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ABSTRACT

Modifying the biofilm-forming ability of Enterococcus faecalis may offer a valuable approach to treating
infections. This study evaluated the effects of sub-minimum inhibitory concentrations (sub-MICs) of cefepime
and Thymus vulgaris essential oil, alone and in combination, on the biofilm formation of E. faecalis isolated from
urine samples of patients with urinary tract infections (UTIs). Minimum inhibitory concentrations (MICs) of both
agents were determined, and their sub-MICs were tested using a polystyrene microtiter plate assay. Real-time
PCR was used to assess the effect of cefepime sub-MICs on esp gene expression. The checkerboard assay was
employed to evaluate the combined effect of both agents on biofilm inhibition. The incidence of UTI infection
with E. faecalis was 13.15% of UTI cases. No significant correlation was observed between cefepime
susceptibility and biofilm formation (r = —0.28, P = 0.42), whereas a significant positive correlation was found
with T. vulgaris essential oil (r =+0.66, P < 0.05). Sub-MICs of cefepime (Y4, Y4, %, and Yi¢ MIC) and T. vulgaris
essential oil (%2 and ¥4 MIC) significantly reduced biofilm formation (P < 0.05). Additionally, cefepime sub-
MICs significantly downregulated esp gene expression (P < 0.05). The combination of both agents at sub-MICs
showed greater inhibition of biofilm formation than either agent alone. These findings suggest that cefepime and
T. vulgaris essential oil, particularly in combination at sub-MIC levels, may be an effective strategy to control .
faecalis biofilm-associated infections.
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1. INTRODUCTION implementing different mechanisms one of them is the

The biofilm formation is a huge change in
healing the infectious diseases caused by several
pathogenic bacteria. The biofilm is a physical barrier that
either prevent or reduce the antibiotics to reach the
bacteria cells that impeded deeper in biofilm body."* The
biofilm formed by different bacterial genera.
Enterococcus faecalis is a Gram-positive streptococcal
bacterium which concern in medical microbiology due to
its resistance to wide spectrum of antibiotics by
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ability of this bacterial species to form biofilm on biotic
and abiotic surfaces in vivo and in vitro.? It is a
nosocomial pathogen and a part of the normal gut flora;
however, it can cause severe endocarditis, urinary tract
infection (UTI), and wound infections, particularly in
immunocompromised patients.*> The formation of
biofilm in E. faecalis enhances bacteria to survive in
hostile environments, contributes to persistent infections,
and protects the bacteria from antibiotic therapy and host
immune responses.®
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Cefepime is a fourth-generation cephalosporin,
which is usually effective against a different pathogenic
bacterial genus.” It is primarily used to treat urinary tract
infections (UTIs) by binding penicillin-binding proteins
(PBPs), modifying in the synthesis of bacterial cell wall
that leading to limiting the bacteria growth.® Thymus
vulgaris essential oil is extracted from the flowering
parts and leaves of the 7. vulgaris. It has been widely
studied and used for its antimicrobial properties. It
composed of several chemicals, i.g. thymol (20-60%)
and carvacrol which have antimicrobial and antifungal
properties.’

The sub-inhibitory concentrations [sub-
minimum inhibitory concentrations (MIC)] influence
bacterial behavior, including biofilm formation, without
inhibiting bacterial growth. Previous studies showed that
the sub-MICs of antibiotics promote biofilm-related
genes or facilitating adhesion to different surfaces.!”
Recent studies showed that the sub-MICs of antibiotics
decrease the biofilm production to biotic and abiotic
surfaces.!'"!3 Biofilm formation enhances pathogenicity
and increases bacterial resistance to antibiotic treatment.
Previous studies reported the involving the Enterococcal
Surface Protein (esp) gene in the biofilm formation of E.
faecalis including.'* and the other bacteria'®

Understanding the effect of cefepime and T.
vulgaris essential oil sub-MICs, and the combination of
sub-MICs of both agents on biofilm formation is
important for establishing the future strategies of public
health programs, as it may provide insight into novel
treatment strategies and inform clinical practice. The
above points that would be clear in the present study are
scanty in literature that is why the present study aims to
fill the gap of the knowledge regarding the level of
effects of cefepime and 7. vulgaris essential oil sub-
MIC:s on the biofilm formation and the possibility of use
the combination of these agents in improving the
antibacterial effect of the cefepime against E. faecalis.

2. MATERIALS AND METHODS
2.1 Isolation and Identification

The midstream urine specimens were collected
in a sterile container from inpatients (73 samples)
suffering from UTIs (Baghdad Teaching Hospital,
Baghdad, Iraq). All patients did not receive antibiotic
treatment 72 h before the sample collection date and
consented to participate in the study (They signed the
consent form). The samples were immediately
transferred to the laboratory. Briefly, the urine samples
were cultured onto MacConkey agar (HiMedia, Mumbai,
India), and cysteine lactose electrolyte deficient (CLED)
(Himedia) and incubated for 18 h at 37 °C. The bacteria
were identified based on appearance on gram stain,
growth in 6.5% NaCl, catalase-negative, and growth on
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bile esculin medium (Hardy Diagnostics). The VITEK 2
DensiCheck instrument (bio- Mérieux, Marcy—l’Etoile,
France) was used to confirm the identification of the
isolates.!® The bacterial isolates were subcultured onto
the nutrient agar plates for short-term storage.'”

2.2 T. vulgaris essential oil

The standard method of Galovi¢ova et a., (2021)
were followed to prepare 7. vulgaris essential oils. The
plant samples (flower) were purchased from the local
market. The plants were cleaned, then washed by
distilled water and dried at room temperature, and then
storage in clean conditions until use. The essential oils of
these plants were prepared by dried the plant parts. Two
hundred fifty grams of dried parts by steam distillation
method (Cleavenger) using DMSO (Dimethyl
Sulfoxide). The prepared essential oils were dried at 37
°C and kept at 4° C until used.'

2.3 Minimum inhibitory concentration (MIC)

The micro-dilution method of Al-Mutalib &
Zgair (2023) was followed to measure the MICs of
cefepime and 7. vulgaris essential oil against ten E.
faecalis (Ef1, Ef2, Ef3, Ef4, EfS, Ef7, Ef8, Ef9, Ef10, and
Ef18) isolates. 500 pg of cefepime (Sanofi) was
dissolved in sterile Mueller—Hinton broth to prepare a
stock concentration (2 mg/ml). Double-fold dilutions
(100 pL) were prepared in the microtiter plate (U shape)
with sterile MHB (HiMedia). Five microliters of E.
faecalis were added to each well. The bacterial
suspension was prepared by washing the overnight
growth (grown at 37 °C in MHB) of bacteria with sterile
phosphate-buffered saline (PBS; 0.1 M, pH 7.2) using
centrifugation at 5,000 g for 10 min (Beckman Coulter,
Brea, USA), and the optical density of bacterial
suspension was adjusted to 0.1 at the wavelength 600 nm
(double-beam spectrophotometer model SP-
MUVS8000T; Bioevopeak, Jinan, China). Similar method
was followed to evaluate the MIC of T. vulgaris essential
oil against the ten E. faecalis. The plates were shaken
gently and incubated at 37 °C for 18 h. Control 1: wells
contain MHB and bacterial isolate, control 2: wells
contain MHB only. Control 3: different double dilutions
of anti-bacterial agents (cefepime or 7. vulgaris essential
oil) in MHB. The lowest antibiotic concentrations
completely inhibit growth considered MIC.!!

2.4 Biofilm formation

The previous method was followed to measure
the biofilm formation of the ten E. faecalis isolates.
Briefly, 200 pl of sterile Tryptic Soy Broth (TSB,
HiMedia) were added to flat-bottom polystyrene tissue
culture plate wells. The standard inoculum (5 ul, 0.1 at
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600 nm) of E. faecalis (described in 2.3) was added to
each well and incubated at 37 °C for 24 h. The TSB was
discarded, and the plates were washed three times with
sterile distilled water. The plates were dried and 200 pl
of Hucker crystal violet (0.4%) was added to each well.
The plates were incubated at room temperature for 15
min and washed 5 times with distilled water. After drying
the wells, 200 pL of anhydrous ethanol was added to the
wells. The optical density (OD) was measured at a
wavelength of 570 nm using a microplate reader (BioTek
800 TS; Winooski, USA). The experiment was repeated
in triplicate.!!-1319

2.5 Effect of sub-MICs on biofilm formation

In this experiment, the effect of different
concentrations of cefepime and 7. vulgaris essential oil
on the biofilm formation of E. faecalis isolate that
produced the level of biofilm. The previous method was
followed to evaluate the level of biofilm formation with
modifications.'>!? Instead of TSB, the serial dilutions of
sub-MICs of cefepime MICs [/2 MIC (31.25ug/mL), Y4
MIC (15.62 pg/mL), /s MIC (7.8 pg/mL), '/16 MIC (3.9
pg/mL), /3 MIC (1.9 pg/mL), and ' MIC (0.97
ug/mL)] and serial dilution of 7. vulgaris essential oil
presented in dilutions [/2 MIC (0.0125), 4 MIC
(0.00625), '/s MIC (0.003125), /16 MIC (0.001563), '/3,
MIC (0.000781), and !/es MIC (0.000391)] were
prepared in TSB (Himedia) in the wells of a polystyrene
microtiter plate (flat shape) were used. The plates were
incubated at 37 °C for 18 h and then washed three times
with sterile distilled water to remove non-adherent
bacteria. The wells were subsequently air-dried. Then,
200 pL of crystal violet solution was added to each well
and incubated at room temperature for 15 min. After
staining, the wells were washed five times with distilled
water to remove excess dye and were then allowed to
dry. Two hundred microliters of anhydrous ethanol were
added to each well. The absorbency was measured (OD
370 nm) ysing a microplate reader (BioTek 800 TS,
Winooski, USA). The plate count method was used to
check the viable number of bacteria under the stress of
sub-MICs (cefepime and T. vulgaris essential oil) before
starting the experiment of evaluation the biofilm
formation. The experiment was repeated in triplicate.!>!3

2.6 Esp gene detection and expression

The standard previous method was followed to
detect the esp gene in the E. faecalis that produced the
highest level of biofilm, using the Thermal Cycler
machine model T100 (Bio-Rad Lab. USA), the sequence
of primer and the conditions of experiment was describe
in details in previous studies.?*!* The RNA was isolated
from bacterial suspension (10° c.f.u./ml) using the
previous procedures described by Cheung et al. (1994).%!
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The RNA purification and cDNA generation were done
as described by Nallapareddy et al. (2006).2> The
TagMan Universal PCR master mix (Applied
Biosystems) was used to do the Real-time PCR (7500
Fast Real-Time PCR System, Applied Biosystems™
USA). The condition of real-time procedure was
descripted previously.'* The AACT method of Livak et
al. (2001) was used to calculate the difference in esp
mRNA present in bacteria grown at 37°C using 23S
rRNA as an internal control.?* In this experiment the
expression of gene was measured in the Ef9 under the
stress of antibiotic and compared with the expression of
the same gene in Ef9 without any stress. Analyses were
performed in triplicate.

2.7 Effect of combination of sub-MICs of H-0O: and
cefotaxime on biofilm formation

The checkerboard assay in a 96-well (flat-
shape) polystyrene microtiter plate was used to
determine whether the combination of cefepime and T.
vulgaris essential oil enhances antibiofilm efficacy
compared to either material alone. In the study the E.
faecalis that produced the highest biofilm production
was used. Briefly, 100 uL of sterile TSB (Hi-Media,
India) was added to each well. A horizontal double-fold
serial dilution of cefepime (Sanofi) was prepared in
double fold dilutions (from 2000 to 1.95 pg/ml) and
applied across all wells in each row of the plate (wells
1 to 11). A vertical double-fold serial dilution of 7.
vulgaris essential oil (from !/160 to /10240, stock solution
prepared freshly) was prepared starting from row A to
G of microtiter plate. Subsequently, 5 uL of E. faecalis
(optical density 0.1 at 600 nm, prepared according to
the method describes in 2.3) was added to each well.
The microtiter plates were gently shaken and incubated
at 37 °C for 18 h. Then, the plates were dried and stained
with 100 pL of Hucker crystal violet (0.4%) for 15
minutes, then washed five times with distilled water.
After drying, 100 pL of anhydrous ethanol was added
to each well. The absorbance was measured at 570 nm
using a microplate reader (BioTek 800 TS; BioTek,
Winooski, USA). The experiment was repeated in
triplicate.'!4%5

2.8 Statistical analyses

The statistical analysis was conducted and the
graphs were generated utilizing Origin v. 8 software
(OriginLab, Northampton, USA). The data were
presented as means + standard error (M = SE). The
disparities were assessed utilizing a student’s t-test and
one-way analysis of variance (ANOVA). The
relationship was evaluated with Pearson’s correlation
coefficient (r). A P< 0.05 was deemed statistically
significant.?®- 2’
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Figure 1. The relationship between biofilm formation of the ten isolates of E. faecalis and MICs of cefepime (black line and dots) and T.
vulgaris essential oil (red line and dots). 7: Pearson correlation coefficient; P<0.05 considered a significant relationship. OD, optical density.

3. RESULTS
3.1 Bacterial isolates

Ten isolates of E. faecalis were isolated from 73
urine samples collected aseptically from patients
suffering from UTIs. The bacterial species were
identified using microscopic and biochemical tests. The
isolates were further confirmed as E. faecalis using
VITEK 2 technology. The present study revealed a high
incidence of urinary tract infections with E. faecalis
(13.15%).

3.2 Antibiotic susceptibility and biofilm formation

The MICs were measured for ten isolates of E.
faecalis against cefepime. The results showed that the
highest MIC of cefepime was against Ef3 and Ef18 (2000
ug/ml) followed by Ef10, while the lowest MIC of
cefepime was against Ef7, Ef8, and Ef 9 (62.5 pg/ml) .
The highest 7. vulgaris MIC dilutions were observed
against Ef1, Ef2, and Ef4, while Ef9 exhibited the lowest

dilution. The E. faecalis (Ef9) produced the highest level
of biofilm (0.34 + 0.06) followed by Ef4 (0.24 + 0.096).
The lowest biofilm was produced by Ef8 (0.062 + 0.015),
Table 1. The study showed that the isolates produced the
biofilm on a polystyrene microtiter plate. That is why the
isolate Ef9 will be used in further experiments.

The relationship between the biofilm formation
of the ten isolates and the MICs of cefepime and T.
vulgaris essential oil against ten isolates of E. faecalis
that were isolated from urine specimens collected from
patients with UTI (Figure 1). The study showed there is
no statistical correlation between the MIC of cefepime
(r: -0.28, P>0.05) against ten isolates and the biofilm
formation of the same isolates. However, statistical
correlation was seen between the MIC of T. vulgaris
essential oil (r: +0.66, P<0.05) against ten isolates and
the biofilm formation of the same isolates.

3.3 Effect of Sub-MIC:s of agents on biofilm formation

Effects of the sub-inhibitory concentrations of
cefepime and T. vulgaris essential oil on the biofilm

Table 1. The minimum inhibitory concentrations of cefepime and 7. vulgaris essential oil against ten isolates of E. faecalis and biofilm
formation of the same isolates. The results presented in mean + standard deviation (SD). OD, optical density

No Isolates Cefepime MIC (ug/mL)  T. vulgaris essential oil MIC (dilutions) Biofilm OD%00 nm
1 Ef1 31.2+31.2 0.00161 +0.00033 0.22775 £0.0818
2 Ef2 125+ 15.6 0.00161 +0.00033 0.0875 £0.03254
3 Ef3 2000 +31.2 0.0032 £+ 0.00065 0.0775 £0.04162
4 Ef4 125+15.6 0.00162 £ 0.00031 0.24125 £0.096
5 Ef5 250+ 15.6 0.0032 = 0.00065 0.107 £ 0.04546
6 Ef7 62.5+62.5 0.0032 = 0.00065 0.10375 £0.03796
7 Ef8 62.5+31.2 0.0032 £+ 0.00065 0.0625 +0.01563
8 Ef9 62.5+125.6 0.025694 + 0.005243 0.34725 £0.06999
9 Ef 10 500+ 15.6 0.0064 +0.0013 0.0935 +£0.04847
10 Ef 18 2000 + 250 0.0032 +0.00065 0.175+0.03385
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Figure 2. Effect of cefepime sub-MICs [ MIC (31.25ug/mL), ¥ MIC (15.62 pg/mL), /s MIC (7.8 pg/mL), /16 MIC (3.9 pg/mL), /32 MIC
(1.9 pg/mL), and /64 MIC (0.97 pg/mL)] and T. vulgaris essential oil sub-MICs presented in dilutions [/4 MIC (0.0125), ¥ MIC (0.00625), !/s
MIC (0.003125), /16 MIC (0.001563), /32 MIC (0.000781), and !/6a MIC (0.000391)] on biofilm formation of E. faecalis isolate that produced
the highest level of biofilm (Ef 9). Results were expressed in the average biofilm formation of Ef9 with standard deviation [mean + SD (standard
deviation)]. Asterisks indicate a significant difference (P<0.05) from the control (biofilm level according to optical density (OD) values at 570
nm without agents’ stress). The results presented in mean + standard deviation (SD).

formation of the E. faecalis (Ef 9) isolate that produced
the highest level of biofilm to polystyrene were
evaluated (Figure 2). The results were expressed as the
mean =+ standard deviation of the biofilm formation
(OD%"m) " The current study demonstrated that sub-
MICs of cefepime (2 MIC, Y4 MIC, /s MIC, and /16
MIC) significantly reduced biofilm production (P <
0.05) compared to the control (biofilm formation of E.
faecalis without exposure to cefepime). The treatment of
the isolates with /3 and !/es of cefepime did not
significantly affect (P>0.05) the biofilm formation to
polystyrene. The present study showed that sub-MICs of
(Ef9), which produced the highest level of biofilm on
the polystyrene microtiter plates. Figure 3 shows that
sub-MICs of cefepime (Y2 MIC, Y4 MIC, /s MIC, /6
MIC) significantly down-regulated the esp gene
expression (P<0.05). However, no significant change in
esp gene expression was observed when the Ef9 was pre-
exposed to /32, and /64 MICs of cefepime (P>0.05).

3.5 Effect of combination of Agents on Biofilm
Formation

The present study demonstrated the effect of
combining different concentrations of cefepime with
various dilutions of 7. vulgaris essential oil on the
biofilm formation of the Ef9 isolate. The results
indicated that the combination of both agents
significantly reduced biofilm formation (P < 0.05)
compared to the effect of each agent alone (control 1 and
control 2). The greatest reduction in biofilm formation

T. vulgaris essential oil up to Y4 reduced the biofilm
formation (P<0.05), However, the other sub-MICs of 7.
vulgaris essential oil ('/s, /16, /32, and /s MIC) did not
reduced the biofilm formation to polystyrene microtiter
plate significantly (P>0.05).

3.4 Effect of sub-mics of cefepime on esp gene
expression

The effect of sub-MICs of cefepime on esp gene
expression was shown in the present study. The
expression of this gene was investigated in E. faecalis
was observed with the combination of 2 MIC of both
agents, resulting in an optical density (OD) of 0.9 (P <
0.05 compared to control 1 and control 2). In contrast,
the lowest reduction was observed with the combination
of /64 MIC of both agents, yielding an OD of 0.29, which
was not statistically significant (P > 0.05 compared to
control 1 and control 2), Table 2.

4. DISCUSSION

The biofilm is a significant factor contributing to
persistence and virulence of pathogenic bacteria in
different places either in vivo or invitro, especially in
nosocomial acquired infections that exhibit resistance of
bacteria to a wide spectrum of antibiotics. Previous
studies have shown that sub-inhibitory concentrations of
antibiotics  variably affect bacterial biofilm
formation.!!"13-202829 Inyestigating the effect of cefepime
concentrations in alteration of E. faecalis biofilms may
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Table 2. The biofilm formation of E. faecalis (Ef9) under the stress of different concentrations of cefepime and dilutions of 7. vulgaris essential
oil in terms of optical density at 570 nm. Cintroll: effect of different concentrations of cefepime on the biofilm formation of Ef9; control 2:
effect of different dilution of 7. vulgaris essential oil on the biofilm formation; control 3: biofilm formation of Ef9 without any stress.

T vgaris Concentrations of cefepine in micrograny/ mi. (ug/ml) |

essential ail contral 2 (0
dilutions 2000 | 1000 | 500 | 250 | 125 |4&25MC | 3125 | 156 | 78 | 39 | 195 | 097 Cefepirme)
01 0038 [0039 | 003 |0035 [0038 | 4% |0037 | 004 | 0039 | 0034 | 004 | 004 004
005 004 |004 | 004 [0038 | 0039 | 404 | 004 | 0039 | 0037 | 0039 [0039 |0038 0035
0025 MQ aos | aoss | aoa | aozs | aow | aowz | aoss | aowz | aoss | aos | aow | oo a7
0012 % mc 004 |0042 [004 | 005 |0046 | aous

0.0062 Y mc 004 | 004 | 004 |0046 |0047 | Qo4

000313 o mc 0039 | 004 |004 | 0045 | 0043 | aasll

0.00156 s mc 0037 | 004 [004 0042 |0045 | aow

0000782 /zmc | 00384 | 0039 | 0042 | 0039 |0049 | ao5

000039'/umc | 004 | 0042 |0043 |0044 | 0051 | a4

0 (control 1) 004 |00% | 005 | 004 |0042 | aos

provide appreciated insights into developing more
effective treatment strategies and the effect of low
concentrations of antibiotics in curing E. faecalis
infectious diseases including UTIs.*® Previous studies
showed that the resistance to the antibiotics increase time
to time, thus the using of safe materials as the alteration
strategies in the treatment of the infectious diseases
cause by the high resistance bacteria to antibiotic is
considered a promising treatment strategy. Several
previous studies reported the antimicrobial and anti-
biofilm effect of 7. vulgaris essential oil 3!

In the current study, ten isolates of E. faecalis
were investigated. A relatively high incidence of
infection was associated with these isolates. The MICs
of cefepime and 7. vulgaris essential oil were determined
to assess their antimicrobial activity. The isolates
exhibited variable susceptibility to both agents. Similarly,
biofilm formation capacity varied among the isolates. No

significant correlation was observed between biofilm
formation and susceptibility to cefepime. This
improvement suggests that, in addition to biofilm
formation, other mechanisms may contribute to the
response of E. faecalis to cefepime i.e. low binding
affinity of penicillin-binding proteins (PBPs) and E. faecalis
strains produce [-lactamases that hydrolyze B-lactam
antibiotics.>** In contrast, a positive correlation was
found between biofilm formation and the dilution of T.
vulgaris essential oil. Sub-inhibitory concentrations of
both cefepime and 7. vulgaris essential oil reduced
biofilm formation on abiotic surfaces (polystyrene) to
varying degrees. Moreover, higher sub-MICs of
cefepime were found to downregulate the expression
of the esp gene. The combination of different
concentrations of cefepime and dilutions of 7. vulgaris
essential oil resulted in a greater reduction in biofilm
formation compared to the effect of each agent alone

— #*

Fold change

— #*

T
182 MIC

T T T T T T T T T T T T 1
& MIc 18 MIC 1418 MIC 132 KMIC 184 MIC Control

Sub-MICs of Cefepime

Figure 3. Fold change of esp gene expression of E. faecalis (Ef9) post-exposure to the different concentrations of sub-MICs of cefepime.
Asterisks indicate a significant difference (P<0.05) from the control (Fold change of esp gene expression of E. faecalis without cefepime

stress). The results presented in mean + standard deviation (SD).
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No previous studies investigated the effect of
sub-inhibitory concentrations of cefepime. The previous
study of Liu et al., (2020) highlighted the effect of sub-
MIC of T. vulgaris essential oil on the biofilm formation
of E. faecalis’® But there is no previous study
investigated the effect of the combination of both agents
on the biofilm formation of E. faecalis. Previous study
investigated the sub-MICs of ampicillin, penicillin, and
gentamicin interfere with the expression of biofilm
formation genes of E. faecalis and they suggested this
topic required further study to clarify the role of sub-
MIC of the antibiotics on the biofilm formation of F.
faecalis.*® Another study reported that the sub-MICs of
penicillin G, amoxicillin, doxycycline, fosfomycin,
tetracycline, and vancomycin enhanced the biofilm
formation of E. faecalis.’’ However, earlier studies
showed that the sub-MICs of ofloxacin, rifampicin, and
ceftriaxone decreased the biofilm formation of P.
aeruginosa in vitro.""'* Previous study showed that the
sub-MIC of 7. vulgaris essential oil reduced the biofilm
formation of candid albicans and the study also showed
the synergistic effect of sub-MICs of T. vulgaris
essential oil with antifungal medicine.

The decreasing in biofilm formation of bacteria
observed in this study may be attributed to the
interference of antibiotics with key mechanisms
involved in biofilm formation, such as environmental
conditions, quorum sensing (QS), gelatinase (GelE),
cytolysin, enterococcal surface protein (Esp), and the
role of bacterial appendages.?* 2* 3¥42 The outcome of
the present study showed that the combination of sub-
MICs of cefepime and 7. vulgaris essential oil reduce
the biofilm formation, suggesting their potential as
adjunct therapies to combat biofilm-associated
infections and improve treatment outcomes in UTI
patients. Further research is necessary to clarify the
mechanisms of sub-MIC levels to reduce biofilm
formation and to assess their impact on bacterial
susceptibility to antibiotics. While our study provides
valuable insights, reliance solely on in vitro results is
insufficient; in vivo studies are essential to validate and
extend these findings. The current study opens the new
approach of possibility of using the safe material of 7.
vulgaris essential oil in improving the activity of the
antibiotics.

5. CONCLUSION

The present study revealed a relatively high
incidence of urinary tract infections (UTIs) caused by F.
faecalis. The ability of E. faecalis to form biofilms and
its susceptibility to cefepime and 7. vulgaris essential
oil varied among isolates. No significant correlation was
found between biofilm formation and susceptibility to
cefepime. However, a significant positive correlation
was observed between biofilm formation and the
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different dilutions of 7. vulgaris essential oil. Sub-MICs
of both cefepime and 7. vulgaris essential oil reduced
biofilm formation by E. faecalis in a concentration-
dependent manner. Furthermore, sub-MICs of cefepime
downregulated the expression of the esp gene, providing
insights into the potential mechanism through which
cefepime inhibits biofilm formation. The combination
of cefepime and 7. vulgaris essential oil significantly
reduced biofilm formation, suggesting that using both
agents at sub-MIC levels may serve as a promising
strategy for treatment.
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