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Abstract
Biofilm formation on indwelling urinary catheters is a leading cause of Urinary tract infection
(UTI). Presence of biofilm is associated with increased bacterial resistance to antimicrobial
therapy and resultant treatment failure. The study detected a reliable method for diagnosis of
biofilm formation by comparing scanning electron microscopy (SEM) and tissue culture plate
method (TCP). The work was conducted on 20 urinary catheters from patients ranging from 1.5
to 85 years with catheters that remained in situ for a period of 3 to 20 days. Samples of catheters
for culture and SEM and samples of urine were taken at the same time. The correlation between
renal conditions and biofilm formation was not significant (p=0.336). No significant correlation
(p =0.836, 0.163 respectively) was found between predisposing conditions (DM, renal
insufficiency, diarrhea and impaired immunity) and development of Catheter associated urinary
tract infection ( CAUTI )and biofilm formation. Biofilm formation increased with duration of
catheter in situ, but no significant correlation was found (p=0.095). This could be due to small
number of specimens. 9/20(45%) urine samples, 12/20(60%) catheter samples were positive by
culture and 14/20(70%) catheters showed biofilm on SEM. 4/12(33.33%) organisms isolated
from catheter culture produced biofilm by TCP method. 9 isolates were recovered from 9
positive urine cultures. The microorganisms isolated were non Candida albicans (3/9), E. coli
(2/9), C. albicans (2/9) and Acenitobacter (2/9). 14 isolates were recovered from 12 culture-
positive catheters. The organisms isolated were E. coli (3/14), non-Candida albicans (3/14), C.
albicans (2/14), C tropicalis (2/14), Acenitobacter (2/14), Klebsiella (1/14) and Enterococcus
(1/14). Reduction in microbial diversity with antimicrobial use was noticed but the correlation
was insignificant (p=0.317). The correlation between urine culture results as well as catheter
culture results and biofilm formation by SEM were both significant (p = 0.008 & 0.000
respectively). The correlation between urine culture and TCP assay was insignificant (p =0.237).
Using SEM as the gold standard method for the detection of biofilm, the sensitivity, specificity,
total accuracy, PPV & NPV of urine culture and catheter culture were, 64.30%, 100%, 75%,
100%, 54% & 85.70%, 100%, 90%, 100%, 75% respectively.
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Introduction

A biofilm is an aggregate of microorganisms
embedded within a self-produced matrix of ex-
tracellular polymeric substance (EPS). Biofilm
EPS is a polymeric conglomeration generally
composed of extracellular DNA, proteins, and
polysaccharides (Abd El-Baky, 2012).

Biofilm protects the bacterial community from
environmental stresses, from host immune
system, and from antibiotic attacks. Presence of
biofilm is associated with increased bacterial
resistance to antimicrobial therapy and resultant
treatment failure which undermine patient
quality of life and threatens the health of many
people (Stickler, 2008).

Biofilm formation is recognized as causing or
exacerbating numerous chronic infections inclu-
ding periodontitis, device-related infections, cys-
tic fibrosis pneumonia, chronic urinary tract in-
fections, recurrent tonsillitis, chronic rhinosinu-
sitis and chronic wound infections (Peters et al,
2012). Biofilm formation on indwelling urinary
catheters is a leading cause of urinary tract
infections in hospitalized patients. Microbiolo-
gical examination of urine from patients is often
misleading, due to formation of these biofilms.
Thus, characterizing these biofilms and identify-
ing the microorganisms on surface of catheters
were of major importance (Djeribi ef al, 2012).

In this study, characterization of the biofilm
communities, SEM and TCP were used to find
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out the incidence of biofilm formation in urinary
catheterized patients and to detect a reliable
diagnostic technique for the detection of biofilm
formation.

Patients, Materials and Methods
Subjects studied were twenty in-patients
with a mean age of 34.75+3.11 years,
median age was 28.50 years and mode was
1.50 years. Minimum age was 1.5 years and
the maximum age was 85 years. Twelve of
20 patients were males (60%) while 8 were
females (40%). Ten were from the Paediatric
Surgical Ward at the New Children Hospital
and ten from the Medical Ward at Internal
Medicine Hospital, Cairo University, from
February 2013 to August 2013. All were
undergoing urethral catheterization. Urinary
catheters durations in situ for adult patients
ranged from 3-20 days with a mean of
11.6+5.3 days, while for paediatric ones ran-
ged from 3-6 days with a mean of 4.4+0.97
days.

Full medical history was taken from each
patient. Most of the patients were on anti-
biotics (90%) and only a few (10%) were
not taking antibiotics at the time of data
collection. Some adult patients had associa-
ted medical conditions (Diabetes mellitus,
renal insufficiency, diarrhea and impaired
immunity) that predispose to UTI and bio-
film formation.

Twenty clinical samples (urine samples
and catheter segments) were collected. Urine
samples were aspirated from the catheters at
same time of catheters removal, streaked
onto blood and CLED agar and incubated at
37°C for 24 hours. The revealed colonies
were examined morphologically, microsco-
pically and biochemically. Latex or silicone
coated Foley catheters were freshly removed
from patients under aseptic conditions.
Details of the length of time each catheter
was indwelling and any current antibiotic
therapy was also registered.

Characterization of Biofilm Communities:
To characterize bacterial colonizing the
lumen of the catheters, sections (lcm long)
were cut from the region of the catheter

within retention balloon using sterile
scissors. Each section was immediate-ly
rinsed gently in 10ml of buffer (Hanks
balanced salt solution, pH 7.4) (Sigma-
Aldrich, USA) and put in 10ml of nutrient
broth (Oxoid). Each tube of nutrient broth
underwent sonication for 1 minute, followed
by vortex mixing for another minute to
disrupt the luminal biofilm.

Samples of the broth suspensions were
then plated out on blood & CLED agar and
incubated for 24 hours at 37°C. Micro-
organisms were identified by routine micro-
biological techniques (Roland and James,
2011). Candida species were identified by
CHROM agar candida media to differentiate
species based on color development on agar
(Singh et al, 2013).

Scanning Electron Microscopy (SEM): To
detect biofilm by SEM, sections of catheters
(Icm in length) were taken from the part
adjacent to retention balloon on the side
away from the catheter tip. Sections were
first immediately fixed for 2 hours in equal
volumes of glutaraldehyde 4% and caccody-
late 0.2M, washed in equal volumes of sac-
chrose 0.4M & caccodylate 0 2M for 2 hours
and then post fixed in osmium tetroxide 2%
and caccodylate 0.3M for an hour. The
samples were then washed with distilled
water and finally dehydrated in ascending
grades of ascending ethanol for 5 minutes
each then absolute ethanol for 10 minutes
for 3 times. Specimens were examined with
Philips XL30 (Eindhoven, the Netherlands)
SEM operated at 10 -30KV, EM unit of
Theodor Bilharz Research Institute.

Detection of Biofilm Formation by TCP:
Semi-quantitative determination of biofilm
formation was based on the techniques
(Stepanovic et al, 2007). Tested strains were
frozen and maintained at -80°C, then sub-
cultured on CLED agar plates overnight
aerobically at 37°C prior to each assay. Four
identical colonies from each plate were sus-
pended in 5ml TSB and incubated without
shaking for 24 hours then vortexed. The
wells of sterile, polystyrene flat-bottomed
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96-well microtiter tissue culture plate was
filled with 180uL of TSB. 20uL of bacterial
suspension were added to each well. Six
negative control wells containing 200uL of
TSB were included. The inoculated plate
was covered and incubated aerobically for
24 hours at 37°C under static conditions.
The turbidities in the wells were measured
using a microtiter plate reader (STAT FAX
2100) at 600nm wavelength to measure
bacterial growth in the wells. Each well was
washed three times with 300uL of PBS (pH
7.2). The plate was drained in an inverted
position. Adherent biofilms in wells were fi-
xed by the addition of 50uL 95% ethanol to
each well, incubated for 30 minutes then
emptied by simple flicking and air dried. 50
pL 0.06% (w/v) solution of crystal violet
dissolved in deionized water (dH,O) were
added to each well and allowed to stain for
60 minutes. Excess stain was removed by
adding 200uL of dH,O to each well and
decanted. The process was repeated four
times. The wash solution in t final washing
step was clear. After drying, the optical
density (OD) of each well stained with
crystal violet was measured at 600 nm using
the same microtiter plate reader.

Interpretation of the results: Each assay
was performed in triplicate. As a negative
control, uninoculated medium was used to
determine background OD. The average OD
values were calculated for all tested strains
and negative controls, the cut-off value
(ODc) was established. It is defined as a
three standard deviations (SD) above the
mean OD of the negative control: ODc =
average OD of negative control + (3xSD of
negative control). ODc value was calculated
for each microtiter plate separately. When a
negative value was obtained and presented
as zero, while any positive value indicated
biofilm production.

For interpretation of the results, strains
were divided into the following categories: 1-
OD <OD¢=Nom biofilm producer, 2-
ODc<0)D £2x(ODc=Weak biofilm producer,
3-2x ODc=0D<=4x0ODc=Moderate biofilm

producer, and 4- 4xODc<OD= Strong bio-
film producer.

Results

Of 10 adult patients studied, 5 were males
and 5 females, with ages ranged from 61-75
years. Of 10 paediatric patients, 7 were
males & 3 were females, age ranged from 1-
4 years. Three adult patients had intracranial
haemorrhage (ICH), 3 had hepatic encepha-
lopathy (HE) and 4 had meningitis, Diabetic
keto acidosis, renal failure and cardiomyo-
pathy. Ten pediatric patients were post-
operative and 8 were diagnosed as renal
calculi, one had brain tumor and one had
congenital bladder anomaly. Some adults
had associated medical conditions (Diabetes
mellitus, renal insufficiency, diarrhea and
impaired immunity) that predispose to UTI
and biofilm formation, 3/10 adults had Dia-
betes mellitus and 1/10 had renal insufficie-
ncy. None of pediatric patients had asso-
ciated medical condition. Patients (90%)
were on antibiotics and 10% were not at data
collection time. 4/20 (20%) of patients took
antibiotics for two weeks, 4/20 (20%) took
for 3 days, 3/20 (15%) took for 5 days, 3/15
(15%) took for 2 days, 2/20 (10%) took for 7
days, 1/20 (5%) took for 6 days and 1/20
(5%) took for 4 days. Two patients were not
on antibiotic therapy at catheters removal.
Durations of urinary catheters in situ for the
adults ranged from 3-20 days (11.6+5.3),
while ones for pediatric patients ranged from
3-6 days (4.4+0.97).

Urine culture: E. coli was isolated from
2/20 (10%) samples, Acinetobacter from 2/
20 (10%), C. albicans from 2/20 (10%), and
Non C. albicans from 3/20 (15%) samples,
11/20 (55%) without growth (Tab. 1).

Catheter culture: 10/20 (50%) cultures
showed pure cultures of E. coli, Klebsiella,
Acinetobacter, C. albicans, C. tropicalis and
Non C. albicans. 2/20 (10%) cultures show-
ed mixed cultures and 8/20 (40%) samples
without growth. Escherichia coli and Non
Candida albicans were commonest isolated
from 6/20 (30%) of the catheters (3[15%]
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for each organism). Bacteriuria was less
common than biofilm colonization and some
like C. tropicalis, Klebsiella and Enterococ-
cus were not isolated from samples (Tab. 2).

SEM analysis of biofilms formed on inner
surfaces of catheter samples showed a dense
network of cellular multilayers surrounded
by protective matrix with intercellular pores
and interconnected channels as primitive
circulatory system which allow the flow of
water and ions, the transport of nutrients and
the efflux of waste products. 14/20 (70%)
catheter samples showed bio-film formation.
Catheters were indwelling in situ for dura-
tions ranged from 3-20 days (mean 9+5.42
days), and the patients from which samples
were taken, were on antibiotics for durations
which ranged from 0-14 days (6.14+4.68).
6/20 (30%) were without biofilm (Tab. 3).
The in situ duration ranged from 3-14 days
(5.67+4.22), and patients were on antibiotics
for durations from 0-14 days (4.5+4.92).

SEM analysis of the biofilms formed on
the inner surfaces of the catheter samples
revealed a dense network of -cellular
multilayers, formed either from a single cell
(Fig 1) or from different species (Fig 2,3),
surrounded and enveloped by a protective
matrix. SEM 1images indicate that the
identified isolated species readily developed
compatible and strong associations with
other species and formed agglomerates on
the inner catheter surfaces. Biofilms were
characterized by a multitude of intercellular
pores and interconnected channels did allow
the exchange of information and the flow of
water and ions, but transport of nutrients and
the efflux of waste products (fig 2, 4).

Correlation between duration of catheter in
situ and biofilm formation: Catheters show-
ed biofilm (7/14) were indwelling for 3-7
days and most of biofilm free catheters (5/6)
were also in situ for same duration, without
significant (p=0.095) (Tab. 4).

Correlation between associated conditions
and biofilm formation by SEM: Three pati-
ents with DM 3/20 (15%) had biofilm and
1/20 (5%) with renal insufficiency, had no

biofilm. For 16/20 (80%) without predis-
posing factors, 5/16 (31.25%) had no
biofilm and 11/16 (68.75%) had biofilm.
The correlation was insignificant (p=0.163).
Correlation between antibiotic treatment
and biofilm formation: 18/20 (90%) patients
took antibiotics at catheter removal, 13/18
had positive catheter cultures. 8/18 had bact-
eriuria (>10°cfu/ml) & 5/18 without bacteri-
uria. Most cultures had single bacterial
isolate; mixed ones were in 2 samples.
Correlation between duration of antibiotic
intake and biofilm formation: 14/20(70%) of
patients had positive biofilm by SEM, 8 of
them took antibiotics for durations that
ranged from 0-5 days. One patient did not
take antibiotics. For 6/20 (30%) patients
who had no biofilm, 5 took antibiotics for
durations of 0-5 days and one patient did not
take antibiotics, without significant (Tab. 5).
Correlation between urine culture and
biofilm formation by SEM: In 14/20 (70%)
catheters showed biofilm. Organisms were
isolated from 9/20 (45%) urine samples and
11/20 (55%) of urine had no growth on
culture, with significant (p = 0.008).
Correlation between catheter culture and
biofilm by SEM: Organisms isolated from
culture of 12/20 (60%) catheters were Kleb-
siella, E.coli, C. tropicalis, C. albicans, Non
C. albicans, Enterococcus and Acinetobac-
ter, 2/20 (10%) samples showed no culture
growth but showed biofilm by SEM with
strongly significant (p =0.000) (Fig. 11).

Catheter culture and SEM
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Fig. 9: Correlation between catheter culture and
biofilm formation by SEM (20 cases).
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TCP assay: Using the semi-quantitative 96-
well plate assay, microorganisms isolat-ed
from 12/20 (60%) catheter samples were
tested in vitro for their ability to produce
biofilm by TCP assay. One isolate non C.
albicans was strong biofilm producer,
another non C. albicans and C. tropicalis
were moderate producers. Enterococcus was
a weak biofilm produ-cer. 4/12 (33.33%)
isolates from wurinary catheters luminal
surfaces were biofilm producers, 8/12
(66.66%) samples were E. coli, Klebsiella,
Acinetobacter, C. albicans were non biofilm
producers (Tab. 6). Organisms from urine
culture were 2 E. coli, 2 C. albicans, 3 non
C. albicans and 2 Acinetobacter. Only 2/9
isolated organisms were able to produce bio-
film by TCP and both of them were non C.
albicans. (1/3) of non C. albicans was a str-
ong biofilm producer, (1/3) was a moderate
biofilm producer & (1/3) was a non-biofilm
producer, without significant (p=0.237).
Correlation between catheter culture, SEM
& TCP assay: 14/20 (70%) were biofilm
producers. 4/14 (28.57%) samples, biofilm
formation was detected by SEM and TCP
assay. 10/14 (71.43%) samples, biofilm
formation detected by SEM but isolates
from those biofilms did not produce biofilm
by TCP assay. 6/20 (30%) were non biofilm
producer by SEM and TCP assay (Tab. 7).
Of 8/20 (40%) the catheter samples showed
positive biofilm by both microbiological
culture and SEM, but were not the biofilm
producers by the TCP assay (Tab. 8). 6/20

(30%) of samples showed no organisms
neither by routine culture methods and
accordingly by TCP assay, nor SEM. 6/20
(30%) of samples, the isolates from catheter
culture match with those by SEM. Another
6/20 (30%) catheter samples showed no
growth by culture and none by SEM. In 8/20
(40%) of catheter samples, isolates from
culture did not match with microorganism
type by SEM. SEM data evaluated urine
culture, catheter culture and TCP methods.
Urine culture had a sensitivity of 64.30%,
specificity of 100%, total accuracy of 75%,
PPV & NPV of 100% & 54.5% respectively.
Catheter culture had a sensitivity of 85.70%,
specificity of 100% and total accuracy of
90%. PPV and NPV were 100% and 75%
respectively.

The sensitivity of TCP assay against SEM
could not be statistically calculated because
there were no organisms that were biofilm
producers by TCP method and non-biofilm
producers by SEM, i.e. no negative results.

The details were given in tables (1, 2, 3, 4,
5,6, 7 & 8) and figures (1, 2,3,4,5,6,7,8
&9).

Table 1: Organisms isolated from 20 urine samples

Organisms Samples No. = Percentage
(%)
E. coli 2 10
Acinetobacter 2 10
C. albicans 2 10
Non C. albicans 3 15
No growth 11 55

Total=20 Total=100

Table 2: Culture of 20 catheter samples.

No. of samples Culture
2 Pure E. coli
1 Pure Klebsiella
2 Pure Acinetobacter
2 Pure C. albicans
1 Pure C. tropicalis
2 Pure Non C. albicans
1 Mixed culture (E. coli + C. tropicalis)
1 Mixed culture (Non C. albicans + Enterococcus)
8 No growth

Total=20
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Table 3: SEM for 20 samples

Cases Biofilm Total
Positive Negative
Paediatric 6 4 10
Adult 8 2 10
Total 14 6 20
Table 4: Correlation between duration of catheter in situ and biofilm formation in e 20 samples.
Days of catheter in situ Biofilm
Positive Negative
3-7 7 (35%) 5 (25%)
8-12 3 (15%) 0 (0%)
13-17 3 (15%) 1 (5%)
>18 1 (5%) 0 (0%)
14 (70%) 6 (30%)
Table 5: Correlation between antibiotic intake duration and biofilm formation (20 cases).
Duration of antibiotic intake/Days Biofilm
Positive Negative
0-5 8 5
6-10 3 0
11-15 3 1
Total=14 Total=6
Table 6: Organisms isolated from 12 catheters biofilm producers by TCP assay.
Microorganisms Organisms isolated Biofilm producing organisms
from catheter culture No. %*
E. coli 3 0 0%
Enterococcus 1 1 100%
Klebsiella 1 0 0%
Acinetobacter 2 0 0%
C. albicans 2 0 0%
C. tropicalis 1 1 100%
Non C. albicans 2 2 100%
Total 12 4

*Percent was correlated to number of each isolate.
Table 7: Comparison between results of biofilm detection by SEM and TCP assay (n=20).

Total No. of isolates SEM TCP assay
4 + +
6 - -
10 + -
Total=20 14 4

Table 8: Correlation between catheter culture, SEM and TCP assay.

Catheter culture SEM Biofilm production by TCP assay
Biofilm Microorganism shape
1 C. tropicalis Positive Non -
2 Klebsiella Positive Non No biofilm producer
3 Acinetobacter Positive Coccobacilli No biofilm producer
4 Non C. albicans/ Enterococcus Positive Non -/Weak biofilm producer
5 C. albicans Positive Non No biofilm producer
6 No growth Negative Non -
7 C. albicans Positive Hyphae No biofilm producer
8 No growth Positive Cocci -
9 Non C. albicans Positive Non Moderate biofilm producer
10 | No growth Negative Non -
11 E. coli/C.tropicalis Positive Hyphae No biofilm producer/moderate biofilm producer
12 Non C. albicans Positive Non Strong biofilm producer
13 E. coli Positive Cocci and Bacilli No biofilm producer
14 | E. coli Positive Cocci and Bacilli No biofilm producer
15 No growth Negative Non -
16 | No growth Positive Non -
17 | No growth Negative Non -
18 | No growth Negative Non -
19 | Acinetobacter Positive Coccobacilli No biofilm producer
20 | No growth Negative Non -
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Discussion

Biofilms have effective defense mechan-
isms against the host immune system, again-
st antimicrobial agents, and difficult to era-
dicate (Kaya et al/, 2013). Biofilm organisms
may elicit disease processes by detachment
of individual cells or aggregates of cells
from the device surface or by production of
endotoxins or other pyrogenic substances.
They provided a niche for development of
antimicrobial-resistant organisms (Weinstein
and Donlan, 2011). Due to the large number
of infections caused by biofilm producing
bacteria, a reliable method for diagnosis was
necessary (Oliveira and Cunha, 2010).

Most patients with renal conditions had

biofilm on luminal surface of their catheters.
Correlation was not significant (p = 0.336).
But, the isolates from urine of patients with
renal calculi were 100% biofilm producers
(Maheswari et al., 2013).
In this study, catheters placed in situ 6 days
or more all revealed biofilm formation , but
there was no statistical significance between
increased duration of catheters in situ and
biofilm formation (p=0.095). This could be
due to small samples. Moreover, duration of
catheter in situ is most important risk factor
for development of bacteriurea and risk of
catheter-associated urinary tract infection
increases by an estimated 5% to 10% each
day as long as the catheter remains in place,
adding that patients with long-term catheters
are almost assured of developing CAUTI
(Chenoweth and Saints, 2013).

Biofilms were formed in patients on
antibiotic therapy, but with low diversity
maximum of two of the microbial species.
Low diversity was due to antibiotics killing
some species, short catheter indwelling
period (<20 days) and microbial competition
for resources. Xu et al. (2012) found that
antibiotics reduced microbial species diver-
sity preventing their colonization in short-
term catheterized patients, without relation
between antibiotic duration and biofilm
formation (p=0.317). No correlation was
found between urine culture results and any

associated conditions (DM, renal insuffi-
ciency, diarrhea and impaired immunity)
that could predispose to catheter-associated
urinary tract infection (CAUTI) and hence
biofilm formation (p= 0.836). This study
showed increased catheter colonization rate
with DM, not significant (p=0.163) due to
small sample size. Others (Akay et al, 2007,
Niveditha et al, 2012; Lee et al, 2013) found
DM significantly associated with UTI in
catheterized patients and biofilm formation.
More microorganisms were cultured. Cathe-
ters 12/20 (60%) than in urine samples 9/20
(45%). This agreed with Xu et al. (2012)
reported culture of catheter tips in more
frequent positive 15/16 compared to urine
culture 8/16, commonest were E. coli 3/20
and non-Candida albicans 3/20. Niveditha
et al. (2012) found E.coli frequently isolated
from 35/50 (70%). P. mirabilis, P. stuartii,
Morganella morganii and K. pneumoniae
produce urease and form crystalline biofilms
on catheters. Urease production destroyed
urea and releases ammonia raised urine pH
resulted in calcium & magnesium phosphate
crystal formation in biofilm matrix (Ama-
laradjou and Venkitanarayanan, 2013). SEM
examined urinary catheters for crystalline
biofilms (Stickler and Morgan, 2006). They
isolated Klebsiella from catheter culture,
4/20 of biofilms SEM were crystalline in
nature. In urinary catheters of hospitalized
patients, SEM showed that many catheters
removed after a week were colonized by
biofilms on luminal surfaces, different
species readily integrated and develop close
associations in biofilms (Djeribi et al, 2012).
Some urine samples were free of micro-
organisms, but catheters showed biofilm on
SEM. Urine culture matched with SEM
results of catheter samples, with significant
(p=0.008). No positive urine cultures have
biofilm by SEM. Positive culture catheter
samples revealed biofilm by SEM with
significant (p=0.000) but vise was not versa.

Semi-quantitative microtitre TCP assay is
a reliable and reproducible method for
assessing biofilm formation in vitro (Mathur
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et al, 2006). Standard trypticase soy broth
medium (without sugar) was used and 4/12
were biofilm producers. Los et al. (2010)
found 52/146 using TSB. Supplementation
of TSB with glucose enhances the biofilm
producing capacity of bacteria (Revdiwala et
al, 2012).This was done on Enterococcus
faecium strains (Diani et al, 2014) and on
staphylococcal isolates by Agarwal and Jain
(2013). Terki et al. (2013) showed that 8/44
isolates were biofilm producers with stand-
ard TSB and 15/44 after glucose supplemen-
tation. Biofilm by TCP method was not
dependent on composition of medium, but
on constitutional and environmental factors
and host proteins that drastically changed
results (Agarwal and Jain, 2013). Biofilm
producers by TCP were two non C. albicans
(one strong and one moderate) isolated from
urine and catheter cultures, C. tropicalis
(moderate) and enterococcus (weak). Non C.
albicans had greater biofilm-forming ability
than C. albicans. This agreed with Kaur et
al. (2014). Some microorganisms isolated
from urine culture produced biofilm by TCP
assay but without significant. All biofilm
producing organisms by TCP assay were
biofilm producers by SEM, but could not be
calculated as none was biofilm producers by
TCP nor by SEM. SEM proved to be good
to detect biofilms on catheters, elucidating
their structure for understanding physiology
and ecology of their systems (El Abed et al,
2012, Singhai et al, 2012; Dawei et al,
2012).

Conclusion
Nosocomial infection is associated with urinary
catheters due to bacterial biofilms on their
surface. The use of systemic antibiotics did not
alter biofilm formation. Urine culture, often gave
misleading biofilm. More microorganisms were
isolated from catheter culture than from urine
culture. TCP assay is a screening test for biofilm
detection. SEM is valuable for characterization
of biofilms on catheters and identification of
infectious agents responsible for UTI and
biofilm formation, Microbiological analysis of
the inner catheter surface combined with
microbiological examination of urine, allow for

identification and complete characterrization of
the bacterial species forming the biofilm.
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Explanations of figures
Fig. 1: SEM showing a dense mass of bacterial biofilm with large cocci, Duration of catheterization 4 days (2000x).
Fig. 2: SEM of biofilm with scattered microorganisms, intercellular pores and interconnected channels, resembling primitive circulatory
system which allow flow of water and ions, transport of nutrients and efflux of waste products. Duration of catheterization was 5 days.
Fig. 3: SEM of a non-crystalline mature biofilm caused by candida and chains of cocci mostly enterococci (1200x). Catheter removed after
10 days.
Fig. 4: SEM of a dense mass of biofilm containing bacteria, intercellular pores and interconnected channels at higher magnification (1000x).
Fig. 5: SEM showing candida at higher magnification. No crystalline material was deposited in bacterial biofilm. Duration of catheterization
was 5 days.
Fig. 6: SEM of a high dense crystalline biofilm. Catheter removed after 5 days. Bacilli and cocci colonizing a microcrystalline foundation
layer on catheter inner surface (600x).

Fig. 7: SEM of same crystalline biofilm at higher magnification (1200x) caused by urease positive organisms. Catheter removed after 5 days.
Fig. 8: SEM of a crystalline biofilm caused by urease positive organisms (1200x). Microcrystalline aggre-gates associated with scattered
cocci. Catheter removed after 5 days.
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