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Abstract: About 65 Escherichia coli strains isolated from extra-intestinal
sites were included in this study to determine rtHgofilm formation
capability and virulence properties. About 87% E&PiEolates were motile
and 12.3% were found to be non-motile. Only 12.388tates were strong
biofilm former (SBF >1.5) whereas 18.46% isolatesewnon biofilm former.
About 71% isolates were capable to express cutlicouli expression is
lower in isolates from pus and peritoneal fluid.odb 41.53% isolates have
moderate capability (CSH value 21-50%) to adhefsytirocarbons whereas
20% didn’t show any hydrocarbon adherence capgbilfost of the isolates
showed moderate cell aggregation (60-80%) potewithl S. maltophila but
15.4% isolates were found to be non-aggregativeayfeme (63.07%) strains
were resistant to 2 or more of the most commorihjiczally used antibiotics.
44.6% isolates were haemolytic, 35.3% showed cohctivity, 47.7% were
MRHA positive, 49.2% had SAT valug2.0 M and 9.2% were protease
producer. About 77% (50 out of 65) of the isolatagbor type 1 genesgA

gene was found in 61.5% (40) isolgiepC was found in 64.6% (423fa and
sfa genes were found in 67.7% (44) each. Biofilm faroramay contribute
to the pathogenic potential of EXPEC.
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Introduction infections and opportunistic pathogens (Lassetral.,
) o o 2009). Biofilm mediates interaction between baatemd
_Bacterial biofilms are complex communities 0f gt ‘fissue through adhesion, which is pre-requifst
microorganisms embedded in a self-produced matriXinyaion and tissue-specific colonization (Ghanbarpand
andadhering to inert or living surfaces (Rijavetcal.,  gajehi, 2010). Biofilms are not only resistant toitdotics
2008). Biofilms are architecturally complex assegtl ;4150 to a variety of disinfectants which emjrtessthat
of microorganisms that form on biotic or abiotiefages  hair characterization is an important aspect ééciion
or at interfaces. Biofilms are characterized by conirol (Mathuret al., 2006). Biofilm also facilitates co-
interactions between microorganisms embedded in &yistence of otherwise competing bacterial - species
matrix of extracellular polymeric substances creatg (Tirumalai and Prakash, 2012).
the mlcroblal_ populations and exhibit altered Extra-intestinal Pathogenie. Coli (EXPEC) is a group
phenotypes with respect to growth rate and geneyf g, colj strains which are genetically diverse species
transcription (Tajet al., 2012). Biofilm production is  that causes a variety of extra-intestinal infecsion
considered as a marker of clinically relevant ititet  (Fakruddinet al., 2012b) which fulfill many or all of the
and persistence of bacterial biofilms in the hurbady  proposed criteria for biofilm-associated infections
is a major cause of recurrent or chronic infections (Norouziet al., 2010). Many of the key virulence factors
(Muruganet al., 2011). A role for bacterial biofims in  are surface structures involved in adherence artilityno
pathogenesis is well established for a number ofwhich are critical for biofilm formation (Holden drGally,
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2004). UropathogenicE. coli strains are frequently Well polystyrene microtitre plates (Nuncith
isolated from biofilms formed in the Ilumen of Denmark) and incubated overnight at 30°C without
catheters, where they resist antibiotic treatmemd a shaking. The edge of the plate was covered withfibar
shear forces (Uhliclet al., 2006). Based on these in to avoid evaporation. The Optical Densities (ODishhe
vivo and in vitro observations, it is reasonable to overnight growths were read at a wave length of &80
predict that the pathotypes causing these infegtion The broth was then removed and the wells rinsee onc
possess genetic repertoires that enable formatistable with 200 pL of PBS and air dried. The wells wererth
cell-cell interactions and biofims under approf@ia stained with 120 pL of 0.1% Safranin for 30 min at
environmental conditions (Navesal., 2008a). If true, the  30°C; the colorant was then discarded and the wells
establishment of am vitro biofilm system that reflects rinsed three times with 200 uL of PBS. The adhered
thein vivo biofilm formation ofE. coli pathotypes would safranin was solubilized in 120 pL of Dimethyl
enable development of drugs directed against thisSulfoxide (DMSO). After 5 min at room temperatune t
virulence strategy (Reisnetal., 2006). ODs of the attached and stained bacteria and dontro
The present work was undertaken to assess thavells were read at 490 nm wavelength. The assays we
biofilm formation potential ofE. coli isolated from  performed in ftriplicate. Biofilm measurements were
extra-intestinal infections and to assess the tagioa of made using the formula SBF = AB-CW/G in which SBF

biofilm formation with virulent properties. is the specific biofilm formation, AB is the Q& nm of
the attached and stained bacteria, CW is thgygin of
Materials and Methods the stained control wells containing only bactdree
) medium (to eliminate unspecific or abiotic OD valpe
Source of Isolates and Strains and G is the OB, nm of cells growth in broth (Niu,

Gilbert, 2004). The SBF values were classified itwto
categories: Strong biofilm producers (SBF index8).0
and weak biofilm producers (SBF index <1.00).

A total of 65 clinical isolates ofscherichia coli
strains, of which 25 were from infected urine, t@nf
peritoneal fluid, 12 from blood, 10 from pus andr@&m
Cerebrospinal Fluid (CSF) were included in the gtud Curlj Expression
15 E. coli strains isolated from stool of healthy _ _ ) )
individuals were also included. All the isolates reve Expression of curli was visualized by growth ofttes
previously identified and characterized 4 coli  Strains on Congo Red (CR; Sigma) medium containing
(Fakruddin et al., 2012a). Sreptococcus pyogenes, 2% agar. In this medium 0.004% congo r_gd a_nd 0.001%
NonpathogenicE. coli ATCC-35218,E. coli ATCC- coomassie blue were added after sterilization & th
25922, E. coli K-12 (Col), E. coli K-12 Col V/, medium. The strains that express the gene appganlas
Pseudomonas aeruginosa ATCC-10145 were also colony on the CR medium. The plates were incubated
included in the study as control. All the isolatgsre ~ 28°C for 2 days (Norouzt al., 2010).
identified and preserved by stab culture in soétrdsase  \icrobial Adhesion to Hydrocarbons
and stored at 4-8°C.

N . Microbial surface hydrophobicity was assessed with
Determination of Motility xylene (Merck) according to Rosenberg and Gutnick

This was done according to the method adapted from(1980). All isolates including standard strain wgrewn
Sperandicet al. (2002). Overnight cultures of LB broth into nutrient broth (50 mL) in a 250 mL erlenmeflask
were used to assay motility in plates containing?®. With shaking in 200 rpm. Cells were harvested by
(w/v) agar. Diameter of motility halos was to be centrifugation (10000xg, 15 min), washed twice in
measured. Bacterial strains were propagated inaturi Sterile phosphate-buffered saline (pH 7.1) and esusied
Beftani (LB) broth medium containing 5 g NaCl piter in the same buffer to an initial Optical DensityD{Dof
The pH was adjusted to 7.0, when motility assaydeage ~ about 1.0 (A0) at 600 nm. Next, 3¢Q of xylene was
in LB soft agar (0.4%). The plates were incubategem added to 3 mL of microbial suspension and vortex2fo

temperature overnight in a very strict static ctodi min. After 10 min the OD of the aqueous-phase was
- . measured (Al) at 600 nm. The degree of hydrophiybici
Biofilm Formation Assay was calculated as [1-(A1/A0)] 100 [%)].

Biofilm formation assays were performed following .
the method of Daneset al. (2000) with some Cell Aggregation Assay
modifications. All strains were grown overnighttirbes Overnight cultures oE. coli and Stenotrophomonas
containing 5 mL Luria-Bertani (LB) (Sigma, St. Leui  maltophilia were re-suspended in fresh 0.1xLB. Two
USA) at 37°C. Aliquots of 10 pL culture from oveght mixtures ofE. coli with 10-fold less and with the same
broth were inoculated into 1 mL LB broth (dilutidn amount ofS. maltophilia cells were prepared. Puie
100) and then was inoculated into non cell-trea8l, coli and the two mixtures were added into 5-mL test
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tubes (Fisher Scientific, Pittsburgh, PA) (3 ml&yko
form a culture column and set static on the beoct2f

h. Cells were allowed to adhere together to form

aggregates, which gradually settled down due toityra
As a result, the cell density in the top layerlté tulture
column decreaseét. coli cell aggregation was reported as
the relative decrease in cell density (percentalye) to
aggregates formation and settlirify. coli cell density in
both pure and mixtures was measured by the platatco
method using selective agar (Abdalkilal., 2009).

Sensgitivity to the Bactericidal Effect of Normal Serum

The sensitivity oE. faecalisto the bactericidal effect

(Nalina and Rahim, 2006). A&. coli strain with a
SAT value of 3M was used as negative control.

Protease Production

Protease production t coli was tested by observing
hydrolysis of casein when grown on milk agar medium
(Mansouret al., 2014).Pseudomonas aeruginosa NCTC-
6750 was used as positive control strains.

Antibiotic Susceptibility Testing

All the clinical isolates ofE. coli were tested for
antibiotic resistance by the standard agar disiugdn
technique described by (Baueral., 1966) on Mueller

of human normal serum was tested as described byjinion agar using commercial discs (Oxoid, UK). The

Pelkonen and Finne (1987%. Bacteria grown in BHI fo
18 h were diluted in PBS (1®acteria/mL) and 17hL

of the bacterial suspension and 14b of PBS were
pipetted into the wells of microtiter plates. Onentired
microliters of serum (final concentration 36%) were
added to the wells and the plates were incubat8dat.
The absorbance at 630 nm was measured at 0, 39060,

following antibiotics with the disc strength in
parentheses were used: Tetracycline (Tet, 30 ug),
Streptomycin (Str, 10 pg), Ceftriaxone (Cef, 30 ,uQg)
Ampicillin (Amp, 25 ug), Chloramphenicol (Clr, 2@}
Gentamycin (Gen, 30 pg), Penicillin (Pen, 10 pg),
Ceftazidime (Caz, 30 pg), Polymixin B (Pol, 300 IU)

120 and 180 min. The plates were shaken before eacRnd Nalidixic acid (Nal, 30ug). A control strain Bf

measurement, to avoid the
sedimentation on the final absorbance. The strag®
classified as resistant, intermediate or sensitive.

Virulence Properties
Detection of Haemolytic Srains

influence of bacterial COli

ATCC 25922 was included in each plate.
Antimicrobial breakpoints and interpretation weaden
from the CLSI standards (CLSI, 2006).

DNA Extraction from Target Organisms

DNA from working cultures of target organisms were
extracted by phenol/chloroform and ethanol preaijain

The haemolytic activity was observed on washed method (Wilson, 1997). Bacterial cells were grown

blood agar plates according to Sharetaal. (2007).
About 65E. coli clinical isolates and 1E. coli fecal
isolates were screened for haemolytic
Sreptococcus pyogenes was used as positive control.

Colicin Production Test

Colicin production was determined by method
described by Fernandez-Beregisal. (1990). The colicin
negativeE. coli K-12 and Colicin V positiveE. coli K-

12 Col V' strains were used as control.

Haemagglutinin Test

Slide haemagglutination of erythrocytes was
performed as described by Klosowska and PlotkiG§20

Mannose sensitivity Test

The haemagglutination positive strains were used fo
mannose-sensitivity assay. The ability of D-manniuse
inhibit haemagglutination was tested by using thigar
to pre-treat either human type O erythrocyte ondria
(Najaret al., 2007).

Measurement
Hydrophobicity

of Bacterial Cell Surface

Salt Agglutination Test (SAT) was used to

property.

overnight in nutrient broth at 37°C, aerated byksigat
120 rpm in a shaking incubator. Bacterial cells aver
harvested by centrifuging the culture at 10000 fpm5
min. The supernatant was discarded and cell petet
taken. The cell pellet was washed twice with seril
physiological saline for removing residual cultanedium
from the cells and was subjected to treatment DA
extraction solution | (Tris HCI + EDTA + sucrosey 30
min at 37°C on a water bath in order to disruplscd@lhen
de-proteinization was done using DNA extractiorusoh

Il (proteinase K + SDS + NaCl) at 55°C for 1 h owater
bath. Phenol: Chloroform: Isoamylalcohol mixture swa
used to precipitate proteins. The cell extract weased
gently with the solvent.The nucleic acids were szigal

in the aqueous layer by centrifugation at 10000 fpnd
min. The aqueous solution of DNA was then removed
using micropipette. The DNA was then concentrated b
ethanol precipitation in the presence of Sodiuntadee
After centrifuging and washing with 70% ethanolusioin
the final pellet was taken and suspended in TEebuff
This suspension was then stored at 4°C for furtlser
(Fakruddinet al., 2012b).

Quantification and Purity of DNA

Quantification of genomic DNA was done using 1.0%

measure the bacterial cell surface hydrophobicity agarose gel electrophoresis in 1X TAE buffer folbolby
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staining with ethidium bromide. The concentratioh o Isolates from CSF also able to express curli (6&)57
extracted DNA was also estimated by visual comparis but curli expression is lower in isolates from [§66%)
the band with 100 bp marker DNA. The purity and and peritoneal fluid (58.33%). About 71% EXPEC
concentration of the extracted DNA was also chedked isolates were capable to express curli whereas 201§
measuring absorbances on T60 UVVIS spectrophotometefecal isolates were able to express curli (Table 4)

at 260 and 280 nm. Purity was analyzed by absogsanc ,,. . .
ratios i.e., 260/280 nm (Sahasrabudhe and Ded2ibiHD). Microbial Adhesion to Hydrocarbons
EXPEC isolates vary significantly in terms of their

Detection of Adhesion Genes ability to adhere to hydrocarbons. About 41.53% EEP
DNA samples stored at -20°C were subjected to PCRisolates have moderate capability (CSH value 21)50%
assay for the amplification d¢fpe 1, pap C, afa, asgA and to adhere to hydrocarbons whereas 16.9% have strong

sfa genes specific for adhesion and virulence progeedf  capability. Abuot 20% EXPEC isolates didn’t showy an

EnterotoxigenicE. Coli (ETEC), Enteropathogente. coli hydrocarbon adherence capability. Urine and blood
(EPEC), Enterohaemorrhagi€. Coli (EHEC) and isolates have better hydrocarbon adherence capyabili
Enteroinvasivee. Coli (EIEC) (Table 1). than isolates from peritoneal fluid, pus and CSRlyO
- . 26.67% fecal isolates have weak adherence capabilit
Satistical Analysis and 73.33% are non-adherent to hydrocarbon (Tgble 5

All the statistical analysis was carried out with %e” Aggregation Assay
SPSS17 software. Independent Sample T Test was use

to check the comparison of CSH between ESBL- and In cell aggregation assay, most of the ExPEC
non-ESBL-producing isolates. Mann-Whitney Test was isolates showed moderate cell aggregation (60-80%)
used to compare biofilm formation of clinical is@a potential withS. maltophila. About 27.7% isolate had
with or without ESBL. Data were expressed as mean60-80 and 26.25% had 40-60% cell aggregation.
values * Standard Deviation (SD) andO@5 was About 15.4% of the EXxPEC isolates were found to be

considered to be statistically significant. non-aggregative. In contrast, most of the stoolaites
(53.3%) were found to be non-aggregative. Only

Results 6.67% stool isolates had 60-80% cell aggregation
potential. Urine isolates had lower cell aggregatio

Determination of Matility potential than peritoneal fluid, pus, blood and CSF

56% of the urinary isolates were highly motile (>10 isolates (Table 6).

cm zone diameter) whereas others are less motiladu  Virulence Properties (Hydrophobic, Cell Surface

urinary strains were found to be non-motile. Mdnarnt Adhesion, Haemolysin)

91% of the blood isolates were found to be motile. . .

Isolates from peritoneal fluid, pus and CSF ares les Ha@emolysin Production

motile than urine and blood isolates. In generbbhua It was found that 29 (44.6%) clinical isolates Bf

87% ExPEC isolates were motile of which 43.08% were q|; were haemolytic. Among thE. coli isolates from
highly motile. About 12.3% EXPEC isolates were fdun rine  blood, pus and peritoneal fluid, 15 (60.0%),

to _b_e non-motile. In <_:ontrary, only about 46% feEal (41.67%), 4 (33.3%) and 5 (50.0%) strains, respelj
coli isolates were motile (Table 2). were haemolytic. While only four of the 15 fae&akoli

Biofilm Formation Assay strains produced haemolysin.
In biofilm formation assay, only 12.30% ExPEC Colicin Biosynthesis
isolates were Strong Biofilm Former (SBF>1.5) wiere Of the 65 clinical isolates OE. coli, 23 strains

18.46% isolates were non biofilm former. About 44.5 (35.3%) showed colicin activity when grown on

EXPEC isolates were found to be mone_rate biOf"mtrypticase soy agar (+0.6% yeast extract) mediufn. O
former whereas 24.61% were weak biofilm former. {he colicin positive strains, 13 (52.0%) were iseth
Urine and blood isolates have relatively more biofi  from urine, 6 (50.0%) from blood and 4 (33.3%) from
forming capability. Only 33.3% fecal isolates were peritoneal fluid. The colicin positivé. coli strains
found to be weak biofilm former and no fecal isefat \ere further tested for colicin V biosynthesis. Amgo
were moderate or strong biofilm former (Table 3). the clinicalE. coli isolates, only the urinary and blood
Curli Expression isolates produced co!lcm V; 6 (24.0%) urinary mga_
P and 2 (16.7%) blood isolate showed colicin V adyivi
In curli expression assay, 84% urine isolates7 (46.0%) of the control strains produced colicif,
expressed curli whereas 75% blood isolates did sowhich none was colicin V producer.
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Mannose-resistant Haemaggl utination (MRHA) test 25 E. coli isolates from urine, 60% produced

. ) e
The tests showed 31 (47.7%) clinical isolatesEof r|_1|aemoly5||n:[_ . 52M/|0?HApr05dzli;:ed d Magnoslg _Res;t;nt
coli were MRHA positive, compared to 4 (26.7%) strains '2cMaggiutinin ( ), 52% produced colicin, 24%

positive among the controls. Among the clini€lcoli produced colicin V, 13.3% produced protease and 69%
isolates, 13 (52.0%) urinary strains and 5 (41.B%pd ~ had cell surface hydrophobicity. Comparison betwgen
strains were MRHA positive. None of tlie coli strains coli isolates from different sources with respect tdrthe
isolated from peritoneal fluid and pus gave MRHA virulence factors have been summarized in Table 7.
positive reaction. In total 50 strains producecdhesit A _

hemolysin or MRHA or both. Of these, 22 strains Antibiotic Sensitivity

produced both haemolysin and MRHA, 15 strains  Tpe clinical isolates oF. coli were tested for their
produced only haemolysin and 13 strains were MRHA susceptibility to 10 different antibiotics. It wésund

positive but haemolysin negative. that none of thé&. coli strain was susceptible to all of
Measurement of Cell-Surface Hydrophobicity the antibiotics. Forty-one (63.07%) strains were

Salt Aggregation Test (SAT) showed that 32 resistant to 2 or more of the most commonly clitfica
(49.2%) clinical isolates oF. coli aggregated with used antibiotics. About 89.2% strains was resistant

ammonium-sulphate solution 2.0 M concentration, ~ampicillin, 83% strains were resistant to tetraaye]
whereas, 9 out of 15 (60%) of control strains hadS 80% strains were resistant to streptomycin, 90.8%
value <2.0 M. Source-wise analysis showed that 18 strains were resistant to penicillin, while resita to

(72%) urine isolates; 5 (41.7%) peritoneal isoleaBd  chloramphenicol was 81.5% (Table 8). The third-
9f(Zg%) b_Ioo?] IZOISa,:\?I'S h";‘d SAZTOVQIEEIF? M. A tzgl generation  cephalosporin  (ceftriaxone  and
0 strains ha value >2.0 M. whereas ut - :
. ! ceftazidime) and olymyxin B showed most
15 (20%)_ of control_stralns had SAT value >2.0 M. effectivenegs Otherp dyrugs that appeared to be
Source-W|se analysis ;howed_ that 14 (56%) urmecl'n'call 'sef | ere the  first-generation
isolates; 7 (58.7%) peritoneal isolates and 8 (@&j.7 C¢'nically — useiul —were IrSt-g¢ :
blood isolates had SAT value >2.0 M. A total of 24 cephalosporin, nalidixic acid and gentamycin.
strains had SAT valugl.0 M. whereas, 7 out of 15 TR P
(46.7%) of control strains had SAT valug.0 M. Sensitivity to the Bactericidal effect of Normal Serum
Source-wise analysis showed that 15 (60%) urine All EXPECE. coliisolates were found to be resistant

isolates; 4 (33.3%) peritoneal isolates and 5 (%).7 to the bactericidal action of normal serum.

blood isolates had SAT valyel.0 M. ) )
) Detection of Adhesion Genes
Protease Production

0 . . ) Type 1 gene was found to be most prevalent in the
About 6 (9.2%) clinical isolates oE. coli were EXPEC strains as about 77% (50 out of 65) of thiaties

protease positive, compared to 3 (20.0%) strains . o
positive among the controls. Among the clinidal harbor type 1 genesgA gene was found in 61.5% (40)

coli isolates, 2 (13.3%) urinary strains, 1 (8.33%) isolate,papC was found in 64.6% (42gfa andsfa genes

peritoneal strains, 1 (10%) pus strains and 2 @§.7 Were found in 67.7% (44) each. All the genes weoeem
blood strains were peotease positive. prevalent in urine and blood isolates than isolditem

peritoneal fluid, pus and CSF. Of the 25 urineatsl 21
had type 1 gene, 18 hashA gene, 19 hagapC gene, 21
The results showed that isolates Bf coli from hadafa gene and 22 hagla gene. Only 2 stool isolate had
various sources possess several virulence fachas t type 1 gene and 1 isolate contairefd gene. No other
solely or collectively contribute to their virulescOf the gene was found in stool isolates (Table 9).

Analysis of Virulence Factors of E. Coli Isolates

Table 1.Primer sequences and product size of the gergstéalr

Gene Primers Sequences Product size (bp) Reference

Typel Forward 5-CGA CGC ATC TTC CTC ATT CTT CT-3’ 700 Saal. (2007)
Reverse 5-TTT CGATTG TCT GGC TGT ATG-3’

CSgA Forward 5-ACT CTG ACT TGACTATTA CC-3’ 220 Oliviegt al. (1998)
Reverse 5-AGA TGC AGT CTG GTC AAC-3’

papC Forward 5'--GAC GGC TGT ACT GCA GGG TGT GGC G-3’ 328 hlid et al. (1985)
Reverse 5-ATATCC TTT CTG CAG GGA TGC ATA-3

afa Forward 5'-GCT GGG CAG CAA ACT GAT AAC TCT C-3 750 dEciaet al. (1994)
Reverse 5-CAT CAAGCT GTT TGT TCG TCC GCC G-3'

sfa Forward 5-CTC CGG AGA ACT GGG TGC ATC TTA C-3’ 410 Stietsal. (1994)

Reverse 5'-CGG AGG AGT AAT TAC AAA CCT GGC A-3’
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Table 2. Motility assay of EXPEC and fechl coli isolates

Motility
Source of strain ++++ +++ ++ + Non-motile
Urine (25) 14 (56%) 6 (24%) 3 (12%) 2 (8%) -(0%)
Peritoneal fluid (12) 2 (16.67%) 7 (58.3%) 1(8)3% 1 (8.3%) 1 (8.3%)
Blood (12) 9 (75%) -(0%) -(0%) 1 (8.3%) 2 (16.67%)
Pus (10) -(0%) 7 (70%) 1 (10%) -(0%) 2 (20%)
CSF (6) 3 (50%) -(0%) -(0%) -(0%) 3 (50%)
EXPEC (65) 28 (43.08%) 20 (30.76%) 5 (7.7%) 4 (6.15% 8 (12.3%)
Stool (15) -(0%) -(0%) 4 (26.7%) 3 (20%) 8 (53.33%)
(+++=>10 cm; ++ = 8-10 cm; ++=5-8 cm; += 2-5 cm)
Table 3. Specific biofilm formation of EXPEC isolates
Specific Biofilm formation
Source of strain <0.5 0.5-1.0 1.0-1.5 >1.5 Non-biofilm former
Urine (25) 8 (32%) 4 (16%) 6 (24%) 5 (20%) 2 (8%)
Peritoneal fluid (12) 4 (33.33%) 3 (25%) 1 (8.3%) (0%) 4 (33.33%)
Blood (12) 3 (25%) 4 (33.33%) 2 (16.67%) 1 (8.3%) (18.67%)
Pus (10) -(0%) 4 (40%) 3 (30%) 1 (10%) 2 (20%)
CSF (6) 1 (16.67%) -(0%) 2 (33.33%) 1 (16.67%) 233%)
EXPEC (65) 16 (24.61%) 15 (23.07%) 14 (21.54%) 830%) 12 (18.46%)
Stool (15) 5 (33.33%) -(0%) -(0%) -(0%) 10 (66.67%)
Table 4. Curli expression by EXPEC isolates
Curli expression
Source of strain + -
Urine (25) 21 (84%) 4 (16%)
Peritoneal fluid (12) 7 (58.33%) 5 (41.67%)
Blood (12) 9 (75%) 3 (25%)
Pus (10) 5 (50%) 5 (50%)
CSF (6) 4 (66.67%) 2 (33.33%)
EXPEC (65) 46 (70.77%) 19 (29.23%)
Stool (15) 3 (20%) 12 (80%)
Table 5. Adhesion capability of EXPEC isolates to hydrocarbo
CH
Source of Strain Weak (0-20%) Moderate (21-50%) orgr(>50%) Negative
Urine (25) 4 (16%) 12 (48%) 5 (20%) 4 (16%)
Peritoneal fluid (12) 3 (25%) 5 (20%) 1 (4%) 3 (2%
Blood (12) 2 (25%) 7 (58.33%) 2 (16.67%) 1 (8.3%)
Pus (10) 3 (30%) 2 (20%) 2 (20%) 3 (30%)
CSF (6) 2 (33.33%) 1 (16.67%) 1 (16.67%) 2 (33.33%)
EXPEC (65) 14 (21.53%) 27 (41.53%) 11 (16.9%) 134p0
Stool (15) 4 (26.67%) -(0%) -(0%) 11 (73.33%)

(*CSH was determined based on the difference ofaBeof bacterial before and after adsorption to bgdrbon x100, weak (O-
20%), moderate (21-50%) and strong CSH >50%)

Table 6. Cell aggregation capability of EXPEC isolates

Cell aggregation

Source of Strain >80% 60-80% 40-60% 20-40% Non+egggive
Urine (25) 2 (8%) 4 (16%) 5 (20%) 9 (36%) 5 (20%)
Peritoneal fluid (12) -(0%) 3 (25%) 5 (41.67%) B@7%) 2 (16.67%)
Blood (12) 1 (8.3%) 4 (33.33%) 3 (25%) 3 (25%) BE8)

Pus (10) -(0%) 5 (50%) 4 (40%) -(0%) 1 (10%)

CSF (6) -(0%) 2 (33.33%) -(0%) 3 (50%) 1 (16.67%)
EXPEC (65) 3 (4.6%) 18 (27.7%) 17 (26.15%) 17 (2%)15 10 (15.4%)
Stool (15) -(0%) 1 (6.67%) 2 (13.3%) 4 (26.67%) 58.83%)
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Table 7. Comparison of virulence phenotypes in extra-int@dt. coli isolates
Percentage d. coli isolates

Virulence property Control (stool) UTI Septicemia rikmnitis Pus
Haemolysiri 26.7 60.0 41.7 33.30 0
MRHA+ 33.3 52.0 50.0 33.30 0
Colicin+ 40.0 24.0 16.7 24.00 0
ColicinV+ 31.0 69.0 72.0 75.00 75
Hydrophobic+ 12.0 76.0 50.0 77.00 58
Protease+ 20.0 13.3 16.7 8.33 10

Table 8. Antibiotic susceptibility of the EXPEC isolates

Source of strain Tet Str Cef Amp Clr Gen Pen Caz | Po Nal

Urine (25) 21 (84%) 19 (76%) 16 (64%) 22(88%) 80%) 19 (76%) 23(92%) 11 (44%) 17 (68%) 15 (60%)
Peritoneal fluid (12) 9 (75%) 8 (66.7%) 5 (41.7%)1 (91.7%) 9 (75%) 7 (58.3%) 10 (83.3%) 4 (33.3%)(58.3%) 5 (41.7%)
Blood (12) 11 (91.7%) 12 (100%) 10 (83.3%) 11 (98)711 (91.7%) 9 (75%) 12 (100%) 8 (66.7%) 9 (75%) (59.3%)
Pus (10) 9 (90%) 10 (100%) 6 (60%) 10 (100%) 9 (P0%5 (50%) 9 (90%) 3 (30%) 5(50%) 7 (70%)
CSF (6) 4 (66.7%) 3 (50%) 2(33.3%) 4(66.7%) 4786 2(33.3%) 5(83.3%) 1(16.7%) 3 (50%) 3 (50%)
EXPEC (65) 54 (83%) 52 (80%) 39 (60%) 58 (89.2%)(&B5%) 42 (64.6%) 59 (90.8%) 27 (41.5%) 41 (63DBY (56.9%)
Stool (15) 13 (86.7%) 11 (73.3%) 9 (60%) 12 (80%) 2 (80%) 9 (60%) 11 (73.3%) 8 (53.3%) 12 (80%) 94%H0

(Tet = Tetracycline; Str = Streptomycin; Cef = Gaftone; Amp = Ampicillin; Clr = Chloramphenicol; GenGentamycin; Pen =
Penicillin; Caz = Ceftazidime; Pol = Polymixin B; NaNalidixic acid)

Table 9. Presence of adhesion and virulence genes in Exfitales

Source of Strain type 1 CsgA papC afa sfa

Urine (25) 21 (84%) 18 (72%) 19 (76%) 21 (84%) 23%)
Peritoneal fluid (12) 9 (75%) 7 (58.3%) 8 (66.7%) (78%) 6 (50%)
Blood (12) 11 (91.7%) 8 (66.7%) 8(66.7%) 7 (58.3%) (79%)

Pus (10) 6 (60%) 5 (50%) 7 (70%) 6 (60%) 5 (50%)
CSF (6) 3 (50%) 2 (33.3%) 0 1 (16.7%) 2 (33.3%)
EXPEC (65) 50 (76.9%) 40 (61.5%) 42 (64.6%) 44 @).7 44 (67.7%)
Stool (15) 2 (13.33%) 0 0 1 (6.7%) 0
Discussion biofilm formation is more prevalent in uropathogehi

coli. Isolates from stool of healthy individual showed

The research. work was ai,me_d at de.terminipg-anyvery poor biofilm forming capability and only 33%
possible correlation between biofilm forming capigpi isolate showed weak biofilm formation

of EXPEC and their virulence properties. A numb&r o There may be a connection between biofilm
biofilm formation capability and related propertiaad formation and the survival of pathogenE. coli
virulence traits of 65 previously isolated ExPE@amsts within the host (Lassaret al., 2009). To assess the
has been assessed. Furthermore, attempts were ttaken correlation, virulence properties of the ExPEC éges
find out the role of motility and presence of adhes \,ere determined.

genes in biofilm formgtions. In this study, 44.6% extra-intestin&l coli isolates
The potential biofilm formers had been tested far t  \ygre haemolytic and 60% (15/25) of tEecoli strains

motility assay using LB soft agar. About 88% of the jsojated from urine were haemolytic (p<0.001) and
EXPEC strains were found to be motile. No significa 41 gop (5/12) of the septicemiE. coli strains were
correlation was seen between motility and biofilm nhaemolytic (p>0.001). Production of haemolysin was
production with the strains though motile isolatesd to  found statistically significant only in urinary ardood
form biofilm better. Some non-motile strains alsonfied isolates (p<0.001 and >0.001 respectively). Onlg th
biofilm questioning any strict correlation between yrinary and blood isolates produced colicin V. Abéu
motility and biofilm formation. Therefore, it coulde (24%) urinary strains and 2 (16.7%) blood isolates
stated that, motility might be required for reachithe  showed colicin V activity. Possession of mannose
target, but not essential to form biofilm. resistant haemagglutinin was found significant floe
Isolates from urine and blood showed better biofilm urinary isolates (p<0.001) while, for the blood liges
forming capability than form other sites. This fessiin the p value was >0.05. Urinary and the peritoneal
accordance with Goliat al. (2012) who concluded that isolates were the most hydrophobic and Blood isslat
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have relatively high SAT values. In general, vinde
factors are more prevalent in urinary and bloodaiss.
Biofilm formation capability of urinary and blood
isolates were also better than other isolates. Riwse
results, it can be presumed that biofilm formatitas
correlation with possession of virulence factons. d
previous study, Rijaveet al. (2008) could not find any
correlation between biofilm formation and virulence
properties of uropathogent€e. coli. Again, according to
Naves et al. (2008b) mannose-resistant
haemagglutination was the only phenotypically
expressed surface virulence factor more frequdatipd

in the strong biofilm group.

EXPEC acquired multi-drug resistance is one of the
major source of illness and death, therby increasin
healthcare cost (Akondet al., 2009). Antibiotic
susceptibility pattern of the isolates revealed tmul
antibiotic resistance in the isolates but resistatm
third generation antibiotics were comparatively ésw
Most of the strong biofilm formers with virulence
traits were more antibiotic resistant than other
isolates. Goliaet al. (2012) suggested that screening
of biofilm can be considered as virulence marker in
drug resistank. coli isolates. Murugaret al. (2011)
remarked that biofilm production irfE. coli may

Findings of this study indicate that biofilm forrgat
can be regarded as indication of virulence and -drug
resistance of EXPEC isolates and biofilm formatiais
strong correlation with these virulence properti€s.
combat EXPEC infection, interrupting exo-
polysaccharide production and biofilm formation may
therefore represent effective strategies (2012).reMo
detailed study including molecular level should be
conducted to determine correlation between biofilm
formation and specific virulence factors to elutathe
underlying mechanisms.

Conclusion

Biofilm production ability of extra-intestinal
pathogenic E. coli (ExPEC) strains could be an
additional trait involved in their pathogenesis. ond
detailed study is needed to elucidate the coraiati
between biofilm production and virulence traits of
EXPEC such as haemolysin production, cytotoxin
production, possession of aerobactin iron-acquoisiti
system. Further investigations to detect ExPEC ifipec
genetic determinants involved in biofilm formatiand
to analyze the genetic regulatory processes aengabk

promote colonization and lead to increased rate ofto fully understand EXPEC pathogenesis.

infections like UTI and such infections may be
difficult to treat as they exhibit multi drug retdsce.
The molecular based analysis of the strains

revealed that potential biofilm producers possessed

certain adhesin and virulence geng&gpe 1, afa and

sfa genes were most prevalent in the isolates. This

results support the findings of Mihayloeaal. (2012)
who found type 1 gene as most prevalent in
uropathogenicE. coli. csgA and papC were also
detected in a good number of isolates. According to
Naveset al. (2008b), five virulence-associated genes
were more common p€0.05) in strong biofilm
producers:PapC and papG alleles, sfa/focDE, focG,
hlyA andcnfl. Presence obfapC andsfa was also high

in the EXPEC isolates. Martinez-Medietal. (2009)
also observed that adhesion and invasion indices
motility, type 1 flagellin and presence of virulenc
genes such asfa are frequent characteristics of strong
biofilm producing E. coli. Our findings are in
concordance with these findings. Most urinary and
blood isolates were strong biofilm former and &lét
five adhesion and virulence associated genes tdget
in this study were prevalent in those isolates.

Very little evidences exists describing correlation
between biofilm formation, virulence properties and
antibiotic resistance of ExXPEC. This study can be
considered as a footstep in elucidating such caticed.
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