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Abstract A total of 194 enterococcal isolates were recovered
from 198 fecal samples of pigs, cattle, and sheep obtained in a
Portuguese slaughterhouse. The enterococcal species most
prevalent were Enterococcus faecium and E. hirae. High
percentages of resistance were detected for tetracycline in

pig isolates (95.7%), sheep isolates (76.7%), and cattle iso-
lates (49%); erythromycin resistance was higher in pig isolates
than in cattle or sheep isolates. Intermediate level of resistance
was obtained to quinupristin/dalfopristin in all animal isolates
(15.1–23.5%). High-level resistance to aminoglycosides was
detected, HLR-S and -K was higher in pig isolates (44.3 and
32.9%, respectively) compared with cattle or sheep isolates,
and modest percentages of HLR-G were obtained in pig and
cattle isolates (7.1 and 3.9%, respectively). The aac(6`)-aph
(2”), aph(3`)-IIIa, ant(6)-Ia, cat(A), erm(B), and tet(M) genes
were demonstrated in most of the gentamycin-, kanamycin-,
streptomycin-, chloramphenicol-, erythromycin- and
tetracycline-resistant isolates, respectively. The association be-
tween the tet(M) gene and Tn916/Tn1545-like or Tn5397-like
transposons was detected in 30.8 and 11.2% of the isolates,
respectively. Food animals could be a reservoir for antibiotic
resistance genes, and slaughterhouse cross-contamination of
animals carcasses may be a food safety risk.

Keywords Enterococci . Antibiotic resistance . Resistance
genes

Introduction

Enterococci are ubiquitous bacteria that inhabit the gastro-
intestinal tract of humans and many animals (mammals,
birds, insects, and reptiles) and are commonly found in soil,
plants, and water (Hayes et al. 2003; Kuhn et al. 2005).

Although these organisms are not considered as primary
pathogens in animals and humans, they have emerged as an
increasingly important cause of human nosocomial infec-
tions (Kuhn et al. 2005). Enterococci are intrinsically resis-
tant to several commonly used antibiotics (cephalosporins
and aminoglycosides) and, perhaps more importantly, is their
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ability to acquire resistance to all currently available antibi-
otics (Hayes et al. 2003; Cetinkaya et al. 2000). They acquire
resistance to antimicrobial agents through transfer of plasmids
and transposons, chromosomal exchange, or mutation
(Cetinkaya et al. 2000; Hayes et al. 2003), and might act as
reservoir of antibiotic resistance genes that could be transmit-
ted to other bacteria, and, for this reason, might represent a
worldwide problem with large repercussions for public health.

The possibility of transfer of antimicrobial-resistant bacteria
(pathogens or commensal organisms) from animals to humans
has caused increased interest in antimicrobials that are used in
both human and veterinary medicine (Jackson et al. 2011). In
human medicine, enterococcal infections are often treated with
a combination of an aminoglycoside (e.g., gentamycin) and a
cell-wall-active agent, such as penicillin or a glycopeptides
(e.g., vancomycin), but due to the emergence of resistant
strains, new agents like quinupristin/dalfopristin are also used
(Hammerum et al. 2010). The use of avoparcin, gentamicin,
and virginiamycin for growth promotion and therapy in food
animals has led to the emergence of vancomycin- and
gentamicin-resistant enterococci and quinupristin/dalfopristin-
resistant E. faecium in animals and meat, which implies a
potential risk for transfer of resistance genes or resistant bacte-
ria from food animals to humans (Hammerum et al. 2010).

In Portugal, resistant enterococci have been previously
isolated from food-producing animals (Poeta et al. 2006;
Novais et al. 2005; de Fatima Silva Lopes et al. 2005;
Goncalves et al. 2010; Freitas et al. 2009; Costa et al.
2010), from wild animals (Poeta et al. 2005, 2007; Figueiredo
et al. 2009), and from the environment (Macedo et al. 2011;
Araujo et al. 2010; Freitas et al. 2009).

The cross-contamination of edible carcass tissues during
the slaughter process represents a significant food safety
hazard. The contamination of carcass tissues occurs mainly
with fecal material during the evisceration and the skinning
process, and in most of the Portuguese abattoirs these two
operations are performed manually, increasing the risk of
fecal contamination. The objective of this work was to
analyze the prevalence of antibiotic resistance and the mech-
anisms implicated in non-selected enterococci recovered
from fecal samples of animals (pigs, cattle and sheep) in a
slaughterhouse located in the center of Portugal.

Materials and methods

Samples and bacterial isolates

Fecal samples were recovered from September 2008 to
March 2009 in a slaughterhouse located in the center of
Portugal where every day around 200 growing pigs, 100
bovines and 100 sheep (lambs and adult animals) are killed
for human consumption; the animals stem from production

units located in different regions of Portugal. Enterococcal
isolates were recovered from a total of 198 fecal samples
obtained from slaughtered animals (73 sheep, 71 pigs and
54 beef cattle). Animals were selected randomly and sam-
ples collected on different days of the week and during
different periods of the day, to guarantee samples collected
from each animal had different origins.

Fecal material was collected from each animal, directly
from the rectum after animal evisceration. Samples were
collected in sterilized tubes and transported on the same
day to the laboratory. A portion of approximately 3 g of
each sample was suspended in 3 ml of sterile saline solution
and this dilution was seeded on Slanetz-Bartley agar plates
and incubated for 48 h at 37°C (Torres et al. 2003). Colonies
with typical enterococcal morphology were presumptively
identified to the genus level by Gram-staining, catalase test
and bile-aesculin reaction (Torres et al. 2003). DNA was
extracted by the Instagene™ Purification Matrix protocol
(Bio-Rad) and PCR experiments with specific primers, de-
scribed in Table 1, were performed for the different entero-
coccal species (Arias et al. 2006; Dutka-Malen et al. 1995).

Antimicrobial susceptibility testing

Susceptibility for 11 antibiotics (vancomycin, 30 μg; teico-
planin, 30 μg; ampicillin, 10 μg; streptomycin, 300 μg;
gentamycin, 120 μg; kanamycin, 120 μg; chloramphenicol,
30 μg; tetracycline, 30 μg; erythromycin, 15 μg; quinupris-
tin/dalfopristin, 15 μg; and ciprofloxacin, 5 μg), were tested
by the disk diffusion method (C.L.S.I. 2010). High-level
aminoglycosides resistance was considered to streptomycin,
kanamycin and gentamycin. Minimal inhibitory concentra-
tions (MICs) of vancomycin and teicoplanin were also de-
termined by the agar dilution method (C.L.S.I. 2010).
Enterococcus faecalis ATCC 29212 and Staphylococcus
aureus ATCC 25923 strains were used as a control.

PCR detection of antibiotic resistance genes

Vancomycin resistance mechanisms (vanA, vanB, vanC-1,
vanC-2/3, and vanD genes) were analyzed by PCR in all
enterococcal isolates that showed resistance or reduced suscep-
tibility for glycopeptides (Dutka-Malen et al. 1995; Miele et al.
1995). The presence of genes encoding resistance to erythro-
mycin [erm(A) and erm(B)], tetracycline [tet(M), tet(L) and tet
(K)], kanamycin [aph(3’)-IIIa], streptomycin [ant(6)-Ia],
quinupristin-dafopristin [vat(E) and vat(D)], chloramphenicol
[cat(A)], and gentamycin [aac(6’)-aph(2”)] were analyzed by
PCR using primers (Table 1) and conditions previously
reported (del Campo et al. 2000; Aarestrup et al. 2000; Robredo
et al. 2000; Van de klundert and Vliegenthart 1993; Sutcliffe et
al. 1996). PCR-assays were used to demonstrate the presence
of specific genes of the Tn5397-like and Tn916/Tn1545-like
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transposons (tdnX and int genes, respectively) (Agerso et al.
2006). Positive and negative controls from the collection of
strains from the University of Trás-os-Montes and Alto Douro
(Portugal) were included in all PCR assays.

Results and discussion

A total of 194 enterococcal isolates were recovered from the
198 fecal samples of pigs, cattle and sheep analyzed in this

study. No enterococcal isolates were recovered from 4 of the
tested fecal samples. Table 2 shows the distribution of
enterococcal species found in the samples of different ori-
gin. Enterococcus faecium (45.7%) was the prevalent spe-
cies detected in pigs, while in cattle and sheep this
enterococcal species was the second most detected and
was found in similar percentages (29.4 and 26%, respective-
ly). E. hirae was the most detected in cattle and sheep (56.8
and 58.9%, respectively). E. faecium and E. hirae were also
the predominant enterococcal species isolated from cattle

Table 1 Primers used in PCR reactions for enterococcal species identification and detection of genes implicated in antibiotic resistance

Gene detected Sequence of the primer (5′ to 3′) Amplicon (bp) Reference

ddl E. faecalis F: ATCAAGTACAGTTAGTCT 941 Dutka-Malen et al. 1995
R: ACGATTCAAAGCTAACTG

ddl E. faecium F: TAGAGACATTGAATATGCC 550 Dutka-Malen et al. 1995
R: TCGAATGTGCTACAATC

E. gallinarum (vanC-1) F: GGTATCAAGGAAATC 822 Dutka-Malen et al. 1995
R: CTTCCGCCATCATCT

E. casseliflavus (vanC-2/vanC-3) F: CTCCTACGATTCTCTTG 439 Dutka-Malen et al. 1995
R: CGAGCAAGACCTTTAAG

E. hirae (murG) F : GGCATATTTATCCAGCACTAG 521 Arias et al 2006
R : CTCTGGATCAAGTCCATAAGTGG

E. durans (mur2) F: AACAGCTTACTTGACTGGACGC 177 Arias et al 2006
R: GTATTGGCGCTACTACCCGTATC

vanA F: GGGAAAACGACAATTGC 732 Miele et al. 1995
R: GTACAATGCGGCCGTTA

vanB F: ATGGGAAGCCGATAGTC 635 Dutka-Malen et al. 1995
R: GATTTCGTTCCTCGACC

vanC1 F: GGTATCAAGGAAATC 822 Dutka-Malen et al. 1995
R: CTTCCGCCATCATCT

vanC-2/3 F: CTCCTACGATTCTCTTG 439 Dutka-Malen et al. 1995
R: CGAGCAAGACCTTTAAG

vat(D) F: CCGAATCCTATGAAAATGTATCC 413 Robredo et al. 2000
R: GCAGCTACTATTGCACCATCCC

vat(E) F: ACGTTACCCATCACTATG 282 Robredo et al. 2000
R: GCTCCGATAATGGCACCGAC

aac(6`)-Ie-aph(2``)-Ia F: CCAAGAGCAATAAGGGCATA 220 Van de Klundert and Vliegenthart 1993
R: CACTATCATACCACTACCG

aph(3`)-IIIa F: GCCGATGTGGATTGCGAAAA 292 Van de Klundert and Vliegenthart 1993
R: GCTTGATCCCCAGTAAGTCA

ant(6)-Ia F: ACTGGCTTAATCAATTTGGG 577 Del Campo et al. 2000
R: GCCTTTCCGCCACCTCACCG

catA F: GGATATGAAATTTATCCCTA 486 Aarestrup et al. 2000
R: CAATCATCTACCCTATGAAT

erm(B) F: GAAAAGATACTCAACCAAATA 639 Sutcliffe et al. 1996
R: AGTAACGGTACTTAAATTGTTTAC

erm(A) F: TCTAAAAAGCATGTAAAAGAA 645 Sutcliffe et al. 1996
R: CTTCGATAGTTTATTAATATTAGT

tet(M) F: GTTAAATAGTGTTCTTGGAG 576 Aarestrup et al. 2000
R: CTAAGATATGGCTCTAACAA

tet(L) F: CATTTGGTCTTATTGGATCG 456 Aarestrup et al. 2000
R: CAATATCACCAGAGCAGGCT

tet(K) F: TTAGGTGAAGGGTTAGGTCC 697 Aarestrup et al. 2000
R: GCAAACTCATTCCAGAAGCA

Ann Microbiol (2012) 62:1485–1494 1487



and/or pigs by others (Jackson et al. 2011; Kuhn et al. 2003;
Anderson et al. 2008; Poeta et al. 2007). The prevalence of
E. faecalis in pigs, cattle and sheep was identical (12.9, 11.8
and 8.2%, respectively); higher prevalence of E. faecalis has
been detected in food-producing animals by others (Cortes
et al. 2006; Aarestrup et al. 2000). E. durans was only
detected in cattle (2%) and sheep (4.2%), and E. casseli-
flavus only in sheep (2.7%).

Table 3 shows the percentage of antibiotic resistances in
our collection of enterococcal isolates. Higher percentages
of resistance were detected for tetracycline and erythromy-
cin in pig isolates (95.7 and 84.3%, respectively) compared
with sheep isolates (76.7 and 17.3%, respectively); lower
percentages of resistance to these antibiotics were obtained
in cattle isolates (49 and 15.7%, respectively). Tetracycline
has been the most commonly used antimicrobial agent for
therapy in food-production animals in Portugal, and the
frequent occurrence of resistance observed probably reflects

this use. Similar percentages of tetracycline and erythromycin
resistance were detected in the three enterococcal species
isolated in pigs (82–100%); in sheep, resistance to these anti-
biotics was higher among E. faecium species (78.9 and 36.8%,
respectively), while in cattle, E. hirae isolates showed higher
tetracycline resistance (62.1%) compared to other enterococ-
cal species.

Glycopeptide resistance was not detected among the en-
terococci isolates of this study. Nevertheless, vanA entero-
cocci were recovered from fecal samples of pigs and sheep
in a previous study carried out by our group using
vancomycin-supplemented agar plates (4 μg/mL) for entero-
cocci isolation in these fecal samples (unpublished observa-
tions). This fact could indicate that vancomycin-resistant
enterococci could be present within the fecal enterococcal
population of pigs and sheep but in a low proportion with
respect to the vancomycin-susceptible ones, and thus could
not be detected when non-supplemented plates were used
for bacterial isolation.

Ampicillin-resistant isolates were not found in cattle fecal
samples; the same result was obtained by Anderson et al.
(2008). Ampicillin resistance was only observed among E.
hirae and E. faecium isolates of pigs and sheep (pigs, 13.8
and 43.8%, respectively; sheep, 2.3 and 15.8%, respectively).
Our results are in accordance with those obtained by Butaye et
al. (2001) that detected ampicillin resistance among E. fae-
cium, but not in E. faecalis, of pig origin. In sheep, ampicillin
resistance detected was only 5.5%, but others had no ampicil-
lin resistance among sheep (de Fatima Silva Lopes et al. 2005;
Mannu et al. 2003)

Lower percentages of high-level resistance for gentamy-
cin (HLR-G) were detected in our enterococci from pigs and

Table 2 Enterococcal isolates recovered from the 198 fecal samples of
pigs, cattle and sheep analyzed in this study

Enterococcal
species

Number (%) of isolates of the different originsa

Pigs
(n070)

Cattle
(n051)

Sheep
(n073)

E. hirae 29 (41.4) 29 (56.8) 43 (58.9)

E. faecium 32 (45.7) 15 (29.4) 19 (26)

E. faecalis 9 (12.9) 6 (11.8) 6 (8.2)

E. durans - 1 (2) 3 (4.2)

E. casseliflavus - - 2 (2.7)

a Number of fecal samples analysed: pigs (71), cattle (54) and sheep (73)

Table 3 Percentages of antibiotic resistance in 194 enterococci isolated from fecal samples of pigs, cattle and sheep at slaughter

Antibiotic Pigs Cattle Sheep

E. hirae E. faecium E. faecalis Total E. hirae E. faecium E. faecalis/
durans

Total E. hirae E. faecium E. faecalis/
durans

Total

(n029) (n032) (n09) (n070) (n029) (n015) (n07) (n051) (n043) (n019) (n09) (n073)

Ampicillin 13.8 43.8 - 25.7 - - - - 2.3 15.8 - 5.5

Gentamicin 3.4 - 44.4 7.1 3.4 - 14.3 3.9 - - - -

Streptomycin 34.5 50 55.5 44.3 6.9 - 14.3 5.9 7 26.3 11.1 12.3

Kanamycin 17.2 34.4 77.7 32.9 10.3 13.3 28.6 13.7 2.3 26.3 11.1 9.6

Tetracycline 100 93.8 88.8 95.7 62.1 26.6 42.9 49 44.2 78.9 33.3 76.7

Erythromycin 82.8 84.4 88.8 84.3 17.2 33.3 42.9 15.7 11.6 36.8 11.1 17.8

Chloramphenicol - - 11.1 1.4 3.4 6.6 - 3.9 - - - -

Ciprofloxacin - 9.4 44.4 10 - - - - - 21 - 5.5

Quinupristin/
dalfopristin

13.8 6.3 100 21.4 10.3 20 85.7 23.5 - 21.1 77.7 15.1

Vancomycina - - - - - - - - - - - -

Teicoplanina - - - - - - - - - - - -

a Resistant when MIC≥32 μg/ml
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cattle (7.1 and 5.9%, respectively), but all our sheep isolates
were susceptible for HLR-G. Similar percentages of HLR-G
were observed by others in pigs and cattle (Aarestrup et al.
2000, 2002; Hershberger et al. 2005). Higher percentages
were found for high-level resistance for kanamycin (HLR-
K) and high-level resistance for streptomycin (HLR-S),
especially in the isolates recovered from pigs (32.9 and
44.3%, respectively). In cattle and sheep isolates, HLR-K
and HLR-S detected were lower (5.9–13.7%). In pigs, HLR-
K and HLR-S were more associated with E. faecalis, while
in sheep, this type of resistance was more associated with E.
faecium. HLR-K and HLR-S were also detected by others in
food-producing animals (Butaye et al. 2001; Aarestrup et al.
2002; Poeta et al. 2006).

Similar percentages of quinupristin/dalfopristin resis-
tance were observed in isolates from pigs, cattle and sheep
(23.5–15.1%). Other reports showed a higher level of
quinupristin-dalfopristin resistance in enterococci from
pigs and lower levels of resistance in beef cattle isolates
(Aarestrup et al. 2000; Donabedian et al. 2006; Hershberger
et al. 2005).

Chloramphenicol resistance was not detected among
our enterococcal isolates from sheep, and low percen-
tages of resistance were observed in pig and cattle
isolates (1.4 and 3.9%, respectively). Although chloram-
phenicol has been used in the past in food-producing
animals, it was banned more than 20 years ago and this
fact could explain the low chloramphenicol resistance
detected among our isolates (Poeta et al. 2006). Only E.
faecalis from pigs (44.4%) and E. faecium from pigs
and sheep (9.4 and 21%, respectively) presented cipro-
floxacin resistance. Among our cattle isolates, no cipro-
floxacin resistance was detected, but resistance to this
antibiotic has been detected in cattle by others (Anderson et
al. 2008; Hershberger et al. 2005). Ciprofloxacin resistance of
21% in sheep isolates is higher than that obtained by de Fatima
Silva Lopes et al. (2005), were only a few dairy isolates
showed ciprofloxacin resistance.

Table 4 shows the different antibiotic resistance phenotypes
detected in the series of 194 enterococci in relation to the
species and origin. The enterococcal species (E. hirae, E.
faecium, and E. faecalis) isolated from different origins show
resistance to 4 or 5 antibiotic groups at the same time. Resis-
tance to erythromycin and tetracycline was commonly ob-
served alone, especially among E. hirae and E. faecium
isolates, whereas resistance to quinupristin/dalfopristin, ami-
noglycosides or ampicillin were observed mainly in combina-
tion with resistance to other antimicrobial agents. In human
medicine, enterococcal infections are often treated with a
combination of these antibiotics (Hammerum et al. 2010),
and the fact that our isolates showed resistance to them can
be a cause of concern since successful therapy for infection
may be impossible.

The only two E. casseliflavus detected, recovered from
sheep, were susceptible to all tested antibiotics. E. casseli-
flavus is often associated with water and plants, and a
constant supply of plant-associated E. casseliflavus, by
grazing, can explain their presence in sheep intestinal tracts
(Muller et al. 2001).

The presence of antibiotic resistance genes was studied
by PCR in all resistant enterococci and the results are
presented in Table 5. The catA gene, encoding a chloram-
phenicol acetyl-transferase, was found in all but one E.
faecium isolate recovered from cattle; this gene has been
previously detected in chloramphenicol-resistant enterococ-
ci of different origins by other authors (Aarestrup et al.
2000; Poeta et al. 2006).

Enterococci can show high level resistance to aminogly-
cosides, generally due to the acquisition of genes encoding
for aminoglycoside modifying enzymes. Enterococci which
contain the aac(6’)-aph(2”) gene that encodes the bifunc-
tional enzyme AAC(6’)-APH(2”) are resistant to virtually
all the clinically available aminoglycosides, including gen-
tamycin, tobramycin, amikacin, kanamycin, and netilmicin,
but not streptomycin (Chow 2000). All our enterococcal
isolates that show HLR-G contained the aac(6’)-aph(2”)
gene; this gene has been found as a common mechanism
of HLR-G in enterococci (Jackson et al. 2010; del Campo et
al. 2003; Aarestrup et al. 2002). The ant(6)-Ia gene respon-
sible for high-level streptomycin resistance was detected in
most of our streptomycin-resistant isolates. The same gene
has been reported among HLR-S enterococci from animals
and humans (del Campo et al. 2000; Poeta et al. 2006).

The aph(3’)-IIIa gene encodes the aminoglycoside phos-
photransferase Aph(30)-IIIa, which confers high-level kana-
mycin resistance; this gene was detected in almost all our
resistant isolates, and other studies report this gene as the
most frequent in animals (Jackson et al. 2010; Aarestrup et
al. 2002; Poeta et al. 2006). In four of our HLR-K isolates,
the aph(3’)-IIIa gene was not detected, but other mecha-
nisms can be implicated. Two of this isolates were HLR-G
and harbored the aac(6’)-aph(2”) gene, also implicated in
HLR-K. Other studies referred that these two genes, aph
(3’)-IIIa and aac(6’)-aph(2”), alone or associated, were re-
sponsible for HLR-K (del Campo et al. 2003).

The erm(B) gene was the only one found among the
erythromycin-resistant enterococci. Others reports refer to
the erm(B) has the most frequently resistant gene found
among the erythromycin-resistant enterococci (Poeta et al.
2006; Donabedian et al. 2006; Aarestrup et al. 2002).

It is assumed that virginiamycin, a streptogramin
compound, used in animal feed as a growth promoter,
is responsible for quinupristin-dalfopristin resistance in
animals (Aarestrup et al. 2000; Donabedian et al. 2006).
In our results, none of the genes, vat(D) or vat(E),
mediating quinupristin/dalfopristin resistance were observed
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Table 4 Antibiotic resistance phenotypes detected in the series of 194 enterococci in relation to the species and origin

Enterococcal species Antibiotic resistance phenotype Number of isolates with phenotype

Pigs Cattle Sheep

E. hirae STR-GEN-KAN-TET-ERY-QD 1 1 -

AMP-STR-KAN-TET-ERY 1 - -

STR-KAN-TET-ERY-QD - 1 -

STR-KAN-TET-ERY 2 - 1

KAN-TET-ERY-QD - 1 -

STR-KAN-TET-QD 1 - -

AMP-TET-ERY-QD 1 - -

STR-TET-ERY 4 - 2

STR-TET-QD 1 - -

AMP-TET-ERY 2 - -

TET-ERY-CHL - 1 -

AMP-TET - - 1

TET-ERY 13 - 2

TET 3 14 13

ERY - 1 -

Susceptible to all tested antibiotics - 10 24

E. faecium AMP-STR-KAN-TET-ERY-QD-CIP 1 - 1

AMP-STR-KAN-TET-ERY-CIP 1 - 1

AMP-STR-KAN-TET-ERY 5 - -

AMP-STR-TET-ERY-QD 1 - -

STR-KAN-TET-ERY-QD - - 1

AMP-STR-TET-ERY 2 -

STR-KAN-TET-ERY 3 - 1

STR-TET-ERY-QD - - 1

KAN-TET-ERY-QD - 1 -

AMP-TET-ERY-CIP 1 -

AMP-KAN-TET-QD - - 1

AMP-TET-ERY 2 - -

STR-TET-ERY 3 - -

TET-ERY-QD - 1 -

TET-ERY-CIP - - 1

AMP-TET 1 - -

KAN- ERY 1 - -

TET-ERY 7 - 1

TET-CIP - - 2

KAN - 1 -

TET 3 2 5

ERY - 3 -

QD - 1 1

CIP - - 1

CHL - 1 -

Susceptible to all tested antibiotics 1 5 2

E. faecalis STR-GEN-KAN-TET-ERY-QD-CIP 3 - -

STR-KAN-TET-ERY-QD-CHL-CIP 1 - -

STR-GEN-KAN-TET-ERY-QD - 1 -

GEN-KAN-TET-ERY-QD 1 - -

STR-KAN-TET-ERY-QD 1 - 1
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(Table 4). The same results were obtained in other studies
(Donabedian et al. 2006; Poeta et al. 2005), and most likely
different mechanisms of resistance could be involved in those
quinupristin/dalfopristin-resistant strains where no genes were
detected (Poeta et al. 2006; Donabedian et al. 2006; Jackson et
al. 2007).

The tet(M) or tet(L) genes (alone or associated) were
demonstrated in all our E. hirae and E. faecium pig isolates;
but in cattle and sheep isolates, these two genes were not
detected among any tetracycline-resistant E. hirae and E.
faecium. However, Anderson et al. (2008) reported the tet
(O) gene as the most frequently associated with tetracycline
resistance in cattle. The majority (75%) of the tetracycline-
resistant E. faecalis isolates from pigs harbored the tet(M)
gene alone or in association with the tet(L) gene. All
the E. faecalis and E. durans isolates from sheep har-
bored the tet(M) and the tet(L) genes in association, and
the same association was detected in all but one E.
faecalis isolate from cattle. In tetracycline resistance,
the tet(M) gene is implicated in ribosomal protection
and tet(L) encodes an efflux pump; as reported by others,
these two genes are the most frequently detected among
tetracycline-resistant isolates in animals (Poeta et al. 2005,
2006; Aarestrup et al. 2000).

The Tn916/Tn154-like transposons were associated with
the tet(M) gene in 30.8% of the isolates. The Tn5397-like
transposon alone was detected in 11.2% of the isolates,
mainly among E. hirae and E. faecium from pigs and cattle,
and in all E. durans from sheep. Rizzotti et al. (2009) also
detected the association between the tet(M) gene and
Tn916/Tn154-like transposons in enterococci isolated from
a total food chain. They concluded that Enterococcus spe-
cies can be an important source of antibiotic resistance
genes for potentially pathogenic bacteria occurring in the
food chain through the transfer of mobile genetic elements,
such as transposons (Rizzotti et al. 2009).

The association between the tet(M) gene and the two
studied transposons (Tn916/Tn154-like and Tn5397-like)
at the same time was detected in 7 of our isolates; this
association has also been detected by others (Agerso et al.
2006).

Conclusion

Enterococci are ubiquitous bacteria and are frequently asso-
ciated with mobile genetic elements, which make them the
ideal reservoir for antibiotic resistance genes that can be
transferred between different environments and bacterial
species.

Food-borne diseases often follow the consumption of
contaminated food-stuffs especially from animal products
such as meat. Carcasses can be contaminated with patho-
genic bacteria, and the majority of these bacteria result from
fecal contamination occurring during the slaughtering pro-
cess. Our study shows that the presence of enterococci
resistant to different antibiotics groups and carrying antibi-
otic resistance genes can be frequent among animals slaugh-
tered for human consumption. These genes are similar to
those found in enterococci of human origin indicating the
possible circulation of bacteria and resistance genes between
the animal and human ecosystem.

These facts and the detection of mobile genetic elements
(Tn916/Tn154-like and Tn5397-like transposons) indicate
that enterococci can be a source of antibiotic resistance
genes for potentially more pathogenic bacteria occurring in
the food chain.

In conclusion, surveillance studies should be continued to
follow the evolution of antibiotic resistance in saprophytic
bacteria of the intestinal tract of animals in order to assess
the potential risk for human health of these resistant
bacteria.

Table 4 (continued)

Enterococcal species Antibiotic resistance phenotype Number of isolates with phenotype

Pigs Cattle Sheep

KAN-TET-ERY-QD 1 - -

TET-ERY-QD 1 1 -

QD 1 3 5

Susceptible to all tested antibiotics - 1 -

E. durans KAN-TET-ERY-QD - 1 -

TET-QD - - 1

TET - - 1

Susceptible to all tested antibiotics - - 1

E. casseliflavus Susceptible to all tested antibiotics - - 2

AMP ampicillin, GEN gentamicin, KAN kanamycin, TET tetracycline, ERY erythromycin, QD quinupristin/dalfopristin, CHL chloramphenicol,
CIP ciprofloxacin, STR streptomycin
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Table 5 Antibiotic resistance and resistance genes among enterococcal isolates from pigs, cattle and sheep at slaughter

Enterococcal species Resistance for Number (%) of isolates resistant
to this antimicrobial

Resistance genes analyzed Prevalence of resistance genes detected
among resistant isolates: number (%)

Pigs Cattle Sheep Pigs Cattle Sheep
(n 029) (n029) (n043)

E. hirae Gentamicin 1 (3.4) 1 (3.4) - aac(6’)-aph(2’) 1 (100) - -

Kanamycin 5 (17.2) 3 (10.3) 1 (2.3) aph(3’)-IIIa 4 (80) 3 (100) 1(100)

Streptomycin 10 (34.5) 2 (6.9) 3 (7) ant(6)-Ia 7 (70) 2 (100) 1(33.3)

Erythromycin 24 (82.8) 5 (17.2) 5 (11.6) erm(B) 23 (95.8) 4 (80) 5 (100)

Quinupristin/dalfopristin 4 (13.8) 3 (10.3) - vat(D) - - -

vat(E) - - -

Tetracycline 29 (100) 18 (62.1) 19 (44.2) tet(M) 4 (13.8) 4 (22.2) 2 (10.5)

tet(L) 1 (3.4) 5 (27.8) 1 (5.3)

tet(M)+ tet(L) 24 (82.8) 5 (27.8) 13 (68.4)

Chloramphenicol - 1 (3.4) - catA - 1 (100) -

Enterococcal species Resistance for Number (%) of isolates resistant
to this antimicrobial

Resistance genes analyzed Prevalence of resistance genes detected
among resistant isolates: number (%)

Pigs Cattle Sheep Pigs Cattle Sheep
(n032) (n015) (n019)

E. faecium Kanamycin 11 (34.4) 2 (13.3) 5 (26.3) aph(3`)-IIIa 11 (100) 1(50) 5 (100)

Streptomycin 16 (50) - 5 (26.3) ant(6)-Ia 13 (81.3) - 4 (80)

Erythromycin 27 (84.4) 5 (33.3) 7 (3.8) erm(B) 24 (89) 2 (40) 7 (100)

Quinupristin/dalfopristin 2 (6.3) 3 (20) 4 (21.1) vat(D) - - -

vat(E) - - -

Tetracycline 30 (93.8) 4 (26.6) 15 (78.9) tet(M) 1(3,3) - 3 (20)

tet(L) - 1(25) -

tet(M)+ tet(L) 29 (96.7) 1 (25) 10 (66.7)

Chloramphenicol - 1 (6.6) - catA - - -

Enterococcal species Resistance for Number (%) of isolates resistant
to this antimicrobial

Resistance genes analyzed Prevalence of resistance genes detected
among resistant isolates: number (%)

Pigs Cattle Sheep Pigs Cattle Sheep
(n09) (n06) (n06)

E. faecalis Gentamicin 4 (44.4) 1 (16.6) - aac(6`)-aph(2`) 4 (100) - -

Kanamycin 7 (77.7) 1 (16.6) 1 (16.6) aph(3`)-IIIa 5 (71.4) 1 (100) 1 (100)

Streptomycin 5 (55.5) 1 (16.6) 1 (16.6) ant(6)-Ia 5 (100) 1 (100) 1 (100)

Erythromycin 8 (88.8) 2 (33.3) 1 (16.6) erm(B) 6 (75) 1 (50) 1 (100)

Quinupristin/dalfopristin 9 (100) 5 (83.3) 6 (100) vat(D) - - -

vat(E) - - -

Tetracycline 8 (88.8) 2 (33.3) 1 (16.6) tet(M) 1(12.5) - -

tet(M)+ tet(L) 5 (62.5) 1 (50) 1 (100)

Chloramphenicol 1 (11.1) - - catA 1 (100) - -

Enterococcal species Resistance for Number (%) of isolates resistant
to this antimicrobial

Resistance genes analyzed Prevalence of resistance genes detected
among resistant isolates: number (%)

Pigs Cattle Sheep Pigs Cattle Sheep
(n00) (n01) (n03)

E. durans Kanamycin - 1 (100) - aph(3`)-IIIa - 1 (100) -

Erythromycin - 1 (100) - erm(B) - 1 (100) -

Quinupristin/dalfopristin - 1 (100) 1 (33,3) vat(D) - - -

vat(E) - - -

Tetracycline - 1 (100) 2 (66,6) tet(M)+ tet(L) - 1 (100) 2 (100)
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