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Introduction:  

actobacilli are the most important 
components of vaginal normal flora 

which are present at 107-108 CFU/ml of 
vaginal fluids in healthy pre-menopausal 
women1,2. The dominant presence of 
lactobacilli in the urogenital microflora of 
healthy women and the obliteration of 
lactobacilli in patients who develop UTI has 
led to a focus on these bacteria3.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lactobacilli are gram-positive rods, 
primarily facultative or strict anaerobes that 
generally have a fastidious growth 
requirement. In general, lactobacilli have not 
been associated with disease and for > 100 
years have been regarded as nonpathogenic 
members of the intestinal and urogenital 
floras4. They are believed to interfere with 
pathogens by different mechanisms.  
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Background and Objective: A study was conducted to determine the role of biosurfactants 
solution that was extracted from Lactobacillus acidophilus in the adhesion of uropathogenic 
Citrobacter on uroepithelial cells.                                                                                
Methods: A total of 53 isolates of uropathogenic Citrobacter were isolated from female 
inpatients in Ramadi Maternity and Children Hospital, suffering from urinary tract 
infections. The age of patients ranges from 15 to 45 years. Lactobacillus acidophilus was 
isolated from healthy woman by vaginal swab and the biosurfactants were extracted from it. 
The adhesion of uropathogenic Citrobacter on uroepithelial cells were made as control. 
Another adhesion experiments was made in presence of biosurfactants solution or 
Lactobacillus acidophilus whole cells in the test tubes.                            
Results: The mean of uropathogenic Citrobacter adherent on uroepithelial cells in control 
tubes was 255.2 per 10 urpepithelial cells while the mean of uropathogenic Citrobacter 
adherent on uroepithelial cells in presence of L. acidophilus was 145.067 per 10 urpepithelial 
cells and the mean of uropathogenic Citrobacter adherent on uroepithelial cells in presence 
of Biosurfactants solution was 70.778 per 10 urpepithelial cells. 
There was significant decreasing in numbers of uropathogenic Citrobacter which adhere on 
uroepithelial cells in presence of biosurfactants in the test solution, and the Lactobacillus 
acidophilus as whole bacteria can decrease the adhering number of uropathogenic 
Citrobacter in the test tubes 
Conclusion: The biosurfactants solution has a potential effect to prevent the adhesion of 
uropathogenic Citrobacter on uroepithelial cells. 
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First, it has been shown that certain 
lactobacilli isolates attach well to human 
uroepithelial cells in vitro7. And that 
lactobacilli whole cells (viable and nonviable) 
and cell wall fragments are able to inhibit 
uropathogenic bacteria from adhering to these 
uroepithelial cells by competitive exclusion7,8. 

 However, the affinity of a 
lactobacillus for uroepithelial cells appears to 
be more important than its size in this 
competitive exclusion effect6. Second, 
lactobacilli are able to co-aggregate with 
uropathogenic bacteria9; if this coaggregation 
is accompanied by inhibitor production 
produced by the lactobacilli 22, it may result in 
elimination of the uropathogens. Lactobacilli 
have also been shown to produce antibacterial 
compounds, such as lactic acid, hydrogen 
peroxide, bacteriocin-like substances and 
biosurfactants10,11,12.   

Biosurfactants are compounds 
released by microorganisms with a distinct 
tendency to accumulate at interfaces, most 
notably liquid –air interfaces. Dairy 
Streptococcus thermophilus strains, for 
example can produce biosurfactants which 
cause their own desorption 13, and oral 
Streptococcus mitis strains produce 
Biosurfactants that inhibit adhesion of 
Streptococcus mutans14. They are often used 
in medicine as components of therapeutic 
agents that control infections caused by 
various groups of microbes15. There are well 
known examples of biosurfactant application 
as impregnating agents which hinder the 
adhesion of pathogens to the surface of 
medical equipment15, 26. A rapid technique for 
measuring microbial Biosurfactants 
production has been proposed by van der vegt 
et al.16; this technique is based on a shape 
analysis of axisymmetric droplets of a 
microbial suspension on a hydrophobic 
substratum.  

 
 

Since Biosurfactants produced by the 
suspended microorganisms accumulate at the 
liquid – vapor interface, the resulting decrease 
in surface tension is immediately obvious 
from a flattening of the droplets.  

Adherence of bacteria to epithelial 
cells has been shown to be an important factor 
in the colonization of mucous membranes. 
However, little is known about the 
mechanisms by which lactobacilli from the 
vagina of healthy young women adhere to 
epithelial cells, and if it can prevent the 
adhesion of pathogenic bacteria on epithelial 
cells. The variety of surface structures in these 
bacteria implies that a spectrum of adherence 
mechanisms may exist. Therefore, this study 
was conducted to determine the role of 
Biosurfactants solution extracted from                     
L. acidophilus and L. acidophilus whole cells 
in the inhibition of uropathogenic Citrobacter 
adhesion on uroepithelial cells.                                                 
 
Methods:  

Lactobacillus acidophilus isolate was 
obtained from urogenital tracts of healthy 
woman. Vaginal swab was cultured on 
chocolate agar, blood agar, and MacConkys 
agar (as routine work), and incubated at 37◦C 
for 24-48 hours under 5% carbon dioxide 
conditions. The lactobacilli isolates were 
characterized according to Atlas, et al. 1995 
by Grams stain, culturing the isolates in de 
man Rogosa Sharpe (MRS) broth media 
anaerobically, culturing the isolates in 
nutrient agar aerobically, catalase test, 
production of ammonia from arginine, 
production of a acids from raffinose and 
mannitol, growing on 45◦C and antibiotic 
susceptibility test.  
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Uropathogenic Citrobacter isolates 
were obtained from female inpatients Ramadi 
Maternity and Children Hospital, with urinary 
tract infections, since Jun/2008 to Oct/2010, 
urine samples obtained by med stream urine 
specimens technique18. Urine samples were 
examined microscopically and cultured on 
chocolate agar, blood agar, and MacConkys 
agar by loop inoculation for quantitation of 
organisms in urine, the plates were incubated 
at 37◦c for 24-48 hours17. The uropathogenic 
Citrobacter isolates were characterized by 
Grams stain, Catalase, Oxidase, Haemolysin 
production, Indole production, Voges-
proskauer, Methyl red, Citrate utilization, 
Urease, Mannitol fermentation and Motility 
tests and they were cultured on triple sugar 
iron (TSI) slant17.  

The antibiotic susceptibility test was 
done to uropathogenic Citrobacter isolates by 
disc diffusion method17, for Nalidixic acid, 
gentamicin, ampicillin, amoxicillin, 
trimethoprim–sulfamethoxazole, cefotaxim 
sodium, and nitrofuration. The antibiotic 
susceptibility test was done to lactobacillus 
acidophilus for ampicillin, ciprofloxacin, 
neomycin, tetracyclin, chloroamphenicol , 
norfloxacin , and clindamycin .  

Biosurfactants solution extracted from 
Lactobacillus acidophilus isolate was done 
according to Verlaeds, et al. 1998.     

In order to isolate human uroepithelial 
cells; early morning midstream urine samples 
were taken from healthy females and 
centrifuged at 3000 rpm for 5-10 minutes; 
washed the sediments 4 times with normal 
saline. After that the suspension of 
uroepithelial cells (UECs) with phosphate 
buffer saline (PH =7.2) was done. The UECs \ 
hpf value for the suspension was checked20. 

 
 
 
 
 

  Adhesion assays were made 
according to Eden et al. 1997; the nutrient 
broth media inoculated with uropathogenic 
Citrobacter and incubated at 37◦C for 24 
hours,  
 
the bacterial culture was centrifuged at 3000-
5000 rpm for 5-10 minutes, the bacterial 
sediments resuspended with phosphate buffer 
saline ( PH=7.2). one milliliter of UECs 
suspension and one milliliter of uropathogenic 
Citrobacter suspension was mixed in a sterile 
test tube (as control); the tube was incubated 
at 37 ◦C for 60 minutes with continuous 
gentle shaking. After that a smear was done 
from this tube and stained with grams stain, 
the number of adherent uropathogenic 
Citrobacter was counted by using oil 
immersion lens of light microscope. One 
milliliter of UECs suspension, one milliliter 
of uropathogenic Citrobacter suspension and 
one milliliter of Lactobacillus acidophilus 
suspension were mixed in a sterile test tube 
(as experimental tube No.1) , and one 
milliliter of UECs suspension , one milliliter 
of uropathogenic Citrobacter suspension and 
one milliliter of biosurfactants solution were 
mixed in a sterile test tube (as experimental 
tube NO.2). The tubes were incubated at 37◦C 
for 60 minutes with continuous gentle 
shaking. A smear was done from these tubes 
and stained with grams stain, the number of 
adherent uropathogenic Citrobacter was 
counted by using the oil immersion lens of 
light microscope. 

Statistical analysis: Mean and standard 
deviation tests were used for statistical 
analysis; statistical significance was defined 
as p< 0.05.  
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Results 
Since Jun/2008 to Oct/2010, fifty 

three isolates of uropathogenic Citrobacter 
were obtained from female inpatients 
suffering from urinary tract infections, the age 
of patients ranges from 15 to 45 years. 
Uropathogenic Citrobacter isolates had high 
resistance to ampicillin and amoxicillin; and 
they were susceptible to nalidixic acid and 
norfloxacin (fig. 1). 

Lactobacillus acidophilus was isolated 
by vaginal swab, which showed no growth of 
pathogenic bacteria on cultivated media 
aerobically and anaerobically. The effect of L. 
acidophilus and the Biosurfactants solution on 
the adherence of uropathogenic Citrobacter to 
uroepithelial cells was examined. The 
numbers of uropathogenic Citrobacter 
adherent on uroepithelial cells decreased 
significantly in presence of Lactobacillus 

acidophilus whole cells in the test tubes No. 1 
and in presence of the Biosurfactants solution 
in the test tubes No. 2 comparing with control 
tubes that contain the uroepithelial cells and 
uropathogenic Citrobacter only (fig. 2). 

The mean of uropathogenic 
Citrobacter cells adherent on uroepithelial 
cells in presence of L. acidophilus in the test 
tubes No. 1 was 145.067 per 10 urpepithelial 
cells, and the standard deviation was 25.512, 
while The mean of uropathogenic Citrobacter 
cells adherent on uroepithelial cells in 
presence of Biosurfactants solution in the test 
tubes No. 2 was 70.778 per 10 urpepithelial 
cells, and the standard deviation was 15.88 in 
comparison with the mean of uropathogenic 
Citrobacter adherent on uroepithelial cells in 
control tubes was 2٥٥.2 per 10 urpepithelial 
cells, while the standard deviation was 
31.559.,(fig.3).

 
 

Table 1. The results of antibiotic susceptibility test to uropathogenic Citrobacter isolates 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Citrobacter isolates 
0BAntibiotic Total Sensitive  Intermediate  Resistance 

% No. % No % No % No. 
100 53 75.47 40 7.55 4 16.98 9 Nitrofurantoin 

100 53 77.36 41 9.43 5 13.21 7 Nalidixic acid 

100 53 41.51 22 13.21 7 45.28 24 Cefotaxin 

100 53 26.42 14 15.09 8 58.49 31 Gentanycin 

100 53 16.98 9 5.66 3 77.36 41 Amoxicllin 

100 53 20.75 11 7.55 4 71.70 38 Ampicillin 

100 53 28.31 15 9.43 5 62.26 33 Trimethoprin 
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Fig. 1.The Resistance Percentage of Uropathogenic Citrobacter to Antibiotic 
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Fig. 2. Adherence of uropathogenic Citrobacter on uroepithelial cells; in absence of Biosurfactant -
A-;and in presence of Biosurfactant -B-. (M.P 100X) 

 

 
Fig. 3. The mean and standard deviation of adherents uropathogenic Citrobacter.  
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Discussion: 
Uropathogenic Citrobacter must be 

adhering on the uroepithelial tissue to avoid 
clearance by the urine flow in order to 
successfully infection of female urinary tracts.  

Lactobacilli are important components 
of the normal urogenital tract microflora and 
it has an important role in the probiotic 
mechanisms. In this study, Lactobacillus 
acidophilus was chosen because it is one of 
the most prevalent species recovered from 
urogental tracts of healthy women. Results of 
present study showed that the in vitro 
precolonization model of uropathogenic 
Citrobacter reduced by L. acidophilus whole 
cells and by biosurfactants solution (fig. 2). 
Both self-aggregation and adhesion of L. 
acidophilus may favor the colonization of the 
uroepithelium through the formation of a 
bacterial film that may contribute to the 
exclusion of pathogens from uroepithelial 
cells. Boris, et al. 1998, reported it is possible 
that L. acidophilus and Gardnerella vaginalis 
bind to the same receptors on the surfaces of 
vaginal epithelial cells; it appears that the 
affinity of L. acidophilus for those receptors is 
higher than that of G. vaginalis, as deduced 
by the displacement of adherent G. vaginalis 

by L. acidophilus. The uropathogenic 
Citrobacter adherent on uroepithelial cells 
was decreased significantly in presence of L. 
acidophilus whole cells maybe for the high 
affinity of L. acidophilus to the receptors of 
uropathogenic bacteria on epithelial cells.   

Biosurfactants had been found to 
inhibited the adhesion of pathogenic 
organisms to solid surfaces or to infection 
sites; thus, prior adhesion of biosurfactants to 
solid surfaces might constitute a new and 
effective means of combating colonization by 
pathogenic microorganisms26, and it can 
exhibit antimicrobial activity against various 
microorganisms23.  

 
 
 

 
In this study, biosurfactants solution 

provides a high significant ability to prevent 
the uropathogenic Citrobacter adhesion, these 
results indicate that the biosurfactants 
produced by L. acidophilus can contribute to 
reducing the pathogenic microflora by 
effectively preventing pathogens from 
adhering to epithelium cells, by their 
antibiotic like action24 or it might also contain 
signaling factors that interact with the host 
and/or bacterial cells, leading to the inhibition 
of interactions27. Biosurfactants molecules 
alter surface hydrophobicity and therefore 
inhibit the adhesion of pathogenic 
microorganisms to infection sites15, 28. 

Veleraeds, et al. 1998, reported that 
the biosurfactants solution extracted from L. 
acidophilus can inhibit the initial adhesion of 
uropathogenic bacteria and yeasts to silicone 
rubber of catheter. Multiple components of 
Lactobacilli cell surface seem to be 
participating in the adherence of the 
uropathogenic bacteria on different epithelial 
tissues, the Lactobacillus jensenii depend on 
carbohydrates while Lactobacillus gasserii 
depend on divalent cations, probably 
calcium18, the cell surface components of L. 
acidophilus mainly composed of proteins and 
carbohydrates possibly a glycoprotein25, these 
components can be interfering with specific 
receptors on the surface of uroepithelial cells 
and then prevent the adherence of 
uropathogenic Citrobacter.  

Chan, et al.1984, and De Man, et 
al.1969, reported that the Lactobacillus sp. 
whole cells attach to epithelial cells and 
inhibit the adhesion of pathogenic bacteria by 
competitive exclusion, but the ability of 
biosurfactants solution in the prevention of 
uropathogenic Citrobacter colonization on 
uroepithelial cells is more than L. acidophilus 
whole cells (fig. 3), maybe due to the 
biosurfactants components which provide a 
greater opportunity for the innate host 
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defenses to prevent the establishment of an 
infection22. 
 
Conclusion:  

The study concluded that in vitro 
precolonization model of uropathogenic 
Citrobacter reduced by Lactobacillus 
acidophilus whole cells and the 
Biosurfactants solution had a potential to 
prevent the adhesion of uropathogenic 
Citrobacter on uroepithelial cells  
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