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ABSTRACT

Twenty three enterococci were isolated from Lighvan cheese. Enterococcal isolates

identified by 16S rDNA sequencing, were evaluated for their safety and also

examined for antibacterial activity and presence of the genes coding for enterocins.

Four enterococcal isolates exhibited inhibitory activity against Listeria innocua and

E. faecalis and harbored the bacteriocin genes (enterocins A, B, P, X and 31) too.

Multiple combinations of virulence determinant genes (vanA, vanB, gelE, esp, asa1,

cpd and ace) were detected in enterococcal isolates with the exception of 5 E.

faecium isolates. While the isolates exhibited resistance to some antibiotics, all of

them were susceptible to ampicillin and vancomycin. In conclusion, this study

shows the presence of enterococci with potential biopreservative activity in

Lighvan cheese; however it also warrants further research on the safety and origins

of enterococci in this cheese.

PRACTICAL APPLICATIONS

Lighvan is a very popular cheese in Iran with a specific texture and taste which is

produced in little amount from raw sheep milk and ripened in manmade

underground galleries. There are a few studies about the microflora of this cheese

and the point is that enterococcus species have proven to be always dominant.

Safety evaluation of these bacteria is really necessary as far as the Lighvan cheese is

produced from raw milk and also the controversial viewpoint that there is about

the GRAS state of enterococcus species. Recognition of the safe strains of

enterococcus species isolated from the lighvan cheese would help to produce a

more hygienic and safer industrial product.

INTRODUCTION

Entercocci have a broad distribution in the nature. They

occur in various environments such as soil, water and plants,

as well as human, animal and insects gut, fermented foods

and dairy products. The crucial key to this broad distribu-

tion comes from being remarkably resilient bacteria capable

of withstanding a wide range of pH and temperatures, as

well as hypo- and hypertonic conditions. As such they can

be isolated from different food products (Morrison et al.

1997; Giraffa 2002).

Enterococci are usually homofermentative organisms, pro-

ducing lactic acid as the end product of glucose fermentation

and possess diverse and significant properties impacting food-

stuff as well as playing a role in health and disease. As a com-

mon inhabitant of dairy products, enterococci contribute to

the ripening and development of product organoleptic proper-

ties via their proteolytic and lipolytic activities as well as pro-

duction of volatile compounds such as diacetyl, acetaldehyde

and acetoin (Foulqui�e Moreno et al. 2006). In addition to

their technological properties, some strains of enterococci pro-

duce bacteriocins (enterocins) which are active against food

borne pathogens such as Listeria monocytogenes, Staphylococcus

aureus and Bacillus cereus (Giraffa 2002). Therefore, it has

been proposed to use enterocins as food additives or incorpo-

rate bacterial cultures producing enterocins in fermented

foods for biopreservation purposes (Aymerich et al. 2000).

Although some strains of enterococci have been used as

adjunct cultures for biopreservation purposes or even
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suggested as probiotic cultures for human and animals, there

are some other enterococcal strains with potential pathoge-

nicity for human that associate with a variety of clinical

symptoms. Therefore, the genus has not been yet considered

as “generally recognized as safe” (GRAS) (Nallapareddy et al.

2008). Enterococci have been implicated in the cause of

nosocomial infections, bacteremia, endocarditis and infec-

tions of urinary tract with E. faecalis and E. faecium being

the most common (Morrison et al. 1999; Kuzucu et al.

2005). Antibiotic resistance along with possessing multiple

virulence factors such as resistance to host defense mecha-

nisms and colonizing the host gastrointestinal tract, over-

growth and translocation result in enterococcal infections.

Antibiotic resistance and virulence factors have been most

commonly detected in clinical strains, but some studies have

reported food-associated enterococcal isolates with some of

these traits too (Franz et al. 2001; Creti et al. 2004; Trivedi

et al. 2011). Effective mechanisms of gene transfer in some

strains of enterococci can even aggravate their virulence (Sal-

minen et al. 2004; Dicks et al. 2011). Most importantly, their

ability to acquire antibiotic resistance genes makes them a

big challenge for preventive/treatment measures (Ogier and

Serror 2008).

Lighvan is a white brined cheese produced from raw ewe’s

milk in Tabriz countryside located in the northwest of Iran.

Traditionally the cheese ripens to perfection in special histor-

ical manmade underground galleries for at least 3 months.

The microflora of raw ewe’s milk cheeses is very diverse and

most often enterococci have been reported as a part of

microbial community of such cheeses (Ghrairi et al. 2008;

Alegr�ıa et al. 2009). A recent study has shown high occur-

rence of enterococci in Lighvan cheese and their ability to

produce antimicrobial substances such as enterocins (Edala-

tian et al. 2012).

While beneficial effects of some strains of enterococci in

the developing desired cheese properties or as potential pro-

biotics have been reported, still there is a fierce controversy

over their use in foods. Therefore safety evaluation of entero-

cocci must be considered as a priority before any plan to use

them in food products. The current study aims to character-

ize bacteriocin production and the safety properties includ-

ing antibiotic resistance and incidence of virulence

determinants in E. faecium and E. faecalis strains isolated

from Lighvan cheese, to determine whether or not they can

be considered for further studies as adjunct cultures and/or

biopreservation agents.

MATERIALS AND METHODS

Enterococci Isolation

Samples were collected from two Lighvan cheese batches. A

1:9 (w/v) dilution of each sample in phosphate buffered

saline was prepared and homogenized using a Stomacher
VR

400 Circulator (Seward Ltd., Worthing, West Sussex, UK).

Decimal serial dilutions of the homogenates were plated on

MRS (Merck, Darmstad, Germany) and M17 (Merck,

Darmstad, Germany) agar and incubated at 308C and 378C

for 48 h, respectively. Five to seven colonies were randomly

selected from each plate, and individually sub-cultured for

three successive times by streaking single colonies on MRS

agar in order to purify cultures. Gram positive, catalase neg-

ative and coccal-shaped pure cultures were collected in

microfuge tubes containing glycerol (15% final glycerol con-

centration) and stored at 2808C until further analysis.

Enterococci Identification

Biochemical Tests and PCR. Isolates were tested for

their ability to grow in MRS broth at 108C and 458C, in

MRS broth with adjusted pH of 4.4 and 9.6 and MRS broth

supplemented with 6.5% (w/v) NaCl.

Total DNA was extracted from overnight grown cultures

in MRS broth using Qiamp DNA mini kit (Qiagen GmbH,

Hilden, Germany) as per manufacturer’s instructions. Bacte-

rial 16S rRNA gene was then amplified using universal pri-

mers 27FYM and 1492R (Table 1) (Weisburg et al. 1991)

and PCR products were cleaned up using Wizard
VR

SV PCR

Clean-Up System (Promega, Madison, WI). PCR products

were then sequenced at Macrogen (Seoul, Korea) Sequencing

Facility. The sequences were compared against the NCBI

database using BLASTn (http://blast.ncbi.nlm.nih.gov) for

bacterial identification. A �99% level of similarity was

accepted for species identification. Identifications were fur-

ther confirmed using Seqmatch tool on Ribosaomal Data-

base Project (https://rdp.cme.msu.edu/seqmatch/seqmatch_

intro.jsp).

Detection of Vancomycin Resistance Genes
vanA and vanB

Detection of vancomycin resistance genes VanA and VanB

were performed using a multiplex PCR protocol and primer

sets (Table 1) described by Kariyama et al. (2000). DNA

from clinical E. faecalis strains harboring vanA and vanB

genes was used as positive control.

Detection of Virulence-associated Genes

The presence of aggregation substance gene (asa1), entero-

coccal surface protein (esp), gelatinase (gelE), adhesion of

collagen (ace) and carboxypeptidase D (cpd) virulence genes

was examined by multiplex PCR and with primer sets (Table

1) as previously described by Vankerckhoven et al. (2004).

PCR was performed using a thermal cycler (Sensequest,

Germany). The PCR reaction mix (20 mL) consisted of 10 mL

PCR diluents (composed of Ampliqon Taq DNA Polymer-

ase, the NH41 buffer system, dNTPs and magnesium
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chloride), 2.5 mL template DNA (stock, 500 ng/mL), 1 mL of

each primer (10 pmol/mL) and 1.5 mL molecular grade water.

PCR conditions were as follows: an initial denaturation cycle

at 958C for 15 min, followed by 30 cycles of denaturation

(948C for 1 min), annealing at 498C or 508C (based on the

target) for 1 min and elongation (728C for 1 min) and a final

extension at 728C for 10 min. E. faecalis ATCC 29212 and

other clinical strains harboring the target genes (kindly pro-

vided by Dr. Moghaddam, Ghaem hospital, Mashhad) were

used as positive controls.

Gelatinase and Hemolysin Production

Production of Gelatinase was determined by examining for-

mation of turbidity zones around colonies after overnight

growth on tryptic soy agar (TSA) supplemented with 3%

(w/v) gelatin. Hemolytic activity was determined on TSA

supplemented with 5% (v/v) sheep blood by examining for

clearing zones around the colonies after 48 h incubation at

378C (Han et al. 2010).

Antimicrobial Activity

Production of bacteriocin was tested by agar spot method.

Modified BHI agar (plus 0.2% glucose) plates were spot-

ted by overnight grown cultures of enterococcal isolates.

After 24 h incubation at 328C, plates were overlaid with

soft agar inoculated with overnight cultures of the indica-

tor strains: L. innocua and E. faecalis (1%). Halos of inhib-

ited growth around the spots were checked after 24 h

incubation. Isolates with antimicrobial activity were fur-

ther tested for bacteriocin production with well-diffusion

method as previously described by Barefoot and Klaen-

hammer (1983). The presence of genes coding for entero-

cins was examined using primers listed in Table 2.

Antibiotic Susceptibility

Antibiotic resistance of enterococcal isolates to antibiotics ampi-

cillin (AMP, 10 mcg), chloramphenicol (C, 30 mcg), ciprofloxa-

cin (CIP, 5 mcg), erythromycin (E, 15 mcg), gentamycin (GEN,

10 mcg), kanamycin (K, 30 mcg), penicillin (P, 10 units), strep-

tomycin (S, 10 mcg), tetracycline (TE, 30 mcg) and vancomy-

cin (VA, 30 mcg) was determined using a disc diffusion

method (CLSI 2010). Strains were classified as susceptible,

intermediate and resistant according to the size of inhibition

zones around the discs after 24 h incubation at 378C.

RESULTS

Taxonomic Identification

Fifty two bacterial isolates were identified as enterococci using

biochemical/cultural tests, among which 48 isolates were con-

firmed as strains of Enterococcus using PCR with universal pri-

mers. However, PCR with species specific primers revealed

that 18 and 5 isolates belonged to the E. faecium and E. faecalis

species, respectively. Further analyses were conducted on these

23 isolates.

Virulence Determinant Genes

The presence of putative virulence genes in the enterococcal

isolates are summarized in Table 3. The presence of genes ace

TABLE 1. IDENTIFICATION AND VIRULENCE GENES PRIMERS USED IN THIS STUDY

Primer Sequence (50 to 30) Product size (bp) References

Universal F: AGAGTTTGATYMTGGCTCAG 1500 [56]

R: GGTTACCTTGTTACGACTT

E. faecalis F: ATCAAGTACAGTTAGTCTTTATTAG 941 [26]

R: ACGATTCAAAGCTAACTGAATCAGT

E. faecium F: TTGAGGCAGACCAGATTGACG 658 [26]

R: TATGACAGCGACTCCGATTCC

vanA F: CATGAATAGAATAAAAGTTGCAATA 1030 [26]

R: CCCCTTTAACGCTAATACGATCAA

vanB F: GTGACAAACCGGAGGCGAGGA 433 [26]

R: CCGCCATCCTCCTGCAAAAAA

asa1 F: GCACGCTATTACGAACTATGA 375 [55]

R: TAAGAAAGAACATCACCACGA

Esp F: AGATTTCATCTTTGATTCTTGG 510 [55]

R: AATTGATTCTTTAGCATCTGG

gelE F: TATGACAATGCTTTTTGGGAT 213 [55]

R: AGATGCACCCGAAATAATATA

Ace F: GGAATGACCGAGAACGATGGC 616 [5]

R: GCTTGATGTTGGCCTGCTTCCG

Cpd F: TGGTGGGTTATTTTTCAATTC 782 [14]

R: TACGGCTCTGGCTTACTA
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and cpd was shown in 13 E. faecium isolates, out of which,

two isolates (E. faecium isolates 11 and 23) exhibited the

presence of an additional virulence gene namely asa1. None

of virulence associated genes examined were found in the other

five E. faecium isolates (isolate 15, 16, 17, 18, 19). Virulence

genes ace and cpd were also found in all E. faecalis isolates. E.

faecalis isolates 2 and 14 contain virulence genes esp and gelE.

The latter was also found in E. faecalis isolate 20. Virulence

gene asa1 was detected in E. faecalis isolates 7, 20 and 22.

Hemolytic and Gelatinase Activity

None of the isolates exhibited hemolytic activity, while gela-

tinase activity was observed in two E. faecalis isolates (iso-

lates number 14 and 20) which contained the associated

gene (gelE). Despite the presence of gene gelE in E. faecalis

isolate 2; the gene seemed to be nonfunctional as shown by

no gelatinase activity at all in the presence of gelatin by this

isolate.

Bacteriocin Production

Four enterococcal isolates including one E. faecalis (isolate

number 2) and three E. faecium (strains 5, 8 and 10) exhib-

ited enterocin production as examined by cultural and

molecular tests (Table 3). All four strains harbored gene cod-

ing for enterocin gene A. E. faecalis also carried genes for

enterocin B and enterocin P. E. faecium strains 5, 8 and 10,

showed positive results, respectively for enterocin P, entero-

cin 31 and enterocin X. None of the isolates showed presence

genes coding for enterocin Q, enterocin KS, enterocin 1071,

enterocin AS48 and enterocin L50.

Antibiotic Susceptibility

Based on cultural antibiotic tests, all isolates were sensitive

to vancomycin and ampicillin (Table 4) which are com-

monly used in the treatment of enterococcal infections (Ben

Belgacem et al. 2010; Favaro et al. 2014). Vancomycin sus-

ceptibility was expected as all enterococcal isolates lack anti-

biotic resistance genes vanA and vanB. All E. faecium isolates

were resistant to kanamycin and streptomycin while resist-

ance to gentamycin, ciprofloxacin and penicillin was found

in some of them. Some E. faecalis isolates were also shown

to be resistant to gentamycin and penicillin in addition to

kanamycin and streptomycin (Table 4).

DISCUSSION

Metabolic activity of enterococci present in traditional raw milk

cheeses could positively contribute in the development of desira-

ble texture and flavor of the product. In addition, antimicrobial

activity of some enterococcal strains against pathogens enhances

safety of cheeses. Conversely, some enterococcal strains especially

E. faecalis and to a lesser extent E. faecium strains might be

human pathogens causing nosocomial infections because of har-

boring some specific virulence factors. Their pathogenicity risk

would further worsen if they harbor genes responsible for resist-

ant to antibiotics. It seems that clinical and food enterococcal

isolates are genetically different, however it warrants monitoring

virulence factors and antibiotic resistance traits in food isolates

as their origins might be unknown.

In spite of other raw milk cheeses (Bouton et al. 1998;

Andrighetto et al. 2001; Hayaloglu et al. 2002; Majhenič et al.

TABLE 2. ENTEROCIN PRIMERS SETS USED IN THIS STUDY

Enterocin genes Sequence Amplicon size Reference

EntA F: AAATATTATGGAAATGGAGTGTAT 475 [51]

R: GCACTTCCCTGGAATTGCTC

EntB F: GAAAATGATCACAGAATGCCTA 159 [51]

R: GTTGCATTTAGAGTATACATTTG

EntP F: GGTAATGGTGTTTATTGTAAT 117 [51]

R: ATGTCCCATACCTGCCAAAC

EntL50 F: GGAGCAATCGCAAAATTAG 150 [51]

R: ATTGCCCATCCTTCTCCAAT

Ent31 F: TATTACGGAAATGGTTTATATTG 122 [51]

R: TCTAGGAGCCCAAGGGCC

EntAS48 F: GAGGAGTTTCATGATTTAAAG 185 [51]

R: CATATTGTTAAATTACCAAGC

Ent1071 F: GGGGAGAGTCGGTTTTTAG 273 [34]

R: ATCATATGCGGGTTGTAGCC

EntKS F: CTACGGTAATGGAGTCTCATG 275 [15]

R: CATCTGCATACAGGCTATACC

EntQ F: CAAGAAATTTTTTCCCATGGC 95 [15]

R: CTTCTTAAAAATGGTATCGCA

EntX F: GTTTCTGTAAAAGAGATGAAAC 500 [15]

R: CCTCTTAATCATTAACCATAC
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2005), lower percentage of E. faecalis strains in Lighvan cheese

could be a positive point (Edalatian et al. 2012), as E. faecalis

is clinically responsible for more than 80% of human entero-

coccal infections and is more invasive (Franz et al. 2001). In

our study, E. faecalis represented 22% (five out of 23) of the

isolates while the rest of the isolates (78%) were E. faecium.

Previous research has shown strong and wide inhibitory

spectrum of enterococcal bacteriocins against food borne

pathogens (Aymerich et al. 2000; Cintas et al. 2000; Favaro

et al. 2014). In the current study, enterococcal isolates exhib-

ited growth inhibitory effects against L.innocua and closely

related gram positive bacteria including E. faecalis. Further

molecular analysis showed that out of 23 isolates, only four

(one E. faecalis and three E. faecium) harbored at least two

enterocin genes out of five enterocin genes A, P, B, X and 31.

Previous reports have shown presence of multiple enterocin

coding genes in a single isolate (Rehaiem et al. 2010). Posses-

sion of multiple bacteriocin genes could potentially indicates

wider range of antimicrobial activity. However, this needs to

be further investigated. Previous research has shown that

carriage of different genes coding for enterocin in E. faecalis

and E. faecium strains is a trait carried by genome or plas-

mids (Criado et al. 2006). Plasmids as mobile genetic ele-

ments have important roles in shaping environmental

competitive fitness of the enterococci due to effective genetic

material transfer mechanisms known in enterococci. Addi-

tional studies are also required on bacteriocin protein

expression in the cheese matrix.

Examining genetic traits related to virulence factors may

seem to be less relevant in food isolates; however it must be

considered crucial because of high prevalence of enterococcal

infections and the risk of genetic material transfer of the vir-

ulence factors located on conjugative plasmids (Oancea et al.

2004) Gelatinase (gelE), aggregation substance (asa1), enter-

ococcus surface protein (esp), sex pheromone determinants

(cpd) and collagen binding protein (ace) are among most

commonly virulence factors examined in enterococcus

species.

Gelatinase is an extracellular metaloendopeptidase which

its activity has been reported mainly in the clinical entero-

coccal isolates especially in E. faecalis strains (Eaton and Gas-

son 2001; Sabia et al. 2008). Gelatinase hydrolyzes a wide

range of proteinous substrates such as gelatin, collagen,

fibrin, hemoglobin and casein thus enhance pathogenicity

(Lopes et al. 2003; Carniol et al. 2004). GelE gene was

detected in three out of 5 E. faecalis isolates, but none of the

E. faecium isolates. Amongst three gelE positive E. faecalis

isolates, two isolates (isolates 14 and 20) were also able to

produce gelatinase in vitro. The third isolate didn’t show any

gelatinase activity. This shows that gelE gene in the third iso-

late is not functional. This phenomenon has been previously

reported (Eaton and Gasson 2001; Creti et al. 2004). The

lack of phenotypic activity in this isolate might be due to

not optimal conditions of in vitro testing for gelatinase pro-

duction. In other word, there is a potential that the gene

could be functional and code gelatinase production under

TABLE 3. RESULTS OF VIRULENCE DETERMINANTS AND BACTERIOCIN PRODUCTION IN ENTEROCOCCI ISOLATED FROM LIGHVAN CHEESE

Species Isolate number Virulence genes Phenotype Bacteriocin genes

E. faecalis 2 ace, cpd, gelE, esp – A, B, P

E. faecalis 7 ace, cpd, asa1 – –

E. faecalis 14 ace, cpd, gelE, esp gelE –

E. faecalis 20 ace, cpd, asa1,gelE, gelE –

E. faecalis 22 ace, cpd, asa1 – –

E. faecium 1 ace, cpd – –

E. faecium 3 ace, cpd – –

E. faecium 4 ace, cpd – –

E. faecium 5 ace, cpd – A, P

E. faecium 6 ace, cpd – –

E. faecium 8 ace, cpd – A, 31

E. faecium 9 ace, cpd – –

E. faecium 10 ace, cpd – A, B, X

E. faecium 11 ace, cpd, asa1 – –

E. faecium 12 ace, cpd – –

E. faecium 13 ace, cpd – –

E. faecium 15 ND – –

E. faecium 16 ND – –

E. faecium 17 ND – –

E. faecium 18 ND – –

E. faecium 19 ND – –

E. faecium 21 ace, cpd – –

E. faecium 23 ace, cpd, asa1 – –
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optimal in vivo conditions i.e., in the host gastro-intestinal

tract (Lopes et al. 2006). Moreover, previous research has

shown that gelatinase is produced in the late exponential

phase when the cell density is high, thus, this can be another

reason for displaying negative phenotype while having posi-

tive genotype in some strains.

Aggregation substance is a sex pheromone plasmid

encoded cell surface protein which is involved in the pathoge-

nicity by different mechanisms including prevention of

fusion by macrophages. The formation of bacterial aggregates

also facilitates the conjugation possibility and promotes plas-

mid transfer (Rozdzinski et al. 2001). Three E. faecalis isolates

and two E. faecium isolates harbored asa1 gene. All five enter-

ococcus isolates harboring asa1 gene were also found to carry

cpd gene, which is probably a consequence of a complicated

conjugation process. Presence of asa1 gene has been often

reported in E. faecalis strains (Hammad et al. 2014). In the

current study, two E. faecium isolates harbored this gene too.

This observation is supported by previous research (Semedo

et al. 2003). It has been demonstrated that asa1 gene is always

associated with the pheromone determinants (e.g., cpd)

(Eaton and Gasson 2001). Therefore, presence of cpd gene in

these two strains of E. faecium can be a good explanation for

the asa1 positive genotype. All E. faecalis isolates were also

found to carry cpd gene. This observation has been also

reported previously (Majhenič et al. 2005). Surprisingly most

of E. faecium isolates (13 out of 18 isolates) were cpd positive

too. While presence of cpd gene has been most commonly

reported in clinical E. faecium and high occurrence of this

gene in food isolates is rare isolates (Heaton et al. 1996;

Valenzuela et al. 2008; Sharifi et al. 2012).

Adhesion of collagen (ace) gene is a factor similar to a col-

lagen binding protein (cna) in S.aureus and like esp factor,

functions to suppress host immune system (Valenzuela et al.

2009). In addition to collagen, it also attaches into laminin

(Nallapareddy et al. 2008; Lebreton et al. 2009). In fact, ace

can shows it’s virulent effect when intestinal mucosa is dam-

aged and the extracellular protein matrix of the underlying

layers is exposed (Lowe et al. 1995; Nallapareddy et al. 2000).

In the present study ace gene was found in all 5 E. faecalis

isolates and almost three quarters of E. faecium isolates (13

out of 18 isolates). Previous research has shown high occur-

rence of ace and cpd genes in E. faecalis but not E. faecium

strains isolated from food products (Eaton and Gasson

2001). We also found that all enterococcal strains harboring

cpd gene were also ace positive. It seems that ace factor like

asa1 might be an associated virulence determinant which

can be acquired via sexual pheromone plasmids (cpd) in the

strains. The presence of enterococcal surface protein (esp)

gene in some of E. faecalis isolates (two out of five) and its

absence in E. faecium isolates is in agreement with previous

data published by Favaro et al. (2014) and Franz et al.

(2001).

Due to high occurrence of antibiotic-resistant enterococci,

in particular resistance to vancomycin, the enterococcal iso-

lates were examined for the presence of vancomycin resist-

ance genes vanA and vanB. Fortunately none of the isolates

harbored the vancomycin genes. All isolates were sensitive to

ampicillin and vancomycin. This finding is supported by

previous data demonstrating low incidence of ampicillin and

vancomycin resistance among food enterococcal isolates

(Pavia et al. 2000; Lopes et al. 2003; Ribeiro et al. 2007). In

spite of this, all isolates were resistant to streptomycin and

kanamycin, an observation which has been reported previ-

ously in traditional cheeses (Teuber et al. 1999). In addition,

most of the isolates were resistant to gentamycin and eryth-

romycin (Donabedian et al. 2003; Mathur and Singh 2005).

Most likely high percentage of resistance to erythromycin

(95% of the isolates were intermediate resistant and resist-

ant) is due to the diffusion of erythromycin resistance plas-

mids and transposons along with highly effective gene

transfer mechanisms among enterococci (Mannu et al. 2003)

Although strains of enterococci isolated from lighvan cheese

showed resistance to some antibiotic substances in this study,

fortunately all of them were susceptible to two clinically

TABLE 4. ANTIBIOTIC SUSCEPTIBILITY PROFILES OF ENTEROCOCCAL

ISOLATES (�, SENSITIVE; �, RESISTANT; �, INTERMEDIATE)

Antibiotic

Isolate

species

Isolate

number AMP V P GEN E TE CIP C S K

E. faecalis 2 � � � � � � � � � �
E. faecalis 7 � � � � � � � � � �
E. faecalis 14 � � � � � � � � � �
E. faecalis 20 � � � � � � � � � �
E. faecalis 22 � � � � � � � � � �
E. faecium 1 � � � � � � � � � �
E. faecium 3 � � � � � � � � � �
E. faecium 4 � � � � � � � � � �
E. faecium 5 � � � � � � � � � �
E. faecium 6 � � � � � � � � � �
E. faecium 8 � � � � � � � � � �
E. faecium 9 � � � � � � � � � �
E. faecium 10 � � � � � � � � � �
E. faecium 11 � � � � � � � � � �
E. faecium 12 � � � � � � � � � �
E. faecium 13 � � � � � � � � � �
E. faecium 15 � � � � � � � � � �
E. faecium 16 � � � � � � � � � �
E. faecium 17 � � � � � � � � � �
E. faecium 18 � � � � � � � � � �
E. faecium 19 � � � � � � � � � �
E. faecium 21 � � � � � � � � � �
E. faecium 23 � � � � � � � � � �

AMP, Ampicillin; P, Penicillin; V, Vancomycin; GEN, Gentamycin; E,

Erythromycin; TE, Tetracycline; CIP, Ciprofloxacin; C, Chloramphenicol;

S, Streptomycin; K, Kanamycin.
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important antibiotics (ampicillin and vancomycin). Thus, it

is tempting to speculate that Lighvan cheese cannot be the

main source of untreatable resistant enterococcal infections.

But, there is an apprehension in which these isolates can

acquire resistance genes from different bacterial species in

the human gut (Endtz et al. 1997).

In conclusion, traditional raw milk cheeses such as Ligh-

van cheese need special attention for their safety control.

Due to lack of heat treatment in these kinds of cheeses, they

are usually contaminated with enterococci which may con-

tribute to the development of desired organoleptic proper-

ties of the product. The present study provides new

information on enterococcal presence and their characteris-

tics in Lighvan cheese. While some enterococcal isolates

from Lighvan cheese showed antimicrobial activities against

potential pathogens, most of them harbored virulence fac-

tors genes and exhibited resistance to a variety of antibiotics.

Further studies are needed to see if observations of this study

are reproducible with more samples. Genomic studies are

also necessary to find whether or not the origin of cheese

enterococcal isolates is clinical. Finally, it is important to

always take it into account that even safe enterococcal strains

can acquire virulence factors or antibiotic resistance genes as

they possess efficient gene transfer mechanisms and are able

to exchange these genes with a broad-range of bacteria even

nonpathogenic ones.
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