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ABSTRACT. The study was performed to determine the presence of vancomycin phenotyping genes and some 
virulence traits in enterococci species. For this purpose, a total of 42 enterococci including 6 vancomycin-resistant 
and 36 vancomycin-susceptible strains originated from meat/meat products and milk/dairy products were assessed for 
the vanA, vanB and vanC genes and agg, esp, gelE, ace and efaA virulence genes by using polymerase chain reaction 
or multiplex polymerase chain reaction. The vanA gene was found in 12% (n=5) of the strains and vanC gene in 50% 
(n=21). From these, three vanA- (E. faecalis, E. durans, E. casseliflavus) and two vanC-positive (E. durans) strains had 
a minimum inhibitory concentration of > 256 µg/ml as previously determined with the E-test. The strains expressing 
vancomycin susceptibility originating from ready-to-eat food were found to carry vanA (n=1) and vanC (n=5) genes. 
On the other hand, the vanB gene was not detected among strains. Moreover, no strain was found to harbor virulence 
traits studied. Our results indicated that resistant or susceptible enterococci from foods of animal origin can be a pos-
sible reservoir for resistance genes and may have a potential role for transfer of genetic elements among enterococci 
or to other bacteria. Furthermore, to develop epidemiological surveillance systems for foodborne antibiotic resistant 
pathogens as vancomycin-resistant enterococci and their genes responsible for resistance, primarily vanA, vanB, con-
tinues to be an essential issue all around the world. The present work provides data for foodborne enterococci isolates 
harboring vanA gene from Turkey.
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INTRODUCTION

Antibiotic resistance among the microorganisms 
and emergence of resistance is an ancient phe-

nomenon. Glycopeptide (vancomycin) resistance 
gene vanA was detected from 30 000 years old per-
mafrost sample in the Yukon (Canada) and its simi-
larity to modern variants was clearly evidenced. As 
a result, antibiotic resistance is accepted as a natural 
phenomenon (D’Costa et al., 2011). In recent times, 
antibiotic resistant pathogens have become significant 
public health threat worldwide. The occurrence and 
spread of vancomycin resistant enterococci (VRE) 
is another concern because enterococci species are 
responsible for most of nosocomial infections (Ora-
vcova et al., 2016). In particular, E. faecalis and E. 
faecium are the third and fourth prevalent hospital en-
vironment acquired pathogens all around the world. 
Enterococci demonstrate resistance to many different 
antibiotics, most particularly resistance to glycopep-
tides. Vancomycin is more important than other anti-
biotics since it is more frequently used to treat most 
of Gram-positive bacterial infections. Nine vancomy-
cin resistance genotypes were detected in enterococci 
(vanA, vanB, vanC, vanD, vanE, vanG, vanL, vanM 
and vanN) (Werner, 2012). E. gallinarum and E. cas-
seliflavus strains have vanC genotype associated with 
intrinsic vancomycin resistance (Gousia et al., 2015). 
Strikingly, vanA, vanB, vanG, vanN and vanM gen-
otypes are genetically located on plasmid or chro-
mosome and they can be transferred to other species 
and/or bacteria (Cattoir and Leclercq, 2013). VRE 
infections, especially caused by high-level resistant 
enterococci carrying vanA and/or vanB genotypes, 
can only be treated with a few numbers of effective 
medical agents. Therefore, they are accepted as one of 
the clinically important antimicrobial resistant patho-
gens. The vanA-type vancomycin resistance is very 
common among the enterococci and the encoding 
gene has been primarily identified in E. faecalis, E. 
faecium and secondly E. durans, E. hirae, E. galli-
narum, E. casseliflavus, E. raffinosus, E. avium, E. 
mundtii, E. cecorum (Harada et al., 2012). 

Together with E. faecium and E. faecalis, the inci-
dence of other enterococci species isolated from patients 
display an alarming increase. This is mainly correlated 
with their increased putative virulence traits and mul-
tiple antibiotic resistances (Biswas et al., 2016). The 
presence of virulence factors in enterococci gives them 
different roles both as commensal and as pathogen bac-
teria for human health (Farahani, 2016). Enterococcal 
virulence factors are divided into two groups; promot-

ing colonization traits such as aggregation substance 
(aga), collagen binding protein (ace), endocarditis spe-
cific antigen (efaA), surface protein (esp) and affecting 
tissues such as cytolysin (cyl), gelatinase (gelE), hy-
aluronidase (hyl). In addition to these, sex pheromone 
genes (cpd, cob, ccf, cad) work together with other vir-
ulence genes help to trigger infection reactions (Cha-
jecka-Wierzchowska et al., 2017). Animal originated 
food isolates of enterococci may harbor many of above 
mentioned virulence genes thus, these foods may play 
important role as potential source for human infections 
(Yilmaz et al., 2016).  

The goals of this study were to investigate the van-
comycin resistance profile, to determine the presence 
of virulence genes in vancomycin-resistant/suscep-
tible enterococci from food of animal origin, and to 
raise public awareness about the possible health risks. 

MATERIALS AND METHODS

Strains
Bacterial strains were from the Food Hygiene 

and Technology Department collection, Veterinary 
Faculty. A total of 42 strains consisting of 36 E. fae-
cium, 4 E. avium and 2 E. gallinarum were selected 
among enterococcci collected from foods of animal 
origin between September and December 2011 from 
different cities (Istanbul, Bursa, Yalova, Balikesir) in 
Marmara Region. API identification and vancomycin/
teicoplanin MIC’s results (Cetinkaya et al., 2013) of 
the selected strains are summarized in Table 1. Stock 
cultures were kept frozen (-20ºC) in Brain Heart Infu-
sion broth (Oxoid CM1135, England) containing 20% 
(v/v) glycerol. The cultures were activated in Brain 
Heart Infusion broth at 37ºC. 

PCR confirmation of strains and Determination of 
vancomycin resistance and virulence genes 

Total DNA from bacterial strains was extract-
ed by using Chelex 100 (Sigma Aldrich, USA). The 
PCR was processed in a ThermoCycler (Runik, SCM 
96G). Each 25 μl reaction mixture consisted of 1 μl 
template DNA, 1.25 U of Hot Start Taq DNA poly-
merase (Bioron, Germany), 10 mM of Tris-HCl pH 
8.9, 22 mM of KCl, 1.8 mM of MgCl2 (Fermentas, 
USA), 200 μM of dNTPs (Biolabs, UK) and 0.5 mM 
of each primers (Sentegen, Turkey). The PCR method 
was used to confirm previously API identified strains 
at the genetic level by using species-specific primers 
(E. faecium, E. faecalis, E. durans, E. gallinarum, E. 
casseliflavus, E. avium) and to investigate the pres-
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ence of vanA, vanB and vanC resistance genes, and 
the virulence trait genes agg, esp, gelE, ace in all 
strains as well as efaAfs, efaAfm in E. faecalis and E. 
faecium. The primers, their sequences, products sizes 
and amplification procedures for PCR conditions are 

presented in Table 2. The PCR products were electro-
phoresed (Thermo Scientific EC300XL, USA) on 3% 
agarose gel (Biomax, Dubuque, USA) and visualized 
(BioRad Gel DocXR+, USA) by ethidium bromide 
staining. 

Table 1. Description of the strains used in this study and the results of screening for vancomycin resistance genes.

No. Source API
Identificationa

PCR 
Identification

Vancomycin 
MIC’sa (μg/ml)

Teicoplanin 
MIC’sa (μg/

ml)
Genes

1 Meatball E. gallinarum E. casseliflavus > 256 > 256 vanA
2 Meatball E. avium E. durans > 256 > 256 vanA
3 Meatball E. faecium E. faecium <4 ≤ 8 vanC
4 Meatball E. faecium E. faecium <4 ≤ 8 vanC
5 Meatball E. avium E. durans > 256 > 256 vanC
6 Meatball E. avium E. durans > 256 > 256 vanC
7 Meatball E. feacium E. faecalis > 256 > 256 not detected
8 Minced meat E. faecium E. faecium 4 ≤ 8 vanA
9 Minced meat E. faecium E. faecium <4 ≤ 8 vanC
10 Minced meat E. faecium E. faecium <4 ≤ 8 vanC
11 Minced meat E. faecium E. faecium <4 ≤ 8 vanC
12 Minced meat E. faecium E. faecium <4 ≤ 8 not detected
13 Minced meat E. faecium E. faecium <4 ≤ 8 not detected
14 Minced meat E. faecium E. faecium <4 ≤ 8 not detected
15 Beef E. avium E. faecalis > 256 > 256 vanA
16 Beef E. faecium E. faecium <4 ≤ 8 vanC
17 Beef E. faecium E. faecium <4 ≤ 8 vanC
18 Beef E. faecium E. faecium <4 ≤ 8 not detected
19 Lamb E. faecium E. faecium <4 ≤ 8 vanC
20 Lamb E. faecium E. faecium <4 ≤ 8 not detected
21 Salami E. faecium E. faecium <4 ≤ 8 not detected
22 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 vanC
23 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 vanC
24 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 vanC
25 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 vanC
26 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 vanC
27 Raw cow’s milk E. faecium E. faecium <4 ≤ 8 not detected
28 Raw goat’s milk E. faecium E. faecium <4 ≤ 8 vanC
29 Raw goat’s milk E. faecium E. faecium <4 ≤ 8 not detected
30 Village cheese E. faecium E. faecium <4 ≤ 8 vanA
31 Urfa cheese E. gallinarum E. gallinarum <4 ≤ 8 vanC
32 Kashar cheese E. faecium E. faecium <4 ≤ 8 vanC
33 Cottage cheese E. faecium E. faecium <4 ≤ 8 vanC
34 Mihalic cheese E. faecium E. faecalis <4 ≤ 8 not detected
35 Antep cheese E. faecium E. faecium <4 ≤ 8 not detected
36 Cottage cheese E. faecium E. faecium <4 ≤ 8 not detected
37 Kashar cheese E. faecium E. faecium <4 ≤ 8 not detected
38 Cottage cheese E. faecium E. faecium <4 ≤ 8 not detected
39 White cheese E. faecium E. faecium <4 ≤ 8 not detected
40 Butter E. faecium E. faecium <4 ≤ 8 not detected
41 Butter E. faecium E. faecium <4 ≤ 8 vanC
42 Butter cream E. faecium E. faecium <4 ≤ 8 vanC

apublished in elsewhere (Cetinkaya et al., 2013)
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Table 2. Oligonucleotide primer sequences and amplification conditions.

Gene Oligonucleotid sequences (5´-3´) Product size 
(bp) Amplification procedure

fcm GAAAAAACAATAGAAGAATTAT
TGCTTTTTTGAATTCTTCTTTA 215

An initial cycle of: 95ºC for 4 min, 
followed by 30 cycles of: 95ºC for 
30 s, 55ºC for 1 min, 72ºC for 1 min, and 
final cycle 72ºC for 7 min
(Jackson et al., 2004)

fls ACTTATGTGACTAACTTAACC 
TAATGGTGAATCTTGGTTTGG 360

dur CCTACTGATATTAAGACAGCG 
TAATCCTAAGATAGGTGTTTG 295

gal TTACTTGCTGATTTTGATTCG 
TGAATTCTTCTTTGAAATCAG 173

cas TCCTGAATTAGGTGAAAAAAC 
GCTAGTTTACCGTCTTTAACG 288

avi GCTGCGATTGAAAAATATCCG 
AAGCCAATGATCGGTGTTTTT 368

vanA CATGAATAGAATAAAAGTTGCAATA
CCCCTTTAACGCTAATACGATCAA 1030

An initial cycle of: 94ºC for 5 min, 
followed by 30 cycles of: 94ºC for 
1 min, 54ºC for 1 min, 72ºC for 1 min, and 
final cycle 72ºC for 10 min
(Evers et al., 1993)

vanB GTGACAAACCGGAGGCGAGGA 
CCGCCATCCTCCTGCAAAAAA 433

An initial cycle of: 94ºC for 5 min, 
followed by 30 cycles of: 94ºC for 
1 min, 54ºC for 1 min, 72ºC for 1 min, and 
final cycle 72ºC for 10 min
(Handwerger et al., 1992)

vanC GGTATCAAGGAAACCTC 
CTTCCGCCATCATAGCT 822

An initial cycle of: 94ºC for 5 min, 
followed by 30 cycles of: 94ºC for 
1 min, 54ºC for 1 min, 72ºC for 1 min, and 
final cycle 72ºC for 10 min
(Dutka-Malen et al., 1995)

esp TTACCAAGATGGTTCTGTAGGCAC 
CCAAGTATACTTAGCATCTTTTGG 432

30 cycles of: 94ºC for 30 s, 
58ºC for 30 s, 72ºC for 30 s 
(Shankar et al., 1999)

ace AAAGTAGAATTAGATCCACAC 
TCTATCACATTCGGTTGCG 320

33 cycles of: 94ºC for 1 min, 
56ºC for 1 min, 72ºC for 1 min 
(Mannu et al., 2003)

gelE AGTTCATGTCTATTTTCTTCAC 
CTTCATTATTTACACGTTTG 402

30 cycles of: 94ºC for 30 s, 
56ºC for 30 s, 72ºC for 30 s 
(Mannu et al., 2003)

agg AAGAAAAAGAAGTAGACCAAC 
AAACGGCAAGACAAGTAAATA 1553

30 cycles of: 94ºC for 30 s, 
58ºC for 30 s, 72ºC for 30 s 
(Eaton and Gasson 2001)

efaAfs
GACAGACCCTCACGAATA 
AGTTCATCATGCTGTAGTA 705

An initial cycle of: 94ºC for 2 min, 
52ºC for 2 min, 72ºC for 2 min, followed by 
27 cycles of: 94ºC for 
15 s, 52ºC for 15 s, 72ºC for 15 s
(Eaton and Gasson 2001)

efaAfm
AACAGATCCGCATGAATA 
CATTTCATCATCTGATAGTA 735

An initial cycle of: 94ºC for 2 min, 
52ºC for 2 min, 72ºC for 2 min, followed by 
27 cycles of: 94ºC for 
15 s, 52ºC for 15 s, 72ºC for 15 s
(Eaton and Gasson 2001)
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Table 3. Distribution of vancomycin resistance genes in enterococci (n=42) and their MIC’s.

Gene Numbers of vanA, vanB and 
vanC positive strains (%) Strains Vancomycin/teicoplanin 

MIC’s (μg/ml)

vanA 5 (11.9%)

E. casseliflavus (n=1) > 256 / > 256

E. durans (n=1) > 256 / > 256

E. faecalis (n=1) > 256 / > 256

E. faecium (n=2) ≤ 4 / ≤ 8

vanB 0 

vanC 21 (50%)

E. durans (n=2) > 256 / > 256

E. faecium (n=18) < 4 / ≤ 8

E. gallinarum (n=1) < 4 / ≤ 8

Not detected 16 (38.1%)

E. faecalis (n=1) > 256 / > 256

E. faecalis (n=1) < 4 / ≤ 8

E. faecium (n=14) < 4 / ≤ 8

RESULTS
PCR identification of tested strains evidenced 

differences from previous API results. According to 
PCR, three E. avium were identified as E. durans; two 
E. faecium as E. faecalis, one E. avium as E.faecalis, 
and one E. gallinarum as E. casseliflavus (Table 1). 

Among the tested strains vanA and vanC genes 
were found in five (12%) and 21 strains (50%) respec-
tively, meanwhile vanB gene was not detected. Strains 
carrying vanA genes were from cheeses (E. faecium), 
meatballs (E. durans and E. casseliflavus), minced 
meat (E. faecium) and beef (E. faecalis). VanC gene 
was determined in strains derived from five differ-
ent ready-to-eat dairy products (three cheeses, butter 
and butter cream). The prevalence of vanC gene was 
more common among E. faecium (n=18) compared to 
E. durans (n=2) and E. gallinarum (n=1). Interesting-
ly, an important percentage (38%) of E. faecium (14 
strains) and E. faecalis (2 strains) did not give any 
band for these genes. 

Data related to the distribution of vancomycin 
resistance genes in enterococci and their respective 
minimum inhibitory concentrations (MIC) values for 
vancomycin/teicoplanin antibiotics is shown in Table 
3. Three of five vanA-positive strains exhibited high 
MICs to vancomycin/teicoplanin. Among the vanC 
gene positive strains, only two E. durans had MIC 

values higher than 256 μg/ml for vancomycin/teico-
planin. 

The strains were also screened for the presence 
some virulence factors such as agg, esp, gelE, ace and 
efaA, nonetheless the searched virulence genes were 
not detected in any tested strain.

DISCUSSION
Different types of acquired vancomycin resis-

tance are known in enterococci, meanwhile the vanA 
followed by vanB are the most prevalent resistance 
genotype (Werner, 2012). In this study we examined 
acquired resistance genes including vanA, vanB, and 
vanC responsible for intrinsic resistance in vancomy-
cin-resistant/susceptible enterococci isolates from an-
imal originated food. The results indicated that strains 
belonged to E. faecalis, E. faecium, E. durans and E. 
casseliflavus species carried vanA gene with a prev-
alence of 11.9% (5 strains). Among these strains an 
E. faecium isolated from ready-to-eat food (village 
cheese) showed susceptibility to vancomycin (MIC, 
≤4 μg/ml). 

Several studies from different countries reported 
the presence of vanA gene in foodborne enterococci. 
Lopez et al. (2009) reported the prevalence of vanA 
gene as 22.6% (two E. faecium, three E. durans and 
two E. hirae) in 31 VRE isolates. Likewise, Gou-
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sia et al. (2015) stated that 22 E. faecium (15.6%) 
among 141 enterococci carried vanA gene. Relative-
ly lower prevalence (2.4% of enterococci from meat 
and poultry) was reported by Yilmaz et al. (2016). 
Another work revealed the presence of vanA gene 
in three vancomycin-susceptible E. faecalis isolates 
and one E. hirae isolate (Perin et al. 2014). Osman 
et al. (2016) and Harada et al. (2012) detected vanA 
gene in one E. faecalis strain from fish and one E. 
cecorum strain from poultry samples, respectively. 
Contrary results were reported by Kasımoğlu-Doğ-
ru et al. (2010) and Chajecka-Wierzchowska et al. 
(2016). Contrary results were given by Kasımoğ-
lu-Doğru et al. (2010) and Chajecka-Wierzchowska 
et al. (2016) suggesting that the strains from food 
and livestock samples did not harbor vanA gene. In 
our study, tested strains had negative results for vanB 
gene. These results are similar to those obtained by 
Kasımoğlu-Doğru et al. (2010), Perin et al. (2014), 
Yılmaz et al. (2016) and Chajecka-Wierzchowska et 
al. (2016). Nevertheless, Gousia et al. (2015) and 
Lopez et al. (2009) reported the presence of vanB 
gene in E. faecium (1.4%) and E. faecium (6.4%) 
respectively. Another study conducted by Perin et 
al. (2014) indicated the presence of both vanA and 
vanB genes at seven E. faecalis strains. 

Many species of enterococci, as stated for Cory-
nebacterium spp., Arcanobacterium haemolyticum 
and Lactococcus spp. were reported to harbor vanA li-
gase gene while vanB has been primarily determined 
in E. faecium and E. faecalis. The difference observed 
in the dissemination of vanA and vanB resistance 
genes may be attributed to the fact that vanA gene is 
mostly located on transposon, a mobile genetic ele-
ment, in comparison to vanB gene cluster (Cetinkaya 
et al. 2000). VanA gene cluster responds to both van-
comycin and teicoplanin resistance but vanB gene 
cluster is responsible for resistant to vancomycin but 
not for teicoplanin (Lefort et al., 2004). In our study, 
strains resistant to vancomycin were also resistant to 
teicoplanin and they were not carrying vanB gene.

The presence of vanC gene in enterococi has been 
characterized as the intrinsic resistance (Gousia et al., 
2015). As seen in Table 1, vanC gene was found in 10 
(eight E. faecium, two E. durans) meat/meat products 
and 11 (ten E. faecium, one E. gallinarum) milk/dairy 
originated strains. Among the strains carrying vanC 
gene, only two E durans isolated from meatball sam-
ples had vancomycin-resistance with a MIC value of 
> 256 µg/ml while the others were vancomycin-sus-

ceptible (MICs, < 4 µg/ml). Previously, the presence 
of vanC1 and vanC2/3 genes in vancomycin-suscep-
tible E. faecalis isolated from broilers in Brazil (De 
Moura et al., 2013) and vanC gene in E. gallinarum 
in Canada (Diarra et al., 2010) was published. Cha-
jecka-Wierzchowska et al. (2016) also reported the 
presence of vanC2/3 genes in E. casseliflavus isolates 
from ready-to-eat meat products but not vanC1 gene. 
Moreover, a study in Egypt demonstrated vanC gene 
carrying E. gallinarum and E. faecalis strains from 
fish samples (Osman et al., 2016). Conversely, lack 
of vanC gene in animal originated food was recent-
ly reported by Yilmaz et al. (2016) in Turkey and by 
Gousia et al. (2015) in Greece. 

Enterococci strains carrying virulence factor genes 
cause more severe infections than the strains lacking 
these pathogenicity traits. Virulence genes have been 
frequently observed in E. faecalis strains (Chajec-
ka-Wierzchowska et al., 2017). In our study, virulence 
traits (agg, esp, gelE, ace and efaA) were not found in 
any of the tested strains. This can be explained by the 
limited number of E. faecalis tested in the study. In 
contrast to our results, virulence genes gelE, esp, ace, 
asa1, efaA and hyl in E. faecalis, E.faecium, E. du-
rans and E. hirae isolates from milk and dairy prod-
ucts were observed by Perin et al. (2014), Hammad et 
al. (2015) and Gaglio et al. (2016). A study performed 
by Klibi et al. (2013) in Tunisia indicated the location 
of hyl, esp and gelE genes in meat isolates of entero-
cocci species (E. faecalis, E. faecium, E. gallinarum). 
Another report revealed the presence of efaA, agg, 
esp, gelE, cyl, cop, cpd, ccf genes in E. faecalis and E. 
faecium isolated from ready-to eat fermented foods in 
Turkey (Toğay et al., 2010).

CONCLUSIONS
The presence and prevalence of vanA and vanC 

genes and the absence of vanB and virulence trait 
genes in vancomycin-resistant/susceptible enterococ-
ci strains were proved. Our findings may be evaluated 
from two different points: firstly, detection of vanA 
gene in VRE strains and particularly in one ready-to-
eat food isolate is a matter of interest. These strains 
can be a part of transmission the high level vancomy-
cin resistance to other strains and/or bacteria. Second-
ly, the role of food isolates on the spread of pathoge-
nicity genes continues to raise public health concerns. 
Thus, the lack of any investigated virulence genes 
in the strains constitutes positive part of the study. 
Furthermore, monitoring the presence of virulence 
and van genes in different food isolates is essential 
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to evidence their spreading speed and possible public 
health risks all over the world.

ACKNOWLEDGEMENTS
The present study was financially supported by 

Bursa Uludag University Scientific Research Centre 
[Project number: KUAP (V)-2013/81].

CONFLICT OF INTEREST
The author(s) declared no potential conflicts of in-

terest with respect to the research, authorship, and/or 
publication of this article.



J HELLENIC VET MED SOC 2019, 70(2)
ΠΕΚΕ 2019, 70(2)

1494 T. ELAL MUS, F. CETINKAYA, R. CIBIK, G. DEGIRMENCI, F. BUSRA DILER

REFERENCES

Biswas PP, Dey S, Sen A, Adhikari L (2016) Molecular characterization 
of virulence genes in vancomycin-resistant and vancomycin-sensitive 
enterococci. J Global Infect Dis 8:16-24. 

Cattoir L, Leclercq R (2013) Twenty-five years of shared life with van-
comycin-resistant enterococci: is it time to divorce? J Antimicrob 
Chemother 68:731-742.

Cetinkaya F, Elal Mus T, Soyutemiz GE, Çıbık R (2013) Prevalance and 
antibiotic resistance of vancomycin-resistant enterococci in animal 
originated foods. T J Vet Anim Sci 37:588-593.

Cetinkaya Y, Falk P, Mayhall CG (2000) Vancomycin-Resistant Entero-
cocci. Clin Microbiol Rev 13:686-707.

Chajecka-Wierzchowska W, Zadernowska A, Łaniewska-Trokenheim 
L (2017) Virulence factors of Enterococcus spp. presented in food. 
LWT-Food Sci Technol 75:670-676. 

Chajecka-Wierzchowska W, Zadernowska A, Łaniewska-Trokenheim L 
(2016) Diversity of antibiotic resistance genes in Enterococcus strains 
isolated from ready-to-eat meat products. J Food Sci 81:2799-2807.

D’Costa VM, King CE, Kalan L, Morar M, Sung WWL, Schwarz C, Fro-
ese D, Zazula G, Calmels F, Debruyne R, Golding GB, Poinar HN, 
Wright GD (2011) Antibiotic resistance is ancient. Nature 477:457-
61. 

De Moura TM, Cassenego APV, Campos FS, Ribeiro AML, Fran-
co AC, d’ Azevedo PA, Frazzon J, Frazzon APG (2013) Detection 
of vanC1 gene transcription in vancomycin-susceptible Enterococcus 
faecalis. Mem Inst Oswaldo Cruz 108:453-456. 

Diarra MS, Rempel H, Champagne J, Masson L, Pritchard J, Topp E 
(2010) Distribution of antimicrobial resistance and virulence genes 
in Enterococcus spp. and characterization of isolates from broiler 
chickens. Appl Environ Microbiol 76:8033-8043. 

Dutka-Malen S, Evers S, Courvalin P (1995) Detection of glycopeptide 
resistance genotypes and identification to the species level of clinical-
ly relevant enterococci by PCR. J Clin Microbiol 33:24-27.

Eaton TJ, Gasson MJ (2001) Molecular screening of Enterococcus viru-
lence determinants and potential for genetic exchange between food 
and medical isolates. Appl Environ Microb 67:1628-1635.

Evers S, Sahm DF, Courvalin P (1993) The vanB gene of vancomycin-re-
sistant Enterococcus faecalis V583 is structurally related to genes 
encoding D-Ala:D-Ala ligases and glycopeptide-resistance proteins 
vanA and vanC. Gene 124:143-144.

Farahani A (2016) State of Globe: Enterococci: Virulence Factors and 
Biofilm Formation. J Glob Infect Dis 8:1-2. 

Gaglio R, Couto N, Marques C, Lopes MFS, Moschetti G, Pomba C, Set-
tanni L (2016) Evaluation of antimicrobial resistance and virulence of 
enterococci from equipment surfaces, raw materials, and traditional 
cheeses. Int J Food Microbiol 236:107-114.

Gousia P, Economou V, Bozidis P, Papadopoulou C (2015) Vancomy-
cin-resistance phenotypes, vancomycin-resistance genes, and resis-
tance to antibiotics of enterococci isolated from food of animal origin. 
Foodborne Pathog Dis 12:214-220.

Hammad AM, Hassan HA, Shimamoto T (2015) Prevalence, antibiotic 
resistance and virulence of Enterococcus spp. in Egyptian fresh raw 
milk cheese. Food Control 50:815-820. 

Handwerger S, Perlman DC, Altarac D, McAuliffe V (1992) Concomitant 
high level vancomycin and penicillin resistance in clinical isolates of 
enterococci. Clin Infect Dis 14:655-661.

Harada T, Kawahara R, Kanki M, Taguchi M, Kumeda Y (2012) Isolation 
and characterization of vanA genotype vancomycin-resistant Entero-
coccus cecorum from retail poultry in Japan. Int J Food Microbiol 
153:372-377.

Jackson CR, Fedorka-Cray PJ, Barrett JB (2004) Use of genus and species 
spesific multiplex PCR for identification of enterococci. J Clin Micro-
biol 42:3558-3565. 

Kasımoglu-Dogru A, Gencay YE, Denız Ayaz N (2010) Prevalence and 
antibiotic resistance profiles of Enterococcus species in chicken at 
slaughter level; absence of vanA and vanB genes in E. faecalis and E. 
faecium. Res Vet Sci 89:153-158.

Klibi N, Ben Said L, Jouini A, Slama KB, Lopez M, Sallem RB, Boud-
abous A, Torres C (2013) Species distribution, antibiotic resistance 
and virulence traits in enterococci from meat in Tunisia. Meat Sci 
93:675-680.  

Lefort A, Arthur M, Depardieu F, Chau F, Pouzet C, Courvalin P, Fantin 
B (2004) Expression of glycopeptide-resistance gene in response to 
vancomycin and teicoplanin in the cardiac vegetations of rabbits in-
fected with vanB-type Enterococcus faecalis. J Infect Dis 189: 90-97.

Lopez M, Saenz Y, Rojo-Bezares B, Martinez S, del Campo R, Ruiz-Lar-
rea F, Zarazaga M, Torres C (2009) Detection of vanA and vanB2-con-
taining enterococci from food samples in Spain, including Enterococ-
cus faecium strains of CC17 and the new singleton ST425. Int J Food 
Microbiol 133:172-178.

Mannu L, Paba A, Daga E, Comunian R, Zannetti S, Dupre I, Sechi LA 
(2003) Comparison of the incidence of virulence determinants and 
antibiotic resistance between Enterococcus faecium strains of dairy, 
animal and clinical origin. Int J Food Microbiol 88:291-304.

Osman KM, Ali MN, Radwan I, ElHofy F, Abed AH, Orabi A, Fawzy 
NM (2016) Dispersion of the vancomycin resistance genes vanA and 
vanC of Enterococcus isolated from Nile Tilapia on retail sale: A pub-
lic health hazard. Front Microbiol 7:1354.

Oravcova V, Hadelova D, Literak I (2016) Vancomycin-resistant Entero-
coccus faecium with vanA gene isolated for the first time from wild-
life in Slovakia. Vet Microbiol 194:43-47.

Perin LM, Miranda RO, Todorov SD, Franco BDGM, Nero LA (2014) 
Virulence, antibiotic resistance and biogenic amines of bacteriocino-
genic lactococci and enterococci isolated from goat milk. Int J Food 
Microbiol 185:121-126.

Shankar V, Baghdayan A, Huycke MM, Lindahl G, Gilmore MS (1999) 
Infection-derived Enterococcus faecalis strains are enriched in esp, 
a gene encoding a novel surface protein. Infect Immun 67:193-200.

Toğay SO, Keskin AÇ, Açık L, Temiz A (2010) Virulence genes, antibiotic 
resistance and plasmid profiles of Enterococcus faecalis and Entero-
coccus faecium from naturally fermented Turkish foods. J Appl Mi-
crobiol 109:1084-1092.

Werner G (2012) Current trends of emergence and spread of vancomy-
cin-resistant enterococci. In: Antibiotic Resistant Bacteria - A Contin-
uous Challenge in the New Millennium. InTech, Croatia: pp 303-354.  

Yilmaz ES, Aslantas O, Pehlivanlar Onen S, Turkyilmaz S, Kurekci C 
(2016) Prevalence, antimicrobial resistance and virulence traits in 
enterococci from food of animal origin in Turkey. LWT-Food Sci 
Technol 66:20-26.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

