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Urinary tract infections (UTI) are one of the most common 

bacterial infections in humans. Escherichia coli is responsible for 

more than 80% of all UTIs and causes both symptomatic UTI and 

asymptomatic bacteriuria (ABU) .UropathogenicEscherichia coli 

(UPEC)is the mostpredominant pathogen causing 80 to 90% of 

community-acquiredUTIs and more than 30% of hospital acquired 

UTIs . In comparison to commensalstrains UPEC has several 

virulence factors thatallow them to colonize host mucosal uro-

epithelium, injure and invade host tissues, overcome host defence 

mechanisms, incite a host inflammatory response and eventually 

proceed from the lower urinary tract to the renal cavities and 

tissues. Biofilm formation may be consideredanother pathogenic 

determinant, which allows thestrains to persist a long time in the 

urinary tract andinterfere with bacterial eradication . Biofilms are 

currently defined as an assemblage of microbial cells that are

 irreversibly associated (not removed by gentle rinsing) with a 

surface and enclosed in a self-produced extracellular polymeric 

matrix allowing growth and survival in sessile environment .

In fact, biofilms are probably typical living conditions of 

bacteria in natural environments and are, indeed,regularly involved 

in infections associated with biomaterials such as catheters or 

prostheses.It acts by protecting bacteria from the clearing out effect 

of hydrodynamic forces and the killing activity of host defence 

mechanisms and antibiotics .

E. coli biofilm formation is controlled by Several surface factors 

such as antigen 43, type-1 fimbriae, flagell, F conjugative pilus, 

exopolysaccharide and curli .

The aim of this study was to investigatein vitro biofilm-forming 

capabilitiesof 170 clinically isolated strains Escherichia coli, 

associated with urinary tract infectionsand possible relations with 

antibiotic resistance and other virulence factors (haemolysins, 

curli, antigen 43, exopolysaccharideand flagell).

One of the initial steps of uropathogenicEscherichia coli(UPEC) to establish the urinary system 

and causes urinary tract infection (UTI) is biofilm formation. Several genes known to affect 

biofilm formation. The aim of this study was assess the ability of biofilm formation 

andfrequency of the three effective genes of urinary E. coli isolates in Gorgan. A total of 170 

isolates of urinary Escherichia coliwere collected and biofilm formation was investigated 

withmicrotiter plate method inBHI medium containing 1% sucrose.  Prevalence of  

Curliadhesin, Antigen 43 and extracellular polysaccharide Colanic acidgenes were investigated 

with PCR methode and using specific primers. Statistical comparison of data was performed 

using the x2 and P <0.05 was considered significant.105 (61.8%)UPEC isolatescould form 

biofilm. Isolates without colanic acid, were not been able to form biofilms. Prevalence of csgA, flu 

and wca genes were 156 (91.8%), 127 (74.7%) and 160 (94.1%), respectively. In the isolates 

able to form biofilm,the frequency of csgA, flu and wca genes were 99%, 97.1% and 100%, 

respectively. This difference is statistically significant(P<0.001).In conclusionour finding 

demonstrated that three factors (Ag43, Colonic Acid and Curli) are essential for biofilm 

formation. In this study although over 60% of UPEC isolates were able to form biofilms.
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andcurli fimbriae were found in 74.7%, 94.1% and 91.8% of the E. 

coli isolates, respectively.43 antigen, a bacterial autotransporter 

(type V),is a surface protein involved in bacterial aggregation and it 

has been found that expression of Ag43 enhances dramatically 

biofilm formation in bacteria . Some studies reported that the 

deletion of the agn43 gene generates cells with a very limited ability 

to form biofilm . Our results also emphasize this point that such 

isolates lacking antigen 43 failed to form biofilms while Mendezet 

al. showed that there was not an association between the presence 

of Ag43 in E. coli isolates and biofilm formation . Curli adhesive 

fibres promote biofilm formation to abiotic surfaces both by 

facilitating initial cell–surface interactions and subsequent cell–cell 

interactions .Pal et al.,Römlinget al. and Kai-Larsen et al. reported 

that the prevalence of curli fimbriae(CsgA) were 41.6% , 86% and 

54%  in E. coli isolates, respectively . Howbeit theprevalence of curli 

in these studies were lower than our findings, as our results showed 

that most isolates hadcurliwere able to produce biofilms.

The biofilm matrix is composed by exopolysaccharide.Mostly as 

poly-β-1,6-N-acetyl-glucosamine, cellulose, colanic acid, 

lipopolysaccharides and capsules . Many studies have been 

performed on the colanic acid .This compound was expressed by a 

large 19-gene operon. During our study, specific primer was 

designed for regulatory part (promoter region) of this operon. It 

wa s  s h o w n t h a t  c o l a n i c  a c i d  p ro d u c e d  by  m o s t  E .  

coliisolates(94.1%).

In conclusion, our study indicates,the presence of these three 

genes(Ag43, curli and colonic acid) are essential for biofilm 

formation.Since 78% of isolates that have all three genes, could 

form biofilms but only 9.7% of isolates with two genes produce 

biofilms and the isolates with no gene could not form biofilms.
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These three genes were significantly associated with biofilm 

producing E. coliisolates (table 3). Strikingly, of the 1 (7.1%) and 3 

(7%) isolates that did not have curli and antigen 43, 

respectively,were able to establish biofilms. Considerably 

determined thatisolates neither have colanic acid (wca gene) nor 

form biofilms.

Discussion

Biofilms are microbial communities of organisms adherent 

together on a target surface. Biofilm formationprotects bacteria 

from hydrodynamic flow conditions, in the urinary tract, for 

example, and against phagocytosis andhost defence mechanisms, 

as well as antibiotics . More than 50% of all bacterial infections 

reported involve the biofilm formation . A cascade of several 

precisely, tightly regulated events are required for a proper biofilm 

formation. A majority of the investigated strains in our study (61.8 

%) were in vitropositive for biofilm productionin different degree. 

In this study, the prevalence of biofilm production was higher than 

reported in other studies; Marhovaet al., Skybergetet al.,Sotoetet al., 

Rijavecetet al. and Schembrietet al. in which this prevalence was 

24%, 29.4% , 45.7% , 53% and 60% , respectively . While a higher 

prevalence of biofilm formation was reported among strains: 

Mihaylovaet al.(80%) ,Meshramet al. (76%) and Kai-Larsenet al. 

(80%) .

The results showed that there was correlation between motility 

and biofilm-forming capabilities as out of 121 movable isolates,86 

wereable to form biofilms. Similar results were reported by Watts et 

al. and Mihaylovaet al . In addition, the recent study of Rijavecetet al. 

showed that haemolysin expression were significantly associated 

with biofilm production . And thebiofilm formation washigher in 

isolates expressinghaemolysinwhile the difference was statistically 

not significant (P> 0.06).Similar results were found byMarhovaetet 

al.,Watts et al.andMihaylovaetet al. who found that haemolysin 

displayed no significant difference with biofilm production .In 

agreement with our expectation, ESBLisolates formed more biofilm 

than the non-ESBLisolatesbut the difference was not statistically 

significant.Similar results were shown by Marhovaet al. and 

Rijavecetet al. in which there was no correlation between biofilm 

production and resistance to antibiotic . 

In this study, a high percent of biofilm producing E. coliisolates 

was observed in those causing cystitis or pyelonephritis and the 

difference was not statistically significant. This is relatively higher 

than the ability of biofilm formation of isolatesreported in other 

studies .Such differences might be due to divergences in 

geographical variation or differences in association with host 

characteristics.

Curl i  f imbriae ,  Autotransporter  ant igen  43  and 

exopolysaccharidecolanic acid are expressed by a number of E. coli 

and their role was determined . In our study, the Ag43, colonic acid  
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Materials and Methods:

Bacterial strains 

A total of 170 isolates of E. coli were collected in Gorgan - north 

of Iran - from urine samples of hospitalized and non-hospitalized 

patients during the period from 2011 to 2012. Strains were 

confirmed as E.coli with conventional methods and were cultured 

in BHI broth for 24 h at 37°C.E. coliPTCC 1399 was used as a control 

strain in this study.

Motilityassays and haemolysis

The capacity of bacteria to express flagell was assayed by their 

ability to create turbidity in SIM culture after 24 h incubation at 

37°C.

Production of α-haemolysin was tested on 5% sheep bloodagar. 

E. coli strains were inoculated onto blood agar plates, incubated 

overnight at 37°C and haemolysis was detected by the presence of 

azone of complete lysis of the erythrocytes around the colony .

Biofilm formation assay

Quantification of biofilm production of E. coli isolates in plastic 

microtitreplates was based on the previously described method . To 

assay biofilm formation of the E.coli isolates, an overnight culture 

was grown in brain heart infusion broth for 18-20 hours at 37°C. 

Then 1 ml of each overnight culture was transferred to 10 ml of 

sterile BHI broth containing 1% sucrose for production of 

biofilm.250 μl of a bacterial suspension in corresponding to 0.5 

McFarland -measured by absorbance 0.08-0.1 at 625 nm in a 

spectrophotometer- were transferred into wells of a sterile 96-well 

flat bottomed polystyrene microplate (not prepared by the 

manufacturer for tissue culture work).The negative control wells 

contained broth only.Plates were made in triplicate and incubated 

for 24 hours at 37°Cwithout shaking. The content of the plate was 

then poured off and the wells washed three times with 300μl of 

sterile physiological saline. The remaining attached bacteria were 

fixed with 250 μl of 96% ethanol per well for 15 min, then the 

microplates were emptied and dried in air. Themicroplates were 

stained with 250 μl per well of 2% Crystal violet used for Gram 

staining (Gram-colour staining set for microscopy; Merck) for 5 

min. Excess stain was rinsed off by placing the microplate under 

running tap water. When the microplates were air dried, the dye 

bound to the adherent cells was resolubilized with 250 μl of 33% 

(v/v) glacial acetic acid per well (Figure 1).Then the optical density 

(OD) of the stain was measured at 492 nm by an ELISA reader. 

Biofilm formation was scored as follows: 

Biofilm formation OD = stained attached bacteria OD – stained 

control wells OD Strong biofilm (S) =  OD ≥  0.3    ,    Moderate biofilm 

(M) = 0.2 ≤  OD  < 0.299 Weak biofilm (W) = 0.1 ≤  OD< 0.199   ,    

Negative (N) = OD < 0.1

PCR for detection of virulence genes

Boiling method was used to DNA preparation, previously 

described The presence of the virulence factors antigen43(aga43or 

flugene), curli(csgAgene) and colonic acid (wcagene) was analyzed 

by single-PCR for each isolateand using gene specific primers with 

reaction conditions (table 1 and table 2). All strains were tested in 

duplicate with appropriate positive and negative controls. PCR 

products were examined on a 1.5% agarose gel electrophoresis 

using a specific size markers (100bpDNA ladder, MBI, Fermentas, 

Lithuania).

Statistical analysis.

Comparisons of prevalence data were tested using the 
2x test and T-test with spss (version 16) statistical software. The 

level of statistical significance was set at P < 0.05.

Results 

In this study, 170 bacterial isolates were obtained from Urine 

samples of 59 hospitalized (17 man and 42 female) and 111 non-

hospitalized patients (17 man and 94 female). the mean age of  

patients was 41.07 ± 25.87 ranging from 1 to 101.E. coli strains 

collected from 120 patients with cystitis, 50 with pyelonephritis.45 

(26.5%) patients had been exposed to antibiotics within 3 months 

of the index UTI .A total of 105 isolates (61.8%) were considered 

positive for in vitro biofilm formation. Out of 105 biofilm forming 

isolates 52(30.6%) were weak biofilm forming, 17(10%) were 

moderate biofilm forming and 36(21.2%) were strong biofilm 

forming (Figure 2).Biofilm production was noted in 80 (66.7%) and 

31 strains (61%) from patients with cystitis and pyelonephritis, 

respectively.

The motility is one of the most impressive features in microbial 

biofilm. The investigation of motility showed that almost all of 

strains (121 isolate-71.2%) possessed motility.There isstatistically 

s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n  b i o f i l m  f o r m a t i o n  

andmotility(P<0.0001)(Figure 3 and table 3).

Haemolysis was employed to investigate presence of 

hemolysins. It was found that 41 (24.1%) of E.coliisolates produce 

α-hemolysin (Figure 3). There is no correlation between biofilm 

formation and hemolysin production(P>0.06). It is already known 

that 40% of isolates are ESBL (unpublished work); no relation was 

found relation between higher resistance and biofilm forming 

ability of isolates(P>0.3).However, the ESBL isolates containing 

hemolysinshowed a higher ability to form biofilms(Figure 3 and 

table 3).

The prevalence of 3 defined biofilm marker genes in the 

170E.coliisolates was assessed by PCR. The wca gene was the most 

common biofilm related gene, present in 94.1% of isolates. The 

gene encoding the autotransporteradhesin Ag43 (flu) and the csgA 

gene present in 74.7%, 91.8% ofisolates, respectively.
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