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Abstract

Background: The impact of enterococci in human health has been growing for the last decades, mainly due to
their resistance to several antimicrobial agents. Human consumption of contaminated meat, especially poultry, has
been identified as a possible route of transmission. The aim of the present study was to evaluate and compare the
antimicrobial resistance profiles and virulence genes of enterococci isolated from Portuguese conventional and
free-range broiler farms.

Results: Antibiotic susceptibility testing showed high frequencies of resistance to tetracycline in both farming
systems. Resistance to erythromycin and gentamicin were detected in about half of the isolates. Resistance to
penicillin was the less frequently observed and no vancomycin resistant isolates were identified. The majority of the
enterococcal isolates, from either farming systems, were resistant to more than one antibiotic, and no statistical
associations were found, except for penicillin resistance which associated with the genetic clusters. No differences
were found between farming systems regarding the prevalence of tet(M), erm(B), aac (6′)-Ie-aph (2″)-Ia and pbp5
genes, nevertheless pbp5 prevalence was associated with the different genetic clusters. Hemolytic activity was
identified in 26.47% of all isolates and gelatinase activity in 50%. The gelE gene was identified in the majority of the
isolates, whereas esp and agg genes were rarely detected. The cylA determinant was not detected in any of the
isolates.

Conclusions: Overall, results suggest that similar resistance patterns and virulence genes can be found in both
farming systems, though enterococci in free-range conditions should be less prone to acquire further resistance
genes.
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Background
Enterococci belong to the commensal microbiota found in
the intestinal tract of animals and humans [1], but they
can also be found in the environment in soil, plants and
water [2]. For some years now, enterococci have been
regarded as increasingly important human opportunistic
pathogens due to their association with severe clinical
cases of endocarditis, bacteremia, and urinary tract, cen-
tral nervous system and nosocomial infections [3, 4].
One of the major concerns regarding these opportun-

istic pathogens is their frequent antimicrobial resistance
(AMR) profile. Enterococci are intrinsically resistant, at
variable levels, to commonly used antimicrobial com-
pounds such as β-lactams, cephalosporins and aminogly-
cosides thus hampering the treatment of enterococcal
infections [5]. Similarly, acquired AMR in these bacteria
is of great importance. Due to their ability to gain for-
eign genetic material, including transposons and plas-
mids, enterococci rapidly became resistant to additional
antimicrobial agents such as erythromycin and tetracy-
clines, shortly after their introduction into clinical prac-
tice [6]. Owing to their characteristics, it is believed that
enterococci play a pivotal role in the acquisition, conser-
vation and dissemination of AMR genes to other related
bacteria [7].
The virulence of enterococci is not exclusively associ-

ated with their known AMR traits. The pathogenesis as-
sociated with enterococci infections arises from the
capability of these bacteria to adhere, invade and to
multiply in different environmental conditions [3]. Some
of the major virulence factors associated with enterococ-
cal infections are adhesins, such as the enterococcal sur-
face protein (Esp) and the aggregation substance (AS),
encoded in the esp and agg genes respectively, and dif-
ferent enzymes with proteolytic capability (gelatinase or
hemolysin) associated with the products of gelE and cylA
genes, among others [8, 9].
One of the proposed routes of human infection by

AMR enterococci is the consumption of contaminated
fresh or processed meats [10]. In fact, food-chains
started being regarded as possible sources of AMR
enterococci since some studies reported the presence
of these bacteria in beef, pork or poultry meat [11–
14]. Fecal contamination of the carcasses can occur
during slaughter, potentially leading to the dissemin-
ation of these pathogens to fresh meat, originating
from the gastrointestinal tract of apparently healthy
animals [8, 10].
Within the scope of food-borne AMR enterococci,

poultry meat can represent a greater risk to human
health when compared with beef or pork due to the
higher incidence of resistance genes found in AMR en-
terococci detected in retail chickens [12]. Consumer
concerns regarding the amounts of antimicrobials used

and the rise of AMR levels has steered some conven-
tional (indoor) poultry farms to restructure and change
to a free-range or organic production method. Though
limited, in the recent years some studies have compared
the presence of AMR enterococci from indoor and free
range or organic chickens. Results indicate the presence
of lower levels of antimicrobial resistance in enterococci
of free range or organic production methods when com-
pared with isolates obtained at the indoor systems [15–
17]. Similar information concerning resistance levels in
enterococci from Portuguese conventional and alterna-
tive poultry farms is scarce.
The aim of the present study was to evaluate and com-

pare the profiles of antimicrobial resistance and viru-
lence genes of enterococci obtained from conventional
and free-range Portuguese broilers, bringing additional
data to the body of knowledge regarding AMR entero-
cocci as well as their possible implications in human and
animal health.

Results
Microbial diversity
Of the 34 enterococci isolates obtained from the broiler
fecal samples recovered from the two slaughterhouses,
21 were identified as E. faecium, 11 as E. faecalis, one as
E. gallinarum and one as E. durans. PCR-fingerprinting
with primers OPC-19 (5′-GTTGCCAGCC-3′) and
(GTG)5 was performed and followed by clustering ana-
lysis of genomic profiles of E. faecium and E. faecalis
isolates. The corresponding dendrograms are depicted in
Figs. 1 and 2.
Regarding E. faecium isolates, two main clusters were

observed - A and B – with a relative similarity level of
30% (Fig. 1), including isolates of both farming system in
either cluster. Additionally, some E. faecium isolates re-
covered from different rearing systems had similarity
levels above 90%. Cluster A included 10 isolates (or-
ange), while cluster B (green) harbored the remaining 11
isolates.
The cluster analysis of the genomic profiles of E. fae-

calis isolates (Fig. 2) revealed one major cluster (orange),
comprising the majority of the studied isolates (10/11),
while the remaining isolate did not cluster.

Antibiotic resistance
Antibiotic resistance profiles of the enterococci isolates
used in the present study are displayed in Table 1.
Resistance to tetracycline, erythromycin, gentamicin

and penicillin was observed in isolates recovered from
broilers reared in both farming systems. In contrast,
vancomycin-resistant enterococci were not found in the
present study. When comparing each farming system, 14
(77.7%) indoor broiler isolates and 14 (87.5%) free-range
broiler isolates were resistant to tetracycline, the
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antibiotic to which the enterococci studied presented
the highest resistance frequencies. Resistance to erythro-
mycin was found in 10 (55.6%) indoor and in six (37.5%)
free-range broiler isolates. Gentamicin resistance was
observed in nine (50%) of the isolates from indoor
broilers versus seven (43.8%) from free-range broilers.
Lastly, resistance to penicillin was lower, as six (33.3%)
isolates from indoor broilers and only one (6.25%) isolate
of free-range broilers were found to be resistant.
The frequencies of resistance to the antibiotics

tested were not associated with the type of farming
system in which the broilers were reared in. On the
other hand, resistance to penicillin was associated
with the genomic pattern similarity clusters (p =
0.002), with a higher frequency of resistance observed
in E. faecium cluster A isolates (60%) when compared
with the isolates of cluster B (0%) or with E. faecalis
cluster isolates (10%).

The distribution of the tet(M) gene among the entero-
cocci was similar between the two groups, including
nine (50%) indoor and nine (56.25%) free-range isolates.
All of the tet(M) gene positive isolates were phenotypic-
ally resistant to tetracycline. The erm(B) gene that con-
fers resistance to macrolides was found in eight (44.4%)
of the conventional broiler enterococci and in four
(25%) from non-conventional broilers. More than half
(56.25%) of erythromycin resistant isolates harbored the
erm(B) gene. The aminoglycoside resistance gene aac
(6′)-Ie-aph (2″)-Ia was found in five (27.7%) of the en-
terococci isolated from indoor broilers and in only one
(6.25%) isolate from free-range broilers. Five out of six
isolates harboring this resistance gene were phenotypic-
ally resistant to gentamicin, regardless of the farming
system. On the other hand, aac (6′)-Ie-aph (2″)-Ia gene
was not observed in 11 gentamicin resistant isolates,
suggesting that they probably harbor another

Fig. 1 Dendrogram based on genomic patterns of E. faecium isolates obtained with primers OPC19 and (GTG)5. Similarity was calculated with
Pearson product-moment correlation coefficient, and clustering was performed with the unweighted pair group method with arithmetic mean
algorithm (UPGMA). The blue line indicates the reproducibility level
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Table 1 Antimicrobial resistance and virulence pheno and genotype distribution in conventional and free-range broiler enterococci
and in the genomic clusters

Conventional
(n = 18)
(%)

Free-range
(n = 16)
(%)

P value E. faecium cluster A
(n = 10)
(%)

E. faecium cluster B
(n = 11)
(%)

E. faecalis
cluster
(n = 10)
(%)

p value

Antimicrobial resistance

Phenotype TE 14 (77.7%) 14 (87.5%) N.S. 6 (60%) 10 (90.9%) 9 (90%) N.S

E 10 (55.6%) 6 (37.5%) N.S. 3 (30%) 8 (72.7%) 5 (50%) N.S.

CN 9 (50%) 7 (43.8%) N.S. 4 (40%) 5 (45.5%) 7 (70%) N.S.

P 6 (33.3%) 1 (6.25%) N.S. 6 (60%) 0 1 (10%) 0.002

VAN 0 0 – 0 0 0 –

Genotype tet(M) 9 (50%) 9 (56.25%) N.S. 3 (30%) 5 (45.5%) 7 (70%) N.S.

erm(B) 8 (44.4%) 4 (25%) N.S. 2 (20%) 5 (45.5%) 4 (40%) N.S.

aac(6′)-Ie-aph(2″)-Ia 5 (27.7%) 1 (6.25%) N.S. 1 (10%) 2 (18.2%) 3 (30%) N.S.

pbp5 6 (33.3%) 1 (6.25%) N.S. 6 (60%) 0 1 (10%) 0.002

Virulence

Phenotype Hemolytic activity 6 (33.3%) 3 (18.75%) N.S. 6 (60%) 1 (9.1%) 0 0.004

Gelatinase activity 8 (44.4%) 9 (56.25%) N.S. 1 (10%) 9 (81.8%) 6 (60%) 0.003

Genotype cylA 0 0 – 0 0 0 –

gelE 15 (83.3%) 13 (81.25%) N.S. 7 (70%) 10 (90.9%) 10 (100%) N.S.

esp 0 1 (6.25%) N.S. 0 1 (9.1%) 0 N.S.

agg 0 1 (6.25%) N.S. 0 1 (9.1%) 0 N.S.

Abbreviations: TE tetracycline, E erythromycin, CN gentamicin, P penicillin, VAN vancomycin, tet(M) tetracycline resistance gene, erm(B) macrolide resistance gene,
aac (6′)-Ie-aph (2″)-Ia aminoglycoside resistance gene, pbp5 penicillin resistance gene, cylA cytolisin A gene, gelE gelatinase E gene, esp enterococcal surface
protein gene, agg aggregation substance gene, N.S. non-significant

Fig. 2 Dendrogram based on genomic patterns of E. faecalis isolates obtained with primers OPC19 and (GTG)5. Similarity was calculated with
Pearson product-moment correlation coefficient, and clustering was performed with the unweighted pair group method with arithmetic mean
algorithm (UPGMA). The blue line indicates the reproducibility level
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gentamicin-resistance determinant, not screened for in
the present study. The β-lactam resistance gene pbp5
was detected in six (33.3%) isolates recovered from in-
door broilers and in one (6.25%) from free-range
broilers. All of the penicillin-resistant isolates were posi-
tive for the pbp5 gene.
Although no associations were found regarding the re-

sistance genes tested and either of the production sys-
tems, the association between the presence of pbp5 gene
and RAPD patterns was statistically significant (p =
0.002), with a higher frequency of E. faecium cluster A
isolates harboring that resistance gene (60%) when com-
pared with cluster B isolates B (0%) or with E. faecalis
isolates (10%).
Overall, approximately one fourth (23.5%) of the en-

terococci isolates studied, six indoor broiler isolates and
two free-range isolates, were found to be resistant to
three or more of the antimicrobial compounds tested.
The most frequent combined resistance pattern was TE/
E/CN (5/8 isolates), followed by TE/E/P (2/8 isolates)
and by TE/E/CN/P (1/8 isolates). Genetically, more than
half (55.5%) of the isolates from the indoor broilers har-
bored at least two antibiotic resistance genes, contrasting
with the scenario found in the isolates from outdoor
broilers, where only 3 isolates (18.75%) had two resist-
ance genes.

Virulence phenotype analysis
Results regarding the virulence factors studied can be
found in Table 1. Six (33.3%) indoor broilers isolates and
3 (18.75%) free-range broilers isolates presented
hemolytic activity, while 8 (44.4%) indoor broilers iso-
lates and 9 (56.25%) fee-range broiler isolates presented
gelatinase activity. None of the enterococcal isolates
evaluated in the present study presented hemolytic and
gelatinase activity simultaneously. None of the virulence
phenotypes were found to be associated with any of the
farming systems, yet both hemolytic (p = 0.004) and
gelatinase (p = 0.003) activity were found to be associ-
ated with RAPD patterns.

Virulence genes
Results regarding the detection of virulence genes in the
isolates studied are presented in Table 1. None of the
broiler enterococci isolates harbored the cytolysin cod-
ing gene cylA. Contrasting, gelE was found in the major-
ity of the isolates, including 15 (83.3%) indoor broiler
enterococci and 13 (81.25%) free-range enterococci. The
presence of esp and agg was rare, as only one E. faecium
free-range broiler isolate harbored both these genes,
along with the gelE gene. No statistical associations be-
tween the presence of virulence related genes and farm-
ing systems or RAPD patterns were found.

Discussion
Dissemination of antibiotic resistant bacteria via food-
producing animals and food chains has been regarded as
a public health concern during the past years, though a
clear demonstration that food-producing animals may
represent a pool of resistant bacteria and resistance de-
terminants with an actual impact on human health can
be a demanding exercise [18]. Even so, enterococci,
more specifically E. faecium and E. faecalis, have
emerged as important multidrug resistant healthcare as-
sociated bacteria, in some extent due to the extensive
use of antibiotics, not only in human but also in veterin-
ary medicine [19].
With the present work we sought to compare the dif-

ferences in AMR profiles and virulence genes found in
enterococci isolated from fecal samples of healthy
broilers raised in Portugal, under conventional indoor or
free-range rearing conditions. More than half of the iso-
lates were identified as E. faecium and about a third as
E. faecalis, which is in agreement with other researchers,
who reported similar results in Australia [17] and
Canada [20]. After RAPD PCR and clustering analysis,
results indicated that the clusters identified included iso-
lates from indoor and free range broilers, revealing that
there was not an association between genomic profile
and farming system. Even though the animals from
which the fecal samples were collected had been raised
in different housing conditions, although unlikely, if they
were obtained from the same hatchery there could be an
early colonization with similar enterococci before being
transferred to different broiler farms. In a previous work,
the horizontal dissemination of E. faecalis within the
hatcher was proposed to occur via oral route and by clo-
acal “drinking” between chicks, since these animals can
initially be exposed to these bacteria by contact with
contaminated eggshells or embryos [21].
Antimicrobial resistance is one of the most notorious

features of enterococci. Overall, there were no differ-
ences between farming systems regarding phenotypic re-
sistance to any of the antibiotics tested. Tetracycline
resistance was observed in the majority of isolates from
both farming systems, which is in accordance with re-
cent studies that also reported high incidences of tetra-
cycline resistance in poultry enterococci from different
countries [14, 17, 22, 23]. The tet(M) gene was detected
in 52.9% of the enterococci and more than half of the
tetracycline resistant isolates exhibited this gene, sug-
gesting the existence of other tetracycline resistance
genes among the bacteria studied.
Phenotypical resistance to gentamicin and erythro-

mycin was observed in about half of all isolates, inde-
pendently of the farming system. These results are in
accordance with a previous study performed in Australia
in which resistance to gentamicin and erythromycin was
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also detected in approximately half of the enterococcal
isolates, from both indoor and free-range broilers and
free-range layer hens [17].
In the present study, the incidence of penicillin resist-

ance was quite lower in free-range broiler enterococci,
though no statistical association was found. This anti-
microbial resistance seemed to be associated with the
presence of the pbp5 gene, since all penicillin-resistant
isolates harbored this β-lactam resistance gene. Add-
itionally, the majority of the penicillin resistant isolates
belonged to the E. faecium cluster A, comprising isolates
recovered from conventional and free-range broilers.
Remarkably, no vancomycin-resistant enterococci

(VRE) were detected in the studied samples. During the
last decades, detection of VRE in poultry or poultry meat
has been reported in different European, American and
Asian countries [24–30]. Portugal is not an exception,
since vancomycin resistance has been detected not only
in enterococci from poultry fecal samples [31], but also
in broiler feed [32] and even in wastewater and sludge
samples from poultry slaughterhouses [33].
Animal production systems based on better housing

and animal welfare conditions are pointed out as means
to reduce the amounts antibiotics used by conventional
systems thus, hypothetically, diminishing the number of
AMR bacteria arising from food-producing animals. In
accordance, some authors have found that it is more
likely to find multidrug resistant enterococci in conven-
tional chicken meat than in “organic” chicken meat, and
that non-conventional farming practices contribute for a
decreased dissemination of antibiotic resistance [16].
Our results, despite the possible effect of the reduced
sample size, do not support this view, since no statisti-
cally significant differences in antibiotic resistance were
found when comparing the two farming systems, but
only with the RAPD clusters. Though the free-ranging
systems should provide better rearing environments
those are not “antibiotic-free” farms. In a recent study
focusing on the factors associated with the use antibi-
otics in French free-range broiler flocks, in the vast ma-
jority of cases antibiotics were used with a therapeutic
purpose, to control abnormal mortality rates and digest-
ive disorders [34].
About one fourth (26.47%) of all enterococcal isolates

studied exhibited hemolytic activity, and half (50%) of
the isolates demonstrated a gelatinase phenotype, though
none of the enterococcal isolates tested presented both
phenotypes. Regarding the virulence determinants inves-
tigated, none of the enterococci harbored the cylA gene.
The presence of a hemolytic phenotype in cylA gene
negative enterococcal isolates, or in the absence of other
cyl operon genes such as cylB and cylC, has already been
reported, suggesting that hemolytic activity might be as-
sociated with other genetic determinants [20].

Additional studies on this matter are essential, since it
appears that there is no direct correlation between β-
hemolysis and the detection of cyl operon genes in En-
terococcus isolates from poultry [35]. On the other hand,
gelE was the most frequent virulence gene, as it was
found in enterococcal isolates from both farming sys-
tems at similar rates. All isolates expressing a gelatinase
phenotype harbored gelE gene, except for one E. faecium
isolate. Similar results have been reported in a recent
publication, where 36.4% of gelatinase producing E. fae-
cium human clinical isolates did not have a correspond-
ing gelE positive genotype [36]. In contrast, 12 gelE
positive isolates did not produce gelatinase, supporting
previous results highlighting that this gene is frequently
silent in enterococcal isolates [36, 37]. Enterococcal gela-
tinase activity may play an important role on the perme-
ability of enterocytes [38, 39], allowing enterococci to
gain access to the deeper layers of the intestine, hence
having paramount importance in human food-borne in-
fections. The prevalence of the esp and agg genes seems
to be uncommon among poultry enterococci since only
one of the studied isolates from the free-range system
harbored these genes simultaneously. These determi-
nants, along with gelE, are associated with the capability
of enterococci to form biofilms, a community of micro-
organisms which can adhere strongly to abiotic and bi-
otic surfaces [40]. One study has shown the ability of
human and animal enterococci to produce biofilms, re-
vealing that animal enterococci had a lower capability
for biofilm formation [41]. Nevertheless, about half of all
enterococcal isolates from indoor and free-range broilers
were capable of producing biofilms, already reported in
previous study [42]. Further research is required to as-
sess the actual contribution of gelE, esp and agg genes in
the formation of poultry associated biofilms.

Conclusions
Despite a similar AMR profile between poultry isolates
obtained from farming systems, except for penicillin, the
free-range broiler enterococci harbored less resistance
genes, though the two farming systems could not be
considered statistically different. Results obtained sug-
gest that poultry raised in Portugal, both in conventional
indoor or under free-ranging conditions, may act as a
reservoir of antibiotic-resistant enterococci. A low inci-
dence of virulence genes was detected among broiler-
enterococci, equally distributed between isolates recov-
ered from both farming systems, pointing towards a pu-
tative low virulence potential.

Methods
Bacterial isolates
The thirty-four enterococci used in this study were iso-
lated from fecal samples obtained from healthy broilers
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raised in extensive (n = 18) and intensive (n = 16) farm-
ing systems. These isolates belong to a collection of in-
testinal commensal bacteria from poultry slaughtered for
human consumption in two Portuguese slaughterhouses,
one of which only slaughtered indoor poultry, character-
ized by broiler flocks reared in high stocking density (14
to 20 broilers/m2) until 30 to 40 days of age. The other
plant exclusively slaughtered broilers from free-range
farms, reared at low stocking density in open broiler
houses until they reach 81 days of age.
Isolates were identified through their biochemical pro-

file (API 20Strep, BioMérieux, Marcy-l’Etoile, France) as
previously described [42].

DNA extraction
Broiler-isolates were cultured in Brain Heart Infusion
(BHI) broth (Scharlau, Barcelona, Spain) at 37 °C for 48
h. DNA extraction was then performed using the guani-
dium thiocyanate method [43], followed by genotyping
and PCR screening for antimicrobial resistance and viru-
lence determinants. Briefly, enterococcal cultures where
centrifuged at 1000 g for 15 min, and the supernatant
was discarded. The cell pellet was resuspended in 100 μl
of a lysozyme (50 mg/ml) TE buffer solution, and incu-
bated for 30 min at 37 °C. After incubation, the bacterial
cells were lysed in 500 μl of a guanidium thiocyanate (5
mol/l), EDTA (100mmol/l) and sarkosyl (0.5% v/v) solu-
tion and the cell suspensions were vortexed. Cell lysate
was then cooled on ice and 250 μl of cold ammonium
acetate (7.5 mol/l) were added and mixed. After 10 min
on ice, 500 μl of chloroform and 2-pentanol (24:1) mix-
ture was added and phases carefully mixed. The mixture
was transferred into a 1.5 ml clean tube and centrifuged
at 25000 g for 10 min. The resulting supernatant was
transferred to a new 1.5 ml clean tube and 0.54 volumes
of cold 2-propanolol was added and the solution was
mixed by inverting the tube for 1 min. The fibrous DNA
was precipitated by centrifugation at 6500 g for 20 s and
the DNA pellet was washed five times with 70% ethanol.
Finally, the DNA pellet was dried under vacuum.

Microbial diversity
Genomic typing was carried out by PCR-fingerprinting
using primers OPC19 (5′-GTTGCCAGCC-3′) and
(GTG)5 [44]. PCR mixture contained 1X reaction buffer,
0.2 mM of each deoxynucleoside triphosphate, 2.5 mM
MgCl2, 0.5 μM primer, 2 U of Taq DNA polymerase and
100 ng of enterococcal DNA, in a final volume of 25 μl.
Amplification was performed in a thermocycler (Biome-
tra, Gottingen, Germany) under the following condi-
tions: initial denaturation step at 95 °C for 5 min, 40
cycles of 1 min at 95 °C, 2 min at 40 °C and 2min at
72 °C, followed by a final extension step at 72 °C for 10
min. The resulting PCR products were resolved by

electrophoresis at 80 V for 2 h 45min, using an agarose
gel in 0.5X TBE buffer (1.2%, w/v). After staining with
ethidium bromide, the gels were photographed (Kodak
1D image analysis software, Eastman Kodak Co., New
York, NY) before further analysis.

Antibiotic resistance detection
Enterococcal susceptibility profile to five antimicrobial
compounds was evaluated using the disk diffusion
method as recommended by the Clinical and Laboratory
Standards Institute guidelines [45]. The following com-
pounds were used: gentamicin (CN, 120 μg), penicillin
(P, 10 U), erythromycin (E, 15 μg), tetracycline (TE,
30 μg) and vancomycin (VAN, 30 μg). All antibiotics
were purchased from Oxoid. Genetic resistance profiling
was carried out through PCR-based detection of anti-
biotic resistance determinants. Previously described
primers and conditions for the amplification of resist-
ance genes for macrolides [erm(B)], β-lactams [pbp5],
aminoglycosides [aac (6′)-Ie-aph (2″)-Ia] and tetracyc-
line [tet(M)] were applied [46]. The reference strain E.
faecalis CECT 795 (ATCC 29212) was used as quality
control.

Virulence phenotypes analysis
Hemolytic and gelatinase activities were assessed
through plate tests [46]. Production of hemolysin was
determined by streaking enterococcal cultures (grown
overnight in BHI plates) on Columbia agar supple-
mented with 5% horse blood. Plates were incubated at
37 °C for 72 h under anaerobic conditions, after which
they were examined for hemolysis. Presence or absence
of clear halos around the colonies were interpreted as β-
hemolysis (positive) or γ-hemolysis (negative) activity,
respectively.
Gelatinase activity was detected by streaking the

BHI enterococcal cultures on 3% gelatin medium.
After incubation for 48 h at 37 °C, plates were flooded
with a saturated solution of ammonium sulphate and
positive strains showed a transparent halo around the
colonies.

Virulence gene detection
Regarding the identification of virulence determinants,
all enterococcal isolates studied were screened for the
presence of cylA, gelE, esp and agg genes by PCR
using the primers and conditions previously described
by [46] (Table 2). E. faecalis MMH594 [47] and E.
faecalis P1 [48] were included in this study as control
strains for the PCR-based screening for virulence
determinants.
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Data analysis
BioNumerics software (version 7.5, Applied Maths, Kort-
rijk, Belgium) was used to register genomic patterns,
normalize densitometric traces, calculate the Pearson
product-moment correlation coefficient, and to perform
cluster analysis by the unweighted pair group method
with arithmetic mean algorithm (UPGMA). Reproduci-
bility of all above-mentioned methods was assessed by
analyzing a random sample of 10% duplicates.
Associations between antimicrobial resistance

phenotype, antimicrobial resistance genes, virulence
phenotype, virulence genes and farming system or
RAPD clusters were evaluated using the Fisher exact
test. Statistical analysis was performed using SPSS for
Windows version 15.0 (SPSS Inc., Chicago, IL). Asso-
ciations were considered to be significant when p
values were less than 0.05.

Abbreviations
aac (6′)-Ie-aph (2″)-Ia: Aminoglycoside resistance gene; agg: Aggregation
substance gene; AMR: Antimicrobial resistance; bp: Base pairs; cylA: Cytolisin
A gene; CN: Gentamicin; E: Erythromycin; erm(B): Macrolide resistance gene;
esp: Enterococcal surface protein gene; gelE: Gelatinase E gene; P: Penicillin;
pbp5: Penicillin resistance gene; TE: Tetracycline; tet(M): Tetracycline
resistance gene; VAN: Vancomycin; VRE: Vancomycin-resistant enterococci

Acknowledgements
Not applicable.

Authors’ contributions
T.S-L contribute in the conceptualization and supervision of the study, and
was a major contributor in writing and editing the final manuscript. J.B.C.
was responsible for writing the original manuscript draft and was a major
contributor in writing and editing the final manuscript. T. R. contribute in the
methodology of the study and was responsible for the formal analysis of the
results. A.P. contribute in the methodology of the study. L.T. contributed in
the revision of the manuscript and for funding acquisition. F.B. contributed
in the conceptualization, in the revision of the manuscript and for funding

acquisition. M.O. contribute in the methodology, manuscript revision and for
funding acquisition. All authors read and approved the final manuscript.

Funding
This research was supported by CIISA—Centro de Investigação
Interdisciplinar em Sanidade Animal, Faculdade de Medicina Veterinária,
Universidade de Lisboa, Project UIDB/00276/2020 (funded by
FCT—Fundação para a Ciência e Tecnologia IP). Teresa Semedo-Lemsaddek
was financially supported by national funds through the FCT— Fundação
para a Ciência e Tecnologia, I.P. under the Transitional Standard—DL57/
2016/CP1438/CT0004.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 6 May 2021 Accepted: 30 July 2021

References
1. Devriese LUC, Baele M, Butaye P. The genus Enterococcus : taxonomy.

Prokaryotes. 2006;4:163–74. https://doi.org/10.1007/0-387-30744-3_5.
2. Byappanahalli MN, Nevers MB, Korajkic A, Staley ZR, Harwood VJ.

Enterococci in the environment. Microbiol Mol Biol Rev. 2012;76(4):685–706.
https://doi.org/10.1128/MMBR.00023-12.

3. Jett BD, Huycke MM, Gilmore MS. Virulence of enterococci. Clin Microbiol
Rev. 1994;7(4):462–78. https://doi.org/10.1128/cmr.7.4.462.

4. Murray BE. The life and times of the enterococcus. Clin Microbiol Rev. 1990;
3(1):46–65. https://doi.org/10.1128/cmr.3.1.46.

5. Hammerum AM. Enterococci of animal origin and their significance for
public health. Clin Microbiol Infect. 2012;18(7):619–25 Available from:
https://doi.org/ 10.1111/j.1469-0691.2012.03829.x.

6. Kristich CJ, Rice LB, Arias CA. Enterococcal infection—treatment and
antibiotic resistance. In: Gilmore MS, Clewell DB, Ike Y, Shankar N, editors,

Table 2 Primers used for genetic resistance profiling and virulence gene detection by PCR

Gene Primers Product size (bp)

tet(M) 5′-ACAGAAAGCTTATTATATAAC-3′
5′-TGGCGTGTCTATGATGTTCAC-3′

171

erm(B) 5′-GAAAAGGTACTCAACCAAATA-3′
5′-AGTAACGGTACTTAAATTGTTTAC-3

639

aac(6′)-Ie-aph(2″)-Ia 5′-CCAAGAGCAATAAGGGCATA-3′
5′-CACTATCATAACCACTACCG-3′

369

pbp5 5′ CATGCGCAATTAATCGG 3′
5′ CATAGCCTGTCGCAAAAC 3′

444

cylA 5′-TAGCGAGTTATATCGTTCACTGTA-3′
5′-CTCACCTCTTTGTATTTAAGCATG-3́

1282

gelE 5′-ACCCCGTATCATTGGTTT-3′
5′-ACGCATTGCTTTTCCATC-3´

419

esp 5´-TTGCTAATGCTAGTCCACGACC −3′
5′-GCGTCAACACTTGCATTGCCGAA-3´

993

agg 5´-AAGAAAAAGAAGTAGACCAAC-3′
5′-AAACGGCAAGACAAGTAAATA-3´

1553

Abbreviations: tet(M) tetracycline resistance gene, erm(B) macrolide resistance gene, aac (6′)-Ie-aph (2″)-Ia aminoglycoside resistance gene, pbp5 penicillin resistance
gene, cylA cytolisin A gene, gelE gelatinase E gene, esp enterococcal surface protein gene, agg aggregation substance gene, bp base pairs

Semedo-Lemsaddek et al. Irish Veterinary Journal           (2021) 74:22 Page 8 of 10

https://doi.org/10.1007/0-387-30744-3_5
https://doi.org/10.1128/MMBR.00023-12
https://doi.org/10.1128/cmr.7.4.462
https://doi.org/10.1128/cmr.3.1.46


Enterococci From Commensals to Leading Causes Drug Resistant Infection.
Boston: 2014. p. 87–134.

7. Werner G, Coque TM, Franz CMAP, Grohmann E, Hegstad K, Jensen L, et al.
Antibiotic resistant enterococci-Tales of a drug resistance gene trafficker. Int
J Med Microbiol. 2013;303:360–79. https://doi.org/10.1016/j.ijmm.2013.03.
001.

8. Franz C. Enterococci in foods—a conundrum for food safety. Int J food
Microbiol. 2003;88(2–3):105–122. Available from: https://doi.org/10.1016/
s0168-1605(03)00174-0.

9. Giridhara Upadhyaya PM, Ravikumar KL, Umapathy BL. Review of virulence
factors of enterococcus: an emerging nosocomial pathogen. Indian J Med
Microbiol. 2009;27(4):301–5. https://doi.org/10.4103/0255-0857.55437.

10. Foulquié Moreno MR, Sarantinopoulos P, Tsakalidou E, De Vuyst L. The role
and application of enterococci in food and health. Int J Food Microbiol.
2006;106(1):1–24. https://doi.org/10.1016/j.ijfoodmicro.2005.06.026.

11. Aslam M, Diarra MS, Service C, Rempel H. Characterization of antimicrobial
resistance in Enterococcus spp. recovered from a commercial beef
processing plant. Foodborne Pathog Dis. 2010;7(3):235–41. https://doi.org/1
0.1089/fdp.2009.0380.

12. Aslam M, Diarra MS, Checkley S, Bohaychuk V, Masson L. Characterization of
antimicrobial resistance and virulence genes in Enterococcus spp. isolated
from retail meats in Alberta, Canada. Int J Food Microbiol. 2012;156(3):222–
30. https://doi.org/10.1016/j.ijfoodmicro.2012.03.026.

13. Hayes JR, English LL, Carter PJ, Proescholdt T, Lee KY, Wagner DD, et al.
Prevalence and antimicrobial resistance of enterococcus species isolated
from retail meats. Appl Environ Microbiol. 2003;69(12):7153–60 Available
from: https://doir.org/ 10.1128/aem.69.12.7153-7160.2003.

14. Hidano A, Yamamoto T, Hayama Y, Muroga N, Kobayashi S, Nishida T, et al.
Unraveling antimicrobial resistance genes and phenotype patterns among
Enterococcus faecalis isolated from retail chicken products in Japan. PLoS
One. 2015;10(3):e0121189. https://doi.org/10.1371/journal.pone.0121189.

15. Kilonzo-Nthenge A, Brown A, Nahashon SN, Long D. Occurrence and
Antimicrobial Resistance of Enterococci Isolated from Organic and
Conventional Retail Chicken. J Food Prot. 2015;78(4):760–6. https://doi.org/1
0.4315/0362-028X.JFP-14-322.

16. Miranda JM, Guarddon M, Vázquez BI, Fente CA, Barros-Velázquez J, Cepeda
A, et al. Antimicrobial resistance in Enterobacteriaceae strains isolated from
organic chicken, conventional chicken and conventional Turkey meat: a
comparative survey. Food Control. 2008;19(4):412–6. https://doi.org/10.1016/
j.foodcont.2007.05.002.

17. Obeng AS, Rickard H, Ndi O, Sexton M, Barton M. Comparison of
antimicrobial resistance patterns in enterococci from intensive and free
range chickens in Australia. Avian Pathol. 2013;42(1):45–54. https://doi.org/1
0.1080/03079457.2012.757576.

18. Marshall BM, Levy SB. Food animals and antimicrobials: impacts on human
health. Clin Microbiol Rev. 2011;24(4):718–33. https://doi.org/10.1128/CMR.
00002-11.

19. Guzman Prieto AM, van Schaik W, Rogers MRC, Coque TM, Baquero F,
Corander J, et al. Global emergence and dissemination of enterococci as
nosocomial pathogens: attack of the clones? Front Microbiol. 2016;7:788.
https://doi.org/10.3389/fmicb.2016.00788.

20. Diarra MS, Rempel H, Champagne J, Masson L, Pritchard J, Topp E.
Distribution of antimicrobial resistance and virulence genes in enterococcus
spp. and characterization of isolates from broiler chickens. Appl Environ
Microbiol. 2010;76(24):8033–43. https://doi.org/10.1128/AEM.0154-10.

21. Fertner ME, Olsen RH, Bisgaard M, Christensen H. Transmission and
genetic diversity of Enterococcus faecalis among layer chickens during
hatch. Acta Vet Scand. 2011;53(1):56. https://doi.org/10.1186/1751-0147-
53-56.

22. Boulianne M, Arsenault J, Daignault D, Archambault M, Letellier A, Dutil L.
Drug use and antimicrobial resistance among Escherichia coli and
Enterococcus spp. isolates from chicken and Turkey flocks slaughtered in
Quebec, Canada. Can J Vet Res. 2016;80(1):49–59.

23. Persoons D, Dewulf J, Smet A, Herman L, Heyndrickx M, Martel A, et al.
Prevalence and persistence of antimicrobial resistance in broiler indicator
bacteria. Microb Drug Resist. 2010;16(1):67–74. https://doi.org/10.1089/mdr.2
009.0062.

24. Donado-Godoy P, Byrne BA, León M, Castellanos R, Vanegas C, Coral A, et al.
Pérez-Gutierrez, smith WA. Prevalence, resistance patterns, and risk factors
for antimicrobial resistance in bacteria from retail chicken meat in

Colombia. J Food Prot. 2015;78(4):751–9. https://doi.org/10.4315/0362-028X.
JFP-14-349.

25. Eisner A, Feierl G, Gorkiewicz G, Dieber F, Kessler HH, Marth E, et al. High
prevalence of VanA-type vancomycin-resistant enterococci in Austrian
poultry. Appl Environ Microbiol. 2005;71(10):6407–9. https://doi.org/10.1128/
IAI.00425-15.

26. Harwood VJ, Brownell M, Perusek W, Whitlock JE. Vancomycin-resistant
Enterococcus spp. isolated from wastewater and chicken feces in the
United States. Appl Environ Microbiol. 2001;67(10):4930–3. https://doi.org/1
0.1128/aem.67.10.4930-4933.2001.

27. Nomura T, Tanimoto K, Shibayama K, Arakawa Y, Fujimoto S, Ike Y, et al.
Identification of VanN-type vancomycin resistance in an Enterococcus
faecium isolate from chicken meat in Japan. Antimicrob Agents Chemother.
2012;56(12):6389–92. https://doi.org/10.1128/AAC.00747-12.

28. Stępień-Pyśniak D, Marek A, Banach T, Adaszek Ł, Pyzik E, Wilczyński J, et al.
Prevalence and antibiotic resistance of Enterococcus strains isolated from
poultry. Acta Vet Hung. 2016;64(2):148–63. https://doi.org/10.1556/004.2016.
016.

29. Sting R, Richter A, Popp C, Hafez HM. Occurrence of vancomycin-resistant
enterococci in Turkey flocks. Poult Sci. 2013;92(2):346–51. https://doi.org/1
0.3382/ps.2012-02652.

30. Toosa H, Radu S, Rusul G, Latif AR, Rahim RA, Ahmad N, et al. Detection of
vancomycin-resistant Enterococcus Spp. (VRE) from poultry. Malays J Med
Sci. 2001;8(1):53–8.

31. Poeta P, Costa D, Rodrigues J, Torres C. Study of faecal colonization by
vanA-containing Enterococcus strains in healthy humans, pets, poultry and
wild animals in Portugal. J Antimicrob Chemother. 2005;55(2):278–80.
https://doi.org/10.1093/jac/dkh549.

32. Martins da Costa PM, Oliveira M, Bica A, Vaz-Pires P, Bernardo F.
Antimicrobial resistance in Enterococcus spp. and Escherichia coli isolated
from poultry feed and feed ingredients. Vet Microbiol. 2007;120(1):122–31.
https://doi.org/10.1016/j.vetmic.2006.10.005.

33. Martins da Costa PM, Vaz-Pires PM, Bernardo FM. Antibiotic resistance of
Enterococcus spp. isolated from wastewater and sludge of poultry
slaughterhouses. J Environ Sci Health B. 2006;41(8):1393–403. https://doi.
org/10.1080/03601230600964258.

34. Adam CJM, Fortané N, Coviglio A, Delesalle L, Ducrot C, Paul MC.
Epidemiological assessment of the factors associated with antimicrobial use
in French free-range broilers. BMC Vet Res. 2019;15(1):219. https://doi.org/1
0.1186/s12917-019-1970-1.

35. Poeta P, Costa D, Klibi N, Rodrigues J, Torres C. Phenotypic and genotypic
study of gelatinase and beta-Haemolysis activities in Faecal enterococci of
poultry in Portugal. J Veterinary Med Ser B. 2006;53(5):203–8. https://doi.
org/10.1111/j.1439-0450.2006.00941.x.

36. Kiruthiga A, Padmavathy K, Shabana P, Naveenkumar V, Gnanadesikan S,
Malaiyan J. Improved detection of esp, hyl, asa1, gelE, cylA virulence genes
among clinical isolates of enterococci. BMC Res Notes. 2020;13(1):170.
https://doi.org/10.1186/s13104-020-05018-0.

37. Semedo T, Santos MA, Lopes MF, Marques JJF, Crespo MT, Tenreiro R.
Virulence factors in food, clinical and reference enterococci: a common trait
in the genus? Syst Appl Microbiol. 2003;26(1):13–22. https://doi.org/10.1078/
072320203322337263.

38. Maharshak N, Huh EY, Paiboonrungruang C, Shanahan M, Thurlow L, Herzog
J, et al. Enterococcus faecalis gelatinase mediates intestinal permeability via
protease-activated receptor 2. Infect Immun. 2015;83(7):2762–70. https://doi.
org/10.1128/IAI.00425-15.

39. Zeng J, Teng F, Murray BE. Gelatinase is important for translocation of
Enterococcus faecalis across polarized human enterocyte-like T84 cells.
Infect Immun. 2005;73(3):1606–12. https://doi.org/10.1128/IAI.73.3.1606-1
612.2005.

40. Soares RO, Fedi AC, Reiter KC, Caierão J, d’Azevedo PA. Correlation
between biofilm formation and gelE, esp, and agg genes in
Enterococcus spp. clinical isolates. Virulence. 2014;5(5):634–7. https://doi.
org/10.4161/viru.28998.

41. Tsikrikonis G, Maniatis AN, Labrou M, Ntokou E, Michail G, Daponte A, et al.
Differences in biofilm formation and virulence factors between clinical and
fecal enterococcal isolates of human and animal origin. Microb Pathog.
2012;52(6):336–43. https://doi.org/10.1016/j.micpath.2012.03.003.

42. Oliveira M, Santos V, Fernandes A, Bernardo F, Vilela CL. Antimicrobial
resistance and in vitro biofilm-forming ability of enterococci from intensive

Semedo-Lemsaddek et al. Irish Veterinary Journal           (2021) 74:22 Page 9 of 10

https://doi.org/10.1016/j.ijmm.2013.03.001
https://doi.org/10.1016/j.ijmm.2013.03.001
https://doi.org/10.4103/0255-0857.55437
https://doi.org/10.1016/j.ijfoodmicro.2005.06.026
https://doi.org/10.1089/fdp.2009.0380
https://doi.org/10.1089/fdp.2009.0380
https://doi.org/10.1016/j.ijfoodmicro.2012.03.026
https://doi.org/10.1371/journal.pone.0121189
https://doi.org/10.4315/0362-028X.JFP-14-322
https://doi.org/10.4315/0362-028X.JFP-14-322
https://doi.org/10.1016/j.foodcont.2007.05.002
https://doi.org/10.1016/j.foodcont.2007.05.002
https://doi.org/10.1080/03079457.2012.757576
https://doi.org/10.1080/03079457.2012.757576
https://doi.org/10.1128/CMR.00002-11
https://doi.org/10.1128/CMR.00002-11
https://doi.org/10.3389/fmicb.2016.00788
https://doi.org/10.1128/AEM.0154-10
https://doi.org/10.1186/1751-0147-53-56
https://doi.org/10.1186/1751-0147-53-56
https://doi.org/10.1089/mdr.2009.0062
https://doi.org/10.1089/mdr.2009.0062
https://doi.org/10.4315/0362-028X.JFP-14-349
https://doi.org/10.4315/0362-028X.JFP-14-349
https://doi.org/10.1128/IAI.00425-15
https://doi.org/10.1128/IAI.00425-15
https://doi.org/10.1128/aem.67.10.4930-4933.2001
https://doi.org/10.1128/aem.67.10.4930-4933.2001
https://doi.org/10.1128/AAC.00747-12
https://doi.org/10.1556/004.2016.016
https://doi.org/10.1556/004.2016.016
https://doi.org/10.3382/ps.2012-02652
https://doi.org/10.3382/ps.2012-02652
https://doi.org/10.1093/jac/dkh549
https://doi.org/10.1016/j.vetmic.2006.10.005
https://doi.org/10.1080/03601230600964258
https://doi.org/10.1080/03601230600964258
https://doi.org/10.1186/s12917-019-1970-1
https://doi.org/10.1186/s12917-019-1970-1
https://doi.org/10.1111/j.1439-0450.2006.00941.x
https://doi.org/10.1111/j.1439-0450.2006.00941.x
https://doi.org/10.1186/s13104-020-05018-0
https://doi.org/10.1078/072320203322337263
https://doi.org/10.1078/072320203322337263
https://doi.org/10.1128/IAI.00425-15
https://doi.org/10.1128/IAI.00425-15
https://doi.org/10.1128/IAI.73.3.1606-1612.2005
https://doi.org/10.1128/IAI.73.3.1606-1612.2005
https://doi.org/10.4161/viru.28998
https://doi.org/10.4161/viru.28998
https://doi.org/10.1016/j.micpath.2012.03.003


and extensive farming broilers. Poult Sci. 2010;89(5):1065–9. https://doi.org/1
0.3382/ps.2008-00436.

43. Pitcher DG, Saunders NA, Owen RJ. Rapid extraction of bacterial genomic
DNA with guanidium thiocyanate. Lett Appl Microbiol. 1989;8(4):151–6.
https://doi.org/10.1111/j.1472-765X.1989.tb00262.x.

44. Svec P, Vancanneyt M, Seman M, Snauwaert C, Lefebvre K, Sedlácek I, et al.
Evaluation of (GTG)5-PCR for identification of Enterococcus spp. FEMS
Microbiol Lett. 2005;247(1):59–63. https://doi.org/10.1016/j.femsle.2005.04.030.

45. CLSI. Performance Standarts for Antimicrobial susceptibility Testing; 25th
Informational Supplement. CLSI=NCCLS M100-S25. Institute C and LS.
Wayne, PA; 2015.

46. Ribeiro T, Oliveira M, Fraqueza MJ, Lauková A, Elias M, Tenreiro R, et al.
Antibiotic resistance and virulence factors among Enterococci isolated from
chouriço, a traditional Portuguese dry fermented sausage. J Food Prot. 2011;
74(3):465–9. https://doi.org/10.4315/0362-028X.JFP-10-309.

47. Carlos AR, Semedo-Lemsaddek T, Barreto-Crespo MT, Tenreiro R.
Transcriptional analysis of virulence-related genes in enterococci from
distinct origins. J Appl Microbiol. 2010;108(5):1563–75 https://doi.org/1
0.1111/j.1365-2672.2009.04551.x.

48. Eaton TJ, Gasson MJ. Molecular screening of Enterococcus virulence
determinants and potential for genetic exchange between food and
medical isolates. Appl Environ Microbiol. 2001;67(4):1628–35. https://doi.
org/10.1128/AEM.67.4.1628-1635.2001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Semedo-Lemsaddek et al. Irish Veterinary Journal           (2021) 74:22 Page 10 of 10

https://doi.org/10.3382/ps.2008-00436
https://doi.org/10.3382/ps.2008-00436
https://doi.org/10.1111/j.1472-765X.1989.tb00262.x
https://doi.org/10.1016/j.femsle.2005.04.030
https://doi.org/10.4315/0362-028X.JFP-10-309
https://doi.org/10.1111/j.1365-2672.2009.04551.x
https://doi.org/10.1111/j.1365-2672.2009.04551.x
https://doi.org/10.1128/AEM.67.4.1628-1635.2001
https://doi.org/10.1128/AEM.67.4.1628-1635.2001

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Microbial diversity
	Antibiotic resistance
	Virulence phenotype analysis
	Virulence genes

	Discussion
	Conclusions
	Methods
	Bacterial isolates
	DNA extraction
	Microbial diversity
	Antibiotic resistance detection
	Virulence phenotypes analysis
	Virulence gene detection
	Data analysis
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

