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Abstract

The aim of this investigation was to monitor the occurrence of extended-spectrum beta-lactamase
(ESBL) E. coli strains along the Upper Litany River Basin (ULRB), genotype ESBL producers, and determine
their sensitivity to different essential oils (EOs). Thirty five E. coli strains were isolated and recognized
using double-disc synergy test, then studied for the detection of key ESBL genes and Shiga-toxin genes
using multiplex polymerase chain reaction (PCR). Minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC) broth microdilution, beside the time-kill assay were applied to
determine the antibacterial activity of the EOs against the ESBL E. coli. EOs activity on biofilms was
detected by antibiofilm screening. 22.8% strains were verified as ESBL producers and bla_, = was
identified in all strains, then bla_, with 50% of prevalence, and there was no detection of bla_,,,
bla,, , and both stx, and stx, genes. Sesame oil revealed the highest antibacterial activity. Followed
by Coconut, Lettuce, and Almond oils with a concentration ranging between 6.25% and 50%. Almond,
Sesame, and Lettuce oils showed an interesting effect against biofilm formation, and Coconut and
Sesame oils were effective against preformed biofilms. Our study showed the antibacterial and
antibiofilm effects of EOs against ESBL E. coli.
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INTRODUCTION

The appearance of resistant bacteria
represents a giant common health trouble over the
world and represent a menace to the success of
frequent infection treatment within a community.
Antimicrobial resistance is considered by the
World Health Organization (WHO) to be one of
the extremely serious common wellness troubles.
The spreading of antibiotic-resistant (ABR) bacteria
is highly correlated to water pollution which can
lead to life disturbing and difficulties in infections
treatment.® Numerous factors can favor the
dispersal of antimicrobial resistance (AMR) within
the aquatic ecosystems, beside its emergence to
different localities. This consists of the vocational
human susceptibility to these bacteria, the
discharge of wastewater to the environment
without treatment through rivers, the excessive
usage of chemicals, nutrient-rich soil or water, or
by the runoff from agricultural fields exposed to
fertilizers.2

A deterioration of the quality for the
groundwater in Lebanon is determined due to
anthropogenic pollution and huge abstraction.
Furthermore, the karstic nature of the surface
water reservoirs leads to the increase in the chance
of bacterial pollution. The ministry of environment
in Lebanon (MoE, 2020) showed in SOER (State
of the Environment and Future Outlook Report)
presented in 2020 cooperating with United Nations
Development Program (UNDP), the United Nations
International Children’s Emergency Fund (UNICEF),
and the United Nations High Commissioner for
Refugees (UNHCR) that the principal cause of
reduced extend of wastewater treatment is the
lack of connection between the previous sewage
systems and the working treatment plants.
According to the National Wastewater Surveillance
System (NWSS, 2010), Lebanon generated
around 310 million Cubic Meters (MCM) of
wastewater. From the total produced wastewater,
approximately 8% only was treated, as well as
about 60% of the population was associated to a
network of sewage collection (MoE, 2020), with
the discharge of untreated wastewater into rivers
from these networks. The previously mentioned
pollution powerfully proposes the contamination
of different water surfaces. It represents a water
body full of evacuated or disposed antibiotics used

for different medical or agricultural purposes?® and
distributes pollutants such as ABR pathogens to
different basic resources like the food chain.
Among these ABR bacteria, Escherichia
coli (E. coli) which represents one of the most
popular bacterium to show multidrug-resistance
caused by the wide variety and fast emerging
group of extended-spectrum B-lactamases (ESBL)
isolates described to be a severe challenge facing
opposite the therapy of infections deriving from
these ABR in health care and society settings.*
Furthermore, the resistance to cephalosporins
(third- and fourth-generation antibiotics)
intervened by the ESBL with other antibiotic
classes like sulfonamides, aminoglycosides, and
fluoroquinolones. This have conducted to the
large usage of carbapenems, which in succession
is related to resistance extension to these
antibiotic classes.* ESBL phenotype is stated
by enzyme families that are primarily classified
into class A (CTX-M TEM, SHV, VEB, and GES
families) beside class D beta-lactamases (OXA
family).® However, CTX-M type ESBL derived
from mobilization of blagenes in Kluyvera spp. a
non-dangerous bacterial strain.® Nowadays, the
explosive spreading for CTX-M-15 among Klebsiella
pneumoniae (K. pneumonia) as well as E. coli
has enhanced the worldwide epidemiology for
ESBLs CTX-M type enzymes. Nevertheless, it has
been reported among numerous patient groups
within various regions in the globe a regional
modification concerning the occurrence, sequence
types (STs), and circulating enzyme types among
ESBL producers.” In Asia and South Africa, the
incidence of ESBL producers is greater than 20%.8
Moreover, the finding of the pattern for ABR with
the principal genes within ESBL E. coli can give
useful information concerning their epidemiology
and the creation of new antimicrobial therapy.®
Other group of E. coli that represents a
major root of food-borne and water-borne diseases
is Shiga toxin E. coli (STEC). The infection by this
kind of bacteria could be mortal. It might lead to
grave disorders like hemolytic-uremic syndrome
(HUS) and hemorrhagic colitis.’® Two major kinds
of Shiga toxin are produced by STEC and named
as Shiga toxin 1 (Stx ) and Shiga toxin 2 (Stx,)."
Currently, it has been reported that the growth
and survival of a subset of STEC, E. coli 0157: H7,
is found within various aquatic ecosystems.'>13
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Drinking water and food contamination with STEC
constitute a critical health concern by reason of
the huge danger of diarrheal diseases water-borne
outbreaks.* Moreover, the lack of treatment to
surface waters used as drinking water reservoir,
failure of sewage assemblage processes, as well
as incomplete water disposal have been the
cause of potable water contamination via STEC.*
A previous study'® has revealed the detection of
ESBL-producing STEC isolates which represents
a worth health problem, since this kind of E. coli
shows a high antimicrobial resistance, in addition
to the production of Shiga toxin. The antibiotics
usage in different regions surrounding the Litany
River and the rise in the frequency of multidrug-
resistant ESBL in Lebanon can lead to a change in
the incidence of ESBL genotypes, and can increase
the prevalence of diarrheal diseases caused by
STEC.

On the other hand, the identification and
the description at the genetic level for ESBL E. coli
could be helpful for the improvement of suitable
treatment strategies and precaution from the
disease. To our knowledge, no data was previously
published addressing the prevalence of ESBL
among the ULRB. The spread of ESBL-producing
E. coliin Litany River water presents a remarkable
public health trouble due to the proliferation of
waterborne diseases and antibiotic resistance and
highlights the broader issue of antibiotic resistance
in the environment which has forced researchers
to work on new antimicrobial drugs in order to act
toward different human pathogens'” and explore
the use of plant-based essential oils as an effective
antimicrobial approach to combat these resistant
bacteria.

Essential oils (EOs) chemical composition
beside their antimicrobial effect were analyzed by
numerous investigators.'® The phyto-components
in different EOs have been described to show a
vast extent of their biological activities involving
antibacterial,'® antiviral,?® and antifungal®
effects. EOs effectivity is influenced by the
pathogens type and the extraction methods.?

The purpose of this investigation was to
assess the rate of fecal ESBL E. coli isolated from
different sampling sites of the ULRB, as well as
STEC ESBL E. coli by detection of various virulent
genes; including bla bla__ , bla_. ,and bla

CTX-M, TEM’ SHV/ OXA?

encoding for ESBL enzymes; and stx, and stx,,
encoding for Shiga toxin. Moreover, it suggests the
utilization of EOs as antibacterial agents to cure
the infections caused by the pathogenic bacteria
present in Rivers of Lebanon.

MATERIALS AND METHODS

Water samples collection and bacterial isolation

In this investigation, accomplished from
March 2019 to February 2020, seventy-two (n =
72) freshwater samples were taken from 6 selected
sampling sites along the ULRB and were sent to
the Microbiology Department of LARI - Tal Amara
- Begaa, Lebanon. Membrane filtration method
was applied to isolate the E. coli according to 1ISO
9308-1:2000.% Filters were passed onto RAPID’ E.
coli 2 agar (Bio-Rad, Hercules, CA, USA) plates then
incubated during 18-24 h at 44 °C. Different E. coli
strains were recognized using the analytical profile
index (API) 20E gallery (BioMerieux - France) based
on the procedure supported by the producer. E.
coli ATCC 25922 has been considered to be control
for biochemical description of different E. coli
isolates.

Antibiotic resistance profiles

The antibiotic resistance of isolated
strains was evaluated using Kirby-Bauer disc
diffusion test utilizing Mueller-Hinton agar (MHA)
plates according to the Clinical and Laboratory
Standards Institute (CLSI) standards (CLSI, 2019).
20 different antibiotics were used from different
classes including Combinations of Beta-lactamase
inhibitors: Amoxicillin-clavulanic acid (AUG; 30
pg); Cephalosporins: Cephalexin (CL; 30 ug),
Cefuroxime (CXM; 30 ug), Ceftazidime (CAZ;
30 ug), Cefotaxime (CTX; 5 ug), and Cefepime
(FEP; 30 pg); Penicillin: Amoxicillin (AM; 10
pg) and Piperacillin + Tazobactam (TPZ; 36
pg); Carbapenems: Ertapenem (ETP: 10 ug)
and Imipenem (IPM; 10 ug); Aminoglycosides:
Gentamycin (GMN; 10 pg), Amikacin (AKN; 30
ug), and Tobramycin (TOB; 10 pg); Quinolones:
Nalidixic acid (NA; 30 ug); Fluoroquinolones:
Levofloxacin (LVX 5 pg) and Ciprofloxacin (CIP;
5 ug); Monobactams: Aztreonam (ATM 30
pg); Sulfonamides: Sulfamethoxazole (TS; 25
ug); Tetracycline: Tetracycline (TE; 30 ug); and

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Bohlok et al | J Pure Appl Microbiol. 2025. https://doi.org/10.22207/JPAM.19.4.49

Table 1. Primer’s sequence used to detect ESBL and Shiga toxin genes in the E. coli strains

Genes Primer sequence (5’-3’) Annealing product Ref.
temp. (°C) size (bp)
bla,,, F:ATGTGCAGYACCAGTAARGT 50 593 24
R: TGGGTRAARTARGTSACCAGA
blaTEM F: ATGAGTATTCAACATTTCCG 58 867
R: CTGACAGTTACCAATGCTTA
blaSHv F: GGTTATGCGTTATATTCGCC 60 867
R: TTAGCGTTGCCAGTGCTC
bla oxA F: AATACATATCAACTTCGC 60 885
R: AGTGTGTTTAGAATGGTGATC
stx, F: GCGGAAGCGTGGCATTAATACTG 63 122
R: GCGGAAGCGTGGCATTAATACTG
stx, F: GATGTTTATGGCGGTTTTATTTGC 63 83
R: TGGAAAACTCAATTTTACCTTTAGCA

others: Colistin (CT; 10 ug). Then, the plates
were incubated aerobically at 37 °C during 24
h. Besides, diameters of inhibition zones were
detected in harmony with guidelines of CLSI.?®
Finally, the strains were classified into susceptible,
intermediate, or resistant. Intermediate strains
were considered to be resistant.

Phenotypic detection of ESBL E. coli

Strains recognized as E. coli were
evaluated for the ability of ESBL production using
double-disk synergy test (DDST) in which disks of
Cefotaxime (5 pg), cefepime (30 pg), ceftazidime
(30 pg), and aztreonam (30 pg) were positioned
above MHA plates with a space of about 30 mm
far-off amoxicillin clavulanic acid (AMC; 30 ug)
disk placed in the center. A lawn culture for the
organisms was created on the MHA plate, as
proposed by CLSI.?® ESBL strains were detected
when synergism was shown by any of the four
mentioned antibiotics toward the AMC disk in the
center, leading to the formation of a representative
‘keyhole-shaped’ or ‘ellipsis-shaped’ area. The
identified ESBL strains were later assessed to
detect ESBL genes as well as Shiga toxin genes
using polymerase chain reaction (PCR) and definite
primers.

DNA isolation and genotyping of ESBL positive
strains

Eight ESBL E. coli isolates were assessed
for 4 ESBL genes: bla_, ,, bla_,, , bla_,,, and bla_,
and Shiga toxin genes (stx, and stx,). Heat lysis

method was used to isolate the bacterial DNA.”’
Each strain was cultured on nutrient agar (NA;
Bio-Rad®, France) and then incubated at 37 °C
for 24 h. Using microcentrifuge tube of 1.5 ml,
some colonies of each strain were settled into
1 mL of sterile distilled water, heated to 98 °C
during 20 min and after that centrifuged at 12,000
rpm. Multiplex PCR procedure was implemented
on the supernatant to detect ESBL genes® and
the Shiga toxin genes.?* PCR amplification was
achieved according to the following protocol:
1 pL of every primer was added to 12.5 pL Mix
(REDTaq® ReadyMixTM PCR re-action mixture
with MgCl,. Sigma - Aldrich - Germany) with
the addition of 5.5 pL of sterile water and 5
pL of DNA extract. The mixture was finally
incubated within the thermocycler with different
annealing temperatures for the amplification and
identification of the selected genes as shown in
Table 1.

Investigation of the antibacterial potential of
plant EOs on the ESBL E. coli strains
Essential oils (EOs)

The EOs were purchased from Hemani
International KEPZ, Pakistan. The four EOs;
Lettuce, Sesame, Coconut, and Almond were
extracted from Lactuca sativa (Batch number:
HG-30/390), Sesamum indicum (Batch number:
HG-30/302), Cocos nucifera (Batch number: HG-
30/306), and Prunus dulcis (Batch number: HG-
30/308), respectively. The oils were characterized
for their phyto-chemical constituents using Gas
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Chromatography - Mass Spectrometry (GC-MS) ina
previous work done by Mezher et al.? For testing the
antibacterial activity, the EOs were half-fold diluted
(v/v) with 5% methanol at room temperature to
obtain concentrations ranging between 6.25%-
50%. The solutions were homogenized by vortex.

Preparation of the bacterial suspensions

The bacterial suspensions were adjusted
by taking a colony of the different E. coli strains
then mixing it in tryptone soy broth (TSB) to reach
0.5 McFarland (~108 CFU/mL).

Detection of the minimuminhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) using the broth microdilution technique

MIC for the four EOs against the identified
ESBL E. coli strains was detected using the
micro-well dilution technique. In sterile 96-well
microplates, 90 uL of TSB was introduced into each
well with 10 pL of the bacterial cell preparations.
After that, 100 pL of the EOs was placed in every
well. Then, the plates were incubated for 24 h at 37
°C and their optical density (OD) was determined
at 595 nm by enzyme-linked immunosorbent assay
(ELISA) microtiter plate reader. After incubation,
MIC was indicated by observing the minimum
concentration where no bacterial growth was
detected. Subcultures of 10 pL were transferred
from the clear wells of the microtiter tray to
tryptone soy agar (TSA) plates, then incubated
at 37 °C for 24 h for the detection of MBCs which
represent the smallest concentration at which no
growth for bacteria on antibiotic-free medium.?
In triplicate all the experiments were achieved and
then averaged.

Time-kill assay

The time-kill test was done by determining
at varying time points the number of existing living
bacteria following the submission of EOs. Briefly,
90 pL of TSB was introduced to the wells of 96-
well microplates followed by 10 uL of bacterial
preparations with 100 pL of MIC x 2 of each EO.
Finally, after the incubation of plates at 37 °C,
the 0O.D. was detected by ELISA reader within an
interval of time (0-24 h) at 595 nm. The experiment
was performed three times.

Antibiofilm activity of EOs against ESBLs E. coli

The ability of different EOs to prevent
the biofilm formation and to destroy the pre-
formed biofilm of identified ESBL E. coli strains
was evaluated.

Inhibition of biofilm formation

The competence of the EOs to inhibit
initial cell attachment and biofilm formation was
assessed using biofilm inhibition assay. 10 pL of
the bacterial suspensions for different ESBL E. coli
strains and 90 pL of TSB were introduced within
96-well microtiter plates and incubated for 4 h at
37 °C without agitation. After that, 100 uL of EOs
were put in the plate’s wells, then the plates were
incubated further at 37 °C during 24 h. Culture
medium with no treatment was considered to be
negative control. Later, the modified crystal violet
(CV) staining method was used in order to estimate
the obtained biomass,*® then the absorbance
was determined at 595 nm by ELISA microplate
reader.3! The experiments were performed
three times. The mean value of absorbance was
determined for different samples. The equation
(1) below?? was applied to find out the percentage
inhibition of biofilm.

% of inhibition = (OD of negative
control - OD of treated sample) / (OD of negative
control) x 100

Negative values reflected the
improvement of formation of biofilms and
percentage of inhibition exceeding 10% reflected
a good prevention of biofilm formation.

Destruction of pre-formed biofilms

For this assay, in each well of 96-well
microtiter plates 90 pL of TSB and 10 pL of the
standard bacterial preparations were added and
then incubated at 37 °C during 30 h in order to
permit pre-biofilms formation. Next, 100 uL of the
prepared EOs was put in wells, and then plates
were incubated during 24 h at 37 °C. Negative
control was applied using culture medium without
any treatment. Then CV staining test was used to
assess the biomass of biofilms and the percentage
of eradication was found out in preventing biofilm
formation.?? All the experiments were three times
repeated for this test.
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Statistical analysis

Different graphs and statistical tests were
drawn and performed by Excel software (2016) and
statistical significance was detected using t-Test.
Any difference with p-value smaller than 0.05 was
supposed statistically significant.

RESULTS

Biochemical characterization of the ESBL E. coli
Biochemical tests of the different
isolated strains identified seven E. coli biotypes.
All of them showed the same result in almost
of tests except lysine decarboxylase (LDC),
ornithine decarboxylase (ODC), sucrose (SAC),
and melibiose (MEL) fermentation (Table 2).
Most of ODCE. coli strains showed resistance
towards Monobactams, Fluoroquinolones, and
Cephalosporins in the disk diffusion assay.

Prevalence of MDR E. coli at different sites of
the ULRB

From water samples collected from
different sites of the ULRB, 35 strains of E. coli
were isolated and examined to test their sensitivity
against the previous mentioned antibiotics. All of
them revealed resistance to at least 2 from the
20 selected antibiotics and they were considered
as MDR strains. The highest resisted antibiotics

120

were Amoxicillin (AM) and Colistin (CT) (100%),
followed by Cephalexin (CL) (97.14%), Piperacillin
+ Tazobactam (TPZ) (65.72%), Ciprofloxacin (CIP)
(54.28%), Amoxicillin + clavulanic acid (AUG)
(48.75%), Gentamicin (GMN) (37.14%), Aztreonam
(ATM) (34.28%), Cefuroxime (CXM) (34.28%), and
Tetracycline (TE) (28.75%) (Figure 1). Otherwise, E.
coliisolates were more susceptible to Tobramycin
(TOB) (94.29%), Nalidixic acid (NA) (94.29%) and
Levofloxacin (LVX) (88.66%), and no resistance
was detected to Imipenem (IPM) and Ertapenem
(ETP). The pattern of antibiotic resistance for
the identified MDR E. coli strains is presented

Table 3. Percentage of E. coli (n = 35) resistance to 20
antimicrobial categories

Number of resistant
antimicrobial categories

Percentage of

E. coli resistance

(%) (E. coli strains
number in water

samples)

5.71(2) 17
5.71(2) 15
11.42 (4) 13
17.14 (6) 7
25.71(9) 6
14.28 (5) 5
2.85 (1) 4
17.14 (6) 3
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Figure 1. Antibiotic resistance rate (%) for the E. coli strains (n = 35) isolated from different water samples against

20 antibiotics
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in Table 3. Our data demonstrate that E. coli
strains revealed variable resistance levels, 22.85%
(n = 8) of the isolates were resistant to 13-17
antimicrobial categories, most of isolates (57.13%,
n = 20) showed resistance to 5-7 categories and
20% (n = 7) of isolates showed resistance to 3 - 4
antimicrobial categories (Table 3).

Phenotypic detection of ESBL producers

Among the isolated E. coli, 22.8% (8/35)
were confirmed to be ESBL producing organisms
using Double Disc Synergy Test (DDST). In 2 of
them, Cefepime and Aztreonam showed synergism
with Amoxicillin-Clavulanic acid (Figure 2a) by
exhibiting a remarked extension in the margin of

inhibition zone made by Cefepime and Aztreonam
towards Amoxicillin-Clavulanate disk and no
inhibition zone was detected in both Ceftriaxone
and Ceftazidime. In the remaining ESBL E. coli,
all the antibiotics Ceftriaxone, Ceftazidime,
Aztreonam, and Cefepime showed synergism with
Amoxicillin-Clavulanic acid with noticed expansion
in the margin of the inhibition zone produced by
all of them toward Amoxicillin-Clavulanate disk
(Figure 2b).

Antibiotic sensitivity patterns for the identified
ESBL E. coli

All 8 ESBL E. coli strains showed
100% resistance to Penicillin, Monobactams,

Figure 2. DDST showing synergism of (a) ATM and FEP with AMC and (b) CTX, CAZ, ATM, and FEP with AMC (AMC:
Amoxicillin-Clavulanic acid, CAZ: Ceftazidime, CTX: Ceftriaxone, ATM: Aztreonam and FEP: Cefepime)

120
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Figure 3. Antibiotic resistance pattern for the ESBL E. coli (n = 8)
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Figure 5. Agarose gel showing the (a) 593 bp PCR bands for the CTX-M gene and (b) 867 bp PCR bands for
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(K. pneumoniae 098); 1,2,3,4 are positive for CTX-M and 5,6,7,8 are positive for CTX-M and TEM positive ESBL E. coli
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Cephalosporins, Tetracycline, Colistin, and
Ciprofloxacin. Otherwise, these strains revealed
100% susceptibility to Carbapenems (Imipenem
and Ertapenem). Most of them were sensitive to
Nalidixic acid (n = 6; 75%, 6/8), Gentamicin (n = 6;
75%, 6/8), Tobramycin (n = 6; 75%, 6/8), Amikacin
(n=4;50%, 4/8), and Levofloxacin (n = 4; 50%, 4/8)
(Figure 3).

Molecular detection of ESBL producer genes and
Shiga toxin genes in ESBL E. coli

From all ESBL E. coli strains (n
8), bla_,,, gene was detected in 100% (n = 8) of
the strains, both bla_, , and bla_, genes were
identified in 50% (n = 4), and neither bla_,, nor
bla,, gene was identified in all strains (Figure
4). Both bla_,, ,, and bla.,, genes were identified
on agarose gel (1.5%) using ultraviolet (UV) light

Table 4. MICs, MBCs, and MBC/MIC ratio of the lettuce, sesame, coconut, and almond EOs against ESBL E. coli

isolates
ESBL EOs’ MICs and MBCs (%)
E. coli
strains Lettuce Sesame Coconut Almond

MIC MBC MBC MIC MBC MBC MIC MBC  MBC MIC MBC MBC

MIC MIC ™MIC MIC

S.S.1 50 ND ND ND ND ND ND ND ND ND ND ND
S.S.2 ND ND ND 50 ND ND 25 ND ND ND ND ND
M.S.1 ND ND ND 25 50 2 50 ND ND 50 ND ND
M.S.2 ND ND ND 25 50 2 ND ND ND ND ND ND
M.W.1 25 50 2 ND ND ND ND ND ND ND ND ND
M.W.2 ND ND ND 50 ND ND ND ND ND ND ND ND
FW.1 ND ND ND ND ND ND 6.25 ND ND ND ND ND
FW.2 ND ND ND ND ND ND ND ND ND ND ND ND

EOs: Essential oils, MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration, ESBL: Extended-spectrum
beta-lactamase, S.S.1: Sneid Summer 1, 5.5.2: Sneid Summer 2, M.S.1: Mansoura Summer 1, M.S.2: Mansoura Summer 2, FW.1:
Fourzol Winter 1, FW.2: Fourzol Winter 2, ND: Not determined

Table 5. Time of inhibition of the Lettuce, Sesame,
Coconut, and Almond EOs against the ESBL E. coli

Bacterial Time of inhibition (h) of the Eos
isolates
Lettuce  Sesame Coconut Almond

S.S.1 2 - - -
S.S.2 - 2 3 -
M.S.1 - 1 2 1
M.S.2 - 1 - -
M.W.1 2 - -
M.W.2 3 - -
FW.1 - - 1 -
FW.2 - 2 - -

EOs: Essential oils, S.5.1: Sneid Summer 1, S.5.2: Sneid Summer
2, M.S.1: Mansoura Summer 1, M.S.2: Mansoura Summer 2,
FW.1: Fourzol Winter 1, FW.2: Fourzol Winter 2

and a band of product size 593 bp and 867 bp,
respectively (Figure 5a and b). On the other hand,
no Shiga toxin genes were identified (neither stx;
nor stxz) in all of ESBL E. coli strains.

Oil susceptibility patterns of the ESBL producing
E. coli strains
Determination of the MIC and MBC for the
examined EOs against the ESBL E. coli strains

8 strains from the isolated ESBL E.
coli were assessed to detect their sensitivity to
different EOs. The MICs and MBCs are summarized
in Table 4 and listed for each strain. The results
showed that Sesame oil showed the greatest
bacteriostatic and bactericidal effect by inhibiting
the growth of 4 strains, Mansoura Summer 1
(M.S.1) and Mansoura Summer 2 (M.S.2) with
MIC of 25%, and Sneid Summer 2 (S.5.2) and
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Mansoura Winter 2 (M.W.2) with MIC of 50%
(Figure S1) and destructing 2 strains M.S.1 and
M.S.2 with MBC of 50% (Figure 6), followed by
Coconut oil showing bacteriostatic effect against
3 strains, 5.5.2 (MIC = 25%), M.S.1 (MIC = 50%),
and Fourzol Winter 1 (FW.1, MIC = 6.25%), but with
no bactericidal effect against any strain. Lettuce

Lettuce Sesame

oil didn’t affect any of 6 strains out of 8 of the
ESBL E. coli. However, a bacteriostatic effect was
observed against 2 strains, Sneid Summer 1 (S.5.1)
and Mansoura Winter 1 (M.W.1) with MIC of 50%
and 25%, respectively (Figure S1). A bactericidal
effect of Lettuce oil was detected against one
strain, M.W.1 with MBC of 50% (Figure 6). Almond

S.S.1
S.S.2
MS.1
M.S.2

M.W.1
M.W.2
FW.1
Ew.2

Coconut Almond

Figure 6. MBC resultant of the lettuce, sesame, coconut, and almond EOs against the ESBL E. coli; S.S.1: Sneid
Summer 1, S.5.2: Sneid Summer 2, M.S.1: Mansoura Summer 1, M.S.2: Mansoura Summer 2, FW.1: Fourzol Winter

1, FW.2: Fourzol Winter 2
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o
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Figure 7. Biofilm formation inhibition of ESBL producing E. coli by (a) Lettuce, (b) Sesame, (c) Coconut, and (d)

Almond EOs
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oil showed the lowest bacteriostatic effect by
affecting only one strain, M.S.1 with MIC of 50%
(Figure S1) and with no bactericidal effect.

Effect of the EOs by quantifying bacterial growth
(Time-Kkill test)

The effect of EOs on microbial viability
was tested using the time kill assay. The test was
done without (control) or with EOs (concentrations
equal to 2 x MIC) and the growth of ESBL E.
coliisolates was detected within an interval of time
between 0 and 24 h. The control strains without
EOs showed a normal growth curve. While in the
presence of EOs, different inhibitory effects were
observed according to each type of EO (Figure S2).
Sesame oil showed the highest bactericidal effect
with a wide inhibitory effect detected over the
bacterial growth of 5 strains over 8 with different
time of inhibition ranging between 1- 3 h, followed
by coconut oil by inhibiting the growth of three
bacterial strains S.S5.2, M.S.1, FW.1 after three, two,
and one hour, respectively, supporting the results
of the MIC assay. Then for Almond oil, an inhibitory
effect was observed over microbial growth of only
1strain (M.S.1), 1 h after the beginning of the test

S
g

and Lettuce oil inhibited the microbial growth of
just 2 strains (S.S5.1 and M.W.1) after 2 h of the
beginning of the test (Table 5).

Antibiofilm activity results
Inhibition of biofilm formation

The EOs showed different levels of
inhibition of bacterial attachment and biofilm
formation. Almond, Sesame, and Lettuce oils (50%
concentration) showed good prevention of the
growth of all ESBL E. coli strains with percentage
of inhibition >50% (Figure 7). Coconut oil (50%
concentration) showed the lowest antibiofilm
formation effect by enhancing the biofilm
formation for M.S.2 (according to the detected
negative percentage of inhibition), with inhibition
less than 50% against 4 strains (M.S.1, M.W.1,
M.W.2, and F.W.1), and good prevention of biofilm
formation for only 3 strains S.5.1, S.S.2, and FW.2
with percentage of inhibition >50% (Figure 7).

Destruction of pre-formed biofilms

The EOs showed different degrees
of activity on the reduction of further biofilm
development as shown in Figure 8. Coconut

A =SSl mSS2 =MSI

S
=3 o

Percentage of destruction (%)
8

MS2 sMW. sMW2 ®FW. ®sFW2

200

b

=SS1 ®=SS2 =EMS1 =MS2 sMW.1 sMW2 =EFW.l EFW2

-1000

C =ssi1 =ss2 =MSI1 sMS2 EMW.1 =EMW.2

I &

Percentage of destruction (%)

mFW.l ®=FW.2
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Figure 8. Destruction of the pre-formed biofilms of ESBL E. coli by the (a) Lettuce, (b) Sesame, (c) Coconut, and

(d) Almond EOs
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oil showed the highest effect on preformed
biofilms with significant activity (percentage
of destruction >50%) against M.S.2, and with
different percentages of destruction: 40.59%,
43.87%, 44.87%, 21.51%, 2.21%, and 17.01%
for S.S.1, S.5.2, M.S.1, M\W.1, M\W.2, and FW.2,
respectively, and in contrast enhanced the biofilm
formation of FW.1, followed by Sesame oil by
reducing the biofilm formation of S.S1 and S.S.2
with percentage of destruction of 65.39% and
43.15%, respectively, with poor biofilm destruction
against the 6 remaining strains and enhancement
of the growth for FW.2. Then, Lettuce oil showed
different percentages of destruction against
S.5.1, M.S.1, and M.S.2 with 32.82%, 43.08%,
and 43.19%, respectively, had a poor biofilm
destruction activity against S.S.2 and enhanced
the biofilm formation of 4 strains (M.\W.1, M\W.2,
FW.1 and FW.2). Almond oil showed the lowest
effect on the preformed biofilms with a poor
biofilm destruction activity against 3 strains (S.S.2,
M.S.1, and M.S.2) and enhancement of the biofilm
formation of the 5 remaining strains (S5.5.1, M\W.1,
M.W.2, FW.1, and FW.2).

DISCUSSION

This investigation permitted us to assess
the occurrence of ESBL producers among strains
of E. coli isolated from different sampling sites at
the Upper Basin of Litany River in the Begaa valley
of Lebanon, during one year (from spring 2019 to
winter 2020).3 The results revealed that 22.8% of E.
coli strains were confirmed to be ESBL-producers.
MDR ESBL E. coli strains dissemination beside the
elevated ABR levels is caused by the excessive
usage of extended spectrum cephalosporins (ESCs)
from the beginning of 1980.3* The detection level
in intensive care units for the ESBL E. coli changed
largely in various regions of the world, ranging from
12.8% in Canada® to 70.6% in Iran.3¢ In Lebanon,
for hospitalized patients, ESBL production in E.
coli percentage was 32.3% in 2013. The universal
spreading of ESBL-producers is considered as a
critical common health alarm over the globe.

The raised domination of main gene
types bla ., and bla_,, in ESBL E. coli isolates
represent big trouble for scientists and clinicians.
Regular follow for antibiotic susceptibility and
related genes could be helpful in the guidance

of the reasonable use of antibiotics to treat the
main bacteria (E. coli) of healthcare and hospital
systems.?” This study has been performed to
monitor the antibiotic susceptibility profile of MDR
E. coliisolated from the URLB as well as to genotype
the identified ESBL E. coli for CTX, TEM, SHV,
and OXA genes to detect the correlation between
these genes and the antibiotic resistance profile
of these strains.

In this study, all 35 E. coli isolates were
assessed for their sensitivity to 20 antibiotics then
tested for ESBL production. All the identified ESBL
E. coli strains were MDR. Elevated occurrence
of ESBL E. coli beside high rate of resistance
to different antibiotics (resistance to 15 till 17
antibiotics over 20) are also reported in this study.
Moreover, numerous previous studies showed
high percentage (40%-70%) of ESBL E. coli showing
multidrug-resistance.?® This multidrug-resistance
could be due to several factors such as the
absence of control on antibiotic usage, the usage
of antibiotics in agricultural purposes, and fake or
law quality medicines.*® There is a link between
the resistance to certain antibiotic classes and
the absence of ornithine decarboxylase activity.
Numerous studies conducted over the last
years showed a relation between antibiotic
resistance and genetic characteristics.** Moreover,
Ferjani et al.*! revealed noticeable correlation
among phylogenetic groups, virulence factors,
and susceptibility to fluoroquinolones. This
investigation is the first in Lebanon to show the
relation between the resistance to different classes
of antibiotics and biochemical characteristics in
E. coli strains isolated from ULRB. Otherwise, all
ESBL E. coli strains in this investigation showed
susceptibility to both ertapenem and imipenem
antibiotics. This goes in line with the result
obtained by research achieved in Lebanon by
Ghaddar et al.,*? where the isolated ESBL E. coli
showed high susceptibility (93.2%) to Imipenem.
Furthermore, our investigation focused on the
association between the resistance to Penicillins,
Cephalosporins, Monobactams, Tetracycline,
Colistin, and Ciprofloxacine, and the occurrence
of CTX-M and TEM genes in ESBL producers.

At the molecular level and concerning
beta-lactamase genes, the majority of researches
achieved in Lebanon showed that bla_, ,, was the
most frequent gene in ESBL producers.*** Similarly,
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in this investigation the most popular gene in ESBL
producing E. coliwas bla_, . This gene was found
in ESBL E. coli that concurs through different
reports showing its excessive spread among
ESBL E. coli strains.” ESBL genotypes bla_, , are
rapidly dispersed within different environmental
sources, human and animals illustrating a critical
difficulty in the therapy of this kind of infectious
diseases.*® Moreover, it was noticed a multiple
carrying of genes within numerous ESBL E.
coli strains, the most prevalent genes association
was bla_, . + bla_ type. The results of this
investigation were in accordance with that where
50% of identified ESBL E. coli showed this
combination as well as the research done by
Lohani et al., where 21.2% of ESBL producing
strains have both bla_,., and bla.  genes.*’
However, there was neither detection of bla_,,
type E. coli nor bla,, E. coli which is identical
to the finding of research achieved in Nigeria“*®
where no ESBLE. coli strains were positive to bla,,
gene. Furthermore, in Nepal several researches
revealed the spread of bla,, gene with low
rate.”* No Shiga toxin genes were detected in
all our ESBL strains. Shigella and Salmonella ESBL
producers have been detected globally,*® while
to our information, until now no ESBL-producing
STEC strain has been identified in the Lebanese
population or at clinical level in hospitals. This
is the first study achieved in Lebanon for the
evaluation of Shiga toxin genes prevalence in ESBL
E. coli.

ESBL E. coli are highly MDR, this will
conduct to huge barriers in the drugs choice to
treat and restrict the extension of this strain,*!
as well as there were several problems in their
treatment specially in Lebanon, due to the
overuse of antibiotics in several sectors including
agriculture. This necessitates the involvement
of experts with various specializations with the
intervention of internal organized collaboration
at the hospital and local levels with the cover of
Lebanese Ministry of Public Health. In point of fact,
the genetic characterization of MDR strains gives
important information concerning their spread in
hospitals and different environments and shows
the similarities between animal, human, and
environmental bacterial isolates, like that has been
accomplished by different Lebanese groups.>*>3

However, the increase of ESBL E. coli resistance
to most of antibiotic classes and therefore the
difficulty in the treatment of infections highlights
the need for the discovery of new strategies to be
applied with this trouble.

Numerous studies have showed the
various biological activities of EOs, their active
compounds, and their antibacterial effect against
ABR strains of public health concern. These studies
confirmed that EOs are more useful than traditional
antimicrobial agents against MDR isolates.> The
obtained data in this investigation revealed that
all the EOs showed antibacterial effect opposed
to all the identified ESBL E. coli strains and Sesame
oil was the most effective. Sesame oil has been
known as ‘Queen of oils’, characterized by elevated
concentration of unsaturated fatty acids like
linoleic and oleic acid which improve its ability
in the therapy of different bacterial diseases.?®>*
Lettuce oil antibacterial activity was favored by
the presence of flavones, saponins as well as
sterols.*® For Almond oil the ability of disturbing
aminoglycoside antibiotic activity was related to
its effective myristic, oleic, and lauric fatty acids.>®
As well as the advantages and the antibacterial
properties of Coconut oil are mainly correlated
with the presence of fatty acids.>” The antibacterial
effect of the EOs varied significantly among ESBL
E. coli strains. The best susceptibility was recorded
for Sesame oil followed by Coconut, Lettuce, and
Almond showing different bacteriostatic effects.
This difference in the antibacterial effect of
different EOs is attributable to the variety within
the chemical composition of oils. Many previous
studies showed the relation that exists between
the antibacterial impact of the EOs and their
chemical components.>® The time-kill test was done
to assess the time required for EOs to achieve their
bactericidal effects. This effect was shown by the
four used EOs at MIC x 2, at time ranging between
1-3 h and on the different strains with highest
effect shown by Sesame oil on 5 strains out of 8.
These effects (bacteriostatic and bactericidal) are
affected by the composition of the bacterial strain.
Numerous authors mentioned that the EO can
raise the permeability of bacterial cell membrane,
inducing the escape of different cellular organelles
then the bacterial cell destruction.*®
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Almond, Sesame, and Lettuce oils showed
an interesting effect opposed to biofilm formation
for all ESBL producing E. coli. The blockage of
biofilm formation in ESBL E. coli strains identified
in this investigation proposes that the inclusion
of EOs before formation of biofilm can remove
planktonic cells and turn the non-living surface
low receptive for the adhesion of bacterial
cells.’® Furthermore, a previous investigation
affirmed that the application of plant extracts
on the surface induces dis-parting of bacteria,
consequently diminishing the surface binding
and biofilm formation.?? Coconut oil enhanced
the biofilm formation for one strain and had a
lower antibiofilm effect. Coconut and sesame
oils showed significant effect on the pre-formed
biofilms of 2 strains, respectively, which can
be useful to treat diseases induced by these
strains of ESBL E. coli. The anti-biofilm effect of
EOs is based on their compounds which work
by various mechanisms on the cell viability and
biofilm formation. Moreover, the effect of the
main constituents in an EO can be affected by its
small elements as well as it may change between
bacterial species also between various isolates
within the same species,®* which was the case
in our study, where different effects of the same
EO was shown on different strains of ESBL E. coli.
Otherwise, our investigation makes known that the
ability of the EOs to destroy previous antibiofilm
was oil dependent, with different ability of further
biofilm reduction. Furthermore, this antibiofilm
effect was at different concentrations of the EOs.
These findings are compatible with preceding
studies stating that the anti-biofilm effects are
not concentration-dependent.®? In our study,
EOs showed a better effect in avoiding biofilm
formation than destructing pre-formed biofilms,
like numerous previous investigations.3163

CONCLUSION

This investigation concludes that the
common frequent resistant gene in different
ESBL E. coli strains isolated from different sites
along the ULRB was the CTX-M gene, followed
by the TEM gene. Furthermore, the elevated
rate of CTX-M transmission was leading to the

increase of resistance to the third generation
of Cephalosporins, Aminoglycosides, and
Fluoroquinolones. The potential of these strains
of bacteria to conduct plasmid-borne resistance
genes to other bacteria has turned a public
health trouble. Otherwise, the most successful
antimicrobial agent class against the ESBL
producers was confirmed to be Carbapenems.
Therefore, this investigation clarifies the need of
the continuous monitoring of ESBL producers in
the areas surrounding the Litany River and reveals
the necessity for taking preventive measures to
avoid the extension of these MDR strains. Besides,
different EOs have been studied to reveal their
antimicrobial properties against ESBL producers.
This is the first investigation to study the impact
of various plant EOs on ESBL E. coli collected from
the ULRB. The accomplished results revealed a
remarkable variation in the antibacterial effect
among the four EOs based on type of oil and
bacterial strains on the basis of MIC and MBC
values and antibiofilm activity. These results could
stimulate further biological research on these EOs,
to clarify their mechanisms of action and to be
used as antimicrobial agent to prevent bacterial
growth and biofilm formation of ESBL E. coli
strains. The usage of EOs provides an encouraging
method to prevent the proliferation of multidrug-
resistant E. coli and meet the vital requirement
for successful antimicrobial treatments. EOs have
shown remarkable effect against a broad range
of bacteria. Investigating developed solutions
that contain EO products for medical devices
emphasizes their capacity to be used as effective
alternatives to synthetic antimicrobial agents.
-
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