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ABSTRACT

Background: Biofilm structure is considered an important virulence factor and is
associated with UPEC that is formed within the bladder and act as a reservoir for
recurrent or/and persistent infection. Biofilm is formed from multiple adherent colonies
surrounded by polysaccharide matrix that protects bacterial pathogens from an innate
immune response and have major role in antibiotic resistance. Objectives: to determine
biofilm production in UPEC phenotypically and genotypically by detection of the genes
responsible for biofilm production (pap, fimH and sfa) and to assess their correlation
with multi-drug resistance. Methodology: A total 278 catheterized and non-catheterized
urine samples from clinically suspected UTI patients were processed by standard
microbiological procedures. One hundred E. coli were isolated and analyzed for the
production of biofilm by modified congo-red agar (MCRA) and microtitre plate (MTP)
methods. Subsequently, the antimicrobial susceptibility test was performed by Kirby
Bauer-disk diffusion method for both the biofilm and non-biofilm-producing E. coli
strains. The presence of pap, fimH and sfa virulence genes was examined by
conventional multiplex PCR assay. Results: One hundred UPEC were isolated from 278
catheterized and non-catheterized urine samples (35.97 %). A positive biofilm phenotype
was detected in 75% and 68% on MCRA and MTP respectively. UPEC isolates in
catheter-associated infection produced biofilm by MTP (73.0%) and MCRA (81.1%)
methods. E. coli strains forming biofilm had significantly higher resistance to antibiotics
than non-biofilm producer strains regarding tetracycline, cefotaxime, ciprofloxacin and
amikacin. The frequency of detection of the virulence genes (fimH, Pap and sfa) among
biofilm producing UPEC were 89.7 % vs. 81.3 %, 80.9 % vs. 73.3 % and 67.6 % vs. 61.
3 % as detected by MTP vs. MCRA respectively. Conclusion: Biofilm formation was
more common in catheterized patients and there was an association between biofilm
production and antimicrobial resistance. PCR was more reliable for the detection of
biofilm forming UPEC as compared to MCRA and MTP methods. The adhesion gene
fimH was the most common among those uropathogenic E. coli strains.

INTRODUCTION

Urinary tract infections (UTIs) represent the most
frequent bacterial infections encountered in both
hospital and community settings. About 150 million
people all over the world get infected with UTIs every
year .

Although E. coli strains inhabit human bowel as
part of normal flora, uropathogenic E. coli (UPEC)
strains are capable of causing more than 80% of a
significant UTIs that ranged from cystitis up to life-
threatening sepsis. Many urovirulence mechanisms,
including adhesins, o-hemolysin (Hly), -cytotoxic
necrotizing factor, fimbriae, aerobactin-mediated iron
uptake, K1 capsular polysaccharide, and biofilm
formation ultimately lead to tissue damage .

UPEC tends to form microcolonies in the mucosal
lining of urinary bladder (biofilm) which make the
organism more resistant to the host immune response
and more virulent. Moreover, evolution of antibacterial
drug resistance by enclosing them in an extracellular
biochemical matrix occurs®. In UPEC, the initial process
of attachment and initiation of infection is mediated by
several adherence factors: 1) Type 1 fimbriae (fimH),
coded by the fim H gene cluster, mediate UPEC
attachment to the bladder epithelium by binding to
mannose-containing glycoproteins and promote the
early stages of biofilm formation on both biotic and
abiotic surfaces. 2) P-fimbriae (pap), coded by the pap
(pyelonephritis-associated pili) gene, which plays a
critical role in colonization in kidneys **. 3) Group II
capsule synthesis (sfa) that are considered to be the
most important virulence factors of UPEC is involved in
the induction of UTI and formation of biofilm °,
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Remarkably, UPEC is capable of forming biofilms
on the abiotic surfaces of indwelling medical devices
such as catheters, which lead to ‘‘Catheter-Associated
Urinary Tract Infection’” (CAUTI) in clinics. CAUTI is
especially fatal in immunocompromised, debilitated and
diabetic patients. Therefore, biofilm formation in UPEC
is important for causing persistent colonization in
bladder and kidneys, and in hospital settings ".

Biofilms have major role in antibiotic resistance.
They play a role in trapping of antibiotics, impairment
of drugs and plasmid exchange '. Therefore, biofilms
can lead to persistent infections of many pathogenic
microbes. Moreover, they are important factors in
nosocomial infections and medical conditions including
indwelling medical device, dental plaque, upper
respiratory tract infection and urogenital infection *. In
this study, we aimed to detected biofilm-producing
UPEC strains phenotypically and genotypically and
assessed the relation between ability of biofilm
production and antimicrobial drug resistance.

METHDOLOGY

1. Collection of samples:

This study was conducted at the Microbiology and
Immunology Department, Faculty of Medicine,
Menoufia University Hospitals during the period from
March 2015 to December 2016. Clinically suspected
UTI patients (n=278), including catheterized (206) and
non-catheterized (72) were studied and those receiving
antibiotics were excluded. Urine samples were
aseptically obtained. All urine sampled were counted to
detect significant bacteriuria, cultured on blood agar,
cysteine lactose electrolyte deficient (CLED) and
MacConkey’s agar plates which were incubated at 37°C
for 24 hours. The grown E. coli isolates were identified
by colonial morphology, Gram staining, standard
biochemical tests and API-20E System (Oxoid,
England). Confirmed E. coli isolates were suspended in
nutrient broth supplemented with 16% glycerol and
stored frozen at -80°C. They were tested for
antimicrobial susceptibility and biofilm production’.
2.Detection of biofilm formation and antibiotic

susceptibility patterns:

All isolated E. coli strains were analyzed for the
production of biofilm and antimicrobial susceptibility
pattern.
a-Biofilm formation assay was determined by

modified congo-red agar method (MCRA) and

microtitre plate methods (MTP).

= Modified Congo red Agar method (MCRA): E. coli

strains were inoculated on blood base agar-2 (BAB-

2) (40gms/L BAB-2, 10 gms/L glucose and 1000

ml water), with 0.4 gms/L congo red stain and

incubated at 37°C under aerobic conditions for 24

and 48 h. The positive E. coli isolate was indicated

by black and dry crystalline colonies. Weak biofilm
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producers usually remained pink with the darkness
at the center of colonies. Intermediate results were
exhibited by the darkness of the colonies with the
absence of dry crystalline colonies '’.

= Microtitre plate (MTP) method: E. coli strains
grown overnight on trypticase soy agar (TSA)
plates were subcultured in 10 ml of trypticase soy
broth (TSB) with 5 % glucose, and were incubated
at 37°C for 24 h. The cultures were diluted and
adjusted to 0.5 McFarland standard density.
Individual wells of sterile 96 well-flat bottoms were
inoculated with 200 pl of the diluted cultures.
Negative control wells contained inoculated with
sterile broth were included. The plates were
incubated at 37°C for 5 days. After incubation,
contents of each well were removed by gentle
tapping. The wells were washed with 200 pL of
PBS (pH 7.4) four times to remove the planktonic
bacteria. Biofilm formed by bacteria adherent to the
wells were fixed by 300 pL of absolute methanol
for 10 minutes and stained by 200 pL of crystal
violet (2 %). The stain was solubilised by 160 puL of
33 % glacial acetic acid for 20 minutes and the
optical density was measured with an ELISA reader
at a wavelength of 570 nm. The experiment was
performed in triplicate. The interpretation of
biofilm production was done according to the
criteria of Stepanovic et al .

b-Antimicrobial susceptibility test was done for all E.

coli isolates by Kirby-Bauer disk diffusion method

against different antimicrobial agents (Oxoid) as

recommended by CLSI, 2015; ampicillin (10 pg),

amikacin (30 pg), gentamycin (10 pg), cefotaxime (30

pg), ceftriaxone (30 pg), ciprofloxacin (5 pg),

norfloxacin (10 pg), tetracycline (30  pg),

nitrofurantoin (300 pg) and imepinum (10 pg) "2

3.Detection of biofilm-associated genes:

= DNA extraction: Total genomic DNA was extracted
from all preserved E. coli isolates using a DNA
extraction kit (Sigma, USA) according to the
Manufacturer’s instructions.

= Conventional multiplex PCR reaction was
performed to detect pap, fimH and sfa genes:
Specific primers for these genes were used for PCR
amplification (Table 1).

a- Amplification of pap and sfa genes was done by
the reaction mixtures containing 5 uL. PCR buffer
10X, 125mM Mgcl2, 150uM  dNTP
(Fermentas), 1 uM of each primers F & R, 1.2 U
Taq DNA polymerase (Fermentas) and 3 pL
DNA template were incubated at 94°C for 1 min,
followed by 30 cycles of 60 sec. at 94°C, 30 sec.
at 63°C, 90 sec. at 72°C, and a final extension for
5 min at 72°C".

b- Amplification of fimH gene was done by the
reaction mixtures containing 5 ul. PCR buffer
10X, 2 mM MgCl,, 200uM dNTP (Fermentas),
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0.4 uM of each primer F & R, 3 U Taq DNA
polymerase (Fermentas) and 3 pL. DNA template
were incubated at 94°C for 3 min, followed by 40
cycles of 60 sec. at 94°C, 70 sec. at 58°C, 70 sec.
at 72°C, and a final extension for 6 min at
72°C". The PCR programs were performed in a

thermal cycler (Biometra-Germany).The
amplified products were visualized on 1.5%
agarose gel stained with ethidium bromide
(Sigma, USA). A DNA ladder (100-1000bp)
(Fermentas, Germany) was used to estimate allele
sizes in base pairs (bp) *.

Table 1: The oligonucleotide primers used for amplification of virulence genes of E. coli isolates using PCR

assays 138,
Gene Primer name Primer sequence (5'-3) Size of product (bp)
pap For GCAACAGCAACGCTGGTTGCATCAT 336
Rev AGAGAGAGCCACTCTTATACGGACA
Sa For CTCCGGAGAACTGGGTGCATCTTAC 410
Rev CGGAGGAGTAATTACAAACCTGGCA
fimH For GAGAAGAGGTTTGATTTAACTTATTG 559
Rev AGAGCCGCTGTAGAACTGAGG

4. Statistical analysis:

It was performed using a Statistical Package for
Social Sciences (SPSS) version 22 (SPSS Inc., Chicago,
USA). Chi-square (y2) and Z tests were used for testing
the difference in two proportions. EpiCalc 2000 was
used to determine the sensitivity, specificity, positive
and negative predictive values, and accuracy. Statistical
significance was set at p value <0.05.

RESULTS

In this study, one hundred UPEC were isolated
from 278 urine samples (35.97 %). 75 out of them
(75%) displayed a positive biofilm phenotype under the
optimized conditions on MCRA. While in MTP method,
the positive biofilm phenotype strains were classified as
strong (33 %), moderate (23 %) and weak (12%). About
25% and 32% of UPEC strains were non biofilm
producers by MCRA and MTP methods respectively
(table 2). Among 74 -catheter-associated UTIs, 54
(73.0%) and 60 (81.1%) UPEC isolates produced
biofilm by MTP method and MCRA respectively
Catheterized-patients ~ had  significantly ~ higher
percentage of biofilm production as compared to non-
catheterized patients (Table 3). Antibiotic susceptibility

pattern was studied for all UPEC isolates. The multi-
drug resistant patterns of the biofilm-producing and
non-producing UPEC were shown in Table (4). All the
biofilm-forming strains were markedly resistant to
ampicillin and ceftriaxone (100 %), followed by
tetracycline and ciprofloxacin (88.2%), cefotaxime
(82.4%) and norfloxacin (79.4 %). UPEC strains
forming biofilm were highly resistant to antibiotics as
compared to non-biofilm producing strains regarding
tetracycline, cefotaxime, ciprofloxacin and amikacin
(p<0.001). Polymerase chain reaction showed that the
virulence genes (fim H, Pap and sfa) among biofilm-
producing UPEC by MTP and MCRA were 89.70% Vvs.
81.30%, 80.90% vs. 73.30% and 67.60% vs. 61.30%
respectively (Fig. 1). Among the high biofilm producing
UPEC isolates, fimH gene has the highest prevalence
(93.9%) followed by pap and sfa genes (87.9%) and
there was a significant association between biofilm
production and presence of fimH, pap and sfa genes as
shown in Table (5). Sensitivity, specificity, PPV, NPP
and accuracy of MCRA vs. MTP methods in relation to
PCR for detection of biofilm among UPEC isolates
were 76.3% vs76.3%, 30% vs. 65%, 81.3% vs. 89.7%,
24% vs. 40.6% and 67% Vs. 74% respectively (Table 6).

Table 2: Number and percent of biofilm formation in UPEC isolates by MCRA method and MTP test.

Biofilm formation in E. coli isolates (n=100)

By MCRA By MTP
Positive Negative Positive Negative
No. (%) No. (%) No. (%) No. (%)
75 (75.0) 25 (25.0) 68 (68.0) 32 (32.0)
Strong Moderate Weak
No. (%) No. (%) No. (%)
33 (33.0) 23 (23.0) 12 (12.0)
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Table 3: Biofilm-production in catheterized and non-catheterized patients.

_ E. coli MTP plate MCRA 1 p

Patients isolates Biofilm Non- biofilm  Biofilm-  Non -biofilm  test  value
producers producers producers producers
No. (%) No. (%) No. (%) No. (%) No. (%)

- Catheterized

(n=206) 74 (35.9) 54 (73.0) 20 (27.0) 60 (81.1) 14 (18.9)

- Non catheterized 8.85  0.03*
(n=72) 26 (36.1) 14 (53.9) 12 (46.1) 15 (57.7) 11 (42.3)

*significant difference

Table 4: Antibiotic resistance pattern of the biofilm-producing and non-producing UPEC as determined by MTP
method.

MTP method
Resistance to antimicrobial Biofilm producers Non biofilm 7 test P value
agent (n=68) producers (n=32)
No. (%) No. (%)
Ampicillin (AM) 68  (100.0) 32 (100.0) - -
Tetracycline (TE) 60  (88.2) 12 (37.5) 5.03 <0.001%**
Cefotaxime (CF) 56  (82.4) 15 (46.9) 341 <0.001%**
Ciprofloxacin (CP) 60 (88.2) 17 (53.1) 3.63 <0.001**
Norfloxacin (NOR) 54 (794) 21 (65.6) 1.24 0.22
Ceftriaxone (CRO) 68  (100.0) 32 (100.0) - -
Amikacin (AN) 42  (61.8) 11 (34.4) 2.35 0.02%*
Imipenem (IMP) 25 (36.8) 5 (15.6) 1.92 0.06
Gentamicin (GM) 15  (22.1) 11 (34.4) 1.06 0.29
Nitrofurantoin (FM) 11 (16.2) 1 (3.1 1.55 0.12
*significant difference **highly significant difference

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Percentage

H Biofilm producer by MTP Biofilm producer by CRA

Graph 1: Virulence genes (fim H, Pap and sfa) among biofilm-producing UPEC by MTP and MCRA. Polymerase
chain reaction was used to detect the virulence genes (fim H, Pap and sfa) among biofilm-producing UPEC strains as
determined by MTP and MCRA.
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Table 5: Number and percent of presence of virulence genes in relation to biofilm production as determined by
UPEC by MTP

UPECE. coli (100)
High biofilm Moderate Weak biofilm Non biofilm 2
Virulence gene producers biofilm producers producers tést P value
(n=33) producers (n=23) (n=12) (n=32)
No. (%) No. (%) No. (%) No. (%)
fim
Positive 31 (93.9) 21 (91.3) 9 (75.0) 19 (59.4) 14.54 0.002*
Negative 2 (6.1) 2 (8.7) 3 (25.0) 13 (40.6)
Pap
Positive 29 (87.9) 18 (78.3) 8 (66.7) 18 (56.3) 8.83 0.03*
Negative 4 (12.1) 5 (21.7) 4 (33.3) 14 (43.7)
sfa
Positive 29 (87.9) 12 (52.2) 5 (41.7) 18 (56.3) 12.99 0.005%*
Negative 4 (12.1) 11 (47.8) 7 (58.3) 14 (43.7)

*Significant difference

Table 6: Sensitivity, specificity, PPV, NPP and accuracy of phenotypic methods in relation to PCR for detection
of biofilm among UPEC isolates

Methods PCR
Positive Negative Sensitivity Specificity PPV NPP  Accuracy
(n=80) (n=20)

Positive (n=75) 61 14
MCRA Negative (n=25) 19 6 76.3% 30% 81.3%  24% 67%
Positive (n= 68) 61 7
MTP Negative (n=32) 19 13 76.3% 65% 89.7% 40.6% 74%
PPV =positive predictive value NPV =negative predictive value

Sensitivity, specificity, PPV, NPP and accuracy of MCRA and MTP methods were determined in relation to PCR as a
golden test for detection of biofilm production among UPEC isolates.

47
o

="

|

Fig. 1: Congo red agar plate showing biofilm formation. A) Red colored colonies-negative for biofilm; B) Dry
crystalline colonies-positive for biofilm

Fig. 2: Biofilm by microtitre plate. A) Strong biofilm producer; B) Moderate biofilm roducer; C) Week biofilm
producer; D) Negative biofilm producer
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Fig. 3: Agarose gel electrophoresis for the multiplex PCR amplified products of E .coli pap and sfa genes. Lane 1 and
lane 10: DNA molecular size marker (1000 bp). Lanes 2, 3, 4, 5, 6, 7, 8 and 9 represent positive pap gene (336 bp).

Lane 3 and 8 represent positive sfa gene (410 bp)
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Fig. 4: Agarose gel electrophoresis for the PCR amplified products of E.coli fim gene. Lane 1: DNA molecular size
marker (1000 bp). Lanes 2, 3, 4, 5, 6, 7, 8 and 9 represent positive fim gene (559 bp). Lane 10 represents negative

sample.

DISCUSSION

Escherichia coli is the major pathogen associated
with UTIs in humans. The virulence factors of the
infecting strains and the susceptibility of the host,
especially if there is an associated urological anomaly,
are the leading causes for infections . The higher
ability of the UPEC to form biofilm makes the treatment
more difficult, and increasing the mortality and severity
of the infections '*.

In this study, 100 UPEC were isolated from 278
catheterized and non-catheterized urine samples
(35.97%). Nearer results were reported by Tadepalli et
al'® who isolated 137 UPEC from 520 urine samples
(26.3%), while higher rates were reported by
Ponnusamy et al'’ (60.24%) and Gosh et al ' (50%).
Difference in the results may be due to regional
differences in hygiene status and variable resistance to
antibiotics. The targeted community in this study was
selected from one specific geographical area. This may
explain the difference in results compared to other
studies °.

42

The ability of bacteria to form biofilms on medical
devices, e.g. catheters, is believed to be a major role in
the development of nosocomial infections, including
catheter-associated urinary tract infections '®. This fact
was noted in this study where, 74 and 26 UPEC were
isolated from catheterized and non-catheterized patients
respectively with statistically significant difference (p
value <0.05). A similar result was reported by Ghosh et
al.' who found that E. coli isolated from catheterized
patients were higher than those from non-catheterized
patients.

Among the virulence factors, adhesion of E. coli to
the uroepithelium is a basic factor that protects the
bacteria from urinary discharge and promotes their
ability to multiply and invade renal tissue'. In the
present study, 75% of UPEC displayed a positive
biofilm phenotype under the optimized conditions on
MCRA. While in MTP method, only 68% of UPEC
displayed a positive biofilm phenotype (33% strong,
23% moderate and 12% weak). On the other hand, 25%
and 32% of UPEC strains were non-biofilm producers
by MCRA and MTP methods respectively. Tabasia et
al® detected biofilm formation in 85.3% of UPEC
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isolates and classified them into four groups, strong
biofilm producers (17.3%), moderate biofilm producers
(18.6%), weakly biofilm producers (49.4%), and non-
biofilm producers (14.7%). Tadepalli et al '® found that
48 (35%) were biofilm producers and 89 (65%) were
biofilm non- producers by MTP method. Tajbakhsh et al
2! detect biofilm in 61.53 % of the E. coli examined by
MCRA. Higher results were reported by Fattahi et al °
who detected biofilm in 100% of isolates (48.6% strong,
11.4% moderate and 40% weak biofilm producers) by
MTP method. Also, Ponnusamy et al 7 detected biofilm
in 100% of isolates under the optimized conditions on
MCRA. Those authors classified their isolates as highly
positive (23%), moderate positive (37%) and weakly
positive (40%). On the other hand, the biofilm positive
phenotype strains were also classified as highly positive
(6%), moderate positive (80%) and weakly positive
(14%) using the MTP method.

In this study, the majority of biofilm producing
UPEC were isolated from catheterized patients (73.0%
and 81.1% by MTP and MCRA respectively).
SarojGolia et al ** found that 89.5% of biofilm-
producing bacteria were isolated form catheterized
patients. Also, Donlan and Costerton® reported an
association between biofilm-production and urinary
catheters.

Antibiotic susceptibility pattern for all UPEC
isolates was studied in our study. All the biofilm-
forming UPEC strains were resistant to ampicillin and
ceftriaxone (100 %). UPEC strains forming biofilm
were highly resistant to tetracycline (88.2%),
ciprofloxacin  (88.2%) cefotaxime (82.4%), and
amikacin (61.8%) as compared to non-biofilm
producing strains with a statically significant difference
(p<0.001). Similar findings were reported by Asadi et al
 and Tabasia et al °. These results can be explained by
increased consumption of these antibiotics empirically,
self-medication, dissemination of resistant strains in
hospital settings and using different combinations of
antibiotics. These factors may result in varying degrees
of  resistance among the  Dbiofilm-producing
uropathogenic E.coli?*. Ponnusamy et al 7 demonstrated
that 100 %, 86%, 84%, 83%, 75% and 70% of biofilm-
producing E. coli were resistant to chloramphenicol and
amoxicillin-clavulanate, gentamicin and cefotaxime,
ceftazidime, co-trimoxazole and
piperacillin/tazobactam, tetracycline and amikacin
respectively. Tabasia et al * noted that among the
antibiotics tested, ampicillin resistance prevalence was
the highest (77.6%), followed by tetracycline (60.3%),
amoxicillin ~ (59%), cotrimoxazole (58.3%), and
piperacillin (55.8%). Tadepalli et al '® found that
antibiotic resistance of biofilm producing E. coli was
significantly higher than that of biofilm-nonproducing
E. coli (p<0.05) except in case of amikacin,
nitrofurantoin and cephalexin

In the current study, 83.8%, 77.9% and 63.2% of
the biofilm-forming UPEC strains were sensitive to
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nitrofurantoin, gentamicin and imipenem respectively.
Zaki and Elewa ** detected the highest susceptibility
rate to amikacin (79.1%) and Cefazolin (68.1%), and
Gosh et al ' detected that 94% of nitrofurantoin
appeared to be useful and could be considered as a
choice for treating uncomplicated lower urinary tract
infections, while aminoglycosides appeared to be the
best choice for complicated infections.

Microorganisms growing in a biofilm are
intrinsically resistant to many antibiotics increasing the
antibiotic resistance up to 1000 folds and high
antimicrobial concentrations are required to inactivate
organisms growing in a biofilm *°. This may be
attributed to the insufficient concentrations of
antibiotics reaching some areas of the biofilms and to
the metabolic inactivity of the bacteria located at the
base of the biofilms ’.

This study showed that the virulence genes (fim H,
Pap and sfa) among the biofilm-producing UPEC as
detected by MTP and MCRA were 89.7 % vs. 81.3 %,
80.9 % vs. 73.3 % and 67.6% vs. 61.3 % respectively.
Zaki and Elewa *® detected a higher frequency of
adhesion genes [fimH (65.9%), pap (63.7%) and sfa
(56%)] as compared with the rest of the studied genes.
Among the high biofilm-producing UPEC isolates, fimH
gene had the highest prevalence (93.9%) followed by
and pap and sfa genes (87.9%). Similar studies had
established that fimH was the most frequent in isolates
from a variety of forms of UTI ?*'. In the current study,
biofilm production was significantly associated with
fimH, pap and sfa virulence genes (p<0.05). Similar
results were reported by Tajbakhsh et al *' who found
that biofilm production was significantly associated
with fimH, pap, afa and sfa virulence genes (p<0.05),
Fattahi et al ® noted high prevalence of fimA (94%) and
papC (43%) genes among their isolates.

The correlation between the virulence factors gene
(fim H, Pap and sfa) and biofilm-positive strains was
examined in our study. UPEC biofilm-producing strains
were 81.3% as determined by MCRA and 89.7% as
determined by MTP. This result may indicate that MTP
method was better for screening of biofilm formation as
virulence marker in drug-resistant UPEC isolates than
MCRA. Tajbakhsh et al *' detected 67 positive biofilm
genes among 80 isolates forming biofilm by CRA
(83.75%). These results highlight a crucial role of these
virulence genes in E. coli. Similarly, Fattahi et al®
demonstrated a significant association between
virulence gene expression involved in Dbacterial
attachment and biofilm formation, indicating that
biofilm-forming bacteria are more pathogenic than the
planktonic form in urinary tract infections. Moreover,
biofilm formation may cause increased rate of bacterial
virulence as well as the severity of disease, making
biofilm-based UTI very difficult to cure. We determined
the sensitivity, specificity, PPV, NPP and accuracy of
MCRA vs. MTP methods in relation to PCR as a
standard method for detection of biofilms among UPEC
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isolates. They were 76.3% vS76.3%, 30% vs. 65%,
81.3% vs. 89.7%, 24% vs. 40.6% and 67% vs. 74%
respectively. Similar results were reported by Hassan et
al ¥; as the sensitivity, specificity, PPV, NPP and
accuracy of MCRA vs. MTP methods for detection of
biofilm were 11% vs. 73%, 92% vs. 92.5%, 73% vs.
94%, 37% vs. 66% and 41% vs. 80% respectively, and
de Castro Melo et al ** who detect sensitivity,
specificity, PPV and NPP of MCRA vs. MTP methods
in relation to PCR for detection of biofilm as follows;
89% vs. 100%, 100% vs. 25%, 100% vs. 96% and
28.6% vs. 100% respectively.

CONCLUSIONS & RECOMMENDATION

In conclusion, UTIs, caused by biofilm producing
E. coli, may promote colonization and increased the
incidence rate of UTI’s. Biofilm formation was more
common in catheterized patients and there was an
association  between  biofilm  production and
antimicrobial resistance. PCR was more reliable method
for detection of biofilm-forming UPEC as compared to
MCRA and MTP methods. The adhesion gene fimH was
the most common among those uropathogenic E. coli
strains. However, further studies are required to identify
the relation between other UPEC virulence factors
responsible for UTIs and biofilm formation to consider
possible prevention measures and means.
Nitrofurantoin, gentamycin and imipenem may be more
valuable for treatment of UTI patients. More restricted
antibiotic policy and antibiotic-coated catheters and
standard guidelines on care of catheter to reduce
occurrence, chronicity and recurrence of UTIs.
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