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ABSTRACT

The aim of this study was to identify enterococoatroflora and to assess some
safety aspects (presence of antibiotic resistaraits iand virulence determinants) of
Enterococcusspecies colonizing Sardinian traditional ewe’skndlairy products.
Fiore Sardo cheese was chosen as ‘model’ to catrhs study.

Thus, 322 enterococci isolated from 21 artisangilgduced Fiore Sardo cheese
samples were genotipically characterised at spéeies by species-specific PCR and
16S rDNA sequencing, and at strain level by clusigalysis of rep-(GTG)PCR,
RAPD M13 PCR, and PFGE patterns. Five enterocogpeaties, two dominank(
faecium and E. faecali$ and three less-abundan{®. durans, E. hiraeand E.
gallinarum) were found. A high biodiversity at strain levelasv found for the
dominant species.

The incidences of resistance to 14 antibiotics plenotypically tested. The presence
of genes encoding for tetracycline and erythromyeisistance and for 8 virulence
factors was investigated. Different results wertawied especially depending on the
medium of origin (with or without antibiotics) ofalates. The incidence of antibiotic
resistance and virulence determinants genes wasihigrE. faecalisisolates.

The results presented in this work were consistattit those reported in literature for
food enterococcal isolates suggesting that theisgmce in Sardinian dairy foods does
not represent a threat to human health.
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1. INTRODUCTION

1.1 The genusEnterococcustaxonomy and main characteristics.

Enterococci are a complex, diverse, and importardug of bacteria. Their
identification has always been problematic. In plast, the species now included in
the genu€nterococcusvere classified as streptococci of faecal oriin1906, the
name Streptococcus faecalisvas used byAndrews and Hordetto identify an
organism of faecal origin that clotted milk andnfiented mannitol and lactose but not
raffinose. Orla-Jensen (1919 described a second organism of this group,
Streptococcus faeciumvhich differed from the fermentation patternsSffaecalis

A third speciesStreptococcus duranproposed bysherman and Wing (1935, 1937)
was similar toS. faeciunbut had less fermentation activity. The term ézatoccal
group’ was used for the first time Bherman(1937 19389 to describe streptococci
that grew at 10 °C and 45 °C, in broth with pH atid to 9.6 and in broth containing
6.5% NacCl, and which survived heating to 60 °C30min.

In 1970,Kalina suggested th&. faecalisS. faeciumand their subspecies be named
Enterococcusin 1984 Schleifer and Kilpper-Balprovided genetic evidence that
faecalisand S. faeciumwere sufficiently different from the other memberfsthe
genus to merit a separate genus. Since then, bdexs generally accepted that genus

Enterococcuss valid.
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The criteria for inclusion into th&nterococcuggenus are a combination of DNA-
DNA reassociation values, 16S rRNA gene sequend@P (Whole Chromosome
Paint), and conventional phenotypic tests. Numeemigrococcal isolates, especially
from an environmental source, often remain unidieatiwvhen their identification is
based on phenotypic traits alone. The problem trightaxonomy of enterococci is
generally that they are an heterogeneous groupraieositive cocci sharing many
characteristics with the gene&treptococcusnd Lactococcus But this is also the
reason why food-associated enterococci are comsldes belong to the ‘lactic’
microflora.

The number of species included in the geBaserococcudluctuates from time to
time, as individual species are moved into otherege, or new taxa are discovered.
Several new enterococcal species have been idehtdince the recognition of
Enterococcusas a separate genus as a result of improvemenidemtification
methods, combined with a growing interest in thie f these microorganisms as
opportunistic pathogens.

To date, 39 species of enterococci, nantelyaquimarinus E. asini, E. avium, E.
caccae, E. camelliae, E. canintestini, E. canis,chBsseliflavus, E. cecorum, E.
columbae, E. devrieseli, E. dispar, E. durans, Ec#dis, E. faecium, E. flavescens, E.
gallinarum, E. gilvus, E. haemoperoxidus, E. hermansis E. hirae, E. italicus
(syn.E. saccharominimyskE. malodoratus, E. moraviensis, E. mundtii, Elgra, E.
phoeniculicola, E. porcinys E. pseudoavium, E. raffinosus, E. ratti, E.
saccharolyticus, E. seriolicid&. silesiacusE. solitarius, E. sulfureys. termitis E.

thailandicusandE. villorum have been added to the gemumerococcu®n the basis
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of phylogenetic evidence strengthened by 16S rRNMABequencing and/or DNA—
DNA hybridization studieskE. sanguinicolavas proposed as sp. nov. Ggrvalhoet
al. at the end 02008 but, as yet, it has no standing in nomenclatiteéby, 2000
The majority ofEnterococcuspecies can be distinguished from other Gram-pesit
catalase-negative cocci by their ability to grownfr 10 °C to 45 °C (with an
optimum growth temperature of 35 °C), survive hggatt 60 °C for 30 min, tolerate
6.5% NaCl and 40 % bile and grow between pH 4.0 @u6d Most of them can
hydrolyse aesculin in the presence of 40% biless@heir DNA G+C content ranges
from 37 to 45 mol% $chleifer and Kilpper-Balz, 1984

Exceptions to some of these characteristics somastouocur.

Indeed E. dispat E. sulfureuskE. malodoratusandE. moraviensisdo not grow at 45
°C, andE. cecorunandE. columbaedo not grow at 10 °C whilE. avium, E. italicus
(syn saccharominimus), E. cecortandE. columbaegrow poorly or not at all in the
presence of 6.5% NaCl.

Other species of the genus. (mundtiiand E. casseliflavusare yellow-pigmented,
while E. gallinarum, E. casseliflavuand E. flavescensre motile Facklamet al,
2002 Folquié Morencet al, 2008.

Enterococcal species possess the Lancefield groamtiBen with the exception &.
cecorum, E. columbae, E. dispar, E. pseudoavium,sd&tcharolyticusand E.
sulfurous.

Enterococci do not contain cytochrome enzymes,they occasionally produce a

pseudocatalase and appear catalase-positive withaét effervescence. Almost all
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strains are homofermentative with lactic acid as #nd product of glucose
fermentation, and gas is not produced.

Enterococci exhibit, in general, low milk acidifginability, but contribute to the
ripening, texture and aroma development of fernerftods by means of their
lipolytic, esterolytic and proteolytic activitieIhey are able to metabolize citrate
producing metabolic end products such as diacatdtaldehyde, acetoin, and 2,3-
butanediol, which significantly influence the aroarad flavour of these products.

On the other hand, as a result of the degradafiaasein, enterococci can produce
undesirable bitter-tasting peptides that can leaafftflavours Franzet al 2003;De
Vuyst et al, 2003, Giraffa, 2003; Folquié Morerat al, 2006; Bhardwagt al,
2008.

Different enterococcal species can produce a haagety of bacteriocins (enterocins)
active against a wide spectrum of spoilage anddod{borne pathogen bacteria as
Propionibacterium, Pediococcus, Bacillsgp, Listeria monocytogenes., Clostridium
botulinum, Clostridium butyricum, Clostridium penfgens, Staphylococcus aureus
andVibrio cholerag(Franzet al, 2003 De Vuystet al, 2003;Giraffa, 2003 Folquié
Morenoet al, 2006; Cocoliret al. 2007, Bhardwagt al, 2008; Chohet al, 2008).
Given their commensal status, enterococci are @gsd as probiotics for humans or
farm animals franzet al, 1999; Tannok and Cook, 2Q0&iraffa, 2003; Folquié

Morenoet al, 2006; Ogier and Serro2009.
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1.2 Enterococci in dairy products

The food chain and especially dairy foods have rglebeen established as an
important source of enterococci in the human emvirent.

The Enterococcusgenus is naturally present in many traditional Kesdanean
cheeses produced in Italy, Spain, Greece, Franck Rortugal from raw or
pasteurized goats’, ewes’, water-buffalos’ or cowslk. Levels of enterococci in
different cheese curds range fronf 10 1¢ CFU g* and in the fully ripened cheeses
from 10 to 160 CFU g* (Franzet al 1999 and 2003 olquié Moreno, 20Q6Pisancet
al., 2007 Ogier and Serror, 200&omunianet al, 2009). Ordinarily, E. faecium
and E. faecalisare the most frequently encountered species. Qglssrrepresented
species ar&. durans E. hiraeandE. gallinarum(Giraffa et al, 1997 Franzet al,
1999 Suzzi et al.,, 2000 Andrighetto et al, 2001 Gelsomino et al, 200%
Sarantinopoulost al, 2001 Aarestrupet al, 2002 Giraffaet al, 2003 Cosentincet
al., 2004 Pisancet al,, 2007.

Folquié Morenoet al. (2009 reported an exemplifying list of scientific atds on
Mediterranean cheeses in which enterococci have &tedied Table 1).

In the case of Fiore Sardo PDO cheese, from whiehenterococci object of this
study were isolated, the list should be completgl the research papers bgddaet
al. (1994, Coganet al. (1997, Mannuet al (2003 and 2006 Consentinoet al.
(2009, Pisancet al. (20006, Pisancet al. (2007, Mangiaet al (2008 andComunian

et al.(20090.
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Considering the ancient traditions of these cheesesay be assumed that the local

population of Mediterranean regions have consuméet@cocci for centuries.

Table 1L European cheeses where enterococci have beeads{ud Folquié Moreno

et al, 2006.Int. J. Food Microbiol. 106. 1-24).

Origin Cheese Type of milk Reference

French Comte Cow Bouton ct al., 1998

French Roquefort Cow Devoyod, 1969

French Venaco Ewe/goat Casulta and Zennaro, 1997
Greek fammhouse cheese Ewe Gomez et al., 2000

Greek Feta Ewe Litopolou-Tzanetaki et al,, 1993
Greek Feta and Teleme Ewe Tzanetakis and Litopoulou-Tzanetaka, 1992
Greck Kefdotyri Ewe Liwpolou-Tzanetaki, 1990
Greek Ormotyri Ewe Prodromou ct al., 2001

Greek Pichtogaly Chamon Ewe/goat Papageorgou et al., 1998

Irish Cheddar Cow Gelsommo et al,, 2001

Ttalian Buffalo Mozzarella Buffalo Parente et al., 1989

Italian Fiore Sardo Sheep Ledda et al., 1994

Italin Fonfina Cow Battistotti et al,, 1977

Italian Montasio Cow Basso et al,, 1994

Italian Munte Veronese Cow Torriani et al., 1998

Italian Mozzanlla Cow Morea ct al, 1999

Italian Peconno Sardo Ewe Munnu et al., 1999; Mannu and Paba, 2002
Italian Semicotto Caprino Goat Suzzi et al, 2000

Portuguese Serra da Estrela Ewe Macedo et al., 1995
Portuguese Serra da Estrela Ewe Tavana and Malcata, 1998
Spanish Armada Goat Tomadijo et al,, 1993

Spanish Arziar Cow Centeno ct al., 1995

Spanish Cebreiro Cow Centeno et al, 199, 1999
Spanish Cebrero Cow Menéndez et al., 1998

Spanish Majomero Goat Fontecha et al., 1990

Spanish La Serena Ewe Fernandez del Pozo ct dl., 1988
Spanish Manchego Ewe Ramos et al, 1981

Spanish Roncal-ldiazabal Ewe Artzeun et al,, 1997

Spanish San Smin Cow Garcia et al., 2002

Spanish Tenerife goat cheese Goat ZLirate et al., 1997

Spanish Tetlla Cow Menéndez et al,, 2001

Contrary to other lactic acid bacteria, enterocaceinot always considered as GRAS
(Generally Recognized As Safe) and their programapgication is currently being

guestioned, though present evidence does not dugigiesococci be regarded as food
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borne pathogensOgier and Serror, 2008 Moreover, their presence in fermented
foods appears unavoidable because of their abditgurvive in hostile conditions,
resulting from their heat resistance, wide ranggrofvth temperatures, tolerance to
different pH and salt concentrations, and their ewispread existence in the
environment (water, soil, vegetables, insecBgiljel and Silliker, 1963Mundt,
1986, Folquié Morenet al.,, 2006.

Although, at present, enterococci are considered aermal existence of the food
microflora (Franzet al, 1999, they are also used as indicator organisms afafae
contamination of food and poor hygiene in productmrocesses. Actually, their
existence is not necessarily associated with wdooded animals faecal
contamination. In a study on artisanal raw milk @er cheese produced at farm-
level in Ireland,Gelsominoet al. (2001, 2002 demonstrated that cows’ faeces were
not the source of enterococci in the cheese. Time @terococcal species and clones
were isolated from family member faeces, bulk tamkaking equipment, milk and
cheese, but not from cows’ faeces.

Production of biogenic amines can be an undesirabtevity of enterococci in
fermented dairy products when enterococci are ptese high number. Food
intoxication caused by ingestion of biogenic amirdstermines a number of
symptoms of increasing complexity which include deezhe, vomiting, increase of
blood pressure and even allergic reactions of gtrortensity Giraffa, 2002

Karovacova and Kohajdova, 2Q08artuscelliet al, 2005 Bhardwajet al., 2009.
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The principal concern over presence of enterocatdoods is their pathogenic
potential based on horizontal transfer of geneddotors associated with virulence
and antibiotic resistanc&ianzet al, 1999.

Nevertheless, different authors highlighted the angnce of their contribution to
flavour development during cheese ripening andieefit due to their ability of
producing bacteriocins to preserve dairy productenf spoilage and food borne
pathogen bacteria, and positively considered th&ér as starter or probiotic adjunct
cultures Franz et al, 1999 Sarantinopouloust al,, 2003 Tannock and Cook, 2002
Giraffa, 2002 Giraffaet al, 2003 Franzet al, 2003 Folquié Moreno, 20060gier
and Serror., 2008

All things considered, enterococci play an impartasie in the manufacture of
cheeses typical of Mediterranean countries, anyl thee a major impact on this part
of the dairy production. However, there is stilhs® discussion concerning the risk

and/or their beneficial potential.

1.3 Enterococci in disease

Prior to the identification of multiple antibiotiesistant strains in the late 1970s,
enterococci were considered harmless bacteria, th@éhexception of those causing
endocarditis Kayser 2003. Currently, they are considered as emerging [h® of
humans. Harmless in healthy individuals, enteroabadinical isolates become

pathogenic mainly in patients in intensive cargsjnwith severe underlying diseases
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or impaired immune systems, or in elderly people {uystet al, 2003 Drahovska
et al, 2004 Bhardwajet al, 2008 Ogier and Serror, 2008 Furthermore, other
important risk factors for acquiring nosocomial egntoccal infections are a long
hospital stay, renal insufficiency, neutropeniangplantation (especially liver and
bone marrow transplantation), and the use of wimarvascular catheter&dyser,
2003.

In recent decades, enterococci have become of nmjoortance in community-
acquired and nosocomial infections and superirdasti such as endocarditis,
bacteremia, urinary tract, neonatal, central nesveystem, intra-abdominal and
pelvic infections Franzet al, 1999 Giraffa, 2002 Folquié Morenocet al, 2009,
even though, in some cases, such as in polymidrwitta-abdominal infections, it is
not easy to establish the role of enterococci bexdley are associated with other
pathogens.

They are the third most common cause of nosocdpieald infections in the United
States and the fourth in Europ®dier and Serror, 2008 E. faecalis clearly
predominates among enterococci isolated from humfactions (up to 80 %), while
strains ofE. faeciumare associated with the majority of the remain{gq % of
clinical isolates). Other enterococcal specieslumliog E. avium E.casseliflavusE.
durans E. gallinarum E. hirag E. malodoratusE. mundtij E. raffinosus andE.
solitarius are infrequent causes of human infectidatt(et al, 1994 Franzet al,
1999 Giraffa, 2002 Franzet al, 2003 Ogier and Serror, 2008Recent studies
indicate that the proportion &. faeciuminfections has increased, mainly owing to

an increasing number of antibiotic resist&ntfaeciumisolates Qgier and Serror,
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2008. Other enterococcal species sucteaslurans E. gallinarum E. casseliflavus,
E. mundtiior E. raffinosushave been less frequently incriminated in enteroab
infections Bhardwajet al, 2008 Ogier and Serror, 2008

The use of antibiotics to which enterococci possesgtural resistance or an only
intermediate susceptibility (for instance, precegdiantibiotic therapy for other
infectious diseases) is an important factor in mxt@ccal superinfectionkK@yser,
2003. Antiobiotic resistance of enterococci and geramdfer mechanisms, which
often involve antibiotic resistance, are discudseldw; however, antibiotic resistance
alone cannot explain the virulence of these baxteon other virulence determinants
concerning the pathogenicity of enterococci will &eo discussed beloviFranz et

al., 1999 Giraffa, 2002.

1.4 Antibiotic susceptibility

1.4.1Mechanisms of action of antibiotics

How they act differs for various antimicrobial agerfNeu, 1992 Neu and Gootz
http://gbs.utmb.edu/microbook/ch1l; Kak and Cho@Q2.

They interfere with specific processes that aremsas for growth and/or division of
the bacterial cell.

Antibiotics can act by interfering with:
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 cell wall synthesis (e.g.B-lactams as penicilins and cephalosporins,

vancomycin);

» plasma membrane integrity (e.g. polymyxins);

* nucleic acid synthesis (e.g. quinolones and rifanpi

» ribosomal function (e.g. aminoglycosides, tetraeygl chloramphenicol,
erythromycin, and clindamycin);

» folate synthesis (e.g. sulfonamides and trimetmopri

In particular, the mechanisms of action of theraigiobial agents that, in this study,

were tested against enterococci isolated from Fsanelo PDO cheese, are discussed

below.

1) Inhibitors of bacterial cell wall synthesis

B-lactams (penicillin and ampicillinnhibit polymerization and attachment of new

peptidoglycan to cell wall.

Glycopeptides (vancomycingrugs that interrupt cell wall synthesis by fongia

complex with cell wall substrates.

2) No antibiotics acting on plasma membrane integngre considered in this study
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3) Inhibitors of nucleic acid synthesis

Quinolones (Fluoroguinolones such as ciprofloxagatifloxacin and levofloxacin)

inhibit bacterial DNA replication by preventing DNAyyrase synthesis during
bacterial chromosome replication.

Rifamycin (rifampin) inhibits DNA-directed RNA polymerase and inteder

specifically with the initiation of the processtadinscription of the DNA to RNA thus
preventing translation to proteins. However, it haseffect once polymerization has

begun.

4) Inhibitors of ribosome function

Aminoglycosides (streptomycin, gentamicin, kanamyciand Tetracyclines*

(tetracycline) inhibit 30S units causing the ribosome to misrdagenetic code and
consequently preventing the elongation of the pepthain.

Lincosamides  (clindamycin*), Macrolides (erythrorm/®, Streptogramin

(quinupristin/dalfopristin) and Oxazolidinones @irolid) inhibit 50S units and thus

the protein synthesis.
*These agents may be bactericidal or bateriostdiggending on the concentration at

the site of infection and the susceptibility of trganism involved.

5) No antibiotics acting on folate synthesis were agred in this study
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1.4.2 Antibiotic resistance mechanisms of bacterial cells

Bacterial cells have developed different resistameghanisms against the action of
various antimicrobial agents Néu, 1992 Neu and Gootz
http://gbs.utmb.edu/microbook/chllak and Chow, 2002

These mechanisms may involve:

1) changes in the receptor (target) for the drugdification to insensitivity to
inhibitor, reduction in physiologic importance @frget, synthesis of new target
enzyme that duplicates function of inhibited tayget

2) decreased entry of the drug (efflux of more dtbgn enters cell, failure of
modified drug to enter cell),

3) metabolic inactivation of the drug (destructiointhe agent, modification of the
agent so it fails to bind to target),

4) failure to convert an inactive precursor agerits active form.

Bacteria can possess one or all of these mechasismudtaneously as the result of a
chromosomal change due to a DNA mutation, or tesgrice of extrachromosomal
DNA that was acquired from another bacterial cell.

In particular, the mechanisms of resistance th&reaocci can carry out against the

antimicrobial agents tested in this study are rabbelow.
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1) Resistance due to altered receptors

Differently from other bacterial groups, enterodazan withstang@-lactams (such as

penicillin and ampicillin because their penicillin binding proteins (PBRave a low

affinity for penicillins.

In the case of Glycopeptides (such as vancomydfiRE (Vancomycin Resistant

Enterococci) have acquired genetic elements engodpecial cell wall-enzymes
which change the structure of D-Ala-D-Ala chaintlsat it does not bind vancomycin
and allows normal peptydoglican polymerization ¢owr in presence of the drug.

Macrolides (as erythromicjrand Lincosamides (as clindamycmesistance is due to

methylation of two adenine nucleotides in the 23fnpgonent of 50S RNA and
results from induction of an enzyme that is norgnedpressed. The methylated RNA
has less affinity than the unmethylated one fa tippe of drugs.

Two genes formerly known asatA and satG, now renamedvatD and vatE,
respectively, encode an aminoacids sequence tliédssly related to streptogramin

acetyltransferases conferring resistance againgpt®gramin A and B (quinupristin /

dalfopristin on E. faecium

Bacteria can withstand Rifamycin (as rifampthje to an alteration of one aminoacid

in DNA-directed RNA polymerase which cause a redugieding of this drug. This
kind of resistance occurs at low level in any baatepopulation, thus resistance

develops by natural selection during a therapy.
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Fluoroguinolones (asiprofloxacin, gatifloxacin and levofloxacimesistance can be

due to a chromosomal mutation that causes an amdheabstitution in DNA gyrase
A subunit that in its turn cause a reduction indh&er membrane permeability.

Oxazolidinones (as linezolidyesistance is due to its target site modification.

Mutations identified in various species are asgediavith G to U substitution in the
peptidyl transferase center of 23S rRNA at positks¥6 and result in reduced

affinity of linezolid to the 50S subunit.

2) Resistance due to decreased entry of a drug

There are two major mechanisms_of tetracycliresistance in enterococci: a) active
efflux of the drug across the cell membrane by lsgsis of large proteins with 14
predicted transmembrane domains, and b) ribosonoéégiion by alteration of the
ribosomal conformation to prevent binding of teyirdmes. A third mechanism is the
enzymatic modification of the drug.

Resistance genes can be located on conjugativeniple®r on the chromosome. In
this study, the presence of several of tetracyalesstance genesef., tetM, tetS,
tetW) were investigated.

The tetL gene, encodes for large proteins that causetaesis by active efflux of
tetracycline out of the cytoplasm.

The tetM is the most common gene among enterococci. lisigally carried by
conjugative transposons (such as those &Ll6rand Tri545 family), like tetS and

tetwW genes, and encodes proteins that confer resestandbosomal protection.
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Enterococci possess a natural low level of restgtano _aminoglycosides

(streptomycin, gentamicin, kanamyciny modifying the compound outside the cell

and thus limiting transport of the altered drugsoss the cell membrane. The
aminoglycoside-modifying enzymes can be phosphstesases (APHs), coenzyme
A-dependent acetyltransferases (AACs), or ATP-ddpen nucleotidyltransferases

(ANTS).

3) Resistance due to destruction or inactivation dfag

The resistance tf-lactams mediated by penicillinase enzymes, is anthe best—
known mechanisms of bacterial resistance, but & erdy rarely found in enterococci
(in 1983a strain ofE. faecalisproducing &3-lactamase identical to that produced by

S. aureusvas reported biurray and Medersky-Samo)aj

1.4.30ccurrence of antibiotic resistance in enterococci

Enterococci are frequently associated with impdrtamtimicrobial resistance
markers.

As reported above, some strains are used for theufaeture of fermented foods
whereas others are the cause of serious animahamén infections, especially in
nosocomial environment in people belonging to th@PY-group (Young, Older,
Pregnant and Immunocompromised) of vulnerable aoessi as defined biossel

and Struijck(1993 andMosselet al.(1998.
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Since the 1980s, whdfnterococcudave been identified as the third or fourth most
prevalent genus among nosocomial pathogens, aeasiaig number of enterococci
isolates resistant to different classes of antibimt being reportedBertrandet al,
200Q Facklamet al,, 2002 Leclercq, 2009

Antibiotic resistance and nosocomial infection aretually reinforcing phenomena
because resistance allows enterococci to survivearhospital environment, and the
hospital provides the opportunity for disseminatafrresistant organism$-anzet
al., 1999.

Because of they exist in a wide range of envirortsmdggastrointestinal tract of
humans and other animals, soil and water, and joadd are able to survive in
different conditions, they may play a significardler in the dissemination of
antimicrobial resistance genes also in differentirenments Teuberet al, 1999
Cocconcelliet al, 2003 Salyerset al, 2004 Rizzotti et al, 2005 and 2009 Thus, it

is important to assess their potential to beastasces and to transfer them.

First of all, it is necessary to determine the mimmn inhibitory concentration (MIC)
for a large range of antibiotics. The detectiorthaf MIC above the breakpoint (BP)
levels, for one or more antimicrobials, requiregHar investigations. Indeed, when a
strain shows resistance to a specific antibiotitilevthe species normally does not, it
is considered to be an ‘acquired resistance’, witlegree of risk of transfer generally
greater than that associated with intrinsic ress#aBecquet, 2003Ammor et al.,
2007). When the majority of the strains show resistaiocan antibiotic it is likely to

be an intrinsic, non-transferable resistance.
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Enterococci can show both ‘natural’ (intrinsic) ‘acquired’ antibiotic resistance.
Furthermore, spontaneous mutations in their ‘owrNAD leading to antibiotic
resistance can also occur.

Enterococci (especiallf. faeciumy are intrinsically resistant to a broad range of
antimicrobial agents such asf-lactams, monobactams, cephalosporins,
sulphonamides, polimyxins, low levels of aminoglsides, lincosamides and
guinolones, vancomycin i&. gallinarumandE. casseliflavu$lavescenglow level),
and streptogramins i&. faecalis(Franzet al, 1999 Franzet al, 2003 Kak and
Chow, 2002 Klare et al, 2003 Kagcmaz and Aksoy, 2003-olquié Morencet al,
2006 Ogier and Serror, 2008

If, on the one hand, their intrinsic resistancesitas in themselves are of minor
concern, on the other hand, those very abilitiey imave enabled them to futher
acquire genes encoding resistance against othegsdas chloramphenicol and
erythromycin, and high-level resistance to aminogsydes, penicillins, clindamycin,
tetracycline, fluoroquinolones and vancomycin, magkthe treatment of infections
difficult (Franzet al, 1999 Mundy et al, 200Q Klareet al, 2003.

However, a combination of cell-wall-active antilist (e.g. penicillins) with
aminoglycosides (e.g. streptomycin, kanamycin anentagmicin) could act
synergistically and indeed have been used sucdgssiu the treatment of
enterococcal infections. But this is not alwaysable option. Indeed, clinical isolates
resistant to these antimicrobial agents, aloneoontined, were first detected in the

early 1970sKranzet al, 1999.
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A major concern is the emergence of vancomycinistasit enterococci (VRE).
Vancomycin is a glycopeptide considered as therkstrt antibiotic, used to treat
serious infections due to resistant Gram-positiaetdria, and given exclusively in a
clinical environment when all others fail. As refeal above, enterococci vancomycin
resistance can be intrinsiealC in E. gallinarunj, but it is more commonly acquired
(vamA, varB, varD, vark, vanG) (Ogier and Serror, 2008 VanA and VanB
phenotypes are of highest clinical importance amastnfrequently found irE.
faecalis and E. faecium Vancomycin was previously used for the treatmeht
enterococcal infections with strains exhibitingighhlevel3-lactams resistance, or in
cases ofi-lactams caused allergy. Unfortunately, many VRE&Easo highly resistant
to all standard anti-enterococcal antimicrobiabsvieg few treatment option$ianz
et al, 1999.

The transfer of antibiotic resistance genes fronter@coccal strains to other
enterococci is well documented, and among thengogigptides resistance genes
transfer is of more concern. The genes transferhamesms may involve both
conjugative and non-conjugative plasmids as welti@gugative transposonbkranz
et al, 1999.

A number of studies have attempted to compare ébistance spectra of different
enterococci according to their human, animal ordfawigins. Antibiotic resistant
enterococci are isolated from foods. However, tasie to the clinically relevant
antibiotics such as ampicillin, penicillin, gentacity and vancomycin occurs in very
few food isolatesKranzet al, 2001 Lopeset al, 2003 Mannuet al, 2003 Peterset
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al., 2003 Cosentinoet al., 2004 Canzek Majheri et al, 2005 Lopeset al, 2005
Folquié Morenoet al, 2006 Ogier and Serror, 2008 Concerning the other
antimicrobial compounds, the occurrence of antibicsistance among dairy isolates
seems to vary somewhat between studies, and is sfitain- and region dependent
(Ogier and Serror, 2008

Generally, chloramphenicol, tetracycline and ermythycin resistances are a major
concern for enterococci colonising dairy produdd, (45 and 32% of resistance,
respectively) Qgier and Serror, 2008

Tetracycline resistance is one of the most frequeatquired resistances among
enterococci of food originReterset al, 2003 and theetM is the most common gene
that confers them resistance by encoding proteimst talter the ribosomes
conformation to prevent binding of Tetracycliné&ak and Chow, 2002Agersget
al., 2008. Other genes, also detected among environmergtdrinary and clinical
isolates, ardetK and tetl (which encode proteins that cause resistance dbiyea
efflux), tetO, tetS andtetW (as tetM by ribosomal protection)tety (unknown
mechanism)Kak and Chow, 2002Geverset al, 2003 Macoveiet al, 200§. Often
Teftisolates show co-resistance to erythromycin anctiwramphenicol. Therefore,
it was supposed that these genes could be assbeidte transposons (mainly of
Tn916 and Tri545family) carrying multiple antibiotic resistancengs Huyset al,
2004, and Tet isolates may provide a suitable molecular basistiie further
selection of multiple resistances. It is notewortthat successful transfer of
resistances to clinical enterococcal strains isi@antly higher than to isolates from

food (Klein, 2003.
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The most frequent acquired erythromycin resistamezhanism in enterococci is
mediated by genes (usualgrmB and rarelyermA and ermC) encoding an erm
methylase that modifies the 23S rRNA. A revised eoatature designates tkerB
gene to include enterococcal resistance genesoogyi known asermAM and
ermAMR (Jenseret al, 1999 Robertset al, 1999 Teuberet al, 1999 Kak and
Chow, 2002 Poeteet al, 2005 Stovciket al, 2008§.

Other erythromycin resistance genes arentiedd andmstA. The first gene encodes
an efflux protein that pumps macrolides out of¢b#®, and it appears to be harboured
on a conjugative element and mediates a low lefergthromycin resistance. The
msiK(A) gene confers resistance to both Macrolides @mmdptogramin B antibiotics
via an ATP-binding transporter protein and has bedactled inE. faeciumclinical
isolates Kak and Chow, 2002

However, compared to antibiotic resistance in pgéimac bacteria, relatively few
studies have investigated acquired antibiotic tasce in non-pathogenic bacteria, so
few reliable data are available to develop a gtetinte risk assessment. Commensal
bacteria as enterococci may act as a reservoarfobiotic resistance genes found in
human pathogens, and the main threat is that ¢haytransfer resistance genes to
more pathogenic species (&aphylococcus aureusnd Listeria monocytogengs
Transfer fromE. faecalisto S. aureusin a cutaneous mouse modalople et al,
1992 and in vitro transfer taisteria spp. has been reportdgigvascoet al, 1999.
Enterococci can reach humans mainly via the foainctbut once established in a
human population, they can be spread in variouswéays important to consider that

bacteria isolated from a human source may not sadés have originated directly
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from animals shedding them or from contaminateddfaaimal productsGevers,
2002. Several studies proved the transfer of plasrbelsveen human and animal
bacteria, but in most cases it is impossible todrm which direction the transfers
have taken place. It is definitely unquestionahbg the risk of acquisition of resistant
bacteria from animals is higher for humans who $taglose contact to animals or
animal products, such as farmers, abattoir workes most of all for veterinarians
who work in an environment where a high selectivesgure in favour of antibiotic
resistant bacteria, resulting from the use of aictiobials, is common.

Therefore, more studies aimed at carefully momupthe spread of resistant strains
in the environment and in foods should be carried im order to avoid the
opportunity of transferring resistance genes fromtemcocci to pathogens

responsible of serious infections.

1.5 Use of antibiotics in animal husbandry

There are three different applications for antimial use in animals: 1) therapy, 2)

prophylaxis and 3) growth promotion.

1.5.1Therapy
Therapeutic use of antimicrobial agents is intenttedontrol an existing bacterial
infection. Antimicrobial agents are usually used toeatment of subclinical or

clinical mastitis during lactation, enteric and qmohary infections, skin and organ
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abscesses. Individual animal treatment is commpetformed in dairy cows, calves
and swine whereas, for food-producing animals whach kept in larger groups,
group treatment is preferably performed. Moreoweterinary intervention in such
large animal groups often occurs when the firsimahishows symptoms of the
disease, because it is thought that it is econdlyinare advantageous to medicate
the entire animal group at an early stage to redbheenumber of sick or dead
animals. With such treatment regimes, the antinbieéle are commonly administered
as feed additives or via drinking wateiGdvers, 2002 Samanidou and
Evaggelopoulou, 2008 The antimicrobial agents that currently are usedreat or
prevent bacterial infections in animals are esaintihe same classes of compounds

that are used in human medicine.

1.5.2Prophylaxis

Prophylaxis is a solely preventive measure. Itdiegion can be to both individual
animals and to groups of animals. For instance, pgtagphylactic intramammary
administration of antimicrobials at therapeuticdisvat the end of the lactation period
is used to prevent mastitis. However, prophylaaticnals’ treatment is criticized for

providing the basis of selection of resistarnGe\(ers, 2002

1.5.3Growth promotion
Shortly after the introduction of the therapeutiseuof antibiotics, the growth-
promoting effect of these products on farm animalas discovered. Several

antibiotics have been used as growth promoterthdwddition of small quantities of
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antibiotics to the diet, during the animals’ edig, for at least five decade&évers,
2002 Dibner and Richards, 20p&astanon, 20Q07Samanidou and Evaggelopoulou,
2008. The mechanisms of growth promotion are still fdty elucidated. Four
hypotheses have been proposed to explain theoradti) nutrients may be protected
against bacterial destruction; (2) nutrients mayrtoee effectively absorbed, because
of a thinning of the small intestinal barrier daethe absence of Gl microflora; (3)
production of toxins by intestinal bacteria may tegluced and (4) subclinical
intestinal infections may be reducedBufaye et al, 2003 Samanidou and
Evaggelopoulou, 2008 However, different classes of antibiotic and temal
species involved may imply different mechanisni@bfer and Richards, 2005
Samanidou and Evaggelopoulou, 2)0Bhe use of antibiotics as growth promoters
has become widespread, in the beginning even witlamy restrictions. The
widespread use of antibiotics as growth promoteas first criticized in UK by the
end of the 1960s, which resulted in the ‘Swann RépSwann, 196Q Although the
economic benefits of using antibiotics, whether therapeutic, prophylactic or
growth promoting purposes were clearly highlightedjch concern was expressed
about the possible induction of antibiotic resismm@mmong bacteria of human and
animal origin and the subsequent loss of effecgenin the treatment of human
bacterial diseasé5evers, 2002Butayeet al, 2003 Samanidou and Evaggelopoulou,
2008) However, in the end the Swann Committee on tleeafi@ntibiotics in animal
husbandry and veterinary medicine, under presstom fthe Farming Industry,
accepted that in the UK the use of antibiotics goowth promotion should be

restricted to antibiotics which make a significanbnomic difference in the raising of
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livestock, have little or no application as thenatpeagents in humans or animals, and
do not impair the efficacy of a prescribed therajgedrug through the development
of resistant strains. The Swann report also forrttedl basis forEuropeanwide
legislation inDirective 70/5241970, in which a list of allowable additives with thei
maximum and minimum dosages, withdrawal period frelaughter and animal
species in which the product may be used was pddigsevers, 2002Butayeet al,
2003 Dibner and Richards, 20p&astanon, 20Q7Samanidou and Evaggelopoulou,
2008. Worldwide differences in the use and regulationgmtibiotics are large. The
first nation to eliminate the use of antimicrobids growth promotion was Sweden
in 1986. Avoparcin was banned both in Denmark andMdy in 1995 in response to
concerns that its use contributed to the creatibnaom animal reservoir of
glycopeptides-resistant enterococci. In the sana,yine Norwegian animal feed
industry voluntarily terminated all use of AGPs (Al Growth Promoters). Shortly
after, also the Danish animal feed industry voldhtadiscontinued the use of all
AGPs and, during the period 1998-1999, the AGP< weadually phased out in
Denmark Samanidou and Evaggelopoulou, 2p0Bhe EC legislation was amended
on several occasions, and since 1997 several attbihave been forbidden. Then,
from 2001 there were only four AGPs permitted ie #U: avilamycin, monensin
(for cattle), flavophospholipol (flavomycin) andlisamycin. However, by January
1% 2006 EU had banned the use of all antibioticgrasvth promoters. After this
date, antimicrobials should only be allowed in f@sdcoccidiostatdJastanon, 20Q7
Samanidou and Evaggelopoulou, 2D08Ithough by 2006 the use of antimicrobial

agents for growth promotion was no longer approvethe EU, their inappropriate
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use for food animals continues in North America Andtralia. In contrast to EU, the
United States of America allows 19 different amgtlis to be used for growth
promotion including some, e.g. penicillin and stogpycin, that are used for treating

people in the USA.

1.6 Virulence factors

Enterococci have been associated with high moytedies (12-68 %) in patients with
bacteremia, but they are often part of a polymitrdimcteremia, thus making it
difficult to determine their independent contrilautito morbidity and mortality of the
patients Oprea and Zervos, 2007
In order to cause infection, enterococci must:

a) colonize the host tissue,

b) resiste host specific and unspecific defense mesiman

c) produce pathological changes.
They do this expressing virulence traits associat@ti adhesion to host tissue,
translocation, invasion and abscess formation, matidn of host inflammatory
responses, secretion of toxic products, and evasi@mmune responsegdttet al,
1994 Franzet al, 1999 Eaton and Gasson, 2001
Virulence ofEnterococcuspp. may be linked to particular species, eithefaecalis
and, to a lesser exte, faeciumbeing the most relevant members of this genus with

regard to clinical aspect&&ton and Gasson, 2Q(Hranzet al, 2001 Giraffa, 2002
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Kayser, 20030gier and Serror, 20081allgrenet al, 2009. Occasionally infections
are due tcE. gallinarium E. raffinosusE. casseliflavusk. avium E. pseudoavium
E. malodoratusE. mundtij E. durans E. hirae or E. solitarius Additional species
such askE. cecorum, E. columbae, E. saccharolyticus, EpatisE. sulfureus, E.
seriolicida, andE. flavescensiave been proposed as additions to this Nktndy et
al., 2000).

Numerous reports are present in literature on fkgilbution of E. faecalisandE.
faeciumvirulence traits among isolates from different re@s (including clinical,
commensal, environmental and food isolates) shovaimgncidence varying a lot
between studiesHuyckeet al, 1995 Eaton and Gasson, 2Q0Eranzet al, 2003
Gilmore et al, 2002 Dupréet al, 2003; Manntet al, 2003; Semedet al, 2003
Cretiet al, 2004 Drahovskéet al, 2004 Lepageet al, 2006 Abriouel et al, 2008
Cariolatoet al, 2008 Gomeset al, 2008 McGowan-Spiceet al., 2008 Pangalloet
al., 2008 Valenzueleet al, 2008and2009.

The detection of virulence genes may point to aleirce potential in food strains,
but foodborne enterococcal infections have nevembeported. Furthermore, the
presence of virulence genes does not mean thatafgefunctional, as, for instance,
various enterococcal isolates carryigglE failed to produce gelatinaségton and
Gasson, 20Q1Lepageet al, 2006 Ogier and Serror, 2008Thus, it is likely that
expression of virulence factors may vary accordiogthe ecological niche, and
virulence potential may increase in special casekhsas elderly and

immunocompromised patients.
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Generally, clinical enterococci contain more vinde determinants than do
enterococci recovered from food, but the latteheatthan being a direct cause of
infection, may contribute to spread virulence geredeed, enterococci are known
for their ability to exchange genetic informatioy ¢onjugation, and these processes
take commonly place in the gastrointestinal tritany enterococcal virulence traits,
such as haemolysin-cytolysin production, the adimesbility and the antibiotic
resistance, have been shown to be transmissibigeg transfer mechanisms. Often,
the same plasmid may encode a sex pheromone res@omt either antibiotic
resistance or haemolysin production gertearfzet al, 2001 Giraffa, 2002.

Thus, monitoring virulence traits presence in fagaates is necessary because of the
potential for their dissemination to the consumer.

There is not one sole factor responsible for vitaée About a dozen putative
virulence factors have been identified in enterocof different sourcesHaton and
Gasson, 20QIMundy et al, 200Q Gilmoreet al, 2002 Giraffa, 2002 Semedcet al,
2003 Foulquié Morencet al, 2006 Ogier and Serror, 2008The best described
virulence traits are adherence factors on the @mel,hand certain secreted products
on the otherkayser, 2008

In the present work, the presence of eight genesviulence factors (AS,
aggregation substance; Esp, extracellular surfemteip; Ace, accessory colonization
factor; EfaAfs and EfaAfnE. faecalisantigen A; CyA, activation of Cytolysin;
GelE, gelatinase; cpd, pheromone determinant) amonge Bardo cheese Etrand
Tef? E. faeciumandE. faecaliswere investigated. Thus, these traits will be flyrie

described below.
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1.6.1Enterococcal adhesins

The aggregation substance (AS) is a surface-lamhliprotein encoded by
pheromone-responsive, self-transmissible plasmi@s$ mediate binding of donor
bacterial cells with plasmid-free recipients, aliogy efficient conjugal transfer in a
liquid environment Jettet al, 1994 Franzet al, 1999 Gilmoreet al, 2002 Folquié
Moreno et al, 2006 Bhardwajet al, 200§. The enhancement of enterococcal
virulence by aggregation substance appears to oetumultiple levels. The
aggregation protein is involved in cell aggregatiadherence to eukaryotic cells, and
conjugation. It is capable of promoting adherenteerderococci to epithelial cell
surface, a necessary first step in colonization, @hpromoting internalization and
survival within intestinal macrophages and PMNsttiermore, it has a role in the
dissemination of plasmid-encoded virulence factwach as the enterococcal
cytolisin (see below) and antibiotic resistanceedatnants, within the species.
Finally, aggregation substance and cytolysin maly ssmergistically to enhance
virulence by facilitating achievement of a quorund activating the quorum-sensing
mode of Cytolysin regulation, resulting in tisswehge and potentially deeper tissue
invasion franzet al, 1999 Mundy et al, 200Q Gilmore et al, 2002; Folquié
Morenoet al, 200§. Up to now, AS was exclusively found E faecalisstrains,
with a high incidence also among food isolatest¢n and Gasson, 2Q(Hranzet al,

200Z% Folquié Morencet al., 20089.
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In addition to aggregation substance, enterocoqoiess a large-molecular weight,
cell-surface-localized protein termed Esp, a chreoneally encoded ‘enterococcal
surface protein’. Esp was originally foundin faecalisand its incidence was shown
to be higher among clinical strains than in isdattem healthy individuals. This
protein is able to promote the colonisation andig&nce in animal tissueSHankar
et al, 20031 Franz et al, 2003. The presence of Esp also increases cell
hydrophobicity, adherence to abiotic surfaces (aglplastic material), and biofilm
formation in vitro Hallgren et al, 2009. Indeed, Esp exhibits characteristics of
surface protein receptors designated ‘Microbialf&a Components Recognising
Adhesive Matrix Molecules’ (MSCRAMMSs) that mediakending to extracellular
matrix proteins Toledo-Aranaet al, 200). The ability to form biofilms increases
antibiotic resistance and is important in infecianvolving catheters and in the dairy
industry where enterococci adhere to stainless atekmay contaminate equipment
(Gelsomincet al, 2002 Waaret al, 2003. On the basis of the proximity eEpgene

to the Cytolysin operon and its role in generatimgroenvironments where a quorum
of bacteria would accumulate (biofilms), it can bhgpothesized that Esp may
function synergistically with the Cytolysin in a nreer analogous to the previously
stated synergy between aggregation substance aoty€iy (Gilmoreet al., 2003.
Genes enconding for AS, Esp protein and Cytolizsive been shown to be part of a
pathogenicity island (PAl) ic. faecalisandE. faecium( Eaton and Gasson, 2002;
Gilmore et al, 2002; Shankaet al, 2002 Leaviset al, 2004; Shankaet al, 2006

Ogier and Serror, 2008
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Ace (adhesin to collagen froMa. faecali§ is another enterococcal adhesin that is
similar to MSCRAMMSs of other Gram-positive bactenmarticularly to the collagen-
binding protein Cna ofs. aureus(a collagen adhesin shown to be important for
endocarditis caused by this specieRjch et al, 1999. Ace not only binds to
collagen (types | and IV) but also to laminin anirihogen Rich et al, 1999;
Nallapareddyet al, 2000a, b Nallapareddyet al (2000 showed that Ace was
expressed by enterococci during human infectiomsl i@ is often associated to
adherence of bacteria involved in endocarditis e tollagen-rich heart valves
(Nallapareddyet al, 2008 Gilmore et al, 200Q. There is diversity inace gene
sequence among differel. faecalisisolates coming from various geographical
regions as well as from various clinical sourcesng@ feces, and blood, including
endocartis) Nallapareddyet al, 2000). A considerably variability irE. faecalis
adherence characteristics has been observed, nhikgppreciable adherence was
detected with E. faecium strains till recently Gilmore et al, 2003 when
Nallapareddyet al. (2009 demonstrated that Acm (an homolgue of Cna like)Ac
previously found inE. faecium (Nallapareddyet al, 2003 contributes to the

pathogenesis of this species.

A gene encoding an ~37-kDa dominant antigerEofaecalis(named EfaA forE.
faecalisendocarditis antigen A) was previously identifedUmyve et al, 1995using
serum from a patient witk. faecalisendocarditis. The translated protein sequence

was found to show homology to members of a protamily, designated Lral
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(Jenkinson, 1994that has since then been identified in a numlbestreptococcal
species $inghet al, 1999.

EfaAfs and EfaAfm are the cell adhesins expresseskerum byE. faecalisandE.
faeciumrespectively. These virulence determinants amangonly found in both
species, but differing degrees of homology amafigA genes in the different
enterococcal species were demonstratedEatpn and Gasso(200]). The efaAfm
gene identified inE. faeciumDNA libraries and its deduced amino acid sequence
showed 73% similarity to EfaA oE. faecalis (Singh et al, 1998, and PCR
amplification products with primers designed &aA antigen gene fronk. faecalis
can be obtained for sonke faeciumstrains. Until recently, only thefaAfsgene has
been shown to influence pathogenicity in animal el®dEaton and Gasson, 2001
Pimentelet al, 20079 and has been the most investigated also ankonigecium

isolates Dupréet al, 2003 Mannuet al., 2003 Billstrom et al., 2008.

1.6.2Secreted factors

The Cytolysin is a haemolytic protein toxin whogeemmn is mostly carried on a
plasmid or is occasionally integrated into the baat chromosomeMundy et al,
200Q Gilmoreet al, 2002 Kayser, 2003 It occurs in some strains Bf faecalisand

is distantly related to streptolysin S and alscatalass of bacteriocins known as
lantibiotics Mundy et al,, 200Q Gilmore et al, 2003. The Cytolysin causes rupture
of a variety of target membranes, including baatesells (bacteriocin), erythrocytes,
and other eukaryotic cells. The production of cygol has also been shown to

significantly worsen the severity of endocarditisdaendophthalmitis in animal
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models as well as to contribute to the severityentierococcal disease in humans
(Vankerckhovenet al, 2004. Cytolysin genes are carried on a plasmid or are
integrated into the bacterial chromosome. The @gtol operon is a complex
determinant encoding five genetic markesglL, cylS, cylM, cyIB andcylA (Jettet

al., 1999. The first two genes encode for two precursontgns that require the
CyIM protein to be transformed to a secretable fo@gwlB helps the secretion of
CylL and CylS proteins. These two proteins remaiactive until the enzyme
encoded by the gengylA removes six aminoacids from each amino terminns.
several infection models, Cytolysin has been fotmdcontribute to toxicity and

lethality (Kayser, 2008

Gelatinase is an extracellular zinc-endopeptidase, of the two secreted proteases
(the other is serine) described tor faecalis(Gilmore et al, 2003. GelE is able to
hydrolyse gelatine, collagen, casein, haemogldaoid, other small biologically active
peptides Jettet al., 1994). Although bacterial proteases mainly function tovule
peptide nutrients to organisms, they may also cdaseage to host tissues and thus

constitute virulence factors:

1) causing indirect degradation of host connedissies;

2) deregulating critical host processes to fadditaicrobial invasion and survival in
host environments;

3) deregulating key components of the host immuystesn by degrading either

immnoglobulins or complement pathways;
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4) degrading specific host proteins resulting indorction of toxins;

5) activating viruses either directly or indirectly

6) mediating direct degradation of host connediisgues or tissue proteins;

or in some other manner acting directly as virugefector in animal experiments

(Gilmoreet al. 2002.

The presence of Gelatinase production among Ed@ecalisstrains is highKaton
and Gasson, 2001; Fraeral, 200), andSuet al.in 1991 reported the sequence of
the protease gengelE. However, even whegelE gene is present, a negative

phenotype can be showldgton and Gasson, 2001

1.6.3Sex pheromones

Some enterococci possess a plasmid collection mexhawhich is based on
production of chromosomally encoded ‘sex pheromofgsd, cob, ccf, cad). Sex
pheromones are small linear peptides, 7 to 8 amkids in length, secreted by
enterococci that promote conjugative transfer agplid DNA between strains. These
peptides are referred to as pheromones becauselibiéya specific mating response
from plasmid carrying donor cells. Typically, mple pheromones are secreted
simultaneously by a given strain. In addition toemmones, each pheromone-
responsive plasmid encodes a secreted peptidadteaas a competitive inhibitor of
its corresponding pheromonée(tet al, 1994. When pheromones bind to receptors
on the cell surface of strains that contain plasBiA, this signal is transduced and

leads to induction of the aggregation substance) (§&he. When this gene is
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expressed, AS mediates the formation of cell clumpbinding to a complementary
receptor termed binding substance, that allowshilgély efficient transfer of the
pheromone plasmid on which the AS gene is enco@é&vell, 1993 Dunnyet al,
1995 . The pheromones, however, not only have a rokeainsfer of plasmid DNA,
but also serve as chemo-attractive substances uorah neutrophils and induce

inflammation and superoxide productia@i¢well et al, 2002 Bhardwajet al, 2008.

1.7 Fiore Sardo PDO cheese

Fiore Sardo cheese was chosen as ‘model’ to carrythis study on enterococcal
microflora of Sardinian ovine cheeses becausestsupposed that it is the maximum
expression of the microbial biodiversity of dairyogucts typical of the Sardinia
island. As a matter of fact, it has a tight linkiwits area of production (including all
the island) strengthened also by its ancient fi@dit production technologysgintu
and Piredda, 20Q7which confers on it specific microbiological, chieal and
sensory characteristics.

Fiore Sardo is a Protected Designation of Origin@ (Commission Regulation EC
N. 1263/96 hard cheese still produced by households in anes of Sardinia from
ewes raw milk, using lamb rennet paste, and uswallyout any addition of starter
culture. Therefore, the fermentation and ripeningcpsses of this naturally souring
product are entirely performed by the indigenousraiiora present in the milk and

coming from the environment during milking and cteenanufacture.
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The adaptation of the structure of dairy plantsumegl for the hygienic norms
prescribed by the EU, the need to approach a wideket other than local, the use of
milking machines, and the automation of some pa&ssay the transformation
technology could reduce the useful microflora camifrom environmental
contaminations. Nevertheless, the product spetificaf Fiore Sardo cheese allows
the employment of natural and native starter cailwhenever it is necessary to
guarantee the correct acidification of the curd @amdnhibit the development of
undesirable bacteria.

For this reason, in the last few years some sradlirtological innovations have been
introduced to the traditional cheese-making of &iSardo chees€¢munianet al.,
2009D).

The traditional method requires the use of equignti&e tinned copper vats and
wood tools, and breaking the curd up and forminghid moulds are completely
manual operations. The use of a mini steel polytatheese vat, the automation of
all cheese-making operations, and the addition o&taral whey starter culture are
the technological innovations introduced in cheeseduction, staying however
inside the PDO Regulations.

Various studies have been carried out in the pastharacterize the microbial
composition of the main Sardinian cheeses prodwa#d ewes and goats milk to
understand more about how they are made, theirotmmiogical and chemical
characteristics, and to improve their quality, esge/ of Fiore Sardo cheese
(Bottazziet al, 1978 Pettinauet al, 1978 Leddaet al, 1994 Pireddaet al, 1996

Mannuet al, 2000 Mannuet al, 2006 Pisanoet al, 2006and 2007; Pirisiet al,

Roberta Comunian ldentification and safety assessment of enterocgotated from a Sardinian ewe'’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ceiggmimale —
Universita degli studi di Sassari



41

2007 Mangia et al, 200§. Such studies showed that lactococci, facultative
heterofermentative lactobacilli (FHL), always asated with enterococci, are the
main microbial groups colonizing this cheese. Oicredly, Streptococcus
thermophilusvas also isolated?{sancet al, 200§. Recently, a study was carried out
(Comunianet al, 2009 to determine if there are meaningful differencdsyarious
times of ripening, in the microbial compositionween cheeses produced at the same
farm by traditional and innovative methods, usinghemrtened, reliable, sensitive,
matrix-independent PCR-Culture-Technique (PCR-Clhe search plan findings
confirmed that the introduction of small technotidiinnovations, in particular the
addition of a natural whey starter culture, the abéools that make the phases of
curd cutting and shaping easier, does not changehhracteristics of Fiore Sardo
PDO cheese from a microbiological point of viem fact, the high variability in the
microbial counts found for all the species invesgl among the experimental
productions cannot be explained by the changes madée manufacturing
technology, as the same variability was foundadlitronally made cheeses. Indeed, it
would appear that microbial contamination depemusaccidental factors occurring
during milking and manufacturing and are linkedtih@ environmental variations
throughout the production season, such as tempesattype of feeding, lactation
stage of the flock, number of milking animaBaronet al, 200J). This is what we
would expect from a situation in which traditiomahnufacture is strongly linked to
the seasonality of the milk production.

On the other hand, the applied innovations do redbe workload and production

time, which allow an increase in production withdasing the microbiological,
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chemical Addis et al, 2009 and sensoryAddis et al, 2009 characteristics peculiar
to this cheese.

So far, few studies have been carried out concgrtie presence of antibiotic
resistant strains in Fiore Sardo che@gennuet al,, in 2003,andCosentincet al, in
2004, investigated the problem of the incidence of wnde determinants and
antibiotic resistance among enterococci colonitimg cheese.

Mannuet al. (2003 compared dairfe. faeciumwith strains of animal and clinical
origin regarding these aspects in order to exclingepresence of such pathogenic
traits inE. faeciumwhich are part of the dominant microbiota of esvalilk cheeses.
When one considers that the high levels of entewida milk, particularly in ewe’s
milk, are probably due also to faecal contaminativom the animal, then
investigatinge. faeciumfrom ovine faeces is also important.

The results of this study clearly indicate tlatfaeciumstrains isolated from both
cheese and sheep faeces are less pathogenic tisansblated from clinical samples.
A similar pattern of resistance to antibiotics vadosserved in both dairy and animal
strains. It was also found that there was diffeeemic the kind of virulence
determinants present in dairy and clinical isolatgkile no virulence traits were
found in sheep faeces strains. The results ofsthidy suggested thkt faeciunmfrom
traditional Sardinian raw milk cheeses should retbnsidered to be the a source of
untreatable nosocomial enterococcal infectionumdns in the island of Sardinia.
Cosentinecet al, (2004 genetically and technologically characterizededént dairy
enterococcal speciek.(faecium, E. durans, E. faecalié\s regards their safety and

health features, gelatinase activity was obsemdd/o strains ok. faecalisand one
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strain ofE. durans [3-haemolysis on horses’ blood was never detectehynof the
strains, independently of species. Most strainglyeced tyramine from tyrosine but
none decarboxylated lysine, histidine or ornithi@verall, a wide spectrum of
resistance was observed. Almost all strains wesestent to the aminoglycosides,
gentamycin, kanamycin, streptomycin, neomycin, anthe semisynthetic penicillin,
oxacillin, but resistance to vancomycin was notesjgfead among the strains: only
oneE. faeciumand oneE. duransstrain were found to be vancomycin resistant. The
results showed a low incidence of some potentipyhogenic traits of health
concern.

A recent study orbLactobacillus paracasejone of the FHL species constituting the
dominant microflora of Fiore Sardo), isolated fréiore Sardo PDO cheese and from
some typical and PDO Italian dairy and meat pragl(ict. Water Buffalo Mozzarella
PDO cheese, Gorgonzola PDO cheese, Pannerone claees&alame Piacentino
PDO), highlighted that the susceptibility to teyrdae and erythromycin and the
presence of resistance genes against these drugse iphenotypically resistant
isolates could be related to the isolation envirentm(e.g. geographical area, and
dairy farm) Comunianet al 20093. Indeed, the majority of theb. paracasei
strains susceptible to these two antibiotics ogtgd from Fiore Sardo, a cheese
produced where no systematic use of antibiotioagrawth promoters was carried out
over the years in animal husbandry. Conversely, Higlest number of resistant
strains was observed in dairy and meat productslused in areas where more

intensive animal husbandry practices have beerneappl
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These outcomes are very important as traditional daods, such as Fiore Sardo
PDO cheese, are a significant element of Sardimaltural heritage and their

production and sale are critical economic contobsito the region.

Increasing the possibilities for these productsulgh improved competitiveness is a
key part of sustainable rural development and canribute to increase economic
growth and social welfare. Therefore, modernisatioh some aspects of the

traditional cheese making, while ensuring that plheduct remains of the highest
quality, is required.

The results obtained in the present research veatknded to almost the fifty percent
of the dairy farms producing Fiore Sardo PDO cheeseld constitute an important

resource to improve and defend this product thaticoes to be a source of pride and
identity for those who engage in this traditionadlyd culturally, as well as socially,

important activity.

1.8 Aims of this study

The main objectives of this study were to identdy,both species and strain level,
enterococcal microflora and to assess some safggcts (presence of antibiotic
resistance traits and virulence determinant&rdgérococcuspecies colonizing Fiore
Sardo PDO cheese, since tlgsnusis present, sometimes in high numbers, at

different stages of ripening of various ewes’ nulieeses.

Roberta Comunian ldentification and safety assessment of enterocgotated from a Sardinian ewe'’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ceiggmimale —
Universita degli studi di Sassari



45

The scientific community does not unanimously agreeghe opportunity and safety
of the presence of enterococci in food, as they «lite considered as emerging
pathogens in nosocomial infection. Furthermorenet@ugh at present, there is not
evidence suggesting enterococci as food borne getts) they are well known to be
potential vehicles of horizontal transfer of antiic resistance and virulence genetic
determinants.

For these reasons, resistance to fourteen antibjotncluding tetracycline and

erythromycin, two of the most widely used in bolimical and animal therapy whose
resistance genes are known to be transferable anesmerococci and other

commensal and pathogen bacteria, were investigatesl genetic basis of virulence
determinants and tetracycline and/or erythromyeisistance in the phenotypically
resistant isolates were also investigated.

Other important objectives of the research wereevaluate the biodiversity of

enterococcal microflora and complement previouslisti on Fiore Sardo PDO

cheese microbiota, surveying as high a number asilde of farms producing this

cheese in the whole production area.
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2. MATERIALS AND METHODS

2.1 Cognitive surveying

A cognitive surveying was conducted over the whaleduction area of Fiore Sardo
PDO among 21 randomly selected typical sheep dairgs (almost 50% of the total
producing farms), located in different dairy are&Sardinia.

During the visit to the farms, the shepherds weterviewed and information was

obtained regarding:

» geographical location (plain, hill or mountain);
* number of animals of the flock;

» type of milking (mechanical or manual);

* cheese manufacture process;

» amount of milk daily used for cheese-making;
» cheese ripening conditions;

* prophylaxis, pathologies and therapies linked whihuse of antibiotics.
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2.2 Cheese manufactures and sampling

Twenty-one samples coming from one batch of cheeseufactured at each farm
were collected, from March to June, at 3.5 monfter ghe production, which is the
minimal ripening period for marketing accordingttee product specification. The
cheeses were manufactured by the shepherds usititathtional artisanal technique,

during the autumnal and winter season of producfrom November to March.

2.3 Microbiological analysis

2.3.1Plate counts

Samples of cheese were prepared according tBIthEDF standard 122@1996. An
aliquot of 20 g of each sample was homogenised $¥8t ml of citrate solution in a
Stomacher blender (Seward Medical, London, UK). -ficddh dilutions of the
homogenates were prepared in sterile peptone watgrl). Then, 100ul of each
dilution were plated in duplicate on Slanetz andtlBg agar medium (SBA, Oxoid,
Unipath Ltd., Basingstoke, UK) supplemented or with tetracycline (16 pg/ml)
(Sigma-Aldrich, Steinheim, Germany), erythromycih ig/ml) (Sigma-Aldrich),
kanamycin (1024 pg/ml) (Sigma-Aldrich) or vancommy@@ pg/ml) (Sigma-Aldrich),
for the isolation both of sensitive and antibiotiesistant strains. The antibiotic

concentrations took into account the microbiologr@akpoint (BP) levels reported
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for Enterococcusspp. by the Clinical and Laboratory Standardsitiist (CLSI,
formerly NCCLS (2009, except for the kanamycin (BP not available).

The plates were incubated at 42 °C in aerobiosid8dours.

2.3.2Isolation, growth, storage conditions and basimplygpic tests

For each batch of cheese, up to 10 colonies wadoraly picked up from each SBA
plates with the lowest countable number. The isslatere stored at -80 °C in BHI
broth (Oxoid) containing 50 % of sterile glycero&fore being purified.

Pure cultures were obtained by streaking three stiniee isolates on SBA
supplemented or not with tetracycline, erythromydianamycin or vancomycin
according to their medium of origin and at the sarpacentration used for the
primary isolation plates.

The media used for plating or isolation and cutiraare briefly described below.
Slanetz Bartley Agar (SBA)

It is a selective medium used for isolation andmeeration of enterococci in food.
Sodium Azide inhibits the growth of Gram-negativacteria and staphylococci.
Enterococci reduce triphenyltetrazolium chlorideTC) to formazan and grow
forming red-pink colonies.

Brain Heart Infusion Broth (BHI)

BHI broth is a general-purpose liquid medium used the cultivation of a wide
variety of microorganisms, including bacteria, yeamnd moulds. It is a nutritious,

buffered culture medium that contains infusions bofin and heart tissue and
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peptones to supply protein and other nutrients ssug to support the growth of

fastidious and non fastidious microorganisms.

After checking for morphology, Gram stain and catael reaction tests were

performed before submitting the pure isolates téemdar identification.

2.3.3ldentification of isolates at species level

Pure, Gram-positive, catalase negative isolatese wsubmitted to species
identification.

The majority of isolates were identified by speepgcific PCR. The isolates which
did not give any expected amplification productngsspecies-specific primers were
amplified with primers specific fdEnterococcugienus and, in case of positive result,
submitted to16S rDNA amplification and sequencing.

PCR primers for species and genus identificatitacksonet al, 2004 Ke et al,
1999 and universal primers PO/P@&scherichia coli position 27f and 1497r
respectively Grifoni et al, 1999, used for the amplification of 16S rDNA to be
sequenced are reportedTiable 2.

Template for PCR was prepared by suspending sowcteriz colonies from a pure
culture of each isolate in 100 pul of sterile desawai water. The cells suspensions were
treated in a microwave oven for 15 min at 700 Waq(ider to avoid evaporation and
dryness problems, a beaker containing 200 ml dflld water was put in to the
microwave oven together with the samples). Fiverofiters of each lysate were used

directly to perform PCR.
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Table 2 Primers used in this study for species identificeand 16S rDNA amplification

Target Primer Sequence (5’-3’) gi;c;d?;;) Reference

. AV1 GCT GCG ATT GAA AAA TAT CCG
E. avium AV AAG CCA ATG ATC GGT GTT TTT 368 Jacksoret al, 2004

CAl TCC TGA ATT AGG TGA AAA AAC
CA2 GCT AGT TTACCG TCT TTAACG

DU1 CCT ACT GAT ATT AAG ACA GCG
E. durans DU2 TAA TCC TAA GAT AGG TGT TTG 295 Jacksoret al, 2004

, FL1 ACT TAT GTG ACT AAC TTA ACC
E. faecalis FL2 TAA TGG TGA ATC TTG GTT TGG 360 Jacksoret al, 2004

. FM1 GAA AAA ACA ATA GAA GAATTA T TGC
E. faecium EM2 TTT TTT GAA TTC TTC TTT A 215 Jacksoret al, 2004

. GAl TTACTTGCTGATTTTGATTCG
E. gallinarum GAD TGAATTCTTCTTTGAAATCAG 173 Jacksoret al, 2004

. HI1 CTTTCTGATATGGATGCTGTC
E. hirae HI2 TAAATTCTTCCTTAAATGTTG 187 Jacksoret al, 2004

MA1 GTAACGAACTTGAATGAAGTG
E. malodoratus MA2 TTGATCGCACCTGTTGGTTTT 134 Jacksoret al, 2004

.. MU1 CAGACATGGATGCTATTCCATCT
E. mundtii MU2 GCCATGATTTTCCAGAAGAAT 98 Jacksoret al, 2004

Entl TACTGACAAACCATTCATGATG

E. casseliflavus 288 Jacksoret al, 2004

Enterococcugenus Ent2 AACTTCGTCACCAACGCGAAC 112 Ke et al, 1999
PO GAG AGT TTG ATC CTG GCT CAG o
16S rDNA P6 CTA CGG CTA CCT TGT TAC GA 1468 Grifoni et al., 1995

Roberta Comunianldentification and safety assessment of enterodsclzted from a Sardinian ewe’s raw milk PDO che@Sore Sardo)
Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiginimale — Universita degli studi di Sassari



51

PCRs protocols

PCRs were performed in a final volume of 25 pl,sisting of 20 pl of PCR mixture
and 5 pl of DNA template, in a Eppendorf Mastetesft(Eppendorf AG, Hamburg,
Germany), both for species- or genus-specific P@dRfar 16S rDNA amplification.
The reaction mixture for enterococci species-spedfCRs consisted of 3 mM
MgCl,, 0.2 mM deoxynucleoside triphosphate mix (Euroeloililan, Italy), 2.5 pl
10X Reaction Buffer (Euroclone), 3.5 U Taqg (Euro@yp 0.2 M of each primer
(Sigma Genosys, Steinheim, Germany), and 5 pl cABNspension.

In this work, each species-specific primer pair wesed separately instead of
performing a multiplex PCR as developedJagksoret al. (2004).

Following an initial denaturation at 95 °C for 4rmproducts were amplified by 30
cycles of denaturation at 95 °C for 30 s, anneaing5 °C E. durans, E. faecalis, E.
faecium, E. gallinarum, E. aviunandE. hirag or 60 °C E. gilvusandE. mundti)
for 1 min, and elongation at 72°C for 1 mi Ampldion was followed by a final
extension at 72 °C for 7 min.

For the Enterococcus genus-specific-primers Entl/Ent2, the reaction tomx
consisted in: 25 mM Mggl 0.25 Mm each desoxynucleoside triphosphate
(EuroClone), 2.5 ul 10 X Reaction Buffer (EuroClpne U of Tag DNA polymerase
(EuroClone), 0.3 mM concentration of each primegif& Genosys), and 5 ul of
DNA suspension. The PCR conditions were programmagdfollows: an initial
denaturation consisting of 3 min at 94 °C followsd 35 cycles consisting of: 30 s

denaturation at 94 °C, 30 s annealing at 58 °C 68nsl extension at 72 °C.
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Ten microliters of PCR product was electrophoresed 2% 1X Tris-acetate-EDTA
agarose gel at 100V and then stained in ethidiuomiste solution (0.5 pg ).
DNA molecular weight marker 1kb plus (Invitrogemi$ley, UK) was used as the
standard.

Enterococcus faeciu@SM 20477 andE. faecalisDSM 20478 obtained from the
Deutsche Sammlung von Microorganismen und ZellkettuGmbH (Braunschweig,
Germany), andE. aviumLMG 10744, E. casseliflavutMG 10745, E. malodoratus
LMG 10747", E. mundtiLMG 4838, E. duransLMG 10746, E. hiraeLMG 6399,
and E. gallinarum LMG 13129 obtained from BCCM/LMG Bacteria Collection
(Gent, Belgium) were used as positive controlgiecges- and genus-specific PCRs.
The PCR mixture for 16S rDNA amplification consesef 2.5 mM MgCj, 0.2 mM
deoxynucleoside triphosphate mix (Euroclone), 2.b 10X Reaction Buffer
(Euroclone), 1.25 U Taq (EuroClone), 0.93 uM eadmer (PO and P6) (Sigma
Genosys).

Three microliters of 16S rDNA amplification produeere quantified loading them
on a 2% 1X Tris-acetate-EDTA agarose gel and ephtoresing at 100V. Gel
staining was successively performed in ethidiumnbide solution (0.5 pg ri).
Then, DNA was purified with Monta§ePCR Centrifugal Filter Devices (Microcone,
Millipore, Billerica, USA). This purification syste allows sample clean-up of salts,
primers and unicomporated dNTPs with no solventshemicals required. After
guantification, PCR products were sent to a comiakertacility service for

sequencing (BMR Genomics, Padova, Italy). The priRwas used for sequencing.
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The partial 16S rDNA sequences obtained were edii¢l the software Chromas
version 1.43 (Griffith University, Brisbane, Qld,utralia) and aligned with those
present in GenBank with the BLASTAl{schul et al, 1997 search program
(http://www.ncbi.nml.nih.gov/). The identities did isolates were determined on the

highest score basis.

2.3.4Strain typing

In the present work, different molecular typing heiques, rep-(GTG) PCR
(Versalovicet al, 1994; Geveret al, 200), RAPD-PCR with primer M13Huey

and Hall, 1989 and PFGE with Smal restriction enzymdafinu et al., 1999
Graves and Swaminathan 200have been applied in order to assess the strain
composition of the natural enterococcal populafionnd in artisanal Fiore Sardo
PDO cheese. All the isolates were submitted to(&psS) PCR and RAPD-PCR.
Isolates belonging t&. faeciumspecies were also characterised by Pulsed field Ge

Electrophoresis (PFGE).

DNA preparation protocol for rep-PCR (GT§&9nd RAPD-PCR with primer M13

The isolates were grown overnight in BHI broth at°g.

DNA was prepared by FTATechnology (Whatman International Ltd., Maidstone,
UK). This technology uses cellulose cards impregmatith a patented chemical
formula that lyses cell membranes and denaturggipsoon contact. FTA works by
lysis of cells releasing the nucleic acid withire tmatrix of the card, where it is

entrapped among the cellulose fibres.
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The detailed DNA extraction procedure is reporteova.

1. Spot 5 ul of an overnight culture on FTA Card.

2. Dry by air at least 1 hour.

3. Take a sample disc from the dried spot with a mpuroch 2mm diameter.

4. Place disc in a PCR amplification tube.

5.  Add 180 ul of FTA Purification Reagéhto PCR tube.

6. Incubate for 5 min at room temperature giving tolmlerate manual mixing
to disrupt the debris and aid in washing.

7. Remove and discard all used FTA Purification Reagdth a pipette.

8. Repeat steps 5-7 for a total of 2 washes with FUiAfieation Reagent.

9. Add 180 pl of TE" Buffer (10mM Tris-HCI, 0.1 mM EDTA, pH 8).

10. Incubate for 5 min. at room temperature.

11. Remove and discard all used TBuffer with a pipette.

12. Repeat steps 9-11 for a total of 2 washes witt BEffer.

13.  Ensure that all the liquid has been removed bgfertorming the analysis.

14.  Use the washed and eventually dried disc direotlyerform PCR.

2.3.4.1rep-(GTG} PCR
PCR reaction was performed in a total volume of25consisting of 24ul
MegaMix™ Labogen and il GTGs primer 50 mM, using a washed FfAlisc

directly as template. An Eppendorf MastercytléEppendorf) was utilized for the
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PCR reaction with cycling parameters of: 7 min&at@, followed by 30 cycles of 30
sec at 95 °C, 1 min at 40 °C, 8 min at 65 °C, afié anin final extension at 65 °C.
Rep-PCR products were separated by electrophavasis8 % (w/v) agarose gel in
Tris-acetate buffer at 90V (Volthour 222) and th&ained in ethidium bromide
solution (0.5 ug mt); the ladder 1kb plus by Invitrogen was used asdeocubar
marker.

Isolates were subjected to rep-PCR analysis at tedase.

Digital photos of gels were taken with Kodak DC 1€@mera (Kodak Digital

Science 1D LE 3.0 Software).

2.3.4.2RAPD-PCR with primer M13

PCR reactions were performed in a total volume 5f 2 consisting of 24ul
MegaMix™ Labogen and fl of M13 primer (5-GAG GGT GGC GGT TCT-3)),
using a washed FTA disc directly as template. An Eppendorf Masteresicl
(Eppendorf) was utilized for the PCR reaction vafeling parameters of: 2 min at 94
°C, followed by 40 cycles of 1 min at 94 °C, 20 s¢d5 °C, 2 min at 72 °C, and a 10
min final extension at 72 °C.

Rep-PCR profiles were visualized after electropkisren 2 % (w/v) agarose gel in
Tris-acetate buffer at 90V, then stained in ethidibromide solution (0.5 pg M,
the ladder 1kb plus by Invitrogen was used as nutdeaenarker.

Isolates were subjected to RAPD-PCR analysis at teace.

Digital photos of gels were taken with Kodak DC 1€@mera (Kodak Digital

Science 1D LE 3.0 Software).
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2.3.4.3Pulsed Field Gel Electrophoresis (PFGE)

A standardized and fast molecular PFGE protocol critesd forListeria
monocytogenely Graves and Swaminath§2001) was adapted to enterococci strain
typing. Bacteria were grown on brain heart infusagar plates at 37 °C for 16-18 h.
Cells were removed from the plate into a 2 ml EeNaCl (0.85%) solution
(bioMérieux sa, Marcy I'Etoile, France) using aigecottonswab and the cell density
adjusted up to achieve a cell concentration of Fafand (= 1.5 x TOUFC/ml). The
standardized cell suspensi(@40 pl) was transferred to 1.5 ml microcentriftigiees,
centrifuged at 13,000 rpm for 5 min. The pellet wasuspended in 240 pl of TE
(Tris 10 mM pH8, EDTA 1 mM pH 8). Sixty microliterof 10 mg/ml lysozyme
solution was added and mixed with the cells by ttiipg up and down. The mixture
was incubated in a waterbath at 37 °C for 10 min. equal volume (300 ul) of
molten 1.2% LM agarose (EuroClone), 1% sodium dgldsalphate (International
Biotechnologies, Inc., New Haven, USA), 0.2 mg/mbtBinase K (Sigma-Aldrich)
prepared in sterile distilled water and maintaine83-56 °C was added to the 300 pl
of cell suspension and mixed by gently pipettingama down several times. The
mixture (600 pl) was dispensed into sample reusaloig molds and allowed to cool
for 5 min. The agarose plugs were transferred to 50 ml popyleme conical tubes
containing 4 ml of lysis buffer [50 mM Tris (Sign#ddrich) pH 8.0, 50 mM EDTA
(J.T. Baker, Mallinckrodt, The Netherlands), pH,8106 sodium lauroyl sarcosine
(Sigma-Aldrich), 0.15mg/ml Proteinase K], incubatiat 2 h at 50-54°C. After
proteolysis, the lysis buffer solution was remowed the plugs were washed twice

with 15 ml of preheated (50 °C) sterile distillecdter for 10 min each followed by
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four washes with 15 ml of preheated (50 °C) TE éwufbr 15 min each in the orbital
water bath shaker (50 °C) at 200 rpm. After thalfihE wash, the plugs were sliced
(2-2.5 mm slices) using a sterile lancet and pegpdor restriction digestion or
stored in 1.5 ml TE at 4°C until ready for resioat Digestion with Smal restriction
endonuclease (Promega lItalia, Milan, Italy) wadqrered according to the supplier's
instructions. Plugs were transferred in sterile|ZEppendorf tubes containg 25 pl of
10X RE buffer, 40 U of Smal and sterile mQ watesvaaded up to a final reaction
volume of 250 pl. Then, the plugs were incubatesstiction was done at 37 °C for
5 hours.

DNA fragments were separated in 0.8% (w/v) Gellyhd®FGE agarose
(EuroClone) gel in 0.5 X TBE buffer. Electrophorsesvas performed in a CHEF-
DRIIlI (Bio-Rad, Hemel Hempstead, UK), containing X TBE buffer equilibrated
at 12 °C, at a constant voltage of 6 V tmvith different pulse times for a total
running time of 16 h: 1-20 s for 5 h; 1-5 s for;5108-40 s for 6 h. The gels were then
stained in ethidium bromide (0.5 pgthlLambda ladder PFG marker (New England
Biolabs Inc., Ipswich, MA, USA) and Low Range PFGamder were used as
molecular size standard. Isolates were subject®F®E analysis at least twice.
Digital photos of gels were taken with Kodak DC 1€@mera (Kodak Digital

Science 1D LE 3.0 Software).

2.3.4.4Cluster analysis
The digital photos of fingerprints were analysedhry BioNumericS V 4.5 software

package (Applied Maths, Gent, Belgium).
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Patterns generated with both rep-PCR (GT&)d RAPD M13 were analysed both
separately and using the composite data set cosmpatool of Bionumerics. The
similarity among profiles was calculated using thearson correlation coefficient.
Dice coefficient was used for PFGE profiles. Demgaons were obtained by
Unweighted Pair group Method using Arithmetic ages (UPGMA) Vauterin and
Vauterin, 1992

For E. faeciumisolates the composite data set comparison tosl also used to

analyse the PFGE patterns together with rep-PCRR&RD M13 profiles.

2.3.4.5 Determination of the typability, reproducibilitysimilarity index and
Discriminatory Power/Diversity Index.

Typability (ability to assign a type to the isolatested by it) of the strain typing

techniques used in this study was calculated apdhmentage of typable isolates over

the total number of the isolates analysesh(Belkumet al, 2007%.

To assess the reproducibility (ability of a typmgthod to assign the same type to an

isolate tested on independent occasions, sepdratade and/or place)vén Belkum

et al, 2007 of each strain typing technique, control stralfrgerococcus faecium

DSM 20477 andE. faecalisDSM 20478 obtained from the Deutsche Sammlung

von Microorganismen und Zellkulturen GmbH (Braungely, Germany)E. durans

LMG 10746, E. hiraeLMG 6399, andE. gallinarumLMG 13129, obtained from

BCCM/LMG Bacteria Collection (Gent, Belgium), wesaibjected to molecular

characterization using RAPD-PCR, rep-PCR, and P&y DSM 20477). Each

analysis was performed in quadruple for each st@iaster analysis was performed

Roberta Comunian ldentification and safety assessment of enterocgotated from a Sardinian ewe'’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —
Universita degli studi di Sassari



59

as described above. For each species and eacly tigmhnique, the percentage of
similarity among the four separately obtained bagdpatterns of the same strain
coming from different cultures, and amplified obmitted to restriction reaction in
different days, was considered as the reprodutibiidex of each technique for each
species. Then, this percentage was used as thadetshdiscriminate different strains.
Moreover, each PCR and restriction reactions werdrolled for reproducibility by
inclusion of the reference strains belonging to gspecies that was analyzed among
isolates.

Where there was a combined analysis of rep-PCRR&@D patterns, or rep-PCR,
RAPD and PFGE patterns, an average threshold sityiladex was calculated on
the basis of those previously calculated for eadhriique, in order to discriminate
different strains.

The Discriminatory Power (D.P.) of the typing terjues used in this study was
calculated by means of Sympson’s index of divergl) (Simpson, 194pP as

modified byHunter and Gastof1988 (D.l.):

S

1
DI =1-———> nin-1)
N{N—ng Y

where N is the total number of isolates in the dampppulation, S is the total number

of types described, amglis the number of isolates belonging to theype.
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The same index was used also to evaluate the pageef biodiversity among

enterococci population studied.

2.4 Antibiotic resistance

2.4.1MIC determination

Minimum Inhibitory Concentrations (MICs) of the ntased antibiotics in veterinary
and human medicine, covering several of the knolmangcal and functional classes,
were determined using the SenSitrdlicrobiology Systems (Trek Diagnostic
Systems, Magellan Biosciences, Cleveland, Ohio, JJSKis is a ready-to-use
micro-titre plate version of the classic broth dda method. The plates, chosen
among those available on the market on the basithef content in most used
antibiotics againstEnterococcusspp., contained different concentrations of the
following lyophilised antibiotics: ampicillin, cetalin, ceftriaxone, ciprofloxacin,
clarithromycin, clindamycin, erythromycin, gatiflagin, gentamicin, levofloxacin,
linezolid oxacillin + 2 % NaCl, penicillin, quinugstin/dalfopristin, rifampin,
streptomycin, tetracycline, trimethoprim/sulfamethpole, and vancomycin.
Antimicrobial agents were tested at twofold serdilutions, and the lowest
concentration that inhibits the visible growth of arganism was regarded as the
MIC.

The micro-titre plate layout and the tested antibsoconcentrations are reported in

Figure 1.
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Fig. 1 List and concentrations (ug/ml) of antibioticstezl, and micro-titre plate layout.

Trimethoprim/sulfamethoxazole 0.5/9.5 - 4/76

Antibiotics

AMP  Ampicillin

FAZ Cefazolin

AXO Ceftriaxone

CIP Ciprofloxacin
CLA Clarithromycin
CLI Clindamycin

ERY Erythromycin
GAT Gatifloxacin

GEN  Gentamicin
LEVO Levofloxacin

LZD Linezolid

OXAT Oxacillin+2%NacCl
PEN Penicillin

SYN Quinupristin/Dalfopristin
RIF Rifampin

STR Streptomycin
TET Tetracycline
SXT

VAN Vancomycin

POS Positive Control
NEG Negative Control

Concentrations

0.12-16
2-16
8 -64
05-2
1-8
05-4
0.25-8
1-8
2-16, 500
0.25-8
05-8
0.25-8
0.06-8
0.12-4
05-4
1000
2-16

1-32

( GPN2F - Gram-Positive MIC Plate

D

1 2 3 4 5 b 7 8 9 10 11 12
ERY ERY ERY ERY ERY ERY CLA CLA CLA CLA GEN STR
0.25 0.5 1 2 4 8 1 2 4 3 500 1000
VAN VAN VAN VAN VAN VAN SYN STN SYN SN SYN SYN

1 2 4 8 16 32 0.12 0.25 05 1 2 4
CLI CLI CLI CLI FAZ FAZ FAZ FAZ TET TET TET TET
0.5 1 2 4 2 4 8 16 2 4 3 16
AMP AMP AMP AMP AMP AMP AMP AMP GEN GEN GEN GEN
0.12 0.25 0.5 1 2 4 8 16 2 4 8 16
RIF LEVO | LEVO LEVO | LEVD LEVO | LEVD LZD LZD LZD LZD LZD
0.5 0.25 0.5 1 2 4 8 0.5 1 2 4 8
RIF PEN PEN PEN PEN PEN PEN PEN PEN CIP CIP CIP

1 0.00 0.12 0.25 05 1 2 4 8 0.5 1 2
RIF SXT SXT SXT AXO AXO AXO AXO GAT GAT GAT GAT

2 1/19 2/38 476 8 16 32 04 1 2 4 8
RIF SXT OXA+ | OXA+ | OXA+ | OXA+ | OXA4 | OXA+ NEG POS POS POS

4 0.595 | 025 0.5 1 2 4 3
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Each isolate to be tested was plated on to BHI agalium and overnight aerobically
incubated at 35 + 2 °C. Several colonies were pickp from the agar plate and
emulsified in 2 ml sterile NaCl (0.85%) solutionid®lérieux) up to achieve a cell
concentration of 0.5 McFarland (= 2LlFC/ml). As recommended by CLSI, the
inoculum standardization was based on determinatiaell density by spectrometry
(Densimat - bioMérieux). One hundred microliterscefl suspension (20CFU/mI)
were added to 10 ml of cation adjusted SerfSimeller-Hinton broth (MAIM S.L.,
Barcelona, Spain), obtaining a concentration of IKCFU/mI. After vortexing, the
cell suspension was transferred in a sterile nohiginnel solution basin. In order to
obtain an inoculum of 5 x X0CFU/mI per well, as stated by the Clinical and
Laboratory Standards Institut€l(SI, formerly NCCLS (2006, 50 ul were poured
in each well.

Fifty microliters of sterile SensitfeMueller-Hinton broth were inoculated into a
single well and used as negative control. The platere covered with the adhesive
seal, and aerobically incubated at 35 + 2 °C fe2Qeours before visual reading of
growth. For vancomycin MIC determination plates eveead after 24 hours of
incubation.

In order to monitor the precision, repeatabilitydaaccuracy of susceptibility tests,
Enterococcus faecealiéTCC® 29212, a strain with known sensitivity to the
antimicrobial agents to be tested, was weekly aseQuality Control (QC).

For the majority of the antimicrobial tested, théQd and the level of resistance were

determined according to the recommendations ofitktel (2006.
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In the lack of CLSI interpretive criteria, EFSA bBkpoints were used to consider
strains as resistantdble 3).

No microbiological breakpoints f@&nterococcuspp. were available for 5 (cefazolin,
ceftriaxone, clarithromycin, oxacillin + 2% NacCl, and
trimethoprim/sulfamethoxazole) out of the 19 amtiltis contained in the Sensftre
ready-to-use micro-titre plates. Therefore, MICsuits obtained for these antibiotic

will be not reported.
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Table 3 CLSI (2006) and EFSA (2008fnterococcus antibiotic resistance

interpretive criteria (Breakpoint pg/ml; S = Suddap, | = Intermediate,

R = Resistant).

Breakpoints

Antibiotic ug/mi

S I R
Ampicillin* <8 - > 16
Ciprofloxacirt <1 2 >
Erythromycirt <0.5 1-4
Gatifloxacirt <2 4 8
Gentamicin (high-level) <500 > 500
Levofloxacin <2 4 >
Linezolid" <2 4 >8
Penicillin* <8 - > 16
Quinupristin-dalfopristirt <1 2 >4
Rifampint <1 2 >4
Streptomycin (high-levef) <512 - > 1000
Tetracycliné <4 8 > 16
Vancomycirt <4 8 -16 >32
Clindamycirf - - >4
Cefazoliri - - -
Ceftriaxone’ - - -
Clarithromycir? - - -

Oxacillin + 2% NaCF - - -

Trimethoprim/Sulfamethoxazofe - - -

1 CLSI M100-S16 2006 Table 2D. M7-A6-MIC Testing section.

2 No CLSI Enterococcusinterpretive criteria available for this antimibial. EFSA (2008
microbiological breakpoints (nug/ml) are reportettais with MICs higher than the above breakpoints
are considered as resistant

% Neither CLSI nor EFS/Enterococcusnterpretive criteria (breakpoints pg/ml) are #adalie for the
genusEnterococcus
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2.4.2Presence of antibiotic resistance genes

For E. faeciumand E. faecalis strains resistant to erythromycin, tetracycline or
vancomycin on the basis of the antibiotic suscdftiliesting, the possible presence
of genes responsible for resistance to those atittbiermA, ermB, ermC, tetL, tetM,
tetS, tetW, vanA and vapBias investigated by PCR using primers and prd$oco
previously described in literaturdtka-Malenet al., 1995 Olsvik et al., 1995
Jenseret al, 1999 Geverset al, 2003 Aminov et al,, 200) (Table 4). The presence
of Vancomycin resistance genes was also investgate the onlyE. gallinarum
isolate. The DNA was extracted as previously dbsdcrifor the identification of
isolates at species levédragraph 2.3.3.

PCRs were performed in a final volume of 25 plnsisting of 20 pl of PCR mixture
and 5 pl of DNA template, in a Eppendorf Mastekestt (Eppendorf). The
composition of the PCR mixtures, the thermal cyalsed for the amplification of
each resistance gene, and the electrophoresistiomsdiised for visualizing the PCR
products are reported below.

Positive control strains were kindly supplied bye ttMicrobiology Institute,

Universita Cattolica del Sacro Cuore, Piacenzayjlta
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Table 4. Primers used in this study for PCR detectionasfag associated with resistance to tetracycligghremycin and
vancomycin, and their products size.

Product

Target Primer Sequence Sj Reference
ize (bp)

ermA Tn554-2 TCAAAGCCTGTCGGAATTGG 560 Jenseret al, 1999
Tn554-1 AAGCGGTAAACCCCTCTGAG

ermB ErmB-1 CATTTAACGACGAAACTGGC 425 Jenseret al, 1999
ErmB-2 GGAACATCTGTGGTATGGCG

ermC ErmC-1 ATCTTTGAAATCGGCTCAGG 295 Jenseret al, 1999
ErmC-2 CAAACCCGTATTCCACGATT

tetl TetL FW 3 GTMGTTGCGCGCTATATTCC 696 Geverset al,, 2003
TetL RV 3 GTGAAMGRWAGCCCACCTAA

tetM TetM F GAACTCGAACAAGAGGAAAGC 740 Olsvik et al., 1995
TetM R ATGGAAGCCCAGAAAGGAT

tetS TetSFW  GAAAGCTTACTATACAGTAGC 169 Aminov et al, 2001
TetSRV  AGGAGTATCTACAATATTTAC

tetw TetW FW  GAGAGCCTGCTATATGCCAGC 168 Aminov et al, 2001
TetW RV GGGCGTATCCACAATGTTAAC

vam Al GGGAAAACGACAATTGC 732 Dutka-Malenet al.,1995
A2 GTACAATGCGGCCGTTA

varB Bl ATGGGAAGCCGATAGTC 635 Dutka-Malenet al.,1995
B2 GATTTCGTTCCTCGACC

vanC-1 C1 GGTATCAAGGAAACCTC 822 Dutka-Malenet al.,1995
C2 CTTCCGCCATCATAGCT
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PCR protocols for resistance genes detection

ermA, ermB and ermC (Jensenet al, 1999

PCR mixture 2.5 pul of 10X reaction buffer (EuroClone), 1.5 niWgCl,, 0.2 mM
(each) deoxynucleoside triphosphate, 1 U of Taq Did#ymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94°C for 5 milidaed by 30 cycles of
DNA denaturation at 94°C for 45 s, primer annealb®C for 30s, and DNA
extension at 72°C for 45 s. After the last cycle teaction was terminated by
incubation at 72°C for 7 min, and the products veoeed at 4°C.

Electtrophoresis conditionsthe PCR products (5 ul) were analyzed by

electrophoresis in TAE buffer on 1.2 % agarose get] the gels were stained in
ethidium bromide solution (0.5 pg Ml DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.

tetL (Geverset al, 2003

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 2 mMgll,, 0.2 mM
(each) deoxynucleoside triphosphate, 1 U of Tag Dié#ymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94°C for 5 milidaed by 30 cycles of
DNA denaturation at 94°C for 1 min, primer anneglb°C for 1 min, and DNA
extension at 72°C for 2 min. After the last cydiee reaction was terminated by

incubation at 72°C for 10 min, and the productsenstored at 4°C.
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Electtrophoresis conditions The PCR products (5 pl) were analyzed by

electrophoresis in TAE buffer on 1% agarose gel] #mre gels were stained in
ethidium bromide solution (0.5 pg ™I DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.

tetM (Olsvik et al 1999

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 2 mMg®l,, 0.2 mM
(each) deoxynucleoside triphosphate, 1 U of Taq Did#ymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94 °C for 5 notidwed by 30 cycles of
DNA denaturation at 94°C for 1 min, primer annegli0 °C for 30 s, and DNA
extension at 72°C for 1 min. After the last cydiee reaction was terminated by
incubation at 72°C for 5 min, and the products vetoeed at 4 °C.

Electtrophoresis conditions The PCR products (5 ul) were analyzed by

electrophoresis in TAE buffer on 1 % agarose gell the gels were stained in
ethidium bromide solution (0.5 pg Ml DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.

tetS (Aminov et al, 200)
PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 1.5 mni¥gCl,, 0.1 mM
(each) deoxynucleoside triphosphate, 1 U of Tag D0éfymerase (EuroClone), 0.5

UM of each primer and 5ul of cell template.
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PCR programan initial denaturation step at 94°C for 2 milidaed by 25 cycles of
DNA denaturation at 94°C for 30 s, primer anneals®yC for 2 min, and DNA
extension at 72°C for 30 s. After the last cycle teaction was terminated by
incubation at 72°C for 7 min, and the products vetoeed at 4°C.

Electtrophoresis conditions The PCR products (5 ul) were analyzed by

electrophoresis in TAE buffer on 2.5% agarose gal] the gels were stained in
ethidium bromide solution (0.5 pg Ml DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.

tetW (Aminov et al, 2009

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 1.5 nigCl,, 0.1 mM
(each) deoxynucleoside triphosphate, 1 U of Tag D0éfymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94 °C for 5 notidwed by 25 cycles of
DNA denaturation at 94°C for 30 s, primer anneal@dg°C for 2 min, and DNA
extension at 72°C for 30 s. After the last cycle teaction was terminated by
incubation at 72°C for 7 min, and the products veoeed at 4°C.

Electtrophoresis conditions The PCR products (5 pl) were analyzed by

electrophoresis in TAE buffer on 2.5% agarose gal] the gels were stained in
ethidium bromide solution (0.5 pg Ml DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.
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vanA, vanB and vanC (Dutka-Malen et al, 1995

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 7 mMgll,, 0.5 mM
(each) deoxynucleoside triphosphate, 2 U of Taq Did#ymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94 °C for 2 notidwed by 30 cycles of
DNA denaturation at 94°C for 1 min, primer anneglb¥4 °C for 1 min, and DNA
extension at 72°C for 1 min. After the last cydlee reaction was terminated by
incubation at 72°C for 10 min, and the productsenstored at 4°C.

Electtrophoresis conditions The PCR products (5 pl) were analyzed by

electrophoresis in TAE buffer on 1.5 % agarose get] the gels were stained in
ethidium bromide solution (0.5 pg ™I DNA molecular weight marker 1kb plus

(Invitrogen) was used as molecular mass standard.

2.5 Presence of virulence determinants genes

Isolates belonging tde. faeciumand E. faecalis species showing resistance to
erythromycin and tetracycline were also charaatdrifor the presence of several
virulence determinants. The DNA extraction for thetection of gene coding for
virulence factors was performed as previously deedrfor the identification of
isolates at species levdPdragraph 2.3.3. Specific primers for the following eight
virulence genes were useajgA, ace gelE, esp, efAfm, efaAfs, cpdandcylA. The

list of the primers used and their amplificatioogwucts are reported ifable 5.
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Table 5. Primers used for PCR detection of gene codingifatence factors and their products size.

Target Primer Sequence SPirZoedEJk;:;) Reference

agg TE3 AAGAAAAAGTAGACCAAC 1553 Eaton and Gasson, 2001
TE4 AACGGCAAGACAAGTAAATA

gelE TE9 AGTTCATGTCTATTTTCTTCAC 403 Eaton and Gasson, 2001
TE10 CTTCATTATTTACACGTTTG

esp TE34 TTGCTAATGCTAGTCCACGACC 933 Eaton and Gasson, 2001
TE36 GCGTCAACACTTGCATTGCCGAA

cpd TES51 TGGTGGGTTATTTTTCAATTC 782 Eaton and Gasson, 2001
TES2 TACGGCTCTGGCTTACTA

efaAfm TE37 AACAGATCCGCATGAATA 735 Eaton and Gasson, 2001
TE38 CATTTCATCATCTGATAGTA

efaA efaAl F CGTGAGAAAGAAATGGAGGA 499 Mannuet al.,2003
efaA2 R CTACTAACACGTCACGAATG

ace ACEl1F AAAGTAGAATTAGATCCACAC 320 Mannuet al.,2003
ACE2R  TCTATCACATTCGGTTGCG

cylA CYTI ACTCGGGGATTGATAGGC 688 Vankerckhoveret al, 2004
CYT lIb GCTGCTAAAGCTGCGCTT
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PCRs were performed in a final volume of 25 pl,sisting of 20 pl of PCR mixture
and 5 pl of DNA template, in a Eppendorf Mastekestt (Eppendorf). The
composition of the PCR mixtures, the thermal cyalesd for the amplification of
each resistance gene, and the electrophoresistiomsdiised for visualizing the PCR
products are reported below.

Strains used in previous studiddannuet al, 2003 and belonging to the Collection
of microorganisms of the DIRPA’s Microbiology Laladory of AGRIS Sardegna

were included as positive controls in PCRs.

PCR protocols for virulence genes detection

agg gelk, esp efaAfm and cpd (Eaton and Gasson, 2001

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 1.5 mi¥gCl,, 0.2 mM
(each) deoxynucleoside triphosphate, 1 U of Taq Did#ymerase (EuroClone), 0.5
UM of each primer and and 5ul of cell template.

PCR programan initial denaturation step at 94 °C for 5 niwillowed by 30 cycles
of denaturation at 94 °C for 45 s, annealing (5ZbiCGagg 56 °C forgekE, 55 °C for
espandcpd, 58 °C forefaAfn) for 45 sec, and elongation at 72°C for 45 s. Afite
last cycle, the reaction was terminated by incwapmatt 72°C for 7 min, and the
products were stored at 4°C.

Electtrophoresis conditions The PCR products (5 pl) were analyzed by

electrophoresis in TAE buffer on 0.8 % agarosefgehdgg andespgenes and 1.5 %

agarose gel fogelE gene. The gels were stained in ethidium bromadigtien (0.5 pg
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mi™). DNA molecular weight marker 1kb plus (Invitrogewas used as molecular

mass standard.

aceand efaA (Mannu et al, 2003

PCR mixture 2.5 pul of 10X reaction buffer (EuroClone), 1.5 niWgCl,, 0.2 mM
(each) deoxynucleoside triphosphate, 2 U of Taq Didfymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 94 °C for 1 matidwed by 45 cycles
(30 forefaA primers) of DNA denaturation at 94°C for 1 mimirper annealing 56 °C
for 1 min, and DNA extension at 72°C for 1 min. éftthe last cycle, the reaction
was terminated by incubation at 72°C for 10 mind &#me products were stored at
4°C.

Electtrophoresis conditions The PCR products (5 pl) were analyzed by

electrophoresis in TAE buffer on 2 % agarose gehthtained in ethidium bromide
solution (0.5 pg mt). DNA molecular weight marker 1kb plus (Invitrogemas used

as molecular mass standard.

cylA (Vankerckhovenet al, 2004

PCR mixture 2.5 pl of 10X reaction buffer (EuroClone), 2.5 nigCl,, 0.2 mM
(each) deoxynucleoside triphosphate, 2 U of Tag D0éfymerase (EuroClone), 0.5
UM of each primer and 5ul of cell template.

PCR programan initial denaturation step at 95 °C for 15 rfahowed by 30 cycles

of DNA denaturation at 94°C for 1 min, primer anlirga56 °C for 1 min, and DNA
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extension at 72°C for 1 min. After the last cydlee reaction was terminated by
incubation at 72°C for 10 min, and the productsenstored at 4°C.

Electtrophoresis conditions The PCR products (5 ul) were analyzed by

electrophoresis in TAE buffer on 1.5 % agarosetlgeh stained in ethidium bromide
solution (0.5 pg mt). DNA molecular weight marker 1kb plus (Invitrogemas used

as molecular mass standard.
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3. RESULTS AND DISCUSSION

3.1 Cognitive surveying

Before starting the study on the enterococcal rimm® of Fiore Sardo PDO cheese,
because, as mentioned in the introduction, thia igroduct closely related to its
production area, a cognitive survey was carried toutelate our results to the
production conditions of Sardinia.

In Figure 2 the geographical distribution of the 21 randon#jested typical sheep
dairy farms producing Fiore Sardo PDO is shown. fifen information obtained
through the cognitive surveying is reported below.

Sixty-seven percent of the dairy farms is locatedhe hills, 24 % on the plain, and
9% on the mountain areas of the island.

On average, there are 600-700 dairy sheepfarm with the actual range being
between 400 and 1000. Only in 1 out of the 21 df#rgns surveyed ewes are hand-
milked.

The production season starts in November/Decemizeeads in June. All the dairy
farms have a mini dairy plant with separate rooorstlie phases of cheese-making,
salting, smoking and ripening.

Most of the dairy farms use a tinned copper vawvaom up and coagulate the milk.
Several of them have a mini steel polyvalent chemseNevertheless, breaking the

curd up and forming it into moulds are generallynptetely manual operations, and
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the shepherds use a polyvalent cheese vat exdysovevarm up the milk. Only two
producers use it for the mechanization of all caeeaking operations.

At each farm, around 400-500 litres (range betwtg®h and 700per day are used
for making cheese.

In accordance with its PDO regulation, Fiore Sacbdeese must ripen for at least 3.5
months. Eighty percent of the producers allow theeeses to ripen at room
temperature, either at the dairy farm or in cellatstheir house. Only 20% use
ripening chambers with controlled temperature.

Because one of the main objectives of this studg W@ assess the antibiotic
resistance among enterococci of Fiore Sardo chees@g the survey of each farm,
particular attention was paied to clarify for whairpose, and in what measure
antibiotics were used. Unfortunately, the shephereie able to provide only limited
information on this regard. From August to Octobarhen the milk/cheese
production is suspended, prophylaxis treatmentsarged out to prevent the most
common pathologies (mastitis and lameness) oca@uinndairy sheep. Mastitis is
commonly diagnosed in all the dairy farms in 1-5%sbeep; lameness in 25% of
dairy farms, in 1-2% of sheep. Tetracycline, oxgeycline and ampicillin are the
most frequently used antibiotics to treat mastitisile oxytetracycline chlorohydrate

and copper sulphate are commonly used to treatlasse
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Fig. 2 Geographic distribution of the 21 surveyed faohproduction.
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3.2 Microbiological analysis

3.2.1Plate counts, isolation and basic phenotypic tests

The plate counts varied considerably depending hen dntibiotic added to the
medium utilized, and were quite different when ntildotic was added.

Indeed, the highest number of colonies grew in SBi#hout any addition of
antibiotic (6.03 + 1.07 Log CFU/g), while the lowesumber (0.10 + 0.46 Log

CFU/g) was counted in SBA + 8 pg/ml of vancomydialgle 6).

Table 6.Log CFU/g counted in the different culture medidized in this study.

M. of farms Log CFUig
Culture media with counts = 1
log CFU{g Min dax Average sd
SEA 21 412 7.65 6.03 +1.07
SBA +4 pg/ml Ery - 7 0.00 6.05 1.29 +2.00
SBA +1024 pg'ml Kan 14 0.00 6.15 2.43 +1.95

SBA + 16 pg/ml Tet 15 0.00 585 2.78 +£1.96
SEA + 8 pg/ml Van 1 0.00 211 0.10 +£0.46

Differences in bacterial counts also occurred ddpgnon the farm from which the
cheese samples were collectdeig( 3). Furthermore, no bacterial growth was
detected for some cheese samples depending on whtddiotic was added to the

culture medium.
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Tetracycline prevented the growth of bacteria froheese samples coming from
farms 1, 9, 12, 13, 19 and 20, while kanamycineati the same result in farms 1, 4,
8,12, 13, 14 and 15.

In SBA + 4 pg/ml erythromycin, bacteria from chesaeples from only seven farms
(4, 5, 6, 10, 11, 16 and 18) were able to grow,leviencomycin allowed the
bacterial growth only from cheese samples comiamffarm 10.

For antibiotic-containing media, when growth ocedrit was equal to 3.87 £ 1.28,
3.65 £ 1.03, 3.89 £ 0.94 and 2.11 + 0.00 Log CFidtgerythromycin, kanamycin,
tetracycline and vancomycin, respectively.

Briefly, presumptive enterococci were present ihFRbre Sardo cheese samples
analysed, as from all farms high levels of them eveounted in SBA without
antibiotic addition, but they did not grow in eveaytibiotic-containing medium.
Furthermore, when growth was observed in antibiotictaining media, it occurred
for cheese samples coming from a small numberrofda

These results are very important since they meah Biore Sardo presumptive
enterococcal microflora is quite sensitive to therfantibiotics used for this study. In
particular, vancomycin and erythromycin, crucialgs used in human and veterinary
medicine, were able to prevent growth of enteroabodcroflora from almost all, or
from a large majority of the cheese samples and]yséhile kanamycin and

tetracycline were effective in 33.3 and 28.6 %arhples, respectively.
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In total, 328 isolates were collected from all thedia and purified.

All the isolates were Gram positive and catalaganee.

Most isolates (122, 37%) were obtained from SBA haitt antibiotic
supplementation. The supplementation of the cultoneglium with tetracycline and
kanamycin obtained around the same amount of e®I@5, 26%, and 72, 22%,
respectively), while from SBA plus erytrhomycin @Mer number of isolates (43,

13%) were obtained. Only 6 (2%) colonies from SBésprancomycin were isolated

(Fig. 4).

SBA

2%

37% i SBA + 16 pg/ml Tetracycline

m SBA + 4 pg/ml Erythromycin

SBA + 1024 pg/ml Kanamycin
26%
m SBA + 8 pyg/ml Vancomycin

Fig. 4 Percentage of colonies isolated from SBA mediupp&mented or not with
antibiotic.
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3.2.2Identification of isolates at species level

The six isolates coming from SBA + 8 pg/ml vancomyatfter purification, were not
identified as enterococci, so no further investaye were made of them.

Among the remaining 322 isolates belongingBieterococcusgenus, five species
were identified E. faeciumE. faecalis, E. durans, E. hiraandE. gallinarun). The
distribution of the isolates among the speciesthenbasis of their medium of origin,

is reported irFigure 5.
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Fig. 5. Distribution of specieper medium of isolation.

All the species were isolated in their greatest In@mor in some cases exclusively

(E. gallinarumandE. hirag, from SBA without any addition of antibiotics, @ptE.
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faecalisthat was isolated in highest number from SBA +uf8ml of tetracycline,
suggesting a greater tetracycline resistance tiaother species.

E. faeciumandE. faecaliswere the dominant species (92 % of isolates), aece
able to grow in all media used (except that suppleed with 8 pg/ml of
vancomycin).

On the whole, the number &. faeciumisolates (174, 53 %) was higher than
faecalis (128, 39 %). When comparing SBA without any antib®y and SBA
supplemented with 1024 pg/ml of kanamych, faeciumisolates were twicee.
faecalisisolates. ButE. faecaliswas the species most frequently isolated when 16
pa/ml of tetracycline were added to SBA medium.

Not taking into account SBA + vancomycin, the lotvesimber of isolates, all
belonging toE. faecalisandE. faeciumspecies (almost in the same number), was
obtained from SBA + 4 pg/ml of erythromycin.

E. durans, E. hira@andE. gallinarumwere only occasionally isolated (10, 3 %; 9, 3
% and 1, 0.3 % respectively) mainly from SBA mediwithout antibiotic addition,
but four isolates belonging to the spediesduranswere isolated in presence of 16
pa/ml of tetracycline.

The distribution of the isolates belonging to theesfspecies detected at each farm,
depending on the isolation medium is show#igpure 6.

Among the two dominant species, orly faeciumwas isolated from the cheeses
sampled at all the farms, whike faecaliswas not isolated in 6 out of the 21 sample-

farms (1, 5, 7, 9, 13 and 20).
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The other three species were detected at farmsllaw$: E. duransat farms 10, 14,
15 and 20E. hiraeat farms 3, 5, 11, 12 and 15; gallinarumonly at farm 19.

A number ofE. duransandE. hiraeisolates (5 each) comparable to the number of
isolates belonging to the dominant species deteattezhch farm, was isolated from
farms 20 and 3, respectively. Therefore, in sommdahese two species seem to be
the co-dominant enterococcal microflora bedtdéaeciumand/orE. faecalis

Our results are in agreement with those reporteditémature, since, as already
mentioned in the Introduction (s€aragraph 1.2 Enterococci in dairy product9
enterococci are detected in the same range of sononthany Mediterranean dairy
products Franzet al 1999 and 2003, Folquié Moreno, 2006, Piseh@l, 2007,
Ogier and Serror, 2008, Comunianal, 2009b).

Particularly, the five species that were detectethis study are the most frequently
isolated, and among thelfn faeciumandE. faecalisare the dominant oneGifaffa et

al., 1997 Franzet al, 1999 Suzziet al.,200Q Andrighettoet al, 2003 Gelsomino

et al, 2003 Sarantinopoulost al, 20031 Aarestrupet al, 2002 Giraffaet al, 2003

Cosentincet al, 2004 Pisancet al, 2007.

Roberta Comunian ldentification and safety assessment of enterocgotated from a Sardinian ewe’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —
Universita degli studi di Sassari



E. fuecali

Fam o o s o Ve R MU . 1 e 2
a ry kan let Van

1 6
2 17 5 5
3 16 y
4 10 5 s
5 29
6 33 1 10 10 3
7 20
8 11 p
9 6
11 24 3 3 6 6
12 6 5
13 5
14 12 1 ) p
5 = 1
16 15 3
17 16 4
18 24 4 6 6 4
e B ;
20 12 5
21 12 5 p

& No Antibiotic

Fig. 6. Number of isolates belonging to the five differepecies detected at each farm, depending on thieimersed.
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3.2.3Strain typing

The typability of all the strain typing techniquesulted equal to 100%, since a DNA
profile for each of the isolates was obtained bynseof using either one technique
by itself or a combination of them.

In Figures 7 and 8the dendrograms obtained from clusters analysiepf{GTG)

and RAPD M13 profiles oE. faecium(DSM 20477), E. faecalis(DSM 20478"), E.
durans (LMG 10746), E. hirae (LMG 6399) and E. gallinarum (LMG 13129)
reference strains are shown.

For each species, the percentage of similarity @ntloa four repetitions of the same
reference strain is highlited in the dendrograntesE percentages correspond also to
the reproducibility of the technique for each speciand were chosen as threshold
similarity indexes to discriminate different straiamongk. faeciumE. faecalis E.
durans and E. hirae isolates. For the speciels. gallinarum this index was
determinated even though only one isolate was titeand performing strain typing
was not necessary.

The E. hirae LMG 6399 rep-(GTG) pattern turned out the most repeatable (87.3 %
of minimum similarity among the patterngjhile E. duransLMG 10746 pattern was

the least repeatable (80.2 %).
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Pearson correlation (Opt:0.39%) [14.2%-14.4%)] [14.4%-89.4%)]

GTG GTG
g.of.f.%. 8.8 8.8 8 F
| | | o . @s"un Ent. faecalis ~ DSM 20478
o saum 1 Ent. faecals ~ DSM 20478
ﬂ‘ l ’ '. ‘ Ent. faecalis DSM 20478
— % 93 | eEnt faecalls DSM 20478
= iy im0 Ent. faecium  DSM 20477
» o mu Ent. faecium ~ DSM 20477
N ool ' . ' l Ent. faecium DSM 20477
[ Tl 18 Ent. faecium DSM 20477
. B sy Ent. galinarum  LMG 13129
s TH! mmni Ent. galinarum LMG 13129
@(: mer Jime Ent. galinarum LMG 13129
*4 I‘] ": REiR Ent. galinarum  LMG 13129
4925‘: m .. .. 1 Ent. durans LMG 10746
ﬁ;) SR Ent durans LMG 10746
. maun Ent. durans LMG 10746
o m l Ent. durans LMG 10746
- TTHlam n o Ent. hirae LMG 6399
@F a1 Ent. hirae LMG 6399
\ N suam 11 Ent. hirae LMG 6399
gium 3 Ent. hirae LMG 6399

Fig. 7. Cluster analysis of the rep-(GT&profiles obtained amplifying four times
each reference strain representing the five spelgtected in this study. The
similarity indexes chosen as threshold in ordepeédorm strain typing are
highlighted by coloured circles.

The minimum similarity percentage among repetitiohsep-(GTG3 patterns ofE.
faecium DSM 20477 ancE. faecalisDSM 20478 reference strains was 82.5 and
81.1%, respectively.

As regards RAPD M13, this technique came out mepeatable than rep-(GT&pr

E. faecium E. faecalisand E. hirae species: 90.8, 91.0 and 90.6 % of minimum

similarity among the four patterns obtained frome teame reference strain,
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respectively. Only for thé&. duransreference strain RAPD M13 pattern was less

repeatable (76.2 %) than rep-(GFE&0.2%).

Pearson correlation [0.0%-100.0%)]
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Fig. 8. Cluster analysis of the RAPD M13 profiles obtairemplifying four times
each reference strain representing the five spelgtected in this study. The
similarity indexes chosen as threshold in ordepadorm strain typing are

highlighted by coloured circles.

When a combined analysis of rep-PCR and RAPD petteras carried out, because

the Bionumerics composite data set comparison &verages out the similarity

matrices of single experiments, the average thidshimilarity indexes calculated on
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the basis of those previously determined for egugties and each technique were
used E. faecium86.7,E. faecalis86.1,E. durans78.2 ancE. hirae89.0%) in order
to discriminate different strains.

Strain typing by means of PFGE patterns was peddronly forE. faeciumisolates,
the most frequently isolated species. In this cdme threshold similarity index
calculated among the four digestion repetitionghaf same reference strain (DSM
20477), loaded on different gels, using the Diceraedation coefficient, was 100%
(Fig. 9).

In order to perform the combined analysis of re@RPRAPD and PFGE patterns, it
was necessary to estimate the PFGE patterns dimitareshold (92.4%) among
reference strain repetitions, also using the Peacsorelation coefficient (used to
analyse the DNA profiles obtained by means of tiheitwo typing techniqueslFig.
10).

Then, the average threshold of similarity amongttiiee techniques was calculated

(88.57%).
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Dice (Tol 1.0%-1.0%) (H>0.0% S>0.0%) [0.0%-100.0%]

PFGE PFGE
E
I HIstem Ent. faecium DSM 20477
f Binsmn Ent. faecium DSM 20477
@’ L # Ent. faecium DSM 20477
. M‘ Ent. faecium DSM 20477

Fig. 9. Cluster analysis (using Dice correlation coeéfit) of the PFGE profiles
obtained digesting four times the DSM 204 faeciunreference strain.
The similarity index is highlighted by a coloureiccte.

Pearson correlation [0.0%-100.0%]

PFGE PFGE

—100

93
94
95
96
97
98
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96 . u‘..r,u Ent. faecium DSM 20477

04 L i distmn Ent. faecium DSM 20477

024 ] “.“ Pt e Ent. faecium DSM 20477
I It mw Ent. faecium DSM 20477

Fig. 10 Cluster analysis (using Pearson correlation coefft) of the PFGE profiles
obtained digesting four times the DSM 204K 7faeciumreference strain.
The similarity index is highlighted by a coloureidcte.

The number of clusters and the Diversity Index .[D(&lso corresponding to the
Discrimination Power - D.P. - of each techniquelcakated for each species after
cluster analysis of their rep-PCR, RAPD and PFGHepas (these last only fdt.

faeciumisolates), one by one or combined are summarizédlile 7.
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Table 7. Results of cluster analyses performed on rep-(6RFGR, RAPD M13 and
PFGE patterns.

Rep-PCR (GTG);

RAPD M13

Rep PCR (GTG);
+RAPD M13

PFGE

Rep PCR (GTG):
+RAPD M13
+PFGE

N. of isolates
N. of clusters

9% of similarity threshold"
Diversity Index /

Discriminatory power

N. of clusters

% of similarity threshold"
Diversity Index /
Discriminatory power

N. of clusters

% of similarity threshold"
Diversity Index /

Discriminatory power

N. of clusters

% of similarity threshold”
Diversity Index

Discriminatory power
N. of clusters
% of similarity threshold"

Diversity Index /
Discriminatory power

E. faecium

174

86.65
0.9916
129¢
100
0.995°
118
88.57

0.9924

E. faecalis

128

E. durans

10

0.889°

E. hirae

9

n

8:'(1

88.95

0.972°

E. gallinarum

1

Total

322

81

-2 not performed

*: Correspond to the reproducibility of the technique and was calculated by Pearson correlation coefficient.
®: Correspond to the reproducibility of the technique and was calculated by Dice correlation coefficient.
©: best result obtained

d - . - ey -
% no clusters with isolates coming from different farms

For greater convenience, dendrograms obtained loywBnerics software cluster

analysis of isolates are shown at the end of thiagraph §.2.3 Strain typing (Figs

20-33.
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In each figure, the species, the identificationecOAREN#; EEN#; KEN#, and TEN#
corresponding to isolates from SBA, SBA + erythreamy SBA + kanamycin, and
SBA + tetracycline, respectively) and the numbetheffarm of origin of each isolate
are reported beside the patterns image. Colourethngles highlight isolates
belonging to the same biotype.

As already reported in literatur&\ec et al, 2005 in a study conducted on 30
enterococci species, the use of rep-(GilfBjgerprinting alone came out to be not
suitable to discriminate isolates at strain levasd, a low number of biotypes is
obtained and isolates from different farms reveaadlogous fingerprint patterns,
while they were clearly distinguishable by the othging technique used in this
study.

The Diversity Index should ideally be 1.00. Evenugh Hunter and Gasto(i1988
stated that a D.l. > 0.90 would seem satisfactorinterpret with confidence typing
results,van Belkumet al. (2007 deem it should be at least in the order of O®5af
typing system to be considered more or less ‘ideal’

As regardsE. faecium as was expected, PFGE achieved the highest pexrfae
among the typing techniques used. PFGE pattersgeclanalysis made it possible to
distinguish 129 biotypes with a very high D.I./D(P.995).

Among the 129 PFGE groups, the majority (104) veenestituted by a single isolate.
The largest PFGE-type group consisted of 6 isalabedy in this case, isolates
coming from different farms (5 from farm 16, andrém farm 17) were grouped

together Figs 11and20).
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Fig. 11 Numerousness of type groups obtainedEofaeciumisolates depending on
the typing technique used.

Fifty-nine E. faeciumbiotypes were identified by rep-PCR patterns, bQORAPD

PCR and 109 by a combined analysis of the pati@tened by the two techniques

(seeTable 7).

In comparison with PFGE, a lower number of biotypmsny of them containing

more than one isolate, were obtained by clustelysisaof rep and RAPD patterns

singly or combined, even though isolates comingnfobfferent farms but sharing the

same PFGE-type (see above), were discriminatechdsettechniqued=igs 2Q 21

and22).

Among the 59 rep-(GTGXrypes, only 27 were constituted by a single isplat

contained more than 10 isolates: the largest gneagpconstituted by 28 isolatdsd.
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11). Furthermore, in many cases, isolates coming fiadferent farms were grouped
together.

Cluster analysis of RAPD M13 patterns gave riseathigher number of groups
constituted by a single isolate (68), and only 11fyisolates, among 100 groups
obtained in total by using this technique. Howewetarge number of RAPD M13-
types were constituted by isolates coming fromedént farmsKig. 22).

If PFGE, which is considered the gold standardrniggechnique for alEnterococcus
species, is not taken into account, best resulis/[DP. = 0.9916 and 109 biotypes),
were obtained by combining rep-(GTs@atterns with RAPD M13 ones (s&able
7).

In this way, 73 biotypes constituted by a singtdate, and only 1 by 10 isolates were
obtained (se€ig. 11). However, also in this case, biotypes with issdatoming from
different farms were grouped togethErg 23).

Better results cannot be obtained by combined amsalyf PFGE, rep-(GTG)and
RAPD M13 patterns (D.l./D.P. = 0.9924, 118 biogpé&n comparison with the
analysis of PFGE patterns considered aléig. 24).

In order to summarize the results related tdaeciumstrain typing,in Figure 12 the
D.I./D.P. and the number of biotypes obtained atiogy to the different typing
technique chosen are compared.

On the basis of suggestions put forward Hynter and Gasto1988 and van
Belkum et al (2007, each single technique could be used to perfGrnfiaecium

strain typing. Moreover, Rep and RAPD techniquesaamplement each other when
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performing a combined analysis of their patternstaioled by two simple
amplification reactions, but the better choiceafitely the PFGE technique.
However, an initial screening of isolates could gerformed by combining rep-
(GTG)-PCR and RAPD M13 before submitting them to a nmexeensive and time
consuming technique as PFGE. In this way only sodates belonging to the same
rep-(GTGYRAPD M13-type group should be processed by PF&&yvihg out single

types, thus saving up time and money.

N. of biotypes

Rep(GTG)S RAPDMI3  Rep(GTG)SRAPDMI3 PFGE Rep(GTG)S-
RAPDMI3-PFGE

—/— Diversity IndexDisciiminatory power

Fig. 12.D.1./D.P. and number of biotypes obtained for eyging technique used in
this study forE. faeciumstrain typing.

Since the PFGE technique was not applied, RAPD RAIIRM13 primer turned out

to be the highest-performance technique for HetHaecalisand E. duransstrain

typing.
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Indeed, the highest number of different biotype8 é@nd 6, respectively foE.
faecalisandE. durang, and then the highest D.1./D.P. (0.963 and 0.888pectively)
were obtained by using this technique (Sable 7).

Cluster analysis oE. faecalisrep-(GTG) patterns gave rise to the lowest number of
type-groups (13). Among them, 4 were constitute@ Isyngle isolate, and 4 by more
than 10 isolates. The largest group was constitoyedi1% of isolates (52F{g. 13).

Moreover, a large number of rep-(GE@ypes were formed of isolates coming from

different farms Fig. 25).

B rep(GIG)S MRAPD M13 B rep(GTG)S+RAPD M13

N. of type groups

IIIIIIIII!r T T T T
1 23 4 5 6 7 8 9 10111213 14151617 18 1920 21 22

L
=]

N. of isolates/type group

Fig. 13 Numerousness of type groups obtainedEofaecalisisolates depending on
the typing technique used.
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Among the 5&. faecalisRAPD M13-types, 37 were constituted by a singtaite,
19 contained from 2 to 9 isolates, and 2 RAPD Mj&:$ were formed of 10 or more
isolates (17 isolates in the largest groubig( 13. Furthermore, in many cases,
isolates coming from different farms were groupagkther Fig. 26).

Better results were not obtained by combined amabfsrep-(GTG3y and RAPD M13
patterns in comparison with the analysis Bf faecalis RAPD M13 patterns
considered alond-~(g. 27).

In Figure 14 the comparison of the results (D.I./D.P. and nundéeclusters) related

to E. faecalis strain typing according to the different typingcheique are

summarized.

N. of biotypes

Rep(GTG)S RAPD M13 Rep(GTG)5-RAPDMI3

—"— Diversity Index/Discruninatory power

Fig. 14 D.I./D.P. and number of biotypes obtained forregping technique used in
this study forE. faecalisstrain typing.
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The D.I. (0.781) obtained from rep-(GT{profiles analysis was far below the
threshold of 0.95 fixed byan Belkumet al (2007, and also under that (0.90) fixed
by Hunter and Gasto(i1988 in order to interpret with confidence typing riisuSo
this technique alone was not at all effective tdgren E. faecalisstrain typing.

When applied td. durans RAPD M13 technique was able to distinguish 6ypet

(3 single profiles), and rep-(GT&dnly 3 (1 included 7 isolates), while 4 biotypes
were obtained combining the two technigueig$ 28, 2%nd30). Furthermore, very
low D.1./D.P values (under the threshold of 0.98ne out for this species (s€able

7).

The same number @&. hirae biotypes (8) and the same D.l. (0.972) were obthin
both by cluster analysis of the sole RAPD PCR fesfiand of their patterns
combination with rep-(GTG)ones (sedable 7). However, a different distribution of
the strains among biotypes was obtained. Indeemhbiteed analysis provided a
clearer distinction between the isolates accordintheir farm of origin as RAPD
M13 patterns cluster analysis grouped togetherisolates coming from farm 12 and
15, while rep-(GTG/RAPD M13 patterns analysis enabled the separatiahese
two isolates whilst grouping two isolates comingnfrthe same farm (03Figs 31,
32 and 33). Therefore, in this case combining the two patewas the highest
performing typing method.

N.B. Both for E. duransand E. hirae a very low number of isolates (10 and 9,
respectively) were analysed, so caution shoulddsel when considering the results

of strain typing for this two species.
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The D.I. for the entire population of enterococodar study was calculated taking
into account the number of strains and their diatron into biotypes obtained by the
best technique used for each species. Among thee322ococci isolated, a total of
202 strains, belonging to 5 species, were discateth (12%. faeciumby PFGE; 58
E. faecalisand 6E. duransby RAPD M13; 8E. hiraeby combining rep-(GTG)and
RAPD M13; 1E. gallinarunm) with a D.I. equal to 0.995.

It must be stressed that this is a very high biexdity value, and it is probably an
underestimate since a higher number of biotypeddcba obtained by typing all

isolates by means of PFGE technique.

In order to evaluate the erythromycin, kanamycid tatracycline ability of inhibiting
the grow of Fiore Sardo cheese enterococci, themity Indexes amonfg. faecium
and E. faecalisisolated from SBA, SBA + erythromycin, SBA + kangim, and
SBA + tetracycline were separately calculated udorgeach species the highest
performance technique. However, as PFGE technicageapplied exclusively tB.
faeciumisolates, the biodiversity of the two species wasigared by using results
obtained by RAPD M13 technique.

Due to the small number of isolates, it was notsfiide to evaluate this aspect for
durans, E. hiraeandE. gallinarum

The number of biotypes and the biodiversity (inthdaas Diversity Index) calculated

for each isolation medium are reportedable 8.
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Table 8 Number of biotypes and biodiversity 6f faecalisandE. faeciumaccording
to the medium of isolation.

E. faecalis E. faecium
RAPD M13 RAPD M13 PFGE

N. of N. of N. of N. of N. of
isolates biotypes D.I. isolates biotypes D.L biotypes D.I.
SBA 33 26 0.982 71 52 0.987 62 0.996
SBA+Ery 22 8 0.836 21 9 0.519 10 0.891
SBA+Kan 25 7 0.793 47 21 0.950 27 0.963
SBA+Tet 46 31 0.967 35 23 0.960 30 0.993

TOTAL 128 72* 174 105" 129

* the total number of B faecalis RAPD M13-types is 58. The excess of 14 is due to the repeated isolation of the same biotype from
different media (n. 11 from two, and n. 3 from three media).

™. the total number of E. Jaecium RAPD M13-typesis 100, The excess of 51s due to the repeated isolation of the same biotype from
different media (n. 5 from two media).

SBA was the medium for which the highest level midoversity was found both for
E. faeciumandE. faecalisisolates, since no selective factors were added.

In order to better evaluate the selective powehefdifferent antibiotic towards the
two dominant species, Diversity Indexes obtainednbyan of the same typing
technique were compared (0.987 and 0.982 Hor faecium and E. faecalis
respectively; 0.996 fdE. faeciumby PFGE).

Lower levels of biodiversity were calculated foolestes from SBA + tetracycline
(D.l. 0.960 and 0.967, foE. faeciumand E. faecalis respectively; 0.993 foE.
faeciumby PFGE), suggesting a certain sensitivity of bsgiecies to this drug.
Therefore, the higher number Bf faecalisisolated from this medium in comparison
with SBA does not indicate a high level of resis&wf this species to tetracycline,
since the lower level of biodiversity found suggestat the same resistant strains
were isolated more times.
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Very low levels of biodiversity were obtained bdtr E. faeciumand E. faecalis
isolated from SBA + erytrhomycin (D.l. 0.519 an®36, respectively; 0.891 fdt.
faeciumby PFGE). It was the lowest D.l. calculated for faecium while for E.
faecalis the lowest D.l. was obtained among isolates frBBA + kanamycin
(0.793).

As mentioned above, lower D.I. values are likellated to lower resistance of the
isolates to the drugs added to the cultivation meldiom this point of view, the very
low D.I. calculated foE. faeciumsolates coming from SBA + erythromycin, aid
faecalisisolates coming from SBA + kanamycin could be ripteted as a higher
sensitivity of the first species to erythromycindaof the second to kanamycin.

On the other hand, in order to evaluate and evaltre biodiversity of the isolates
belonging to different species, the D.P. of thdedént techniques used for strain
typing should also be taken into account. Indek®iversity Indexes relative té&.
faeciumPFGE-types are considered instead of RAPD M13,dmgker values are
obtained.

In Figures 15, 16and 17 Diversity Indexes calculated f&. faeciumandE. faecalis

and for each isolation medium were visually comgare
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SBA+Tet 0.993

TOTAL _0-995

SBA+EKan 0.963

sBa-+Ery | 0591

SBA D .99

Diversity Index

Fig. 15 D.l. calculated among. faeciumPFGE-types according to the medium of
origin.

TOTAL _ 0.989

SBA+Tet N o960

SBA+Kan 0.950

SBA+Ery | ] 0.519

SBA I o.937

Diversity Index

Fig. 16 D.l. calculated amonde. faeciumRAPD M13-types according to the
medium of origin.

Roberta Comunian ldentification and safety assessment of enterocsotated from a Sardinian ewe’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, émsere animale e sicurezza degli alimenti di ogiggmimale —
Universita degli studi di Sassari



103

TOTAL 0.963

SBA+Tet I .06

SBA+Kan 0.793

SBA+Ery T 0536

SBA 0.932

Diversity Index

Fig. 17. D.l. calculated among. faecalisSRAPD M13-types according to the medium
of origin.

In order to evaluate if some strains are exclugiwéla certain medium or not, the
distribution of E. faecalisisolates into RAPD M13-types according to the raeoh
isolation was consideredFig. 18).

Among 58 biotypes, 11 were constituted by isolateming from two or three
different media, while 21 were formed exclusivelyigolates from SBA, 21 from

SBA + tetracycline, 3 from SBA + erithromycin, aBdrom SBA + kanamycin.
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n. 21 RAPD M13-TYPES including only TEN isolates 30 j
n. 21 RAPD M13-TYPES including only AREN isolates 27
n. 4 RAPD M13-TYPES including AREN and TEN isolates 7 J!

n. 3 RAPD M13-TYPES including only EEN isolates 3]
n. 2 RAPD M13-TYPES including EEN, KEN and TEN isolates GFI 11 10 ]
n. 2 RAPD M13-TYPES inchuding EEN and TEN isolates 9 l 3{
n. 2 RAPD M13-TYPES including only KEN isolates 10
n. 1 RAPD M13-TYPE including AREN, KEN and TEN isolates l.l.l‘|

n. 1 RAPD M13-TYPE including KEN and TEN isolates 1%

n. 1 RAPD M13-TYPE inchiding EEN and KEN isolates 4’2

. N. of isolates (n. 128)
AREN MEEN KEN ITEN

AREN., EEN, KEN, and TEN codes indicate isolates fromn SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively

Fig. 18 Distribution ofE. faecalisisolates into 58 RAPD M13-types according to the
media of isolation.

As regard<. faeciumonly 5 RAPD M13-types were constituted by isadateming
from two different media, while the remaining 9&nsisted of isolates coming from
the same mediumF{g. 19, while if PFGE-types are considered, no biotypgsw
made up of isolates coming from different mediagdet shown).

As previously stated about the D.l. values, the.@fFeach strain typing technique
should be taken into account to better evaluatesistant strains are spread among

dominant strains growing in a non-selective foilaatic resistance medium.
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n. 20 RAPD M13-TYPES including only TEN isolates

n. 18 RAPD M13-TYPES including only KEN isolates

n. 7 RAPD M13-TYPES including only EEN isolates

n. 50 RAPD M13-TYPES including only AREN isolates

n. 1 RAPD M13-TYPES including AREN and TEN isolates

n. 1 RAPD M13-TYPES including EEN and KEN isolates

n. 1 RAPD M13-TYPES including EEN and TEN isolates

n. 1 RAPD M13-TYPE including AREN and KEN isolates

n. 1 RAPD M13-TYPE including KEN and TEN isolates

AREN A EEN KEN ATEN

105

39

68

N. of isolates (n. 174)

AREN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively

Fig. 19 Distribution ofE. faeciumisolates into 100 RAPD M13-types according to

the media of isolation.
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Dice (Tol 1.0%-1.0%) (H>0.0% S$>0.0%) [0.0%-100.0%)]
PFGE PFGE

Ent. faecium AREN 194 19
Ent. faecium AREN 113 11
Ent. faecium AREN 213 21
Ent. faecium AREN 214 21
Ent. faecium AREN 215 21
Ent. faecium AREN 161 16
Ent. faecium AREN 162 16
Ent. faecium AREN 013 01
Ent. faecium AREN 014 01
Ent. faecium KEN 020 02
Ent. faecium KEN 021 02
Ent. faecium KEN 022 02
Ent. faecium KEN 023 02
Ent. faecium KEN 025 02
Ent. faecium AREN 044 04
Ent. faecium AREN 192 19
Ent. faecium KEN 203 20
Ent. faecium AREN 201 20
Ent. faecium KEN 205 20
Ent. faecium KEN 201 20
Ent. faecium KEN 204 20
R il RS Ent. faecum AREN 120 12
g 0tid Ent. faecium  AREN 054 05

Ent. faecium KEN 202 20
Ent. faecium AREN 140 14
Ent. faecium AREN 145 14
Ent. faecium AREN 142 14
Ent. faecium AREN 170 17
Ent. faecium AREN 173 17
Ent. faecium AREN 090 09
Ent. faecium AREN 073 07
Ent. faecium AREN 074 07
Ent. faecium AREN 141 14
Ent. faecium KEN 200 20
Ent. faecium AREN 091 09
Ent. faecium KEN 090 09
Ent. faecium KEN 091 09
Ent. faecium AREN 115 11
Ent. faecium TEN 150 15
Ent. faecium AREN 081 08
Ent. faecium AREN 092 09
o Ul R BB Ent. faecium AREN 080 08
Ent. faecium AREN 082 08

Ent. faecium AREN 104 10

e 111 B & Ent. faecium AREN 051 05
o "l Ent. faecium  AREN 070 07
Ent. faecium AREN 071 07

Fig 20. Dendrogram obtained by Bionumerics cluster amalg§E. faeciumPFGE
patternsContinued on following 3 pages
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o | ! Ent. faecium  AREN 061 06
] Ent. faecium  TEN 063 06
Ent. faecium  TEN 062 06
] Ent faecum TEN 064 06
wd Ent. faecium AREN 166 16
HET BT Ent. faecum AREN 065 06
23 e dumdsane Ent. faecum AREN 134 13
029 1 Ing 1 Ent. faecum TEN 055 05
. e nm Ent. faecium KEN 160 16
sl YT Ent. faecium KEN 170 17
92,9 Ent. faecium  KEN 172 17
=4 Ent. faecum TEN 161 16
" e Ent. faecum AREN 121 12
595 o Ent. faecium KEN 024 02
e W o Ent. faecium  AREN 083 08
Ent. faecium  AREN 085 08
. Ent. faecium  AREN 124 12
s SN Ent. faecum DSM 20477
Ent. faecium DSM 20477
100] Ent. faecium DSM 20477
Ent. faecium DSM 20477
o Ent. faecium AREN 184 18
72 t Ent. faecium  AREN 036 03
Bt 1 B Ent. faecium AREN 185 18
wed AN Ent. faecium AREN 052 05
LN | a’.u Ent. faecum TEN 070 07
[ " B E "t Ent. faecum TEN 032 03
o1z (AR A Ent. faecum TEN 035 03
- i l L Ent. faecum TEN 030 03
" i NIT N Ent. faecum TEN 071 07
630 ' a2 Ent. faecum TEN 072 07
a0 I Ent. faecium TEN 075 07
s . Ent. faecum TEN 073 07
i 808 . Ent. faecum TEN 074 07
L) a2 i Ent. faecium EEN 050 05
YA 11 B Ent. faecium TEN 051 05
100 g Ent. faecium  TEN 052 05
053 { Fipn Ent. faecium TEN 056 05
: Ent. faecium  TEN 057 05
TEI IR Ent. faecium EEN 055 05
. o TRl IR | Ent. faecum EEN 056 05
9 | § . .‘ i 8 Ent. faecium EEN 057 05
i s .”“ A Ent. faecium EEN 051 05
100 $bii B Ent. faecium EEN 052 05
gl | %7 is ln"! Ent. faecium EEN 054 05
i Ent. faecium EEN 053 05
e i Ent. faecum AREN 062 06
TREIRER | Ent. faecum TEN 053 05
0o IR o 3 Ent. faecium TEN 031 03
8 b Ent. faecium TEN 050 05
a2 T ] hg Ent. faecium KEN 051 05
is i Ent. faecum KEN 052 05
100 (1] Ent. faecium KEN 054 05
76 268 Ent. faecium  KEN 056 05
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62 77.3
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85.7

Ent. faecium KEN 050 05
Ent. faecium AREN 072 07
Ent. faecium AREN 153 15
Ent. faecium EEN 040 04
Ent. faecium EEN 103 10
Ent. faecium EEN 104 10
Ent. faecium EEN 105 10
Ent. faecium KEN 103 10
Ent. faecium KEN 104 10
Ent. faecium KEN 105 10
Ent. faecium KEN 053 05
Ent. faecium KEN 055 05
Ent. faecium KEN 057 05
Ent. faecium TEN 180 18
Ent. faecium TEN 181 18
Ent. faecium AREN 055 05
Ent. faecium TEN 162 16
Ent. faecium AREN 193 19
Ent. faecium KEN 171 17
Ent. faecium AREN 105 10
Ent. faecium AREN 011 01
Ent. faecium AREN 100 10
Ent. faecium AREN 101 10
Ent. faecium AREN 022 02
Ent. faecium AREN 064 06
Ent. faecium EEN 163 16
Ent. faecium EEN 164 16
Ent. faecium EEN 165 16
Ent. faecium TEN 163 16
Ent. faecium TEN 164 16
Ent. faecium TEN 165 16
Ent. faecium EEN 160 16
Ent. faecium EEN 161 16
Ent. faecium KEN 161 16
Ent. faecium KEN 163 16
Ent. faecium KEN 164 16
Ent. faecium KEN 165 16
Ent. faecium KEN 174 17
Ent. faecium KEN 162 16
Ent. faecium TEN 170 BIS 17
Ent. faecium KEN 210 21
Ent. faecium AREN 010 01
Ent. faecium AREN 012 01
Ent. faecium AREN 015 01
Ent. faecium EEN 162 16
Ent. faecium AREN 050 05
03 Ent. faecium AREN 152 15
Ent. faecium KEN 173 17
Ent. faecium AREN 160 16
Ent. faecium AREN 154 15
Ent. faecium AREN 155 15
Ent. faecium AREN 093 09
Ent. faecium KEN 074 07
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Fig. 20.Continued
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g b g
B | Ent. faecium AREN 060 06
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| T..— Ent. faecum AREN 054 05
s o8 8! Ent. faecium AREN 073 07
I BB I Ent. faecium AREN 074 07
F BN Ent. faecium AREN 192 19
I 1 Ent. faecium AREN 140 14
B B Ent. faecium AREN 142 14
1 Ent. faecium AREN 141 14
mw Ent. faecium AREN 145 14
S R Ent. faecum KEN 201 20
S R Ent. faecum KEN 204 20
e e Ent. faecium KEN 202 20
o BEr © ' E RN Ent. faecum KEN 200 20
- s04]ls jodls s 9 Ent. faecium KEN 205 20
BT - TR Ent. faecum KEN 203 20
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97 Ent. faecium AREN 121 12
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i N E F ] Ent. faecium AREN 154 15
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Ent. faecium AREN 160 16
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Fig. 21 Dendrogram obtained by Bionumerics cluster amalg$ E. faeciumrep-
(GTG)s patternsContinued on following next 3 pages
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Fig. 28 Dendrogram obtained by Bionumerics cluster amalg$ E. duransrep-
(GTG)s patterns.
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Fig. 29.Dendrogram obtained by Bionumerics cluster analysis duransRAPD

M13 patterns.

Roberta Comunian Identification and safety assessment of enterocsotated from a Sardinian ewe’s raw milk PDO

cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —

Universita degli studi di Sassari



136

GTG+M13
GTG+M13 GTG M13

g .8 %
'S BET TN i Ent. durans AREN 202 20
0 1Ty n 1 Ent. durans AREN 203 20
. _5[ tiga o Ent. durans AREN 200 20
EES F NN [ B Ent. durans AREN 204 20
ne L— | N i | | JIB | Ent durans AREN 205 20
wf [ 1 RN . B cnt duans AREN 143 14
455 — Lagy | 2l W Ent._durans TEN 151 15
32,4[— '] Pon W F ] Ent. durans TEN 104 10
ny L— ! Ry 1 1 Ent. durans TEN 105 10
| (W Ent. durans TEN 103 10

Fig. 30. Dendrogram obtained by Bionumerics cluster amalytE. duransrep-
(GTG) and RAPD M13 combined patterns.
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Fig. 31 Dendrogram obtained by Bionumerics cluster amalgd E. hirae rep-
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Fig. 32. Dendrogram obtained by Bionumerics cluster analgéi&. hirae RAPD

M13 patterns.
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3.3 Antibiotic resistance

3.3.1MIC determination

Since the Discriminatory Powers of the strain tgptachniques used, except PFGE
for E. faeciumwere not completely satisfactory, determinating MiC values for all
isolates, instead of one representative isgb&tebiotype, was chosen. In this way,
none biotype was erroneously omitted and it wassiptes to better compare the
behaviour of the different species.

For E. faeciumandE. faecalisthe results of the MIC tests obtained were chabteti
not considering the media of origin and takinghtbiaccount.

As shown inFigures 34a andb) and3%(a, b, andc), E. faeciumandE. faecaliswere
resistant to a higher number of antibiotics in cangon to the isolates belonging to
the non-dominant species. In these graphs, antibi@re displayed in order of
decreasing percentage of resistant isolates whiklke following Figures, in which
isolates are divided according to the medium ogjiori the antibiotics are shown in
alphabetical order. Since most Bf faeciumisolates belonged to different PFGE-
types and the percentages of resistantaeciumPFGE-type were very similar to
those of resistant isolates, only data referraddtates will be shown.

As enterococci intrinsically possess a low levetasistance to Aminoglycosides, the
percentage of gentamicin and streptomycin resistaotates was calculated
considering only HLR (High Level Resistant) isol{®IC gen > 500 pg/ml; MIC

str > 1000 pg/ml).
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Results are shown and discussed, either by growgpitilgiotics belonging to the same

class or by reference to classes of antibioticsallysiacting in synergy against

enterococcal infections.
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Fig. 34. Percentage of sensitive (S), intermediate (l) msistant (RE. faecium(a)
andE. faecalis(b) isolates coming from all the media used in thiglg. For

gentamicin and streptomycin only HLR isolates waoesidered.
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Fig. 35 Percentage of sensitive (S), intermediate (l) @sistant (RE. durans(a),
E. hirae(b), andE. gallinarum(c) isolates coming from all the media used
in this study. For gentamicin and streptomycin oklyR isolates were
considered.
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B-lactams (ampicillin and penicilli) and Aminoglycosides (gentamicin and
streptomyciin
Among E. faeciumisolates 11 and 13% were resistant to penicilhid ampicillin,
respectively Fig. 3439, while, amongkE. faecalisisolates only 1% was resistant to
penicillin, and none to ampicillinFfg. 34b). All the isolates belonging to the other
species detected, with the exception ofEh@allinarumisolate, were sensitive f3
lactams Fig. 35a, b,andc).
No ampicillin- and/or penicillin-resistarE. faeciumfrom SBA without antibiotic
addition was isolated.
Most of the resistari. faeciumisolates came from SBA + erythromycin (43 and 33
% Peff and Amp' isolates from this medium, respectivelig. 36). All the E.
faecalis Pert isolates came from SBA + erythromycifig. 37). On the whole, a
higher percentage d&. faeciumisolates came out to be resistant to fHactams
tested compared with. faecalis(Fig. 39).
Enterococci are commonly considered intrinsicalsistant to ampicillin and
penicillin due to the low affinity of their penitih-binding proteins (PBPs) for the
lactams agentsk@k and Chow, 2002. As regards ampicillinE. faeciumand E.
faecalisisolates showed modal MIC values between 0.5 araohd between 1 and 2,
respectively, while modal MIC values of penicilianged between 2 and 4 for both
specieskig. 39aandb).
These MIC values are largely lower than CLSI bredkis to define resistant strains

(seeTable 3.
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Therefore, the results obtained in the presentysiile those reported in other recent
works carried out on different foods, would seenshow that not all enterococci,
including those from food, are intrinsically resist to f-lactams. Indeed, very low
percentages (mostly 0 %) of resistant isolates bhaem detected both in Fiore Sardo
cheese Nlannu et al, 2003 Cosentinoet al, 2004 present study and in other
cheeses, milk, raw and cooked sausages, ham, weggtables, fruits, and water
(Peterset al, 2003 Ben Omaret al, 2004 Drahovskéet al, 2004 Canzek Majher

et al., 2005 Lopes et al, 2005 Abriouel et al, 2008 Pangalloet al, 2008
Valenzuelaet al, 2008and 2009 Barbosaet al., 2009. Only a few studies report
high percentages (from 45 and >60%)pdfactams resistant enterococci from food
(Franzet al, 2001 Bulaji¢ and Mijaevi¢, 2004 Gomeset al, 2009.

A different behaviour has been observed among ecdeci isolated from clinical
specimens. Clinical enterococci exhibit intrinsigalreduced susceptibility to
penicillin and to the aminopenicillins with MICs Q@mes higher than MICs against
streptococci Kayser, 2008 Around 60-80% of clinicaE. faeciumstrains (in some
hospital over 90%) areesistant to ampicillinKlare et al, 2003, whereas less than
2% of E. faecalisisolates possess this resistanegiligren et al, 2003 Kak and
Chow, 2002 Dupréet al, 2003 Klare et al, 2003 Mannuet al., 2003 Simonseret
al., 2003 Drahovskaet al, 2004 Kacmaz and Aksoy, 2009essiet al, 2006
Lambiaseet al, 2007 Helmiet al., 2009.

Penicillins are often successfully used in combamatwith aminoglycosides (e.qg.
streptomycin, kanamycin and gentamicin) for treatha# enterococcal infections in

human medicine. Indeed, aminoglycosides (inhibiedrsbosome function) would be
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ineffective if used as monotherapy against entercicbecause of their intrinsic
tolerance to low levels of these drugs, but in ciovation with penicillins (cell-wall
active antibiotics) can act synergicalkak and Chow, 2002 Unfortunately, clinical
enterococci isolates resistant to some of thesibiatits combinations have been
detected from early 1970Br@nzet al, 1999 Peterset al, 2003 Kacmaz and Aksoy,
2009, posing a major problem in treating human clihing&ections. The incidence of
resistance to gentamicin is generally low in Eurdp& some strains isolated from
chicken meat exported from China to Europe showebdigh level gentamicin
resistance coupled with a high level streptomye@sistance Teuberet al, 1999.
Therefore, the import of such kinds of food stuffof major concern and should be
well regulated as there would well be a risk ofeggling such resistance to these
antibiotics to Europe.

As regards enterococci isolated to carry out thislys only 3 % ofE. faeciumand
none of E. faecaliswere resistant to a high level of gentamicin (HG®n), while
more than 50 % of isolates belonging to all theciE®e exceptE. hirae and E.
gallinarum, showed a high resistance to streptomycin (HLR I8t€; > 1000 pg/ml)
(Figs 34aandb, 358 b andc). Concerning gentamicin, the results are consiste
with those reported in literature for food and eammental isolates, while, as already
reported byCosentincet al (2004, the percentage of HLR streptomycin enterococci
from Fiore Sardo turned out to be higher than thgseerally reported for non
clinical isolates Arvanitidou et al, 2001 Ben Omaret al, 2003 Abriouel et al,

2008 Pangallcet al, 2008.
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However, when percentages were calculated lookingaah separate medium of
isolation, it would seem that HLR Gen isolates weoé dominant among the whole
enterococcal population of Fiore Sardo cheese. Tinughe medium without
antibiotics, susceptible isolates successfully ostegh with the resistant ones and
prevented their isolation. Indeed, most of HLRNE. faeciumisolates came from
SBA + erythromycin (14 % of isolates from this mad) and from SBA + another
aminoglycoside drug, kanamycin (6 %), none fromASB SBA + tetracyclineKig.
36).

HLR StrE. faeciumwere mainly isolated from SBA + erythromycin (81d¥dsolates
from this medium), but high percentages of HLR ®#re also detected among
isolates coming from SBA + kanamycin (62 %), SBA (5), and SBA + tetracycline
(51 %) Fig. 36).

HLR Str E. faecaliswere mainly isolated from SBA + erythromycin and /B
kanamycin (100 % of isolates from these media) Mauy high percentages of HLR
Str E. faecaliswere also isolated from SBA and SBA + tetracycl{ifié and 70%,
respectively) Fig. 37).

Both E. faeciumandE. faecalisisolates showed gentamicin modal MIC values of 16,
so they do not possess intrinsic HLR against geictanMIC > 500) ig. 40aand

b).
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In the case of streptomycin, fdt. faeciumthe modal MIC value was 1000,
irrespective from the isolation media, but diffareesults were obtained if each
isolation medium was considered separately. In fH@0 % ofE. faeciumfrom SBA,
the majority of those from SBA + kanamycin and SBAetracycline showed MIC
valuess< 1000, while 67 % oE. faeciumcoming from SBA + erythromycin showed a
MIC > 1000 (HRL Str) Fig. 409.

E. faecalisisolates had a slightly different behaviour. Indlelke most (86 %) of
isolates from SBA + erythomycin showed HLR agasts¢ptomycin (MIC > 1000),
so did the majority of isolates from SBA + kananmy€i6 %) did Fig. 400).

Even though MIC values of kanamycin were not deteeoh it is likely that Fiore
Sardo cheese also contains enterococci resistanta thigh level of this
Aminoglycoside, as around 22 % of all the isolatzvered for this study were able
to grow in SBA + 1024ig/ml of kanamycin (4%. faeciumand 25E. faecali3.

In general, adding drugs (especially erythromytmjhe isolation medium favoured
the selection okt. faeciumandE. faecalisisolates resistant against bgiHactams

and aminoglycosides.

Fluoroquinolones(ciprofloxacin, gatifloxacin and levofloxacin)

E. duransisolates (10) were susceptible to all the Fluonogjones antibiotics tested,
while 22 % ofE. hirae isolates were resistant only to ciprofloxacin. Tdwe E.
gallinarumisolate was resistant only to ciprofloxackid. 35).

Among dominant species, 71 % Bf faeciumand 20% ofE. faecalisisolates were

resistant to ciprofloxacin. Lower percentages olates showed resistance against
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gatifloxacin and levofloxacin (17 and 18 % Bf faeciumand 15 and 9% oOE.
faecalis respectively)ig. 34aandb).

When different media are considered separately) pgycentages (ranging between
64 and 86 %) of CIpE. faeciumwere isolated from all medid&ig. 36). Cip® E.
faecalis were isolated from all the media used, but in véifferent percentages
always lower thaik. faecium(Fig. 37). Almost half ofE. faecalisisolated from SBA
without any antibiotic addition was Cipwhile adding kanamycin to the isolation
medium only 4 % of C{PE. faecaliswere collected.

The highest percentage of B& faeciumisolates was found in SBA + erythromycin
(52 % of isolates from this medium), while no G&t faeciumwere isolated from
SBA + kanamycin, and 17 % both from SBA, and SBAetracycline. As forE.
faecium no Gaf E. faecaliswere isolated from SBA + kanamycin, while the
percentage of gatifloxacin resistdhtfaecalisisolated from SBA, SBA + tetracycline
ranged between 14-15%. From SBA + erythromycinhilgaest percentage (32 % of
isolates from this medium) of GHE. faecaliswas obtained.

Leva® E. faeciumisolates were mainly isolated from SBA + tetraayeli(37 % of
isolates from this medium).

Among Fluoroquinolones tested, levofloxacin turrmd to be the most effective
againstE. faecalisisolated from all the media. Indeed, LEvB. faecalisranged
between 4 - 5 % of isolates coming from SBA + kayeim and SBA +
erytrhomycin, and they were 11 % of those comimgnfrboth SBA and SBA +

tetracycline.
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In general,E. faeciumwas more resistant thaf. faecalisto Fluoroquinolones,
especially against ciprofloxacifig. 398).

E. faecalisciprofloxacin modal MIC value was 2, while f&. faeciumit was> 4.
Therefore,E. faeciumpopulation colonizing Fiore Sardo cheese turnetl toube
resistant to this FluoroquinolonEig. 41).

As regards gatifloxacin, botg. faeciumandE. faecalisisolated from Fiore Sardo
turned out to be susceptible, showing modal MIQueal(= 2 anck 1, respectively)
lower than the breakpoint @) fixed by CLSI to identify resistant isolates.
Levofloxacin modal MIC values were 4 and 2 fér faeciumand E. faecalis
respectively. Thus, as with gatifloxacin, lowerrl@rresponding CLSI breakpoint to
consider an isolate as resistdfig( 42.

In general, Fluoroquinolones have a large spectiiattivity against Gram negative
and Gram positive microorganisms, but exhibit oalyveak effect on enterococci
(Peterset al, 2003. Barboseet al (2009 detected 93.4% of ciprofloxacin resistant
enterococci among isolates from fermented meatyatsdproduced in Portugal. It
has been assumed that this could be due to an beknmg use of Fluoroquinolones
both in human and veterinary medicindppelbaum and Hunter, 20P0A
comparative study was carried outdlgriouel et al. (2008 concerning antimicrobial
resistance amonfg. faecalisandE. faeciumisolates from fruits and vegatable foods,
and clinical specimens. A lower incidence of amiiioi resistance was found in food
isolates than in clinical ones. In particular, ive tcase of ciprofloxacin, 35.29 and
45.45% of Cip E. faecalisandE. faeciunrespectively were isolated from food, and

61.53 and 83.33% of CipE. faecalisand E. faeciumrespectively from clinical
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specimens. As with Fiore Sardo cheese isolates,pdreentages of resistait.

faeciumare higher than those calculated Eoifaecalis
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However, in Fiore Sardo, the incidence of . faeciumwas only slightly lower
than that found byAbriouel et al. (2009 among clinical isolates, while CipE.
faecaliswere very much lower, less than half of those atete byAbriouel et al.
(2008. The resistance to ciprofloxacin was the mosguently spread among
enviromental enterococci isolated Bgngalloet al (2008.

Finally, the incidence of Levoenterococci, especialy. faecalis from Fiore Sardo
cheese was much lower than those calculated faicaliand also food isolates tested

by other authorsAbriouel et al.,2008.

Rifamycin (rifampin)

Only isolates belonging to the dominant speciesveldoresistance against rifampin
(37 and 53 % oOE. faeciumandE. faecalis respectively) kigs 34aandb; 35a, band
¢). For both species, resistant isolates came fibtheamedia used in this study, but,
on the wholeE. faeciumturned out to be more susceptible thanfaecalisto this
drug Fig. 38, displaying a modal MIC values 0.5, while for E. faecalisit ranged
between 2 and > #{g. 43). Among food isolates, higher percentages (arouddo6
or much higher) of R E. faecalisand E. faeciumwas found by various authors
(Giraffa, 2002 Ben Omatret al, 2004 Abriouel et al.,2008 Valenzueleet al, 2008
and 2009 Barbosaet al, 2009 in comparison with those found among Fiore Sardo
cheese isolates, generally with a percentage dftaesE. faecalishigher thanE.
faecium Similar or higher proportions (up to 83 %) ofanfipin resistant enterococci

were detected among clinical isolaté®iiouel et al, 2008 Templer, 2008
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Fig. 43 Rifamycins (rifampin) MIC value distribution o&)Y E. faecium( 174) and
(b) E. faecalis( 128) isolates depending on their medium of arigi

AREN, EEN. KEN, and TEN codes indicate isolates from SBA, SBA+Ery. SBA+Kan, and SBA+Tet, respectively

Roberta Comunian Identification and safety assessment of enterocsotated from a Sardinian ewe’s raw milk PDO

cheese (Fiore Sardo)
Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —

Universita degli studi di Sassari



159

Different studies were carried out also on isoldtesn environmental specimens
such as wastewater treatment plants, coastal lgpatteers, and riversAfvanitidou

et al, 2001 daCostaet al, 2006 Pangalloet al, 2009. Very different percentages
(from 16 up to > 50%) of enterococci resistantitanpin were found among isolates
from these kinds of sample. As rifampin is almosclesively used to treat
tubercolosis, the resistance rates of enterocoosi fvastewater might be influenced
by a high presence of hospital units in the urbeea aonsidereddé Costaet al,

2006.

Macrolides (erythromycin),Lincosamides(clindamycin), Streptogramin Aand B
(quinupristin/dalfopristinYMLS)

The enterococci resistance mechanism to the Maeralntibiotics results in reduced
ribosomal binding to not only erythromycin and otiacrolides, but also to the
Lincosamide and Streptogramin B antibiotics (MLSKak and Chow, 20Q2
LeBlanc, 200%.

Among enterococci from Fiore Sardo, 20.8% (67/3a®&)st of them (61) belonging
to E. faecalisspecies showed a MLS resistance phenotype (47fte &. faecalis
isolates) Table 9). Coupled Lincosamides and Streptogramins resistéL.S) was
detected with around the same incidence anibnfpecalisisolates. On the other
hand, only 6 out 174£&. faecium(3.4% of the isolates of this species) displayed a
MLS resistance phenotypic profile, while the asatioh between Macrolides and
Lincosamides resistance was the most frequentlcted (30.5 % of thE. faecium

among thasolates belonging to this species.
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Different MLS patterns were reported in literat@me enterococci isolated both from

food animals and humanddyeset al, 2005 LeBlanc, 200%

Table 9. MLS (Macrolides, Lincosamides, Streptograminsgrmuitypic profiles ofE.
faecalisandE. faeciumisolates.

— o
MLS Resistance profile gl;:::;;: 15;;1};:;;?:

Wone 1(08)  69(397)
i - -

I 323 34(19.5
3 2 (1.6) .
ML 3(23)  53(30.5)
MS : :

LS 58(45.3) 12 (6.9)
MLS 61477  6(3.4
Total 128 174

Almost all E. faecalisisolates (98 %), 60 % &. faeciumand the sol&. gallinarum
isolate were resistant to clindamycin, while thecpatage of resistamli. duransand
E. hiraeisolates was 20 and 11 %, respectiveigé 34aandb; 35a b andc).

Cli® isolates came from all media used in this study, & regard€. faeciuma
considerably lower percentage was isolated from 8BAout antibiotic addition (35
% of isolates from this mediumJigs 36and37). E. faecaliscame out to be more
resistant to clindamycin thaB. faecium(Fig. 38. Indeed, almost all the isolates
showed MIC > 4, while among. faeciumalmost half of the isolates from SBA

without antibiotic showed very low MIC values (.5) Fig. 44aandb).
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Fig. 44 Lincosamides (clindamycin) MIC value distributioh(a) E. faecium ( 174)
and (b)E. faecalis( 128) isolates depending on their medium of arigi

AREN, EEN, KEN, and TEN codes indicate isolates fromn SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively
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The results obtained are not surprising, sincensitt resistance of enterococci to low
levels of Lincosamides is well knowfrrgnzet al, 1999and 2003 Giraffa, 2002
Kayser, 2003 Klare et al., 2003 Folquié Morenoet al, 2006 Bhardwajet al,
2008. As reported in literature, high pecentages aff @nterococci have been
isolated both from food and clinical specimens. Whhincidence (68.35%) of
Lincomycin resistant enterococci from fresh andgmigd cheese made from raw and
cooked milk was reported bBulaji¢c and Mijatevic (2004. Among 9 antibiotics
tested byCanzek Majheri and co-workers 2005, clindamycin was the only one
against which enterococci from Tolmic cheese turogdto be resistankE. faecium
isolated by Lambiaseet al. (2007 from various biological specimens (blood,
respiratory tract, urine) were 100 % resistant@giaslindamycin.

Concerning Streptogramins (quinupristin/dalfopnstiE. faeciumand E. faecalis
showed opposite behaviours. The first species wis gensitive (only 10 % of S§n
isolates), while 95 % OE. faecaliswere resistant to this drugs combinatiéigé 34
and38).

None of non-dominant species isolates turned @istant Fig. 35a, bandc).

Higher percentages of SYrE. faeciumwere isolated from SBA and SBA +
erythromycin (17 and 14%, respectively) than froBASt tetracycline and SBA +
kanamycin (3 and 4 % of isolates from these medg&pectively) Fig. 36).

Sy E. faecaliswere isolated in very high percentage from alledia used (from
88 to 100 % of isolates from each mediufig( 37).

Modal quinupristin/dalfopristin MIC values rangeetveen 0.5 and 2 fdt. faecium

while it was > 4 foiE. faecalig(Fig. 45).
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Our results are in accordance with most of the nestudies where the intrinsic
resistance oE. faecalisand the susceptibility oE. faeciumto Streptogramins is
reported both for food and clinical enterocoddéllegrenet al, 2003 Peterset al,
2003 Folquié Morencet al, 200§. Other authors found a low incidence (2583%n
Omaret al.,2004and 56.52%/alenzuelaet al, 200§ of Syr isolates belonging to
E. faecalisin Spanish and Moroccan foods, while higher inoce (29 %) ofE.
faeciumSyr! isolates than in Fiore Sardo cheese were rep@ietbrset al, 2003.
Very likely, resistance to quinupristin/dalfoprisiis quite common in enterococci as
virginiamycin (a combination of two pristinamycitige quinupristin/dalfopristin)
had been used as growth promoter in animals fexksi®74 before its ban by the

European Union in 199&#n den Bogaard and Stobberingh, 2000

Only the two dominant specie§. faeciumand E. faecalis were resistant to
erythromycin, the second species showing a slighidgyer percentage of resistant
isolates (40 and 50 %, respectively)y. 34aandb; Fig. 353 b andc; Fig. 38.

It is important to underline that erythromycin atafracycline are two of the most
widely used antibiotics in animal husbandry andevehosen in this study as the
additions to the isolation medium in order to setesistant isolates. It was supposed
that resistant strains were not dominant amongrecdeci colonising Fiore Sardo
cheese, but discordant results (incidences rangpbhgeen 2.5 and 86.9% of isolates
resistant against this antibiotic) were obtainedpravious studies using different
media for the primary isolatiofMiannu et al, 2003 Cosentinoet al, 20094. The

medium used bylannuet al. (2003 was SBA, as in this study, whiféosentinoet
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al. (2004 used KF agar, both non containing antibiotics.iB@as crucial to evaluate
if differences in the incidences of Erisolates can occur if erythromycin is added to
the isolation medium.

As expected, the highest percentage of "EBE/ faecium came from SBA +
erythromycin (100 % of isolates from this mediun@uite high percentages of
resistant isolates were collected also from therothedia (43 and 57% from SBA +
tetracycline and SBA + kanamycin, respectivelyfept from SBA (8 %)Kig. 36).
Analogous behaviour was observed Eorfaecalis Only a few Er{ isolates came
from SBA (9 %), while 100 % of isolates from SBAefythromycin and SBA +
kanamycin were resistant to erythromycin. Finaflpm SBA + tetracycline was
isolated 30 % of EfYE. faecaligFig. 37).

Putting aside isolates coming from SBA + erythromyc¢hat clearly underwent a
strong selective pressure, the modal erythromycl@ Malue was 2 foE. faecium
ands< 0.5 forE. faecalisFiore Sardo isolate$ig. 46aandb).

Lopesand co-workers2009 stated that Macrolide resistance seems to b&ckta
clinical enterococcal isolates. This is not comgllein agreement with the results of
this study, as if a selective medium (SBA + erythyein) is used, isolating EFy
enterococci, mainlfe. faeciumandE. faecalis was quite frequent. Of course, they
are not the largest contingent enterococcal pojpmlatlonizing Fiore Sardo cheese,
since they have a very low incidence among SBAaises|, but they are present.

As regards mainly food isolates, in agreement Withresults of this study, a higher

incidence of Erf§j E. faeciunthanE. faecalisis generally reported in literature.
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Abriouel et al. (2008 found similar percentages (> 60%) of Efy. faeciumin food
and clinical isolates, whilE. faecalisfrom fruits and vegetable foods showed a lower
incidence of resistance against erythromycin coegbao clinical isolates (29.41 vs
69.23%). Incidences of 43-55 and 83-97% of "EB; faecalisand E. faecium
respectively, isolated from different Spanish atalidn foods Ben Omaret al,
2004 Busaniet al, 2009, are exceptionally high values. Indeed, percezgarf Ery
enterococcal isolates ranging between 7 and 45ighdbt percentages are usually
linked toE. faecium were generally reported by different authors agnanimal food
enterococcal isolate®éterset al, 2003 Bulaji¢c and Mijaevi¢c, 2004 Messiet al,
2006 Barbosaet al, 2008 Gomeset al, 2008 Ogier and Serror, 2008 These
percentages could seem low in comparison with th& Ecidence found in this
study for the two dominant species (see aboMewever, it should be taken into
account that data reported in literature are ofedated to the whole enterococcal
population colonizing the different foods studidthe species to which an isolate is
ascribed may influence its antibiotic resistancefijg (Lopes et al, 2003, and
generallyE. faeciumandE. faecalisare the most resistant enterococcal species. In
fact, when these species were considered separdiglyer percentages of Ery
isolates were reportet/élenzueleet al, 2008and2009.

Last but not least, in the studies mentioned aballéhe isolates came from media
without antibiotic adjunct. In Fiore Sardo cheesaly 8 % ofE. faeciumand 9 %E.
faecalisisolated from SBA without antibiotic, were resigtagainst erythromycin.
Resistance to erythromycin was detected in verialbe percentages (between 9 and

95%) among enterococci isolated from environmespakimens, and, in some cases,
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it was the commonest antibiotic resistance amongir@mmental enterococci
(Arvanitidou et al. 2002, da Costeet al, 2006 Messiet al, 2006 Shaghaghet al.,
2007 Pangallcet al, 2008.

An incidence ranging between 62.5 and 100 % wasd@mong clinical enterococci
(Dupreéet al, 2003 Abriouelet al, 200§ Mannuet al, 2003 Helmi et al., 2008.
Erythromycin resistance, even though occurring cater level than tetracycline,
could often be found in combination with Bysaniet al, 2004 Templeret al,

2008.

Tetracyclineg(tetracycline)

E. faecalisturned out to be more resistant against tetraoy¢harE. faecium(82 and
43 % of isolates, respectivelyFi¢. 34a and b; Fig. 38. Among non-dominant
species onlfE. duranswas resistant to this drug (40% of isolatésy(35a b andc).
As already seen for erythromycin, 100 % of isolabeghE. faeciumandE. faecalis
coming from SBA + tetracycline were resistant tis tirug Fig. 36and37).

As regard<. faecalisalso the isolates coming from SBA + erythromyai &BA +
kanamycin were 100 % Tetand 34 % of those from SBA.

Different behaviour was observed amdagfaeciumisolates. A high percentage of
resistant isolates (86%) from SBA + erythromycifi, @ from SBA + kanamycin,
and only 4 % from SBA were isolatelig. 36).

Thus, it seems that adding erythromycin (apart ftetmacycline) or, in case d@&.
faecalisalso kanamycin, to the isolation medium could favihe selection of TBt

isolates. Considering the similar results obtaifegderythromycin resistant isolates
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(see above), this could mean that tetracycline emgthromycin resistances can be
associatedTlempleret al., 2008.

Both forE. faeciumandE. faecalis modal MIC value of the isolates coming from the
medium without antibiotic addition was 2, indicating that this two species are not
naturally resistant to tetracycline. When a selectpressure (the addition of
tetracycline or erythromycin fdg. faecium and also of kanamycin f&. faecali$ is
applied, the modal MIC value increases to >Hi§.(47aandb).

Resistance to tetracycline is commonly dectectedirat or over 50% of clinical
isolates Nelsonet al, 200Q Dupré et al, 2003 LeBlanc, 2006 Abriouel et al,
2008 Helmi et al, 2008 Templeret al, 2009, and in recent years, multiresistance to
tetracycline, erythromycin, and chloramphenicol bagen often describedémpler

et al, 2008.

Different incidences of tetracycline resistance eveeported for enterococci from
food. AmongE. faeciumisolated from meat, dairy and vegetables foodk; arvery
low percentage (between 4 and 7%) was resistame¢ttacycline, while a higher
incidence (from 31 to 87 %) of TeE. faecaliswas detectedReterset al, 2003
Drahovskaet al, 2004 Huys et al, 2004 Gomeset al, 2008 Ogier and Serror,
2008 Valenzuelaet al, 200§. These percentages are quite in agreement wogeth
obtained folE. faecium(4 %) ancE. faecalig(34 %) from Fiore Sardo cheese without
any antibiotic addition to the isolation medium. Asdready highlighted for
erythromycin, in order to calculate the antibiatesistance incidence it is important
to take into account both the enterococcal speameisthe culture medium used for

isolation. At a first glanceBarboseet al. (2008 isolated a lower percentage (22.5%)
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of Tef® enterococci in Portuguese meat products comparétettotal percentages of
Tef® E. faecium(40%) andE. faecalis(50%) from Fiore Sardo cheese and other
foods.

However, they considered different species altagetimd did not add antibiotics to
the culture medium. Usually, the majority of resigt enterococci belong t&.
faecium and E. faecalisspecies, and, if no antibiotic is added to thetivation
medium, very low percentages of resistant isolates be detected, as they are not
dominant among food enterococcal microflora. If legively SBA isolates from
Fiore Sardo are considered, without distinctiorspécies, only 12.3 % (15/122) of
the them are resistant to tetracycline.

Among environmental specimens, Teenterococci are commonly found in
percentages ranging between 20 and 34.61&dJosteet al, 2006 Shaghaghet al.,

2007 Pangallcet al, 2008.
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Glycopeptidegvancomycin)

Among the 322 enterococci isolated from Fiore Sactieese, only one isolate
belonging to the specids faecalis isolated from SBA + erythromycin was resistant
to vancomycin (MIC > 32 pg/mlHgs 34aandb; 353 b andc; 36, 37). E. faecium
vancomycin MIC values ranged between 1 an#&.4faecalisbetween 2 and 4, with
the exception of the sole Vaisolate Fig. 49).

Since vancomycin is an important alternative agamsltiple-resistant enterococci
(and other Gram-positive bacteria), VRE (Vancomyéesistant Enterococci)
constitute a serious risk group among bacterialooasial pathogens and their
presence in hospitals is met with great concémar(zet al, 1999. They had been
first described in France and UK, but were subsetiyyéound in many parts of the
world, especially in US hospital&lare et al, 2003.

Our results are similar to those reported by othethors, confirming that
vancomycin resistant enterococci are very rareated from dairy products, while
slightly more frequently from other animal foodspveonmental and clinical
specimens Giraffa and Sisto, 1997Giraffa et al, 200Q Arvanitidou et al, 2003
Franzet al, 2001 Hallgrenet al, 2002 Dupréet al, 2003 Kayser, 2003Mannuet
al.,, 2003 Peterset al, 2003 Ben Omaret al, 2004 Cosentinoet al, 2004
Drahovskéet al, 2004 Canzek Majheri et al, 2005 Kagmaz and Aksoy, 2008la
Costaet al, 2006 Messiet al, 2006 Fracalanzzat al, 2007 Abriouel et al.,2008
Gomeset al, 2008 Helmi et al. 2008 McGowan-Spicekt al, 2008 Templeret al,

2008 Barboseet al., 2009.
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Fig. 48 Glycopeptides (vancomycin) MIC value distributioin(@) E. faecium(174)
and p) E. faecalis(128) isolates depending on their medium of origin
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The very different percentages (from 0 to 100%)M&RE isolated from various
sources would lead the conclusion that antibisgistance against vancomycin, and
also other drugs, is not just linked to the originthe isolates (food, environment,
healthy or not humans and animals), but that itdiss a geographic and above all a
strain dependent characteristitagzek Majher et al, 2009.

However, it is important to highlight that, in mangsearch works, VRE recovery
could have been reduced because no vancomycinddasl @40 the isolation medium.
In fact, scientific literature indicates that armiehment step in medium supplemented
with vancomycin enhanced the detection rate of \WGgEpproximatively three times
(Wegeneret al, 1997. In the present study, even though SBA + vancamy@s
used as well as SBA without antibiotic supplemeatatonly one VRE isolate was

detected and that was from SBA + erythromycin.

OxazolidinoneqLinezolid)

About 1% ofE. faeciumandE. faecalisisolates was resistant to linezolid, while all
the isolates belonging to non-dominant species wgeseeptible to this antibiotic
(Figs 34aandb; 35a, b andc). All Lzd® E. faeciumisolates came from SBA (1% of
isolates from this medium), while L2dE. faecalisisolates came from SBA +
erythromycin (5 % )Kigs 36and37). On the whole, a slightly higher percentage of
sensitive Lz E. faecalisthan Lz& E. faeciumwas isolatedFig. 38).

Modal MIC values were between 2 and 4 for both ge€ig. 49).

The occurrence of a few isolates presenting resist¢éo this drug is important since

linezolid is a useful agent in treatment of infens with Glycopeptide- or multiple-
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resistant enterococci, even though, in recent yéaesincreased consumption of this
drug in USA caused the onset of outbreak€offaecalisand E. faeciumisolates
(Klare et al, 2003 Leclercq, 2009 However, as reported by various authors,"_zd
enterococci are only sporadically detected amomjaties from human sources
worldwide, while they are generally not found amaswjates from food such as fruit,
vegetables and meat product8efsos et al, 2004 Fracalanzzaet al, 2007

McGowan-Spiceet d., 2008 Casalet al.,, 2009.
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Fig. 49 Oxazolidinones (linezolid) MIC value distributiar (a) E. faecium(174)
and p) E. faecalis(128) isolates depending on their medium of origin
ARFEN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+EKan, and SBA+Tet, respectively
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On the whole, resistance to ciprofloxacin was nfostuently spread in thé&.
faeciumisolates with 71% of occurrence, followed by tlesistance to clindamicin
and HL streptomycin (60%), tetracycline (43%), brgiycin (40%), rifampin
(37%), levofloxacin (18%), gatifloxacin (17%), araolin (13%), penicillin (12%),
quinupristin/dalfopristin (10%), HL gentamicin (3%inezolid (1%). NoE. faecium
was resistant to vancomycin.

AmongE. faecalis resistance to clindamicin was the most sprea@j9&llowed by
resistance to quinupristin/dalfopristin (95%), Hireptomicin (83%), tetracycline
(82%), rifampin (53%), erythromycin (50%), ciproflacin (20%), gatifloxacin
(15%), levofloxacin (9%), linezolid, penicillin ancancomycin (around 1%). NB.
faecaliswas resistant to ampicillin and gentamicin.

Summarizing briefly, all enterococci isolated frdAore Sardo, except one, were
sensitive to vancomycin. The highest frequencyesistant strains were detected in
E. faecalis(100 % of isolates were resistant to at least ¢ivthe tested antibiotics),
while around 2 % oE. faeciumwere susceptible to all antibiotics and 11 % were
resistant against only one.

Multidrug resistant isolates were quite frequemntdtected. Phenotypic determination
of resistance to antimicrobial agents of the HA4faeciumresulted in seventy
resistance patterns, plus one consisting of iselatesceptible to all drugs tested.
Resistant isolates showed from one up to eightstastes. Sixty-five isolates
(37.4%), mainly coming from cultivation media cdntag antibiotic, displayed

resistance to between five and eight out of thetéaun antibiotics tested ble 10.
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Resistance patterns (17) constituted of three iatith, were the most frequently

detected (20.7 % of isolates).

Table 10.Resistance profiles &. faeciumisolates.

0 None 3 1.7 AREN 3 L7
Cip 9 52 AREN
1 Chi 2 1.1 KEN 19 10.9
Str 8 4.6 0.7 AREN® n. 1KEN
Cip, Chi 7 4.0 KEN
Cip, Rif 3 1.7 AREN
Cip, Str 7 4.0 AREN
Cip, Tet 5 29 n. 1 AREN n 4 TEN
2 Cli, Ervy 1 0.6 AREN 8 161
Cli, Rif 1 0.6 AREN
Cl, Str 3 1.7 n 2 AREN n.1KEN
Gat, St 1 0.6 AREN
Cip, Cli, Gat 1 0.6 AREN
Cip, Cli, Levo 1 0.6 KEN
Cip, Cli, Rif 2 1.1 AREN
Cip, ClLi, Syn 2 1.1 AREN
Cip, Chi, Tet 1 0.6 KEN
Cip, Gat, Sir 1 0.6 AREN
Cip, Gat, Tet 1 0.6 TEN
Cip, Levo, Rif 3 1.7 n 2 AREN n. 1KEN
3 Cip, Levo, Tet 7 4.0 n. 1 AREN n. 6 TEN 36 20.7
Cip, Rif, Str 5 29 n. 3 AREN n. 2 KEN
CHi, Ery, Rif 1 0.6 AREN
CHi, Ery, Str 5 29 KEN
Cli, Gat, Sir 1 0.6 AREN
Cli, Rif, Sir 1 0.6 KEN
Cli, Str, Tet 1 0.6 KEN
Ery, Rif, Sir 2 1.1 AREN
Gat, Rif, Sir 1 0.6 AREN

% m. 2 isolates are the same PFGE-type
": all isolates are the same PFGE-type
Unless otherwise specified, all isolates belonged to different PFGE-types

AREN, EEN, KEN, and TEN codes indicate isolates fromn SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively
Continued on following page
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Table 10 Continued.

Cip, Cli, Fry, Tet 2 1.1 n. 1 KEN n1TEN
Cip, Cli, Gat, Sir 1 0.6 AREN
Cip, ClL, Rif, Sir 1 0.6 KEN
Cip, Cli, Rif, Tet 1 0.6 TEN
Cip, Cli, Str, Tet 1 0.6 TEN
Cip, Cli, Syn, Rif 1 0.6 AREN
Cip, Ery, Levo, Rif 1 0.6 KEN
4 Cip, Ery, Rif, Tet 5 29 n. 1 AREN n. 4 TEN® 7 132
Cip, Gat, Levo, Ril 1 0.6 AREN
Cip, Levo, Rif, 5tr 2 11 AREN
Cli, Ery, Rif, Str 1 0.6 KEN
Cli, Ery, Rif, Tet 1 0.6 EEN
Cli, Ery, 5tr, Tet 1 0.6 KEN
Cli, Gat, Rif, Sir 2 1.1 AREN
Cli, Syn, Rif, 5tr 1 0.6 AREN
Ery, Gat, Str, Tet 1 0.6 TEN
Amp, Cli, Fry, Str, Tet 3 1.7 n. 2EEN n. 1KEN
Cip, Cli, Ery, Rif, 5tr 3 1.7 KEN
5 Cip, Cli, Ery, Str, Tet 9 52  n 2FEN® n 4KEN® n. 3 TEN 25 14.4
Cip, Cli, Gat, Levo, Lzd 1 0.6 AREN
Cip, Cli, Syn, Rif, Str 7 4.0 AREN
Cip, Gat, Levo, Rif, Strr 2 1.1 AREN
Amp, Cli, Ery, Pen, Str, Tet 8 4.6 n 1EEN n 3KEN® n 4 TEN®
Cip, Cli, Fry, Gat, Sir, Tet 2 1.1 FEN
Cip, Cli, Ery, Levo, 5ir, Tet 1 0.6 EEN
6 Cip, Cli, Ery, Levo, 5yn, Tet 1 0.6 KEN n 121
Cip, Cli, Ery, Rif, Str, Tet 1 0.6 TEN ’
Cip, Cli, Ery, Syn, Rif, Str 5 29 n 1 AREN n. 1KEN n. 3 EEN®
Cip, Cli, Levo, Pen, Str, Tet 1 0.6 TEN
Cip, Cli, Levo, Rif, Str, Tet 2 1.1 TEN
Amp, Cip, ClLi, Ery, Pen, Sir, Tet 1 0.6 KEN
Amp, Cip, Ery, Gat, Pen, Str, Tet 1 0.6 EEN
Amp, Cli, Ery, Gat, Pen, 5tr, Tet 2 11 EEN
7 Cip, Cli, Ery, Gat, Levo, Sir, Tet 1 0.6 EEN 10 57
Cip, Cli, Ery, Gat, Rif, Str, Tet 1 0.6 EEN
Cip, Cli, Ery, Pen, Rif, Str, Tet 1 0.6 TEN
Cip, Cli, Gat, Levo, Rif, Sir, Tet 3 1.7 TEN
Amp, Cip, Cli, Ery, Gat, Gen, Pen, Tet 3 1.7 EEN
Amp, Cip, Cli, Ery, Gen, Levo, Pen, Tet 3 1.7 KEN
8 Amp, Cip, Cli, Ery, Pen, Rif, Str, Tet 1 0.6 KEN 9 5.2
Cip, Cli, Ery, Gat, Levo, Rif, Str, Tet 1 0.6 EEN
Cip, Cli, Gat, Levo, Syn, Rif, Str, Tet 1 0.6 TEN
174

% n. 2 isolates are the same PFGE-type

": all isolates are the same PFGE-type

Unless otherwise specified, all isolates belonged to different RAPD M13-types
AREN., EEN, KEN, and TEN codes indicate isolates fromn SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively
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Eighty-eightE. faecalisisolates (68.8%) showed resistance to betweenaiieenine
(only one isolate) out of the fourteen drugs testResistance patterns ( 10)
constituted of five antibiotics, were the most fregtly detected (33.6% of isolates)

amongE. faecalisisolates Table 117).

Table 11 Resistance profiles &. faecalisisolates.

L Isolates per Isolates per N.
Antibiotics . .
resistance profile Medium of origin ID Code of resistances
N. Name N. o N. L
Cli, Syn 4 31 AREN®
2 Rif, Tet 1 0.8 TEN 6 4.7
Syn, Tet 1 0.8 TEN
CHL, Syn, Str 4 31 AREN"
3 CHLi, Syn, Tet 2 1.6 TEN 7 55
Syn, Str, Tet 1 0.8 TEN
Cip, CLi, Syn, St 1 0.5 AREN
Cip, Cli, Syn, Tet 1 0.5 AREN
ClLi, Ery, Syn, Tet 1 0.8 TEN
CH, Gat, Rif, Tet 1 0.8 TEN .
4 CIHi, Rif, Str, Tet 1 0.8 TEN 27 211
CH, Syn, Rif, Str 6 47 AREN
Cli, Syn, Rif, Tet 8 6.3 TEN®
ClLi, Syn, Str, Tet 8 6.3 0. 2 ARFN n 6 TEN®
Cip, ClLi, Exy, Str, Tet 1 0.8 EEN
Cip, Cli, Gat, Syn, Str 1 0.8 AREN
Cip, Cli, Levo, Rif, Tet 1 0.8 AREN
Cip, Cli, Syn, Rif, St 2 1.6 AREN
5 Cip, CL, Svn, Rif, Tet 1 0.8 AREN 3 16
b Cli, Ery, Rif, Str, Tet 3 2.3 EEN - -
CH, Ery, Syn, Str, Tet byl 211 12 AREN n 7 EEN® 1 13 KEN®n 5 TEN®
ClLi, Gat, Syn, Str, Tet 1 0.8 TEN
Cli, Levo, Syn, Rif, Sar 1 0.8 AREN
Cli, Syn, Rif, Str, Tet 5 30 TEN
Cip, Cli, Exy, Syn, Str, Tet 2 1.6 TEN
Cip, Cli, Gat, Leve, Syn, Rif 1 0.8 AREN
Cip, Cli, Gat, Syn, Rif, St 3 2.3 AREN®
Cip, Cli, Syn, Rif, Str, Tet 3 23 AREN®
6 Cli, Ery, Gat, Syn, Str, Tet 4 31 EEN* 31 242
Cli, Ery,Levo, Syn, Str, Tet 1 0.8 TEN
CHli, Ery, Syn, Rif, Str, Tet 15 11.7

n 5 EEN® n. 7 KEN® 1. 3 TEN
TEN

Cli, Gat, Syn, Rif, Str, Tet 1
Cli, Levo, Syn, Rif, Str, tet 1 0.8 AREN
Cip, CL, Ery, Gat, Syn, Str, Tet 1 0.8 EEN
Cip, Cli, Ery, Syn, Rif, Str, Tet 4 31 0. 1 EEN n 1 AREN 1. 2 TEN
7 Cli, Ery, Gat, Syn, Rif, Str, Tet 1 0.8 EEN 11 8.6
Cli, Ery, Levo, Syn, Rif, Str, Tet 1 0.8 EEN
Cli, Gat, Leve, Syn, Rif., Str, Tet 4 31 TEN®
s Cip, ClLi, Ery, Gat, Syn, Rif, Str, Tet 1 0.8 EEN 3 16
Cip, Cli, Ery, Levo, Syn, Rif, Str, Tet 1 0.8 TEN - }
9 Clip, Cli, Exy, Lzd, Pen, Syn, Rif, Str, Van 1 0.8 EEN 1 0.8
128
“n. 3 RAPD M13-types " n. 7 RAPD M13-types °:n. 2 RAPD M13-types
. 5 RAPD Mi13-types % n 4 RAPD M13-types

Unless otherwise specified, all isolates belonged ¢o different RAPD M13-types
AREN., EEN, KEN, and TEN codes indicate isolates fromn SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively
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Seven out of tekk. duransisolates showed resistance against only one atipband

three a double resistanceaple 12.

Table 12.Resistance profiles &. duransisolates.

Str

60.0  AREN

§
L qe 1 100 TEN T
Cl, Tet 7 00 TEN
T g, Tet 1 100 TEN i N0
10

“ n. 5 RAPD M13-types
TUnless otherwise specified, all isolates belonged to different RAPD M13-types

ARFN and TEN codes indicate isolates from SBA and SBA+Tet, respectively

Six out of nineE. hirae isolates did not display any resistance, one teoleas
resistant against streptomycin, and two isolatesvsld a triple resistance profile

(Table 13.

Table 13.Resistance profiles &. hiraeisolates.

0 None 6 66.7  AREN" 6 66.7
St 1 111 AREN 1 111
CHi, Gat, St 1 111 AREN
3 2 2.2
CH, Syn, Str 1 111 AREN
9

“ n. 5 RAPD M13-types
TUnless otherwise specified, all isolates belonged to different RAPD M13-types

ARFEN code indicates isolates from SBA
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The soleE. gallinarumisolated displayed a triple resistance againstofigxacin,

clindamicin and streptomycii éble 14).

Table 14.Resistance profile d. gallinarumisolate.

3 Cip, Cli, Sir 1 100.0  AREN 1 100

ARFEN code indicates isolates from SBA

According to the results of the present and previstudiesEnterococcugyenus is
still represented by strains intrinsically susdalptito the majority of antibiotics used
in human medicine, but care is advisable since stamy isolates already started to
show resistances usually associated with clinealbtes llopeset al, 2005. Teuber
et al (1999 ascertained that VRE incidence among enteroctoch European
cheeses was as low as 4%, while resistance to dttogs (as chloramphenicol,
streptomycin, tetracycline, erythromycin, ciprofémn, gentamicin, penicillin and
ampicillin) varied between 7 and 80 %.

Antibiotic resistant enterococci were isolated dlson Fiore Sardo cheese, and they
are commonly isolated from other different, norrglaanimal foods. However, only a
low proportion of them are resistant to the clifficamportant antibiotics such as
ampicillin, penicillin, gentamicin and, especiallyp the last resort antibiotic
vancomicin Franzet al, 2001 Lopeset al, 2003 Mannuet al, 2003 Peterset al,

2003 Cosentinoet al, 2004 Canzek Majhers et al, 2005 Ogier et al, 2008§.
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Concerning the other antimicrobials, antibioticiseEnce among food isolates varies
among different studies and is often species-instend region-dependent, and may
differ according to the isolation method uséde(n, 2003 Canzek Majheri et al,
2005 Ogier and Serror, 2008

The high frequency of resistance to tetracycling arythromycin among isolates of
animal origin is likely related to the wide usetbése drugs in husbandry activities.
Due to the frequent association of these two gerdggterminants of resistance, the
use of either antibiotic selects at the same tiorebbth resistancedB(saniet al,
20049). Finally, although the origin of a strain may rabivays influence its antibiotic
resistance profile, the species to which it belotgsmay do so. In fact, many
differences between dairy isolates belonging Bo faeciumand E. faecalisin
comparison to other less frequently isolated ewtsrcal species (in this study.
durans, E. hiraeand E. gallinarun), often occur in the antibiotic resistance pattern

(Lopeset al, 2009.

3.3.2Presence of antibiotic resistance genes

Enterococci’s acquired resistance based on acguisif plasmids and trasposons,
has relevance for Chloramphenicol, LincosamidesAméhoglycosidesp-Lactams,
Fluoroquinolones, Glycopeptides, Macrolides anddafclines Franzet al, 1999.
Among the antibiotics belonging to the two lastsskes, resistance to erythromycin
and tetracycline is quite widespread in many Gragative and Gram-positive
bacteria, and it occurred also among enterocootatisd from Fiore Sardo cheese

(Cosentinoet al, 2004 present study There are various resistance mechanisms to
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these antibiotics encoded from different genes (Baeagraphl.4.3 Antibiotic
resistance in Enterococoi

In this study the presence efmA, ernB andermC genes among phenotypically
Enf isolates, and ofetl., tetM, tetS and tetW genes among phenotypically Fet
isolates was investigated. In some cases, botbiatiti resistances were present, so
all genes were searched. Most of Egnd/or Tet isolates belonged tB. faecium
and E. faecalisspecies, while among non dominant species only Eudurans
isolates (three different RAPD M13-types) cametoube resistant to tetracycline, all
harbouring bothetM and tet. resistance genes (data not shown).

The uniqueE. faecalisvancomycin resistant strain (MIC > 32) harboureither
varA nor varB genes. It is well-known that nearly all straifsko gallinarum as
other motile enterococciE( casseliflavusand E. flavescens are resistant to low
levels of vancomycinKak and Chow, 2002)The soleE. gallinarum (MIC = 8)
isolated during this study harboured tr@C-1 gene. This gene is confined to strains
of E. gallinarum species and confers on them an intrinsic vancamyesistance
(Clark et al, 1998. A positive PCR result for this gene can be useidentify theE.
gallinarum species within the genlnterococcugLeclercqget al, 1992, Vinceniet
al., 1992; Dutka-Malert al, 1995.

In Table 15 the incidence of erythromycin and tetracyclingisg&nce genes among

the phenotypically Ef/and/or Teft E. faeciumisolates is reported.
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Table 15.Presence of erythromycin and tetracycline resigt@emes in phenotypically Evand Tef E. faeciunisolates.

AREN 71 £ 83 - - - - - - 3 42 2 667 3 100 - - - -
EEN 21 21 100 - 15 714 - - 18 857 1% 100 18 100 - - - -
KEN 47 27 514 - 9 333 - - 12 383 12 a7 18 100 - - - -
TEN 33 15 429 - 5 333 - - 35 100 29 829 35 100 - - - -
TOTAL 174 69 397 - - 29 420 - - 74 425 61 824 74 100 - - - -

- not detected
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Twenty-nine (42%) out of the 69 Etysolates, representing 42% of toalfaecium
isolates, harboured thernB resistance gene. Most of them (15) were isol#iech
SBA + erythromycin, none from SBA without antibmtaddition. None isolate
harbouredermA or ermC resistance genes.

All the 74 Tef isolates (42.5% of aft. faeciumisolates) harboured thetM gene, 61
(82.4% of Tet E. faeciuny thetetl, while tetS andtetW genes were not detected in
any isolate. On the whole, D faeciumwere both Er§fand Tef, 19 were only Ef,
and 24 only Tét

Most of Ery® E. faeciumharbouringerm genes came fronSBA + erythromycin,
while most of Tef isolates harbourindet resistance genes came from SBA +
tetracycline, so, on the whole, around 90% of‘&md/or Tet E. faeciumharbouring
resistance genes were isolated from culture meitaming an antibiotic as selective

agent.

Arranging the 93 Efyand/or Tef E. faeciumisolates according to the presence of
resistance genes resulted in five resistance pattesides one pattern constituted of
16 (17.2%) isolates without resistance gefedble 16. Almost half (41) of resistant
isolates harboured two genes, against both theiatitis or only against tetracycline
(ermB/tetM or tetl/tetM), while around 25 % showed a triple genotypic fiigo

(ermB/tetl/tetM).
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Table 16 Erythromycin and tetracycline resistance gemedilps detected among
phenotypicallyEry? and/or Tef E. faeciunisolates.

0 None 16 17.2  n.5 AREN n. 11 KEN® 16 17.2
ermB 3 32 b
1 EEN 13 14.0
tet M 10 10.8 n. 1 AREN n. 3 KEN® n. 6 TEN®
erm B tet M 3 32  KEN®
2 41 44.1
fet L. tet M 38 40.9 n.2 AREN n. 6 EENn. 6 KEN® n. 24 TEN
3 erm B tef L tet ML 23 24.7 n. 12 EEN? 0. 6 KENY n. 5 TEN® 23 24.7
Total N. of resistant isolates 93 93
* n 6 PFGE-types “n 5 PFGE-types ® n 2 PFOE-types & n 4 PFGE-types
" all the isolates are the same PFGE-type L n 3 PFOE-types fn 21 PFGE-types

AREN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively

In Table 17, the incidence of erythromycin and tetracyclingise&nce genes among
the Eny® and/or Tek E. faecalisisolates is reported.

All the 64 phenotypically Efyisolates, coming from all the isolation media and
representing 50 % of alt. faecalisisolates, harboured thermB resistance gene.
Most of them (73.4%) were isolated from SBA + ergthycin or SBA + kanamycin
(34.4 and 39.1 %, respectively), 21.9 % from SB#etracycline and 4.7% from SBA
without antibiotic addition. N&. faecalisharbouredermA or ermC resistance genes.
All the 105 phenotipically T&tisolates, representing 82% of Bl faecalisisolated,
harboured théetM gene, 39 (37.1% of TRE. faecali} thetetl, and 30 (29%) the
tetS, whiletetW gene was not detected in any isolate.

On the whole, all the 64 ERE. faecaliswere also T&t while 41 Tef isolates were

not Ery".

Roberta Comunian Identification and safety assessment of enterocsotated from a Sardinian ewe’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —
Universita degli studi di Sassari



Table 17.Presence of erythromycin and tetracycline resigt@enes in phenotypically Erand Tef E. faecalisisolates.

with resistance genes

with resistance genes

E. faecalis isolates ]ifryR isolates A erm B erm C Tet" isolates pry ei M P,
m?;';fg}“;ile N % N % N % N % N % N % N % N % %
ARFEN 35 3 86 - - 3 100 - - 12 343 2 167 12 o - -
FEN 22 22 100 - - 22 100 - - 22 100 12 545 22 100 13 L -
KEN 25 25 100 - - 25 100 - - 25 100 11 44 0 25 100 13 52 -

TEN 46 14 304 - - 14 100 - - 46 100 14 304 46 100 9 -
TOTAL 128 64 500 - - 64 1000 - - 105 820 32 371 105 100 30 29 -

- not detected
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Arranging the 105 T&tand/or Er{ E. faecalisisolates according to the presence of
resistance genes resulted in seven resistancensaffable 18. Fifty-six (53. 3%) of
resistant isolates harboured three genes, agamtistdsythromycin and tetracycline
(ermB/tetlL/tetM or ermB/tetM/tetS), while 33.3% showed unique genotypic profile
tetM. Four isolates from SBA + erythromycin, constgditof three RAPD M13-types,
harboured four resistance genesn@/tet /tetM/tetS). Mostly (85.7%) of Erj
and/or Tet E. faecaliswere isolated from culture media containing aribamtic as

selective agent.

Table 18 Tetracycline and erythromycin resistance genedilps detected among
phenotypically Erf and/or Telt E. faecalisisolates.

. Isolates per Isolates per
Resistance genes profiles . . .
resistance profile Medium of origin ID Code N. of AR genes
N. Name N. % N. %
1 ftetM 35 333 1.9 AREN®n. 26 TEN® 35 33.3
ern B fet M 4 3.8 n. 1ARENn 1KENn 2TEN
2 tetL tetM 5 48 TEN 10 9.5
tetM tetS 1 09 TEN
3 ermBletL tetM 30 286 n.2 ARENN. § EEN°n. 11 KEN?n. 9 TEN® 56 533
erm B tet M tetS 26 248  p 10 EEN%1n. 13 KEN® 1. 3 TEN - -
4  ermB fetL tet M tetS 4 3.8 gend 4 3.8
Total N. of resistant isolates 105 105
* n 8 RAPD M13-types *n 4 RAPD M13-types ®n 5 RAPD M13-types
1 20 RAPD M13-types % 1. 3 RAPD M13-types

ARFEN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+EKan, and SBA+Tet, respectively
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As already noticed, the medium used for isolati@s k great importance for the
recovery of resistant strains and the higher nunolbeesistant isolates found in the
present study in comparison with previous studie$-iore Sardo chees#&lénnuet

al, 2003 Cosentincet al, 2009 and on other animal food products (see Paragraph
3.3.1 MICs determination) is due to the use of more effective selection imeubt

to an increased incidence of resistant isolatéisisnproduct.

The widespread use of antiobics for various purp@gBem the treatment of disease
to the practice of feeding them to food-productammals for growth promotion)
contributed to the dissemination of antibiotic sémnce genes, selecting for antibiotic
resistance-harbouring bacteria. Moreover, the attpn of the antibiotic resistance
genotype may actually increase the fithess of metiacteria also in the absence of
antibiotic selective pressure, thus allowing threpid emergence and dissemination
on a worldwide scaleEpne et al., 2004; Luoet al, 2005. In this case, the
dissemination of antibiotic resistance becomeslfapsepetuating process replacing
the antibiotic susceptible genotype in the abs@f@ny antibiotic selective pressure.
Therefore, it becomes of huge importance to conth@ release of antibiotic
resistance genes into the environment. In fadhénareas with historically low level
of antibiotic usage in agriculture the frequencyaafibiotic resistance genes carriers
is also very low. The presence of antibiotic resise genes in bacteria isolated from
apparently antibiotic free environments could bee do different reasons. For
example, a low level of pre-existing natural ger@olpin soil or in acquatic
microbiota. Another explanation could be a previcatsong antibiotic driven

selection and ‘integration’ of antibiotic resistangenes into the bacterial genotype
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(for instance in clinical isolates), with compemsgtmutations reducing the fitness
cost. Commensal bacteria as enterococci may suéstyglbecome widespread in
different environments and compete with susceptddaotypes in the absence of
selection by antibiotics. Then, antibiotic resisthacteria could be selected by other
factors than antibiotics, such as heavy metals.yMantibiotic resistance genes reside
on large selftransmissible genetic elements suchcagugative plasmids and
transposons, which have sufficient capacity toycamultiple genes, including those
encoding antibiotic, heavy metal, and biocide tasises. The physical linkage
between the R plasmids and resistances to heawlsweas noticed almost 40 years
ago Smith, 1967. In the environment, bacteria in metal-contanedadreas appeared
to be more tolerant to metals and antibiotics tinacontrol sites $tepanauskast al,
2005 and 2006Baker-Austinet al, 2006 Wright et al, 200§. Finally, microbial
ecosystems are not isolated, there is extensive gswchange between different
compartments, and antibiotics can become widespreteg environment in different
ways: veterinary antimicrobials can be found evegroundwater as deep as > 10 m
and in surface water such as a river, in areasdtedaby agricultural activitieB@tt

et al, 2006 Yang and Carlson, 2093

Thus, a carefully designed analysis of a partica@system for antibiotic resistance
genes is of fundamental importance to exclude thesipility of contamination by
antibiotics, even in the areas with light agrictdduactivity and with low human and
animal population densityAgninov and Mackie, 2007

From the clinical point of view, the most importamd worrying event is the entry of

antibiotic resistance genes into pathogenic bagcteri
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Genetic mechanisms involved in acquisition of aatib resistance genes from the
environmental antibiotic ‘resistome’ both by comms@inand pathogenic bacteria may
include transformation by naked DNA, conjugativensfer and transduction, but the
ecological aspects of this process are still poarigerstood Aminov and Mackie,
2007. In any case, both to exert a beneficial (prabjair a negative effect (not only
pathogenic, but e.g. the exchange of antibiotitstasce or virulence genes), a strain,
after ingestion, must be able to survive and tomiak the gastrointestinal tract (GIT)
by competing with the local natural flora. For puailes, for instance, a daily intake
of at least 1810 viable cells has been suggested as the minimwuakerto provide a
therapeutic effectRoy, 2005. Therefore, at least 1@FU/g of a strain should be
present in a foodJodex Alimentarius, 20Q3In this case an amount of®1€ells will

be ingested when 100 g of food are eaten. If loamapunts of bacterial cells are
ingested it is unlikely that they could manageuovsre in the GIT and carry out their
positive or negative functio alwalkar and Kailasapathy, 2004

Several authors have highlighted the importance ligh number (16-1¢ CFU g*)

of donors on the efficacy of gene transferentevivo, demonstrating that a low
number (16 CFU g") of cell donors containing antibiotic resistancengs was
insufficient to transfer these genes to the imtestmicroflora Licht and Wilcks
2006 Jacobsermrt al, 2007 Zonenschairet al, 2009.

All these things considered, from this point of wid-iore Sardo cheese can be
deemed safe, as enterococci harbouring antibiesistance genes were detected at

low concentration{ 3 CFU ¢).
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3.4 Presence of virulence determinants

A total of 202 isolates (93/178. faecium 105/128E. faecalis and 4/1CE. durans,
all Ery® and/or Tek, were analysed for the presence of several vicalereterminants
by PCR technique using primers previously desigatettis laboratory or present in
literature.

Among the two dominant speci&s faeciumandE. faecalis the last turned out to
have the highest number of virulent determinants.

None of theE. duransisolates harboured any investigated virulence (fables 19

and20).

The cylA was the only gene not detected in any of the tyated isolates.
Therefore, considering that the cheeses analyseithisnstudy were produced in
almost half of the total dairy farms producing Eid8ardo, no haemolytic activity
should be expected by the enterococcal populattonising this cheese. As seen in
other studiesBen Omaret al, 2004 Drahovskéet al, 2004 Vankerckhoveret al,
2004 Abriouel et al, 2008 Billstrom et al, 2008 Gomeset al, 2008 Hallgren et
al., 2009, generallycylA gene does not appear to be characteristic, eithetinical

E. faeciumisolates.

On the other hand, amoikg faecalis its incidence can vary a lot (from 0 to 61.53%)

depending on the origin of the isolates.
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Table 19 Presence of virulence determinants genes ih &gt Tet E. faeciumisolates.

AREN 71 § 113 - - - - - - 1 125 - - § 100 - - - -
EEN 21 21 100 - - - - - - § 38.1 1 438 21 100 1 48 - -
KEN 47 29 617 - - - - - - - - - - 28 97 - - - -
TEN 35 35 100 - - 1 29 - - 22 629 & 229 35 100 8 229 - -

TOTAL 174 03 534 - - 1 1.1 - - 31 333 9 97 902 99 9 07 _ _

-: not detected
 calculated on Ery“!Tf:tR isolates NOT on the total amount
AREN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+EKan, and SBA+Tet, respectively
Table 20.Presence of virulence determinants genes it &mg Tet E. faecalissolates.
o Total Ery" /Tet Isolates with virulence determinants genes
o isolates isolates agg ace gel E esp efa A efa Afm cpd cyl A
origin ID code
N. 09 N. 05° N. 0p? N. 0p° N. 0t N. 0p° N. 05 N. 0,p* N. 0p*

AREN 35 12 343 6 50.0 o 750 6 50.0 10 833 12 100 1 83 12 100 - -
EEN 22 22 100 12 545 1§ §81.8 9 409 22 100 22 100 - - 22 100 - -
KEN 25 25 100 11 440 23 92.0 12 48.0 25 100 24 96.0 - - 25 100 - -
TEN 46 46 100 22 478 23 50.0 34 739 35 76.1 46 100 1 22 46 100 - -

TOTAL 128 105 82.0 51 48.6 73 6935 61 58.1 92 B87.6 104 99.0 2 1.9 105 100 - -

-2 not detected

 calculated on ErnyTetR isolates NOT on the total amount

AREN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+EKan, and SBA+Tet, respectively
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The highest percentages are detected among clisiiGahs, but it is generally not
detected among food strainsr¢himbaudet al, 2002 Ben Omaret al, 2004 Creti
et al, 2004 Abriouel et al, 2008 Gomeset al, 2008 McGowan-Spiceet al, 2008
Pangallcet al, 2008 Hallgrenet al, 2009.

However, exceptions may occur. Inde@dahovskaet al (2004 and Canzec
Majhenki et al, (2002 foundcylA present in 25 and 50% respectively Foffaecalis
isolated from cheese, whilgalenzuelaet al (2008 detected it in 26.7% OE.
faeciumand in 17.4% oE. faecalisisolated from foods in Morocco.

No studies were previously carried out on the preseof Cytolisin genes among

Fiore Sardo cheese enterococci.

No E. faeciumisolate was shown to have thgg gene, while it was present in 48.6%
of E. faecalisisolates coming from media both with and withoutilziotics almost in
equal percentages.

Previous studies carried out bJannuet al in 2003 did not show the presence of
genes encoding for an AS amdagfaeciumsolated from Fiore Sardo cheese.

The agg gene was rarely detected amdagfaeciumisolates both of food (from 0 to
20%) and clinical (from 0 to 5%) origirE@ton and Gasson, 2Q0Mannu et al,
2003 Abriouel et al, 2008 Cariolatoet al, 2008 Valenzuelaet al, 2008 and 20Q9
Vankerckhovenet al, 2008 Hallgren et al, 2009, while it was found at higher
incidences among. faecalisisolates, mostly of clinical origin (from 18 to %, and
from 59 to 100%, respectively among food and chhisolates) Eaton and Gasson,

2001 Canzec Majheni et al, 2002 Semedoet al, 2003 Abriouel et al, 2008

Roberta Comunian ldentification and safety assessment of enterocgotated from a Sardinian ewe’s raw milk PDO
cheese (Fiore Sardo)

Tesi di dottorato in: Riproduzione, produzione, é&sere animale e sicurezza degli alimenti di ogiggmimale —
Universita degli studi di Sassari



196

McGowanet al, 2008 Cariolatoet al, 2008 Valenzuelaet al, 2008 and 20Q9
Hallgrenet al, 2009. So the results obtained in this study are ctersisvith those

already reported in literature.

The acegene was present in only ofe faeciumisolated from SBA + tetracycline,
and in 69.5% oE. faecaliscoming mostly from SBA + kanamycin.

This gene is generally not detected among liotifaeciumandE. faecalisisolated
from food, while its incidence can reach more tl@% among clinical strains,
especially those belonging Eb faecalisspeciesQupréet al, 2003 Ben Omatret al,
2004 Cretiet al, 2004 Abriouel et al, 2008 Gomeset al, 200§. Exceptions are
represented by results shown Qariolatoet al. (2009, who detected it in around
76% of both clinical and foo&. faecalisstrains, and by those dfalenzuelaet al.
(2008 who found this gene in 60.86% of fokd faecalisstrains.

The results of this study are in agreement withs¢hof Cariolatoet al. (2008 and
Valenzuelaet al. (2008. Only in one previous study in which virulencaits of E.
faeciumfrom Fiore Sardo cheese were investigated, wasatieegene not found
(Mannuet al, 2003. However, it is noteworthy th&lannuet al, 2003carried their
study on samples coming from a restricted numbefawhs (only 3) and without
using antibiotics in the primary isolation mediufie uniqueE. faeciumharbouring
the ace gene found in this current study was isolated fil9BA + tetracycline, was
phenotypically resistant to ciprofloxacin, erythrgom, rifampin and tetracycline (it
harbouredtetL. and tetM genes) and displayed four other virulence tr§iE$aA,

EfaAfm, esp andcpd besidesace So it could be supposed that this trait would be
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more likely found in particularly virulenE. faeciumstrains, maybe arrived to food

from humans. However, in Fiore Sardo cheese thssamsery exceptional case.

Similar results were obtained fgelE gene. It was present only kh faecalis(58.1%
of isolates) isolated mostly from SBA + tetracyeli(v3.9% of investigated isolates
coming from this medium). This is one of the mastgtiently detected virulence
genes, mostly among enterococci of food originiritsdence varies in a range from
43 to 96% for foocE. faecalisisolates, and from 58 to 81% for clinical onescé&pt
for rare cases in which it was not detect8&r Omaret al, 2009, this gene is
commonly found also among. faecium mainly of food origin (up to 85% as
opposed to around 20% among clinical strainBgat¢gn and Gasson, 2001
Archimbaudet al, 2002 CanZec Majhenrtiet al, 2002 Dupréet al, 2003 Mannuet
al., 2003 Creti et al, 2004 Drahovskéet al, 2004 Abriouel et al, 2008 Billstrém

et al, 2008 Cariolatoet al. 2008 McGowan-Spiceet al, 2008 Valenzuelaet al.,
2008 and2009 Vankerckhoveret al, 2008.

Gelatinase activity was phenotypically detectedpiavious studies on enterococci
isolated from Fiore Sardo, but only amdagfaecalisstrains (20%)Cosentincet al,
2009, while thegelE gene was not found amorg faeciumisolated from Fiore

Sardo tested bylannuet al in 2003.

The espgene was found in 33.3% of tike faecium(mainly isolated from SBA +
tetracycline, none from SBA + kanamycin), and in68% of theE. faecalisanalysed.

This gene is not commonly detected among f&odaeciumisolates Eaton and
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Gasson, 20Q1IMannuet al, 2003 Ben Omaret al, 2004 Drahovskéet al, 2004
Gomeset al, 2008 Valenzueleet al.,2008, but it was found in 27.2 and 43.7%kf
faecium isolated from fruit and vegetables \briouel et al (2008 and from
artisanal food of animal origin byalenzueleet al (2009, respectively.

It has often a high incidence (65-83%) amdhgfaeciumisolates of human origin
(Eaton and Gasson, 2Q0Rupréet al, 2003 Mannuet al, 2003 Abriouel et al,
2008 McGowan-Spiceret al, 2008 Vankerckhovenret al, 2008 Hallgrenet al,
2009.

The occurrence of this gene among fédaecalisisolates can vary a lot (from O up
to 77%), as well as among clinical ones (from 20ta@B7%) Eaton and Gasson,
2001, Archimbaudet al, 2002 Canzec Majhewiet al, 2002 Dupréet al, 2003 Ben
Omaret al, 2004 Creti et al, 2004 Drahovskaet al, 2004 Abriouel et al, 2008
Gomeset al, 2008 Valenzuelaet al., 2008 and 2009 Hallgren et al, 2009.
Therefore, our results are in the range of thog®rted by other authors fdE.

faeciumandE. faecalisspecies.

The E. faecalisefaA endocarditis gene was detected in all but &nefaecalis
investigated, while it was present only in 9 (9.78b)E. faecium(1 from SBA +
erythromycin, and 8 from SBA + tetracyclineThe primers used in this study
(Mannuet al, 2003 to amplifyefaA gene, as those used Byeti et al (2004, were
designed on the endocarditis specific antigen AegehE. faecalis (GeneBank
accession number EFU03756), but their sequencd 0@ of homology also with

plasmids and transposons DNA sequences fourtd. ifaecium(plasmid pHT beta
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DNA, GenBank accession number AB183714.1; plasnMGp DNA, GenBank
accession number AB206333.1; pVEF3 plasmid, GenkBatcession number
AM931300.1; D344R transposon Tn5386, GeneBank ammes number
DQ321786.1). Therefore, PCR products can be oldats® fromE. faeciumstrains.
Mannu et al. (2003 and Gomeset al. (2008 obtained 50 and 67.6% of positive
results, respectivelysing these primers to investigate the presenedadf gene in

E. faeciumfrom different origins (milk, cheese and meat patd), whileDupréet al.
(2003 obtained amplification products only frdf faecaliSDNA.

Both EfaAfs and EfaAfm are cell adhesins, the fgeherally expressed in serum by
E. faecalis the second byE. faecium However, differing degrees of homology
amongefaA genes in the different enterococcal species vademaonstrated in the
Southern blots byeatonand Gasson(2001). Therefore, many authors used distinct
couples of primers (forefaAfs and efaAfm) to investigate the presence of this
determinant in the two speciegEaton and Gasson 2001, Abriouel et al, 2008;
Cariolatoet al, 2008; Pangallet al, 2009 obtaining species-specific results.

When efaAfm primers were used in order to detect the enddtswaltigen A inE.
faeciumisolated in this study, 100% of positive resultsrevobtained, while when
they were used to amplify DNA frorg. faecalisstrains only two isolates gave a
positive result (1 from SBA and 1 from SBA + telyaline). E. faecalisharbouring
efaAfm gene are also reported in literatufegzek Majheri et al, 2005; McGowan-
Spiceret al.,, 2009.

Nevertheless, so far, only tlkeéeA gene fromE. faecalishas been shown to influence

pathogenicity in animal models, while the role loé efaAfm gene has not yet been
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demonstratedHaton and Gasson, 200All E. faeciumsolated in this study showed
to have onlyefaAfm gene. Our results are consistent to those repbsteéte authors

cited above.

Finally, thecpd gene was detected in &l faecalisinvestigated, while only 9.7% of
E. faecium(the same showing the presencecoffaecalisefaA gene) harboured this
gene. Similar incidences were reported in litetior both species (from 85 up to
100 %, and 0%, foE. faecalisandE. faeciumrespectively). Discordant results were
reported by some Spanish authors. Indeed, theydfannoccurrence (20 %) cpd
gene higher than usual amokg faeciumisolated from fruit and vegetables foods
(Abriouel et al, 2009, and lower (33.3 %) amorig. faecaliscoming from various

artisanal foods of animal originvélenzuelaet al, 2009.

As shown above and in the followirigables 21and?22, E. faeciumandE. faecalis
strains displayed very different patterns in th@dence of virulence determinants.
All the E. faecalistested harboured multiple virulence determinah&tween 3 and
7), 80.9 % of isolates investigated harboured betweur and six virulence genes,
while the majority ofE. faecium(66.7%) harboured just one virulence gesi@Xfm).
Only a fewE. faeciumisolates (9, 9.7%) showing the presence of fourfive
virulence determinantg{aAfm was one of those genes) were detected.

The efaAfm gene was the most frequently detected antbnigecium while cpd was

amongE. faecalis(100%).
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Table 21 Virulence determinants gene profiles detectedragio faeciumisolates.

1 efaAfn 62 66.7  n. 7ARENn.12 EEN®n. 20 KEN®n. 13 TEN 62 66.7
2 efuAfm esp 22 237 nl ARENn. 7 EENn. 14 TEN® 22 23.7
4  efad efa Afm esp cpd 8 8.6 n. 7 TEN®n. 1 EEN 8 3.6
S5 ace esp efa A efadfm cpd 1 1.1 TEN 1 1.1
Total N. of Ery'/Tet isolates 93 93

* n 5 PFGE-types . n 13 PFGE-types

® n 13 PFGE-types L1 6 PFGE-types

Unless otherwise specified, all 1solates belonged to different PEGE-types
ARFEN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+Kan, and SBA+Tet, respectively

Table 22.Virulence determinants gene profiles detected antorigecalisisolates.

Isolates per N. of

Virulence determinants gene profiles . Isolates per 8 S virulence
virulence profile Medium of origin ID Code .
determinants genes
N. Name N. % N. %
ace esp cpd 1 1.0 KEN
3 espefaAcpd 13 124 n. 4 EEN®n. 2 KEN N. 7 TEN? 19 18.1
gelE efu A cpd 5 4.8 TEN
ace esp efa A cpd 24 229 N.5ARENn. 6 EEN%n. 10 KEN%n. 3 TEN
agg esp efu A cpd 2 1.9 n. 1 TEN n. 1 AREN
4 agg gelE efud cpd 8 7.6 1. 2 AREN n. 6 TEN? 38 36.2
esp efaA efaAfm cpd 1 1.0 TEN
gelE esp efa A cpd 3 29 1. 3 TEN?
5 ace gelE esp efa A cpd 7 6.7 n. 1 ARENn. 1 KENn. 5 TEN 10 05
agg ace esp efa A cpd 3 29 n. 3 EEN
6 agg ace gelE esp efud cpd 37 352 1.3 ARENn. 9 EEN°n. 11 KEN®n. 15 TEN® 37 35.2
7 agg ace gelE esp efa A efadAfm cpd 1 1.0 AREN 1 1.0
Total N. of Ery'/Tet isolates 105 105
* n. 2 RAPD M13-types . n 4 RAPD M13-types
" n 5 RAPD M13-types 4 n 3 RAPD M13-types

Unless otherwise specified, all isolates belonged to different RAPD M13-types
AREN, EEN, KEN, and TEN codes indicate isolates from SBA, SBA+Ery, SBA+EKan, and SBA+Tet, respectively
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E. faeciumcoming from SBA without antibiotic addition ansim SBA + kanamycin
showed the lowest percentage of virulent factors.
A different situation was found fdE. faecalis In fact it was possible to detect high

percentages of virulent isolates from all the mesgiad.

Usually, E. faecalisharbours more and multiple virulence determinah#s other
enterococcal species, while i faeciumtheir incidence is quite lowBpardwajet
al., 2009, but it must be taken into account that the ieomk of virulence
determinants is strain specifiera@nzet al, 2001)

Franzet al. (200]) reported a percentage of 10.4% and 78.7%.daeciumand E
faecalis respectively, positive for one or more virulerseterminantsEaton and
Gasson(200) found the presence of virulence genes irEalfaecalistested, while,
apart fromefaAfm andesp no other virulence genes were found amé&ndaecium
tested by these authors.

Virulence factors are mainly detected among clinisalates, although several traits
among food and environmental enterococci were tedesrs wel(Eaton and Gasson,
2001, Semedoet al, 2003 Drahovskéet al, 2004 Canzek Majheni et al, 2005;
Abriouel et al.,, 2008; Cariolateet al, 2008; McGowan-Spicest al, 2008 Pangallo
et al, 2008 Valenzuelaet al, 2008 and 2009. N.B. some virulence factors may
occur in food isolates with a frequency identi@abt even higher than that observed
within strains of human origirCariolatoet al, 200§.

Major differences on the incidence of genetic dateants for virulence factors

involve a remarkably higher average number of drait E. faecalis isolates,
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irrespective of their origin, or even the abseniciaots inE. faeciummainly isolated
from foods and environmental sourd@driouel et al, 2009. Moreover,E. faecium
strains harbouring different virulence traits armurfd very rarely in cheeses.
Particularly in Fiore Sardo they were isolated anlew concentrations (2.43 + 1.95
CFU/g from SBA + erythromycin, and 2.78 + 0.96 QG§lrom SBA + tetracycline)
that they are unlikely to be ingested in significamounts by the consumers for
efficiently transferring their virulence genes tachkeria colonizing GIT (see
Paragrapl3.3.2 Presence of antibiotic resistance genes

Taking these observations into consideration, esults indicate that Fiore Sardo’s
enterococcal microflora could be considered safeegard to the risk of antibiotic
resistance and virulence gene transmission.

In this study the sol&. faeciumstrain harbouring five virulence genes was found in
only one sample of cheese, with a low concentrgftdog CFU/g) and in single copy
(unique PFGE-type), so its presence should nof berxern.

Our study is quite consistent with the results reggbin literature tha. faecalishas
been found to harbour more virulence genes thafaeciumand with incidences
similar to those reported for other foods produicedifferent geographical areas.
Moreover, as the literature has often reported kbth presence of silent genes
[Gelatinase activity is present only in 36-44% whms harbouring gelE gen€ireti

et al, 2004; Drahovskat al, 2004; Cariolatet al, 2009 or as being totally absent
(Biavascoet al, 2007]. Further studies should be carried out to testwirulence of

Fiore Sardo’s strains from the phenotypic pointiefv.
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4. CONCLUSIONS

In general, the results presented in this studycaresistent with those previously
reported in literature for food isolates of the saspecies, and differently from results
obtained in a recent study ab. paracaseisolated from Fiore Sard@Cpomunianet
al., 20093, the incidences of enterococci resistant to eoyttycin and tetracycline
found in this work were similar to those found tbe same species isolated from
other food products.

The incidences of resistance to the other antisotested and the presence of
virulence determinants varied a lot among isolaespecially depending on their
medium of origin (with or whithout antibiotics), énwere higher forE. faecalis
isolates.

Even though, at present, there is no evidence stiggeenterococci as food borne
pathogens, because of their robust nature, thelie distribution and their stability in
the environment, a major concern for their presendeods is their inclination for
horizontal transfer of genes for pathogenic factassthose associated with virulence
and antibiotic resistance.

However, isolates harbouring this kind of genes eweletected at so low a
concentration in Fiore Sardo cheese that their amisuconsidered insufficient for
them to efficiently transfer antibiotic resistaraed virulence genes to other bacteria
during their transit in the GIT. Therefore, the gmece of enterococci in Fiore Sardo

cheese should not represent a threat to humarhhealt
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Furthermore, since enterococci play an importalg o the manufacture of cheeses
typical of Mediterranean countries, contributingt ranly to their own sensory
identity, but also, by means of bacteriocins prdiduc to preserve them from
spoilage and food borne pathogen bacteria (noefong that they might have also
probiotic properties), it would be unthinkable torenate their presence from such
typical dairy products. A future development of teeudy of Sardinian dairy
enterococci could be the assessment of these ymdeaatures to show also their
useful potential. Moreover, further studies would beeded also to assess the
possible contribution of enterococci from Sardingave’s milk and cheeses to human
clinical illness by means of their ability to trd@svirulence and resistance genes to

other bacteria.

Other important results obtained in this study wénese regarding genotypic
biodiversity of the isolates.

Fiore Sardo cheese was chosen to carry out thily sa enterococcal microflora of
Sardinian ovine cheeses because it was supposed ihdahe maximum expression
of the microbial biodiversity of dairy products tgpl of the Sardinia island, and
actually a high level of biodiversity was found,rpaularly at strain level, among
enterococci. They were represented by five spetiasdominant . faeciumandE.
faecalig, and three less-abundance spediesi(rans, E. hiraeandE. gallinarun).
Using the best molecular technique (PFGE) amongettapplied for strain typing
[rep-(GTG) and RAPD M13 PCR, besides PFGE], a Diversity Inde®.995 was

calculated for the most numerous speckesfaecium(l is the ideal D.I. of a
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population constituted by all different strains). igh level of biodiversity (D.l.
0.963) was estimated also fiar faecalis(the second numerically dominant species)
even though a less discriminatory technique (RAPD3MPCR) was applied for
typing the isolates. It is likely that a level slamito that found foE. faeciumwould

be obtained if PFGE would had been applied.
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