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Abstract

Objective: The variability in reports associating Enterococcus faecalis with endodontic treatment
failure is due to its remarkable genetic plasticity and clonal diversity facilitating the adaptation to
adverse microenvironments.

Materials and Methods: Present study approximated the genetic diversity of Enterococcus faecalis
isolates from oral cavity samples of endodontic origin; the detection involves genes Asa, Esp, EfaA, Ace,
Asa373, GelE, and CylA, and mature biofilm formation.

Results: On the other side, the genetic clusters were analysed based on the sequence alignment of the
amplified product of a 16S rDNA PCR. Results showed that the genetic clustering of Enterococcus
faecalis isolates was distinct between patients but with a high degree of similarity between samples from

the same individual.

Conclusion: The virulence genes presence and biofilm formation resulted independent of genetic

clustering but related to sample origin.

Introduction

The main factor associated with endodontic
treatment failure is the persistence of
microbial infection in the root canal system.
The microorganisms involved may survive
the biomechanical procedures performed
during the execution of the treatment or may
invade the canals as a result of leakage from
the crown of the teeth [1-3]. Several studies
have revealed that the microorganisms found
in endodontic infection and teeth that fail
endodontic treatment are predominantly
facultative anaerobes and Gram-positive, with
Enterococcus faecalis (E. faecalis) being the
most frequently isolated species. Virulence
factors related to the survival capacity of E.
faecalis are collagen-binding protein (Ace),
aggregation substance (Asa and its variant
Asa373), haemolysin activator (CylA),
endocarditis antigen (EfaA), surface protein
(Esp), Gelatinase enzyme (GelE) and biofilm
formation; however, some authors also
associate it with antimicrobial resistance [4-
6]. Once the microorganism reaches the root
canal, differential expression of these genes
occurs to adhere to the collagen of dentine,
bone and other tissues, penetrate the dentinal
tubules and resist drugs such as calcium

hydroxide, survive irrigation with sodium
hypochlorite, due to the formation of biofilms,
both at the intra and extra-radicular levels,
causing persistent periapical lesions [3,7]. The
pathogenicity and ability to survive in adverse
environments are associated with the genetic
plasticity of the microorganism to modulate
the expression or suppression of virulence
genes when inhabiting different host biological
niches. For this reason, studies of virulence
genes are often heterogencous and suggest
that E. faecalis has a high genetic diversity.
Understanding gene expression in endodontic
infections is fundamental to explaining
host-host interactions, understanding the
association of pathogenic bacteria with
disease and implementing more effective
therapeutic measures to treat endodontic
diseases [7-9]. Although genetic diversity
can be analysed from phylogenetic trees
resulting from methodologies such as Pulsed
Field Gel Electrophoresis (PFGE), restriction
enzyme analysis, Amplified Fragment Length
Polymorphism (AFLP) and bioinformatic
analysis of fragment or whole gene sequencing,
among others [10], analysis of 16S rDNA
combined with nucleic acid sequencing is
an efficient tool for cluster analysis, gene
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clustering and clonality of microorganisms in the oral cavity
[11].

The present work is a pilot study that evaluated whether a
population of E. faecalis isolated from different oral samples
taken from patients attending endodontic consultations, there
is any genetic clustering and whether the diversity of this
clustering is associated with the presence of virulence genes,
biofilm formation or the type of sample from which they were
isolated.

Materials and methods

Type of study, population and biological simples

Present was an observational and descriptive study with
patients attending endodontic procedures, of legal age, with
informed consent, who were not on antibiotic treatment in the
last three months, and who did not have systemic or underlying
pathologies. Only E. faecalis-positive samples entered the study.
A total of 30 viable and pure isolates came from Ejectors (n=6),
K-files (n=6), paper cones (n=60), gutta-percha filling material
(n=6), and mucosal swabs (n=6). Sampling followed previously
described protocols [12].

Isolation, microbiological identification

Genus and species identification was initially performed by
traditional methodology, by primary isolation from Enterococcus
Broth (Becton Dickinson Microbiology Systems, Cockeysville,
MD, USA), culture on Chromocult® Enterococcus Agar (Merck,
Darmstadt, Germany) and microbiological identification with
the Dade/MicroScan Pos ID PC34 system (West Sacramento
C.A., USA) [13]. Isolates confirmation was by MALDI-TOF-
MS Biotyperidentification by Bruker, Daltonics, Germany and
the standard Bruker Taxonomy Database Version 3.3.1. and
following the protocol for Gram-positive bacteria [14], spectra
analysis to identify genus and species was performed with
BioExplorer 1.0 software following the previously proposed
methodology [15]. Assays performed in duplicate involved E.
faecalis ATCC 29212, E. faecalis ATCC 700802, and E. faecalis
F ATCC 12030 strains, serving as positive and negative internal
controls.

Identification of virulence genes

Bacteria were cultured in BHI Broth - Brain Heart Infusion
(Sigma-Aldrich) at 37 °C until reached a concentration of 2x10°
Bact/mL (OD approx. 0.200). They were then centrifuged at
6000 g for 1 minute to obtain the bacterial pellet from which
DNA extraction was with the commercial DNeasy Blood &
Tissue 69504 kit (Qiagen, Santa Clarita, California) for Gram-
positive bacteria. Virulence gene identification occurred through
a PCR primer specific for 4sa, Asa373, Esp, EfaA, Ace, GelE
and Cyl/A genes (Table 1); amplification products visualisation
was on 1 % (w/v) agarose gels in TBE-1X - Syber Green and
analysed on a ChemiDocTM MP Imaging System BioRad
Laboratories Inc. photo-documenter.

Mature biofilm formation

For the biofilm generation study, a microtiter plate following
the methodology proposed by Al-Ahmad et al., (2014) with
some modifications [19] served. For the technique, 20 pL of
the inoculum plus 180 puL of BHI broth was seeded in a 96-well
polystyrene plate (Nunc Maxisort, Life Technologies Ltd., CA,
USA) and incubated at 37 °C for 48 hours. The liquid medium
was aspirated to remove it, and the unattached cells were washed
three times with 300 uL of X PBS (PBS, Sigma-Aldrich Chemie
GmbH) removed. After the plate was dried at room temperature
for 2 hours, were added 200 pL of 0.1 % (w/v) crystal violet
(Median Diagnostics GmbH, Dunningen, Switzerland) for 10
minutes. The dye was decanted and washed three times with
distilled water after drying the plates at 60 °C for 10 min, 50 uL
ethanol (99.9 %, v/v), absolute for analysis; Merck, Darmstadt,
Germany) was added to each well until the crystal violet was
solubilised (approximately 30 min). The OD,,, measurement
was on a Labsystems Multiskan plate reader.

The assay was in quadruplicate and double-blinded, and the
mean values were calculated for each sample. Negative controls
without microorganisms, non-biofilm-forming negative control
isolates, biofilm-forming positive control isolates (ATCC
29212), and positive internal controls from biofilm-positive
clinical specimens (verified by other methodologies) serve as test
blanks. Mature biofilm formation was by "Ex Vivo" modelling -
Scanning Electron Microscopy confirmed in parallel work.

Table 1. PCR primers and amplification products that served to detect virulence genes in E. faecalis isolates.

Detected genes Primers (5°-3%) A.mpllcon References
size (bp)
. F: GCA CGC TAT TAC GAA CTATGA
Asa (aggregation)
R: TAA GAA AGA ACA TCA CCA CGA 375
) F: GGA CGC ACG TAC ACAAAG CTAC
Asa,., (mutant for aggregation)
373 R: CTG GGT GTG ATT CCG CTG TTA 619 [16]
Ace (coll binding) F: AAA GTA GAA TTA GAT CACAC
collagen bindin,
cefeonag & R: TCT ATC ACA TTC GGT TGC G 320
) F: AGT TCATGT CTATTTTCT TCAC
GelE (gelatinase)
R: CTT CAT TAT TTA CAC GTT TG 402
. F: TTG CTA ATG CTA GTC CAC GAC C
Esp (surface protein)
R: GCG TCA ACA CTT GCA TTG CCG AA 933 [17]
F: ACT CGG GGA TTG ATA GGC
CylA R: GCT GCT AAA GCT GCG CTT 688 [18]
R: GAC TGA CGT CCAAGT TTC CAA
F: CGT GAG AAA GAAATG GAG GA
EfaA [16]
R: CTACTA ACA CGT CAC GAATG 499
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Genetic diversity of the isolates

To determine the clustering types in the 30 E. faecalis isolates
from the extracted DNA, a PCR for the 16S subunit of the
bacterial ribosome (16S rDNA) was performed using primers
16S forward 5' GGA GGA GGA AGG TGG GGA TGA CG 3'
and 16S reverse 5' ATG GTG TGA CGG GCG GTG GTG TG
3' [20]. A reaction mixture composed of 0.5 X Buffer, AINTPs
200 pM, 16S rDNA primers 0.5 uM, MgCl, 2 uM, Taq 0.45
U for a final volume of 25 uL allowed the amplification under
the following conditions: 30 cycles at 95 °C; 30 s at 52 °C;
1 min at 72 °C, with a further extension of 10 min at 72 °C.
The amplified DNA was observed by electrophoresis in 1 %
(w/v) agarose with five aliquots of the PCR product using a
negative control with unamplified DNA. The rDNA products
were cut from the agarose by fine cutting with a sterile scalpel,
and the DNA was purified with the QIAquic Gel Extraction Kits
(Qiagen, USA) [21].

Relationship between virulence factors, mature biofilm
and genetic diversity

PCR products of sequencing 16S rDNA were then compared
with the Gen Bank database using BLASTn software. For
the bioinformatics analysis, the MEGA V6 software [22]
allowed performing the multiple alignments (Clustal- Multiple
Sequence Alignments) for the construction of the tree from
the evolutionary distances using the UPGMA methodology
(Unweighted Pair Group Method with Arithmetic Mean) [23].
Exploration of possible relationships between these variables
involved non-parametric tests, Fisher's exact test with an r-value
> (.05 as statistically significant and analyses performed through
Stata 14. Data are shown descriptively and in percentages.

Results

Microbiological identification of Efa

All 30 isolates showed 100 % viability and purity, and 100
% of the E. faecalis were identified by MicroScan System and
confirmed by MALDI TOF MS, compared against the spectral
basis of 16S ribosomal proteins and wall glycoproteins of 5000
species referencing markers from 2000 to 20000 daltons and
according to the established cut-off points to identify genus

and species, all 30 isolates registered in the BrukerTaxonomy
database program version 3. 3.1 had consistent and high
probability scores for E. faecalis isolate identification [24].

Detection of virulence genes and mature biofilm
formation

At least one gene amplification occurred in 100 % of the
isolates. The most frequently occurring gene was Ace 100 %
(30/30 isolates), followed by EfaAd 96.7 % (29/30 isolates) and
Asa 80 % (24/30 isolates). The gene found in the lowest isolates
was Asa373 (3.3 %, 1/30 isolates).

When analysing gene frequency by sample type, several
genes were in all samples with a similar number of cases in each
sample. The samples with the highest frequency of detected
genes were gutta-percha and mucosa, each with 28 detected
genes; the sample with the lowest frequency of detected genes
was K-files with 19 genes (Table 2).

An OD,,,  cut-off point of 0.040 obtained suggested that
63.3 % (19/30 isolates) stimulated biofilm formation, with
the highest number of biofilm-forming isolates coming from
mucosa and paper cone, each with 16.7 % (5/30 isolates); those

with the lowest number were K-files 6.6 % (2/30 isolates)

Genetic diversity

In the 16S rDNA PCR, an amplicon of 960 bp resulted, and
when it was sequenced and BLASTn analysed, more than 98.5
% was identical to more than 100 isolates of EF reported in
Genbank. The chromatogram served for multiple alignments
(Figure 1).

The tree showed that, in samples from different patients,
there was genetic diversity in the isolates and grouped into five
clusters, named A, B, C, D, and E. However, in different origins
samples from the same patient, there was a high degree of
homology in some of them, such as 4EF/30EF, 15EF/28EF, and
16EF/24EF (dotted lines), for others isolates partial homology
detected, starting from the same ancestor, such as samples
7EF/29EF in Cluster D and 17EF/20EF/27EF in Cluster A.

Isolates analysed according to the sample origin showed
heterogeneous behaviour. Only samples from the Ejector (1EF
to 6EF) started from a common ancestor (Cluster A), while

Table 2. Distribution frequency distribution of virulence genes and mature biofilm formation in the 5 samples used for the isolation of

Enterococcus faecalis.
Gene Gene Gene Gene Mature
Origen Ace Gene Esp Gene Asa Gene Asa,,, CyiA GelE. EfaA biofilm
) % ) % ) % ) % ) % ) ) % ) %
E(f:g;r 6 | 100 | 3 |500]| 4 |666] 0 | 00 1 [ 166| 3 |500]| 6 |1000]| 3 | 500
Lima K
(6) 6 | 100 1 [166| 3 [500] o |00 | 2 |333]| 1 |166]| 6 [1000] 2 | 333
Palzzr:gne s | 100 | 4 666 | 6 | 100 | 0 |00 | 2 |333| 3 [500| 6 [100.0| 5 |833
Gutta-percha
(126) 6 | 100 | 3 [500| 6 [100] 1 |[166] 2 |333] 4 |666| 6 |1000| 4 | 666
%Ei‘;s)al 1100 | 3 |s00| 5 [833| 0 | 00| 4 [666| 5 |833| 5 |[83]| 5 |83
Total
(@=30) 30 | 100 | 14 | 467 | 24 [800 | 1 | 33 | 11 |367| 16 | 533 | 29 [ 967 | 19 | 633
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Table 3. Relationship of the oral and endodontic group to the presence
of virulence genes and biofilm formation.

aEF

; Samples
= 2er Detected Endo.d(.)ntlc origin p-value
; e PCR origin = Fisher
Clares & _ rrer genes . Oral (%) isher’s
= i samples (%) exact
- E ol Negative | 5/24 (21) 1/6 (17)
- - sEF 1.0
L — azer Asa Positive | 19/24 (79) 5/6 (83)
N e Negative | 13/24 (54) 3/6 (50) o
- 4‘:"53: Egp Positive | 11/24 (46) | 3/6 (50) '
e |aer :
S e Negative | 0/24 (0 1/6 (17
— g 0 (17 -
Efal Positive | 24/24 (100) 5/6 (83)
Negative 0/24 (0 0/6 (0
Ace g Y O 0.19
Positive | 24/24 (100) | 6/6 (100)
R ——— Negative | 23/24 (96) | 6/6 (100)
e E— 1o
Asa,y, Positive | 1/24 (4) 0/6 (0)
Negative | 13/24 (54) 1/6 (17)
0.18
GelE i
Figure 1. Genetic groups: phylogenetic tree of 16S rDNA PCR Positive 11/24 (46) 5/6 (83)
product sequences showing five main groupings among the study Negative | 17/24 (71) 2/6 (33)
isolates of Eph isolates. Study groups: Ejectors 1EF to 6EF, K-files CriA . 0.16
(7EF to 12EF), Paper cones (13EF to 18EF), Gutta-percha filling 7 Positive 7/2429) 4/6 (©67)
material (19EF to 24EF) and mucosal swab (25EF to 30EF). Biofilm Negative | 10/24 (42) 1/6 (17)
*EF= E. faccaliis strains R 0.37
formation | positive | 14/24 (58) 5/6 (83)
Table 4. Individual relationship between sample origin and virulence genes detected by PCR.
Detected . Gutta-percha . p-value
Factor Paper cone (%) | Ejector (%) Lima K (%) Mucosal (%)
genes (o) Fisher’s exact
Negative 0/6 (0) 2/6 (33) 0/6 (0) 3/6 (50) 1/6 (17)
Asa 0.22
Positive 6/6 (100) 4/6 (67) 6/6 (100) 3/6 (50) 5 (83)
Negative 2/6 (33) 3/6 (50) 3/6 (50) 5/6 (87) 3 (50)
E 0.59
? Positive 4/6 (67) 3/6 (50) 3/6 (50) 1/6 (13) 3 (50)
Negative 0/6 (0 0/6 (0 0/6 (0 0/6 (0 17
A g ©) ©) ©) ©) (17) Lo
Positive 6/6 (100) 6/6 (100) 6/6 (100) 6/6 (100) 5 (83)
Negative 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0 (0)
Ace 1.0
Positive 6/6 (100) 6/6 (100) 6/6 (100) 6/6 (100) 6 (100)
Negative 6/6 (100) 6/6 (100) 5/6 (87) 6/6 (100) 6 (100)
Asa 1.0
” Positive 0/6 (0) 0/6 (0) 1/6 (13) 0/6 (0) 0 (0)
Negative 3/6 (50) 3/6 (50) 2/6 (33) 5/6 (87) 1(17)
GelE 0.26
Positive 3/6 (50) 3/6 (50) 4/6 (67) 1/6 (13) 5 (83)
Negative 4/6 (67 5/6 (87) 4/6 (67) 4/6 (67) 2033
GA a ) &) 0.61
Positive 2/6 (33) 1/6 (13) 2/6 (33) 2/6 (33) 4(67)
Negative 1/6 (17) 3/6 (50) 2/6 (33) 4/6 (67) 1(17)
Biofilm madure
Positive 5/6 (83) 3/6 (50) 4/6 (67) 2/6 (33) 5 (83)
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samples from other origins were placed in three Clusters as
observed in K-file (7EF to 12EF), paper cones (13EF to 18EF),
gutta-percha (19EF to 24EF) and mucosa (25EF to 30EF).

Relationship between genetic groups and study
variables

The relationship between the samples, virulence factors and
biofilm formation were analysed individually according to the
origin of each sample and as a group; the samples were Clustered
as Oral Group, those taken from the mucosa and as Endodontic
Group all those that made contact with the root canal such as
paper cones, gutta-percha, K-files and ejectors.

Relationship of oral and endodontic groups to the
presence of virulence genes and biofilm formation

No statistically significant association occurred (p < 0.05)
in any of the cases (Table 3). However, when analysing the
behaviour of the groups, some trends were observed. About the
presence of genes, Ace, Efad and Asa were expressed in similar
percentages in both groups, ranging from 79 to 100 %, and GelE
and CylA genes had higher expression at the level of the oral
group with 83 and 67 %, respectively.

Concerning the mature biofilm formation, although there was
no statistically significant difference (p > 0.05), it was clear that
samples of endodontic origin had the highest number of biofilm-
forming isolates of 14/30 (46.7 %).

Individual relationship of sample origin with virulence
and biofilm formation genes

Once each sample was individually analysed, there was no
statistically significant association (p > 0.05) for the proposed
variables (Table 4). However, there was a clear trend in the
behaviour of the data, where Ace and Efa4 were involved in all
sample types (83-100 %), Asa 373 was only present in gutta-
percha, CylA with 67 % and GelE 83 % predominated in mucosa
and biofilm formation presented a heterogeneous behaviour,
being slightly higher in gutta-percha (67 %) and paper/mucosa
cones (83 %) (Table 4).

Relationship of variables with genetic Clustering

Relationship of the genetic Clusters with the sample origin
(oral and endodontic) showed that Cluster A grouped the highest
number of cases from both origins (endodontic and oral); the
endodontic origin samples were not present in Cluster D, while
oral samples were not into Cluster B (Table 5).

Analysing the relationship between the individual origin
samples with the genetic groups resulted in a power significant
association (p = 0.001) (Table 6) between the sampling site and
the heterogeneity cluster, which suggested that the grouping for
each sample depends on its genetic characteristics. Additionally,

Table 5. Relationship of sample origin to genetic clustering.

Gene Endodontic | Oral samples p-value
clustering samples (%) (%) Fisher’s exact
Cluster A 9 (38) 3 (50)
Cluster B 6 (25) 0(0)
Cluster C 7(29) 1(17) 0.22
Cluster D 0(0) 1(17)
Cluster E 2(8) 1(17)

100 % of K-files were in Cluster A, the highest number of
Ejectors in Cluster B (67 %), and gutta-percha in Cluster C (67
%) (Table 6).

Discussion

E. faecalis is a ubiquitous microorganism isolated from
different human biological samples, including samples from
the oral cavity such as mucosa, tongue, saliva, teeth, gingival,
periodontal, periapical and untreated necrotic pulps. Although
the frequency of isolates varies widely [25-27], isolates reported
in obturated root canals are of particular importance, which is
one of the possible causes of endodontic treatment failure [28].
The diversity of data reported on ubiquity is due to the genetic
variability of E. faecalis, which allows it to adapt to different
ecological niches, while the wide ranges of isolates reported
by researchers are due to the diversity of microbiological and
molecular methods used to identify the microorganism. In this
study, the use of high confidence, sensitivity and reproducibility
techniques such as the MicroScan panel and MALDI-TOF-
MS [29] allowed the identification of E. faecalis in the oral
cavity and dental devices used for endodontic treatment such as
K-files, gutta-percha filling material, paper cones and ejectors;
results obtained for similar methodologies are congruent
with other reports [30,31], and the microorganism's isolation
in these devices is due to the ability to survive in adverse
conditions. Kayaoglu et al., (2004) showed how this survival
capacity has already been reported for more than three decades,
demonstrating that E. faecalis survives high concentrations of
chemical compounds such as sodium dodecyl sulphate, bile
salts, ethanol, hydrogen peroxide, sodium hypochlorite, acids
and basics environment and can grow in extreme physiological
conditions such as hyperosmolarity, heat, and UV irradiation
among others [28]. An important feature that explains the
survival of E. faecalis in root canals and abiotic and inert
materials used during endodontic treatment (as evidenced in
the present study) is the ability of the bacterium to survive in
nutrient-limited media and adverse environmental conditions by

Table 6. Relationship of sample origin to genetic clustering.

Gene clustering | Paper cone (%) Ejector (%) Gutta-percha Lima K (%) Mucosal (%) Fisll:;:?sh:ziac "
Cluster A 2(33) 0(0) 1(17) 6 (100) 3(50)
Cluster B 1(17) 4(67) 1(17) 0(0) 0(0)
Cluster C 3(50) 0(0) 4(67) 0(0) 1(17) <0.001
Cluster D 0(0) 0(0) 0(0) 0(0) 1(17)
Cluster E 0(0) 2(33) 0(0) 0(0) 1(17)
Japan J Res. 2025; Vol 6 Issue 7 Page 5 of 8



Verénica D. Hurtado-Narvdez, et al. Japan Journal of Research. 2025;6(7):131.

a mechanism called viable but non-cultivable (VBNC), where
E. faecalis can remain dormant under environment stress and
regain growth when conditions become favourable [32].

Pathologies at the level of periapical tissues are associated
with a triad that includes the immunological conditions of the
host, the size of the inoculum, the presence of virulence factors
and the formation of biofilm in the anatomical site where it
resides. Several studies have identified the main virulence
factors, the most studied being the extracellular surface protein
(Esp), the collagen-binding adhesin (Ace), the aggregation
substance (Asa) and its variants Asa 48 and Asa 373; Cytolysin
(CylA), Gelatinase (GelE), endocarditis-specific antigen A
(EfaA), hyaluronidase (Hy), immune evasion factors such
as enterococcal polysaccharide capsule (Cps), superoxide
ions (O,) and complementary factors such as lipoproteins,
proteolytic enzymes and wall carbohydrates among others
[13,33,34]. The endodontic disease model proposes that the
E. faecalis, through different phases: adherence, colonisation,
tissue invasion, maturation and dispersal, potentiates virulence
factors to cause infection, originate the biofilm and maintain
the inflammatory state detrimental to the host [28,35]. Various
proteins are involved in the adherence phase, with Esp and
Ace being relevant. The study showed a frequency of 46 %
(14/30 isolates) for Esp and 100 % (30/30 isolates) for Ace,
distributed similarly in both the oral and endodontic groups,
data that are in agreement with other reports [5]. The Esp
protein is involved in adherence, subsequent colonisation and
evasion; it is also a cofactor for biofilm formation. Ace protein
is crucial for E. faecalis because it is an adhesin that mediates
binding to type I and IV collagen, laminin and dentin [5,8], a
reason it is expressed by most virulent E. faecalis strains. The
colonisation phase involves aggregation-facilitating proteins
where Asa and its variants are essential. The results showed 80
% (24/30 isolates) expression for 4sa and 3.3 % (1/30 isolate)
for Asa,,, similar data to that showed by Sedgley et al., (2006)
and Zhu et al., (2010) [27,36]. Asa gene expression was high in
both groups and for all samples with a high case number. These
results are due to the E. faecalis need to bind to extracellular
matrix proteins, including type I collagen, allowing bacterial
aggregation and serving as protection against macrophage lysis,
a mechanism serving it to reach the dentin duct. Additionally,
Asa facilitates the antibiotic resistance plasmids exchange and
invasion-type cytolysins plasmids, characteristics that increase
the microorganism virulence degree and its expression in
adverse environments. A variant of the Asa gene is 4sa,,,, a
little studied and reported in lower frequency, whose expression
product is a reinforcement molecule for adhesion in dentinal
tubules [28]. In the phase of tissue invasion, inflammatory
response and tissue damage associated with virulence genes,
a large group of proteins are included, including Efad, GelE
and Cyl/A. In the study, Efad was in 86.7 % (29/30 isolates),
GelE 53 % (16/30 isolates) and CylA 37 % (11/30 isolates)
predominating in samples of oral-mucosal origin, data similar
to those reported by other authors [27,36]. These proteins are
expressed more on biotic surfaces such as mucosa, tongue, and
root canal cellular detritus, where they find the substrates to act,
originating diverse degradation products that serve the bacteria
as nutrients.

GelE is a Zinc-dependent metalloprotease with proteolytic
properties that hydrolyses endothelin-1, gelatin, collagen,
fibrin, fibrinogen, haemoglobin, casein and complement
factors C3, C3a, C5a, endothelin-1 and low molecular weight
peptides. CylA is a bacteriocin of plasmid origin (pADI1 sex

Japan J Res. 2025; Vol 6 Issue 7

pheromone plasmid), consisting of two subunits associated
with the Quorum-Sensing mechanism and synthesised by an
8-gene structural operon, capable of lysing phagocytes, red
blood cells and Gran-negative bacteria; the latter, a mechanism
that generates extracellular DNA, is essential for the synthesis
of biofilms. EfaA at the dental level is crucial because it is
the solute-binding protein receptor for a manganese transport
system, a necessary ion for bacterial survival under adverse
conditions [28,35].

Endodontic treatment failure is related to the ability of E.
faecalis to form a calcified biofilm on root canal dentin, which
contributes to its persistence after endodontic treatment, blocks
the immune response and prevents antibiotic entry. In this study,
63.3 % (19/30 isolates) showed biofilm formation, and the
results indicate no significant difference (p > 0.05) between the
ability of E. faecalis to form biofilms and the source of isolation.
This extensively studied characteristic by different authors who
have demonstrated the various types of biofilms that form in
endodontics at intracanal, extra-radicular, periapical, foreign
body-centred biofilm and the impact of E. faecalis in treated
and untreated root canals, where apical periodontitis can be
considered a disease caused by biofilm formation [37-39].

The development of new therapeutic strategies against
infections associated with biofilms caused by E. faecalis is
only possible if the targets of new drugs are the genes and
proteins responsible for biofilm formation, which is why
there are reports of a large number of studies that demonstrate
the individual function of the product of each gene and their
interaction to generate the biofilm, exacerbate the virulence of
the microorganism and even carry out horizontal gene transfer,
mainly antibiotic resistance [35,37-40]. Concerning the E.
faecalis pathogenic effect, the biofilm formation is associated
with the interaction of virulence factors, and they can be by their
functions classified into cell aggregation surface factors Asa,
Esp, Ace, and secreted virulence factors CylA, GelE, HylA [41].
However, few studies discuss the impact of environment, host
conditions and colonising microorganisms on biofilm formation
[6].

In this context, the present study analysed a new variable,
the relationship between the biological sample with virulence
genes and mature biofilm formation. The results showed that
gene expression and biofilm formation are independent of the
type of sample (mucosa, K-files, ejectors, gutta-percha material
and paper cones) where E. faecalis was isolated. However, it
is necessary to note that at least one gene was present in all
samples and that more than one isolate with biofilm-forming
capacity was evident in all samples. These data confirm the
pathogenic potential of the microorganism and its ability to form
biofilms on both biotic and abiotic surfaces to survive in adverse
environments or to remain in the VBNC state [28,32,40].

This ability to adapt to different environments, even adverse
ones, and to differentially express virulence genes is related to
the genetic plasticity of the micro-organism. However, research
is needed to confirm this condition or to analyse whether the
process is associated with various genetic clusters or circulating
clones. As relevant data, the study showed a genetic diversity
in the isolates, which grouped into five different clusters; very
heterogeneous groupings when compared between different
subjects, but with similarity between isolates from samples
from the same individual. These results are congruent with those
reported by Gomez et al., (2006) which show the applicability
of the 16S rDNA technique to identify E. faecalis, and the
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studies by Delboni et al., (2017), which show genetic diversity
by establishing three different clusters at the root canal, the pulp
chamber and saliva levels [42,43]. Although the present study
is limited by the low number of isolates, by not including all
known virulence genes, and by the fact that results did not show
statistically significant associations between genetic clustering
and virulence factors, the genetic diversity was evident. An
observation was that a low number of individuals be colonised
by the same type of microorganism, as was the case for samples
4EF/30EF, 15EF/28EF, and 16EF/24EF and that genetic Clusters
can be associated with abiotic environmental niches as in the
case of Ejectors where all samples belonged to a single Cluster.
However, the main finding is the genetic diversity concerning
the colonising strains between patients and about the strains
from the different biological samples, indicating the circulation
of more than one strain of Enferococcus faecalis; This suggests
the existence of a mechanism by which microorganisms adapt to
a specific environment, modulating the expression of genes and
biofilm formation, and that when analysing the genetic clusters
to the sample from which the E. faecalis isolate originates,
statistically significant differences can be found (Table 7).
However, to determine the specific genetic cluster or possible
circulating clone and its impact on the sources of transmission
and the development of endodontic infection or therapeutic
failure in obturation, further research is needed, using more
robust methodologies such as MLST (Multilocus Sequence
Typing) that would allow evaluation of the population structure
and the mechanisms involved in genetic diversity [44,45].

Conclusion

In conclusion, these first pilot data showed a genetic diversity
in E. faecalis strains associated with endodontic treatment
failure, where the genetic diversity observed among E. faecalis
isolates from different patients and variability is probably
influenced by the environment where the bacteria grow.
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