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Abstract: Enterococci have been implicated in many clinical infections, but to date, our understanding
of how certain virulence factors are involved in the pathogenesis of enterococcal infections is still
limited. The aim of the present study was to examine the occurrence of known virulence determinants
in 44 isolates of Enterococcus faecium strains isolated from different clinical sources in a tertiary care
hospital in Chennai. All the strains were investigated for the presence of five virulence genes including
asa 1, cylA, esp, gelE and hyl by using multiplex PCR. While gelE, asa1and cylA genes were completely
absent, the esp and the hyl genes were detected in 66 % and 64% of the isolates respectively.
Urinary isolates harbored most of the virulence genes than those from other clinical sources.
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Introduction
Enterococci are natural inhabitants of the gastrointestinal tract of humans and animals, but are also
found in other anatomical sites including the vagina and oral cavity, and in plants and insects [1].
Several reports have documented that the two most important species, Enterococcus faecalis and
Enterococcus faecium, are among the leading causes of several human infections, including bacteraemia,
septicaemia, endocarditis, urinary tract infections, wound infections, neonatal sepsis and meningitis [1].
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Numerous factors are associated with a greater risk of acquiring enterococcal infections.
The factors such as antimicrobial resistance and expression of virulence factors associated with
infection-derived E. faecium strains, may account for the establishment and maintenance of this
opportunistic pathogen as major community-acquired and nosocomial pathogen. Several virulence
factors have been described in Enterococci, for instance, aggregation substance [2], gelatinase [3],
cytolysin [4], enterococcal surface protein [5], and, very recently, hyaluronidase [6]. The first four
virulence factors are found in E. faecalis, while the fourth and fifth virulence factors are specific for
E. faecium. Currently, our knowledge about the contribution of these virulence factors to the
pathogenesis of enterococcal infections is still limited.

The purpose of the present study was to assess the occurrence of putative virulence factors in 44
isolates of E. faecium isolated from different clinical specimens at a tertiary care hospital in Chennai, India.

Methods
Bacterial strains, media and culture conditions

Fourty four isolates of E. faecium isolated from various clinical samples in tertiary care hospital in
Chennai, between August 2003 and July 2004 were received and employed for the present study.
Among these isolates twenty were isolated from urine (>105 cfu/ml), 12 from purulent exudates
(purulent wound discharge, abdominal secretion and peritoneal fluid), and 12 from blood. All the
clinical isolates were routinely grown on Brain Heart Infusion agar plates and then incubated under
aerobic conditions, at 37 °C for 18 - 24h.

Identification by conventional biochemical tests

All the bacterial isolates were confirmed for their identification by the conventional biochemical
identification scheme prescribed by Facklam and Collins [7].

Extraction and amplification of Bacterial DNA

The primers chosen for amplification was selected from the published sequences of Vankerckhoven et
al. [8] and the protocol as described by Coque et al. [4] were followed.

The template DNA for the multiplex PCR was obtained as follows. Briefly, 4-5 bacterial colonies
grown overnight on 5% TSA blood agar were suspended in a 50 µl of chilled reaction mixture containing
1X PCR buffer (with 1.5 mM MgC1

2
), 4mM MgC1

2
, 0.2mM deoxynucleotide triphosphates

(dATP, dCTP, dGTP, dTTP), 1 µl of each of the primer (forward and reverse) specific to asa1, gelE and
hyl gene and 0.5µl of each of the primer specific to cyl A and esp gene (Sigma Aldrich, USA), and
2.5units of Taq DNA polymerase (Bangalore Genei, India). Table 1 shows the different primers employed
for amplification studies. A gradient thermal cycler (Eppendorf, Germany) was programmed with the
following conditions: an initial denaturation for 10 minutes at 94°C, denaturation for 30 seconds at
94°C, primer annealing for 30 seconds at 53°C and extension/polymerization for one min at 72°C for 30
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cycles. A final extension step was carried for 10 minutes at 72°C and the set up was held at 4°C until
further analysis. The PCR products were electrophoresed along with a 100 base pair molecular weight
marker (Bangalore Genei, India) in a 1.5 % agarose gel using 5X TBE buffer at 150v. Subsequently the
gel was stained with ethidium bromide, visualized under an UV-transilluminator and documented
using a gel documentation system.

Table 1. PCR primers and products for the detection of virulence genes

Gene Virulence factor Primer used Oligonucleotide sequence (5’ to 3’) Product size (bp) 

gelE Gelatinase 
GEL 11 
GEL 12 

TATGACAATGCTTTTTGGGAT 
AGATGCACCCGAAATAATATA 

213 

hyl Hyaluronidase 
HYL n1 
HYL n2 

ACAGAAGAGCTGCAGGAAATG 
GACTGACGTCCAAGTTTCCAA 

276 

asa1 
Aggregation 
substance 

ASA 11 
ASA 12 

GCACGCTATTACGAACTATGA 
TAAGAAAGAACATCACCACGA 

375 

esp 
Enterococcal 
surface protein 

ESP 14F 
ESP 12R 

AGATTTCATCTTTGATTCTTGG 
AATTGATTCTTTAGCATCTGG 510 

cylA Cytolysin 
CYT I 
CYT IIb 

ACTCGGGGATTGATAGGC 
GCTGCTAAAGCTGCGCTT 

688 

Results
The occurrence of the virulence determinants among the E. faecium strains isolated from different
clinical sources is summarized in the Table 2. The percentages of E. faecium isolates harbouring virulence
genes were as follows: gelE, (0%); hyl (64 %); asa 1 (0%); esp (66%) and cylA (0%).
Figure 1 shows the multiplex PCR for the determination of the five putative virulence genes for E. faecium

Table 2. Genotypic characterization and distribution of putative virulence factors of E.faecium

Clinical source &  
no. (%) of isolates positive for the genes Gene Virulence factor 

Urine 20 Exudates 12 Blood 12 

Total (%) 

gelE Gelatinase 0 0 0 0 (0) 

hyl Hyaluronidase 9 (45) 7 (58) 12(100) 28 (64) 

asa1 Aggregation substance 0 0 0 0 (0) 

esp Enterococcal surface protein 18 (90) 11 (92) 0(0) 29 (66) 

cylA Cytolysin 0 0 0 0 (0) 
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Table 3 depicts that the clinical isolates of E. faecium carried only the hyl and esp genes. But the
gelE, asa1, cylA genes were completely absent. The isolates of hyl+ & esp+ genotype were
predominantly found in 14 (32%) out of the 44 clinical isolates studied, where it was prevalent in
among the bacteria isolated from urine and exudates samples. The esp was totally lacking in the
bacteria isolated from blood samples.

M105 M100 M99 M96 M M94 M60 M41

1500bp

500bp

510bp

275bp

200bp

Fig. 1. Molecular characterization of virulence factors of E. faecium by Multiplex PCR
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Table 3. Genetic linkage of virulence factor – related gene clusters among E.faecium isolates

No. (%) of isolates harbouring clusters of virulence genes distributed 
according to clinical source Virulence markers* of 

E.faecium 
Urine Exudates Blood Total 

hyl 2 1 12 15 

esp 10 5 - 15 

hyl & esp 8 6 - 14 

Total 20 12 12 44 

 *Multiple virulence determinants coexisting in the same clinical strains

Discussion
Enterococcus faecium has traditionally been considered a bacterial species of limited virulence due to
its involvement in a relatively low percentage of enterococcal infections (< 10%) and the constrains of
establishing animal models of infections [9,10]. The increase in the percentage of enterococcal infections
caused by E. faecium over the past decade in the United States (30%–40% in several surveys)
suggests that these bacteria might have become more virulent. Little is known about the mechanism of
virulence of these bacteria and genes involved in the pathogenesis of the disease have only recently
been identified

Using the data of the sequences of virulence genes available in the literature [3-5, 11-16], 44
clinical isolates of E.faecium isolated from the patients of a tertiary care hospital in Chennai, were
genotypically characterized. To date, there is a paucity of reports from Chennai concerning the
occurrence of known virulence determinants from a collection of E. faecium strains isolated from
different clinical sources.

The E. faecium isolates tested in the present study were devoid of the gel E, asa1 & cyl A genes,
thus agreeing with the findings of Coque [4] and Vankerckhoven [8].

The enterococcal surface protein, encoded by the chromosomal esp, has an interesting structure
that includes a central core consisting of distinct tandem repeat units. This central repeat region
serves as a retractable arm, extending the N terminal globular domain through the cell wall to the
surface, which might facilitate immune evasion in case of immune deficiency [5]. The Enterococcal
surface protein is associated with increased virulence, colonization and persistence in the urinary
tract [5], and biofilm formation [17].

The results of the present study portrayed that 66% of E. faecium isolates possess the esp gene,
which is concordant with other studies from U.S., U.K, Italy, Netherlands, and Germany [5,17-19].
Varying prevalences of esp, depending on several factors, had been reported by different studies.
The results of the present study is in agreement with that of a study from Italy, which revealed that esp
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gene were found in 60% of E. faecium isolates [20]. The diversity of esp positive E. faecium isolates
from different sources viz., urine (46%), blood (27%) and exudates (27%) in the presesnt study
authenticates the enhanced ability of this organism to cause disease.

 Hyaluronidase has been proposed as a potential virulence factor in several gram-positive bacteria,
including S. aureus, S. pneumoniae, and S. pyogenes [21]. Only hyl & esp were found in E. faecium
strains. At present, it may be uncertain to clearly say whether and to what extent E. faecium actually
synthesises hyaluronidase and under what conditions this protein may be synthesized or exported.
Northern hybridization experiments indicate that the hyaluronidase ORF is transcribed under
nonselective growth conditions in vitro (data not shown). Therefore, there is a need to presume that
the protein is synthesized at least under some environmental conditions. Experiments to characterize
the extent of hyaluronidase production by hyl

 
E. faecium positive strains are underway.

 Comparison of different S. aureus genome sequences indicates that substantial variation exists
between strains, with much of the variability involving antimicrobial resistance determinants and
pathogenicity islands [22]. The data of the present study suggest that E. faecium should be added to
the growing list of human pathogens that show a variety of genomic inventories, some of which have
evolved within and are particularly suited to survive and cause infections in modern hospital
environment.

 Most of the strains tested in the present study harbored at least one or two virulence determinants
although none of the strains examined showed all the virulence genes investigated in the study.
The urinary as well as exudates borne strains carried predominantly two virulence genes concomitantly.
This coexistence of multiple virulence factors in E. faecium strains from urine samples could contribute,
to a certain extent, the colonization and growth of bacteria in the development of urinary infection.

 In conclusion, the findings confirm the absence of various virulence genes in clinical E. faecium
isolates, with the exception of esp & hyl. The occurrence of larger number of genes that encode
potential virulence factors were among the urinary isolates suggests a possible role of virulence
genes in the pathogenicity of urinary tract infection. Further studies are necessary in order to analyse
the association and role of virulence genes in the pathogenicity of E.faecium.
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