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Abstract Enterococcus faecalis is a Gram-positive member of human gastrointestinal flora that is in recent years
emerging as an important cause of endodontic infections. In this study, we have investigated the occurrence of
virulence determinants and antibiotic susceptibility pattern of E. faecalis isolates, originating from root canals of
apical periodontitis. Among 52 E. faecalis isolates, 32 (61.5%) isolates produced hemolysin on blood agar while all
(100%) isolates showed hemolysin production on BHI-GA ((BHI medium supplemented with 1% glucose and
0.03% L-arginine), 18 (34.6%) produced gelatinase, 38 (73%) produced caseinase, no hemagglutination was
observed in E. faecalis isolates, whereas all 52 (100%) resistant to serum and formed biofilm. Antibiotic
susceptibility results showed that all (100%) E. faecalis isolates were susceptible to amoxicillin,
amoxicillin/clavulanate, and vancomycin. Whereas, 32 (61.5%) E. faecalis isolates were resistant to
chloramphenicol, 30 (57.6%) isolates were resistant to ciprofloxacin, 39 (75%) isolates were resistant to
erythromycin, and 34 (65.3%) isolates were resistant to tetracycline. Multi-drug resistance was observed in 16
(30.7%) isolates of E. faecalis to chloramphenicol, ciprofloxacin, erythromycin and tetracycline antibiotics. These
findings demonstrate the presence of putative virulence determinants in E. faecalis isolates originating from root
canal and suggest amoxicillin, amoxicillin/clavulanate, and vancomycin as more effective than other antibiotics
tested.
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1. Introduction
Enterococcus faecalis is the most common enterococci
species, and it is responsible for 80-90% of human
enterococcal infections [1]. E. faecalis is frequently
isolated from the patients suffering from dental infections
like periodontitis, gingivitis, teeth with failed endodontics
and infected root canals [2,3,4].
E. faecalis has some special characteristics that allow
them to survive in conditions that are commonly lethal for
many other microorganisms. These properties include an
ability to grow in high salt concentrations, a wide
temperature range, tolerance a broad pH range, as well as
persist in the presence of intracanal medicaments. E.
faecalis has some virulence determinants which are
already identified and could be the reason for survival of
this microorganism in a very harsh environment of the
root canal system [5]. E. faecalis possesses certain
virulence factors including lytic enzymes, cytolysin,
aggregation substance, pheromones, and lipoteichoic acid
[6,7]. It has been shown to adhere to host cells, express
proteins that allow it to compete with other bacterial cells,
and alter host responses [6,8]. E. faecalis is able to
suppress the action of lymphocytes, potentially

contributing to endodontic failure [9]. E. faecalis is not
limited to its possession of various virulence factors. It is
also able to share these virulence traits among species,
further contributing to its survival and ability to cause
disease [1]. These factors may or may not contribute to the
innate characteristics of E. faecalis to cause disease.
Because E. faecalis is less dependent upon virulence
factors, it relies more upon its ability to survive and persist
as a pathogen in the root canals of teeth [6].
Another important factor which is started to be evident
during the last years is that microbes in the root canals can
grow not only as planktonic cells or in aggregates, coaggregates, but they can also form biofilms consisting of a
complex network of different microorganisms [10].
Biofilm formation in root canals is probably initiated
some time after the first invasion of the pulp chamber by
planktonic oral microorganisms after some tissue
breakdown [11]. Biofilms are composed of microcolonies
of bacterial cells that are distributed in a matrix which
consists of exopolysaccharides, proteins, salts and cell
material in an aqueous solution. The matrix takes about
85% of the volume of a biofilm. Bacterial biofilms are
reported to be the most common cause of persistent
inflammation [12].
The presence of high prevalence of E. faecalis in
treatment-resistant root canal infections is widely
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recognized [13,14,15]. Enterococci have an acquired
resistance to several classes of antibiotics either by
mutation or by receipt of foreign genetic material through
the transfer of plasmids and transposons [16].
The increasing incidence of E. faecalis infections in
recent years little is clearly understood about enterococcal
virulence determinants.
Data on oral prevalence of E. faecalis and its virulence
determinants vary from one study to another and still not
clearly
understood
[2,17,18].
Therefore,
more
investigation on potential virulence determinants and
susceptibility pattern of different antibiotics would be
useful in understanding their role in dental infection.
The aim of the study was to assess the prevalence of the
virulence determinants and antibiotic susceptibility in root
canal isolates of E. faecalis.

2. Materials and Methods
2.1. Bacterial Strains
Fifty-two E. faecalis isolates from root canal samples of
apical periodontitis were obtained from 20 patients of
People’s Dental Academy and for control ATCC 14506 E.
faecalis strain was used in this study.

2.2. Sampling Procedure
Sterile paper point was introduced into the full length of
the canal and kept it place for 60s. The paper point
samples from the root canal were transferred immediately
to test tubes containing Amies transport medium (Himedia
Laboratories, Mumbai) and taken to the laboratory in cold
condition within 4h for microbiological analysis.

2.3. Bacterial Isolation and Identification
The samples were inoculated onto the blood agar
(Himedia Laboratories, Mumbai) plates and incubated in
microaerobic condition. Every growth showing grampositive cocci, positive bile-esculin, positive 6.5% NaCl
tests, catalse negative. All tentative Enterococcus isolates
were subcultured on brain heart infusion agar (Himedia
laboratories, Mumbai) and processed for further
biochemical identification. Fifty two isolates were
identified as E. faecalis.

2.4. Hemolytic Assay
E. faecalis isolates were assessed for hemolytic activity
on blood base agar supplemented with 5% (v/v) human
blood. A single colony was cultured onto blood agar
plates and its hemolytic activity was determined by
presence of clear zone around the colonies. Extracellular
hemolysin was assayed on microplates using culture
supernatant from E. faecalis grown on brain heart infusion
broth (Himedia Laboratories, Mumbai) supplemented with
1% glucose and 0.03% L-arginine (BHI-GA) [19]. The
supernatants were serially diluted with 5mM phosphate
buffer saline (PBS), pH 7.4, mixed with equal volume of a
1% sheep erythrocytes suspension and incubated at 37ºC
for 1h, followed by a further overnight incubation at 4ºC.

2.5. Protease Production
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Gelatinase production was detected by inoculating E.
faecalis isolates onto trypticase soya agar (TSA)
containing 3% gelatin (Himedia laboratories, Mumbai).
The appearance of turbid halos or zones around the
colonies after incubation at 37ºC for 24h was considered
to be a positive indication of gelatinase production [20].
Casein hydrolysis was tested on mueller hinton agar
containing 3% (w/v) skimmed milk, by streaking with
10µL of each suspension followed by incubation at 37ºC
for 1h [21]. The presence of transparent zone around the
colonies indicated caseinase activity [22].

2.6. Hemagglutination Assay
After centrifugation, the E. faecalis bacterial pellet was
suspended in 5mM PBS, pH 7.4, to a final concentration
of 109cfu/mL 50µL of this suspension was added to an
equal volume of 2% (v/v) suspension of sheep
erythrocytes, and the plates were incubated at 37ºC for 1h.

2.7. Sensitivity to the Bactericidal Effect of
Human Normal Serum
The sensitivity of E. faecalis to the bactericidal effect of
human normal serum was tested as described by Pelkones
and Finne [23]. Bacteria grown in BHI for 18h were
diluted in PBS (109bacteria/mL) and 175µL of the
bacterial suspension and the same quantity of PBS were
pipetted into the wells of microtitre plates, 100µL of
serum (final concentration 36%) were added and
incubated at 37ºC. The absorbance at 630nm was
measured at 0, 30, 60, 120 and 180 min. the strains were
classified as resistant, intermediate or sensitive as
suggested by Taylor [24].

2.8. Biofilm Formation by Microtiter Plate
and Coverslip Assay
In microtiter assay, all E. faecalis strains (109cfu/30µL)
were cultured in BHI in 96-well microtiter plates at 37 ºC
for 48 h. After incubation broth was aspirated and wells
were washed with PBS. 0.5% crystal violet stain was
added for 5min. The plates were then washed with tap
water and 200µL of 95% ethanol was added. The biofilm
formation was considered positive when an optical density
at 570nm was equal or more than 0.2 [25].
In coverslip assay, biofilms of E. faecalis were grown
as follows, individual sterile culture dishes were filled
with 2.5mL of BHI broth and sterile 18mm diameter glass
microscope coverslip was added to each dish, and culture
dish was covered. Each sample was inoculated with
defined volume of overnight culture. The dishes were
incubated microaerobically at 37ºC for 48h. Glass
coverslips containing attached biofilm were removed from
dishes and rinsed briefly with PBS and stained with 0.5%
crystal violet for 5min. Stained biofilms were observed at
40X using compound microscope (Olympus, MagnusMLX-Series, India)

2.9. Antibiotic Susceptibility Testing
The antibiotic susceptibility of the test strains to
different antibiotics (amoxicillin, amoxicillin/clavulanate,
chloramphenicol,
ciprofloxacin,
erythromycin,
tetracycline and vancomycin) was purchased from
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Himedia Laboratories, Mumbai and determined by disc
diffusion method according to the clinical and Laboratory
Standards Institute (CLSI) guidelines.

3. Results
Among 52 E. faecalis isolates, 32 (61.5%) isolates
showed hemolytic activity on blood agar, determined by
the appearance of clear zone around the colonies (βhemolysis). All (100%) culture of the supernatants from E.
faecalis isolates, grown in BHI-GA showed hemolysed
sheep RBC (Table 1).
Gelatinase production is a major virulence determinant
of E. faecalis, whereas only 18 (34.6%) isolates showed
gelatinase production. Casein hydrolysis was observed in
38 (73%) E. faecalis isolates (Table 1).
The hemagglutinating activity of all (100%) E. faecalis
isolates with sheep erythrocytes was negative. All (100%)
E. faecalis isolates were resistant to the bactericidal action
of normal serum (Table 1).
All (100%) isolates of E. faecalis formed biofilms on
microtitre polystyrene plates and coverslips (Table 1).
Figure 1 showed biofilm formation by coverslip assay.

Figure 1. Microscopic view: E. faecalis biofilm development by
coverslip assay

Antibiotic susceptibility results showed that all (100%)
E. faecalis isolates were susceptible to amoxicillin,
amoxicillin/clavulanate, and vancomycin. Whereas, 32
(61.5%) E. faecalis isolates were resistant to
chloramphenicol, 30 (57.6%) isolates were resistant to
ciprofloxacin, 39 (75%) isolates were resistant to
erythromycin, and 34 (65.3%) isolates were resistant to
tetracycline. Multi-drug resistance was observed in 16
(30.7%) isolates of E. faecalis to chloramphenicol,
ciprofloxacin, erythromycin and tetracycline antibiotics
(Figure 2, Table 2).

4. Discussion
Enterococci are able to colonize the oral cavity,
particularly in patients with periodontitis or root canal
infections associated with oral mucosal lesions and in
immunocompromised patients [26,27]. E. faecalis is the
most commonly isolated species from root canal samples

with treatment failure, periapical lesions or chronic apical
periodontitis [14,28]. It represents a potential threat to
general health is not yet known because endodontic
infecting microorganisms are localized in a restricted area
within the root canal system and little is known on the
extraradicular presence of E. faecalis [29].
Table 1. Virulence characteristics of Enterococcus faecalis isolates
Isolates

Hemolysin(a)

Protease (b)

Agar
SN
Gel
CH
EF01
+
+
EF02
+
+
+
EF03
+
+
EF04
+
+
EF05
+
+
+
EF07
+
+
+
EF08
+
+
+
EF09
+
+
EF10
+
+
+
EF11
+
+
+
EF12
+
+
EF13
+
EF14
+
+
+
EF15
+
+
+
EF16
+
+
+
+
EF17
+
+
+
EF18
+
+
EF19
+
+
EF20
+
+
+
EF21
+
+
+
+
EF22
+
+
EF23
+
+
+
+
EF24
+
+
+
EF25
+
+
+
+
EF26
+
+
+
EF27
+
+
EF28
+
+
+
EF29
+
+
+
EF30
+
+
+
EF31
+
+
+
EF32
+
+
+
+
EF33
+
+
+
EF34
+
+
+
EF35
+
+
EF36
+
+
+
EF37
+
+
EF38
+
+
+
EF39
+
EF40
+
+
+
+
EF41
+
+
EF42
+
+
+
EF43
+
+
EF44
+
EF45
+
+
+
+
EF46
+
+
EF47
+
+
+
EF48
+
+
EF49
+
+
EF50
+
+
+
EF51
+
+
EF52
+
+
+
(a) Hemolytic activities on agar plates and of culture supernatants (SN)
(b) Protease activity; casein hydrolysis (CH) and gelatinase (Gel)

Hemolysin producing strains of E. faecalis are virulent
in animal models and human infections and are associated
with increasing infection severity. In the present study,
hemolysin production was expressed by 61.5% of E.
faecalis isolates on blood agar, whereas all (100%)
isolates of E. faecalis exhibited extracellular hemolytic
activity towards sheep erythrocytes with BHI-GA.
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Previous study [30] indicated that glucose and arginine are
essential elements for heat-stable hemolysin production.
Table 2. Antibiotic susceptibility testing of Enterococcus faecalis
No. (%) of resistant strains
Antibiotics
of E. faecalis (n=52)
Amoxicillin
0 (0)
Amoxicillin/Clavulanate
0 (0)
Chloramphenicol
32 ( 61.5)
Ciprofloxacin
30 ( 57.6)
Erythromycin
39 (75)
Tetracycline
34 (65.3)
Vancomycin
0 (0)
Chloramphenicol, Ciprofloxacin
16 (30.7)
Erythromycin and Tetracycline

The production of hemolysin and gelatinase as putative
virulence determinants were not always expressed by E.
faecalis isolates in association with dental diseases.
Sedgley et al [28,31] reported different results with
hemolysin production; first study has proved that 36% of
the E. faecalis isolates recovered from endodontic patients
produced hemolysin, while the second has not detected
production of hemolysin in any enterococcal isolates from
endodontic cases. Gelatinase has been implicated as a
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virulence determinant in animal models. The ability of this
enzyme to hydrolyse gelatin, collagen and certain
bioactive peptides suggests its participation in the
initiation and propagation of inflammatory processes
involving E. faecalis [32]. In our study, gelatinase activity
was observed in 18 (34.6%) of E. faecalis isolates only.
Casein hydrolysis was observed in 38 (73%) isolates of E.
faecalis. Data does suggest that the gelatin hydrolyzing
activity is different from caseinase and also supported
previous findings (30). Sedgley et al [33] found that
gelatinase gene (gelE) was detected in all endodontic
isolates of E. faecalis while expressed gelatinase activity
was observed in two thirds of the isolates. These studies
concluded that evidence of potential virulence
determinants were identified in endodontic Enterococcus
spp., specifically production of gelatinase and response to
pheromones. Other studies indicated that expression of
gelatinase of gelatinase gene contributed to the increased
dissemination of E. faecalis in high density environments
and was associated with increased adhesion of E. faecalis
to dentine in vitro [32,34].

Figure 2. Antimicrobial activity of different drugs against Enterococcus faecalis. In Figure 2 (1) shows amoxicillin (AMX); sensitive, Tetracycline
(TE); resistant, Ciprofloxacin (CIP); resistant, in Figure 2 (2) shows Erythromycin (E); resistant, Chloramphenicol (C); resistant, Vancomycin (VAN);
sensitive, in Figure 2 (3) shows Vancomycin (VAN); sensitive, Ciprofloxacin (CIP); resistant, Amoxicalve (AMC); sensitive pattern against E. faecalis.

Hemagglutinating activity was negative in all (100%) E.
faecalis isolates with sheep erythrocytes. Our results
substantiate the findings of Furumura et al [30].
The growth of bacteria in host tissue is limited, not only
by host defense mechanisms, but also by the availability
of iron, an essential and important factor for bacterial
growth that functions mainly as a redox catalyst for
proteins participating in oxygen and electron transport
[35]. All (100%) isolates of E. faecalis examined in this
investigation were resistant to serum.
Biofilm is a population of cells attached irreversibly on
various biotic and abiotic surfaces and encased in a
hydrated matrix of exopolymeric substances, proteins,
polysaccharides and nucleic acids [36]. Adherence and
production of a biofilm by E. faecalis on different
biomaterials and medical devices has been documented.
Among the factors involved in this type of adherence are
physic-chemical forces, such as polarity, van der wall’s
forces and hydrophobic interactions [37] but factors
involved in enterococcal adherence to biomaterials have
not been well defined [38].
In the present study, we observed that all (100%)
isolates of E. faecalis showed ability to form biofilm on
polystyrene plates and glass coverslips.

In recent years, enterococci have received increasing
attention because of the development of multi-drug
resistance and its common prevalence in nosocomial and
endodontic infections. Vancomysin-resitant enterococci
(VRE) probably represent currently most serious
challenge among many microbes with antibiotic resistance
causing human infections.
In the present study of antibiotic susceptibility, the
strains were seen to be highly sensitive to the more
commonly used antibiotics (amoxicillin, amoxicillin/
clavulanate and vancomycin). Whereas resistance was
observed in E. faecalis isolates against chloramphenicol,
ciprofloxacin, erythromycin and tetracycline. This is a
serious problem, as it reduces the number of possible
antimicrobial therapies for dental infections associated to
enterococci.
Enterococci resistance to currently available antibiotics
pose real therapeutic difficulties and can lead to the
endodontic treatment failures result [39]. The acquisition
of antibiotic resistance occurs either through the
acquisition of resistance genes on plasmids from other
organisms. Enterococci can secret pheromones [40] which
are stimulating the synthesis of the surface aggregation
substance [41]. This facilitates the contact between the
cells and the formation of the mating aggregate, which
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finally will lead to the exchange of plasmids carrying
resistance.
All the findings of the present study demonstrate the
presence of putative virulence determinants in E. faecalis
isolates originating from root canal and suggest
amoxicillin, amoxicillin/clavulanate, and vancomycin as
more effective than other antibiotics tested. The
emergence of resistance against multiple antibiotics and
the increasing frequency of E. faecalis isolates from
infected root canal of endodontic patients underscore the
necessity for a better understanding of the virulence
determinants, mechanisms of this pathogen, and the
development of alternatives to current antibiotic
treatments. The genetic plasticity of E. faecalis and its
ability to rapidly acquire and/or develop resistance against
many clinically important antibiotics and to transfer these
resistance determinants to other more pathogenic
microorganisms makes the search for alternative treatment
and preventive options even more important.
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