istanbul Universitesi Journal of the Faculty of

Veteriner Fakiiltesi Dergisi Veterinary Medicine Istanbul University
istanbul Univ. Vet. Fak. Derg. / J. Fac. Vet. Med. Istanbul Univ., 43 (1), 1-6, 2017
doi: 10.16988/iuvfd.265324

Arastirma Makalesi Research Article

Determination of Ampicillin Resistant Enterococci (ARE)
Isolated From Canine and Feline Rectal Swabs

Baran CELIK **, Arzu Funda BAGCIGIL?, Lora KOENHEMSI 2, Mehmet Cemal ADIGUZEL %,
Mehmet Erman OR?, Seyyal AK !

1Department of Microbiology, Istanbul University, Faculty of Veterinary Medicine, Avcilar, 34320, Istanbul, Turkey
2Department of Internal Medicine, Istanbul University, Faculty of Veterinary Medicine, Avcilar, 34320, Istanbul, Turkey

" Abstract
'Sorumlu Yazar / . . . . . .
Corresponding Author: Enterococci species, which are normal .|nhab|tants of the gut flora of healthy anlmal; and
human, began to be recognized as an important pathogen in both human and veterinary
Baran CELIK medicine due to the acquired resistance profiles. The aim of the study is to examine the
e-mail: baran.celik@istanbul.edu.tr diversity of ampicillin resistance enterococci (ARE) species in cats and dogs, their
. - 3 antimicrobial susceptibility profiles and to determine some of the virulence related genes;
Gelis Tarihi / Received: ace, gelE, efaA, agg and esp. For this purpose, rectal swabs from companion animals were
27 May 2015 collected and processed for ampicillin resistant enterococci isolation. One hundred fifty
Kabul Tarihi / Accepted: seven swab samples (86 canine and 71 feline) were examined. ARE were isolated from 18
14 December 2015 canine and 18 feline samples. All isolates identified as E. faecium by PCR. Antimicrobial
susceptibilities of the isolates were determined by disk diffusion method. The isolates were
Anahtar Kelimeler: resistant to ampicillin, penicillin, tetracycline (100%), followed by rifampicin and
Antimikrobiyal direng, kedi, képek, erythromycin  (97%), streptomycin (92%), gentamicin (81%), ciprofloxacin (61%),
PCR, ampisilin direncli Enterokok nitrofurantoin (19%). Only two of E. faecium isolates were resistant to vancomycin and one
to chloramphenicol. Multidrug resistance (resistance >4 antimicrobials) observed in all
Key Words: isolates. Virulence genes ace, agg and esp were not detected in any of the tested isolates.
Antimicrobial resistance, cat, dog, The efaA and gelE genes detection rates were, 13.8% and 11.1% respectively. The ARE
PCR, ampicillin resistant Enterococci isolation rate among pet animals was 22.9%. Screening of antimicrobial resistant
enterococci among companion animals would be useful to detect any emerging
antimicrobial resistance problem related with public health.

Ozet
Kopek ve Kedi Rektal Svablarindan izole Edilen Ampisilin-Direngli Enterokoklarin (ARE) incelenmesi

Saglkh hayvanlar ve insanlarin barsak florasinin bir pargasi olan Enterekok tiirleri, kazanilmig direng profilleri nedeniyle hem insan
hem de hayvan hekimliginde dnemli birer patojen olarak taninmaya baslanmistir. Bu ¢alismada, kedi ve kdpeklerde ampisiline direncli
enterokok (ARE) turlerinin dagihmini, antimikrobiyal duyarlilik profillerini ve bu izolatlarin virtlans ile iliskili ace, gelE, efaA, agg ve esp
genleri incelendi. Bu amagla evcil hayvanlardan (86 kopek, 71 kedi) toplanan yuz elli yedi svap ornegi ampisilin direngli enterokok
izolasyonu yéniinden incelendi. ARE 18 kedi ve 18 képek &rneginden izole edildi. izolatlarin antimikrobiyal duyarliliklari disk difiizyon
metodu ile belirlendi. Biitiin izolatlar PCR ile E.faecium olarak saptandi. izolatlar ampisilin, penisilin ve tetrasiklin (%100), rifampisin ve
eritromisin (%97), streptomisin (%92), gentamisin (%81), siprofloksasin (%61) ve nitrofurantoin’e (%19) direngliydi. Sadece iki izolat
vankomisine, bir izolat kloramfenikole direngliydi. Biitiin izolatlarda goklu-antibiyotik direnci (direng >4 antimikrobiyal) saptandi.
Virlilens genleri ace, agg ve esp test edilen hichir izolatta saptanmadi. efaA ve gelE genlerinin saptanma oranlari sirasiyla %13,8 ve
%11,1 di. Pet hayvanlarinda ARE izolasyon orani %22,9 olarak saptandi. Evcil hayvanlar arasinda antimikrobiyal direngli Enterokoklarin
taranmasi halk sagligi ile iliskilidir. Ayrica hayvan ve insanlarda antimikrobiyal diren¢ sorununu tespit etmek ve zamaninda 6nlem
alabilmek konusunda yapilan ¢alismanin aydinlatici olabilecegi diistiniimektedir.

Introduction tract infections (UTI) and surgical wound infections

Enterococci are commensal bacteria of the intestinal (Kataoka et al., 2013; Kwon et al., 2012; Lopes et al.,
microbiota in humans and animals. However, they are 2006). Last two decades enterococci have become as an
also one of the most prevalent zoonotic pathogens and important cause of nosocomial infections and strains of

cause opportunistic bacteremia, endocarditis, urinary enterococci have been acquired with resistance to



ampicillin (ampicillin-resistant enterococci [ARE]), high-
level aminoglycoside and glycopeptides (vancomycin-
resistant enterococci [VRE]) (Billstrom et al., 2008,
Lester et al., 2008; Sava et al., 2010; Toledo-Arana et al.,
2001). Enterococcal infections are mostly caused by
Enterococcus faecalis and E. faecium. E. faecalis is the
most common species associated with clinical infection
while E. faecium poses the higher antibiotic resistance
threat (Billstrém et al., 2008; Damborg et al., 2009;
Rathnayake et al., 2012).

Enterococci are intrinsically resistant to some
antibiotics such as cephalosporins, quinolones,
aminoglycosides, clindamycin and erythromycin where
the resistance genes are located on the chromosome, or
they possess acquired resistance to several antimicrobial
agents such as aminoglycosides, pB-lactams and
glycopeptides which are located on plasmids or
transposons and to be able to spread these resistance
genes to other species (Mannu et al., 2003; Rathnayake
et al., 2012, Rodrigues et al., 2002). On the other hand,
the presence of virulence factors in enterococci increase
their pathogenicity and some of them related to
antimicrobial resistance directly. Enterococci’ several
virulence molecules have been defined like aggregation
substance  (agg), endocarditis antigen (efdA),
enterococcal surface protein (esp), gelatinase (gelE) and
collagen-binding cell wall protein (ace) (Billstrom et al.,
2008; Fisher and Phillips, 2009; Gillhan et al., 2007;
Lopes et al., 2006; Ratnayake et al., 2012; Toledo-Arana
et al.,, 2001).

Dogs and cats, carry ARE in their gastrointestinal
tract might transfer these resistant bacteria to humans
because of the close physical contact that occurs
between pets and their owners. Companion animals are
the potential source of antimicrobial resistant bacteria
because of extensive use of antimicrobials in those
animals. In veterinary perspective, AREs are usually
resistant to all antimicrobial agents to generally use in
dogs and cats like ampicillin, amoxicillin with clavulanic
acid, first generation cephalosporins, sulphonamides
and fluoroquinolones. In human perspective, one of the
limited treatment option is penicillins alone or combine
gentamicin in ARE infections. Vancomycin is the last
choice for life-treating human infections which is
forbidden to use in animals in EU (Bagcigil et al., 2012;
Damborg et al., 2009; Guardabassi et al., 2004; Lopes et
al., 2006).

The aim of the present study was to determine
antimicrobial susceptibility profiles of ampicillin
resistant enterococci from dogs and cats’ rectal swab
samples and the occurrence of five virulence
determinants in those isolates.
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Materials and Methods

Sampling

Samples were collected from domestic dogs and cats
that visited Istanbul University, Faculty of Veterinary
Medicine, Department of Internal Medicine, Small
Animal Clinics in Istanbul. Totally, one hundred fifty
seven swab samples (86 canine and 71 feline) were
examined which were 75 of them from patients with
clinical signs, such as feline infectious peritonitis (FIP),
urinary tract infection (UTI), upper respiratory tract
infections (URI), icterus, constipation, vomiting, etc., and
82 of them from clinically healthy animals. The fecal
samples were removed directly from the rectum with
sterile swabs and placed into tubes containing Amies
transport medium without charcoal (Copan Diagnostics,
USA) and transported to the microbiology laboratory for
the detection of ampicillin-resistant enterococci.

Isolation and Identification

All swab samples were streaked onto plates of
Enterococcosel agar (BD, Maryland, USA) supplemented
with 32 pg/mL of ampicillin, and the plates were
incubated for 24 h at 37°C under aerobic conditions
(Damborg et al.,, 2009). When the black pinpoint
colonies were observed after incubation, presumed
ampicillin-resistant enterococci were determined at
genus level and identification of E. faecium and E.
faecalis species were carried out by PCR (Kariyama et al.,
2000; Ke et al., 1999).

Antimicrobial Susceptibility

Antimicrobial susceptibilities of the isolates were
determined by disk diffusion method according to the
standard recommendations of the Clinical and
Laboratory Standards Institute (CLSI) guidelines (CLSI,
2012). Disks with the following antimicrobials were
used: ampicillin  (10ug), chloramphenicol (30ug),
ciprofloxacin (5ug), erythromycin (15ug), nitrofurantoin
(300pg), norfloxacin (10ug), penicillin (10U), rifampicin
(5ug), tetracycline (30ug), vancomycin (30ug) (Oxoid).
High level aminoglycoside resistance (gentamicin and
streptomycin) evaluated according to growth in
gentamicin (600ug/ml) and streptomycin (1000ug/ml)
(CLSI, 2012). E. faecalis ATCC 29212 and S. aureus ATCC
29213 were used as control strains.

Detection of Virulence Genes

Colonies from pure cultures were picked up from
agar plates and cultured overnight at 37°C in Brain Heart
Infusion Broth, then 100 pl of culture mixed with 100 pl
6% Chelex-100 (BioRad, California, USA) and heated at
99°C for 10 min. The suspension was centrifuged at
12000 g for 1.5 min and 100 pl of the supernatant was
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transferred to a new tube and used as a template DNA
(Martin et al., 2009).

Presence of esp, agg, ace, gelE and efaA genes were
investigated as previously described by Mannu et al.
(2003) and Shankar et al. (1999). E. faecalis ATCC 29212,
E. faecium ATCC 6057 and E. faecalis NCDO 581 (from a
collection of Prof. Dr. Mustafa Akgelik, Faculty of
Sciences, Department of Biology, Ankara University,
Ankara, Turkey) were used as positive and negative
controls.

Results

Identification of the Isolates
A total of 157 fecal samples were examined.
Enterococcus spp. were isolated from 37 (23.5%) of the
157 fecal samples. Isolates confirmed by genus — specific

Table 1. Antimicrobial susceptibilities of isolates.
Tablo 1. izolatlarin antimikrobiyal duyarhliklari.

PCR and 36 (22.9%) of them were determined as
Enterococcus spp. PCR with E. faecium species-specific
primers showed that all those isolates belonged to this
species.

Antimicrobial Susceptibility

Ampicillin resistance was confirmed in all isolates.
The resistance patterns are summarized in Tablel. All E.
faecium isolates were resistant to ampicillin, penicillin,
tetracycline (100%), followed by rifampicin and
erythromycin (97%), streptomycin (92%), gentamicin
(81%), ciprofloxacin (61%), nitrofurantoin (19%). Only
two E. faecium isolates were resistant to vancomycin
and one to chloramphenicol. Multidrug resistance
(resistance 24 antimicrobials) observed in all isolates
(Table 2).

Antimicrobial Agent

Susceptible Number

Intermediate Number Resistant Number

(%) (%) (%)
Ampicillin (10 pg) 0(0) 0(0) 36 (100)
Chloramphenicol (30ug) 27 (75) 8(22) 1(3)
Ciprofloxacin (5ug) 1(3) 13 (36) 22 (61)
Erythromicin (15ug) 0(0) 1(3) 35(97)
Gentamicin HLAR(500 pg/mL) 7 (19) 0(0) 29 (81)
Nitrofurantoin (300ug) 12 (33) 17 (47) 7 (19)
Penicillin (10 U) 0(0) 0 (0) 36 (100)
Rifampisin (5ug) 1(3) 0(0) 35(97)
Streptomycin HLAR(1000pg/mL) 3(8) 0(0) 33(92)
Tetracicylin (30ug) 0(0) 0(0) 36 (100)
Vancomycin (30ug) 33 (92) 1(3) 2 (6)

The Virulence Determinants

All strains were analyzed for the presence of several
known virulence determinants by PCR. Virulence genes
ace, agg and esp were not detected in any of the tested
isolates. PCR for efaA gene which is encoding for a cell
wall adhesin, gave positive results in 5 out of 36 E.
faecium. Four of the isolates harbored gene for gelE. In
three isolates both efaA and gelE genes were detected.

Discussion

Domestic animal feces may represent an important
source of microorganisms potentially pathogenic for
both owners and the community (Cinquepalmi et al.,
2013). Although E. faecium strains are resistant to
vancomycin and ampicillin more often than E. faecalis
strains, the relative proportion of infections caused by
these species has not dramatically changed in recent

years (Huycke et al.,, 1998). In fact, antimicrobial
resistance of this organism is a serious problem in public
health. Many of the E. faecium isolates tested in the
current study were resistant to a wide range of
antibiotics, such as ampicillin, penicillin, tetracycline,
rifampicin and erythromycin; they were also resistant to
aminoglycosides at a high level, from which one can
predict that there is resistance to synergism between
cell-wall-active agents (ampicillin, penicillin, and
vancomycin) and aminoglycosides. It is considered that,
as it reduces the number of possible treatments
available for enterococcal infections. In this study; the
high frequency of rifampicin resistance observed. This
finding is clinically important because this antibiotic can
be used as a second-line drug for treatment of
enterococcal infections in humans (Cetinkaya et al.,
2000).
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Table 2.  Antibiotic resistance patterns for multidrug resistant strains.

Tablo 2. Coklu-direngli suglarin antibiyotik direng profilleri.

Number of the Isolates Resistance Profile

1 AMP, ERY, PEN, TET

N B R YR

AMP, CIP, ERY, GEN, PEN, RIF, TET

AMP, ERY, GEN, PEN, RIF, STR, TET

AMP, CIP, ERY, GEN, NIT, PEN, RIF, TET
AMP, ERY, GEN, NIT, PEN, RIF, STR, TET
AMP, CIP, ERY, GEN, NIT, PEN, RIF, STR, TET

14 AMP, CIP, ERY, GEN, PEN, RIF, STR, TET

N =B = U

AMP, ERY, PEN, RIF, STR, TET

AMP, CIP, NIT, PEN, RIF, STR, TET

AMP, CHL, CIP, ERY, GEN, PEN, RIF, STR, TET
AMP, CIP, ERY, GEN, NIT, PEN, RIF, STR, TET, VAN

E. faecium, is more resistant to commonly used
antimicrobial agents, but E. faecalis prevalence rate is
four times higher than E. faecium in nosocomial
infections (Mundy et al., 2000). Therefore antibiotic
resistance alone can not explain the prevalence of
nosocomial infections that was caused by these two
microorganisms. These findings suggest that the
presence of additional virulence factors that may
enhance the virulence of enterococci. The virulence of
enterococci is associated with several genes, including
ace (collagen-binding cell wall protein), agg (aggregative
pheromone-inducing  adherence to  extra-matrix
protein), esp (enterococcal surface protein), efaA (E.
faecalis antigen A) or gelE (gelatinase) (Mundy et al.,
2000).

It appears from current study that the incidence of
known virulence factors in E. faecium were generally
low. Three strains were carrying more than one
virulence determinant (efaA and gelE genes). It was
previously described that E. faecium strains were
generally free of virulence factors such as esp, ace, agg
(Cariolato et al., 2008). This lack of virulence factors
might be a reason for difference between prevalence of
E. faecalis and E. faecium as nosocomial infections.

Ace is a collagen-binding protein, it has been thought
that may play a role in the pathogenesis of endocarditis
(Fisher and Phillips, 2009; Mannu et al., 2003). Agg is a
pheromone-inducible surface glycoprotein and mediates
aggregate formation during conjugation, thus aiding in
plasmid transfer as well as adhesion to an array of
eukaryotic surfaces (Eaton and Gasson, 2001; Fisher et
al.,, 2009). In the current study; the ace gene and the
aggregation substance (agg gene) were not present in
any of the tested strains. This result is consistent with
previous studies as these virulence genes have always
been described only in E. faecalis (Dupré et al., 2003;

Eaton and Gasson, 2001; Mannu et al., 2003;
Nallapareddy et al., 2000). Extracellular surface protein
(esp) is a cell-wall-associated protein that is thought to
promote adhesion, colonization and evasion of the
immune system, and to play some role in antibiotic
resistance. It has been showed that E. faecium strains
that carry the esp gene have higher conjugation rates
than strains that does not possess this gene. They also
demonstrate  higher  resistance to  ampicillin,
ciprofloxacin and imipenem (Billstrom et al., 2008;
Toledo-Arana et al., 2001). In the current study; the esp
gene was not present in any of the tested strains. These
results correlates with those of Mannu et al. (2003) who
did not find any of the tested strains with the esp gene
and Eaton and Gasson (2001) who found frequent
presence of the esp gene only in medical E. faecium
strains. This gene presence was found only in medical E.
faecium strains may be related to the increasing
occurrence of pathogenic E. faecium strains.

It was hypothesized that efaA might be functioning
as an adhesin in endocarditis. It is presumed to be
involved in mechanisms that adhere to biotic and abiotic
surfaces and take part in biofilm formation (Fisher and
Phillips, 2009; Low et al., 2003). The specific PCR for
efaA gene gave positive results in 5 out of 36 E. faecium
strains. These results agree with previous studies (Eaton
and Gasson, 2001; Mannu et al., 2003; Trembley et al.,
2013). efaA gene is mostly found at similar frequencies
in the E. faecalis and E. faecium strains. efaA gene is the
only gene found in to pathogenic and nonpathogenic E.
faecium strains, however the southern blot analyze
showed that efaA gene from pathogenic strains were
more similar to E. faecalis efaA gene (Eaton and Gasson,
2001).

Gelatinase is an extracellular zinc-containing
metalloproteinase which it can hydrolyze gelatin,
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collagen, fibrinogen, casein, hemoglobin, insulin, certain
E. faecalis sex-pheromone-related peptides, and some
other bioactive peptides, although they also have some
function in biofilm formation (Fisher and Phillips, 2009;
Kayaoglu and @rstavik, 2004). In the current study; four
of the tested E. faecium strains were harboring gene for
gelE. This does not agree with the findings of Mannu et
al. (2003) who did not find gel production in any tested
E. faecium strains. In other works too, gelE was only
found in E. faecalis (Coque et al., 2002), while Eaton and
Gasson (2001) found nine (11%) medical E. faecium
strain with the gelE gene. However, Giilhan et al. (2007)
in their study, found 25 (17.1%) out of the 146 E.
faecium isolates, positive for gel production. Regional
variation may cause about these differences.

In conclusion, Enterococci possess highly effective
gene transfer mechanisms. There is a risk for transfer of
resistant bacteria or/and resistance genes and virulence
genes from same or different species. Because of that,
screening of antimicrobial resistance and virulence
determinants in enterococci among companion animals
would be useful to detect any emerging antimicrobial
resistance problem related with public health.

REFERENCES

Bagcigil, A.F., Ikiz, S., Giizel, 0., Parkan Yaramis, C., ligaz, A.,
2012. Hayvanlardan, klinik ortamindan ve klinik
calisanlarindan izole edilen metisiline  direngli
stafilokoklarin tiir dagilimlari. istanbul Universitesi
Veteriner Fakiiltesi Dergisi 38, 151-160.

Billstrom, H., Lund, B., Sullivan, A., Nord, C.E., 2008. Virulence
and antimicrobial resistance in clinical Enterococcus
faecium. International Journal of Antimicrobial Agents
32,374-377.

Cariolato, D., Andrighetto, C., Lombardi, A., 2008. Occurrence
of virulence factors and antibiotic resistances in
Enterococcus faecalis and Enterococcus faecium
collected from dairy and human samples in North Italy.
Food Control 19, 886-892.

Cinquepalmi, V., Monno, R., Fumarola, L., Ventrella, G., Calia,
C., Greco, M. F., Soleo, L., 2013. Environmental
Contamination by Dog’s Faeces: A Public Health
Problem? International Journal of Environmental
Research  and Public Health 10, 72-84.
doi:10.3390/ijerph10010072

Cetinkaya, Y., Falk, P., Mayhall, C.G., 2000. Vancomycin-
Resistant Enterococci. Clinical Microbiology Reviews
13, 686-707.

Clinical and Laboratory Standard Institute, 2012. Performance
Standards for Antimicrobial Susceptibility Testing; 22
Informational Supplement M100-A22. Wayne, PA:
Clinical and Laboratory Standards Institute.

Coque, T.M., Willems, R., Cantdn, R., Del Campo, R., Baquero,
F., 2002. High occurrence of esp among ampicillin-

resistant and vancomycin-susceptible Enterococcus
faecium clones from hospitalized patients. Journal of
Antimicrobial Chemotherapy 50, 1035-1038.

Damborg, P., Top, J., Hendrickx, A.P., Dawson, S., Willems,
R.J., Guardabassi, L., 2009. Dogs are a reservoir of
ampicillin-resistant  Enterococcus faecium lineages
associated with human infections. Applied and
Environmental Microbiology 75, 2360-2365.

Dupre, l., Zanetti, S., Schito, A.M., Fadda, G., Sechi, L. A,
2003. Incidence of virulence determinants in clinical
Enterococcus faecium and Enterococcus faecalis
isolates collected in Sardinia (Italy). Journal of Medical
Microbiology 52, 491-498.

Eaton, T.J., Gasson, M.J.,, 2001. Molecular Screening of
Enterococcus Virulence Determinants and Potential for
Genetic Exchange between Food and Medical Isolates.
Applied and Environmental Microbiology 67, 1628-
1635.

Fisher, K., Phillips, C., 2009. The ecology, epidemiology and
virulence of Enterococcus. Microbiology 155, 1749-
1757.

Guardabassi, L., Schwarz, S., Lloyd, D.H., 2004. Pet animals as
reservoirs of antimicrobial-resistant bacteria. Journal
of Antimicrobial Chemotherapy 54, 321-332.

Giilhan, T., Aksakal, A., Ekin, I.H., Savasan, S., Boynukara, B.,
2007. Virulence factors of Enterococcus faecium and
Enterococcus faecalis strains isolated from humans and
pets. Turkish Journal of Veterinary and Animal Sciences
30, 477-482.

Huycke, M.M., Sahm, D.F., Gilmore, M.S., 1998. Multiple-drug
resistant enterococci: the nature of the problem and
an agenda for the future. Emerging Infectious Diseases
4,239-249.

Kariyama, R., Mitsuhata, R., Chow, J.W., Clewell, D.B., Kumon,
H., 2000. Simple and reliable multiplex PCR assay for
surveillance isolates of  vancomycin-resistant
Enterococci. Journal of Clinical Microbiology 38, 3092-
3095.

Kataoka, Y., Ito, C., Kawashima, A., Ishii, M., Yamashiro, S.,
Harada, K., Ochi, H., Sawada, T., 2013. Identification
and antimicrobial susceptibility of Enterococci isolated
from dogs and cats subjected to differing antibiotic
pressures. The Journal of Veterinary Medical
Science/The Japanese Society of Veterinary Science
75(6), 749-753.

Kayaoglu, G., @rstavik, D., 2004. Virulence factors of
Enterococcus faecalis: Relationship to endodontic
disease. Critical Reviews in Oral Biology and Medicine
15(5), 308-320.

Ke, D., Picard, F.J., Martineau, F., Ménard, C., Roy, P.H,,
Ouellette, M., Bergeron, M.G., 1999. Development of
a PCR assay for rapid detection of Enterococci. Journal
of Clinical Microbiology 37(11), 3497-3503.

Kwon, K.H., Moon, B.Y., Hwang, S.Y., Park, Y.H., 2012.
Detection of CC17 Enterococcus faecium in dogs and a



comparison with human isolates. Zoonoses and Public
Health 59(6), 375-378.

Lester, C.H., Sandvang, D., Olsen, S.S., Schgnheyder, H.C.,
Jarlgv, J.0., Bangsborg, J., Hansen, D.S., Jensen, T.G.,
Frimodt-Mgller, N., Hammerum, A.M., 2008.
Emergence of ampicillin-resistant  Enterococcus
faecium in Danish hospitals. Journal of Antimicrobial
Chemotherapy 62(6), 1203-1206.

Lopes, M.D.F.S., Simdes, A.P., Tenreiro, R., Marques, J.J.F.,
Crespo, M.T.B., 2006. Activity and expression of a
virulence factor, gelatinase, in dairy enterococci.
International Journal of Food Microbiology 112(3),
208-214.

Low, Y.L., Jakubovics, N.S., Flatman, J.C., Jenkinson, H.F.,
Smith, A.W., 2003. Manganese-dependent regulation
of the endocarditis-associated virulence factor EfaA of
Enterococcus faecalis. Journal of Medical Microbiology
52(2), 113-119.

Mannu, L., Paba, A., Daga, E., Comunian, R., Zanetti, S.,
Dupre, 1., Sechi, L.A., 2003. Comparison of the
incidence of virulence determinants and antibiotic
resistance between Enterococcus faecium strains of
dairy, animal and clinical origin. International Journal
of Food Microbiology 88(2), 291-304.

Martin, B., Corominas, L., Garriga, M., Aymerich, T., 2009.
Identification and tracing of Enterococcus spp. by
RAPD-PCR in traditional fermented sausages and meat
environment. Journal of Applied Microbiology 106(1),
66-77.

Mundy, L.M., Sahm, D.F., Gilmore, M., 2000. Relationships
between Enterococcal virulence and antimicrobial
resistance. Clinical Microbiology Reviews 13(4), 513-
522.

Nallapareddy, S.R., Qin, X., Weinstock, G.M., Hook, M.,
Murray, B.E., 2000. Enterococcus faecalis Adhesin,

Celik et al., J. Fac. Vet. Med. Istanbul Univ., 43 (1), 1-6, 2017

Ace, Mediates attachment to extracellular matrix
proteins Collagen type IV and laminin as well as
Collagen type I. Infection and Immunity 68(9), 5218-
5224.

Rathnayake, I.U., Hargreaves, M., Huygens, F., 2012. Antibiotic
resistance and virulence traits in clinical and
environmental Enterococcus faecalis and Enterococcus
faecium isolates. Systematic and Applied Microbiology
35(5), 326-333.

Rodrigues, J., Poeta, P., Martins, A., Costa, D., 2002. The
importance of pets as reservoirs of resistant
Enterococcus strains, with special reference to
vancomycin. Journal of Veterinary Medicine, Series B
49(6), 278-280.

Sava, I.G., Heikens, E., Huebner, J., 2010. Pathogenesis and
immunity in  enterococcal infections. Clinical
Microbiology and Infection 16(6), 533-540.

Shankar, V., Baghdayan, A.S., Huycke, M.M., Lindahl, G.,
Gilmore, M.S., 1999. Infection-derived Enterococcus
faecalis strains are enriched in esp, a gene encoding a
novel surface protein. Infection and Immunity 67(1),
193-200.

Toledo-Arana, A., Valle, J., Solano, C., Arrizubieta, M.J.,
Cucarella, C., Lamata, M., Amorena, B., Leiva, J.,
Penades, J.R., Lasa, I., 2001. The enterococcal surface
protein, Esp, is involved in Enterococcus faecalis
biofilm formation. Applied and Environmental
Microbiology 67(10), 4538-4545.

Tremblay, C.L., Charlebois, A., Masson, L., Archambault, M.,
2013. Characterization of hospital-associated lineages
of ampicillin-resistant Enterococcus faecium from
clinical cases in dogs and humans. Frontiers in
Microbiology 4, 245.



