Antibiofilm Effects of Lactobacilli against Ciprofloxacin-Resistant Uropathogenic Escherichia coli strains in pasteurized milk 
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Uropathogenic Escherichia coli-induced urinary tract infections are the most common uropathogenic Escherichia coli etiological agent. In addition, most of biofilms created by these bacteria can be regarded as a serious problem in the food industry. Foodborne diseases have always been considered an emerging public health concern throughout the world. Many outbreaks have been found to be associated with biofilms. Thus, the aim of the present study is to investigate the anti-adhesive effects of lactic acid bacteria against strains of Ciprofloxacin-Resistant Uropathogenic Escherichia coli using microbial techniques in Pasteurized milk.
In this study, strains of Lactobacillus plantarum, Lactobacillus casei and Lactobacillus acidophilus were provided from Pasteur Institute of Iran. Twenty strains of Uropathogenic Escherichia coli-Induced Urinary Tract Infections were isolated from patients with urinary tract infection in Shahid Labbafinejad hospital of Iran. Eight strains with ability of biofilm formation were selected for microbial tests. All of these eight strains were resistant to Ciprofloxacin. Disk diffusion method was used to assess the susceptibility of all isolates to the ten common antibiotics. Eight samples of Uropathogenic Escherichia coli were inoculated in pasteurized milk. The microtitre plate 100 method was used to detect anti-adhesive activity of lactobacilli supernatant.

Results showed that the eight human isolates were resistant to antibiotics. Isolate of number 4 was the most susceptible strains to antibiofilm effects of lactobacilli in the pasteurized milk. The anti-adhesive effects of lactobacilli on Uropathogenic Escherichia coli were confirmed in all microbial tests. In this study, Lactobacillus plantarum revealed highest inhibitory activity against UPEC 4 strain with zones of inhibition of 42 mm. This strain was reported as a proper probiotic bacterium. According to the results, these lactobacilli have had spectacular effects on biofilm formation and pathogenicity of Uropathogenic strains to prevent the adhesion.
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1. Introduction

Uropathogenic Escherichia (E.) coli-Induced Urinary Tract Infections were identified in 1982 and introduced as the main cause of outbreak of infectious diseases around the world. This bacterium in food may cause spoilage and contribute to raised incidence of foodborne diseases.The emergence of multidrug resistant and disinfectant resistant bacteria-such as Escherichia- has increased rapidly. Antibiotic-resistant bacteria are worldwide death tolls[1,2]. Uropathogenic E. coli (UPEC) is one of the major concerns in the food industry. In some cases, dissemination of a single clonal group of UPEC isolates may occur within a community via contaminated food or other consumables [3-5]. Recent researches have shown that among all E. coli strains, only UPEC strains are able to survive in acidic conditions [6,7]. 
Many bacteria, including E. coli, Staphylococcus (S.) aureus, and Pseudomonas (P.) aeruginosa can form biofilm in the body tissues. The formed biofilm leads to the emergence of several deadly infectious diseases [8,9]. In addition, the biofilm created by E. coli can be regarded as a serious problem in milk contamination in the post-pasteurisation stage [10]. Also, this strain participates in the biofilm formation on the surfaces of a post-pasteurisation unit in a dairy plant. Moreover, E. coli within the biofilm is resistant to many antibiotics compared to its free state (Planktonic) [11] and almost is resistant to ciprofloxacin, carbenicillin, cloxacillin, cephaloridin, novobiocin, and vancomycin. Antibiotic resistant microorganisms can increase mortality rates because they can survive through their ability to acquire and transmit resistance after exposure to antibiotic drugs, which are one of the therapies to infectious diseases. Therefore, the existence of drug-resistant bacteria in pasteurized milk could be considered a major problem in the antibiotic therapy and alternative remedies have to be applied for the treatment of many infectious diseases. One sample of these common antibiotics is ciprofloxacin. Ciprofloxacin is an antibiotic used to treat a number of bacterial infections. This includes bone and joint infections, intra-abdominal infections, certain type of infectious diarrhea, respiratory tract infections, skin infections, typhoid fever, and urinary tract infections.  For some infections, it is used in addition to other antibiotics [12,13]. 
One of the safe remedies for preservation of foods, is the use of lactic acid bacteria, which produces specific natural antibiotics. Lactobacilli are widespread in nature and reside in a variety of natural habitats, ranging from plants to the mammalian oral, gastrointestinal and vaginal cavities. Lactobacilli are characterized by their ability to inhibit the growth of bacteria throughout the production of antimicrobial materials such as bacteriocins and biosurfactants, lactic acid and etc. Thus, these probiotic bacteria prevent the formation of biofilm in pasteurized milk.  Hence, the use of lactic acid bacteria through the production of natural antibiotics can be very useful and practical for the prevention of biofilm resulted from E. coli [14].
There is one report on antagonistic effects of lactobacilli against Escherichia coli (In vitro). Previously, antagonistic activity of probiotic lactobacilli against pathogens have been reported in BHI agar medium [15]. However, research has been not reported in food stuff. 
The present study was designed to evaluate the activity of lactobacilli against the biofilm production by Ciprofloxacin-resistant UPEC strains in the pasteurized milk.  
2. Materials and Methods 
2.1 Bacterial strains
Twenty strains of Uropathogenic E. coli -Induced Urinary Tract Infections were isolated from patients with urinary tract infection in Shahid Labbafinejad hospital of Iran. Eight strains with the ability of biofilm formation were selected for microbial tests. All of these eight strains were resistant to Ciprofloxacin. After Eosin Methylene Blue culture and observing the colonies with metallic luster, conventional biochemical tests including Gram’s staining and microscopic observation was used to confirm the presence of E. coli strains. E. coli ATCC 25922 that was used as a control in this study was purchased from Persian Type Culture Collection. Lactobacillus (L.) plantarum ATCC 136H3, L. acidophilus ATCC 314 and L. casei ATCC 25598 were provided from Pasteur Institute of Iran. To activate the bacterial cultures, lactobacilli strains were cultured in MRS broth and MRS agar medium under anaerobic conditions and incubated at 37°C for 72 h and UPEC strains were cultured under aerobic conditions and incubated at 37°C for 24 h. 

2.2 Antimicrobial drug susceptibility testing
The antimicrobial susceptibility profiles were performed via the antibiogram disk method. A volume of 100 μl of an overnight growth of each UPEC isolate on Mueller-Hinton broth with the turbidity of 0.5 McFarland (equal to 1.5 ×108 colony-forming units (CFU ml-1) was streaked on Mueller-Hinton agar plates. The routinely used 10 antibiotic discs, including Nalidixic acid, Amikacin, ampicillin, sulfamethoxazole/ Trimethoprim, Ofloxacin, Piperacillin/tazobactam, imipenem, ciprofloxacin (Padtan teb,  Iran) were placed on the surface of the inoculated plates. The plates were incubated at 37° C for 24 h. The inhibition zones were not found in resistant strains [16]. 
2.3 DNA extraction and polymerase chain reaction 
 To identify the resistance to ciprofloxacin in the most susceptible strain to antibiofilm effect of lactobacilli (UPEC 4), qnr A and qnrS gens in this isolate were analyzed by the PCR method. First, DNA extraction was performed using an optimized boiling method. UPEC 4 strain was grown in Luria-Bertani Broth (Merck, Germany) at 37° C overnight. Bacteria were pelleted from 1.5 ml Luria-Bertani broth and suspended in 200 µL of sterile distilled water, then incubated at 100° C for 10 minutes and centrifuged. Specific primers were used to amplify sequences of the qnrA, qnrS gens. Detection of adhesion-encoding genes (qnrA, qnrS) was done by multiplex PCR (Bio-Rad, America). 

The reactions (25 μL) consisted of 10-pmol/L of each primer, 2 μL templates DNA, and 12.5 μL of a ready-to-use 2X PCR Master Mix Red by IBRC Taq DNA polymerase, with the following amplification conditions: an initial dena​turation at 94°C for 10 minutes, followed by 35 DNA cycles of denaturation at 94°C for 2 minutes, annealing at a specific temperature and exten​sion at 72°C for 1 minute. The PCR product (5 μL)  underwent gel electrophoresis (Syngene G:BOX, America) on  agarose (1% ww-1) (Merck, Germany), followed by staining with ethidium bromide solution (Cinna colon, Iran). Ampli​fied DNA elements of specific sizes were detected by UV-induced fluorescence and the size of the amplicons was estimated by comparing them with the 1 kb DNA ladder (Thermo Scientific, America) in​cluded on the same gel [17-20].
2.4 Antimicrobial activity of Cell Free Supernatant of Lactic Acid Bacteria 

Targeted colony of eight strains of UPEC were diluted using 0.1% w w-1 peptone water (Merck, Germany) to get 0.5 McFarland Turbidity Standard. All targeted Gram negative pathogenic bacteria being used were freshly spread onto Muller Hilton Agar respectively using Kirby Bauer technique. Then, 5 mm diameter size of wells were immediately made up in each plate. Overnight suspensions of inoculated lactobacilli in milk were centrifuged at 12000 ×g for 30 minutes. The isolated supernatants were filtered by sterile filter 0.25 µ. Then, 80 µl of obtained supernatants were transferred to each well separately. Each plate was controlled by adding sterilized peptone water. All plates were incubated aerobically at 37°C for 24 h. The inhibition zones were measured in all of the plates. E. coli ATCC 25922 was used as controls in the experiments. The experiments were carried out and repeated three times [21,22].
2.5 Investigation of biofilm formation by UPEC strains using polystyrene microtiter plate 100
At first, 1 ml of fresh bacterial suspension was inoculated into a test tube containing 10 ml BHI broth medium. After inoculation of 100 μl of this medium into pasteurized milk, 350 μl of the above medium was poured into the sterile microtiter plates (Teb Amooze Sina, Iran) and pasteurized milk was poured into the control wells. After putting the plate caps, incubation was carried out for 24 h at 37°C. Then, the contents of the wells were emptied and rinsed 3 times with sterile serum. Ethanol 96% ww-1 (350 µl), purchased from merck, was added to the wells to fix the cells. After 15 min, the contents of the wells were emptied and the plates were dried at the laboratory room temperature. Next, each well was stained with 350 µl of 2% ww-1 crystal violet for 5 minutes. The wells were gently washed with water and filled with 33% ww-1 acetic acid (Merck, Germany) as the solvent. After 15 min of incubation at 37°C, the optical absorbance was read at 492 nm using BioscreenC (DNV, Finland). Finally, UPEC samples with optical absorbance higher than control well were reported as biofilm former samples [23].
 2.6 Investigation of the anti-adhesive effect of lactobacilli supernatant 
 To evaluate the anti-adhesive effect of probiotics, polystyrene microtiter plate 100 was used. First, 75 µl of the lactobacilli supernatant and then 75 µl of 0.5 McFarland inoculated suspension of UPEC in pasteurized milk were added to the wells. Polystyrene microtiter plate was incubated at 37°C for 24 h. Each of UPEC in pasteurized milk (without lactobacilli) was poured into the control wells. Then, the contents of the wells were removed and each well was washed three times by PBS. Ethanol 96% ww-1 (for 15 min) and 2% ww-1 crystal violet (for 10 min) were used for stabilizing the cells and staining, respectively. Then, the polystyrene microtiter plate was rinsed with a gentle stream of water. When the wells were dried by exposing to the air, 33% ww-1 acetic acid was added to the wells as a solvent, and optical absorbance was measured at 492 nm for each well using BioscreenC (DNV, Finland). The test was carried out in duplicate for each pathogen sample in the vicinity of both probiotics. Finally, UPEC samples with optical absorbance lower than control well were reported as susceptible samples to antibiofilm effects of lactobacilli [24, 25].
Rao et al, have declared that cell free supernatant of both L. plantarum and L. pentosus strains showed good antibiofilm activity against P. aeruginosa and Klebsiella pneumonia. Besides, they stated that these probiotics have good antimicrobial activity against some important pathogens such as Escherichia coli, B. subtilis, P. aeruginosa, and others [26].
2.7 Scanning Electron Microscopy
Scanning electron microscopy (SEM) was used to examine the changes in biofilm structures caused by interactions between LAB and UPEC4 strains. For this assay, biofilms were allowed to form in 6-well polystyrene microtiter plates. After 48 h of incubation, the medium was aspirated and the non-adherent cells were removed by washing twice with PBS. The biofilms were then fixed according to Fischer et al. by adding a solution of glutaraldehyde (Merck, Germany) in 0.1 M phosphate buffer at a final concentration of 2.5% to the wells and storing the plate overnight at 4°C. The films were then dehydrated using an ethanol series (25, 50, 75 then 100% each for 15 min) and air dried for 20 minutes. The bottoms of the wells were then cut and kept in a desiccator before analysis. For examination, the discs were mounted onto aluminum stubs, sputter-coated with gold and imaged using a Scanning Electron Microscope (TE Scann MIRA2 LMU, Czech Republic) [27]. 
2.8 Statistical analysis
All experiments were conducted in triplicate. Statistical analysis was performed through analysis of variance (ANOVA) using IBM SPSS & Duncan Statistics Software version 19. A p-value of ≤ 0.05 was considered to be statistically significant.
3. Results and Discussion
3.1 Identification of lactobacilli by morphology of colony, Gram reaction, catalase and oxidase activity tests
Gram staining and catalase test were conducted as an initial screening of lactobacilli. The isolates were Gram-positive, catalase-negative, and bacilli form and  were maintained as stock cultures at -20° C in MRS broth supplemented with 15% (w/w) glycerol (Merck, Darmstadt, Germany) for further analysis.
3.2 Identification of E. coli strains by biochemical analysis
E. coli strains were identified by biochemical analysis (API). All the UPEC strains were Indol (+), MR-VP(+), Urea (-) and Simon citrate (-). 
(Table 1)
3.3 Antimicrobial drug susceptibility testing
Fifteen antibiotics were tested on eight strains of UPEC in vitro. The results were indicated that all of the strains with high biofilm formation capability were resistant to ciprofloxacin antibiotic.
(Table 2)
3.4 Identification of qnr gene in UPEC 4 isolate:
To identify qnr A and qnrS genes in UPEC 4 isolate, Annealing temperature and other conditions were adjusted according to table 3. 
(Table 3)
Electrophoresis of PCR product for qnr A and qnrS genes on 1% ww-1 agarose gel have been shown in figure 1.  Among these eight isolates, an isolate had these two types of genes. None of the seven other isolates showed positive bands. Only UPEC 4 had two positive bands for qnr A and qnr S genes.
(Figure 1)
3.6 Antimicrobial activity of lactobacilli supernatants against UPEC strains using agar well diffusion assay
Antimicrobial effect of lactobacilli supernatant against UPEC showed that L. plantarum had maximum antimicrobial effect against UPEC4 (32 mm), L. casei had maximum antimicrobial effect against UPEC4 (29 mm) and L. acidiphylus had maximum antimicrobial effect against UPEC4 (20 mm). 
(Figure 2)
The antimicrobial effect of probiotic bacteria supernatant can be referred to the lactic acid production, because the medium acidity increases severely during the growth of probiotic bacteria. On the other hand, pathogenic bacteria are naturally sensitive to the acidic conditions and would be destroyed in low acidity [28]. 

Ogunbanwo et al. showed that supernatants resulted from the two probiotic L. plantarum and L. brevis have antimicrobial activity against E. coli, Bacillus (B.) cereus and Yersinia enterocolitica, and inhibit their growth [29].
Chen et al. and Taheur et al. showed that few of our curd lactobacilli CFSs displayed antagonistic activity against S. mutans, which is in agreement to recent studies that have claimed the antagonistic potential of lactobacilli against Streptococcus spp. [30,31]. In addition, human milk lactobacilli CFSs also showed varying antagonistic patterns against the tested pathogens. Similar to curd isolates, human milk Lactobacillus CFSs were inactive against S. aureus, L. monocytogenes, E. coli and K. pneumonia [32].
3.7 Biofilm formation produced by UPEC strains using microtiter plate 100 
Biofilm formation test by using microtiter plate 100 showed that strains of UPEC3 had maximum ability in biofilm production. E. coli ATCC 25922 had the least capability for biofilm formation
(Figure 3)
3.8 Anti-adhesive effect of lactobacilli supernatant using microtiter plate 100

Results of anti-adhesive effect of E. coli strains showed that eight biofilm producer strains were susceptible to antibiofilm effects of lactobacilli. UPEC3 had maximum power for biofilm formation. Also, UPEC 3 was the most resistant isolate to lactobacilli. 
(Figure 4)
Abedi et al. found that the probiotic lactobacilli have anti-adhesive effect. According to their report, L. delbrueckii was able to prevent the binding of about 80% of E. coli strains to Caco-2 cells. One of the reasons for the difference between the results obtained in this study and those of Abedi et al. is the difference in adhesion levels. In the Caco-2 culture, the probiotic Lactobacillus was more successful than E. coli strains to adhere to the cellular receptor and prevent from pathogenic bacteria adhesion by occupying the place [33].
3.9 Scanning Electron Microscopy
The test pathogens in single-species biofilms and in the corresponding dual-species biofilms with LAB were examined using SEM to detect the effect of LAB on the pathogen biofilm formation upon co-culturing. The SEM images showed that LAB could largely replace the pathogens in their biofilms upon co-culturing as shown in Figure 5. 
(Figure 5)
4. Conclusion
 
Based on the findings of this study, it can be concluded that CFLS resulted from L. plantarum, L. casei, and L. acidiphylus have inhibitory effects against Ciprofloxacin-Resistant UPEC strains in pasteurized milk. Therefore, cautions are necessary to decrease the incidence of multidrug resistant strains of E. coli in animals and people. In order to achieve this, good hygienic practices are necessary from the farm to the family. 

 Since the adhesion of UPEC strains to their host cells is well known as an important virulence factor in the pathogenicity, the CFLS could be suggested to control the infections caused by UPEC strains and prevented from biofilm production by these strains in pasteurized milk. However, further in vivo investigations are recommended to ensure this hypothesis. 
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Tables and Figures:
Table 1. Identification of  E. coli strains by biochemical analysis
	TSI


	Simon Sitrat


	Urea


	MR-VP


	Indol


	Motility


	Number of  strain



	
	
	
	
	
	
	

	A/A
	-
	-
	+
	+
	+
	UPEC1

	A/A
	-
	-
	+
	+
	+
	UPEC2

	A/A
	-
	-
	+
	+
	+
	UPEC3

	A/A 
	-
	-
	+
	+
	+
	UPEC4

	A/A 
	-
	-
	+
	+
	-
	UPEC5

	A/A 
	-
	-
	+
	+
	+
	UPEC6

	A/A
	-
	-
	+
	+
	+
	UPEC7 

	A/A
	-
	-
	+
	+
	+
	UPEC8 




Table 2.  resistant and susceptible isolates against different antibiotic
	Antibiotic


	UPEC1
	UPEC2
	UPEC3
	UPEC4
	UPEC5
	UPEC6
	UPEC7
	UPEC8

	Nalidixic acid

	S
	S
	R
	R
	R
	S
	R
	S

	Amikacin


	S
	S
	S
	S
	S
	S
	S
	S

	Ampicillin


	S
	S
	S
	S
	S
	S
	S
	S

	Sulfamethoxazole/Trimethoprim 
	R
	R
	R
	R
	S
	R
	S
	R

	Ofloxacin


	S
	S
	R
	S
	S
	S
	S
	S

	Cefoxitin


	S
	S
	S
	S
	S
	S
	S
	S

	Norfloxacin

	S
	S
	R
	R
	S
	S
	R
	S

	amoxicillin/clavulanate
	S
	S
	S
	S
	S
	S
	S
	S

	Tobromicin


	S
	S
	S
	S
	S
	S
	S
	S

	Gentamicin


	S
	S
	S
	S
	S
	S
	S
	S

	Piperacillin/tazobactam

	S
	S
	S
	S
	S
	S
	S
	S

	Imipenem


	S
	S
	S
	S
	S
	S
	S
	S

	Ciprofloxacin


	R
	R
	R
	R
	R
	R
	R
	R

	Ceftizoxime
	S
	S
	S
	S
	S
	S
	S
	S

	Nitrofurantoin
	S
	S
	S
	S
	S
	S
	S
	S


R, resistant; S, susceptible; UPEC, urinary pathogenic E. coli; MDR, multiple drug resistance
Tabe 3. Aquired primer for PCR of qnr gene and Annealing temperature

	Annealing temperature
	Identified

gen
	Primer sequencing
	Company
	Size

	
	
	
	
	

	56° for 30 sec
	qnrA
	5-AGA GGA TTT CTC ACG CCA GG-3

5-TGC CAG GCA CAG ATC TTG AC-3
	Cinna Gen
	562 bp

	55° for 30 sec
	qnrS
	5-ACG ACA TTC GTC AAC TGC AA -3

5- TAA ATT GGC ACC CTG TAG GC - 3
	Cinna Gen
	417 bp
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Figure 1. Electrophoresis of PCR product for qnr A and qnrS gens on 1% agarose gel  

s1,s2 ,s3 = qnr S

a1,a2,a3= qnr A
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Figure 2. Antimicrobial effect of lactobacilli supernatants against UPEC strains by well diffusion method (mm)   
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Figure 3. biofilm formation produced by UPEC strains using microtiter plate in wavelength of 492nm    
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Figure 4. anti-adhesive effect of lactobacilli supernatant using polystyrene microtiter plate 100
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Figure 5. Scanning electron micrographs of 48 h single-species biofilms of UPEC 4 strain and their corresponding dual-species biofilms with LAB. (A) E. coli alone, (B) UPEC 4 + L. plantarum, 
اثرات ضد بیوفیلمی لاکتوباسیل ها بر علیه سویه های اشرشیاکلی مولد عفونت ادراری مقاوم به سیپروفلوکساسین در شیر پاستوریزه
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تلفن: 09123007655
پست الکترونیک:Hedayat@sbmu.ac.ir 
چکیده:

سابقه و هدف: اشرشیاکلی یوروپاتوژنیک عامل عفونت ادراری، رایج ترین اشرشیاکلی یوروپاتوژنیک شناخته شده است. هم چنین، بیوفیلم های حاصله از این نوع اشرشیاکلی می توانند مشکلات عمده ای را  در پزشکی و صنعت غذا به وجود آورند. بیماری های با منشا غذایی همیشه به عنوان یک عامل خطر برای سلامتی انسان به شمار می روند. بیشترین میزان شیوع این دسته از بیماری ها به تشکیل بیوفیلم نسبت داده  شده است. از اینرو، هدف از مطالعه موجود، بررسی اثرات ضد چسبندگی باکتری های اسید لاکتیک، با استفاده از روش های میکروبی بر علیه سویه های اشرشیاکلی عامل عفونت در شیر پاستوریزه می باشد.
مواد و روش ها: در این مطالعه، سویه های لاکتوباسیلوس پلانتاروم، لاکتوباسیلوس کازئی و لاکتوباسیلوس اسیدوفیلوس از انستیتو پاستور ایران تهیه شدند. بیست سویه از اشرشیاکلی مولد عفونت ادراری از بیمارستان لبافی نژاد جمع آوری شدند. هشت سویه مقاوم به آنتی بیوتیک سیپروفلوکساسین و دارای توانایی بیشتر برای تشکیل بیوفیلم، به منظورانجام آزمون های میکروبی انتخاب شدند. به منظور ارزیابی حساسیت این سویه ها به ده آنتی بیوتیک رایج از روش دیسک آنتی بیوگرام استفاده شد. از این گذشته، به منظور ارزیابی حضور ژن qnrA وqnrS در سویه های مقاوم به سیپروفلوکساسین از روش   PCR  استفاده گردید. هشت سویه اشرشیاکلی مولد عفونت ادراری به شیر پاستوریزه تلقیح شدند. به منظور شناسایی فعالیت ضد اتصالی سوپرناتانت لاکتوباسیل ها از روش میکروپلیت 100 چاهکه استفاده شد.
یافته ها و نتیجه گیری: نتایج نشان دادند که هشت سویه  جداسازی شده انسانی، مقاوم به آنتی بیوتیک هستند. سویه 4 عامل عفونت ادراری، جزء حساسترین سویه ها به اثرات ضد بیوفیلمی لاکتوباسیل ها در شیر پاستوریزه بودند. این سویه از لحاظ  ژن های qnrA و  qnrSمثبت بودند. اثرات ضد اتصالی لاکتوباسیل ها بر روی اشرشیاکلی مولد عفونت ادراری در کلیه آزمون های میکروبی تایید شد. در این مطالعه، لاکتوباسیلوس پلانتاروم با بازدارندگی رشد (mm 42 ) به عنوان یک باکتری پروبیوتیک مناسب گزارش گردید. بر طبق نتایج حاصله، لاکتوباسیل های پروبیوتیک دارای اثرات  قابل ملاحظه ای  در خصوص پیشگیری از چسبندگی، تشکیل بیوفیلم و بیماریزایی  سویه های اشرشیاکلی یوروپاتوژنیک مقاوم به آنتی بیوتیک می باشند. از اینرو، استفاده از لاکتوباسیل های پروبیوتیک، یک روش قابل قبول برای جلوگیری و درمان عفونت های حاصله از این باکتری محسوب می گردد. 
تعارض منافع: نویسندگان اعلام می کنند که هیچ تعارض منافعی وجود ندارد.

واژگان کلیدی: اثر ضد بیوفیلمی، اشرشیاکلی مولد عفونت مجرای ادراری، لاکتوباسلوس اسیدوفیلوس، لاکتوباسیوس کازئی، لاکتوباسیوس پلانتاروم، مقاوم به سیپروفلوکساسین. 
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						UPEC1		UPEC2		UPEC3		UPEC4		UPEC5		UPEC6		UPEC7		UPEC8		E.coli ATCC 25922

		Lactobacillus plantarum				21		23		16		32		26		18		23		19		8

		Lactobacillus casei				20		19		10		29		20		18		17		21		8

		Lactobacillus acisophilus				14		14		12		20		14		16		14		20		8

																				UPEC1		UPEC2		UPEC3		UPEC4		UPEC5		UPEC6		UPEC7		UPEC8

																Lactobacillus plantarum				0.288		0.25		0.327		0.239		0.291		0.256		0.262		0.252

																Lactobacillus casei				0.274		0.252		0.318		0.212		0.263		0.226		0.255		0.237

																Lactobacillus acisophilus				0.332		0.247		0.297		0.2		0.251		0.22		0.237		0.228

																UPEC + Pasteurized  Milk				0.3256		0.3606		0.4224		0.3048		0.351		0.3518		0.366		0.377
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																																																																																										E1 +  Lactobacillus plantarum		0.288

		E.coli ATTC 25922		0.203																																																																																						E1 + Lactobacillus casei		0.274

		UPEC1		0.3256																																																																																						E1 +  Lactobacillus acidiphylus		0.332

		UPEC3		0.4224																																																																																						E1 + BHI broth		0.3256

		UPEC4		0.3048

		UPEC5		0.351

		UPEC6		0.3518

		UPEC7		0.366

		UPEC8		0.377

		Pasteurized  Milk		0.198

														کشت کامل																																																																												E2 +  Lactobacillus plantarum		0.25

								UPEC1		UPEC2		UPEC3		UPEC4		UPEC5		UPEC6		UPEC7		UPEC8		E.coli ATCC 25922		Average																																																																E2 + Lactobacillus casei		0.252

						Lactobacillus plantarum		28		25		17		42		27		20		23		27		12		26.12																																																																E2 +  Lactobacillus acidiphylus		0.247

						Lactobacillus casei		25		25		17		32		23		20		19		23		10		23																																																																E2 + BHI broth		0.3606

						Lactobacillus acisophilus		18		18		14		28		16		18		16		21		8		18.62

												سوپرناتانت

								UPEC1		UPEC2		UPEC3		UPEC4		UPEC5		UPEC6		UPEC7		UPEC8		E.coli ATCC 25922		Average

				Lactobacillus plantarum				21		23		16		32		26		18		23		19		8		22.25																																																																E3 +  Lactobacillus plantarum		0.327

				Lactobacillus casei				20		19		10		29		20		18		17		21		8		19.25																																																																E3 + Lactobacillus casei		0.318

				Lactobacillus acisophilus				14		14		12		20		14		16		14		20		8		15.5																																																																E3 +  Lactobacillus acidiphylus		0.297

																																																																																										E3 + BHI broth		0.4224

																																																																																										E4 +  Lactobacillus plantarum		0.239

																																																																																										E4 + Lactobacillus casei		0.212

																																																																																										E4 +  Lactobacillus acidiphylus		0.2

																																																																																										E4 + BHI broth		0.3048

														OD

								UPEC1		UPEC2		UPEC3		UPEC4		UPEC5		UPEC6		UPEC7		UPEC8

				Lactobacillus plantarum				0.288		0.25		0.327		0.239		0.291		0.256		0.262		0.252		0.2706

				Lactobacillus casei				0.274		0.252		0.318		0.212		0.263		0.226		0.255		0.237		0.2546

				Lactobacillus acisophilus				0.332		0.247		0.297		0.2		0.251		0.22		0.237		0.228		0.2515

				UPEC + Pasteurized  Milk				0.3256		0.3606		0.4224		0.3048		0.351		0.3518		0.366		0.377		0.3574

																																																																																										E5 +  Lactobacillus plantarum		0.291

																																																																																										E5 + Lactobacillus casei		0.263

																																																																																										E5 +  Lactobacillus acidiphylus		0.251

																																																																																										E5 + BHI broth		0.351

																																																																																										E6 +  Lactobacillus plantarum		0.256

																																																																																										E6 + Lactobacillus casei		0.226

																																																																																										E6 +  Lactobacillus acidiphylus		0.22

																																																																																										E6 + BHI broth		0.3518

																																																																																										E7 +  Lactobacillus plantarum		0.262

																																																																																										E7 + Lactobacillus casei		0.255

																																																																																										E7 +  Lactobacillus acidiphylus		0.237

																																																																																										E7 + BHI broth		0.366

																																																																																										E8 +  Lactobacillus plantarum		0.252

																																																																																										E8 + Lactobacillus casei		0.237

																																																																																										E8 +  Lactobacillus acidiphylus		0.228

																																																																																										E8 + BHI broth		0.377
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