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Abstract: Enterococcus faecalis are Gram-positive responsible for a variety of infections in susceptible
hosts, including endocarditis, bacteremia, urinary tract infections (UTI), and mouth infections, The
adhesion of E. faecalis to host tissues, notably urinary tract infections, is a crucial phase in the
pathogenesis of the organism. The aim of the study Detection of a FsrB Gene and Biofilm Production in
Enterococcus faecalis Isolated. The patients with various age groups who had urinary tract infections
were included in this study for collection 150 urine samples from (Baghdad Hospital of Medical City and
teaching laboratories of Medical City) in Baghdad Between November 2022 and February 2023. Urine
samples were cultured on differential culture media and the isolated bacteria were identical according to
cultural characteristics, biochemical test and VITEK- 2 system also molecular method was used in the
identification of bacterial growth. The results revealed 32 isolates were belonging to E. faecalis and this
was confirmed through amplification of species specific gene (23SrRNA). All 32 E. faecalis isolates were
subjected to further molecular analysis to check for the presence of the diagnostic biomarker FsrB gene,
which is linked to the quorum-sensing system that regulates the production of gelatinas to control biofilm
growth. The results showed that 26 (81.2%) E. faecalis possess fsrB gene. Biofilm producers was detected
in E. faecalis isolates using microtiter plate method (MIC) which that the results indicated that 9
(28.12%) of bacterial isolates were strong biofilm production, 11 (34.375%) as moderate and 12 (37.5%)
as week biofilm production. Antibiotic susceptibility of the bacterial isolates was examined against 22
types of antibiotics. Isolates showed resistance to Cefpodoxime, Eryrthomycin and Ceftriaxone
(96.875%), while the lowest resistance (12.5%) was against Amikacin. According to our study, the spread
of Enterococcus faecalis began to increase significantly compared to previous years. The study proved
that Enterococcus faecalis were highly resistant to Cefpodoxime, Eryrthomycin and Ceftriaxone and
highly sensitive to Amikacin. The study proved that all isolates were biofilm producers. Also The study
proved that all isolates contain the 23SrRNA gene The current in vitro study demonstrats the presence of
FsrB quorum-sensing gene.

Keywords: Enterococcus faecalis, biofilm production, FsrB gene, Antibiotic susceptibility.

Corresponding author: (Email: hawraa.abbas2100m@ige.uobaghdad.edu.iq).

Introduction

One of the most common
bacterial diseases that call for antibiotic
treatment is urinary tract infections
(UTIs) (1). Endocarditis, bacteremia,
oral infections, and urinary tract
infections (UTI) are only a few of the
illnesses caused by Enterococcus
faecalis in susceptible hosts (2). In the
gut of many creatures, enterococcus
bacteria are facultative anaerobes and

non-motile normal flora (3). If their
growth is unregulated, however, they
have the potential to develop into an
opportunistic  pathogen and affect
further intestinal locations in the host as
well as hospitals (4). Adherence to host
tissues, particularly UTlIs, is a crucial
first step in E. faecalis pathogenesis (5).
E. faecalis have several virulence
factors may be related to colonization of
the host, adhesion, resistance to the
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host's defense mechanisms, tissue
invasion, and the production of
pathological changes both directly
through the production of toxins and
indirectly through the induction of
inflammation including hylauronidase,
lipotecichoic acid, and sex pheromones
(6), Antibiotic resistance, Gelatinase,
Cytolysin toxins, Extracellular
superoxide production, Aggregation
substance, Enterococcal surface protein
(7) and Biofilm development (8).
Quorum-sensing system
in Enterococcus faecalis (QS) is a
dynamic process that controls gene
expression in relation to cell density
that controls a number of bacterial
functions, including the production of
biofilms, pathogenicity, and antibiotic
resistance. (9). The Fsr regulator gene,
which controls the production of both
gelatinase and serine protease, is a key
component of E. faecalis' quorum
sensing system. Gelatinas are produced
under the direction of the Fsr quorum-
sensing system, which also governs the
development of biofilms (10). The
transmembrane protein FsrB, which is a
member of the accessory gene regulator
protein B family, is produced by the
fsrB gene (11). A diagnostic biomarker
for the gelatinase activity is the fsrB.
(10). Microorganisms adhered to a
surface that form a biofilm and are
shielded from the outside environment
by an extracellular polymeric material
matrix (EPS) (12). E. faecalis has the
capacity to generate biofilms during
chronic infections (13). Gelatinase is
crucial for the development of biofilms
by controlling the production of
gelatinase the Fsr quorum-sensing
system regulates the development of
biofilms (10). The resistance of
Enterococcus spp enabled them to live
in heavily  used antimicrobial
environment and it has been discovered
that about 24% of nosocomial infections
are difficult to treat which related to
intrinsic resistance to many groups of
antibiotics in addition to acquired

vancomycin resistance, this represents a
serious threat to people around the
world (14). Aim of study: Detection of
a FsrB Gene and Biofilm Production in
Enterococcus faecalis Isolated.
Material and methods

One hundred fifty urine samples
collected from patients with various age
groups (25-67 years), during the period
of study from beginning November
2022 to end of February 2023, urine
samples were taken at the Baghdad
Hospital of Medical City and Teaching
laboratories of Medical City. All
specimens were cultured on Blood agar
and HiCrome™ UTI Agar). The
positive growth was identified based on
colony morphological (Shape, size, and
color of colonies), micro scopic
Examination, biochemical tests and
VITEK-2 system also we used
molecular analysis in the identification
of bacterial growth.
Biofilm formation assay

Quantitative  determination  of

biofilm was determined by Tissue
Culture Plate (TCP) method (also called
microtiter plate assay) in accordance
with some modifications. The isolates
of  Enterococcus Faecalis  were
cultivated on blood agar, then added to
10 ml of trypticase soy broth (TSB)
with 1% glucose, and assessed using a
0.5 McFarland scale. Incubation took
place for 18 hours with the inoculated
broth at 37°C. The overnight-incubated
bacterial suspension was added to 9900
ml of fresh TSB medium and diluted to
1:100 after 18 hours of incubation then,
200 pl of the diluted prepared bacterial
suspension was placed in each of the 96
separate wells of a sterile polystyrene
tissue culture plate. The microtiter
plates were then incubated at 37°C for
24 hours. After incubation, the wells
were twice rinsed with 200 plof
phosphate buffer saline (PBS) to get rid
of bacteria that were floating around.
After 15 to 20 minutes of ethanol
addition, a micro- ELISA reader (at 570
nm wave length) was used to read the
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dye associated with the adhering

biofilm.

Table (1): Classification of bacterial adherence and biofilm formation by microtiter plate assay
method (15

Mean OD values Adherence Biofilm formation
(OD <0.5) None None
(OD > 0.5 but <1) Weak Weak
(OD >1but<2) Moderately Moderate
(OD >2) Strong High

Antimicrobial susceptibility test

Disc diffusion method or Kirby-
Bauer technique was used to conduct
the susceptibility testing for 22 different
antibiotics was executed depended on
recommendations given by the Clinical
Laboratory Standards Institute (CSLI)
and also we used VITEK-2 system in
the Antimicrobial susceptibility test.

Molecular methods
DNA extraction

Genomic DNA Extraction Mini
Kit (Favorgen®, Korea), was used to
extract DNA from E. faecalis isolates,
purity and concentration of DNA
isolated were calculated, primer
sequence of FsrB and 23SrRNA gene
their size product are shown in table (2).

Table (2): The primers, sequence for detection of genes

Target gene Nucleotide sequence (5'—3") Product Size/ bp Reference
FsrB F-TACAGGGAGTATCATCAGACC 144 Desianed
R-CAGCCATCTGATTTAAACGTG g
23S rRNA F-GAAGGGGAGTGAAATAGATCC .
R-GACTACATACTCATTTGCCCT L Designed

Results and discussion
Isolation and identification

Under a microscope, all bacterial
isolates were recognized as Gram-
positive cocci with ovoid or spherical
forms that may be seen alone, in pairs,
or in short chains.. On HiCrome™ UTI
Agar differential medium, the colonies

were spherical, small, with a blue
colony, while colonies of E. faecalis on
the blood agar were in a white color and
surrounded by a transparent halo, which
indicates they were able to lyse blood
cells and produced beta hemolysis (B-
hemolysis) (16) as shown in (Figure 1).

Figure (1): Enterococcus faecalis growth on culture media HiCrome™ UTI Agar

According to the biochemical
properties, isolates of E. faecalis that
identified in this study; were positive
for the Voges-Proskauer But they were
negative to the catalase, oxidase test,
Methyl red, citrate, urease test and

indole test, according to the study that
stated the same results about this
bacteria (17) who reported that all
isolated identified by using
biochemical test.
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This study's findings revealed that
100% of isolates were able to produce
biofilm but in different level which
ranged from weak to moderate then
strong. Isolates were more common 12
(37.5%) among weak biofilm formers,
while 11 (34.375%) isolates were
moderate and 9 (28.12%) were strong
biofilm formers. A local study
conducted by Aya (18), there are
dissimilarities with current study as
they revealed that 44% of isolates were
strong biofilm former, 50% moderate
and 6% weak biofilm former.
Antibiotic Susceptibility

The 32 isolates were completely
showed very high resistant (96.875%)
to Cefpodoxime, , Eryrthomycin and
Ceftriaxone, while some isolates
showed high resistance to Cefixime and
Cefoxitin  (93.75%), Cefepime and
Ceftazidime (90.625%).Moderate
resistance to Tetracycline (68.75%),
Levofloxacin (62.5%), and show low
resistance to Vancomycin (46.875%),
Gentamicin ~ (43.75%), Teicoplanin
(37.5%), Linezolid (28.125%),
Ampicillin(25%), Daptomycin (18.75
%), and Amikacin (12.5%), The
sensitivity test results percentage which
show as in (Table 2).

Table (2): Antibiotic Susceptibility of 32 Enterococcus faecalis isolates.

Antibiotic Sensitive (%0) Resistance (%0) P-value
Tigecycline 26 (81.25) 6 (18.75) 0.0074 **
Tetracycline 10 (31.25) 22 (68.75) 0.037 *
Minocycline 5 (15.625) 27 (84.37) 0.0009 **
Doxycycline 8 (25) 24 (75) 0.0026 **
Vancomycin 17 ( 53.125) 15 ( 46.875) 0.724 NS
Teicoplanin 20 ( 62.5) 12 ( 37.5) 0.046 *
Daptomycin 26 (81.25) 6 (18.75) 0.0074 **

Linezolid 23 (71.875) 9 (28.125) 0.027 *

Eryrthomycin 1(3.125) 31 ( 96.875) 0.0001 **

Norfloxacin 8 (25) 24 (75) 0.0026 **

Levofloxacin 12 (37.5) 20 (62.5) 0.046 *
Ciprofloxacin 6 (18.75) 26 ( 81.25) 0.0003 **

Amikacin 28 ( 87.5) 4(12.5) 0.0001 **
Streptomycin 4(12.5) 28 (87.5) 0.0001 **
Gentamicin 18 ( 56.250) 14 ( 43.75) 0.307 NS

Cefepime 3(9.375) 29 ( 90.625) 0.0001 **
Ceftriaxone 1(3.125) 31 (96.875) 0.0001 **
Ceftazidime 3(9.375) 29 ( 90.625) 0.0001 **
Cefpodoxime 1(3.125) 31 (96.875) 0.0001 **

Cefixime 2 (6.25) 30 (93.75) 0.0001 **

Cefoxitin 2 (6.25) 30 (93.75) 0.0001 **
Ampicillin 24 (75) 8 ( 25) 0.0026 **

P-value 0.0001 ** 0.0001 **
* (P<0.05), ** (P<0.01).
The E. faecalis isolates showed 43.75% Gentamicin, 37.5%

that 25% were resistant to Ampicillin,
this result was similar the result of (19)
who showed that 25 % of Enterococcus
faecalis were resistant to Ampicillin.
Enterococcus faecalis isolates showed
that 81.25 % were resistant to
Ciprofloxacin, 18.75% Tigecycline,

Teicoplanin, this result was contradicts
the result of (20) who showed that 4 %
of Enterococcus faecalis were resistant
to Ciprofloxacin, Tigecycline and
Gentamicin. Result of present study
showed that 46.87 % were resistant to
vancomycin this result was close to
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result (20) that showed that 53% were
resistant to vancomycin. This study
showed that isolates were resistant to
Ampicillin and Tetracycline this result
is identical to (20) but with a slight
difference in proportions. E.faecalis
isolates showed that 96.875% were
resistant to Erythromycin, which is
similar to the studies (21) who exhibited
that 100% and 96% of E. faecalis
isolates were resistant to Erythromycin.
Molecular methods for identification
of Enterococcus faecalis isolates

To detect 23S rRNA gene for
diagnosing of E. faecalis, thirty two
isolates of E. faecalis were tested using
the PCR method.. All the tested E.
faecalis clinical contained 23S rRNA
gene (177bp). With 2% agarose gel
electrophoresis stained with Redsafe,
electrophoresed at 70 volts for 60
minutes, and photographed using an
ultraviolet (UV) Trans illuminator, the
favorable 23S rRNA gene result was
confirmed in (Figure 2).
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Figure (2): Agarose gel electrophoresis of conventional PCR amplification products of
23SrRNAgene in E. faecalis isolates. M: marker (100 bp ladder); lanes 1-23: PCR amplicons of
target genes. (Expected size 177bp; 2% agarose, 70 Vol / 1 hour)

According to (figure 2), the 23S
rRNA gene is present in all E. faecalis
isolates isolated from urine samples.
The current study's findings were
comparable to those of the previous one
(22).

Molecular detection of FsrB Gene

FsrB gene had been detected in E.
faecalis isolates by PCR technique,
FsrB positively confirmed by agarose
gel electrophoresis in 2% agarose
stained with Redsafe and then

electrophoreses in 70 V for 60 min and
then photographed under  the
transilluminator as shown in figure 3).
The result display that FsrB gene band
was detected at 144bp region,
26(81.2%) of E. faecalis isolates have
FsrB gene. The findings of the current
investigation were comparable to those
of a previous study (23), which found
that the FsrB gene was present in 80%
of E. faecalis isolates.
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Figure (3): Agarose gel electrophoresis of conventional PCR amplification products of FsrB gene in
E. faecalis isolates. M: marker (100 bp ladder); lanes 1-23: PCR amplicons of target genes.
(Expected size 144 bp; 2% agarose, 70 Vol / 1 hour.

The results of another
investigation conducted by (24) who
demonstrated that 100% of E. faecalis
isolates have the FsrB gene were in
disagreement with our findings. The
results of another investigation
demonstrated that 11.8% of E. faecalis
isolates possess the FsrB gene, were in
disagreement with our findings (25).
Conclusion

According to our study, the
spread of Enterococcus faecalis began
to increase significantly compared to
previous years. The study proved that
Enterococcus faecalis were highly
resistant to Cefpodoxime, Eryrthomycin
and Ceftriaxone and highly sensitive to
Amikacin. The study proved that all
isolates were biofilm producers. Also
The study proved that all isolates
contain the 23SrRNA gene The current
in vitro study demonstrats the presence
of FsrB quorum-sensing gene.
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