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Abstract: Antibiotic resistance is one of the serious threats to global public health and food safety today. Acquired antibiotic
resistance in microorganisms arises from prevalent use of antibiotics for human and animal medicine. Owing to the fact that
Vancomycin Resistant Enteroccocci (VRE) is a vital problem for public health, determination of the antibiotic resistance profiles of
Enterococcus spp. isolates have crucial importance as a part of the farm to fork food safety. In the study, 120 retail chicken meat
samples were analyzed, and 36 (30%) of the samples were detected as Enterococcus spp. positive. According to the results, the most
prevalent species was E. faecalis with a rate of 44.4% (16/36), followed by 27.8% (10/36) E. faecium, 11.1% (4/36) E. durans, 2.8%
(1/36) E. gallinarum and 2.8% (1/36) E. casseliflavus. Antibiotic resistance profiles of the verified Enterococcus spp. isolates were
determined with disc diffusion method in terms of eight different antibiotics. Among the Enterococcus spp. isolates, 20 (55.5%) isolates
were phenotypically resistant to vancomycin, 6 isolates (16.7%) were detected as vanA positive, 3 isolates (8.3%) were detected as
vanB positive, and one isolate (5%) showed high resistance to vancomycin (MIC >256 ng/ml). Even though the observed percentages
are low, the observed resistance patterns are still of concern for public health.
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Tavuk eti 6rneklerinde vankomisin direncli enterokoklarin antibiyotik direnc¢ profilleri

Ozet: Giiniimiizde antibiyotik direnci, halk saglig1 ve gida giivenligini kiiresel anlamda tehdit eden ciddi problemlerden birisidir.
Mikroorganizmalarda olusan antibiyotik direnci, baglica insan ve hayvan infeksiyonlarinda antibiyotiklerin yaygimn olarak
kullanilmasindan kaynaklanmaktadir. Vankomisin direngli enterokoklarin (VRE) halk sagligi agisindan hayati bir sorun teskil etmeleri
nedeniyle, Enterococcus spp. izolatlarinin antibiyotik direng profillerinin belirlenmesi giftlikten sofraya gida giivenligi kapsaminda
kritik 6neme sahiptir. Calismada, perakende olarak satiga sunulan 120 tavuk eti 6rnegi analiz edilmis ve drneklerin 36 (%30)’s1
Enterococcus spp. pozitif olarak izole edilmistir. izolatlar arasinda en yayin tiir %44,4 (16/36) oranla E. faecalis olmus, bunu %27,8
(10/36) ile E. faecium, %11.1 (4/36) ile E. durans, %2,8 (1/36) ile E. gallinarum ve %?2,8 ile (1/36) E. casseliflavus olarak identifiye
edilmistir. Enterococcus spp. izolatlarinin antibiyotik direng profilleri sekiz farkli antibiyotik yoniinden disk diflizyon metodu
kullanilarak belirlenmigtir. Enterococcus spp. izolatlarindan 20°si (%55,5) fenotipik olarak vankomisine direngli, 6 (%16,7) izolat vanA
pozitif, 3 (%8,3) izolat ise vanB pozitif olarak belirlenmis, bir (%5) izolatin ise vankomisine kars1 yiiksek seviye direngli (MIK >256
pg/ml) oldugu saptanmistir. Belirlenen yiizdeler diisiik olmasina ragmen, tespit edilen direng profillerinin halk sagligi agisindan risk
teskil edecek diizeyde oldugu goriilmektedir.

Anahtar sozciikler: E. faecalis, E. faecium, tavuk eti, vanA, vanB.

Introduction

Increasing antibiotic resistance in microorganisms
arisen from prevalent and inaccurate use of antibiotics, is
a serious threat to global public health and food safety.
According to the Centers for Disease Control and
Prevention (CDC) report in 2013, at least 2 million people
are infected with microorganisms that are resistant to one
or more antibiotics designed to treat those infections. In
addition, it is pointed out that in the United States, at least

23,000 deaths occur as a direct cause of these antibiotic
resistant infections (4).

Vancomycin resistance is the most prevalent
antimicrobial resistant phenotype in enterococci. The
importance of vancomycin arising from its use for the
elimination of multidrug resistant strains or the treatment
of patients allergic to antibiotics like ampicillin and
penicillin. Besides it is used frequently in nosocomial
infections as a last resort antibiotic, resistance genes can
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be transferred to humans via foods. According to CDC, an
estimated 66,000 healthcare-associated Enterococcus spp.
infections occur in the United States and overall 20,000
VRE infections occurred among hospitalized patients each
year, with approximately 1,300 deaths. Additionally, E.
faecalis and E. faecium are the most isolated species from
enterococcal infections (4, 9).

Growing concerns about risks to public health have
heightened consumer awareness of safety in retail chicken
meat consumption. Retail chicken meats are commonly
contaminated with Enterococcus spp., and increasing
interest on the epidemiology of these bacteria continues
worldwide (23). In Turkey, there is a little information
about antimicrobial resistance profiles, resistance gene
distribution and incidence of Enterococcus spp. from
poultry meat so that kind of information is a prominent
need for food safety and public health.

The objectives of this study were to isolate and
identify Enterococcus spp. from retail chicken meat
samples collected from Ankara markets, to evaluate the
antibiotic resistance profiles of the verified Enterococcus
spp. isolates, to determine vanA and vanB resistance
phenotypes of the species identified as E. faecalis and E.
faecium, to analyze MIC (Minimum Inhibitory
Concentration) values of the isolates determined as
vancomycin resistant.

Material and Methods
Bacterial strains: As positive control strains; E.
faecalis WHO3 (vanA*), E. faecalis ATCC 29212, E.
faecium tetM 7003, E. faecalis WHO14 (vanB*), E.

Table 1. Target genes used in PCR analysis.
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gallinarum C30BR, E. hirae (wild type), and E. durans
(wild type) were used in PCR analysis.

Collection of samples: From different markets
located at Ankara in Turkey, 120 retail chicken meat
samples were obtained in unpackaged and packaged form,
during the years 2013-2014. Samples were transported to
the laboratory in cold chain, and examined for enterococci
in two hours.

Isolation of enterococci: With the amount of 90 ml,
sterile buffered peptone water (Oxoid, CM0009, Thermo
Scientific) were added into the 10 g of each chicken meat
samples and they were homogenized for 2 min.
Afterwards, 0.1 ml of the homogenate was plated on
Slanetz and Bartley medium (Oxoid, CM0377A, Thermo
Scientific) and incubated for 24-48 h at 37°C. Then,
typical colonies were transmitted into 0.6% yeast extract
powder (Oxoid, L0021, Thermo Scientific) enriched
tryptone soya agar (Oxoid, CM0131, Thermo Scientific)
and subjected to biochemical tests according to Manero
and Blanch (21).

Identification of enterococci: Chelex-100 resin
based technique was used as to the DNA extraction and
Enterococcus spp. isolates were identificated according to
the determination of tuf gene (Table 1). PCR procedure
was performed according to Kasimoglu Dogru et al. (16).

Two different multiplex PCR were carried out for the
verification of E. faecium, E. faecalis, E. gallinarum
according to Kariyama et al. (15); E. durans, and E. hirae
according to Jackson et al. (14). Primer pairs used in the
PCR analysis were shown in Table 1.

Target gene Primer sequence (5'-3") Product size (bp) Reference

tuf Entl: TACTGACAAACCATTCATGATG 112 17
Ent2: AACTTCGTCACCAACGCGAAC

ddle. taecatis ddIEL:ATCAAGTACAGTTAGTCTTTATTAG 941 15
ddIE2:ACGATTCAAAGCTAACTGAATCAGT

ddlE. faecium ddIF1: TTGAGGCAGACCAGATTGACG 658 15
ddIF2:TATGACAGCGACTCCGATTCC

van Cie. gallinarum C1l:GGTATCAAGGAAACCTC 822 7
C2:.CTTCCGCCATCATAGCT

ddle. durans DU1:CCTACTGATATTAAGACAGCG 295 14
DU2:TAATCCTAAGATAGGTGTTTG

ddle. hirae HIL:CTTTCTGATATGGATGCTGTC 187 14
HI2.-TAAATTCTTCCTTAAATGTTG

VanA Al:CATGAATAGAATAAAAGTTGCAATA 1030 15
A2:CCCCTTTAACGCTAATACGATCAA

VanB B1:GTGACAAACCGGAGGCGAGGA 433 15

CCGCCATCCTCCTGCAAAAAA
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Determination of antibiotic resistance profiles: As
defined by the Clinical and Laboratory Standards Institute
(5), disc diffusion method was used for the determination
of phenotypic antibiotic resistance of Enterococcus spp.
isolates against eight antibiotics. Chloramphenicol (30 pg,
Oxoid CT0013B, Thermo Scientific), erythromycin (15
ng, Oxoid CT0020B, Thermo Scientific), gentamicin (120
pg, Oxoid CT0794B, Thermo Scientific), penicillin (10 U,
Oxoid CT0043B, Thermo Scientific), streptomycin (300
ng, Oxoid CT1897B, Thermo Scientific), vancomycin (30
pg, Oxoid CT0058B, Thermo Scientific), linezolid (30 pg,
Oxoid CT1650B, Thermo Scientific), quinupristin/
dalfopristin (15 pg, Oxoid CT1644B, Thermo Scientific)
were used within this context.

Determination of Minimal Inhibition
Concentration (MIC) values: MIC values of the isolates
were determined by E-test method against vancomycin by
using swab technique. E-test strips (Oxoid, MAO102F,
Thermo Scientific) were placed on Mueller—Hinton agar
(Oxoid, CM0337B, Thermo Scientific) plates and were
incubated at 35°C for 24-48 h. After incubation, MIC
values were evaluated according to the CLSI standarts (5)
as; for VRE is > 32 pg/ml, for vancomycin succeptible
enterococci is < 4 pg/ml.

Detection of vanA, and vanB genes: Gene specific
primers for vanA, and vanB used in the multiplex PCR
assays are shown in Table 1. PCR procedures were
performed according to Kariyama et al. (15).

Table 2. Antibiotic resistance percentages of the VRE isolates (%).
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Results

In the study, among 120 retail chicken meat samples,
36 (30%) of the samples were found positive for
Enterococcus spp. Among enterococci, E. faecalis was the
most prevalent species with a ratio of 44.4% (16/36),
followed by 27.8% (10/36) E. faecium, 11.1% (4/36) E.
durans, 2.8% (1/36) E. gallinarum. None of the isolates
were confirmed as E. hirae, while one (2.8%) isolate was
confirmed as E. casseliflavus with biochemical tests.

According to the antibiotic resistance profiles of the
verified Enterococcus spp. isolates all of the isolates were
determined as intermediate or resistant to at least one
antibiotic. According to the antibiotic resistance profiles
of the isolates; 72.2% (26/36) of the isolates were resistant
to three and more antibiotics, 19.4% (7/36) were resistant
to five and more antibiotics, and 2.8% (1/36) were
resistant to all of the antibiotics and 55.5% (20/36) of the
isolates were resistant to vancomycin. Antibiotic
resistance profiles of VRE isolates are shown in Table 2.
On the other hand, number of resistant and susceptible
VRE isolates in view of vancomycin MIC values are
shown in Table 3.

According to the results, vanA genes were detected
in 16.7% (6/36) of the Enterococcus spp. isolates, while
vanB genes were detected in 8.3% (3/36) of them. One of
the isolates was positive for both vanA or vanB genes and
was determined as E. faecalis.

Number of LZD QD C CN P S*
isolates g | s R I S R | s R I S R I S R | s
Efa 14 6(43) 6(43) 2(14) 14(100) 2014) 9(64) 3(21) 1(7) 1(7) 12(86) 2(14) - 12(86) 4(29) 1(7) 9(64)
Efec 2 2(100) - 2(100) - - - 2(100) - - - 21000 - - 2(100) - - 2(100)
Du 2 1(50) 1(50) -  2(100) 1(0) 1(50) - 1(50) 1(50) - 1(50) - 1(50) 1(50) -  1(50)
Gal 1 1(100) - - 1(100) - 1(100) - 1(100) - - - - 1(100) 1(100) - -
ND 1 100 - 1(100) - - - 1(100) - - - 1(100) - - 1(100) - - 1(100)
Total 20 8(40) 10(50) 2(10) 20(100) 4(20) 13(93) 3(21) 3(21) 2(10) 15(75) 3(21) - 17(85) 6(43) 1(5) 13(93)

Efa: E.

faecalis; Efec: E. faecium; Du: E. durans; Gal: E. gallinarum; ND: Not Determined; LZD: Linezolid; QD: Quinupristin-

Dalfopristin; C: Chloramphenicol; CN: Gentamicin; P: Penicillin; S*: Streptomycin; R: Resistant; I: Intermediate; S: Susceptible

Table 3. Number of resistant and susceptible VRE isolates in view of vancomycin MIC values, according to the CLSI standarts.

MIC (png/ml) Resistance profile Number of isolates Isolated species Van gene

>32 R 1 Du -

8-16 | 4 Efa (3), vanA (2)
Efec (1)

<4 S 15 Efa (11), Efec (1), vanA (3),
Gal (1), Du (1), ND (1) vanB (1),

vanA +vanB (1)

Efa: E. faecalis; Efec: E. faecium; Du: E. durans; Gal: E. gallinarum; ND: Not Determined
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Discussion and Conclusion

The consumption of food contamined with antibiotic
resistant enterococci strains, is considered a probable path
of transport of this agent from animals to humans (19). In
this study, 30% of the chicken samples were found
positive for Enterococcus spp., also Pesavento et al. (23)
had similar results (28.6%) in terms of Enterococcus spp.
existence in chicken meat. Lower prevalences have been
reported from Tunisia (19) and Greece (12) with the
percentages of 24.5% and 21.7%, in contrast higher
prevalences have been reported from Brazil (8) and
Tennessee (18) with 56.8% and 82.2% of Enterococcus
spp. contamination, respectively. Besides, according to
our results, 30.8% of the packaged and 29.6% of the
unpackaged samples were contaminated  with
Enterococcus spp.

In our study, the most prevalent species were
determined as E. faecalis, followed by E. faecium, E.
durans, E. gallinarum and E. casseliflavus. Similar
preponderances from chicken meat samples have been
reported previously from Tunisia (19), Brazil (8), USA
(25), in contrast, some other studies from Scandinavia,
Spain and Italy (6), Greece (12), E. faecium was stated as
of the preponderant species. Varieties of preponderances
can be linked with geographical diversities or typing
techniques (14, 21).

According to our study, all the isolates were
determined as resistant or intermediate to at least one
antibiotic used in study and which is a significant public
health concern. Goncuoglu et al. (11) also implied that on-
going surveillance and antibiotic resistance of foodborne
pathogens in the food chain is essential due to the public
health implementations. Besides, by the reason of high
antibiotic resistance profiles, it is very crucial to analyze
antibiotic profiles of the isolates.

In some other studies, it is also determined that
poultry isolates had similar antibiotic resistance profiles to
similar group of antibiotics with that of our isolates (14-
17). Outcomes of this study pointed out the crucial
importance regarding high level aminoglycoside
resistance in poultry originated enterococci, that is quite
low in Europe (6, 24). As aminoglycosides are considered
as an option for enterococcal infections treatments, the
contingency of the spread of the resistance via food food
chain is minacious. In contrast to Europe, high level
aminoglycoside resistance in enterococci prevalent in
USA is similar to our results. Hayes et al. (13) analyzed
the incidence of aminoglycoside resistance of E.
gallinarum (56%), E. faecium (58%), and with the highest
rate of E. casseliflavus (86%). Although the use of
avoparcin was banned in Turkey in 2002 (3), VRE can still
be isolated from chicken meat. Besides, resistance to
quinupristin-dalfopristin was observed in 27% of E.

faecium isolates from chicken samples while all of the
VRE isolates were resistant to this antibiotic in our study.
Due to the significance of quinupristin—dalfopristin was
the initial antibiotic certificated by the US Food and Drug
Administration (FDA) for VRE infections, the resistance
to this antibiotic has crucial importance for public health.

Linezolid is also the first commercially available
drug of the group of the oxazolidinones and the other
antibiotic also approved by FDA to treat infections caused
by VRE (10). In our study 90% (18/20) of the VRE
isolates were intermediate or resistant to linezolid and it
also provides an alarming warning about treatment of
VRE infections. As part of the NARMS (National
Antimicrobial Resistance Monitoring System), Tyson et
al. (25) evaluated several retail meat commodities from
2002 to 2014, and found 92% of enterococci
contamination. According to their study, none of the
isolates was resistant to vancomycin, but only one isolate
was resistant to linezolid, and resistance to tigecycline was
below 1%. In contrast, E. faecalis and E. faecium isolates
were resistant to tetracycline with the percentages of
67.5% and 53.7%, respectively.

In studies conducted in Turkey, Kasimoglu Dogru et
al. (16) analyzed 106 chicken neck skin samples and their
results are similar to our results, they determined majority
(90%) of enterococci isolates were high level resistant to
tetracycline and erythromycin. Unlike to our results, they
stated that all their isolates were susceptible against
penicillin G. In another study, Yilmaz et al. (26) analyzed
105 isolates collected from chicken meat samples, they
stated that the majority (96%) of the samples were
resistant to at least one antibiotic among tested twelve
antibiotics. For the isolates from chicken samples,
resistance percentages against tetracycline, erythromycin,
ciprofloxacin, and  trimethoprim/sulfamethoxazole
antibiotics were 89.5%, 59%, 35.2%, 34.3%, respectively.
In this study, five strains were phenotypically resistant to
vancomycin and also carried vanA gene besides, all VRE
isolates were found to be resistant against
trimethoprim/sulfamethoxazole, penicillin, tetracycline,
ampicillin, and erythromycin. In contrast, Pesavento et al.
(23) analyzed lower rates of enterococci were resistant to
amoxicillin-clavulanic acid (0.32%), linezolid (0.32%),
teicoplanin (2.24%), and vancomycin (3.53%). Higher
rates were determined in E. faecalis isolates against
tetracycline (60.6%) and gentamicin (21.9%). Generally,
E. faecalis isolates stated to be more resistant that of E.
faecium, similar with our results.

Lopez et al. (20) analyzed 129 chicken meat samples
and determined 17.82% of them as VRE, indicated lower
percentages (55.5%) as compared to our study. Besides,
according to CDC report, in United States, about 30% of
healthcare-associated infections were related vancomycin
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resistant enterococci in 2013 (23). According to E-test
results conducted in our study, one isolate (5%) showed
high resistance to vancomycin (MIC: >256 pg/ml). On the
other hand, Lopez et al. (20) stated that among VRE
isolates, 7 (5.4%) isolates showed high resistance to
vancomycin (MIC: 64—-128 pg/ml). Besides, VRE isolates
harboured five vanA and one vanB genes, while in our
study, vanA genes were detected in six isolates and three
of the isolates were harboured vanB genes.

In our study, twenty (55.5%) isolates were
phenotypically but eight (22.2%) isolates were
genotypically resistant to vancomycin. These differences
of phenotypic and genotypic resistance to vancomycin in
the studies can be attributed to the vancomycin resistance
genotypes not limited only vanA and vanB. However,
genes regarding vancomycin resistance for enterococci are
defined as vanA, -B, -C, -D, -E, -G, -L, -M, and N, to date
(2).

Messi et al. (22) analyzed 45 poultry isolates and 15
(33.3%) isolates determined as VRE, whereas 4 isolates
(8.9%) contained vanA, 2 (4.4%) isolates contained vanB,
9 (20%) isolates contained vanC genes. In contrast,
Aarestrup et al. (1) analyzed 126 chicken meat samples,
and 10% of the samples identified as VRE. It is also stated
that all VRE isolates were E. faecium. Vancomycin
resistance is associated with sequences related to vanC
genes are specific for E. gallinarum and E. casseliflavus
(7). Therefore, E. gallinarum ve E. casseliflavus isolates
also might be considered as harbouring vanC genes, in our
study.

The study shows that VRE isolates from chicken
meat in Turkey based on a high prevalence of resistance
to antibiotics. By virtue of the fact that, VRE is a vital
issue for global public health, determination of the
antibiotic resistance profiles of Enterococcus spp. isolates
have crucial importance as a part of the farm to fork food
safety. Potential solutions should include efficient control
survey programs for determining the enterococci in
environmental sources and especially in food for
preventing the spread of the pathogenic strains. Provided
that the contamination with enterococci from different
sources can be verified and limited, a rise in the prevalence
of colonisation and infection amongst the hospitalised
patients and also antibiotic resistance could be controlled.
Longterm policies should be based on international survey
systems in terms of monitoring the contamination in
carcasses, foods, animals, and humans.
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