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ABSTRACT

Background: The rise of multidrug-resistant (MDR) pathogens has encouraged more
research to identify harmless and a potential substitute to antibiotics, such as probiotics.
The current study aims to evaluate the inhibitory activity of cell-free supernatants (CFS)
of Lactobacillus acidophilus (L. acidophilus) and Lactobacillus fermentum (L. fermentum)
against MDR Klebsiella species and Pseudomonas species. Methods: The current study
included a total of 52 (26 each) clinical isolates of Klebsiella and Pseudomonas, confirmed
to be MDR by Kirby-Bauer disc diffusion method. Anti-bacterial activities of the CFS of
L. acidophilus (DSM 20079) and L. fermentum (ATCC 9000338) against the MDR isolates
were assessed by agar well diffusion. Detection of biofilm formation by test pathogens
was done by the tissue culture plate (TCP) method and the CFS ability to interfere with
biofilm production was studied. Results: The agar well diffusion test showed that the
mean value of inhibition zone diameter of L. fermentum and L. acidophilus against
Klebsiella were 14.3 mm and 13.82 mm respectively. While the mean value of inhibition
zones of L. fermentum and L. acidophilus against Pseudomonas were 14.29 mm and 15.45
mm respectively. Biofilm production was identified in 73.1% of the isolates. L.
fermentum and L. acidophilus revealed reductions of 46% and 47.2%, respectively, in
biofilm production in Klebsiella. While L. acidophilus was more effective (61%) in
inhibiting the formation of biofilm in Pseudomonas than L. fermentum (46.5%).
Conclusions: L. fermentum and L. acidophilus have an important anti-bacterial effect
against MDR Klebsiella species and Pseudomonas species.

Introduction

The rapid

rise in antimicrobial

to treat such infections is declining every year,
suggesting that fewer antibiotics will be available in
the future and will most likely become ineffective

resistance (AMR) constitutes a major danger to
world health and necessitates the establishment of
alternative strategies for combating dangerous
illnesses. Severe nosocomial infections are caused
by Klebsiella and Pseudomonas. These diseases
include MDR and extensively drug-resistant (XDR)
bacteria, which have the capability of evading the
bactericidal effects of many antimicrobial drugs [1,
2]. However, the availability of effective antibiotics
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shortly [3].

Therefore, the development of safe, all-
natural antibiotic alternatives, like probiotics,
phages and phytomedicines is critically important to
treat infections caused by these kinds of
microorganisms [4, 5, 6]. Higher-order antibiotics
with adverse effects and potentiality to microbiome
disruption are often required for biofilm-related
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disorders that are resistant to common antibiotics.
Probiotic therapy has been recognized as an
encouraging strategy for the prevention and cure of
numerous infections, as well as a complement to
antibiotic medication, due to its numerous
advantages and intrinsic safety [2]. Since
Lactobacillus produces and secretes certain
chemicals into CFS, including bacteriocins,
hydrogen peroxide and organic acids, CFS can be
considered as a safe and effective substitute for
synthetic antibiotics in biofilm inhibition [7]. The
study aims to assess the CFS’s inhibitory and anti-
biofilm effects of L. acidophilus and L. fermentum
against Klebsiella and Pseudomonas species.

Materials and Methods

The current study was performed as an in
vitro experimental research between November
2023 and May 2024. A total of 52 (26 each) clinical
isolates of Klebsiella species and Pseudomonas
species were obtained from the Strain Bank,
Medical Microbiology & Immunology Department,
Faculty of Medicine, Cairo University and
confirmed to be MDR were included in this study.
These isolates were previously recovered from
various clinical samples from hospitalized patients
at Kasr Al Ainy University Hospitals. L. acidophilus
(DSM 20079) and L. fermentum (ATCC 9000338)
used in this study were obtained from the Faculty of
Agriculture, Ain Shams University, Egypt.
Approval for this research was obtained from the
Research Ethics Committee of the Institutional
Review Board (code: N-459-2023), Faculty of
Medicine, Cairo University.

Bacterial isolates

The isolates were identified using colony
morphology and  standard  microbiological
assays(Gram stain, oxidase test, Triple Sugar Iron
test (TSI), citrate test, urease test, Lysine
Decarboxylase test (LDC) and Motility Indole
Ornithine (MIO) test) [10].

Antibiotic susceptibility testing

All test pathogens ; Klebsiella species and
Pseudomonas species were evaluated for antibiotic
susceptibility by disc diffusion Kirby-Bauer
method, using the antibiotic discs (Hi Media, India
and Oxoid,UK); Piperacillin/Tazobactam (110ug
TZP) , Amoxicillin—clavulanic acid (AMC 30pg),
Gentamycin (CN 30ug), Ceftazidime ( CAZ 30ug)
, Imipenem (IMP; 10 pg), Meropenem (MEM;
10pg), Cefepime (CPM; 30pg) , Amikacin (AK;
30pg), Ciprofloxacin (CIP; 5ug), Aztreonam (AT

30pg), Cefoperazone (CPZ;75 pg) . Strains were
considered MDR if non-susceptible to at least one
antibiotic of >3 different categories [11]. Results
were interpreted according to CLSI standard
inhibition zone diameters [12]

Preparation of cell-free supernatants of
Lactobacilli

The Lactobacillus strains were grown
anaerobically in Man Rogosa Sharpe (MRS) broth
(Sigma Aldrich, USA) for 48 hours at 37°C. After
incubation, centrifugation of samples done at 4000
rpm for 15 mins and filter-sterilization of the
supernatants performed through a 0.22 um filter
(Millipore Inc., Billerica, USA) and used freshly [7].

Agar well diffusion inhibitory activity of
Lactobacillus strains against bacterial pathogens
The inhibitory effect of the CFS isolated
from L. acidophilus (DSM 20079) and L. fermentum
(ATCC 9000338) were tested separately against
each MDR test isolate by agar well diffusion test.
Adjustment of the isolates was done to 0.5
MacFarland suspensions in sterile tubes. With a
sterile cotton swab, each isolate was swabbed
separately on the surface of sterile Muller Hinton
agar plates (Oxoid,UK). One hundred microliters of
CFS was placed into wells with diameter 10 mm that
were cut into agar plates with incubation at 37 °C for
24 h. The diameter of the inhibitory zone was
determined in determined in millimeters and
interpreted. All isolates were done in duplicates [13,
14].
Biofilm formation testing

MDR pathogens were screened for biofilm
production using tissue culture plate method (TCP)
which is often applied standardized technique for
detection of biofilm formation [15, 16, 17]. The
isolates from fresh agar plates were inoculated in 5
ml of Trypticase soy broth and were incubated at
37°C for 24 h. Further dilution of the bacterial
suspensions 1:100 using fresh medium. A sterile
polystyrene tissue culture plate with 96 flat bottom
wells was used, and 200 pl of the produced bacterial
solution was added to each well. Following
incubation at 37°C for 24 h, gentle tapping was
applied to remove contents from plates. After two
steps of washing with 200 pL of phosphate buffer
saline, the plates were incubated for an hour at
37°C.200 pL of ethanol was used to fix the biofilm
developed, and it was left for 15 minutes. The plates
staining was performed with 200 pL of 0.1% crystal
violet for 10 min. Removal of excess stain was done
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by washing twice with deionized water and the
plates were left for drying. Finally, 200 ul of 33%
glacial acetic acid was added to the wells. The
optical densities (OD) of stained bacterial biofilms
were measured at 570 nm. The test was done in
triplicates. Results were interpreted as follows [16,
17]:

- Average OD values > 0.68 are considered

as strong positive biofilm-producers

- Average OD values 0.35 to 0.68 are
considered as moderate positive biofilm-
producers.

- Average OD values 0.17 to 0.34 are
considered as weak positive biofilm-
producers.

- Average OD value <0.17 are considered as
negative biofilm producers

Inhibitory effect of CFS of L. fermentum (ATCC
9000338) and L. acidophilus (DSM 20079) on
biofilm-producing MDR strains

Tested strains were cultivated for 24 hours
at 37 °C on TSB. After adjusting the broth's turbidity
to meet the 0.5 McFarland standard, fresh TSB was
added and the mixture was diluted to 1:100. A 96-
well microtiter plate was filled with 100 pL of the
bacterial suspension and 100 pL of CFS of
Lactobacillus strains, and it was incubated for 24
hours at 37°C. Following incubation, the medium
was discarded from every well, rinsed with PBS
three times. Biofilm formation was fixed with 200
pL of ethanol and left for 15 minutes. Staining was
done with 0.1% crystal violet for 5 minutes,
followed by washing and drying. The final step
involved adding 200 pL of 33% glacial acetic acid.
Then optical density was measured at 570 nm. The
anti-biofilm activity (%) was calculated using the
following formula: (Control OD570 nm — Test
OD570 nm / Control OD570 nm) x 100, where
‘Control’ represents the optical density values with
unchallenged pure culture of test pathogen, and
‘Test’ represents the values under treatment
conditions[18,7].
Statistical analysis

Data were coded and entered using the
statistical package for the Social Sciences (SPSS)
version 28 (IBM Corp., Armonk, NY, USA).
Comparisons between quantitative variables were
made using the non-parametric Mann-Whitney test.
For comparison of serial measurements within each
patient the non-parametric Friedman test and
Wilcoxon signed rank test were used. For comparing

categorical data, Chi square (X2) test was
performed. Exact test was used instead when the
expected frequency is less than 5. P-values less than
0.05 were considered statistically significant.
Results
Antimicrobial susceptibility testing

The susceptibility patterns among the 26
Klebsiella isolates varied with 25 isolates
representing 96.2% showed resistance to both CAZ
& AMC, 24 isolates (92.3%) showed resistance to
CIP, while 23 of Klebsiella isolates (88.5 %) were
resistant to CPZ, CPM & AT, only 20 isolates
representing 76.9% showed resistance to TZP &
CN, where 18 isolates (69.2%) were resistant to
MEM & IMP and finally12 isolates (46.2%) were
resistant to AK as illustrated in figure (1).

The susceptibility patterns among the 26
Pseudomonas isolates varied with all of the 26
isolates showing 100% resistance to CAZ, while 25
isolates (96.2%) showed resistance to both MEM
&CIP, 92.3% representing 24 isolates showed
resistance to CPM, 22 isolates (84.6%) were
resistant to IMP, 20 isolates representing 76.9%
were resistance to TZP and finally only 18 isolates
(69.2%) showed resistance to AT (Figure 2).

Inhibitory activity of Lactobacilli CFSs by agar
well diffusion

The CFS of L. fermentum and L.
acidophilus showed good growth-inhibiting impact
on the tested MDR Klebsiella isolates with the mean
inhibition zones of L. fermentum CFS (14.3 mm)
and for L. acidophilus CFS is (13.82 mm) (Figure
3).

The CFS of L. fermentum and L.
acidophilus showed promising inhibitory effect on
growth of the tested MDR Pseudomonas isolates
with the mean inhibition zones of L. fermentum CFS
(14.29 mm) while in L. acidophilus CFS, the mean
inhibition zones were (15.45 mm) (Figure 4).

Formation of biofilm:

Based on the findings of the TCP method
for biofilm formation, 38 isolates representing
73.1% of total isolates were biofilm forming.
Where, 22 isolates were strong positive (42.3%)
while 9 isolates were moderately positive (17.3%)
and only 7 isolates were weak positive (13.5%),
whereas the remaining 14 isolates (26.9%) did not
produce biofilms ( Figure 5).
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Anti-biofilm effect of Lactobacilli CFSs

Regarding the inhibiting impact of CFS of
L. fermentum on 20 biofilm
producing Klebsiella isolates, the inhibitory effect
for the Klebsiella biofilm producer strains was 46
%, while inhibiting impact of CFS ofL.
acidophilus  on the same Klebsiella biofilm
producer strains revealed 47. % reduction rate, with
statistically significant p-value. The efficacy of
CFS of L. fermentum and L. acidophilus on biofilm
producer Klebsiella isolates were almost the same
(mean reduction is 46 % and 47.2 %, respectively)
as shown in table (1).

The inhibitory impact of L. fermentum's
CFS on the 18 biofilm-producing Pseudomonas
isolates was 46.5%, while the inhibitory action of
CFS of L. acidophilus on the same Pseudomonas
biofilm producer strains revealed 61% reduction
rate, with statistically significant p value. A slight
difference was detected regarding the efficacy of
CFS of L. fermentum and L. acidophilus on biofilm
producer Pseudomonas isolates, where the mean
reduction is 46.5% and 61% respectively as
illustrated in table (2).

Table 1. The anti-biofilm impact of CFS of L. fermentum and L. acidophilus on Klebsiella isolates.

Klebsiella
Mean OD IAnti-biofilm impact of CFS of |Anti-biofilm impact of CFS of
before L. Fermentum L.acidophilus

Mean OD 0.81 0.35 0.37

SD 0.56 0.26 0.28

P value” < 0.001 < 0.001

Mean % reduction 46.01 47.21

P value _b?twee_n both 0.877

lactobacilli strains

* P-value is significant if <0.05

Table 2. The anti-biofilm impact of CFS of L. fermentum and L. acidophilus on Pseudomonas isolates.

Pseudomonas
IAnti-biofilm impact of Anti-biofilm impact of
Mean OD before CFS of L.Fermentum CFS of L.acidophilus
Mean OD 1.03 0.53 0.39
SD OD 0.63 0.46 0.31
P value” < 0.001 < 0.001
Mean % reduction 46.51 61.06
P value _bgtwee_n both 0.732
lactobacilli strains

P value is significant if <0.05
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Figure 1. Disk diffusion susceptibilities for Klebsiella isolates.
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Figure 2. Disk diffusion susceptibilities for Pseudomonas isolates.
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Figure 3. Inhibitory activity of L. fermentum and L. acidophilus against MDR Klebsiella isolates.
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Figure 4. Inhibitory activity of L. fermentum and L. acidophilus against MDR Pseudomonas isolates.
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Figure 5. Formation of biofilm by TCP method.
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Discussion

Lactobacilli are widely recognized
probiotics that are generally considered to be safe
natural treatment options and is additionally
considered as an immune booster. There are several
ways that lactobacilli could demonstrate their
antibacterial activity, includes the synthesis of
inhibitory substances. , activation of immunity,
competing with harmful microbes for receptor
binding and nutrition. Lactobacilli produce various
inhibiting substances such as; lactic acid, formic
acid, and acetic acid; bacteriocins; hydrogen
peroxide; and peptides which are antibacterial [19,
20, 21]. Klebsiella pneumoniae and P. aeruginosa

Weak Positive No Biofilm

represent a major concern in nosocomial infections.
Gram-negative opportunistic bacteria that cause
serious infections in hospitals, such as urinary tract
infections, pneumonia, and bacteremia, particularly
in immunocompromised individuals [22]. Both have
several virulence factors contributing to their
pathogenicity —and  antimicrobial  resistance.
Probiotics, phytomedicine, phages, and other novel
approaches are examples of non-antibiotic therapy
against MDR pathogens. [6].

In our research, we studied the inhibitory
activities of L. acidophilus and L. fermentum CFS
against MDR Klebsiella and Pseudomonas isolates.
Using the agar well diffusion test, the CFS showed



Nada M and Kotb M/ Microbes and Infectious Diseases 2025; 6(4): 6649-6659

6655

a significant antibacterial activity with diameter of
inhibition zone greater than 13 mm against both
pathogens. L. acidophilus showed mean inhibition
zones of 13.82 mm against Klebsiella, and mean
inhibition zones against Pseudomonas isolates were
15.45 mm, while L. fermentum produced mean
inhibition zones of 14.3 mm and 14.29 mm against
Klebsiella and Pseudomonas respectively.
Considering that all
tested Klebsiella and Pseudomonas isolates were
MDR, accordingly, CFS is considered an excellent
approach for elimination of such problematic
pathogens.

This result was in line with another
Egyptian study conducted at the Faculty of
Medicine, Assiut University, by El-Mokhtar et al.
who stated that by using agar well diffusion assays
against ESBL producing K. pneumoniae and P.
aeruginosa isolates, the zone of inhibition diameters
was greater than 13 mm [22]. Another research by
Shokri et al. reported that, employing the well
diffusion method, the CFS of two L. fermentum
strains out of 57 lactobacillus strains demonstrated
inhibitory zones against 80 P. aeruginosa strains
with a diameter of 12-20 mm. [18]. Similarly Al-
Malkey et al. reported high inhibition zone
diameters greater than 13 mm were detected by CFS
of L. acidophilus by applying the technique of well
diffusion against P. aeruginosa isolates [23].
Additionally, Hossain, et al. assessed the
antimicrobial activity of CSF using the agar
diffusion technique of both L. fermentum and L.
brevis, where the two strains showed significant
antimicrobial action against several bacteria, such
as K. pneumoniae and P. aeruginosa. The
L.fermentum strain, proved to be capable to
efficiently inhibit all the target pathogens, with
larger inhibition-zone formation in comparison to
the L. brevis strain, which also inhibited all
pathogens successfully [24].

In another study, Abdelhalim et al.
evaluated the antibacterial action of CFS of
different Lactobacillus spps. to wards10 isolates of
MDR Klebsiella pneumoniae and reported that
L.acidophilus had no inhibitory effect against MDR
isolates, Yet, the most widely recognized growth-
inhibiting effects were exhibited by Lactobacillus
rhamnosus B-445 and Lactobacillus helveticus.
[25].

Pathogen biofilm formation promotes the
adaptation in adverse settings. Biofilms are three-
dimensional complex structures generated on both

biotic and abiotic surfaces, composed of bacteria
which are enclosed in a polysaccharide shell with
extracellular DNA. Slower rates of metabolism and
replication are presented by bacteria comprising
these communities. The polysaccharide
extracellular matrix, the structure compactness, and
limited strains' metabolic activity , all contributes to
increased antibiotic resistance [26]. When treating
infections caused by biofilms, the current antibiotics
are ineffective due to the protective layers that the
cells in the biofilm create. [27, 28].

The use of probiotics and their derivatives
to combat biofilms is growing in popularity. [29].
Antimicrobial compounds present in the cell free
supernatant had been considered to inhibit the
pathogens growth and even induce cell death,
resulting in the failure of cell aggregation to form
biofilm.  Finding LAB strains with antibiofilm
activity is therefore essential in order to incorporate
them as options to biofilm control. Lactobacilli have
been evaluated in a number of experimental and
clinical investigations for their potential utility in the
prevention or treatment of bacterial biofilm-induced
infections. Biofilm development is reduced or even
disrupted by CFS from LAB. [30, 22].

In the current study, we screened for
biofilm formation using TCP. Out of 52 MDR
isolates, 38 isolates were biofilm-producing,
representing 73.1% of total isolates that were
biofilm-forming. Where 22 isolates were strong
positive (42.3%), while 9 isolates were moderately
positive (17.3%) and only 7 isolates were weak
positive (13.5%), whereas the remaining 14 isolates
(26.9%) were non-biofilm-forming.

According to a research study by
Nasirmoghadas et al., biofilm formation rates were
greater, indicating that 93% of tested isolates
developed biofilm, where 67 samples reported weak
biofilm producers, 22 samples were moderate, and
only four samples were strong [31]. A research
conducted by Jabalameli et al. revealed that over
96% of the isolates produced biofilm. with 22.9%
producing weak biofilm , 26% were moderate
producers, and 47% were strong [32].According to
Ghadaksaz et al., 50.1% of 104 of P. aeruginosa
isolates formed biofilms. [33].

Since all of our isolates were MDR, this
could account for the high rate of biofilm
development in this research. Previous results
revealed that the MDR P. aeruginosa isolates
experienced a greater amount of biofilm
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development compared to the non-MDR isolates.
[34, 35].

In our investigation, CFS of L. fermentum
and L. acidophilus was able to decrease the
production of biofilms in both MDR Klebsiella and
Pseudomonas isolates. L. fermentum and L.
acidophilus revealed reductions of 46.01% and
47.21%, respectively, in biofilm production in
Klebsiella. While L. acidophilus was more effective
(61.06%) in inhibiting the formation of biofilm in
Pseudomonas than L. fermentum (46.5%).

Similarly, EI-Mokhtar et al. reported that
when challenging 24-h biofilms with CFS,
disruption and removal of biofilm formation of K.
pneumoniae and P. aeruginosa were 52% + 12 and
41% = 15, respectively [22].

Also, Asadzadeganet al., evaluated the
inhibitory effect of 7 Lactobacillus strains derived
from infant feces and reported that the CFS of four
isolates showed a 100% inhibition against biofilm
formation for all P. aeruginosa strains [36].
Additionally, Shokri et al. studed the antibiofilm
activity of different lactobacilli strains isolated from
local dairy sources against P. aeruginosa strains, the
strongest antagonistic impact against all strains of P.
aeruginosa was demonstrated by L. fermentum.
[18]. Similarly, Varma et al. examined the
antibiofilm properties of lactobacilli against
pathogenic microorganisms such as P. aeruginosa
in vitro and demonstrated that chemicals released by
L. fermentum suppressed the development and
biofilm formation of P. aeruginosa strains. [37].

Singh et al. found that L. brevis CFS
may prevent P. aeruginosa and K. pneumoniae from
forming biofilms. For P. aeruginosa, the greatest
biofilm inhibition was 52.63%, while for K.
pneumoniae, the inhibition activity was 22.2%.
[38].

The anti-biofilm properties of CFS of new
Lactobacilli isolated from domestic goats' guts
against the "ESKAPE" group of pathogens were
assessed in another investigation by Saini et al. and
reported a notable reduction of biofilm formation by
E. faecalis, S. aureus, K. pneumoniae, A.
baumannii, and P. aeruginosa, however there was a
small degree of variance in their efficiency of
inhibition. [2].

Given that the antibacterial characteristics
of probiotic Lactobacillus depend on strain
specificity, full characterization and assessment of
the probiotic qualities of new Lactobacillus isolates

from natural sources is important before their
selection for prospective use. [39,40].

Conclusion

Probiotics may offer an alternative
preventive or therapeutic strategy against MDR
bacteria. The CFS of both L. fermentumand L.
acidophilus, showed strong antimicrobial and
antibiofilm formation activity against
MDR Klebsiella species and Pseudomonas species.
However, further studies on larger sample sizes and
wider scales are required. Moreover, studies of
different species of Lactobacilli to test their
antibacterial effect are recommended.
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