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In this study, the presence of genes responsible for the pathogenicity and 
antibiotic resistance profile of enterococci isolated from various foodstuffs of an-
imal origin was investigated. The percentage prevalence of enterococci was 
54.1% (203/375) and the average count was found to be 3.81 log cfu/ml-g. Spe-
cies-specific primers revealed Enterococcus faecalis as the predominant species 
carrying one or more virulence-associated traits of efa, gelE, ace, esp and agg ge-
netic markers. Only one E. faecium isolate (from milk) was positive for the esp 
gene. Regarding antibiotic resistance, the highest frequency of resistance was ob-
served for tetracycline (21.7%), followed by quinupristin/dalfopristin (13.3%), 
ciprofloxacin (2.0%), penicillin (2.0%), linezolid (1.0%), ampicillin (1.0%), strep-
tomycin (1.0%), and gentamicin (0.5%). Enterococcus faecalis showed a higher 
prevalence of antibiotic resistance than other enterococci. The percentage of mul-
tidrug resistance among the isolates was 3.4%. Twenty-nine E. faecalis isolates 
(26.6%) carrying one of the virulence-associated traits were at the same time re-
sistant to at least one antibiotic. Our results show that foods of animal origin, in-
cluding ready-to-eat products, may be reservoirs of antibiotic-resistant and poten-
tially virulent enterococci.  

Key words: Food, enterococci, incidence, antibiotic resistance, virulence 
genes  

Enterococci are indicator bacteria of possible faecal contamination and are 
isolated frequently from food, plants, water and soil. They are included in differ-
ent types of cheese and fermented meat products to improve organoleptic quality 
and to extend shelf life during production (Pesavento et al., 2014). It has been 
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documented that some strains of enterococci, especially E. faecium, may inhibit 
the growth of food-borne pathogens in fermented foods (Barbosa et al., 2014). 
The probiotic potential of some enterococcal strains is being successfully applied 
to improve human or animal health (Pieniz et al., 2015). Furthermore, the com-
mercial E. faecium NCIMB 10415 strain (Cylatin®) has been safely used in live-
stock rearing and fattening (EFSA, 2013a).  

Enterococci were not recommended in the QPS (qualified presumption of 
safety) list by the European Food Safety Authority (EFSA) because of their po-
tential role in human clinical infections associated with endocarditis, bacterae-
mia, urinary tract infections and antimicrobial resistance (EFSA, 2013b). Anti-
microbial resistance, especially multidrug resistance, is one of the main public 
health concerns due to treatment failures of infections, particularly in immuno-
suppressed individuals (Fisher and Phillips, 2009; Pesavento et al., 2014). Enter-
ococcus species have an intrinsic resistance to several antibiotics such as strepto-
gramins and beta-lactams. Mobile genetic elements were found to be responsible 
for acquired resistance to glycopeptides, tetracyclines, lincosamides, macrolides 
and aminoglycosides in enterococci isolated from different sources including 
livestock and food strains (Hollenbeck and Rice, 2012). Adhesion and secreted 
virulence factors are the main pathogenicity factors of enterococci. Aggregation 
substance (agg), extracellular surface protein (esp), Enterococcus faecalis antigen 
(efaA), adhesin to collagen (ace), endocarditis and biofilm-associated pili (ebp) 
are the major adhesion factors. Secreted enterococcal virulence factors are cytol-
ysin (cyl), gelatinase (gelE) and hyalorinidase (hyl) (Kafil et al., 2013; Chajecka-
Wierzchowska et al., 2017). The safety assessment of enterococcal strains is a 
complicated task because of their possession of highly prevalent virulence and 
antimicrobial resistance traits (Klibi et al., 2013). 

Enterococci may show tolerance to antimicrobial pressure because of their 
ability to easily acquire resistance to new classes antimicrobials by expressing 
new resistance genes. Antimicrobial-resistant enterococci may be present in foods 
of animal origin, and these foods may be responsible for the transmission of re-
sistant bacteria to humans through consumption. Transfer of the streptomycin re-
sistance gene (aadA) of E. faecium from a food strain into a clinical strain by class 
1 integron has been reported recently (Jahan et al., 2015). Although enterococci 
were considered non-pathogenic for a long period of time, over the last few dec-
ades they have been recognised as one of the most common emerging nosocomi-
al pathogens, causing a mortality rate of up to 61% (Fisher and Phillips, 2009). 

In the present study, enterococci isolated from foodstuffs of animal origin 
(including ready-to-eat products) were tested for the presence of virulence genes 
including agg, esp, ace, gelE and efa. The antimicrobial susceptibility profiles of 
the isolates were also determined. 
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Materials and methods 

Food sampling  

A total of 375 samples of foods of animal origin, including 150 milk/dairy 
product, 150 meat/meat product and 75 chicken/poultry product samples, were 
collected from several supermarkets, delicatessens and open bazaars in the Mar-
mara Region of Turkey. These consisted of 180 raw food samples (20 milk, 30 
meat, 30 minced meat, 25 meatball, 65 chicken meat and 10 poultry product 
samples such as nugget and schnitzel) and 195 ready-to-eat food samples (85 
cheese, 15 yoghurt, 15 kefir, 15 butter, 25 soujuk, 20 pastrami and 20 salami/ 
sausage samples). The samples were immediately transported to the laboratory 
under refrigerated conditions. All microbiological analyses were performed with-
in the same day. 

Bacterial isolation 

A 10-g quantity of each food sample was homogenised in 90 ml of pepton 
water. Decimal dilutions were streaked onto Slanetz and Bartley agar (CM0377, 
Oxoid, UK) plates and incubated at 37 °C for two days. After incubation, pink- 
and brown-coloured colonies were subjected to Gram staining, PYR test, esculin 
hydrolysis and growth at 10 and 45 °C, in 6.5% NaCl and at pH 9.6. The isolates 
were preserved in Brain Heart Infusion broth (CM1135, Oxoid, UK) supple-
mented with 20% glycerol at –20 °C for further experiments.  

Antibiotic susceptibility and MIC testing  

The antibiotic susceptibility of the strains was evaluated by the disk diffu-
sion method according to the recommendations of the Clinical and Laboratory 
Standards Institute (CLSI, 2014). Penicillin (10 U), ampicillin (10 μg), tetracy-
cline (30 μg), ciprofloxacin (5 μg), linezolid (30 μg), quinupristin/dalfopristin 
(15 μg), teicoplanin (30 μg), vancomycin (30 µg) and, for high-level aminogly-
coside resistance, gentamicin (120 µg) and streptomycin (300 µg) (Oxoid, Ba-
singstoke, UK) antibiotic discs were studied. Staphylococcus aureus ATCC 
25293 was used as quality control microorganism. Minimum inhibitory concen-
trations (MICs) of vancomycin and teicoplanin were determined using the E-test 
method and interpreted according to the CLSI guidelines. The strains having 
MIC values of 32 μg/ml were considered resistant to both antibiotics, those hav-
ing MICs of 8–16 μg/ml and 16 μg/mL were considered intermediately resistant, 
and those with MICs of ≤ 4 μg/ml and ≤ 8 μg/ml were regarded as susceptible to 
vancomycin and teicoplanin, respectively. Enterococcus faecalis ATCC 29212 
was used as control microorganism. 
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PCR identification and detection  

DNA extraction was performed by using Chelex 100 (Sigma Aldrich, 
USA). The PCR process was carried out in a ThermoCycler (Runik, SCM 96G). 
Each 25-μl reaction mixture contained 1 μl template DNA, 1.25 U of Hot Start 
Taq DNA polymerase (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 primer (Sentegen, Turkey). The Enterococcus genus-specific 
primers and the E. faecalis, E. faecium, E. durans, E. gallinarum, E. casselifla-
vus and E. avium species-specific primers are listed in Table 1. The presence of 
gelE, ace, agg and esp genes was tested for all identified isolates, while efaAfs 

and efaAfm genes were searched only in the E. faecalis and E. faecium isolates. 
The presence/absence of vanA, vanB and vanC genes was investigated to con-
firm vancomycin and teicoplanin resistance. The primers, their sequences and re-
lated references for PCR conditions are summarised in Table 1. 

 
 

Results 

In the present survey, 203 enterococci were recovered from 375 food sam-
ples (54.1%). The average enterococcus count was 3.81 log cfu/ml-g for all test-
ed foodstuffs, 3.48 log cfu/g for meat and meat products, 4.14 log cfu/ml-g for 
milk and dairy products, and 3.41 log cfu/g for poultry products. The distribution 
of enterococcus counts as a function of foodstuffs is shown in Table 2. 

According to the PCR identification results, the prevalence of E. faecalis 
was the highest with an incidence of 53.7%, followed by E. faecium (30.5%), E. 
durans (10.3%), E. avium (0.5%) and E. casseliflavus (0.5%). Nine isolates were 
confirmed as Enterococcus spp. but could not be identified at the species level 
using species-specific primers. PCR identification results obtained for the raw 
and ready-to-eat foods analysed are summarised in Table 3. A total of 114 enter-
ococcal isolates were recovered from ready-to-eat foods, and 71 of these were 
isolated from retail cheeses. 

The frequency of virulence-associated traits was relatively high among E. 
faecalis isolates and at least one trait was demonstrated in 75 out of the 109 test-
ed isolates. The most commonly detected virulence-associated trait was efafs 
(38.5%), followed by gelE (35.7%), ace (29.4%), esp (9.2%) and agg (4.6%). 
Thirty-eight isolates had multiple virulence-associated genes. Among these, two 
isolates from cheese samples were positive for four different genes (efafs, agg, 
gelE, ace and efafs, esp, gelE, ace, respectively), 11 were positive for three genes 
and 25 harboured two genes (Fig. 1). The prevalence of E. faecalis virulence-
associated traits is presented in Table 4. Interestingly, only one E. faecium isolate 
from milk was positive for the esp gene. Virulence-associated genes were not de-
tected in other Enterococcus isolates. Cheese isolates of E. faecalis harboured 
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more virulence determinants than those isolated from other foodstuffs. None of 
the isolates from poultry products or salamis-sausages was positive for any viru-
lence trait. 

Table 2 

Distribution and counts of enterococci in foodstuffs 

Sample 
No. of positive 

samples (%) 

Enterococcus counts (log cfu/ml-g) 

Min. Mean ± SD Max. 

Meat and meat products     
Meat (n = 30) 13 (43) 2.0 3.44 ± 0.76 4.82 
Minced meat (n = 30) 18(60) 2.30 3.32 ± 0.67 4.51 
Meatball (n = 25) 20 (80) 2.30 3.65 ± 0.55 4.46 
Soujuk (n = 25) 7 (28) 2.0 3.36 ± 1.57 6.47 
Salami-sausage (n = 20) 2 (10) 2.0 3.19 ± 1.70 4.39 
Pastrami (n = 20) 9 (45) 2.0 3.62 ± 1.08 4.71 

Milk and dairy products     
Milk (n = 20) 14 (70) 2.0 3.70 ± 0.82 5.23 
Cheese (n = 85) 62 (73) 2.0 4.51 ± 1.17 6.38 
Yoghurt (n = 15) 7 (47) 2.0 2.81 ± 1.14 4.53 
Butter (n = 15) 9 (60) 2.47 3.54 ± 0.87 4.82 
Kefir (n = 15) 5 (33) 2.0 3.71 ± 1.05 4.58 

Chicken and poultry products     
Chicken (n = 65) 21 (32) 2.0 3.37 ± 0.86 4.59 
Poultry products (n = 10) 1 (10) – 4.41 ± – –. 0 
All (n = 375) 188 (50) 2.0 3.81 ± 1.09 6.47 

 

 
In terms of antibiotic resistance, the highest level of resistance was ob-

served for tetracycline (21.7%), followed by quinupristin/dalfopristin (13.3%), 
ciprofloxacin (2.0%), penicillin (2.0%), linezolid (1.0%), ampicillin (1.0%), 
streptomycin (1.0%) and gentamicin (0.5%). The E. faecalis isolates had a higher 
resistance rate than other isolates (Table 5). Although one E. faecalis and E. du-
rans isolate each exhibited resistance to both vancomycin and teicoplanin by the 
disk diffusion method, their MIC values were lower than 1 μg/ml, suggesting 
that in reality they were not resistant. This was also observed for one E. durans 
isolate showing intermediate-level resistance to vancomycin. The absence of 
vanA, vanB and vanC in these three isolates as tested by PCR confirmed that they 
were not positive for vancomycin and teicoplanin resistance. The E. avium iso-
lates were sensitive to all tested antibiotics. The multidrug resistance patterns 
among E. faecalis (5/109, 4.6%) and E. faecium (2/62, 3.2%) isolates demon-
strated that, with the exception of one E. faecalis isolate which was resistant to 
four antibiotics (penicillin, ampicillin, quinupristin/dalfopristin, linezolid), all 
were resistant to three antibiotics. Two E. faecalis isolates from butter/chicken 
showed resistance to quinupristin/dalfopristin, tetracycline and streptomycin. In  
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addition, other two E. faecalis isolates and one E. faecium isolate from chicken 
were resistant to quinupristin/dalfopristin, tetracycline and ciprofloxacin. One 
meat isolate of E. faecium was found to be resistant to penicillin, ampicillin and 
tetracycline. 

 
Fig. 1. Virulence-associate genes of enterococci. M: 100 bp DNA ladder; lanes 1: Enterococcus 

faecalis ATCC 29212; lanes 2–4: E. faecalis MMH 594; lane 5: E. faecalis JH2-2; lane 6: negative 
control; lane 7: efa-, agg-, gelE- and ace-positive E. faecalis isolate; lane 8: efa-, esp-, gelE- and 

ace-positive E. faecalis isolate 

Table 4 

Distribution of virulence-associated genes of Enterococcus faecalis in foodstuffs 

Sample type  
(No. of E. faecalis positive samples) 

Virulence-associated genes 

efafs agg esp gelE ace 

Meat and meat products      
Meat (n = 9) 2 – – 2 – 
Minced meat (n = 13) 3 – – 4 2 
Meatball (n = 13) 1 1 – 3 8 
Soujuk (n = 4) 3 – 1 1 – 
Salami-sausage (n = 1) – – – – – 
Pastrami (n = 2) 2 – – – – 

Milk and dairy products      
Milk (n = 6) 1 1 2 5 4 
Cheese (n = 39) 24 2 5 13 10 
Yoghurt (n = 4) 2 – – 2 2 
Butter (n = 5) 1 – 1 3 2 
Kefir (n = 3) 1 1 – 1 – 

Chicken and poultry products      
Chicken (n = 10) 2 – 1 5 4 
Poultry products (–) – – – – – 
All (n = 109) 42 5 10 39 32 
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Table 5 

Antibiotic resistance patterns of Enterococcus species 

Antibiotics 

E.  
faecalis 

E.  
faecium 

E.  
durans 

E.  
casseliflavus 

E.  
avium 

Entero- 
coccus spp. 

 R IM  R IM  R IM  R IM  R IM  R IM 

Vancomycin  1a –  – –  1a 1*  – –  – –  – – 

Teicoplanin  1a –  – –  1a –  – –  – –  – – 

Penicillin  1 –  3 –  – –  – –  – –  – – 

Ampicillin  1 –  1 –  – –  – –  – –  – – 

Linezolid  2 1  – –  – –  – –  – –  – – 

Quinupristin/  
Dalfopristin  

 
 21 29 

 
 2 2 

 
 4 – 

 
 – – 

 
 – – 

 
 – 3 

Ciprofloxacin  2 13  2 14  – –  – 1  – –  – 1 

Tetracycline  27 6  13 –  2 –  1 –  – –  1 – 

Gentamicin  1 1  – –  – –  – –  – –  – – 

Streptomycin  2 1  – –  – –  – –  – –  – – 

R: resistant, IM: intermediately resistant, S: susceptible. aResistance found by disc diffusion method, 
but MIC results showed susceptibility in relevant isolates 
 

 
Discussion 

The incidence of enterococci in foods of animal origin was 54.13% and 
the counts varied between 2.0 and 6.5 log cfu/ml-g. Similar incidence rates 
(around 50%) were also reported by Koluman et al. (2009) and Jahan et al. 
(2013). Other authors reported lower (23%; Pesavento et al., 2014) or higher 
(72%; Jamet et al., 2012) incidence levels. The study performed by Jamet et al. 
(2012) revealed enterococcus counts varying between 102 cfu/g and 108 cfu/g in 
cheese samples. Another study indicated that enterococcus counts in fermented 
foods changed between 4 and 6 log cfu/g (Rehaiem et al., 2016). Overall, 56.2% 
(114/203) of the enterococcus isolates were from ready-to-eat foods, and the 
prevalence of enterococci in ready-to-eat meat products was 16.7%. Chajecka-
Wierzchowska et al. (2016b) reported relatively high prevalence (74.1%) for the 
same group of foods in Poland. In our studies reported here, 71 isolates of enter-
ococci were obtained from cheese samples (n = 85) collected from the Marmara 
Region of Turkey. A research conducted in Western Turkey indicated the pres-
ence of 95 Enterococcus sp. strains among the 129 isolates obtained from 45 tra-
ditional home-made cheeses (Buyukyoruk et al., 2014). These results suggest the 
ability of enterococci to survive or grow at extreme conditions, even in processed 
ready-to-eat foods. 
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Species-specific multiplex PCR assays confirmed E. faecalis as the most 
prevalent Enterococcus species in the tested foodstuffs, followed by E. faecium, 
E. durans, E. casseliflavus and E. avium. Nine Enterococcus isolates giving a 
positive band with genus-specific primers gave no band with species-specific 
primers. In agreement with our findings, Pesavento et al. (2014) reported E. fae-
calis as the dominant species in food samples. However, they isolated four 
strains of E. gallinarum and found a relatively higher percentage of E. avium. In 
another study performed on retail foods from Turkey (Koluman et al., 2009), the 
researchers reported the isolation of E. faecalis and E. faecium only. 

Among the meat and meat product samples tested, meatballs were the 
most contaminated. Moreover, minced meat and fresh meat were also found to 
be contaminated at relatively high levels. A total of 70 isolates were recovered 
from meat and meat products (42 E. faecalis, 15 E. faecium, 8 E. durans, 1 E. 
casseliflavus, 1 E. avium, 3 Enterococcus spp.). Similarly, studies conducted in 
Portugal (Barbosa et al., 2010) and Tunisia (Belgacem et al., 2010) also revealed 
contamination of fermented meat products predominantly with E. faecalis and E. 
faecium isolates. In this study we did not isolate E. gallinarum; however, Jahan 
et al. (2013) isolated E. gallinarum from meat and fermented meat products. The 
contamination rate of milk and dairy product samples with enterococci was 
64.7% (97/150), and the species E. faecalis, E. faecium and E. durans were iden-
tified by multiplex PCR. There was no significant difference in E. faecalis and E. 
faecium numbers; however, Buyukyoruk et al. (2014) and Hammad et al. (2015) 
reported a higher prevalence of E. faecium in dairy samples. 

Five virulence-associated genes were investigated in all the 203 isolates. 
Virulence traits (except esp) were detected only in the E. faecalis isolates. The 
esp gene was found only in a E. faecium isolate. Similarly, Barbosa et al. (2010) 
reported the absence of virulence genes in E. faecium isolates and the presence of 
the efa, esp, agg and gelE genes in E. faecalis. However, Jahan and Holley 
(2014) reported the presence of several virulence traits in E. faecalis (efa, esp, 
gelE, agg, ace) and E. faecium (efa, esp, gelE, agg) strains isolated from meat 
and meat products. Furthermore, these authors found the ace gene in one E. gal-
linarum isolate. Another study showed that E. faecium strains from fermented 
meat products were positive for the gelE and efa genes (Belgacem et al., 2010). 
A study performed by Hammad et al. (2015) in Egypt demonstrated E. faecalis 
isolates carrying the agg, esp and gelE genes. Buyukyoruk et al. (2014) suggest-
ed the existence of agg, esp and gelE genes in Enterococcus species isolated 
from farmhouse-produced cheeses. 

The antibiotic resistance profiles of the 203 isolates were characterised by 
the disc diffusion test. Resistance was relatively frequent among E. faecalis iso-
lates: 39 out of 109 isolates were resistant to one or more antibiotics. However, 
there was no resistance either to vancomycin or teicoplanin. Resistance to tetra-
cycline was remarkable (21%) among the E. faecium isolates. High tetracycline 
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resistance levels were also reported by Jamet et al. (2012), Klibi et al. (2013), 
Pesavento et al. (2014), Chajecka-Wierzchowska et al. (2016a) and Yılmaz et al. 
(2016). Studies performed during the last decade in different countries reported 
resistance to ciprofloxacin (Belgacem et al., 2010; Jahan et al., 2013; Klibi et al., 
2013; Chajecka-Wierzchowska et al., 2016a; Yılmaz et al., 2016), quinupristin/ 
dalfopristin (Chajecka-Wierzchowska et al., 2016a), penicillin (Koluman et al., 
2009; Jahan et al., 2013; Klibi et al., 2013), ampicillin (Koluman et al., 2009; 
Klibi et al., 2013), linezolid (Pesavento et al., 2014; Hammad et al., 2015), and 
streptomycin (Koluman et al., 2009; Jahan et al., 2013; Klibi et al., 2013). High-
level gentamicin resistance is a subject of discrepancy for Enterococcus infec-
tions, since gentamicin has been used in combination with other antibiotics such 
as vancomycin, ampicillin and penicillin against enterococcal infections (Choi 
and Woo, 2013). In the present study, one isolate of E. faecalis recovered from 
yoghurt showed high-level gentamicin resistance. In accordance with these data, 
isolates from chicken meat (Choi and Woo, 2013) and various foodstuffs (Pe-
savento et al., 2014) showed resistance to this antibiotic at rates 10.9% and 21.9%, 
respectively. Resistance of enterococci to glycopeptide antibiotics is a major 
concern because vancomycin is the last choice for treating infections caused by 
Gram-positive bacteria (Cetinkaya et al., 2013). In the present survey, a few iso-
lates exhibited some extent of resistance to vancomycin and teicoplanin by the 
disc diffusion assay but the presence of genes responsible for these phenotypes 
could not be confirmed by PCR. In contrast with our results, the presence of van-
comycin- and/or teicoplanin-resistant isolates was reported in food samples by 
some other researchers (Ghidán et al., 2008; Koluman et al., 2009; Pesavento et 
al., 2014; Hammad et al., 2015; Chajecka-Wierzchowska et al., 2016a; Yılmaz et 
al., 2016). 

Resistance to multiple antibiotics was widespread among E. faecalis and 
E. faecium isolates, with E. faecalis (4.6%) having relatively higher multidrug 
resistance compared to E. faecium (3.2%). One cheese isolate of E. faecalis 
showed resistance to four antibiotics (penicillin, ampicillin, quinupristin/ 
dalfopristin, linezolid). Various other studies indicated the presence of multi-
drug-resistant E. faecalis and E. faecium isolates from several foods (Koluman et 
al., 2009; Jamet et al., 2012; Jahan et al., 2013; Chajecka-Wierzchowska et al., 
2016a,b). Apart from food isolates, E. faecalis and E. faecium strains obtained 
from the environment of pig farms were also reported to be resistant to multiple 
antibiotics (Beshiru et al., 2017). 

Interestingly, 74.4% (29/39) of E. faecalis isolates from 16 ready-to-eat 
foods (cheese, yogurt, butter, kefir, pastrami, soujuk), having resistance to one or 
more antibiotics, were found to possess at least one virulence trait as well. Our 
results indicated that all of the 5 E. faecalis isolates presenting a multiresistant 
profile had at least one virulence gene trait, and two of them were isolated from 
ready-to-eat foods such as cheese and butter. Furthermore, it was found that a 
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cheese isolate of E. faecalis resistant to four different antibiotics harboured viru-
lence traits ace and efa, while some of the other multidrug-resistant isolates were 
positive for virulence factors gelE and ace. 

In conclusion, the present research has revealed the presence of Entero-
coccus species, particularly E. faecalis, in foods of animal origin and determined 
the virulence-associated traits and/or antibiotic resistance of the isolates. The de-
tection of isolates having pathogenic traits and antibiotic resistance, especially 
from ready-to-eat foods, provides useful data for risk assessment and indicates 
that these foods may present a potential public health risk to consumers. The as-
sessment of this public health hazard would, however, need further comparative 
studies involving human faecal enterococci tested from the same region for the 
same pathogenicity and antimicrobial resistance traits. 
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