. briefly about 10 mm3 of a fresthony was
transferred to a 1.5 ml eppendorf tube and thenu3@® lysis buffer containing(100 mM Tris pH 8, 10MrpH 8,
100 mM NaCl, 1% SDS, Triton 2% X-100), 3@0of phenol: chloroform (1:1) and 200 of glass beads, with a
diameter of 1 mm, were added and the tube was oty shaken for 60 minutes, the sample was degéad for 5
minutes at 5000 rpm. The supernatant was transféor@ clean tube and 4@0 of chloroform was added. After
centrifuging as the previous conditions, the agsqihase was transferred to a clean tube and theluthe of cold
isopropanol and 5 of 3M sodium acetate (pH: 5.2evaelded and was kept at -20 °C for 10 minutesrAHhat, the
sample was washed by 70% ethanol. Thepl3Mstilled water was added and the sample was &ef20°C.

PCR amplification: PCR was performed to amplify ITS1-5.8SITS2 segnientbosomal DNA. For this, ITS1-
5.8S-ITS2 universal primers were used. The seqeenfcd S1 and ITS2 were 5-TCCGTAGGTGAACCTGCGG-3'
and 5-TCCTCCGCTTATTGATATGC-3' respectively. PCRacdon was performed with the following
components: 2.5l of 10x PCR buffer, 1.5mM MgCI2, 04 of 10 mM dNTPs, 0.4M Primers, 1.25 units of Taq
polymerase (Sinagene, Iran),ul of template DNA and molecular grade dH20 up top25The reactions were
performed in a Thermo cycler (Bio Rad). Thirty aifiphtion cycles were performed in the thermo cy¢Eio Rad)
after initial DNA denaturation at 95 °C for 5 miBach cycle consisted of a denaturation step at 930 s, an
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annealing step at 55°C for 30 s, and an extenseEma 72°C for 1 min, with a final extension at€Zor 5 min
following the last cycle.

Identification of Candida species using Restriction Fragment lengths Polymaese Assay (RFLP):

RFLP differential pattern were used in order totidguish the Candida isolates. Restriction enzymilspl
(Fermentas) were used for cutting the amplified BN# Candida spp .Digestion of amplified ITS fragments
produced different size fragments f@andida species. For digestion, 1@ of each PCR product was directly
digested with by 5 U (1ul) of the restriction enzym#ispl, 1.5 ul of the digestion buffer, and dH20 up to i3
incubated at 37°C for 180 min. The digested fragmexectrophoresed through 1.8% agarose gel and the
visualized by ethidium bromide staining [15].

RESULTS

Among the 57 patients with diabetic foot infectidram wound units, 42(73.7%) were male and 15(2&Bfemale
patients, aged between 38 to 74 years. Duratiahatifetes was >10 years in 82.4%, 5-10 years in%42.2and <5
years in 5.3% population.

Fungal and bacterial growth:

Fungal Infections The most fungal species isolated from diabetat fdcers weré&Candida spp 9 patients (15.7%)
did not have any bacterial and fungal infectiontheir samples. The frequency of yeast infectioas 85.4% out of
the 48 patients considered which pure fungal idaovere found in 2 (4.16%) of patients whereasl5 (31.25%)
patients mix infection (bacterial and fungal infens) were occurred .

Table 1 shows the molecular identification schenreygast cultures adopted in this study and indg#te size of
PCR product with ITS1-ITS2 primers for differentustiard species dfandida before andafter digestion with
Mspl. The most fungal species isolated from diabetit fdcers wereCandida spp(Table 2). Molecular evaluation
confirmedCandida spp infection in 35.4% of the patien. albicans (30%), C. parapsilosis (58%), C. glabrata
(12%) were obtained. PCR products were given 5000 bp fragments by using ITS1 and ITS2 primerd an
revealed in a 1.5% agarose gel electrophoresissiftming in 0.50 mg/ml of ethidium bromide.

PCR-RFLP patterns of vario@andida spp are shown in Fig.2 and 3

Table 1: Sizes of ITS1-ITS2 PCR product forCandida species, before and after digestioby the restriction enzymeMspl.

Candida species | sizeof ITS1-ITS2(bp) | size of Mspl digestion(bp)
C. albicans 535 297, 338

C. glabrata 871 557, 314

C. tropicalis 524 340, 184

C. krusei 510 261, 249

C. parapsilosis 520 520

Table2. Candida species isolated from diabetic foot ulcer samples

Candida species| Frequency %
C.Parapsiolsis 58
C.Albicans 30
C.glabrata 12
Table3: Bacterial species isolated from diabetic foot ulcer samples
Bacteria species Number (Percentage)
E.cali 16 (33.3)
Pseudomonas aeruginosa 5 (10.4)
Proteus 4 (8.3)
Klebsiella Spp 3 (6.25)
S.aureos 10 (20.8)
Acinetobacter 2(4.1)
Entrobacter 2(4.1)
Serattia 3 (6.25)
Other gram positive cocci 6 (12.5)
No growth 9 (15.7)
Total 57
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Figurel. Bacterial isolates from wound samples ofidbetic patients
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Figure 2.PCR-RFLP patterns ofCandida albicans after digest with MSP1
Line 1-7:C.albicans isolated from patient,M:Marker 100bp

Figure 3.PCR-RFLP patterns ofCandida Parapsiolsia after digest with MSP1
Line 1-6:C.Parapsiolsisisolated from patient,M:Marker 100bp
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Bacterial Infections: The distribution of bacterial species causirfgdtions in diabetic patients is shown in Table

3 and Figl.

A wide variety of gram-negative bacteria includidglifferent species were predictable as the etiolagents of

infections.
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Clearly, E. coli was the predominant pathogen and 16(33.3%) sann®es identified a€. coli. The second one
was Pseudomonas aeruginosa which wasisolated from 10.4% followed bi{lebsiella pneumoniae (6.25%), and
Proteus mirabilis (8.3%). Enterobacter, Acinetobacter, and Serattia were found in 4.1%, 4.1% and 6.25% of the
cases respectivelytaphylococci Sop. were the most frequent gram-positive bacteria 8adreous were isolated
from 10 (20.8%) of the specimens. Other detectegingpositive bacteria wer&reptococci (4%), Enterococcus
faecalis (2%).

DISCUSSION

Diabetic foot problems is one of most serious cacagibn of diabetes that results in high economirdien so more
effort is required to find better way to manageNiimerous investigations have been approved theetialogy of

diabetic foot ulcers. Most diabetic foot lesiong &nown to have a polymicrobial etiology . But therre a few
reports on the incidence of fungal pathogens ibetia foot infections which progress following systic antifungal
therapy [16-20].

Mucocutaneoug€andida infections occur more frequently among patientiwiigbetes mellitus, especially in those
with poorly controlled disease and sometimes Canilitection is the early sign of undiagnosed dieb1].

It had been suggested that fungal infections as®hied in pathogenesis of diabetic foot ulcers [2R]
consequence, the aims of this study were to desthib incidence of fungal and mixed fungal - baaténfections
in diabetic foot ulcer detected by micobiologicaldamolecular methods and to determine the mostriaitfor
diagnosing fungal ulcer infection such camdida spp

Our study is comparable to the other studies. @ault reveal tha€Candida spp are the most frequent isolated
fungi, including C.albicans (30%) andC. parapsilosis (58%) andC.glabrata(12%). Similarly, Nair et al [19]
reported high prevalence Gandida spp. [C albicans (46%) and C. tropicalis (27%)].DF s . The presence of
other species of Candida (C. guilliermondii, C,dai) C, tropicalis, C, fornata, C, kefyr and C,bgkta) has been
reported in diabetic patients by other investiga{@B,24].

According to our finding in the present study irregment with the other reportSandida parapsilosis was the
most frequently isolated fungal species from diatfeiot ulcers

The importance ofandida Parapsilosis is obvious due to its different potent viruleneetbr. The capacities of
different C. parapsilosis isolates to develop infection in various tissues/ fba influenced by their ability to form
biofilm.

That it confers significant resistance to antifundrerapy by limiting the penetration of substante®ugh the
matrix and protecting cells from host immune resasn Biofilm-formingC. albicans, C. parapsilosis and C.
glabrata isolates have been associated with significantijnéi mortality rates in patients at an Italian ensity
hospital compared to patient isolates incapabl®mwhing biofilm (70.0% versus 45.7%, respectivelgpecifically
for C. parapsilosis, the mortality rate for isolates forming biofilm itro was 71.4%, as opposed to 28% for
biofilm-deficient isolates[25].

Studies showed that in patients widiabetes mellitus, soft tissue and bone infection of the lower lindbshe most
common indication for hospital admission [3]. Angotihe 150 microbes causing infections in diabetitigmts, a
total of 40 (26.7%) were identified &S coli. Pseudomonas aeruginosa were the second bacterial species causing
infections[26]. Diaz-Colodreret al[27] evaluated foot infection in diabetic patientind recognized that gram-
positive cocci (predominantitaphyl ococcus aureus and Enterococcus) were detected in 56% patients and 43% of
the cases were infected by gram-negaBseilli. Similarly in this study, our result indicated th@&egphylococci

and Streptococci account for33.3% of the foot infections but gram-negative beat in particulafPseudomonas
aeruginosa andE.Coli occur in 43.7% of the cases.

Although some authors have explained the benefilsysftemic antifungal therapy, without revasculaima
producers during the period of antifungal therapg influence of antifungal therapy on protractedbétic foot
ulcers is still unclearCandida infection should be always tested and aggressivehted, since in our experience it
is related to a severe prognosis in with polymi@bimfected diabetic foot ulcers. Because of nanltg-resistance
of Candida Spp, susceptibility tests for commordusatifungal agents should be performed, whenexaitadble.

It is recommended that our result will make eafierclinician to treat fungal and mixed fungal-bexéal infections
in diabetic foot ulcers and fungal infection shoaldvays be considered in appropriate treatmenliadetic foot
ulcers.
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