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1. Introduction

Aims. Enterococci have been frequently encountered organism in nosocomial infections.   

Enrichment of virulence factors in   E.faecalis and the propensity with which they get 

disseminated to other species and genus invokes attention towards this organism.  A study was 

sought to investigate the presence of four virulence determinants - enterococcal surface 

protein (esp), aggregation substance (agg), gelatinase (gelE) and cytolysin (cylA) among  

clinical E.faecalis  isolates.  A relevancy between the role of the virulence determinant 

possessed and clinical implication of the isolate was analyzed.  Methods.  A total of 126 

E.faecalis obtained from urinary tract, pyogenic, blood stream and intraabdominal and pelvic 

infections was used for the study.  Expression of three virulence determinants esp, cylA and 

gelE was detected by biofilm formation on polystyrene surface, hemolysin production and 

gelatin liquification respectively.  PCR was used for genotypic assay.  Results.  esp (67.5%) was 

the frequent virulence factor detected followed by cylA, agg and gelE. Discrepancy was met 

between phenotypic and genotypic assay methods.  Harborage of multiple virulence factors 

was common among urinary tract isolates and blood isolates. Concomitant presence of two 

virulence genes dominated. Conclusion. An association between esp and urinary tract 

infection, agg and intraabdomianl and pelvic infection and cylA and blood stream infection was 

noted.  These organisms may serve as potential reservoirs to disseminate the virulence genes 

to other isolates and are of considerable importance in an hospital setting.

Enterococci have become formidable pathogens and are 

implicated in blood stream infections (BSI), endocarditis, urinary 

tract infections (UTI), pyogenic infections, intraabdominal and 

pelvic infections (IAP) etc.  Although a number of species under 

this genus have been reported in clinical specimens, 80 – 85 of 

them is due to E.faecalis followed by E.faecium [1].  The over -

representation of E. faecalis in clinical isolates is related to the 

natural abundance and enhanced virulence [2].  Several virulence 

genes have been identified within this species.  

Enterococcal surface protein (esp) is a large surface protein of 

1,873 aminoacids with an N-terminal domain which participates 

in interactions with the host and the central core region that serve 

to retract the protein from the surface thereby hiding it from the 

immune system and promotes persistence at the site of infection 

[3,4].  Presence of esp gene is strongly associated with the ability to 

form biofilms on polystyrene surfaces [3].  Biofilms on medical 

devices favours disease sustainence because of restricted 

penetration of antimicrobials [5].

Aggregation substance is a hair like proteinaceous structure 

incorporated on the bacterial membrane and promotes the 

conjugative transfer of sex-pheromone plasmids by formation of 

mating aggregates between donar and recipient cells [6].  It 

contains two Arg-Gly-Asp motifs which are recognized by 

integrins, a family of eukaryotic cell surface receptors. Presence of 

integrins on the intestinal epithelial cells promotes the adherence 

and invasion of aggregation substance displaying enterococci to 
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2.2.1. Phenotypic tests

2.2.I.2. Hemolysin assay

2.2.I.3. Gelatinase assay

3.Genotypic test for virulence genes

4.Results

2.2.1.1. Biofilm assay

E.faecalis used in the present study was isolated from patients 
from January 2006 to July 2007. Only one isolate per patient was 
included.  A total of 126 isolates were obtained from urine, 
purulent exudates, blood, catheter, peritoneal fluid and high 
vaginal swabs.  Isolates were identified to genus and species level 
based on standard microbiological and biochemical procedures 
such as colony morphology on blood, Mac conkey and bile esculin 
agar, Gram staining, catalase reaction, esculin hydrolysis in  the 
presence of bile, growth in the presence of 6.5% NaCl at 45°C, 
pyrolidonyl arylamidase test, deamination of arginine, motility, 
pigmentation and several carbohydrate fermentation tests 
(arabinose, glycerol, lactose, mannitol, melibiose, raffinose, ribose, 
sorbose, sorbitol, sucrose and trehalose).  All isolates were stored 
at    -20°C in 20% glycerol BHI broth.

E.faecalis were investigated for the expression of virulence 
factors -gelatinase, hemolysin and  biofilm formation by suitable 
phenotypic tests.   Molecular detection of virulence genes –esp, 
gelE, agg and cylA were performed by PCR.

2.Materials And Methods
2.1.Strain isolation and identification

2.2.Detection of virulence factors

translocate through the intestinal epithelial barrier. The clinical 

situation and animal experiments suggest that a loss of the 

functional integrity of the epithelial cell layer, e.g., by severe shock, 

stress, trauma, or colorectal cancer facilitates the invasion of 

enterococci [7].

Enterococcal cytolysin is a structurally novel bacterial toxin 

expressed by some strains of E. faecalis and is distantly related to 

the class of bacteriocins known as lantibiotics, a group of small 

secreted proteins which exhibits bactericidal activity against 

Gram positive pathogens [8]. The cytolysin can be encoded by 

large pheromone-responsive plasmids, or on the chromosome 

within pathogenicity island. It is produced by a complex process 

that involves the products of eight genes, designated cylR1, cylR2, 

cylLL, cylLS, cylM, cylB, cylA, and cylI [4]. The reading frame cylA is 

essential for the expression of cytolysin, an extracellular protein 

with similarity to the serine protease subtilisin BPN [8]. The 

production of cytolysin has been demonstrated  to contribute to 

the severity of enterococcal disease in animal models of 

endocarditis,  endopthalmitis and peritonitis [9].

gelE production is induced by quorum sensing system of 

E.faecalis and is produced as a zymogen with 192 aminoacids 

N'region that is cleaved to produce an active enzyme.  gelE  

products has the potential to cleave and also degrade several 

substrates including insoluble collagen fragments, polymerized 

fibrin, pheromones and inhibitor peptides involved in conjugative 

plasmid transfer of  E.faecalis. gelE is frequently associated with 

clinical than in non- infectious isolates [10]. These virulence 

factors may play a role in promoting persistence of enterococci in 

the environment and consequently, inter and intra-hospitals 

dissemination.

There is a paucity of information on the virulence genes 

distributed among E. faecalis in our subcontinent.  The study was 

aimed to determine the same from a semi urban setting by suitable 

phenotypic and genotypic methods and subsequently, to evaluate 

the possible link between the presence of virulence factors and 

human infections.

Ability of the isolates to form biofilm on abiotic surface was 

quantified as per Toledo-Arana et al. [3].   Briefly, the isolates were 

grown overnight at 37˚C in BHI broth plus  0.25% glucose.  Culture 

was diluted 1:20 in same media.  200µl of this suspension was 

used to inoculate sterile 96 well polystyrene microtiter plates.  

After 24 h at 37˚C of static incubation, wells were washed with 

PBS, dried in inverted position and stained with 1% crystal violet 

for 15 min.  The cells were rinsed once more and the crystal violet 

was solubilized in 200 µl ethanol/acetone (80:20 v/v).  The A595 

was determined using microtiter plate reader.  Biofilm formation 

was scored as non biofilm forming (-), weak (+), moderate (++), 

strong (+++) corresponding to the A values ≤1, 1 - ≤2, 2-≤3 and   3 595 

respectively.

E.faecalis isolates were plated onto Todd Hewitt agar 

supplemented with 5% defibrinated human blood and incubated 

at 37˚C for 48 hours.  Isolates with clear zones of betahemolytic 

colonies were considered positive for hemolysin production.

Ability of the isolates to break down gelatin was tested by 

inoculating the isolates on gelatin incorporated buffered nutrient 

agar plates.  After incubation of the plates at 37˚C for two days the 

plates were flooded with mercuric chloride solution which causes 

opacity around gelatin-liquifying colonies.

Enterococcal DNA was prepared by suspending a loopful of 

overnight colonies in a tube containing  500 µl sterile distilled 

water, boiled for 10 min and then centrifuged at  14 000 g for 5 

min. An aliquot of the supernatant containing the DNA was used as 

template.  The supernatant was stored at -20°C until subsequent 

PCR amplification.  

Oligonucleotide primers as reported previously [11] for PCR 

reactions were purchased from Sigma Genosys, India. PCR 

amplifications were performed in final volume of 25 µl PCR 

mixture, containing 5 µl supernatant, 1x PCR buffer, 2 mM MgCl2, 

200µM each dNTP, 400 nM each primer and 0.25 U Taq DNA 

polymerase (Bangalore Genei). PCR reaction consisted of an initial 

denaturation (94°C for 2 min), followed by 29 cycles of 

denaturation (92°C for 15 s), annealing (agg- 60 °C,  gelE- 52 °C, 

cylA- 57 °C, esp- 66 °C for 15 s), and elongation (72°C for 15 s), and 

a final elongation of 72°C for 2 min.  Amplified products were 

analyzed by electrophoresis in a 1% agarose gel containing 

ethidium bromide with 100 bp DNA ladder and visualized on a UV 

transilluminator. 

A total of 126 E.faecalis isolates, 58 from urine and urinary 

catheters, 38 from wounds and abscess, 10 from blood and venous 

catheters and 19 from peritoneal fluid and high vaginal swabs 

were recovered.  Phenotypic tests for gelatin liqueification and 

hemolysin detected 41.3% and 31% of the isolates to be positive. 

Biofilm formation was observed with 54.0% of isolates. 

Determination of virulence genes esp, agg, cylA and gelE was 

based on the observation of PCR product size (bp) 933, 1553, 517 
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and 419 respectively (Figure 1).  Among the four genes 

investigated esp was found to be predominant and they existed in 

67.5% of clinical isolates. Other virulence genes – agg, cyl and gelE 

was observed among 46%, 46.8% and 43.7% of isolates 

respectively.  

Genotypic assay detected more number percentage of isolates 

than phenotypic studies.  Regarding biofilm formation, all esp+ 

isolates did not yield biofilms however, none of the esp- isolates 

produced biofilms (Table 1). esp gene was enriched among the UTI 

isolates (81.0%).  72.7% of Blood stream infections (BSI) isolates 

possessed gelE and the same virulence determinant was least 

prevalent among Intra abdominal pelvic (IAP) isolates (26.3%).  

agg was more frequently associated with IAP isolates.  cylA 

seemed to be common among isolates from BSI, whereas with IAP 

isolates it was noted with a minimal percentage.  The distribution 

of each virulence gene among E.faecalis isolates from various 

infections are given in Table 2.  23% of E. faecalis isolates 

harboured only one virulence factor, the trait being common 

among isolates from BSI. cylA was the gene to be present in higher 

proportion of isolates (37.9%) in this category followed by esp 

(27.6%).  The distribution of virulence genes among isolates 

bearing single virulence factor are given in Table 3. 

Figure 1. Determination of virulence genes esp, agg, cylA and gelE 

by PCR

Occurrence of multiple virulence genes was a notable feature 
among this species.  70.6% of E.faecalis isolates contained two or 
more virulence genes studied.  Concomitant carriage of two or 
more virulence factors ranged from 68 – 73% among isolates 
obtained from each type of clinical specimen. Harbourage of two 
virulence genes was common among (38.8%) and three virulence 
genes was common among (24.6%) of the isolates (Tables 4 and 
5).  esp-agg was the frequent combination  (36.7%) among the 
isolates with two virulence genes.  This correlation dominated 
among IAP isolates.  However the gel agg combination which was 
least detected (4.1%) among isolates carrying two virulence 
genes, in association with esp took the lead (38.7%) among 
isolates bearing three virulence genes.  An equal percentage of 
isolates from UTI and pyogenic infections harboured this 
combination whereas BSI and IAP isolates lacked them totally.  
Although 6.3% of isolates lacked all the four virulence 
determinants, a similar proportion (7.1%) of isolates derived 
from all types of clinical specimens carried all the four virulence 
genes.

 agg (1553 bp)

 

esp (933 bp)  

cylA (517 bp)

 

gelE (419 bp)

 

Biofilm 
forming 
capacity

Virulence gene

Virulence gene

Table 1. Biofilm formation by esp + isolates (%) from infectious sources 
on polystyrene microtiter plates

Table 3. Distribution of virulence gene among isolates (%) bearing 
single virulence factor

Table 5. Frequency of isolates (%) harbouring three virulence genes 
concomitantly

Table 4. Frequency of isolates (%) bearing virulence two genes     

Table 2. Distribution of virulence determinants among E.faecalis isolates 
(%) obtained from clinical infections

UTI
(n=47)

UTI
(n=13)

UTI
 (n=58)

Pyogenic
infections
(n=21)

Pyogenic
infections
(n=8)

Pyogenic
infections
(n=38)

BSI (n=6)

BSI (n=3)

BSI (n=11)

IAP infections
(n=11)

IAP (n=5)

IAP infections
(n=19)

- (no biofilm)

+ (weak)

++ (moderate)

+++ (strong)

esp

agg

cyl

gel

esp

agg

cyl

gel

3  (6.4)

21 (44.7)

17 (36.1)

6 (12.8)

7 (53.8)

2 (15.3)

4 (30.8)

0

47 (81.0)

21 (36.2)

27 (46.6)

26 (44.8)

5 (23.8)

11 (52.4)

5 (23.8)

-

1 (12.5)

2 (25)

3 (37.5)

2 (25)

 21 (55.3)

20 (52.6)

19 (50.0)

16 (42.1)

-

5 (83.3)

1 (16.7)

-

0

0

1 (33.3)

2  (66.6)

6 (54.5)

6 (54.5)

7 (63.6)

8 (72.7)

1 (9.1)

8 (72.7)

2 (18.2)

-

0

0

3 (60)

2 (40)

11 (57.9)

11 (57.9)

6 (31.6)

5 (26.3)

 

 

Virulence gene

Virulence gene

UTI
(n=20)

UTI
(n=20)

Pyogenic
infections
(n=10)

Pyogenic
infections
(n=13)

BSI (n=1)

BSI (n=1)

IAP (n=0)

IAP (n=12)

esp, gel, cyl

esp, agg, cyl

esp, gel, agg

gel, agg, cyl

esp, gel

esp, agg

esp, cyl

gel, agg

gel, cyl

agg, cyl

6 (30)

5 (25)

8 (40)

1 (5)

8 (40)

3 (20)

8 (40)

0

1(5)

0

4 (40)

2 (20)

4 (40)

0

1 (7.7)

4 (30.8)

2 (15.4)

1 (7.7)

1 (7.7)

4 (30.8)

0

0

0

1 (100)

1 (25)

2 (50)

0

0

1 (25)

0

0

0

0

0

0

9 (75)

1 (8.3)

1 (8.3)

1 (8.3)

0
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5.Discussion

The association of virulence determinants with the clinical 
outcome and the correlation between the presence of virulence 
genes – esp, agg, cyl and gelE with the phenotypic expression was 
studied among 126 clinical isolates of  E. faecalis.  



esp of E. faecalis shares high sequence similarity with Bap ( a 
biofilm associated protein of S.aureus).  The role of esp with 
biofilm formation was previously documented [3].  Although few 
esp + isolates in the present study lacked the ability to form 
biofilm, none of the esp- isolates were positive for the phenotypic 
trait.  Conflicting outcomes regarding the role of esp in biofilm 
formation have been published.  In a study by Dupre et al. [12], the 
presence of the esp gene in 15 E. faecalis clinical isolates was not 
associated with the ability to produce biofilms [12].  Sandoe et al. 
[13] reported no association between the presence of esp and 
biofilm-forming ability was found among 108 enterococcal 
isolates from bloodstream infections. 

with enterococcal bacteremia [9]. The enrichment of isolates from 
BSI  in our study with cyl (63.6%) supports the role of cytolysin 
contribution to disease severity.   cyl gene among the blood 
isolates was detected in 40% of the study isolates in another study 
[14].  The association of cyl with other virulence genes was 
detected in about 50% of isolates from UTI and pyogenic 
infections.  This observation of ours when compared with the 
results of previous studies paves way to speculate the probability 
of an invasive infection originating from these sources. 

5.1.Enterococcal surface protein
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The esp gene and the inferred protein product possess unique 
structural features, with enrichment for the gene among disease-
causing E. faecalis isolates [4].  esp was the most frequent gene 
detected among 67.5% of the clinical isolates. This high 
occurrence of esp was also met with other workers 72.4% and 
91.5% [14, 15]. Also contrasting reports revealing a higher 
percentage of E. faecalis strains carrying gelE and agg genes have 
also been documented [16]. Isolates from UTI  possessed esp gene 
at a higher rate (81%).  The high prevalence of esp among isolates 
involved in UTI has been documented elsewhere [4,17,18], 
suggesting their role increased virulence, colonization and 
persistence of E.faecalis within the urinary tract.  Low detection of 
esp among BSI (54.5%) noted in the present study shows contrast 
with the findings of Archimbaud et al. [14] who reported its 
presence in all 20 infection derived E. faecalis strains from blood 
and endocarditis.  

Aggregation substance is a pheromone coded adhesion which 
is a part of the sex pheromone system of  E.faecalis promotes the 
transfer of sex pheromone plasmids.  It is regarded as a virulence 
factor mediating the invasion and translocation through intact 
colonic mucosa – a crucial step in the pathogenesis of 
intraabdominal infections.  Enrichment of isolates from IAP 
infections with agg in the present study (57.9%) suggests, the 
origin of the infective strain from the intestinal lumen to the 
mesenteric lymph nodes and into the peritoneal cavity [6]. 
Existence of agg among 46% of the study isolates shares homology 
with other workers who reported 40.4% and 48.3% (19, 14).   
However, Coque et al. [20] study reports aggregation substance to 
be more frequent among blood and endocarditis isolates. 

Hemolysin production in enterococci is considered to be an 
important virulence factor as its presence enhances the severity of 
the infection [15].   Hemolytic activity was detected in only 88.1% 
of cylA containing strains.  This discrepancy can be due to the 
occurrence of missing genes in the cyl operon of cylA positive -
hemolysin negative strains as the whole cyl operon was only 
detected in 17% of clinical strains [9,17].  The lack of hemolytic 
activity may be explained by low levels or down regulation of gene 
expression or by an inactive gene product. The molecular 
screening of cyl genes is required in nonhemolytic strains to 
evaluate pathogenic potential, since environmental factors may be 
involved in the control of cytolysin expression [9].

cylA gene was perceived in 46.3% of the E.faecalis isolates.  This 
finding shares homology with other workers who reported 41.2%, 
50% and 56% [21, 22 ,11]. Cytolysin production is associated with 
better ability to reach the blood stream and induce septicemia and 
a fivefold increased risk of acutely terminal outcome in patients 

The study highlights the distribution of virulence determinants 
among clinical E. faecalis isolates as a common trait.  The clinical 
isolates of E.faecalis are enriched with virulence genes and their 
association with the clinical implication of isolates is observed to a 
higher magnitude.  These factors have all been shown by other 
investigators to aggregate cells, to contribute to biofilm formation 
and to be particularly important in the dissemination or 
acquisition of resistances by promoting cell-cell contact and the 
conjugal transfer of plasmids harboring resistance and virulence 
genes. Such strains appear to represent the entry gateway to new 
resistance genes into E.faecalis and may contribute to the 
spreading of E. faecalis mainly in the hospitals.  

Gelatin liquification property was met with 70.9% of isolates 
bearing gelE gene.  The presence of the gelatinase gene by itself, for 
instance, does not ensure its expression. The expression of 
virulence factors gene may be controlled by a very complex   
regulation network [24].   Among the four genes investigated gelE 
was least detected in 43.7%.  Similar isolation rate (45.3%) of gelE 
from E. faecalis has been documented although it was not the least 
detected gene [18].  Contrasting findings on E.faecalis displaying 
gelE at a higher percentage was also reported [9,17].  The 
dominance of gelE gene among our isolates from blood, relates to 
the contribution of this gene with the disease severity as it has 
been proved that the product of this gene is capable of hydrolyzing 
C3a of human sera and also mediates the degradation of the alpha 
chain of C3b, thereby inhibiting opsonisation and the formation of 
the membrane attack complex resultant from the activation of the 
complement cascade triggered by C3 activation [26].

Multiple virulence factors among E.faecalis has been 
documented elsewhere [17, 18].  De Marques and Suzart [18] 
investigated the presence of nine virulence genes among E. faecalis 
and found that a majority of the strains harbored between two and 
three virulence determinants and these markers were more 
frequently found among urinary strains than in other clinical 
sources.  A similar scenario was observed in our study wherein 
isolates from all the clinical infections studied, showed the 
existence of multiple virulence factors (68% - 72%).  Prevalence of 
multiple virulence genes was noticed at an equal percentage 
(72%) of UTI and BSI in the present study.  A possible linkage 
between agg and esp was speculated by Warr et al. [26] as they 
were co-present in all isolates.  An analogous observation was met 
among eighteen isolates possessing two virulence factors in the 
present study too. About half of the isolates with these coexisting 
virulence genes were originated from IAP infections.  Reports 
from a previous study [18] revealed   two virulence genes to 
coexist preferentially among strains derived from rectal swabs.  
Forty nine isolates in our study had two virulence genes among 
which, 63.2% of isolates were from IAP infections.  Incidence of 
agg at higher proportions among these isolates supports the role of 
GIT flora for IAP infections. 

6.Conclusion

5.2.Aggregation substance

5.3.Cytolysin

5.4.Gelatinase 
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