BIRZEIT UI'ﬁlI".l"EF«'CSI'F'tr

| f" e L
o 2 NI i lkna_

. lrgn;ngrm:nh

Molecular Characterization of Vancomycin-Resistant Enterococc Spp. from
Clinical Isolates by PFGE and Detection of the Vaienes by PCR

By
Jumana Abdel-Hafez Wadi

Advisors

Dr. Gabi Abu Sada Dr. Hatem Eideh

This thesis was submitted in partial fulfilment ofthe requirements for the Master’s
Degree in Clinical Laboratory Science from the Faclty of Graduate Studies at
Birzeit University, Palestine

May, 2012



Molecular Characterization of Vancomycin-Resistant Enterococcspp. from
Clinical Isolates by PFGE and Detection of the Vaienes by PCR

By

Jumana Abdel-Hafez Wadi

This thesis was successfully defended and approved

Committee Members Signature

Gabi Abu Sada, PhD (Advisor)

Hatem Eideh, PhD (Advisor)

Mohammad A. Farraj, PhD (Internal Examiner)

Yacoub Y. Dhaher, PhD (External Examiner)




J dedicate this thesis to my husband, Jhafer, and my children;
Umr, Unan, and Obada. J give my deepest appreciation fox the

encouwragement, suppadd, and metivation they offered me
thuoughoeut the years of my graduate studies.

U special feeling of gratitude goes to my pavents, my sistens, and
my buothers whe have always stood by me and suppaxted me

thuoughout my life.

My beanty thanks and appreciation to my dear friends, whe have

enceuraged me, suppaoted me, and inspived me to fulfill this
T 7

Ja each of the aliove, I offer my appreciation and gratefulness.



ACKNOWLEDGMENTS

| wish to express my sincere gratitude to Dr. TaE&sawi; Dean of the Faculty of Nursing and
Allied Health Professions and the founder of thestaés program in Clinical Laboratory
Science, for his support, guidance and encourageimearrying out this work.

| am heartily thankful to Dr. Mohammad Farraj; Heall Master's Program in Clinical
Laboratory Science, for his sage advice, insightfiticisms, and patient encouragement which
tremendously aided in the accomplishment of thiskwo

| am also grateful for the valuable guidance, supand help of my supervisors, Dr. Gabi Abu
Sade and Dr. Hatem Eideh, who inspired me to lgaat, there is no substitute for hard work
and self-reliance. | truly appreciate their assista

Thanks and appreciation go to Duncan R. MacCanilD. MBT; National Center for
Emerging & Zoonotic Infectious Diseases; CentersOsease Control and Prevention, for his
valuable hints and comments that were crucial éoatcomplishment of certain components in
this work.

| also wish to thank Prof. Allon Moses; Chairman @linical Microbiology and Infectious
Diseases Departments and Associate Prof. ColinkBldead of Clinical Microbiology Unit at
Hadassah Medical Organization for their generousigroviding me with some samples.

Special thanks to Mr. Jamal Shehadeh for his helpample collection and in providing the
needed information.

To each of the above, and to all of those who stpgdaone in any respect during the completion
of the project, | extend my appreciation.

JW



TABLE OF CONTENTS

CHAPTER PAGE
1. INTRODUCTION ...ttt ettt e e e e e e et e et e e e e m e e e eanns 1
1.1 General INtrOAUCTION ......eeiie ettt et e e e e e e e e e e e em e eaas 1
1.2 LITEratUre REVIBW. ... .ceniieiie et emeeme et et e e e et e e e e e e e e e eaenneeeeeans 3
1.2.1 History of ENtEIrOCOCCI.......ceeeeeeeeee e e 3.
O O £ P = (o1 (= 1) (o1 6
G I o =1 o] | 7= S 7

1.2.4 EnterococCCal VIFUIENCE ......ouieeeiieii et 8...
1.2.5 Enterococcal INTECHIONS ......covniieii e 12.

1.2.6 Antibiotic resistance in ENtErOCOCCI ........comumivniieiiieiiieeeeee e 15

1.2.6.1 Resistance to Ampicillin and Penicillin .............cccccocooiinnnnes 15

1.2.6.2 Resistance Due to Low-Affinity Penicillin-Bindingdeins ...16
1.2.6.3 Resistance to Aminoglycoside ...............commmceiiiiieniineennnn.. 16

1.2.6.4 Resistance to Glycopeptide ............cooiieiiiiiiiiiiiiiiiiiiiiiiiiiieene 17
1.3 TrEAMENT ... e e e e e e e e e e e b reee e e e e e e e eeenees 19
1.4 PreVENTION ...ttt ettt e e e e e e e e semnne e e e e e e an 20
1.5 EPIdemiolOgY ....ccooviiiiiiiiiiieieeee ettt 21
1.6 Pulsed-field gel eleCtrOphOresIs ...........coueeeeeiiriiiiiiiiiiiiiiie———— 23
1.7 AIMS Of the STUAY ...evviiiiiiiiiiiiiiiiiiiiteeeene e e e 25
2. MATERIALS AND METHODS.... ...ttt 26
2.1 Collection Of ISOIALES. ..........uueiiiiiie i immmmi e eeee e 26
2.2 Identification of Enterococcal ISOlates. .....cccceuvvviiiiiiiiiiiiiiiiiecee e 26
2.3 Antimicrobial Susceptibility TESING ..........ceemiurrrrrrrririreriririiriinrie.. 26
2.3.1 Antibiotic Susceptibility TEStING.........cciiccceeieeieeieeeeeieeeeeeeeeeeee s 27
2.3.2 MIC determination ...........ccooiiiiuuiiiiiiieeeeeieiie e e e e 21.
2.4 Molecular MetNOAS ............uuiiiiiiiiee e et 27
2.4.1 PCR amplification ........cccovvviiiiiiiiiiiiieieee e 28
2.4.1.1 DNA EXIFACON.....ciiiiiiiieiiiiee et st e e ee e 28
2.4.1.2 Detection of vancomycin resistance genes by PCR...........28
2.4.1.3 Analysis of DNA by Agarose Gel Electrophoresis.............. 30
2.4.2 Pulsed-field gel eleCtrophoresis........ ..o eeeeeeiieiieiiiiiiiiiiieiieiieiieneeenes 30
2.4.2.1 Adjusting cell SUSPEeNtioN ...........covvviiimmmmmmeeeiiiiiiiiiiiiiieiiiinnees 30
2.4.2.2 Casting PIUGS ...cooeieeeeeee e 30
2.4.2.3 Lysis of cells in agarose plugs..........oooeiiiiiii, 31
2.4.2.4 Restriction digestion............ooooiiiiiii e 31
2.4.25 RUNNING PFGE QeIS ..o 31
2.4.2.6 Visual comparison of PFGE patterns .........ccccceeeeeeeeneeeneeenn. 32



TABLE OF CONTENTS (continued)

CHAPTER PAGE
3. RESULTS o et e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaa e e e e aaaaaaens 33
3.1 1S0lates Of VRE .....ccoiiiiiiiiiiiii it 33
3.2 ldentification of Enterococcal iSolates......cocooeiiiiiii e 33
3.3 Antimicrobial Susceptibility TEStING .........occamurriiiiriiiiiiiiiiiiiiiiieeaes 34
3.3.1 Antibiotic Susceptibility TEStING.........coo e 34
3.3.2 MIC determination ..........coooeiiiieiie e 35.
3.1 Detection of thevangenes by PCR ... 36
3.2 Analysis of PFGE patterns of VRE ... 38.
4. DISCUSSION & CONCLUSION ... s 43.
5. RECOMMENDATIONS ... .ottt ettt e e e e e eeeeees 49
6. REFERENCES. ... ...ttt ettt e e e e e e st e e e e e e aanenees 50

Vi



LIST OF TABLES

TABLE _PAGE
1 List of Species included in the geMIEErOCOCCUS .........covvvvviiiiiiiiiiiieiiieeeeeee e 4
2 The sequences shngene PCR primers and the annealing Temperatures.use29
3 Patients’ demographiC data.............ooviveiiiiiiiiiiiiiiiiiiiii e 33
4 Distribution of enterococci species according tecsmen SOUICe ...........ccoeeeeeeeennn. 34
5 Antibiotic Susceptibility of Enterococci isolates.............cccccevvvvviiiiiiiiiiiiiieieeee, 34
6 Distribution of MIC results among enterocogdsolates .............ccccceeeviviiinenenn. 35
7 Distribution of van genes among enterococcus igslat...............cccccvviviiiiiiinninnnnne. 37
8 Details of epidemiological data as well as resoftgan genotypes and PFGE
Of E. fA@CIUMISOIALES ......oeiiiiiiiiiiiiei et eeecee ettt snmnees 39
9 Details of epidemiological data as well as resodtgan genotypes and PFGE

Of E. fACCAIISISOIALES ... oo e e e e e eaaaees 41

vii



LIST OF FIGURES

FIGURE PAGE

1 The PFGE (CHEF-DR ) SYSTEM ...t ce i 24

2 A representative PCR amplification gel of VRE idefacarryingzanAgene ...... 37
3 A representative PCR amplification gel of VRE idefacarryingzanBgene ...... 37
4 PFGE patterns of VRE isolates tér faecalisandE. faecium................ccc..... 42

5 PFGE patterns of VRE isolates fér faecalisandE. faecium.........................42

viii



AS
ATCC
BaCl2
BHI
CFU
CDC
CLSI
bp, kb
DNA
D-ala
D-ala-D-ala
D-lac
D-ser
ECM
ESP
GRE
MICs
Hg

mg

mL

LIST OF ABBREVIATIONS

Aggregation substance

American Type Culture @allion

Barium chloride

Brain-Heart Infusion

Colony Forming Unit

Centers for Diseases @br@ind Prevention
Clinical and Laboratdyandard Institute
Base pairs, Kilobasggpa
Deoxyribonucleic Acid

D- alanine

D-alanyl-D- alanine

D-lactate

D-serine

Extra-cellular matrix

Enterococcal surfaceein
Glycopeptide-resistanterococci
Minimum Inhibitory Conatations
Microgram

Milligram

Milliliter



MSCRAMM Ace

PAI

PBPs

PYR

PFGE

PBP

rRNA

rpm

TAE

TBE

TE

VRE

Van

UPGMA

UTI

uv

wiv

LIST OF ABBREVIATIONS (continued)

Microbial surface components recagmy adhesive matrix molecules
Pathogenicity island
Penicillin-binding proteins

L- pyrrolidonylg- naphtylamide

Pulsed-Field Gel Electrophoresis

Penicillin binding protein

Ribosomal Ribonucleic Acid

Revolutions per minute

Tris-Acetate-EDTA

Tris-Borate-EDTA

Tris-EDTA

Vancomycin-Resistant Enterococcus

Vancomycin resistance gene

Unweighted pair group method with arithmetierages

Urinary Tract Infection

Ultra-violet light

Voltage

Weight/volume



Abstract

Enterococci are a group of microorganisms that comyninhabit the gastrointestinal tract of
animals and humans.They are incriminated in causgnwgre life threatening infections.
Enterococci are recognized as a major cause ottnasal infections worldwide. The majority

of infections are caused Iy faecalidollowed to a much lower extent I&; faecium

Enterococci have both intrinsic and acquired rasist to several classes of antibiotics.

The goal of this study was to determine the scdpesistance of enterococci to antibiotics and
to correlate that with resistance genes. In additiee determined the relatedness of the isolates
by pulsed field gel electrophoresis.

A total of 89 vancomycin resistant enterococcufaies were collected from major hospitals in
Jerusalem. Antimicrobial susceptibility and mininralibitory concentration was performed on
all isolates following the CLSI guidelines. Subsently, DNA was extracted by lysing the cell
wall with lysozyme followed by applying the DNAzwolethod to isolate the DNA. Molecular
characterization fovanAandvanBgenes was determined by PCR. Plugs for pulsed diel
electrophoresis were prepared from an overnightcal After preparing a cell suspension in TE
buffer with an optical density of 0.9-1.1 at a waeegth of 610, Lysozyme and proteinase K
were added to the suspension and mixed with 1.2%®©ag. The plugs were then restricted for
two hours withsmd enzyme and loaded in 1% pulsed field certified agaprepared in TBE
buffer and electrophoresis was performed using GBRHI instrument for 18 hours. The gels
were stained with ethidium bromide, then viewed phdtographed using a gel documentation
system. Lambda ladder was applied in the firstlastiwell of each gel to determine the size of

the bands obtained.
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The results reflected that 68.5% (61/89) of théaiss weree. faeciumand 31.5% (28/89) were
E. faecalis All E. faecalisisolates were susceptible to ampicillin whileRllfaeciumsolates
were resistant to it. Botl. faecalisandE. faeciunisolates were resistant to vancomycin,
ciprofloxacin and erythromycin. Resistanceeoffaecalisisolates to teicoplanin,
chloramphenicol and tetracycline was 85.7% (24/28Y4% (6/28) and 17.9% (16/28)
respectively. Resistance Bf faeciunmto teicoplanin, chloramphenicol, and tetracychives 77%
(47 /61), 8.2% (5/61) and 90.2% (55 /61) respebtive

The MIC results for vancomycin in bokh faecalisandE. faeciumwere >256 ug/ml for all
isolates. The MICs foE. faecalissolates tested with teicoplanin werelsg/ml in 14.3% (4/28)
and_>64 in 85.7% (24/28) of the isolates. On the otieard, the MICs foE. faeciumsolates for
teicoplanin were %4 ug/ml in77 %( 47/61) and8ug/ml in 22.9 %( 14/61).

Molecular characterization of the VRE isolates eded that 24/28 dE. faecaliscarriedvanA
gene while 4/28 carriedanBgene. There was 45/61 Bf faeciumisolates carriegdanAgene
while 14/61 carrieddanBgene. Interestingly 2/61 harboured gemasiAandvanB None of the
enterococcus isolates tested carxiedD gene.

PFGE results showed a wide range of variation batvileeE. faeciumisolates. Although the 52
E. faeciumisolates were divided into 31 PFGE patterns, tatbgons showed high relatedness:
Pattern | had a cluster of 6 strains, most werated from the same hospital ward. Pattern 1l had
a cluster of 5 strains isolated from 2 hospitaldgail he rest of the isolates showed considerable
variation that made it impossible to cluster thengrioups.

The PFGE results for E. faecalis showed tremendatiation that the 26 vancomycin resistant

E. faecalisisolates were divided into 17 different profiles.

Xii



In conclusion, the vancomycin resistant enteroc@cfaecalisandE. faecium pose a great risk
for hospitalized patients on one hand and stanidmtedind resistant to most antibiotic classes.

Therefore, the health officials in this country rizse drastic steps to curb the spread of this

hard to treat genus.
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1. Introduction

1.1 General introduction

Enterococciare the most important multidrug resistant micgamisms that are associated with
both community and hospital-acquired infections 2), RegardingEnterococci as being
commensals of the intestinal tract, they may atdorgze the oral cavity, the genitourinary tract
and the upper respiratory tract of the humans amuas. They are also capable to survive in
many other locations like in soil, water (as fepallutants) and on plants (3). These ordinary
bowel inhabitants languished as being incorrectlgssified as Streptococci, commonly
discerned ‘with the exception of endocarditis aak rcases of meningitis’ as not a major cause
of any severe systemic inflammatory responses)(41@wvever in the last decadei:nterococci
emerged as the leading cause of nosocomial infeetarldwide. They have become the second
most frequently reported cause of surgical wourdirasocomial urinary tract infections and the
third most frequently reported cause of bactergmi®).

Through the 1990s, Enterococci have gained inargaslinical importance as a therapeutic
challenge due to their increasing resistance tash array of antimicrobial drugs, including cell-
wall active agents, all commercially available aoglycosides, penicillin, ampicillin and
particularly the vancomycin. This latter glycopelets antibiotic is considered as a reserved
antibiotic for the treatment of serious diseasassed by multidrug resistance Gram- positive
organisms, especially Enterococci (7, 8).

Therefore increasing resistance among the entecat®olates to this antibiotic may lead to the

loss of the last effective treatment regimen. Thiis, punctuates the need for their isolation and



identification from clinical specimens and also ftre determination of the antibiotic
susceptibility pattern of the isolates.

The current drama of antibiotic resistancézaferococcispecies to vancomycin has increased to
a worrisome alarming rate that needs concern fegraéreasons. First, although the majority of
VRE isolates are resistant to conventional treatmnegimens, they become also resistant to
moderate or high levels of ampicillin and to higliédls of aminoglycosides, thus diminishing the
number of available antibiotics used for treatm@it Second, the substantially continued
growth over the past decade of hospitalized persotissevere underlying immunosuppressive
conditions which are considered as the highestfaskRE colonization (9). Thirdznterococci
have been found to have the ability to act as arves for vancomycin resistant genes and to
transfer this gene potentially not only among esteccal species but also to other pathogenic
organisms especiallgtaphylococcus aurel{$0, 11).

Consequently, this necessitates the need for dieatang the molecular basis of carriage of
resistance to vancomycin and also investigatingydreetic relatedness between the VRE clinical

isolates by Pulsed-Field Gel Electrophoresis.



1.2 Literature Review

1.2.1. History of Enterococci

Enterococci were first described as enteric grasitpe cocci and later included in the genus
Streptococcu$l?2, 13). In 1899, the term ‘Enterocoque’ was fuséd in a paper published from
France by Thiercelin; the name was proposed tontgate the intestinal origin of this new
gram-positive diplococcus (14). In 1906, the naétreptococcus faecal{§aecalis referring to
feces) was first designated by Andrewes and Haadex potentially pathogenic bacteria, since it
was isolated from a patient with endocarditis andstered that this streptococcus was so
characteristic of the human intestine that the t&treptococcus faecalighay justly be applied
to it (13, 15). In 1919, Orla-Jensen descrifedaeciumandS. glycerinaceusrganisms. These
were considered to be the sam&dsecalis(16).

In the 1930s, enterococci were classified as gidgireptococci based on the serological typing
system developed by Lancefield (17). In 1937, amniification scheme was proposed by
Sherman which divided streptococci into four diers: pyogenic, viridans group, the lactic
(diary) and enterococci (faecal). Enterococci wsedufor streptococci that can grow at both 10
and 45°C, at pH 9.6, and in 6.5% NacCl , toleratating at 60°C for 30 min and split esculin in
the presence of bile (14) .

A number of studies in the 1940s and 1950s showadSt faeciumhad different biochemical
characteristics such as inhibition by potassiurtutié®, fermentation reactions and inability to
reduce tetrazolium to formazan .These differencgtinduish it fromS. faecaliq18, 19).

In the 1980s, nucleic acid studies showed thatrecdeci were not closely related to
streptococci according to genetic differences (17).1984, the genu$nterococcuswas

established by Schleifer and Kilpper-Balz who pbwy hybridization studies that &ecium



and S. faecalisvere so distantly related to the gestreptococcusand thus should be assigned

in another genus of their own (12, 20). Many otgecies have been identified and included in

the genus Enterococcusased on 16S rRNA sequencing studies, as listédbie 1.

Table 1.List of Species included in the gerttuisterococcus(ND: new description)

Species Description of the Year of Previous Name
Species Description

E. faecali Schleifer & Kilppe-Balz 198¢ Streptococcus faeca

E. faeciun Schleifer & Kilppe-Balz 198¢ Streptococcus faecit

E. aviun Collinset al 198¢ Streptococcus avit

E.casseliflavL Collinset a 198¢ Streptococcus casseliflay

E.gallinarurr Collinset al 198¢ Streptococcus gallinaru

E.duran: Collinset al. 198¢ Streptococcus dura

E.malodoratu Collinset a 198¢ Streptococcus faecalsubs
malodoratus

E.hirae Farrow& Collins 198t ND

E.mundti Collinset al 198¢ ND

E.pseudoaviu Collinset al 198¢ ND

E.raffinosu: Collinset al 198¢ ND

E. solitarius Collinset al 198¢ ND

E.cecorur Williams et al. 198¢ Streptococcus cecort

E.saccharolyticL Rodrigues & Collin 199( Streptococcu

saccharolyticus

E.columba Devrieseet al. 199( ND

E.sulfureu Martinez-Murcia & Collins | 1991 ND

E.dispa Collinset al. 1991 ND

E.seriolicide Kusudaet al. 1991 Lactococcus garviei

E.flavescer Pompeiet al. 199z ND

E.asin de Vauxet a. 199¢ ND

E.porcinu: Teixeiraet al 2001 Enterococcus villorui

E.moraviensi Svecet al 2001 ND

E.haemoperoxidi Svecet al. 2001 ND

E.ratti Teixeiraet al 2001 ND

E.villorum Vancanney et al. 2001 ND

E.gilvus Tyrrell et al. 200z ND

E.pallen: Tyrrell et al. 200z ND

E.canit De Graelet al. 200: ND

E.phoeniculicol. Law-Brown and Meyel 200z ND

E.saccharominimt Vancanneyet al 2004 ND

E.hermanniens Koort et al. 200/ ND

E.italicus Fortinaet al 200/ ND

E. canintestir Nase etal. 200¢ Enterococcu dispal-like

E. aquimarinu Svecetal. 200¢ ND




E. devriese Svecetal. 200" ND
E. termitis Svecetal. 200¢ ND
E. cacca Carvalhcetal. 200¢ ND
E. silesiacu Svecetal. 200¢ ND
E.camellias Sukontasin et al. 2007 ND
E.thailandicu: Tanasupawi et al. 200¢ ND
E.viikkiensi: Rahkile et al. 2011 ND

Ref. http://www.bacterio.cict.fr/e/enterococcus.html

The majority of infections caused by Enterococei aitributed tde. faecalis accounting for 80
to 90% andE. faecium accounting for 5 to 15%. HoweveE. faecium exhibits a
disproportionately greater resistance to multiplébgotics and represents most VRE (21, 22).
Other Enterococcusspecies E. gallinarum, E. casseliflavus. durans, E. avium, and E.
raffinosus)account for less than 5% of clinical isolates heisoéated much less frequently (23,
24).

The genus enerococcus includes 8 DNA hybridizagimups referred to as genospecies.

E. faecalis and Efaeciumconstitute the predominant clinically significantogps while the
remaining groups amarely seen clinically .These are classified adolewing (22, 25, 26):

1)

m

. faecalisggroup:E. faecalis, E. haemoperoxidasdE. moravinensis

2)

m

. faeciungroup:E. faecium, E. durans, E. hirae, E. mundtii, E.gpousandE. villorum
3) E. aviumgroup:E. avium, E. pseudoavium, E. maoldoraanslE. raffinosus

4) E. casseliflavugroup:E. casseliflavus, E. gallinaruandE. flavescens

5) E. cecorungroup:E. cecrumandE. columbae

6) E. dispargroup:E. disparandE. asini

7) E. saccharolyticugroup:E. saccharolyticus

8) E. sulfurous group: E. sulfurous



1.2.2.Characteristics

The enterococciare complex, diverse group of bacteria which belanthe low G/C content of
the generdirmicutes They were first described as a group in 1984 whevas discovered by
the aid of new molecular information that b@&hfaecalisand S. faeciundid not belong to the
streptococci (22, 32) In fact, the enterococci share phylogenetic refestop with the
streptococci, and both genera are related thdlaéococcus sf33).

Some strains are used in the manufacturing of Wloereas others found to cause serious human
and animal infections. They are wide spread in neaand encountered in nearly everything
humans come into contact with (22, 25).

Most strains in this genus possess common chaistaderas summarized by Sherman in 1937.
They are facultative anaerobic, homofermentatietidaacid producers, non-spore forming, and
Gram positive, occurring either singly, in pairdmmchains. They exhibit coccobacillary in gram-
stained films prepared from agar cultures but temdappear as ovoid and in chains when
prepared from thioglycolate broth medium (13, 27).

In addition, their optimum growth temperature is’85but can grow at a temperature range of
10-45°C, and can survive at 6@ for 30 min. They are all catalase negative; able to grow in
6.5% NaCl and at a pH 9.6. They showed reactivity \group D antisera, and can hydrolyse
esculin in the presence of 40% bile salts. L- pgidomyl-B- naphtylamide (PYR) hydrolysis of is
characteristic.

They possess certain qualities that made themmagtyecompetitive in many areas, such as their
ability to tolerate extreme temperature and chehdcsinfectants like chlorine gluteraldehyde

and alcohol, hence having the ability to survivd apread in hospital environment (28, 29, 30).



Furthermore, they can survive in minimal nutrieaterironment by entering a viable but non-

culturable state (31).

1.2.3 Habitat

Enterococci are commensals of the Gl tract of geatlanimals from insects to humans. They
are ubiquitous in nature, since they are recovéad a number of environments such as saill,
plants and water; probably due to contaminatiorabynal’s excrement or untreated sewages.
They are also found in many sorts of food, esplctabt of animal’'s source such as milk and
meat products .Historically, their isolation fromofl was considered as an indication for faecal
contamination. Nowadays they are deemed as benggusal part of the normal microbial flora
of food; therefore are of particular importancefaod and public health microbiology. In fact
they have been employed as fomenters in the foddsiny such as cheese industry and other
fermented milk products (22, 25).

In most healthy human adultenterococciare found in feces. The prevalence of intestinal
carriage ofenterococcwaries from one study to another. In several stffiem Japan, Germany
and Scandinaviagenterococciwere found in 97% of individual's feces, while oseidy from
Japan reported a carriage of 100% (34, 35, 36).eMar a study from USA reported a
prevalence of intestinal carriage of 77.5 % (37) another study from Israel reported 88.5%
(38).

There is diversity in the ecology of the geiiirgerococci because the distribution of the species
varies among different hosts. For instance, in humgestine, it has been found thatfaecalis
andE. faeciumare the most frequent encountered species; howeary studies reported thHat

faecalisis more common and outnumberdsl faeciumisolates.On the other handn animals



like poultry and cattleE. faeciumwas found more frequent. In plants, other specks
enterococci such &s. mundtiiandE. cassebflavubave been isolated. avuim, E. durans, E.
faecalis, E. faeciunand E. hiraehave been recovered from surface water Brog:corumand
E.raffinosuswere isolated from domestic pets (22, 27).

Enterococciare considereds being the predominant Gram positive cocci inlsmce they are
found in high numbers ranging from 110" CFU/g. However, they can colonize other sites
such as the oral cavity and vaginal tract, butrtreiovery from these sites accounts for less than
20% of the cases (39).

As mentioned beforegnterococciare widespread in nature and can persist in haostitions,
such as the wide range of temperature, pH, salamnty the resistance to bactericidal detergents.
Althoughenterococcare not regarded as pathogenic organisms, bukifagt two decades they
have emerged as important nosocomial pathogensvanel established as major nosocomial

pathogens in 1980 (40).

1.2.4. Enterococcal Virulence

Enterococcus, is a member of the normal intesfloed in both animals and humans. In addition
to the fact that it is common in the environmentisinot considered as a primary pathogen.
Despite this, it has gained increased recognitisnaamajor cause of serious nosocomial
infections.

The transformation of enterococcus from a harmtessmensal into a life threatening pathogen
requires certain events to occur such as adheramdeability to colonize the intestinal tract,

evasion and modulation of the host’'s immune systaethfinally the exacerbation of infection by



inducing its pathogenecity. These events are ateibto acquisition of antibiotics’ resistances
and virulence factors of the organism (27, 41).

The year in which enterococcus organism was disedyevas the same year when the first
examination of enterococcal virulence was reporeldacteria which later represented by

E. faecaliswas thecause of a fatal case of endocarditis, was alswrstibat it has expressed
hemolytic (cytolytic) and protease (gelatinase)ivitats (42). A number of studies have

identified different virulence factors. The Mosbprinent among them are:

(1) Enterococcal surface protein (ESP)

This is a high-molecular-weight cell wall assoadiatgrotein found inE. faecalisisolates. It was
described by Shankar and colleagues as a 153 &tetbin thegathogenicity island (PAI). Later
on, a homologue ESP i&. faeciumwas found by Baldassarri (43). This protein hasrb
detected in abundance among clinical isolates exeavfrom bacteremia and endocarditis cases
more than the commensal isolates recovered fromisstf healthy individuals .ESP has been
found to enhance colonization and the persisteresxled for attachment to intestinal and
urinary tract epithelial cells ( 44, 45). In additi ESP has been shown to play a role in biofilm

formation on abiotic surfaces (46, 47).

(2) Aggregation substance (AS)

Aggregation substance is a proteinaceous surfagelite structure, pheromone-inducible,
plasmid-encoded bacterial adhesion that efficiematygregates donor and recipient bacteria,
facilitating plasmid transfer. This aggregation slance mediates the adhesiorEofaecalisto

renal tubular and intestinal epithelial cells itr@i Additionally, the translocation of enterococci
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from the intestinal lumen to the mesenteric lympldes, liver, and spleen has been reported to
be promoted by the AS. Other functions attributed$ include adhesion to extracellular matrix
(ECM) proteins such as collagen type I, increasdldsarface hydrophobicity and contribution to

survival after phagocytosis by inhibiting the reamry burst within the macrophages (48, 49)

(3)Microbial surface components recognizng adhesive matrix molecules (MSCRAMM Ace):
MSCRAMM is a substance found on the surface of rentecci that has the ability to bind
collagen.This substance is structurally and fumetiky related to the collagen-binding protein
Cna of Staphylococcus aureust is common among commensal and pathogé&nifaecalis
isolates and is expressed during human’s infectitiman derived antibodies to Ace can block
adherence to extracellular matrix proteins (ECMitro (48, 49). Recently Ace was detected in
90% of enterococcal endocarditis cases which stgdfest Ace is expressed in vivo (49, 50). In
E. faecium,an Ace homolog; Acm was identified to be the priynadhesion molecule for

binding E faeciunmto collagen (48).

(4) Cytolysin:

Cytolysin (former hemolysin), is a cytolytic pratethat has the capability of lysing human,
horse and rabbit erythrocytes (48, 51). It is ugualplasmid encoded toxin that enhances the
virulence ofE. faecalisin animal models and human infections. It was fothat about 60%f
clinical isolates ofE. faecaliswere hemolytic (52). Recently, the cytolysin wagedted by a

novel, two-component regulatory system via quoremssig mechanism (53).
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(5) Gelatinase:

Gelatinase is an extracellular zinc-containing mhepeoteinase produced by enterococci. It was
first purified and described by Bleiweis and Zimman in 1964. It is capable of hydrolyzing
gelatin, collagen, fibrinogen, casein, hemoglobasulin and other peptides, providing concrete
evidence to its role as a virulence factor (48,. Birains ofE. faecalisthat can produce
Gelatinase have been shown to contribute to vioden endocarditis in an animal model (54). It
was proved that the locus, fsr, positively regudatiee expression of gelatinase and a serine
protease irE. faecalis In an epidemiologic study with human clinicalleges ofE. faecalis fsr
was detected in 12 out of 12 (100%) of the endatisiidolates compared with 10 of 19 (53%)

stool isolates from healthy volunteers (55).

(6) Cell-wall carbohydrate and capsular polysaccharide:

Capsular polysaccharides contribute to the virdermf enterococci through multiple
mechanisms, including resistance to complement-aediopsonophagocytosis and masking of
bacterial surface antigens from being detectechbyhbst immune system. Therefore, it plays a
critical role in the pathogenic process of entecocdy evading the host immune system. The
putative carbohydrate antigen are encoded by a ¢aster epa. Botk. faecalisandE. faecium

confer resistance to phagocytic killing by theirfage capsular polysaccharide (54).

(7) Extra-cellular Superoxide:
A unique characteristic foE. faecalisisolated from blood stream is the ability to proeu
superoxide (56). Many studies showed the role isftifait in the translocation @&. faecalisas

being a potential source of oxidative stress onrtestinal epithelium from the intestinal lumen
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to the mesenteric lymph nodes, the liver and theesp Moreover; it plays a role in promoting
chromosomal instability (CIN) associated with spiitaadenomatous polyps and colorectal
cancer (57).In vivo, survival ofE. faecalisin mixed subcutaneous infection wiacteroides

fragilis was observed to be enhanced by the productionpér®xide (58).

1.2.5. Enterococcal Infections

In the last two decadegnterococcihave beernncreasingly documented as a cause of a wide
variety of hospital-acquired infections in humai$iey are considered as the fourth leading
cause of nosocomial infection and the third in cagidacteremia in the United States (42). The
majority of these enterococcal infections are cduseeitherE. faecalisor E. faeciumHowever

E. faecalis isresponsible for most of the cases, where it wastiied in 80% of the clinical
enterococci isolates anf. faeciumin most of the remainder (59).The interpretationths
preponderance dE. faecalisis attributed to the different abundance in hurferes, sincee.
faecalis’ viable counts are 100-fold higher thBnfaecium Another crucial explanation can be
due to the fact that most virulent factors havenbesported in Efaecalisand hence enhanced
virulence ovelE. faecium Despite this, it was found th&t faeciums more likely to be resistant
to antibiotics, even those of last resort.Infeci@maused by other enterococcal species are rare
(60, 61).

Nosocomial enterococcal disease is a two-step psock initiates with an asymptomatic
colonization of the gastrointestinal tract by eaterccal strains. These strains originate from
exogenous sources such as other prolonged hozedapatients, health care workers and
medical devices. Subsequently these organisms dgparoften expedited by the antibiotic

elimination of contenders (62).
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The most common enterococcal infections includeehaf urinary tract, bacteremia,

endocarditis and intra-abdominal infections.

Urinary tract infections (UTIs)

The first urinary tract infections caused by enterzi was reported in 1906 (63).

In recent years, the UTIs caused by enterococcird@ed significantly.In some nosocomial
surveillance data list enterococci as the secondt mommon cause of nosocomial UTI (64).
This increase is associated with urinary tract efattivation and the use of broad-spectrum
antibiotics, especially the use of cephalosporhlre ost common infection sites are the bladder,
prostate and kidney, particularly in cases witmanry tract structural abnormalities or indwelling

catheters (65, 66).

Enterococcal bacteraemia

Enterococcal bacteraemia is much more common théraezoccal endocarditis. Nosocomial

surveillance data between 1986 and 1997 in the tparted enterococci as the third leading
cause of nosocomial bacteremia accounting for 128l isolates (67). Enterococci have the

ability to translocate across intact intestinaklegia and thus leading to many bacteremias with
no identifiable source .Other enterococcal bacteraef identifiable sources that account for

most of the cases include intravenous lines, abssesUTIs and contaminated hospital
equipment (66).

It is found that some parenteral antibiotics suehtla third generation cephalosporins are

consistently associated with enterococcal bacter¢6d).
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Endocarditis

Enterococci are the third leading cause of infectendocarditis, accounting for 5-15% of
bacterial endocarditis (69).

Although most isolates aie faecalis,other species can cause this disease suchfasdumeE.
avium, E. casseliflavus, E. durans, E. gallinariand E. raffinosuss diagnosed from isolates
being sent to Centers for Disease Control (CDCjs Tostly occurs in older patients. Infections

of urinary tract or instrumentation are consideasdisk factors (13).

I ntra-abdominal infections

It is shown that enterococcus is not considered s@litary cause in intra-abdominal infections,
since it is usually isolated as part of a polymigab infection with aerobic or anaerobic bacteria
(70). This microbial synergy especially betweereemtocci and anaerobes which is much more
severe has been well investigated, despite thetiatthe mechanism has not been well studied

(71, 72).

Other enterococcal infections

Enterococci have been documented that they havaltiéy to infect other sites, such as the
central nervous system, lungs, ears and eyesuglthihese occur less frequently (42).
Moreover, Nosocomial infection has also been regbit transplant patients of kidney and liver

(73).
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1.2.6. Antibiotic resistance in enterococci

Enterococci have both intrinsic (via chromosomallycated genes) and acquired (via
extrachromosomal elements) resistance to antiki¢#id). Intrinsically, enterococci are resistant
to beta-lactam antibiotics. Resistance to penicélind ampicillin byE. faeciumfor example, is
due to penicillin-binding proteins (PBPs) that héws affinity for these antibiotics and therefore
continue to synthesize cell-wall components (75).

Enterococci resistance to beta-lactam antibiotsicsot mediated through production of beta-
lactamases. In addition to their intrinsic resistdo beta lactam antibiotics (penicillins,
cephalosporins), enterococci are also resistardthier antibiotics of different classes which
includes nalidixic acid, aztreonam, macrolidesglofdamycin and aminoglycosides ( 76). They
can bypass the inhibition of folate synthesis bméthoprim-sulfamethoxazole by using pre-
formed folic acid.

Increasing numbers dnterococcuspp. have developed resistance to ampicillin, varyocin
and exhibit high-level resistance to aminoglycosidéewer agents such as linezolid and
quinupristin-dalfopristin may be used to treat isgsaof vancomycin-resistant enterococci

(VRE)(77).

1.2. 6.1 Resistance to Ampicillin and Penicillin
Resistance to ampicillin and penicillin in enterociois primarily due to changes in the
penicillin-binding proteins (PBPs) which decreake #ffinity of the PBP target proteins for
beta-lactam drugs (78). Since the drugs do not bintheir cellular targets, they no longer

initiate destruction of the cell walkE. faecalisstrains typically are susceptible to ampicillin and
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penicillin, while E. faeciumoften are resistant. Resistance due to beta-lasempduction is

rare.

1.2. 6.2 Resistance Due to Low-Affinity Penicillin-Binding Roteins
Penicillin binding proteins (PBP) are common andeheonserved structure in enterococcus (80,
81). They confer resistance to penicillin. The anajeterminant of high levels of resistance to
penicillin in E. faeciuimand E. faecalisas well, is due to the low-affinity penicillin—lmimg
protein PBP5 (82). IrE. faecium,it has been shown that low-affinity PBP5 are preaglm
larger amounts correlating with increasing MIC llsvi® penicillin. This PBP can proceed with
peptidoglycan synthesis even in the presence atilenat concentrations that inactivate other

PBPs.

1.2. 6.3 Resistance to Aminoglycoside
Aminoglycoside antibiotics are positively chargetbohydrate-containing molecules that have
desirable bactericidal effects on gram-negative graim-positive bacteria (82). The cationic
nature of this group allows them to accumulate rtbar surface of the negatively charged
bacteria, and then gain access to the bacteriablagm via diffusion. All aminoglycosides
contain the aminocyclitol nucleus. Although amilysgsides are naturally produced from
bacteria, some such as amikacin is semisynthelice primary target of this group of antibiotics
is the bacterial ribosome where it specificallyenaicts with the 16S rRNA. They interfere with
protein translation due to misreading the bactenBNA transcript resulting in the production of

aberrant proteins.
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Resistance to the aminoglycosides can occur thraggreral mechanisms which include:
decreased uptake of the drugs, aminoglycosidexeffind mutations in the rRNA and ribosomal
protein (83). The primary resistance mechanism gmdmical isolates is the production of
aminoglycoside modifying enzymes. There are thriesses of modifying enzyme: the
phosphotransferases (APHSs), the adenyltransfe(A®¢Es), and the acetyltransferases (AACS).
These enzymes phosphorylate, adenylate, and deetlylaantibiotics respectively

(84). Enterococci have natural low level resistatweaminoglycosides. Aminoglycosides are
unable to penetrate their cell wall. The activifytlis group of antibacterial is usually enhanced
in the presence of antibiotics that are active ragjathe cell wall such as ampicillin and

vancomycin (85).

1.2. 6.4 Resistance to Glycopeptide
The peptidoglycan layer of the bacterial cell waltomposed of layers of N-acetyl glucosamine
(NAGA) alternating with N-acetylmuramic acid (NAMARA pentapeptide chain terminating in
two D-alanine residues is carried by the NAMA. Grdisking of the peptidoglycan layers is
achieved by the transpeptidase enzyme which rentbeeterminal D-alanine and cross link the
remaining D-alanine to the diaminopimelic acid (C)Pon the pentapeptide chain of another
layer (86).
Glycopeptides bind to the terminal D-alanine-D-al@nand prevent the cross-linking of the
peptidoglycan layer in Gram-positive bacteria. Graagative bacteria are intrinsically resistant
to glycopeptides because of their inability to pdsugh the porin proteins of the outer
membrane due to their large size. Some enterocaprEes such dsnterococcus gallinarum

are intrinsically resistant to glycopeptides beeatlseir pentapeptide chains terminates in D-
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alanine-D-serine (87). In general, resistance yoapeptides appears to be constitutive and the
expression of resistance is associated with exposur

At least 6 genotypes have been described which ateedesistance to glycopeptidegnA
vanB, vanC, vanD, vanE and vanG .vamAthe most commonly encountered genotype
worldwide (89). Enterococcus isolates of VanA ggpet have high level resistance to
vancomycin and teicoplanirvanB genotype is usually associated with outbreaks, lasd
commonly encountered tharanA Strains withvanB genotype express moderate to high level
resistance to vancomycin but susceptible to teapl Strains withvanC genotype express
have low level resistance to vancomycin but higlel®f resistance to teicoplanin; these strains
have ambiguous clinical significance (89).

Vancomycin resistance has recently been describedterococci, particularly iB. faecalisand

E. faecium These glycopeptides resistant strains have aajgienes which encode a ligase that
replaces the terminal D-alanine residue in the gyeytide chain with D-lactate, reducing the
affinity for this antibiotic class (88). Isolate$ #ome enterococcal species can become resistant
to vancomycin by acquisition @anAor vanBor less frequentlyanD, vanEor vanGgenes. The
strains that acquire vancomycin resistance areregfdo as “VRE'E. faeciumandE. faecalis
are the most common VRE. faeciums more likely to be VRE thaB. faecalis (79).

Intrinsic low-level resistance in enterococci isedo the presence eAnCgenes. These genes
inhibit the organism from binding vancomycin. In8ic resistance does not spread from patient
to patient as occurs during acquired resistancerefbre, intrinsic resistance is not a concern for

infection control.
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1.3 Treatment

The treatment of infections caused by VRE is uguabit effective and complicated due to
intrinsic as well as acquired resistance. All VRElates in general artel faeciumin particular
are usually resistant to the antibiotics usedéattsusceptible strains. Intrinsic resistance chuse
treatment failures with beta-lactam antibioticsnp#lin and cephalosporins), clindamycin and
aminoglycosides, while acquired resistance causestnbent failure with vancomycin, some
penicillins, macrolides, tetracyclines and quin@sn

Penicillin G or ampicillin is the typical treatmefdr enterococcal infections. Treatment with
vancomycin is usually applied to patients who atlergic to penicillins, or when the
enterococcal isolate is resistant to penicillinteBactam antibiotics are usually synergistic when
combined with aminoglycosides with low level rearste and usually achieve bactericidal
effects (90). The evolution of resistance to batddms and aminoglycosides combinations has
been reported . faecalisandE. faecium causing therapeutic failure. Although trials @sin
ampicillin with ceftriaxone and gentamicin proveal be more successful (90), vancomycin
remains the only alternative in infections with cestible isolates.

In E. faeciumthat has high-level penicillin resistance, celllveatibiotics may not achieve the
desired synergy for successful treatment. Otherbaoations using ciprofloxacin with ampicillin
or novobiocin has in vitro activity against vancanmyresistant. faecium Using ciprofloxacin
alone with adequate dosages achieved moderatetsefiiectreating infections with VRE.
Unfortunately, the evolution of resistance agaangtofloxacin has been observed (91).

New antibiotics effective against VRE has been bgex which included equnupristi-
dalfopristine, linezolid, daptomycin and tigecydinUnfortunately E faecalis and E. faecium

developed several resistance mechanisms that @tttivese antibiotics uneffective (92, 93).
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1.4 Prevention

In the face of the controversial treatment of VR anulti-drug resistant infections, preventive
measures have been adopted and implemented. Eodercare durable organisms that can
survive on hard surfaces for considerable timep&rdiand hygiene, thorough washing for
prolonged times (at least 30 seconds) with soaptlaenl drying, is the best way to prevent the
spread oenterococci When handling patients with enterococcal infawtiogloves must be worn
and changed before handling other patients. Ingnisnsuch as a stethoscope and others used to
examine patients with enterococcal infections niesproperly and thoroughly disinfected. The
CDC Hospital Infection Control Program encouragespitals to develop their own institution-

specific plans, which should stress the following:

Prudent vancomycin use by clinicians

« Hospital staff education regarding vancomycin tesise

- Early detection and prompt reporting of vancomym@sistance in enterococci and other
gram-positive microorganisms by the hospital miatigy laboratory

« Immediate implementation of appropriate infectiamttol measures to prevent person-

to-person VRE transmission

1.5 Epidemiology

Since their initial recovery in the late 1980s iraice, VRE have become a public health
problem that has been found in many other counsieh as Asia, Australia, Belgium (94),

Africa (95), Denmark, Germany, Italy, Malaysia, tNetherlands, Spain, Sweden, and the US
(96). The global dissemination of glycopeptidesstasce in enterococci was consistent with the

spread of hospital adapted clonally complexes tdrenocci species especially faecium(97).
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However, in the 1990s, many European studies umedvea significant reservoir of
glycopeptide-resistant enterococci (GRE) in nonpitat community dissemination. Therefore,
the epidemiology of VRE is complex and potentiah§luenced by multiple factors. A large
number of investigations were carried out for asisgsthe risk-factors for the acquisition of
nosocomial VRE colonization and infection as wslfar the genetics and clonality of VRE. The
overall impression of all these studies were masunipnmarized in the antibiotic policy, the usage
of certain antibiotic classes among humans and asjndissemination of epidemic strains ,
immunosuppressant, hematologic disorders and naadges, intra-abdominal or cardiothoracic
surgical procedures, catheterization or other foofisistrumentation and others. This results in
the discrepancy of the occurrence of VRE betweehwveithin continents mainly in the United
States and Europe (98).

In the United States, VRE originated from infecdoand colonization within and between
hospitals. The genotypeganA and to a lesser extemManB were prevalent. However, no
indications of input of VRE have been isolated fraron-hospitalized community so far.
Therefore this nosocomial problem can be ascrilbetheé US to both antibiotic overuse and
infection control practices in hospitals (99). Orwe tother hand, the situation differs in many
European countries. Although the prevalence of@ntbbial resistance including VRE is low in
contrast to US, but many studies reported manysdaise were isolated from a variety of sources
outside the nosocomial settings including the comigufarmers, farm animals, raw meat and
sewage (100). Mainly the use of the growth promateyparcin which confers cross-resistance
to vancomycin and teicoplanin in animal husbandgsvassociated with the presence of the
significant animal reservoirs ofanA VRE genotype. This correlation was reported byesav

studies (101,102). It was proved that people linimgarming communities in Europe have been
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found to carrywvanAVRE. Nevertheless, these reservoirs have beendmmasily reduced since
avoparcin was banned in 1996.Yet recent reportdyirtige changing in the epidemiology of
VRE in both the USA and Europe, due to the stromfications of the community dissemination
in the USA and the spread of GRE in hospitals me&uropean countries (103, 104)

Outbreaks of nosocomial VRE have been reported fostralia and Asia. However, In contrast
to the USA and EuropeanBgenotype was the predominant and was mainly regiderfsr the
resistance (105,106).

In Kuwait, a study was conducted to determine ttevgdence and the resistance of enterococci
species to vancomycin from various hospital clihgzanples. 2.6% of the isolates were resistant
to vancomycin where all of them carried tfsnA genotypél07).

A study was conducted in 2003 in Gaza Strip, Palestto determine the prevalence of
multidrug resistant in nosocomial infection.The yaence of enterococcal infection rate was
1.9% of the total nosocomial infection. Moreovel6.6%0 of the total Enterococci, was
considered as MDR. The impact of vancomycin rescgavas most prominent (108).

Another study was carried out in 2006, to deterntime occurrence of VRE in Gaza City.
Enterococci were found in 94% of the hospitalizad e 89% of non-hospitalized patients. VRE
were isolated from 69.1% and 43.8% of hospitalizé aon--hospitalized patients, respectively
(109).

The dominant factor in the dissemination of VREHe hospital Clonal spread &. faecium
These hospital adapted lineages are most oftestaasito ampicillin and ciprofloxacin, and
contain a large transferable genomic island foulince and pathogenicity factor (110,111,112).
Acquired ampicillin resistance is a major phenatypiarker and has been considered as a pre-

requisite for successful establishment and incngasites of VRE (113).
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1.6 Pulsed-field gel electrophoresis

Pulsed-field gel electrophoresis (PFGE) is a poweriolecular biology technique that is used to
determine the genetic relatedness of bacteriahtisslof the same species or serotype. This
bacterial strain discrimination method is commontpnsidered a gold standard in
epidemiological studies and has provided cruciatcgm@iveness for the epidemiological
investigations and population biology of many paes (114).

In 1983, Schwartz and Cantor were the first to descPFGE which thereafter has been
developed as a method for circumventing many litwoites of conventional electrophoresis. It
permits resolving and separation of large DNA iarage for the first time, extending the size
limit from 30-50 kb to over 10 Mb (10,000 kb) (115)

In fact, PFGE is basically the comparison of laggaomic DNA fragments of microorganisms
embedded in agarose matrix, after lysing these aoiganisms in situ and digesting the
chromosomal DNA with restriction endonucleases eres; These enzymes cleave infrequently
and yield several linear molecules of DNA, whicle @hen electrophoresed using the PFGE
typing method (116).

The PFGE apparatus differs from the conventionar@e electrophoresis in that pulsed;
periodically alternating, orthogonal electric fieldre applied and oriented across the gel matrix
in the PFGE instead of a constant unidirectionatteic field as in the conventional agarose
electrophoresis. Therefore this allows the largeADNolecules to unravel and “snake” through
the gel matrix, and hence their separation as tnpatf discrete bands in the gel. Then these
bands are analyzed and interpreted to determinie ge@etic relatedness. The reorientation

process is proportional to the size of the DNA roole; the larger the DNA molecule, the more
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the time required for the reorientation procesbeéacompleted. There are several elements that
contribute to the resolution of PFGE, such as thiéotmity of the electric fields, the duration of
the electric pulses, and the angles of the elefitlids to the gel (117,118).

The basic components of a PFGE system include ectrephoresis unit consisting of a

hexagonal gel box, a power supply, a pump and Bngpmodule as demonstrated in Figure 1.

Figure 1. The PFGE (CHEF-DR lll) System
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1.7 Aims of the study:
The rapid emergence of VRE poses a significant gimgrhealth risk. It represents a menace to
the effective treatment of infections caused bytmt#sistant gram-positive bacteria, peculiarly
those that need treatment with vancomycin whererahtibiotics have failed. Thus the era in
which safe and effective vancomycin became widelgilable has also been an era of
enterococcal ascendance.
The objectives of this study were:

» Toidentify Enterococcus spp. at species level

e To determine the minimum inhibitory concentratioMIC) of VRE isolates to

Vancomycin and Teichoplanin

* To determine the antimicrobial susceptibility of FRsolates

* To detect the genes responsible for Vancomycirstasi among Enterococcus species

e To determine the genetic relatedness between VREinst by Pulsed-Field Gel

Electrophoresis (PFGE).
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2. MATERIALS AND METHODS

2.1Collection of isolates

A total of 89 isolates of vancomycin resistant emtecci were obtained between April 2005 and
June 2010, from hospitals in East Jerusalem. Glingolates were recovered from various sites
such as wound, urine, blood and sputum. Only oeeispen was obtained for each patient. The
isolates were preserved in freezing medium comgjstf 10% glycerol in tryptic soy broth and

stored at -70°C until further analysks. faecalisSATCC 51299 was used as quality control strain.

2.2ldentification of Enterococcal Isolates

Enterococci were identified to the genus levelaoardance to their colonial morphology as they
grow as small to medium gray colonies that shovhalpr gamma hemolysis on blood agar
supplemented with 5% sheep blood. With Gram’s stamy appear agram positive pairs to

short chains cocci. They give negative catalase rezgction;hydrolyze esculin; grow on m-
enterococcus selective agar (Merck, Germany) aod gn 6.5%NaCl containing media.
Enterococcal strains were further identified to @mecies level by APl 20 Strep system

(bioMerieux,France) according to the manufacturguglelines.

2.3 Antimicrobial Susceptibility Testing
The antimicrobial susceptibility testing was penfied for all isolates according to the guidelines

of the Clinical and Laboratory Standards Instit@&Sl) (119).
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2.3.1 Antibiotic Susceptibility Testing

Susceptibility to different antimicrobial agents svaerformed using the disc diffusion method.
Bacterial suspension of 0.5 McFarland ¥I0FU/ml) was prepared and spread on Mueller-
Hinton agar plates (Oxoid, United Kingdom). Thdduling antimicrobial disks were placed on
each agar plate: Vancomycin (80), Teicoplanin (3Qg), Ampicillin (10 ug), Chloramphenicol
(30 ng), Ciprofloxacin (5ug), Erythromycin (15ug) Tetracycline (3Qug), Gentamycin (10g)
and Streptomycin (1{g). The results were read after incubation at 36t@4 hours, where the
zone of inhibition was measured and interpretedbdohg the guidelines of CLSI 2009 as
previously mentioned (119). The reference strairEofaecalisATCC 51299 was used as a

control.

2.3.2 MIC determination

The minimum inhibitory concentrations (MICs) weretermined for all isolates by microdilution
method following CLSI guidelines (120) .The MICsrealetermined for both Vancomycin and
Teicoplanin using Mueller-Hinton broth (MHB) dispsed in sterile, plastic microdilution trays.
A serial twofold dilutions range between 2 and 286l was used .All plates were incubated at
37°C for 24h. The results were interpreted accgrdinthe standards of CLSI breakpoints (120).

Reference strain d&&. faecalisATCC 51299was used as a control.

2.4 Molecular Methods
Molecular characterization of all isolates was dmédetermine their van genotypes by PCR and

subsequently by PFGE typing to investigate theedlzgess between strains.
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2.4.1 PCR amplification

2.4.1.1DNA Extraction

About 4-6 colonies of enterococcus (depending @ndilze) were removed from an overnight
culture at 37 °C and placed in a micro-tube coimgi 100ul TE buffer (10mM Tris pH 8, 1
mM EDTA) and lysozyme, 2mg/ml, (Sigma,USA).The alspension was incubated for 30min
at 37 °C, followed by adding 3QDDNAZzol reagent (Invitrogen ,USA) for cell lysig.he
suspension was mixed well by inversion for 15-30oses and was incubated for 5 min at
65°C.The cell lysate was centrifuged at 10,000Xg 1o minute. The resulting viscous
supernatant was transferred to a new clean tubld. @&solute (100%) ethanol was added to the
lysate to precipitate the DNA. The sample was mixgdnverting the tube 5-8 times, to ensure
that the DNAzol and the ethanol were mixed well &mmthed a homogenous solution. This was
kept at room temperature for 2 minutes. In thip $ke= DNA was visible as a cloudy precipitate
where it was centrifuged at 7500Xg for 5 minutese Tsupernatant was decanted and the
precipitated pellet was washed twice by addingub@d 70% ethanol, mixed well by inverting
the tubes 3-6 times, allowed to stand for 1 miratt®RT and then centrifuged at 3500Xg for 2
minutes. After the second wash, all the supernateag removed and the pellet was then

solubilized by the addition of 150 of 8 mM NaOH.

2.4.1.2Detection of vancomycin resistance genes by PCR
The presence ofanA, vanB and vanesistance genes was characterized by PCR onRall V

isolates. The Specific oligonucleotide primers useitie PCR amplification are listed in table 1.
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Table 2 The sequences of tikangene PCR primers and the annealing temperatures use

Primer  Sequence (5’-3") Gene Tm Product Source
(°C) size

Ente-AF  GGGAAAACGACAATTGC vanA 51 732 Invitroger

Ente-AR GTACAATGCGGCCGTTA

Ente-BF ACGGAATGGGAAGCCGA vantE 53 647 Invitroger

Ente-BR TGCACCCGATTTCGTTC

Ente-DF TGTGGGATGCGATATTCAA vanC 57 50C Invitroger

Ente-DR TGCAGCCAAGTATCCGGTAA

PCR was performed in 25 ul reaction mixture contgr8ul of DNA template, 12.5ul Go Taq
Green Master Mix, 2X (Promega, USA), 1.25ul forwardner, 1.25ul reverse primer and 7ul
nuclease free water.

AmplificationsforvanAandvanBwere carried out in a Thermal Cycler (C1000, tredr@ycler,
Bio-Rad) according to the following protocol: imitidenaturation step at 8¢ for 240 seconds,
followed by 35 cycles of denaturation at %2 for 30 seconds, annealing for 60 seconds at a
temperature specific for each primer pair as shimwFable 2, extension at P2 for 60 seconds
and a final extension step at %2 for 10 minutes. RegardingnD the PCR protocol was as the
following: initial denaturation at 99C for 600 seconds, followed by 35 cycles of: derston

at 94°C for 30 seconds, annealing at %8 for 60 seconds , extension at 2 for 60 seconds
and a final extension step at % for 5 minutes.

In each PCR assay, control strainsEofaeciumisolated from a clinical sampl&. faecalis
ATCC 51299 ancE. faeciumisolated from a clinical samplgere used as positive controls for
vanA, vanB and vanHowever the negative control consisted of the P@Rwithout the DNA

template which was replaced by sterile distilledexra
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2.4.1.3Analysis of DNA by Agarose Gel Electrophoresis

The PCR products were resolved by gel electropioms 1.7% (w/v) Ultra Pure agarose gels
(Invitrogen, USA) stained with 1ug/10ml ethidiumobride. This was run at a constant voltage
of 90V for 30 minutes. Electrophoresis was perfatno& horizontal gel in an electrophoresis
tank (HU6, SCIE-PLAS UK) containing 1X TAE buffer (40mM Trigeetate pH 8.0; 2 mM
EDTA). DNA samples were directly loaded into thdsgalongside with 100-bp DNA ladder
(GeneDirex, USA) as the size marker. The gels weealized on a UV transilluminator and

photographed with a Molecular Imager Gel Doc XRgmg system (BioRad).

2.4.2 Pulsed-Field Gel Electrophoresis

2.4.2.1Adjusting cell suspension

Pulsed-field gel electrophoresis (PFGE) was appitedssess the genetic relatedness of VRE
isolates. It was performed by an internal proto&witerococci were grown in 5mL Brain Heart
Infusion Broth (Oxoid, UK) for 18h. at 8Z with gentle shaking, harvested by centrifugation
and washed with 1mL TE Buffer(10 mM Tris:1 mM EDT@H 8.0) .The concentration of cell
suspensions was adjusted to an optical density9eid at 610 nm wavelength. 1.2% Pulse

Field Certified agarose (Bio-Rad) was preparedinbiffer.

2.4.2.2Casting plugs
400 wl (0.4 ml) of adjusted cell suspensions were tramstl to microcentrifuge tubes. 2Q

thawed Lysozyme stock solution (20 mg/mL) were adeeach tube, mixed gently and placed
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into a water bath at 55-60 °C for 10-20 minuteseTROul of Proteinase K (20 mg/ml stock)
(Invitrogen, USA) were added to each tube and mgealy. This was followed by the addition
of 400 uL of the melted 1.2% agarose to each cell suspensiixed well and then dispensed

into plug molds. These are allowed to solidify f&r minutes at room temperature.

2.4.2.3Lysis of cells in agarose plugs

Each Plug was incubated with gentle shaking in Sl lysis buffer (50 mM Tris: 50 mM
EDTA, pH 8.0 + 1% Sarcosyl) and 2bProteinase K (20 mg/ml) for 2 hours at 54-55°(gR
were washed two times with preheated sterile wi@pvater and four times with pre-heated

sterile TE buffer. Plugs were stored at 4 °C inbLifer until used.

2.4.2.4Restriction digestion

Restriction digestion of bacterial DNA was carrmat using 30 units obmad (Fermentas, New
England). Plugs were cut into 2.0 mm wide slicesl, @ach slice was placed in a tube containing
3ul Smd, 20 pl restriction buffers and 177¥ sterile waterto give a total of 20Qul restriction

enzyme mixture. The tubes were incubated with gesttaking at 38C for 2 hours.

2.4.2.5Running PFGE gels

1% Pulse Field Certified agarose (Bio-Rad) was ameg in 0.5X TBE (445mM Tris base,
445mM borate, 10mM EDTA, pH 8.0) buffer and equdited at 55-60°C. The restricted plug
slices were loaded on the comb of PFGE, and l#eder 5 minutes. A Lambda ladder PFGE
marker (Promega, USAyanging in size from 50kb to 1,000kb was used asokecular size

standard. Then the gel was poured and allowed lidifgadfor 30 minutes. Electrophoresis was
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performed by using CHEF-DRIII system (Bio-Rad) i5X TBE buffer. The running parameters
were 6 V/cm for 17h with pulse times ramped frofs&conds to 23seconds with a 120°angle at
14°C.The gel was stained with ethidium bromide (@0mi) stock solution for 30 minutes and
de-stain in water for 60-90 minutes. Then the ga$ whotographed using Molecular Imager Gel

Doc XR imaging system (Bio-Rad).

2.4.2.6Visual comparison of PFGE patterns
The DNA fragments’ patterns generated by PFGE werapared visually. The number of
bands was decided for each strain. The bandingrpativere determined by comparing the
molecular weight of the fragments. The strains wemesidered to be distinct if there was a

difference of more than two fragments in the patter
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3. RESULTS

3.1llsolates of VRE

A total of 89 clinical isolates of VRE were obtathdrom different hospitals of various

departments in East Jerusalem area. The specimeres awllected from patients in various
wards. The specimen were mostly obtained from w189 (44.9%) followed by wounds 30/89
(33.7%), blood 12/89(13.5%) and sputum 7/89 (7.9¥he demographics and other relevant

data are shown in Table 3.

Table 3.Patients’ demographic data

Gender Age(years)
Patients Male (%) Female (%) Range Mean Age
Adults (75) 43 32 21 -89 31
Children (14) 10 4 0.5-15 5
Total (89) 53(59.6) 36 (40.4)

3.2ldentification of Enterococcal isolates

Enterococci are gram positive cocci that appegaiins or short chains with Gram stain. They
grow as small to medium gray colonies that shovhalpr gamma hemolysis on blood agar
supplemented with 5% sheep blood. They are catalagative; hydrolyze esculin and grow in
6.5%NaCl containing media.

The isolates were identified and confirmed to thecges level by the API 20 Strep. The results
indicated that the isolates wele.faecium61/89 (68.5%) andE. faecalis28/89 (31.5%). The

enterococcus species and the site of infectioslaogn in Table 4.
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Table 4.Distribution of enterococci species according tecsmen source.

Site of Infection E. faecalis(%) E.faecium (%) Total (%)

Urine 12 28 40 (44.9)
Wound 9 21 30 (33.7)
Blood 4 8 12 (13.5)
Sputum 3 4 7 (7.9
Total 28(31.5) 61 (68.5) 89(100)

3.3 Antimicrobial Susceptibility Testing

3.3.1 Antibiotic Susceptibility Testing

The antimicrobial susceptibility testing for thetBrococcus isolates was performed by the disc
diffusion method following the guidelines of CLSlhe results are summarized in Table 5. All
isolates oft. faecalis and E. faeciumere resistant to vancomycin. Resistance to opiemin
was detected in 66 (74.2%) isolates, 19decalisand 47E. faecium Regarding ampicillin, 61

E. faeciumisolates were resistawhile all E. faecalisisolates (28) were susceptible. Resistance
to erythromycin was 100%, ciprofloxacin 100%, tey&ine 71%. And 12.3% were resistant to
Chloramphenicol.

Table 5. Antibiotic Susceptibility of Enterococcus isolates

E. faecalis n=28(%) E. faecium n=61 (%) Both n=89
Antibiotic S R S R R (%)
Vancomycin 0 (0) 28 (100) 0 (0) 61 (100) 89 (L00
Teicoplanin 4 (14.3) 24 (85.7) 14 (22.9) 47 (77) (86.2)
Ampicillin 28 (100) 0 (0) 0 (0) 61 (100) 61 (63
Chloramphenicol 22 (78.6) 6 (21.4) 56 (91.8) 52)8 11 (12.3)
Ciprofloxacin 0 (0) 28 (100) 0 (0) 61 (100) 8D0)
Erythromycin 0 (0) 28 (100) 0 (0) 61 (100) 89Q)
Tetracycline 12 (42.8) 16 (17.9) 6 (9.8 55(90.2) 71(79.8)
Gentamycin 20(71.4) 8 (28.5) 50(81.9) 11 (18) 18 (21.3)
Streptomycin 0 (0) 28 (100) 0 (0) 61 (100) 89 (100)

S: Susceptible, R: Resistant
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3.3.2 MIC determination

Minimal inhibitory concentration for the Enterocoscisolates was done for vancomycin and
teichoplanin using the microdilution method followgi the guidelines of CLSI. The results are
summarized in Table 6, and interpreted following @L.SI 2008 recommendations. The MIC for
vancomycin was considered susceptible 4tug/ml,moderately susceptible at 8 to16 ug/ml and
resistant at 32 ug/ml. For teicoplaning 8 pg/ml was susceptible, 16 ug/ml was intermediate
susceptible and 32 ug/ml was resistant.

The results obtained revealed that all the 89 isolates; both E. faecalisandE. faeciumexpressed
high-level resistance to vancomycin with MK 256 pg/mL. Regarding teichoplanin, 47
faecium and 24E. faecalisisolates showedigh-level resistance with MIE€ 64 ug/mL and >
32ug/mL respectively. However, 14 isolateskofaeciumand 4 isolates oE. faecalisshowed

low level resistance where they gave MIC < 8ug/md & 4 pg/mL respectively.

Table 6. Distribution of MIC results among enterococcusases

E. faecalis N=28(%) E. faecium N=61(%)
Antibiotics MIC S%) (%) R(% S(%) (%)  R(%)
Breakpoints
Vancomycin  S<4 0(0) 0(0) 28(100) 0 (0) 0(0) 61(100)
| =8-16
R>32
Teichoplanin  S<8 4(14.3) 0(0) 24(85.7) 14(22.9) 0(0) 47(77)
| =16
R>32

S: Susceptible, I: Intermediate, R: Resistant



36

3.4 Detection of thevan genes by PCR

Characterization of the clinical isolates with speqrimers forvanA, vanBandvan Dgenes as
shown in table 7, revealed that all VRE in thisdgtwere vancomycin-resistant due to the
presence of thganA or vanBbut the absence afanD.vanAgene was found in 69 (77.5%) of
the VRE isolates, whereaanB gene was found in 18 (20.2%). Interestingly tw@%2) of the
VRE have been found to carry both resistant gemasA and vanB. HowevervanD was not
detected in any of the isolates. Among the VREaisd,vanAwas detected in both. faecium
45/61 ancE. faecalis24/28.MoreovervanBwas alsddentified in both specie$4/61 E. faecium
and 4/28k. faecalis.

A 732 bp PCR product was obtained in the positatates fovanAand a 647 bp amplicon was

obtained fovanB(figure 2 and 3).

Table 7.Distribution of van genes among enterococcus igslat

van genes E.faecalisn=28(%) E.faeciumn=61(%) Both n=89(%)
vanA 24 45 69 (77.5)
vanB 4 14 18 (20.2)
vanA+B 0 2 2 (2.2)
vanD 0 0 0 (0)
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732 bp
500 bp

Figure 2. Agarose gel electrophoresis carriagevanAgene by enterococdiane 1: 100 bp ladder, lane
negative control, lane3 4, 5 : VRE E. faeciunisolates, lanes 7, 8: VRE faecalisisolate: ,lane 6 E. faecium.

positive contral

647bp
500bp

Figure 3. A representative PCR amplification gel of VRE cargyvanBgene.

Lane 1: 100 bp ladder; lanes 2, 3, 4: VRE E.faeciumisolates; lanes 5, 6: VRE E .faecali¢ isolates; lane 7:
E.faecalisATCC 5129%ositive contrc, lane 8: negative control

3.5Analysis of PFGE patterns of VRE

A total of 78 vancomycin resistant enterococcus E. faeciumand 26 ofE. faecali} were

subjected to PFGE. Witkmid PFGE generated 11-20 well resolvbdnds rangir in size

between 10Kbp and 1000. The strains were considered distinct if thees & difference ¢
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more than two bands in the pattern (120). All tR&E patterns of different gels were compared

visually due to the unavailability of the gel ars$ysoftware.

3.5.1 Typing of E. faecium isolates by PFGE:
The 52E. faeciumcould be divided into 31 PFGE types as shownhiet8. Type | had a cluster
of 6 strains (isolate No. 6, 31, 48, 49, 50, and B®lated from the same ward (Internal
Medicine) except for isolate No. 31which was isethfrom general intensive care and all were
vanAresistant .Type Il also had a cluster of 5 strégs®ate No. 30, 35, 59, 60, and 83) isolated
from internal medicine and hematology wards, thoéewhich obtained on the same day
(8/12/2006) and the other two on another date 32006) and allvanA except for isolate no.
83 which wasranB. While a smaller clusters of type IlI, IV, V, WII, X, Xl and XVI had 2,
4,3, 2,2, 2,3, and 2 strains respectively.
All the remaining strains (isolate No. 25, 42, 48, 47, 54, 55, 56, 61, 63, 67, 70, 71, 72, 75, 79,
81, 84, 88 and 89) isolated from patients of ddferwards over a 5 years period were found to

be of different PFGE types (table 8).



Table 8.Details of epidemiological data as well as resoitgan genotypes and PFGE of
E. faeciumisolates.

| solate Sampling Age Cat. Ward Birth Date | Age | Sex| Gene PFGE
# Date Type
50 31/12/200: adt IM 12/01/192: | 77 f A [
6 31/12/200: adt IM 12/01/194. | 63 | m A [
31 12/08/200 adu ICU 05/01/196; | 46 | m A [
48 30/08/200: adu IM 08/01/196 | 37 f A [
49 30/08/200: adu IM 28/12/197 | 33 | m A [
69 01/01/200: adu IM 01/01/194. | 63 f A [
30 12/08/200 adu IM 12/01/193. | 74 f A Il
83 12/08/200 adu HW 12/01/194. | 66 f B Il
35 12/08/200 adt HW 12/01/194' | 63 f A Il
59 31/12/200: adt IM 11/08/191: | 87 f A Il
60 31/12/200: adt IM 01/01/192' | 78 | m A Il
14 01/12/200: pec BMT 22/01/200 1 m A 1
24 01/12/200: adu IM 23/03/194 | 67 f A 1
27 12/08/200 adu IM 12/01/194: | 60 | m B v
32 12/08/200! adt ICU 21/02/1931 | 79 f A v
52 23/05/200: adu ICU 10/11/193' | 64 | m A v
53 02/05/200: pec BMT 04/06/199: 7 f B v
16 01/12/200: adu IM 11/01/1920 | 81 | m A Y
22 01/12/200: adu IM 11/09/194. | 66 | m B Y
40 05/05/201! adt ICU 24/05/195. | 5kt f B Y
12 01/12/200: pec ICU 23/12/200 | Im | m A VI
23 01/12/200: adu BMT 31/07/197 | 31 | m A VI
21 01/12/200: adu BMT 11/01/1941 | 61 f B Vil
29 12/08/200! pec BMT 08/05/200 7 m A Vil
26 01/12/200: pec BMT 21/03/200: 3 m A X
65 01/01/200: adu ICU 01/01/193 | 71 f A X
34 12/08/200! adu IM 12/01/192. | 87 | m A Xl
58 31/12/200: adt IM 10/07/192: | 82 | m A Xl
78 06/06/200: adu IM 10/11/194 | 47 f B Xl
51 31/12/200: adt IM 03/05/193. | 74 | m A XVI
86 21/04/200: adu IM 04/01/191. | 88 | m B XVI
19 01/12/200: adu IM 18/02/194. | 64 f A Vil
25 01/12/200: adu ICU 28/09/194' | 5¢ f A IX
42 05/05/201! adt M 21/12/192 | 87 f A Xl
44 21/04/200: pec Sw 29/06/200: | 6m | m A X
45 31/12/200: adt IM 21/03/192: | 82 f A XV
47 31/12/200: adt IM 12/01/192; | 83 f A XV

39



54 24/05/200: adu BMT 19/09/196: | 33 | m | A+B XVII
55 30/08/200: pec ICU 20/07/198' | 15 | m A XVIII
56 01/01/200: adu IM 28/05/198! | 21 f A XIX
63 05/05/201! adu HW 21/11/194 | 62 | m A XX
67 01/01/200: adu IM 01/01/192' | 78 | m A XXI
70 31/12/200: adu IM 12/01/193 | 74 | m A XXII
71 21/04/200: adu IM 04/01/1941 | 64 f A XXII
72 06/06/200: pec ICU 05/07/199: 4 m A XXIV
75 21/04/200: adu NW 04/01/192. | 8C f B XXV
79 21/04/200: adu ICU 04/01/1931 | 74 | m | A+B | XXVI
81 30/08/200: adu HW 08/01/193' | 69 f B XXVII
84 24/05/200: adu ICU 13/05/196: | 36 | m B XXVIII
88 01/01/200: pec SW 21/05/2001 | 9m f B XXIX
89 05/05/201! adu IM 01/01/1941 | 67 f B XXX
61 30/08/200: adu HW 02/10/195; | 52 | m A XXXI
1 01/01/200: adu ICU 01/01/195 | 56 | m A ND
4 01/01/200: adu ICU 21/08/195. | 54 | m A ND
9 01/01/200: pec BMT 24/09/198: | 18 f A ND
10 01/01/200: adu IM 02/12/196: | 44 f A ND
11 01/12/200: adu IM 11/01/192 | 78 | m A ND
13 01/12/200: adu ICU 05/08/196. | 45 | m A ND
43 31/12/200: adu IM 28/12/194 | 58 | m A ND
62 01/12/200: adu IM 20/05/194: | 62 f A ND
77 23/05/200: adu IM 04/01/1921 | 74 f B ND

40

efm: E. faecium ,adu: adult, ped: pediatric, m: male, f: fema@)] Intensive Care Unit , BMT: Bone Marrow Transyktion,
IM: Internal Medicine, SW: Surgery Ward, OP: Ortledjr Ward , PS: Plastic Surgery, NW :Neurology W&B: not done
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3.5.2 Typing of E. faecalisisolates by PFGE:
A total of 26 vancomycin resistakt faecalisisolates were also characterized by PFGE using the
same restriction enzyméifnd). Seventeen different PFGE types were obtainedhasvn in
Table 9. Type Il had a cluster of 5 isolates @elNo. 15, 17 18, 38, and 41) isolated over a
period of 4 years of various wards but all caranA resistant gene. While 2 identical strains
were obtained for the following types; type | (st No. 2 and 5), type V (isolate No. 28 and
39), type VI (isolate No. 33 and 68), type Vllidlate No. 36 and 66) and type XII (isolate No.
73 and 76). Type | obtained on the same day tlee same wards.
The remaining strains (isolate No. 7, 20, 37, 45,8, 74, 80, 82, 85 and 87) isolated during the
years 2005 up to 2010 of various wards of the hakpiere found to be unrelated. As shown in
table 9. It has been noticed tlatfaeciumandE. faecalispatterns were clearly distinguished by
the presence or absence of variety of bands (Figarel 5).

Table 9.Details of epidemiological data as well as resodtgan genotypes and PFGE of
E. faecalisisolates.

Isolate | Sampling | Age Ward Date of Age | Sex| Genel PFGE
# Date Cat. Birth Type
2 31/12/2001 | adu ICU 1/12/191: 87 f A [

5 31/12/200" | adu ICU 04/05/195 47 f A [

7 01/01/200: | adt IM 13/11/195 49 f A I
15 31/12/2001 | adu BMT 28/9/195! 46 f A 1
17 01/12/200: | adt IM 11/01/193 76 f A I
18 01/12/200: | adt IM 13/1/195 51 m A I
38 05/05/2011 | adu IM 23/9/195: 56 f A I
41 05/05/2011 | adu SW 24/10/195 53 m A 1
20 30/8/200! pec BMT 02/08/200 5 m A v
28 21/4/200! adt IM 16/9/194i 57 m A \
39 01/01/200: | adt IM 20/12/195 50 f A \
33 31/12/2001 | adu IM 12/01/194: 60 m A Vi
68 21/4/200! adt SwW 04/01/193 68 m A Vi
37 31/12/2001 | adu ICU 16/8/194! 60 m A Vil
36 05/05/2011 | adu ICU 01/01/195 59 m A Vil
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66 21/4/200:! pec ICU 05/09/198: 15 m A Vi
46 30/8/200! adu M 08/01/192 77 f A IX
57 30/8/200! pec BMT 24/11/200: 2 f A X
64 21/4/200! adu M 24/2/191° 86 m A Xl
73 06/06/200: adu ICU 04/01/192 70 m A Xl
76 06/06/200: adu SW 04/01/191 78 f A Xl
74 30/8/200! adu M 08/01/191: 89 m A Xl
80 24/5/200! adu M 05/01/196! 39 m B XV
82 06/06/200: adu BMT 02/11/197 27 f B XV
85 02/05/200: adu OF 04/01/195 42 f B XVI
87 06/06/200: adu P< 06/04/193: 60 m B XVII
3 01/01/200: pec BMT 02/12/500: 2 m A ND
8 31/12/200 adu ICU 16/1/195- 52 f A ND

efa: E. faecalis,adu: adult, ped: pediatric, m: male, f: femalelJ]Gntensive Care Unit , BMT: Bone Marrow
Transplantation, IM: Internal Medicine, SW: Surgé&iard, OP: Orthopedic Ward , PS: Plastic Surgely; Not
done

1 2 845 6 7 8 9 101112 1314""

Figure 4. PFGE patterns of VRE isolatesiffaecalisandE. faecium
Lanes 1 & 15: lambda MarkefOkb to 1,000kb. Lanes 3,4,6,8,9,11,13,E4faeciunstrains
and lanes 5,7,10,1E. faecalisstrains.
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Figure 5. PFGE patterns of VRE isolatestffaecalisandE. faecium
Lanes 1 & 15: lambda MarkesOkb to 1,000kb. Lanes 2,3,4,6,7,8,9,11, E2faeciumstrains
and lanes 5,10, 13,1E. faecalisstrains.
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4. DISCUSSION AND CONCLUSION

Although Enterococcus is part of the normal intedtflora (vhich are present in all humans in
numbers as high as ®@olony-forming units (CFUs) per gram of fecemgvertheless it is a
significant human pathogerEnterococcuspecies now rank among one of the leading causes of
nosocomial infections, and estimates have placeddst of curing the hundred thousand cases
of enterococcal infections each year in the UnBates alone at around half a billion d&lars
(121).

There are around 41 known Enterococcus speciespiiyttheE. faecalisand E. faeciumare
implicated in causing a variety of infections imans.Vancomycin has been traditionally used
as the drug of last resort in the treatment of Gpasitive bacterial infections, especially those
that are caused by enterococci.

The increasing incidences of vancomycin-resistamérecocci, especially in hospital settings;
poses a serious problem, not only in the courdeeatment to enterococcal infections, but also
because it boosts an increased risk of horizongéalegtransfer of this resistance to other
vancomycin-susceptible species (12&hich makes the recent isolation of vancomycin-resistant
Staphylococcus aurews an imperative concern in this regard (123,124).

Molecular epidemiology and surveillance studies pose a solid component of any intended
action designed to control and/or limit the spreafl antimicrobial resistance (125).
Unfortunately, the persisting and available datgarding enterococcus species resistance to
antimicrobial agents are scarce in Palestinianesdanthis alone highlights the importance of
monitoring the occurrence of different VRE entermmgs species as well as evaluating its
response to other various antibiotics in hospi#irsgs in order to identify the strain relatedness

by genetic technique.
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In the present study, of the 89 VRE isolates’ stddmajority of them were recovered from urine
(44.9%), followed by wound (33.7%) and blood (13)5%is was in concordance with other
studies that recognized VRE as the leading causd hfwound infections and bacteremia (126,
127).

E. faeciumwas the predominant enterococcus species’ iso(&@&%) followed byE. faecalis
(31.5%). Both species primarily caused urinargttiafections and pulmonary infections while
E. faeciumwas more apparent in the blood. This is in harmwitli a study from India, where
the prevalence d&. faeciumwasreported to be 80.7% (128). A study carried ot mumber of
Kuwaiti hospitals reported more than 90% prevaleat&. faecium and E. faecaliamong
enterococcus species (129). The prevalence of aauiecus in Palestine has not been yet
thoroughly studied. A study in Gaza reported a pleavwce of 1.9 % (6/309) of enterococcus
causing nosocomial infections (130).

All the isolates, botlt. faecalisand E. faeciumwere resistant to the glycopeptide vancomycin.
All vancomycin-resistant phenotypes examined by R@Ried eithevanA (77.5%) orvanB
(20.2%) or bothvanA & vanBgenes (2.2%). High incidence of VRE isolated frioaspitals in
different countries around the world was reported180% in Poland and Korea (131,132).
Coinciding with many other reports, thanAwas the most prevalent followed bgnBin this
study (133, 40).

For teicoplanin, another glycopeptides, 85.7%Eoffaecalisand 77% ofE. faeciumwere

resistant to this antibiotic.
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This result was consistewith a study of Saraiva; 1997 who reported an 87% resistancebof
faeciumto teichoplanin (134). In fact, in our study alltbe strains carriedanAgenotype were
resistant to teicoplanin, meanwhile, @lnB genotype were sensitive to teicoplanin, hencs it i
for a fact thatvanAhas an inducible resistance to both vancomycintamdplaninwhile vanB
has an inducible resistance to vancomycin butatgitoplanin (135,136).

Ampicillin is mainly used to treaE. faecalisonly causing urinary tract infections (137). Our
results conformed with that, since all isolatesEof faecalisresistant to vancomycin were
susceptible to ampicillin. However al. faecium were resistant to ampicillin. In fact,
susceptibility to ampicillin could be used to difatiateE. faecalisfrom E. faecium(138).
Chloamphenicol has been successfully used to W@atomycin resistant enterococci. In this
study, bothE. faecalisandE. faeciumwere susceptible to chloramphenicol at a rate86%
and 91.8% respectively. Susceptibility of enteratao Cholroamphenicol was thoroughly
investigated. It was reported that 80% of VEE faeciumisolated from the blood stream of
patients were responsive to chloramphenicol comfignour results (2). The use of this antibiotic
could serve as an alternative for treating infettjovhen therapeutic options are limited (139).
Regarding ciprofloxacin and erythromycin, all ouRF isolates’ E. faecalisandE. faeciun,
showed resistance to these antibiotics. But nestedl holding a cohesive comparison of our
findings with those reported in literature due tee tvarious and differentiated patterns of
resistance reported in different contexts (141,142)

In this study, the majority of the isolates, b&hfaecalisandE. faeciumwere susceptible to
gentamycin, 71.4% and 81.9 % respectively, whemeast of the enterococci were tolerant to

cell wall active agent. Penicillin or glycopeptid@®ne; often fail to cure serious infections like
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endocardities and meningitidis that require bactedial treatment which is usually attained by
the synergistic effect of cell wall active agenigpbentamycin (82).

However, as to streptomycin, all the isolates wesgstant which is similar to other studies
which reported a very high resistance to streptomyssociated with a change30S ribosomal
subunit structure (142).

The current study investigated thanAandvanBwere characterized in bokh faecalisandE.
faecium. This pattern of resistance conforms to previousliss which reported that these
determinants have been proved primaril§irfaecalisandE. faecium(143). In this study, 24/28
of the E. faecalisisolates’ tested, are categorized with #a@A phenotype, 4/28 belong to the
vanB phenotype while 45/61 and 14/61 of tke faeciumbelong to thevanA and vanB
respectively.

Interestingly 2.2% (twde. faeciumsolates’) carried botkkanAandvanBgenes. TheanD gene
was not detected in any of the VRE isolates.

In this studythe PCRvan genotypelid not show any new pattern of resistancphenotypen

all cases, which is consistent with other repdr@5j.

Epidemiologic evaluations of enterococcal infecsiovere carried out by various typing systems,
including the PFGE which ranked superior to marmeomolecular typing techniques.Therefore,
PFGE is currently considered to be the “gold stagid@r subtyping of enterococci
(144,145,146).

There was no general agreement in the literaturéhercriteria of clonality in PFGE patterns;
Tenover suggested a system to standardize theiatation of PFGE patterns and to determine
the relationship between strains (117). They sugdethat 2 or more strains should be regarded

as identical or closely related when a maximum d&faBds of different molecular weights are
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observed, Others considered a maximum of two dhifiekence to be considered as different
strains (147).

The similarity among the banding patterns produbgdPFGE was determined visually by
comparing the molecular weight of the fragments7j18anding patterns were considered
similar when they had a maximum of 2 fragmentsitiécent molecular weight.

A total of 78 vancomycin resistant enterococcuseveeibjected to PFGE.

High genetic diversity among .faeciumandE. faecaliswas demonstrated by PFGE, except for
few instances where there were small clusters roflai strains for each species ranging in
numbers between 2 to 6, a fact probably due t@bsence of an outbreak during the collection
period.

Upon typingE. faeciumfew identical genotypes were grouped by PFGRyme | had a cluster
of six strains isolated from the same ward (IntemMedicine) except for one which was isolated
from a general intensive care ward, and all weraraA resistant. Type Il d& .faeciumalso had

a cluster of 5 strains isolated from an internadinine and hematology ward, three of which
were collected on the same day (8/12/2006) andtiner two on another date (31/12/2006) and
all had van A except for one isolate which was Bami\s for typing ofE. faecalisisolates type

Il had a cluster of 5 isolates collected over aiquk of 4 years from various wards, but all
carriedvanAresistant gene.

These findings indicate the persistence of someegegf clonality at the hospital settings among
the studyisolates’ of both species. The high degree of lstedness among the remaining
isolates’ of both species is rather logical whidnrelating with the long time of isolation which

was over a gap of 5 years.
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In conclusion, Enterococci, mainB. faeciumandE. faecalis during the last decades have

developed from being considered harmless into dtleeomost important causes of hospital
acquired infections. Infection control through nel&ar epidemiology and surveillance is of
great importance in avoiding, limiting and/or dexsiag the establishment of endemicity of

multi-drug resistant enterococci.
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5.RECOMMENDATIONS

1. Hospitals should implement a plan to detect, prevlea spread and control infection and

colonization with VRE.

2. Vancomycin use in hospitals and health care cesteould be restricted as much as possible.
Overuse of vancomycin can lead to the emergend&R& and VRSA which makes infections
caused by these pathogens difficult if not impdssib treat. Therefore, hospitals must develop

plans to monitor prescribing vancomycin.

3. Hospitals should develop continuing education pog for hospital staff and patients to

spread the awareness regarding the epidemiologpahdgenicity of VRE.

4. The microbiology laboratory must be able to idgn¥/RE and conduct screening as well as
confirmatory tests as well. The physician in chaofehe patient infected with VRE must be

immediately informed.

5. Patients infected with VRE must be placed inasoh and proper aggressive measures must

be followed to treat and control the infection.

6. Hand washing must be done before and after egteriVRE patient room by hospital staff

and visitors. This will limit the spread of thisrdgerous pathogen.
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