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Abstract

Biofilm forming Escherichia coli bacterium exhibits multiple drug resistance, which is responsible for
recurrent urinary tract infections (UTI) that are difficult to eradicate. The work aimed to investigate the
antibacterial and antibiofilm activities of Lactobacilli isolated from fecal microbiota of healthy infants; to identify
these isolates and determine their probiotic characteristics. E. coli isolates were recovered from urine samples of
patients with urinary tract infections. On the other hand, Lactobacillus isolates were recovered from feces of
breast-fed infants. Five strong biofilm forming E. coli isolates with multidrug resistance (MDR) were selected.
The antibacterial potential of Lactobacillus supernatants were assessed via disk diffusion assay. All the tested E.
coli isolates showed high susceptibility to the Lactobacillus supernatants; where 54 % of these supernatants
expressed inhibition zones diameters ranging from 15- 18 mm. Antibiofilm efficacies of Lactobacillus spp.
against E. coli isolates were tested in vitro using microtiter plate assay and scanning electron microscopy (SEM).
More than 50 % reduction of biofilms formation by the 5 selected MDR E. coli isolates was observed by most the
Lactobacillus isolates. The scanning electron microscopy confirmed the elimination of E. coli biofilms by cells of
the Lactobacillus isolates. Preliminary probiotic characteristics of the Lactobacillus isolates were investigated; all
isolates tolerated 2 % bile salt concentration and acidic condition at pH 3. Regarding safety of the Lactobacilli for
human consumption, all isolates were non hemolytic, and 14 Lactobacillus isolates were sensitive to all tested
antibiotics except for vancomycin, as they are naturally resistant to it. About 14 safe probiotic Lactobacillus
isolates were identified by API-50 CHL test as; Lactobacillus acidophilus, L. plantarum, L. fermentum and L.
paracasei.
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1. Introduction

Urinary tract infection (UTI) is among the study conducted by Toval et al., (2014) reported that
common microbial infections that affect 150 million uropathogenic E. coli (UPEC) infrequently causes
individuals around the world every year. A previous nosocomial UTIs (50 %) and community-acquired
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infections (90%). These bacterial uropathogens harbor
various virulence determinants essential for initial
adhesion and colonization of the mucosal surfaces; cell
and tissue invasion, avoiding the host defence
mechanisms, and causing persistent chronic infections.
These virulence determinants include surface factors
as fimbriae and extracellular factors such as toxins and
polysaccharide coatings, as highlighted by Emody et
al., (2003). According to the research work of Eberly
et al., (2017), UPEC develops biofilms on the outside
surface of the urethral catheters, in addition to urinary
bladder mucosa. Biofilm microbes are more resistant
to treatment with antibiotics than plankton (Donlan,
2001). As reported recently by Aslam et al., (2018),
the increase of antibiotic resistance rate has
encouraged researchers to search for antimicrobial
alternatives, of which probiotics have gained
increasing interests. Probiotics are “live bacteria which
when administered in sufficient amounts confer a
health benefit on the host” (FAO/WHO, 2002).
Probiotics comprise beneficial bacteria, of which the
Lactobacillus and Bifidobacterium genera are the most
common studied types. These bacteria produce
antimicrobial secondary metabolites. Lactobacilli are
generally regarded as safe (GRAS) bacteria, and
therefore could be used safely as probiotics for several
medical applications (Wadoum et al., 2019). New
strategies are being attempted by researchers to
manage urinary catheter biofilms, such as the coating
of catheters with bio-surfactants, probiotics and other
non-pathogenic microorganisms, as revealed by
previous studies of Borchert et al., (2008);
Sambanthamoorthy et al., (2014).

Lactobacilli comprise about 0.01 % of the total
microbiome in the gastrointestinal tract (GIT), and
range between 107- 10° cells/ g of human faeces
(Rinttil4 et al., 2004). Later, Lebeer et al., (2008)
added that they possess health-promoting effects in
GIT such as maintaining the normal intestinal
homeostasis, by inhibiting its colonization by
pathogenic bacteria and modifying the immune
responses. Mirlohi et al., (2008) revealed that the
physiological state of the new borne and infants, the
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ecological differences and their genetics are
considered as the major parameters affecting their
Lactoflora. Ahrné et al., (2005) reported that changes
in infant's age up to 6 months can cause significant
changes in the enteric Lactobacilli. These changes may
be correlated to the introduction of solid foods to
infants’ diet. The objectives of this study were to
recover Lactobacillus isolates from the faecal
microbiota of healthy breast fed new born, and
studying their antibacterial and antibiofilm activity
against multidrug resistant (MDR) E. coli strains. In
addition to investigating the different criteria used for
selection of the potent antibiofilm and safe probiotic
isolates.

2. Material and methods
2.1. Culture and identification of bacterial isolates

About 50 stool samples were collected from
healthy breast-fed infants (aged 3-6 months) from
Children Hospital, Minia, Egypt. Ethical approvals
were obtained from the Institutional Review Boards of
the hospital. Standard 10-fold dilutions of the stool
samples were made in 0.9 % sterile physiological
saline and then each sample was plated on deMan
Rogosa Sharp (MRS) selective agar medium. After
incubation for 48 h, the obtained bacterial colonies
were identified using biochemical assays, in reference
to Kili¢c and Karahan, (2010). Escherichia coli isolates
were recovered from 50 urine samples of patients
suffering from UTI at Minia University Hospital, after
growth on the selective MacConkey and Eosin
Methylene Blue agar media. The recovered E. coli
isolates were identified biochemically, according to
Cheesbrough, (1981).

2.2. Antibacterial susceptibility of the E. coli
isolates

Antibacterial susceptibility assay was performed
on Mueller-Hinton agar (MHA) (LAB M, UK) using
Kirby-Bauer disk diffusion test according to Hudzicki
(2009), following the guidelines of the Clinical and
Laboratory Standards Institute (CLSI) (Wayne, 2018).
The E. coli isolates were tested for sensitivity to
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several antibiotics purchased from Bio-analyse R,
Turkey. E. coli isolates were considered MDR, if they
showed resistance to three or more antibiotics
belonging to different antibiotics classes or groups.

2.3. Biofilm formation by E. coli isolates

Biofilm formation was tested using 96-well
polystyrene microtiter plates, following the method
reported by Stepanovi¢ et al., (2007). Overnight
cultures of E. coli were diluted to 0.5 McFarland using
Mueller-Hinton broth (MHB), and then 200 pl of each
of the diluted suspensions was pipetted individually
into the wells of microtiter plate. The plates were
incubated at 37°C for 48 h, using sterile MHB as a
negative control. After incubation, the planktons were
removed and the attached cells were fixed for 15 min.
using 200 pl of methanol (99 %). The methanol was
discarded and then 200 ul of crystal violet (2% wi/v)
was added to each well, followed by incubating the
plates for 15 min. at room temperature. Finally, 200 pl
of 33 % (w/v) acetic acid was added to each well, and
the optical density ODs4y Was measured using a micro
ELISA auto reader (model 680, Bio rad). Based on the
obtained OD, the isolates were classified as biofilm
non-producers (OD < ODc), weak producers (ODc <
OD < 20Dc), moderate producers (20Dc < OD <
40Dc) and strong producers (40Dc < OD). Tests were
performed in triplicates and repeated twice; where
ODc is the optical density of negative control, and OD
is the optical density of the tested E. coli isolates.

2.4. Antibacterial Lactobacillus

supernatants

potential of

For preparation of the Lactobacillus cell-free
supernatant (CFS), isolates were cultured in MRS
broth at 37°C for 18 h. After incubation, broths were
centrifuged at 10,000x g for 5 min., and then the
supernatants were stored at -20°C until use (Aly et al.,
2018). The antibacterial efficacy of these CFSs against
the selected E. coli isolates was determined using the
well diffusion method, according to Davoodabadi et
al., (2015a). For each E. coli isolate, 100 ul of 24 h
cell suspension (0.5 McFarland turbidity) was spread
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onto the surface of MHA plate using a sterile glass
spreader, and then 6 mm wells were punched in the
media using a sterile cork borer. An aliquot of 100 pl
of CFSs was poured individually into each well, and
then the plates were incubated at 37°C for 24 h. After
incubation the inhibition zones were measured using a
calibrated ruler. Three replicates were used for each
CFS and the test was repeated thrice.

2.5. Effect of Lactobacillus supernatants on the
preformed bacterial biofilms

The effects of the potent Lactobacilli CFSs on the
dispersion of biofilms formed by the MDR E. coli
isolates were determined, as described in the recent
study conducted by Kaur et al., (2018). The overnight
culture of each E. coli isolate was adjusted to 0.5
McFarland using MHB. An aliquot of 100 ul of the
diluted cultures was added to each well in 96-well
microtiter plates, and then incubated at 37°C for 48 h.
After incubation, the free cells were removed and then
washed gently 3 times with sterile saline. Lactobacilli
CFSs (100 pul) were added individually to the wells. In
the control wells, 100 pl of sterile MRS broth was
added instead of CFS. The plates were incubated at
37°C for 24 h. The experiment was conducted in
triplicates. The biofilm formation was quantified using
crystal violet method as described above by
Stepanovi¢ et al., (2007). The percentage (%)
reduction in biofilm formation was evaluated using the
following equation of Abdelhamid et al., (2018):

Percentage of inhibition (%) = 100— (ODs4 Of test
wells/ ODs,4q of control well) X100

2.6. Scanning electron microscopy

The scanning electron microscopy (SEM) was
used to detect changes in the structures of biofilms,
caused by the interactions between cells of the
Lactobacillus isolates and the selected MDR E. coli
isolate. Overnight MRS cultures of Lactobacillus and
MHB culture of E. coli isolate were diluted (0.5
McFarland), and then mixed in equal volumes.
Biofilms were allowed to form in 6 wells polystyrene
microtiter plates and then incubated for 48 h. The non-
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adherent cells were removed by rinsing with phosphate
buffered saline (PBS) 3 times. Biofilms were then
fixed according to Wu et al., (2015), and then prepared
for examination by JSSM-840 SEM (JEOL Ltd., Tokyo,
Japan).

2.7. Sensitivity of the Lactobacillus isolates to bile
salts and tolerance to acidic pH

Sensitivity to bile salts was assessed by culturing
the Lactobacillus isolates on MRS agar with 2 % (w/v)
bile salt (Merck), and then the cultures were incubated
for 48 h at 37°C. For testing tolerance of Lactobacilli
to an acidic pH (3.0), the overnight cultures were
centrifuged at 6000 xg at 4°C for 15 min. The pellets
were re-suspended in the same volume of 0.9% (w/v)
saline adjusted at pH 3.0. Suspensions were incubated
at 37°C for 3 h, and then centrifuged. The formed
pellets were cultured on MRS plates and then
incubated at 37°C for 48 h, as described by Nouri et
al., (2010). Each experiment was repeated twice and
conducted in triplicates.

2.8. Detection of safety of the Lactobacillus isolates
for application in the treatment of human UTI

2.8.1. Potency of blood hemolysis

According to Kacem and Kaid-Harche, (2008), the
Lactobacilli isolates were cultured overnight in MRS
broth. Cultures were streaked on blood agar plate
(LAB M, UK), and then plates were incubated at 37
°C for 24 h. After incubation, these plates were
inspected to detect the presence of; clear, greenish, or
no lysis zones, which indicated the presence of f3-
hemolytic, o-hemolytic and y-hemolytic isolates,
respectively.

2.8.2. Antibiotic susceptibility of the Lactobacillus
isolates

The disk diffusion method of Hudzicki, (2009)
was carried out to test for the antibiotic susceptibility
of the Lactobacillus isolates. The isolates were
adjusted to 0.5 McFarland using MRS broth. The used
antibiotic disks were obtained from Bio-analyse R,
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Turkey. After incubating the plates at 37°C for 24 h,
the formed inhibition zone diameters were measured
using a calibrated ruler, according to the criteria of
CLSI guidelines in reference to Wayne, (2018). The
experiment was repeated twice and done in triplicates.

2.9. ldentification of Lactobacillus isolates to the
species level

The API-50 CHL test (Biomerieux, France) was
used for identification of the potent antibiofilm
Lactobacillus isolates, according to the manufacturer’s
instructions. The fermentation profiles were recorded,
and the Biomueirex database (France) was used for
interpretation of the results, in reference to Ozgun and

Vural, (2011).

2.10. Statistical analysis

Statistical analyses of results were performed
using SPSS version 17.0 (SPSS Inc., Chicago, IL). The
antibiofilm activity of Lactobacillus CSFs was
analysed by One Way Analysis of Variance (ANOVA)
Tukey’s multiple-comparison test. P<0.05 indicates
significant difference.

3. Results

In the current study, about 41 isolates were
obtained from the 50 stool samples (82 %) and then
identified biochemically as Lactobacillus sp., whereas
38 isolates were recovered from the 50 urine samples
(76 %) and identified as E. coli.

3.1. Antibiotic sensitivity and biofilm formation by
the E. coli isolates

Antibiotic resistance of E. coli isolates was tested
using disk diffusion method. High resistance to
amoxicillin-clavulanic acid (95 %), trimethoprime/
sulfamethoxazole (82 %), cefotaxime (71 %) and
ciprofloxacin (68 %) were recorded, and demonstrated
in Fig. (1). In the microtiter plate assay, 13 (34 %), 8
(21 %) and 6 (16 %) of E. coli isolates demonstrated
strong, moderate and weak biofilm formation abilities;
respectively, whereas 11 (29%) were unable to form
biofilm.
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Fig. 1. Antibiotic resistance patterns of the 38 uropathogenic E. coli isolates. Results are averages of three replicate plates.
Error bars represent standard deviations. Where; AMC: amoxycillin/ clavulanic acid, DO: doxycycline, CIP: ciprofloxacin,
NOR: norfloxacin, SXT: trimethoprime/ sulfamethoxazole, CN: gentamicin, AK: amikacin, CTX: cefotaxime, FEP: cefepime

and IMP: imipenem

About 5 MDR E. coli isolates out of the 38 mainly
referred as; E5, E12, E17, E23, and E36, were selected
to test the antibacterial and antibiofilm potentials of
the Lactobacillus isolates. These isolates were resistant
to 5 or more antibiotics belonging to different

antibiotic groups. At the same time, they showed
strong biofilm formation capabilities. The antibiotic
resistance pattern of these 5 selected E. coli isolates is
shown in Table (1).

Table 1. Antibiotic resistance pattern of the MDR and strong biofilm forming 5 E. coli isolates

E. coli Antibiotics

isolatess AMC DO CIP NOR SXT CN AK CTX FEP IMP
E5 R R R R R R S R S S
E12 R R R R R S S R R S
E17 R R R R R R R R R S
E23 R R R R R R S R R S
E36 S R R R R R R R S R

Results are averages of three replicate plates. Where; S: sensitive, R: resistant, I: intermediate. AMC: amoxycillin/ clavulanic
acid, DO: doxycycline, CIP: ciprofloxacin, NOR: norfloxacin, SXT: trimethoprime/ sulfamethoxazole, CN: gentamicin, AK:
amikacin, CTX: cefotaxime, FEP: cefepime and IMP: imipenem
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3.2. Antibacterial potentials of Lactobacilli CFSs
against E. coli isolates

Antibacterial efficacies of 41 Lactobacilli
supernatants against the 5 MDR E. coli isolates were
assessed using agar well diffusion assay. The E. coli
isolates were sensitive to all the Lactobacilli CFSs
with an average inhibition zone diameters > 9 mm.
About 22 (54 %) out of 41 CFSs of the tested
Lactobacilli isolates demonstrated highest inhibitory
effects against the concerned E. coli isolates,
exhibiting inhibition zones diameters ranging from 15-
18 mm. The antibiofilm action of these selected 22
Lactobacilli CFSs was assessed.

3.3. Effect of selected Lactobacilli CFSs on
dispersion of the preformed biofilms

Cell-free supernatant (CFS) of all the selected 22
Lactobacillus isolates expressed significant reductions
of biofilm formation by the 5 MDR E. coli isolates, as
demonstrated in Fig. 2(A, B and C).

Out of 22 CFSs, 16 caused more than 50 %
reduction of biofilm formation; however, maximum
inhibition was observed by isolate L28, giving
reduction of 79 % - 85 % against the 5 tested E. coli
isolates.
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Fig. 2 (A, B and C): Activity of the 22 selected Lactobacillus CFSs isolates against biofilm formation by the 5 MDR E. coli
isolates. Results are averages of three replicate plates. Where; E (5, 2, 17, 23 and 36) represent the selected MDR E. coli
isolates
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3.4. Scanning Electron micrographs

The effects of cells of some Lactobacillus isolates
on the structure of biofilm formed by the E17 isolate
(selected for being strong biofilm former and resistant
to all tested antibiotics except one) upon co-culturing,
was investigated using SEM. The Lactobacilli isolates
assigned as; L3, L7, L28, L30 and L31, expressed the
highest antibiofilm activities. Lactobacillus cells or its
biofilms could replace the E. coli cells in their
biofilms. Fig. (3 A) shows a dense biofilm mass

formed by E17. Co-culture of Lactobacilli isolates L3
and L31 with E17 (Fig. 3 B and F) showed fewer E.
coli cells attached to the surface, with no dense
aggregates. Elimination of E. coli biofilm formation
and appearance of Lactobacilli aggregates of both L7
and L28 strains are demonstrated in Fig. (3 C and D).
Co-inoculation of Lactobacillus isolate L30 with E17,
showed Lactobacillus cells with decreased number of
E. coli cells in the culture, as demonstrated in Fig.
(3E).

Novel Research in Microbiology Journal, 2021

1098



Hashem and Abd EI-Baky, 2021

18pm GOB8B80B9

Fig. 3. SEM images of E. coli isolate (17) as control (A), on co-culture with cells of Lactobacillus isolates; isolate
L3 (B), isolate L7(C), isolate L28 (D), isolate L30 (E), and with isolate L31 (F)

3.5. Sensitivity of the Lactobacillus isolates to bile
salts and acidic pH

All the 22 Lactobacillus isolates were able to
grow in 2 % wi/v concentration of bile salts, and at
acidic pH (3).

3.6. Safety of the Lactobacillus isolates

The Lactobacillus isolates showed no hemolysis
when cultured on blood agar plates. The antibiotic
susceptibilities of Lactobacilli were determined. All
Lactobacillus isolates were highly sensitive to
tetracycline, chloramphenicol, and clindamycin.
However, all isolates had intrinsic resistance to
vancomycin. Out of the tested 22 Lactobacillus
isolates; 1 (5 %), 2 (9 %), 5 (23 %), 5 (23 %) were
resistant to cefazolin, erythromycin, gentamicin and
ciprofloxacin; respectively, as shown in Table (2).

3.7. Identification of the Lactobacillus isolates

A total of 14 Lactobacillus isolates that were
sensitive to all the tested antibiotics (except
vancomycin), with acid and bile tolerance, non-
hemolytic on blood agar, and currently expressed good
antibacterial and antibiofilm activities were identified
to the species level. Based on API-50 CHL
identification, Lactobacillus isolates are identified as;
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Lactobacillus acidoplilus (L3, 5, 7, 11, 31 and 39), L.
plantarum (L20, 27, 36 and 37), L. fermentum (L10,
16 and 28) and L. paracasei (L17).

4. Discussion

The rate of antibiotic resistance in uropathogenic
E. coli (UPEC) that is the major causative agents of
UTlIs have increased and become difficult to manage,
as highlighted recently by Ramirez-Castillo et al.,
(2018). In this study, 95 %, 82 %, 71 % and 68 % of
the E. coli isolates demonstrated resistance to
amoxicillin-clavulanic acid, trimethoprim—
sulfamethoxazole, cefotaxime and ciprofloxacin,
respectively.

In consistence with current results, previous study
by Ali et al., (2016) reported resistance more than 70
% among the isolated UPEC to trimethoprim-
sulfamethoxazole, which is generally used as a first-
line antibiotic in the management of uncomplicated
UTlIs. Similarly, a recent study conducted by Kot,
(2019) proved that the UPEC resistance to
fluoroquinolones in the developing countries is notably
high (56-86 %). Moreover, results obtained by Li et
al., (2017) demonstrated significant resistance (60.5
%) of E. coli to trimethoprim/ sulfamethoxazole,
ampicillin, and cefazolin.
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Table 2. Antibiotic sensitivity pattern of the 22 Lactobacillus isolates

Lactobacillus
isolates

Antibiotics

o

o
>

L2

L3

L5

L6

L7

L10
L11
L16
L17
L18
L20
L23
L27
L28
L29
L30
L31
L33
L36
L37
L39
L40
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;U(D(D(D(D(D;U;U(DU);UU)(D(D—(D(D(D;UU)U)U)Q
DN ULODLOLOHBLOLOLOLOODOOLOOOOnonmnmonmowm

?J(DU)U);U(I)U)(/)(/)(/)(/)(D;UU)U)U)U)UJ;UU)U);U%

Results are averages of three replicate plates. Where; S: sensitive, R: resistant, I: intermediate, AMP: ampicillin, KZ: cefazolin,
TE: tetracycline, C: chloramphenicol, VA: vancomycin, E: erythromycin, CN: gentamicin, DA: clindamycin, CIP:

ciprofloxacin

Delcaru et al., (2016) proved that microbial
biofilms are responsible for the recurrences and
relapses of UTIs. Biofilms that adhere on urinary
catheters increase the percentage of nosocomial
infections in hospitalized patients. In this study, 34%
of E. coli isolates showed strong biofilm formation
capability. In agreement, higher percentage was
recorded by Karigoudar et al., (2019), as among the
catheterized patients; 89.7 % of UPEC isolates were
biofilm producer detected through the tissue culture
plate method.

Thus, the search for new alternatives in antibacterial
therapy is required, with a special interest in natural
remedies as reported by Silva et al., (2019). In this
context, de Melo Pereira et al., (2018) stated that

Novel Research in Microbiology Journal, 2021

Lactobacilli are among the best-known probiotics. In
our study, 41 (82 %) Lactobacillus isolates were
recovered from stool samples collected from healthy
breast-fed infants. Our results were confirmed by
previous studies conducted by Bahri et al., (2014);
Davoodabadi et al., (2015a, b) ; Kaur et al., (2018)
that isolated probiotic Lactobacillus species from the
faecal samples of healthy infants. Probiotic
Lactobacillus isolates from human intestines are more
useful than those from other origins, as they are highly
resistant to elevated concentrations of bile salts and
low pH levels. In addition, their adherence ability is
superior compared to probiotics isolated from dairy
products, and can be consumed safely in case of
lactose intolerance, as proved by Davoodabadi et al.,
(2015a); Sornplang and Piyadeatsoontorn, (2016).
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In the present work, the antibacterial potency of
41 CFSs of Lactobacillus isolates against 5 MDR E.
coli isolates was investigated by disk diffusion
method. We found that all the tested CFSs were able to
inhibit the growth of the MDR and strong biofilm
forming E. coli isolates. This is consistent with the
previous results obtained by Ezeonu and Kanu, (2016)
that demonstrated the inhibitory potential of L.
acidophilus CFS against Staphylococcus aureus, E.
coli and Klebsiella sp. in urine. Furthermore, current
results were confirmed by Davoodabadi et al., (2015b)
study, who proved that probiotic L. fermentum, L.
paracasei and L. plantarum collected from faecal
samples of healthy infants inhibited the growth of
bacterial enteropathogens. The antibacterial properties
of the probiotics CSFs were attributed to the
production of organic acids that lowered the pH, in
addition to the bioactive compounds released by these
probiotics such as; bacteriocins and hydrogen
peroxide, as confirmed by Yang et al., (2014). In the
present work, the antibiofilm activity of 22 CFSs of
Lactobacillus isolates was investigated using the
microtitre plate assay. It was found that 16 CFSs
exhibited more than 50 % reduction in the biofilm
formed by the tested MDR E. coli isolates.
Lactobacillus isolates L3, L7, L28 and L31 showed
more than 80% reduction of biofilm formed by some
E. coli isolates. In addition, the SEM micrographs
showed significant changes in the structure of biofilms
formed by the strong biofilm producer MDR E. coli
isolate (E17), when co-cultured with some
Lactobacillus isolates. As demonstrated by Terraf et
al., (2012), biofilm formation by Lactobacilli could
enhance colonization and is more permanent in the
host mucosa, thus it inhibits colonization by some
pathogenic strains. In accordance, Abdelhamid et al.,
(2018) proved that L. helveticus CFS grown in skim
milk inhibited the biofilms formed by MDR E. coli
isolate by 69.49 %, while CSF obtained from L.
plantarum showed 64.57% reduction. They illustrated
that this antibiofilm action was attributed to the
antibacterial bioactive compounds. Also, Osama et al.
(2017) demonstrated the antibiofilm potential of some
L. rhamnosus and L. gasseri strains against E. coli,
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Pseudomonas  aeruginosa, and S. aureus.
Fernandes et al., (2019) explained that the antibacterial
substances such as; organic acids, hydrogen peroxide,
bio-surfactants as well as bacteriocins, are responsible
for this antibiofilm action. They also proved that this
activity is strain-specific and may not appear in all
Lactobacillus strains. Davoodabadi et al., (2015b)
highlighted that the principle characteristics for
choosing bacterial spp. as beneficial probiotics are
their acid and bile salt tolerance, antibiotic sensitivity,
and antimicrobial action against pathogenic
microorganisms. Acid tolerance at standard pH (3) and
bile salt tolerance at bile salt concentration 0.3, which
resemble the normal level of human intestine, are
important ~ for  characterization  of  probiotic
Lactobacillus strains, as reported by Halder et al.
(2017). Our results revealed that all isolated
Lactobacilli were resistant to 2% bile salt and grow
normally pH 3. These results proved that Lactobacilli
isolated in this work can tolerate unfavorable
conditions including growth at high bile salts or low
pH in vitro, which are prerequisite probiotic
characteristics that should be further studied in vivo.

Probiotic Lactobacilli must be safe; as they should
not cause hemolysis in host body cells. Besides, they
should be antibiotic sensitive, in order not to transfer
resistance to the other intestinal pathogenic bacteria.
However, Halder et al., (2017) reported that probiotic
bacteria with antibiotic resistance that is not
transferred or innate, is acceptable for formulation as
products that can be safely consumed by human. In
this study, Lactobacillus isolates showed high
sensitivity to tetracycline; chloramphenicol, and
clindamycin, in concurrence with the previous reports
of Maragkoudakis et al., (2006); Wang et al., (2010).
Currently, some Lactobacillus isolates showed
resistance to  several antibiotics including;
erythromycin, gentamicin and ciprofloxacin; in
addition to their resistance to vancomycin. Previous
studies of Verdenelli et al., (2009); Morrow et al.,
(2012) attributed this result to the fact that Genus
Lactobacillus is naturally resistant to vancomycin, and
genes of such resistance are encoded on chromosomes;
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thus they could not be induced or transferred to the
other bacterial species. Knowing that antibiotic
resistance may be a potential alert; thus the beneficial
probiotic strain must be eliminated or not utilized once
it acquires and\or becomes a reservoir of these genes.
Finally, antibiotic resistance of Lactobacillus probiotic
strains can be helpful only in case of individuals with
unbalanced gut microbiota, which is attributed to the
misuse and abuse of different antibiotics. Otherwise,
the Lactobacillus resistance genes can be transferred to
other intestinal microorganisms, as revealed by
Imperial and Ibana, (2016).

The current study identified Lactobacillus isolates
predominantly as; L. acidoplilus, L. plantarum, L.
fermentum and L. paracasei. In consistent with results
of this study, Mirlohi et al., (2008) reported that L.
acidophilus as the most predominant Lactobacillus
isolate, followed by L. plantarum. On the contrary,
Davoodabadi et al., (2015a) demonstrated that L.
fermentum was the most frequent isolate recovered
from infants stool samples, followed by L. plantarum
and then L. rhamnosus.

Conclusion

Based on observations of the present work, we
concluded that Lactobacillus strains with great
probiotic potential can be recovered from faeces of
healthy infants. Some Lactobacilli supernatants have
both antibacterial and antibiofilm potential toward
multi-drug resistant uropathogenic E. coli. This
supports their use in the prevention of bacterial UTI,
and their future application as antibacterial alternatives
against MDR and biofilm forming E. coli strains.
Further in vitro and in vivo studies on these probiotic
strains are still required.
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