
Enterococci are opportunistic pathogens that can cause a wide 
variety of diseases, especially in immunocompromised 
patients and healthcare-associated settings, such as urinary 
tract infections, surgical and burn wound infections, 
bacteremia and endocarditis (Sood et al., 2008). Enterococcus 

faecalis has been regarded as the most common causative 
agent of enterococcal infections (Titze-de-Almeida et al., 
2004; d’Azevedo et al., 2006). However, Enterococcus faecium

has become a significant cause of healthcare-associated 
infections worldwide (Treitman et al., 2005; Deshpande et al.,
2007; Hoshuyama et al., 2008; Top et al., 2008; Werner et al., 
2008). This scenario is likely explained in part by the capacity 
of E. faecium to acquire multiple antimicrobial resistance 
determinants (Willems and Bonten, 2007; Sood et al., 2008). 
Indeed, data from healthcare-associated infection surveillance 
all over the world have shown a growing percentage of 
vancomycin-resistant E. faecium (EVRfm) isolates (Treitman 
et al., 2005; Biedenbach et al., 2007; Deshpande et al., 2007). 

Various traits of enterococci have been considered putative 
factors of virulence and infection development, and several 
investigators have detected the presence of the genes 
encoding putative virulence markers in E. faecium from 
different sources (Vankerckhoven et al., 2004, 2008; Camargo 

et al., 2006; Biavasco et al., 2007; Billström et al., 2008; Worth 
et al., 2008; Hällgren et al., 2009). A 37-kDa cell wall protein 
encoded by the efaA gene (E. faecalis antigen A) was first 
detected in the serum of a patient with E. faecalis endocarditis. 
The amino acid sequence of EfaA was found to show 
homology with a group of streptococcal proteins with adhesion 
properties (Lowe et al., 1995). Studies with E. faecalis efaA-

mutant in a mouse peritonitis model suggested that EfaA is a 
virulence factor (Singh et al., 1998a). The esp gene encoding 
an enterococcal surface protein is located on a pathogenicity 
island in both E. faecalis (Shankar et al., 2002) and E. faecium

(Leavis et al., 2004). In E. faecalis, esp has been identified 
among human- and animal-derived isolates (Hammerum and 
Jensen, 2002; Bittencourt de Marques and Suzart, 2004), but 
in E. faecium, it is specifically enriched in hospital-acquired 
isolates (Willems et al., 2001; Hammerum and Jensen, 2002). 
The presence of the gene esp has been associated with 
colonization and persistence of E. faecalis in ascending urinary 
tract infection (Shankar et al., 2001). Some secreted molecules 
are putative virulence factors of enterococci. Gelatinase is an 
extracellular zinc metalloprotease encoded by the chromosomal 
gelE gene (Su et al., 1991), whose product can hydrolyze gelatin, 
casein, hemoglobin, fibrin, and small peptides (Mäkinen et al., 
1989; Su et al., 1991; Waters et al., 2003). It also cleaves C3a 
and C3b components of the human complement system (Park * For correspondence. E-mail: ogatta@uel.br; Tel: +55-43-3371-4297; 
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Enterococcus faecium, especially those showing multidrug resistance, has emerged as a significant cause of
healthcare-associated infections worldwide. However, relatively little is known about the virulence and 
pathogenesis of this species. The aim of this study was to determine the occurrence of four putative virulence 
determinants of E. faecium and to correlate them with phenotypic traits. Using forty E. faecium vanA-type 
isolates from hospitalized patients and their environmental vicinity, we determined the following: the 
antimicrobial susceptibility profile, occurrence of the genes cylA, efaA, esp, and gelE, hemolytic and gelatinase 
activities, capacity to form biofilm and in vitro adhesion to epithelial cells. All isolates were shown to be 
resistant to vancomycin and teicoplanin, as well as to two or more other antimicrobials. All isolates harbored
at least one putative virulence marker, and the prevalence was as follows: esp, 87.5%; efaA, 82.5%; gelE, 70%; 
and cylA, 65%. The presence of 4 genes was observed in 32.5% isolates. The presence of the efaA was 
associated with the presence of esp, regardless of the source of the isolates. A positive association with the
presence of cylA and hemolytic activity in the sheep blood agar assay was observed. No association was found 
for gelE and gelatinase production in the agar plate assay, for efaA and LLC-MK2 cell adhesion, and for esp
and biofilm formation on polystyrene surface. These results show the presence of putative virulence genes in 
multiple antimicrobial resistant E. faecium isolates from different sources in a hospital setting. 
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et al., 2007), which can explain the complement resistance of E. 

faecalis. In addition, gelatinase activity has been shown to 
contribute to virulence in a mouse peritonitis model (Singh et

al., 1998b). Another secreted virulence determinant is 
cytolysin, which is a two-peptide lytic toxin encoded by an 
operon consisting of eight genes (cylR1, cylR2, cylLL, cylLS,
cylM, cylB, cylA, cylI) carried on a plasmid or integrated into 
the bacterial chromosome (Shankar et al., 2002; Coburn and 
Gilmore, 2003). Two main activities are associated with cytolysin, 
hemolysin, and bacteriocin: they can lyse erythrocytes of 
different origin (Izumi et al., 2005) and a broad range of 
Gram-positive bacteria (Coburn and Gilmore, 2003). Cytolysin 
contributes to enterococcal virulence as shown in several 
animal models of enterococcal infections (Jett et al., 1992; 
Singh et al., 1998b). 

In this study, the occurrence of four virulence determinants 
in VREfm isolates from hospitalized patients and their 
environmental vicinity was investigated by molecular and 
phenotypic methods. 

Materials and Methods 

Microorganisms 

At University Hospital of Londrina, Paraná, Brazil, from 2002 to 2007, 

VREfm was the most frequent species isolated from infected and 

colonized patients and environmental sources (Dr. Perugini MRE, 

personal communication). A total of 40 non-duplicate VREfm isolates 

of different origin were randomly taken from the bacterial collection 

of the Laboratory of Clinical Microbiology of Universidade Estadual 

de Londrina, Londrina, PR, Brazil. Human isolates were classified 

according to CDC definitions of healthcare-associated infections 

(Horan et al., 2008). A total of 30 isolates were recovered from 

different patients: 18 isolates were considered colonizing enterococci, 

where 10 were isolated from rectal swab specimens (fecal carriage) 

and 8 from urine. Twelve human isolates were recovered from various 

clinical sources (mainly urine). Ten isolates were obtained by rubbing 

pre-moistened swabs over the sites in the immediate vicinity of the 

patient and the general areas in patients’ rooms. All enterococci were 

identified to the species level on the basis of the profile generated by 

the automated MicroScan WalkAway 96 Instrument (Dade MicroScan, 

USA). Concomitantly, colony morphology, Gram stain, catalase assay, 

tolerance to bile-esculin, growth in 6.5% NaCl were also determined 

and biochemical tests performed using the API 20S (bioMérieux, 

Brazil). Bacteria were kept in brain heart infusion (BHI, Himedia, 

India) agar medium at room temperature and also preserved in 20% 

glycerol-BHI broth at -20°C. 

DNA extraction 

Whole DNA of all enterococcal strains was extracted by the boiling 

method as described in Bittencourt de Marques and Suzart (2004). 

Briefly, a single bacterial colony was added to 3 ml BHI broth and 

incubated at 37°C for 18 h. The cultures were centrifuged at 10,000 g

for 5 min, the bacterial pellets were resuspended in 300 l sterile 

ultrapure water and boiled (100°C) for 30 min. Cellular debris was 

removed by centrifugation and a 10- l aliquot of supernatant was 

used in all amplification reactions. 

Antimicrobial susceptibility and vancomycin resistance genes 

The isolates were tested for antimicrobial susceptibility to 9 agents 

(ampicillin, ciprofloxacin, erythromycin, gentamicin, rifampicin, strepto-

mycin, teicoplanin, tetracycline, and vancomycin), using the automated 

broth microdilution panel of the MicroScan WalkAway 96 Instrument, 

according to the manufacturer’s recommendations. The results 

reported here were those recorded after 24 h of incubation. The 

susceptibility breakpoints used were those recommended by the 

Clinical Laboratory Standard Institute (2007). E. faecalis ATCC 29212 

and 51299 were used for quality control. The vancomycin resistance 

gene was determined using multiplex PCR as described by Petrich et 

al. (1999). The primer nucleotide sequences are shown in Table 1. 

PCR primer design and amplification of putative virulence 

genes

The genes encoding putative virulence factors tested were as follows: 

cylA (activator of cytolysin, a secreted protein with hemolysin/ 

bacteriocin activities), efaA (E. faecalis antigen A, an endocarditis-

associated virulence factor), esp (enterococcal surface protein), and 

Table 1. Description of primers used in PCR for the detection of putative virulence markers and vancomycin-resistance genes of Enterococcus 

faecium from different sources 

Target genea Sequence of the primer (5 3 ) Amplicon size (bp) Accession numberb

cylA F: TAAGGTGATGGATGGGACAGATG 216 L37110.1 

 R: GCGACTCATTTCCTGCTGATG   

efaA F: TCGTACCAGTCGGAACAGATCCGCAT 235 AF042288 

 R: GGTGAAGAACATACAAAAGCGGATCC   

esp F: CTAATGCAAGTCCACGTCCAGTCG 243 AY322499 

 R: GTGATGGAAACCCTGACGATAAAGAAG   

gelE F: CGCCAAGTAAACACGGACAACCAGA 247 M37185 

 R: GTGATGCGATGCTTGCTGCTGC   

vanA F: GCTGCGATATTCAAAGCTCA 545 * 

 R: CAGTACAATGCGGCCGTTA   

vanB F: ATGGGAAGCCGATAGTCTC 368 * 

 R: GTTACGCCAAAGGACGAAC   

a cylA, activator of cytolysin; efaA, E. faecalis antigen A; esp, enterococcal surface protein; gelE, gelatinase; vanA and vanB, vancomycin resistance type A and B, 
respectively.  
b The nucleotide sequences of E. faecium genes deposited in the GenBank/EMBL databases used for specific primer design. * According to Petrich et al. (1999).
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gelE (gelatinase). The nucleotide sequences of E. faecium genes 

deposited in the GenBank/EMBL databases were used for specific 

primer design with Primer Select software (DNASTAR Lasergene). 

The primer sequences and expected size of amplicons for each PCR 

assay are shown in Table 1. PCR was performed in a final volume of 

20 l containing 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 1.5 mM MgCl2,

200 M of each dNTP, 10 pmol of each forward and reverse primer, 

2.5 U Taq DNA polymerase (Invitrogen, Brazil), and 10 l of genomic 

DNA. The amplification reactions were performed in a MWG 

Biotech Primus Thermal Cycler with an initial denaturation at 94°C 

for 2 min, followed by 30 cycles of 94°C for 30 sec, annealing at 58°C 

for 30 sec and an extension step at 72°C for 1 min. Negative control 

reactions without any template DNA were carried out simultaneously. 

After amplification, 5 l of each PCR sample and a 100-bp DNA 

molecular weight ladder were separated in a 2.0% agarose gel 

(Invitrogen) in TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM 

EDTA, pH 8.3) at 4.8 V/cm for 2 h, and the gel was stained with 

ethidium bromide. Positive controls in the PCR assays were E. faecalis

206 (efaA), E. faecalis 316 (esp, cylA), and E. faecalis 357 (gelE)

(Bittencourt de Marques and Suzart, 2004). 

Detection of gelatinase and hemolytic activities 

Gelatinase and hemolytic activities were assayed on agar plates 

containing 1% gelatin (Difco, USA) and 5% fresh sheep blood as 

substrate, respectively. For both assays, enterococcal strains were 

previously cultured at 37°C for 18 h in BHI broth. For gelatinase 

activity, a 10- l suspension of 107 cells was placed on the surface of 

nutrient agar medium supplemented with 1% gelatin, and the cultures 

were incubated at 37°C for 24 h. Afterward, the presence of the 

degradation zone around the colony was determined. For hemolytic 

activity, bacterial cells were added to the surface of Muller Hinton 

agar (Himedia, India) medium supplemented with 5% fresh sheep 

blood, pH 7.3. The plates were incubated at 37°C in 5% CO2 for 48 h. 

Hemolytic activity was indicated by a translucent halo around the 

inoculum site. Each isolate was tested in triplicate, and the 

experiments were carried out on three different occasions. Serratia 

marcescens and Staphylococcus aureus ATCC 25923 were used as 

positive controls for gelatinase and hemolysin activities, respectively. 

Biofilm formation on polystyrene surface 

Enterococcal strains were previously grown at 37°C for 24 h in BHI 

broth supplemented with 1% glucose. The cell density was adjusted to 

1.5 108 CFU/ml in the same medium, and a 200- l aliquot of each 

suspension was transferred to two wells of a 96-well flat-bottomed 

polystyrene microtiter plate (Techno Plastic Products, Switzerland). 

Negative control wells containing only broth were included. The 

plates were incubated statically under aerobic conditions at 37°C for 

24 h. After the incubation period, the medium was aspirated off and 

non-adherent cells were removed by washing thoroughly three times 

with sterile distilled water. The adherent bacterial film was fixed by air 

drying at 60°C for 1 h and then stained with 200 l of filtered 2% 

crystal violet (Gram stain). The optical density of each well was 

measured at 570 nm using a microtiter plate reader (Universal 

Microplate Reader ELx 800, Bio-Tek Instruments). Experiments were 

carried out in triplicate on three different occasions. Biofilm formation 

was scored according to the criteria proposed by Stepanovic et al.

(2000). 

Adhesion of bacterial strains to LLC-MK2 cells 

Enterococcal strains were tested for adherence to LLC-MK2 (rhesus 

monkey kidney) cells as described by Archimbaud et al. (2002), with 

minor modifications. LLC-MK2 cells were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM, Gibco) supplemented with 10% 

fetal bovine serum, 2 mM glutamine, 100 U/ml penicillin, 100 mg/ml 

streptomycin and 0.25 mg/ml amphotericin B in a humidified, 5% CO2

atmosphere at 37°C. For adhesion assays, LLC-MK2 cells were 

seeded in 24-well plates at 1 105 cells per well and incubated for 18 h. 

The medium was removed and replaced with fresh culture medium 

minus the antimicrobials, the wells were inoculated with E. faecium

strains with approximately 1 107 cells, and the plates were incubated 

at 37°C for 2 h in a 5% CO2 atmosphere. Non-adherent bacterial cells 

were removed by washing with sterile phosphate-buffered saline 

(PBS). Adherent bacteria were harvested by treatment of the cell 

monolayers with 1 ml 0.5% (v/v) Triton X-100 (Sigma Chemical Co.) 

for 10 min on ice. The viable bacteria were enumerated by dilution 

plating in BHI agar. Experiments were carried out in duplicate on 

three different occasions. The percent adherence was calculated by 

the equation: % Adherence=(CFU120/CFU0) 100, where CFU120 refers 

to adhered bacterial cells per ml after 2 h and CFU0 the initial 

number of inoculated cells. A percent adherence 1.5 times higher than 

the mean % adherence of all isolates was considered significant. 

Statistical analyses 

The presence of the virulence markers regarding the origin of the E.

faecium isolates was analyzed by the Fisher method. Spearman’s rank 

correlation was determined to compare the degree of association 

between the presence of virulence genes and the corresponding 

phenotype. A p value less than 0.05 was considered significant. 

Results 

Phenotypic and genotypic characterization of antimi-
crobial susceptibilities 
Using the automated broth microdilution system, an anti-
microbial susceptibility profile for 9 agents was determined. 
All isolates were resistant to vancomycin and teicoplanin, and 
the mechanism of resistance was mediated by the vanA type 
gene. Besides being resistant to vancomycin and teicoplanin, 
all isolates showed resistance to two or more other antimicro-
bials (Table 2). According to the phenotypic resistance profile, 
the E. faecium isolates were classified into 8 groups (Table 2). 
The majority of the isolates (22 out of 40 isolates, 55%) 
displayed the group II phenotypic antimicrobial resistance 
profile (ampicillin, ciprofloxacin, erythromycin, tetracycline, 
teicoplanin, and vancomycin). 

Detection of putative virulence genes 
The presence of the genes cylA, efaA, esp, and gelE in E. 

faecium isolates was determined by PCR, and the results are 
shown in Table 3. All virulence genes examined were 
commonly found in E. faecium isolates from different sources, 
and the prevalence was as follows: esp, 87.5%; efaA, 82.5%; 
gelE, 70%; and cylA, 65%. All isolates harbored at least one 
putative virulence marker and the presence of 4 genes was 
observed in 32.5% isolates (Table 4). Regarding the origin of 
the isolates, only the presence of the gelE gene was signify-
cantly higher in colonization and infection isolates compared 
to environmental isolates (p 0.01). In addition, the presence 
of the efaA gene was associated with the presence of the esp

gene, regardless of the source of the isolates (p 0.001).
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Relationship between virulence genes and putative 
corresponding phenotypes 
A positive association with the presence of cylA gene and 
hemolytic activity in the sheep blood agar assay was observed 
(p 0.001). Seventeen enterococcal isolates harbored the gene
cylA and formed a translucent halo around the inoculum site 
characteristic of beta-hemolysis, and 13 cylA-negative isolates 
did not show hemolysis on sheep-blood agar medium. Nine 
isolates were positive for the presence of the gene but were 
negative for hemolytic activity. One isolate did not possess the 
gene and was positive for hemolytic activity. No significant 
association was found for gelE gene and gelatinase production 
in the agar plate assay. In 23 isolates, the presence of the gene 
was associated with gelatin degradation. Fifteen isolates were 
positive for the presence of gelE gene but were unable to use 
gelatin as a substrate. Two isolates degraded gelatin, but did 
not possess the gelE gene. Also, no significant association was 
found between the presence of efaA gene and adhesion to 
LLC-MK2 cells. Nine isolates harboring efaA were able to 
adhere to these cells, and in 3 adherent isolates the gene was 
not detected in their genome. A similar result was obtained 
for the presence of the esp gene and biofilm formation. Only 
11 isolates harboring the esp were able to form biofilm on the 
surface of a polystyrene microplate. A total of 28 isolates 
possessed the esp gene and did not form biofilm, and in 

contrast, the gene was not detected in the genome of 1 isolate 
that was able to form biofilm on that surface. A significant 
correlation was observed between cell adhesion and biofilm 
formation (p<0.02). Table 5 summarizes all results obtained 
in this study. 

Discussion

Over the past two decades, studies on the putative virulence 
factors of enterococci have mainly focused on E. faecalis

isolates, the most frequent agent of enterococcal infections. 
However, as mentioned, the ratio of E. faecalis to E. faecium

human infections has been changing all over the world and E. 

faecium isolates, especially those showing multidrug resistance, 
are responsible for the leading causes of healthcare-associated 
infections (Treitman et al., 2005; Biedenbach et al., 2007; 
Deshpande et al., 2007; Hoshuyama et al., 2008; Top et al.,
2008). VREfm in hospital wards, due to the presence of fecal 
carriage or infected patients, and contaminated environmental 
surfaces and medical equipment, has been considered a 
potential risk factor for enterococcal transmission (Drees et al.,  

Table 2. Phenotypic antimicrobial resistance profile of Enterococcus faecium isolated from different sources at University Hospital of Londrina 

Group Phenotypic antimicrobial resistance 
Sourcea

Environment Colonization Infection 

I amp, cip, eri, gen, rif, tei, van 6 (60) 6 (33.4) - 

II amp, cip, eri, tei ,tet, van 2 (20) 11 (61.1) 9 (75) 

III amp, cip, eri, str, tei, tet, van - - 1 (8.3) 

IV amp, eri, gen, rif, tei, van 1 (10) - - 

V amp, cip, eri, gen, rif, tei, tet, van - - 1 (8.3) 

VI rif, tei, van - 1 (5.6) - 

VII amp, cip, eri, tei, van - - 1 (8.3) 

VIII eri, gen, rif, tei, tet, van 1 (10) - - 

Total 10 18 12 

a Represents the number of isolates showing the profile indicated (percentage of the total in each source category). amp, ampicillin; cip, ciprofloxacin; eri, 
erythromycin; gen, gentamicin; rif, rifampicin; str, streptomycin; tei, teicoplanin; tet, tetracycline; van, vancomycin; -, none.

Table 3. Frequency of putative virulence genes distributed according
to source of the Enterococcus faecium isolates

Virulence 
markera

Sourceb

E. faecium

isolatescEnvironment 
n=10

Colonization 
n=18

Infection 
n=12

cylA  7 (70) 13 (72.2)  6 (50)   26 (65) 

efaA  9 (90) 14 (77.8) 10 (83.3) 33 (82.5)

esp 10 (100) 14 (77.8) 11 (91.7) 35 (87.5)

gelE 3* (30) 15 (83.3) 10 (83.3) 28 (70) 

a cylA, activator of cytolysin; efaA, E. faecalis antigen A; esp, enterococcal 
surface protein; gelE, gelatinase.  
b Represents the number of isolates harboring the gene (percentage of the total
in each source category).  
c Represents the number of isolates harboring the gene regardless of the source
(percentage of the total isolates).  

* Significantly different (p 0.01) when compared to colonization and infection
isolates.

Table 4. Enterococcus faecium isolates harboring clusters of virulence 
genes according to their origin 

Virulence 
markersa

Sourceb
Total of 

E. faecium

isolates (%)
Environment

n=10
Colonization 

n=18
Infection

n=12

cylA, efaA, 
esp, gelE

1 (10) 9 (50) 3 (25) 13 (32.5) 

cylA, esp,
gelE

1 (10) - 2 (16.7) 3 (7.5) 

cylA, efaA, 
esp

4 (40) 1 (5.6) 1 (8.3) 6 (15) 

cylA, gelE - 3 (16.7) 1 (8.3) 4 (10) 

efaA, esp,
gelE

1 (10) 2 (11.1) 4 (33.3) 7 (17.5) 

efaA, esp 3 (30) 2 (11.1) 1 (8.3) 6 (15) 

gelE - 1 (5.6) - 1 (2.5) 

a cylA, activator of cytolysin; efaA, E. faecalis antigen A; esp, enterococcal 
surface protein; gelE, gelatinase.  
b Represents the number of isolates harboring the gene clusters (percentage of
the total in each source category).
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Table 5. Characteristics of the Enterococcus faecium isolates recovered from different sources at University Hospital of Londrina, Paraná

Isolatea Resistanceb
Virulence markersc

cylA Hemolysin efaA Adhesion esp Biofilm gelE Gelatinase

E          

150 I + - + + + - - - 

151 I + - + - + + - + 

152 I - - + - + + - - 

153 I + - + - + - - - 

154 II + + + - + - - - 

155 IV - - + - + - - - 

156 VIII + - + - + - + - 

157 I + - - + + - + - 

173 I + - + - + - - - 

174 II - - + - + - + - 

C          

15 II + + + - + - + - 

22 II - - + + + - - - 

31 II + - + + + - + - 

36 II - - - - - - + + 

43 II + + + - + - + + 

44 II + + + - + - + + 

48 II - - + - + - + + 

158 I - - + + + + + + 

159 I + + + + + + + + 

160 I + + + + + + + - 

161 I + - + + + + + - 

162 II + + - + - + + - 

163 I + + + - + - + - 

164 II + + - - - - + - 

166 I + - - - - - + + 

168 VI - - + + + - - - 

175 II + + + + + - - - 

176 II + + + - + - - - 

I         

5 II + + + - + - + + 

17 VII + + - - + - + + 

28 II - + + - + - + - 

35 II + + + - + - - - 

37 II + + + - + - + - 

47 II - - + - + - - + 

80 II + + + - + - + - 

167 II - - + - + - + - 

169 II - - + - + - + - 

170 III - - + - + + + + 

171 V + + - + - - + - 

172 II - - + - + - + + 

a Source of isolate: E, environment; C, colonization; I, infection. 
b Group of antimicrobial resistance profile.  
c Symbols represent: +, presence/expression of virulence marker; -, absence of virulence marker.
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2008).
In this study, the presence of four virulence markers and 

the corresponding putative phenotype was determined in E. 

faecium isolates from colonized and infected patients  and 
from environmental surfaces in the patient’s room. A high 
frequency of multidrug resistant E. faecium isolates was 
observed, and this phenotype was independent of the origin. 
Resistance to vancomycin was common to all isolates, and 
they harbored the vanA gene. This result is in accordance with 
the glycopeptide-resistance phenotype detected by the broth 
microdilution assay, where all isolates were resistant to high 
levels of vancomycin and teicoplanin. The mechanisms of 
vancomycin resistance mediated by the vanA and vanB genes 
are more widely distributed (Sood et al., 2008; Werner et al.,
2008; Dendle et al., 2009; Chang et al., 2010). However, 
discrepant results have been obtained with regard to the 
vancomycin-resistance phenotype and genotype in entero-
coccal isolates. Henrique et al. (2008) described that E. 

faecalis and E. faecium isolates harbored the vanA gene and 
showed vancomycin resistance but were susceptible or 
moderately resistant to teicoplanin. In addition, isolates 
harboring both the vanA and vanB genes with the VanA 
phenotype were also detected (Dendle et al., 2009). 

Although E. faecium is considered an important healthcare-
associated pathogen, little is known about its virulence. In this 
study, at least one virulence marker analyzed was detected by 
PCR in all E. faecium isolates. Several screenings using E. 

faecium isolates from different sources have shown the low 
prevalence of the virulence markers in this species. Overall, 
only the esp gene was frequently found in these studies 
followed by the hyl gene which encodes hyaluronidase 
(Vankerckhoven et al., 2004, 2008; Camargo et al., 2006; 
Billström et al., 2008; Worth et al., 2008; Hällgren et al., 2009; 
Chang et al., 2010). 

The esp gene was detected in the majority of the VREfm 
isolates in this study, consistent with the findings of others 
(Camargo et al., 2006; Chang et al., 2010). However, there was 
no difference regarding the origin of the enterococci, as 
shown by Vankerckhoven et al. (2004). In that study, the 
presence of the gene esp was significantly higher in VREfm 
(predominantly vanA type) isolated from clinical specimens 
compared to fecal carriage patients. There was no correlation 
with the presence of esp gene and biofilm formation on 
polystyrene surface in our isolates, where the rate was low in 
all cases. As demonstrated, Esp expression on the surface of E. 

faecium is variable among strains and depends on growth 
conditions, with elevated expression at 37°C compared to 21°C, 
and when grown under anaerobic compared to aerobic 
conditions. In addition, Esp expression is correlated with 
initial adherence and biofilm formation on polystyrene surface 
(Van Wamel et al., 2007). In view of this, other surfaces and 
conditions should be assayed to evaluate the capacity of these 
isolates to form biofilm. 

On the other hand, there is controversy over the role of E. 

faecalis Esp in biofilm formation. While some investigators 
found no correlation between the presence or absence of the 
esp gene in clinical isolates and biofilm formation (Kristich et

al., 2004), Esp-mediated biofilm formation was demonstrated 
by others (Toledo-Arana et al., 2001; Tendolkar et al., 2004). 
Esp expression on the surface of E. faecium seems to play a 

role in mediating initial adherence and biofilm formation on 
polystyrene surface (Van Wamel et al., 2007). This was 
corroborated by Heikens et al. (2007), who demonstrated that 
adherence and biofilm formation, on the same surface, were 
significantly reduced in an E. faecium esp- mutant compared 
to wild-type bacteria. In contrast, there were no significant 
differences between E. faecium esp- and the parental strain in 
adherence to Caco-2 cells and intestinal colonization of mice. 
These results indicate that Esp expression is not essential for 
these processes (Heikens et al., 2009). 

A positive correlation was observed for the presence of the 
esp gene and efaA gene, the second most frequent gene found 
in our isolates. This is in contrast to the results of Billtröm et 

al. (2008), who did not detect the presence of the efaA gene in 
E. faecium isolates from the blood of hospitalized patients. 

Most of the isolates harbored the gelE gene in this study. 
This is in contrast to the findings of Camargo et al. (2006). 
These authors did not detect gelE in any isolates of VREfm 
and vancomycin-sensitive E. faecium from different sources. 
No gelatinase activity was detected in 15 E. faecium gelE-
positive isolates. Similar results were obtained by Biavasco et

al. (2007) in VREfm vanA type isolates from human and 
animal feces. As gelatinase can degrade different peptides 
besides gelatin (Mäkinen et al., 1989; Su et al., 1991; Waters et

al., 2003), other substrates should be evaluated for gelatinase 
production.

The gene encoding the cytolysin activator cylA was found in 
50% of the isolates in our study. This is in disagreement with 
those results reported by several authors (Vankerckhoven et 

al., 2004, 2008; Camargo et al., 2006; Billström et al., 2008; 
Worth et al., 2008; Hällgren et al., 2009), who did not find any 
gene from the cyl operon in E. faecium isolates. We found a 
significant correlation between the presence/absence of cylA
gene and positive/negative hemolysin activity in the sheep 
blood agar assay, corroborating the results of Biavasco et al.
(2007). These investigators did not detect the cylB gene in 
hemolysin-negative E. faecium isolates. The gene product in 9 
cylA-positive isolates was probably related to bacteriocin 
activity.

One important aspect of enterococci is that several 
virulence markers and genes encoding antimicrobial resistance 
are located on mobile elements (Shankar et al., 2002; Leavis et

al., 2004) and could be transferred among themselves and to 
other bacteria (Coburn et al., 2007; Werner et al., 2008). The 
surveillance strategies to limit the spread of multidrug-
resistant E. faecium and other enterococci are needed in any 
hospital. We agree with Top et al. (2008) that knowledge about 
the virulence of these microorganisms can contribute to the 
development of new strategies in fighting enterococcal 
infection.

In conclusion, we found a high prevalence of E. faecium

isolates harboring multiple antimicrobial resistance and 
putative virulence genes, among isolates that were recovered 
from different sources at University Hospital of Londrina. 
Besides being resistant to vancomycin and teicoplanin, all 
isolates showed resistance to two or more other antimicrobials. 
At least one out of four genes (cylA, efaA, esp, and gelE) was 
commonly found in E. faecium isolates, but overall, there were 
no correlations with the putative phenotype assayed, except 
for cylA gene and hemolytic activity. Further studies are 
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warranted to evaluate the role of these virulence markers in 
the pathogenesis of E. faecium, and such investigations are 
currently underway in our laboratory. 
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