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ABSTRACT

This study has been undertaken for detection the most common microorganisms isolated
from infected JJ stents and infected calculi in upper urinary tract and their representative urine
samples from lower urinary tract and their ability to produce biofilm quantitatively.
Furthermore, depending on Biofilm inhibitory concentration (BICs) and Minimal biofilm
inhibitory concentration (MBECs) for determine the biofilm antibiogram for biofilm producer
study isolates to the selected antimicrobial agents.One hundred and thirty specimens
obtained from Sixty five patients admitted to Urology Department in Al-Ramadi Teaching
Hospital during the period from April through December 2008. They include 94 specimens
taken from 47indwelling double J ureteric stents in addition to renal stones and representative
urine samples obtained from 18 patients with renal calculi. Quantitative biofilm formation
assay and biofilm antimicrobial susceptibility test was achieved.Out of 47 upper end of JJ
stent, 19 (40.4%) were positive for culture. Out of 24 yield microorganisms 19 (79.2%) were
biofilm producer isolates. Out of 47 lower ends of JJ stent, 16 (34%) were positive for culture.
Of these, 16 microorganisms were biofilm producer isolates. Also, 5 renal stones were
positive for culture and all the yielded bacterial isolates were biofilm producers. The biofilm
cells were required 50-100 times the MIC values for ciprofloxacin in both of JJ stent and
infection stones while with cefotaxime, the study sessile were required 50-500 X, 50-100 X
MICs valuefor JJ stents and infection stones respectively. Further, the biofilm producer
isolates cells were required 10- 100 times the MIC values for amikacin in both of two
specimens. The study concluded that Klebsiella pneumonia and Candida albicans were the
most common microorganisms isolated from infected JJ stent while Klebsiella pneumoniawas
the predominant in struvite stone followed by Proteus mirabilis. No significant difference
observed between upper and lower urinary tract infections regarding biofilm formation.
Further, with the increase in duration of insertion, double J stent will be more predisposing to
microbial colonization. Furthermore, the biofilm producer study isolates were required lower
concentration of amikacin to remove bacterial biofilm from JJ stents and infection stones in
comparison with ciprofloxacin and cefotaxime.
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INTRODUCTION

It is well realized that a biofilm is defined
as the accumulation of microorganisms
and their extracellular products to form a
structured community on a surface (1). It
is well realized that device-related
biofilm infection result from the
multifaceted interaction of bacterial,
device, and host factors. Of these three
factors, bacterial factors are probably
the most important inthe pathogenesis
of device-associated infection, whereas
device factors are the most amenable to
modification  with the  objectiveof
preventing infection(2). Microbial
adhesion and biofim formation on
medical devices represent a common
occurrence that can lead to serious
illness and death (3).

The majority of JJ stents are used
temporarily, particularly instone-forming
patients. Sometimes, the stent may also
be a permanent solution, especially in
patients  with  malignant  ureteral
obstruction (4).The initial step in

encrustation of any urinary drainage
device appears to be bacterial
colonization and the formation ofa layer
of microorganisms that accumulates on
the surface,along with their by-products
(5).The presence of this layer, called
“biofilm,” in combination with elevation of
urinary pHand changes in electrolyte
composition, is responsible for
crystalformation and stent encrustation
(6). The development of
encrustationscan cause stent
obstruction with impaired urine
flow,which can compromise patient care
and may lead to pyelonephritis, sepsis,
and shock (7).

On the other hand, there are several
types of renal stones based on the type
of crystals of which they consist. The
calcium oxalate stones, uric acid stones,
struvite stones, the driving force behind
struvite stones is infectionof the urine
with urease-producing bacteria. The
urease hydrolyses urea, resulting in
ammoniacalurine, alkalinity and stone
formation and people with certain
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metabolic abnormalities may produce
calcium phosphate stones or cystine
stones (8)

Due to importance of biofilm related
infections, the treatment is performed by
prolonged and high dose of
antimicrobial therapy as well as
elimination of infected medical device
which is cornerstone of successful
therapy (9).This is critical if the devices
are in place for long periods of time
and/or are essential for the patient’s
lifewith the selection of antibiotic-
resistant organismsbecoming inevitable.
The result is increased morbidityand
mortality of patients requiring the
insertion or placement of an implantable
medical device (10)

One practical implication of this is that

traditional diagnostic techniques that
detect planktonicorganisms that
generate minimum inhibitory

concentrations (MIC) ofantibiotics to Kkill
or inhibit the organisms fail to providethe
clinician with data on what concentration
ofantibiotic will eradicate the biofilm.
Thus, new biofilm antibiogram
parameters like BICs and MBECs is
much more valuable (11). Thus, this
study has been undertaken for detection
the most common microorganisms
isolated from infected JJ stents in
patients with ureteric obstruction and
infected calculi obtained from patients

with  obstructive  uropathy  during
pyelolithotomy.
Further, quantitative determination of

bacterial biofilm formed in infected renal
stones and double J stents.
Furthermore, depending on BICs and
MBECs parameters, for detection of
biofilm antimicrobial susceptibility test
for biofilm producer study isolates to

three selected antimicrobial agents
(Ciprofloxacin, Cefotaxime, and
amikacin).

PATIENTS AND METHODS

Study patients _and __ specimen
collection:

This study includes one hundred and
thirty (130) specimens obtained from
Sixty five (65) patients admitted to

Urology Department in Al-Ramadi
Teaching Hospital and carried out during
the period from April through December
2008. The patients were of different sex
and the mean of age was 43.68 with
standard  deviation  (18.34). Full
informative history had been taken
directly from the patient or his parents or
relatives, and the informations were
arranged in formula sheet . All studied
specimens were assigned in to upper
and lower urinary tract samples. They
include 94 specimens taken from 47
indwelling JJ ureteric stents with their
upper end representing upper urinary
tract specimen and their lower end
representing the lower wurinary tract
specimen, 18 renal stones were
obtained from the renal pelvis during
pyelolithotomy (open surgery for renal
stone) and at the same time a catheter
collected bladder urine sample was
taken for each patient.

The specimens under this study were
taken by an expert urologist in the
theater. The JJ stents were basically
used for treatment of ureteric
obstruction. The cause of ureteric
obstruction and duration of JJ insertion

were reviewed and included in the
informative formula sheet. All the JJ
stent were removed using

urethrocystoscopy done under general
anesthesia with complete aseptic
technique with both ends stored in a
sterile closed capped containers
containing 10 ml of sterile normal saline
and send to the laboratory for further
bacteriological processing. The renal
stone were removed from patients with
obstructive uropathy. The stones were
placed in sterile closed capped
containers contained sterile normal
saline or urine aspirated from renal
pelvis.

Processing of samples and
Laboratory investigation:
Under sterile  conditions catheter

collected urine samples, and JJ stent
were cultured immediately into the
culture media. The culture media used
were nutrient agar, MacConkey agar,
blood agar, sabouraud dextrose agar
and chocolate agar. The streaked
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culture media were incubated at 37 °C
for 24-48 hr.

Regarding to renal calculi, the removed
stones were cultured immediately before
and after crushing for the stones into the
appropriate culture media mentioned
previously. After crushing the stone in a
sterile holder, dilution of the crushed
stone were made according to criteria
laid down by Baron, and associates
(10). The culture was done from each
dilution and the number of colonies were
counted and they compared to those
from original sample before dilution (10).
All the study samples  were
bacteriologically identified and
confirmed by biochemical test according
to the criteria laid down by Baron, et.al
(10)

Biofilm Study:-

Quantitative biofilm

formation:

assay of

Microtiter plate assay:

Adhesion and biofilm formation was
determined by using a
spectrophotometric method described
by Mireles and associates, (11) as in the
following: Twenty-five uyl overnight
bacterial growth in brain heart infusion
broth added to the wells of sterile flat
bottom of microtiter plates. Then, 175 pl
of fresh sterile brain heart infusion broth
added (medium containing 2% glucose)
and incubated at 37 °C up to 24 hours or
48 hours. The planktonic cells were
aspirated and the wells washed 3 times
with sterile distilled water.Afterthat, the
plates were inverted and allowed to dry
for 30 min. at room temperature and
200 pl of (1%) crystal violet was added
to each the well for30 min.The wells
subsequently washed 3 times with
sterile distilled water to wash off excess
crystal violet. The wells were allowed to
dry at room temperature for 15 minutes
and the crystal violet bounded to biofilm
was extracted with 200 pl of 95%
ethanol .Finally, the absorbance
of the extracted crystal violet was
measured at (540 nm- 550nm) with
automatic microplates reader.

The isolates were classified according to
biofilm production depending on the
criteria laid down by Christensen, et. al.,
(1985) as following: Strong producer
more than 0.24; weak producer between
0.120-0.24 while non-producer less than
0.120.

Antimicrobial
planktonic cells:

susceptibility for

Broth macrodilution method (MIC
method):

Three antimicrobial agents used for
planktonic and biofilm study belonged to
the following groups: Ciprofloxacin

(flouroquinolones), Amikacin
(aminoglycosides), and Cefotaxime
(third generation

Cephalosporins).Twenty eight isolates of
different bacteria were included. The
bacterial standardization was performed
according to  McFarland turbidity
standard (12).

Procedure:

Antimicrobial agents stock solutions
were filter sterilized and prepared at
concentration  (1000ug/ml).  Different
antibiotic concentration (0.5-32ug/ml)
were prepared in 5 ml of Mueller-Hinton
broth and transferred to sterile capped
tubes.

At least 4-5 morphologically similar
colonies were inoculated into Mueller-
Hinton broth and incubated at 37°C until
the viable turbidity was equal to the 0.5
McFarland, (about 108 CFU/ml). After
that, the suspension was diluted 1:100
and certain volumes transferred to the
tubes containing antibiotic dilutions, to
reach a final cell concentration of (about
105 CFU/ml). Controls were represented
by two tubes; one of them contained
broth only and the other contained broth
plus microorganism. Then the tubes
were incubated overnight at 37°C.The
result of MICs were interpretated as the
lowest concentration of antimicrobial
agents which inhibits visible bacterial
growth after overnight incubation (13)
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Biofilm antimicrobial
test:

susceptibility

Biofilm formation by study isolates
on catheter segments:

The method used for bacterial biofilm
formation on catheter segments was
described by Ohgaki, (14) Ishida, et.
al.(15) Briefly, the tested bacteria
incubated in brain heart infusion broth
overnight at 37 oC .Then 10 pl of
overnight culture was added to 500 pl of
sterile media in which catheter
segments (1cm2 ) were inoculated, and
subsequently incubated overnight at 37
°C. After that washing of the segments
was achieved by sterile media (3-4)
times to remove weakly attached
bacteria. Then  segments  were
resuspended with sterile media and
vortexed vigorously for 2 min which was
considered as controls.

Bactericidal activity of antibacterials
against biofilm forming sessile cells:

To determine the bactericidal activity of
selected antibiotics against the sessile
cells, the catheter segments were
incubated with the organism as
described above, were taken out,
washed gently with sterile media or
saline and subsequently transferred to
saline containing a given antibiotic with
distinct concentrations (10X, 50X, 100X,
500X and 1000X) at which X
represented the MIC of mentioned
antimicrobial agents against planktonic
cells which was previously detected.
After that the tubes were incubated for
24 hr. at 37°C (15).

Extraction and quantification of
biofilm bacteria:

After exposure of tested organisms to
the desired concentrations of antibiotic,
they were transferred to 10 ml of fresh
brain heart infusion broth and stirred
vigorously with a vortex mixer for 2 min.
for dispersion sessile or adherent cells.
Then, the suspension was diluted and
plated on nutrient agar plates for
bacterial colony counting and compared

with original bacterial count before
exposing to antimicrobial agents (15).

Detection of biofilm inhibitory
concentrations (BICs) and minimal
biofilm eradication concentration
(MBECs):

A- Biofilm Inhibitory Concentration
(BIC):

After incubation the tubes for 24hr. at 37
°C, the biofilm inhibitory concentration
was detected and defined as the lowest
concentration of antimicrobial agents
which inhibits bacterial biofilm growth on
a surface of catheter. It was represented
by the clearance of broth medium
consisting (1cm) catheters and the
required concentrations of antimicrobial
agents (16).

Eradication

B- Minimal Biofilm

Concentration:

After plating the diluted suspension into
agar plates and counting the number of
bacterial colonies, MBEC was
determined. MBEC was defined as the
lowest concentration of antibiotic or
biocide capable of killing biofilm
producer bacteria. It was represented by
disappearing of colonies of biofilm
producer organisms on the culture
plates (16)

Statistical analysis:

All data were analyzed using the SPSS
statistical program (statistical Package
for the Social Science) version 14.0.
Statistical significance was taken with p
value < 0.05 and 0.001 . The significant
differences were detected by using
either the goodness fit test within chi-
square test or independent sample-test.
All the study graphics (bar chart, scatter
diagram or dot chart) were done by
using Microsoft Excel XP (17), (18), (19)
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RESULTS

Out of 47 upper end of JJ stent, 19
(40.4%) were positive for culture and 28
(59.6%) were negative. Out of 24
microorganisms 19 (79.2%) were biofilm
producer isolates while 5 (20.8%) were
non biofilm producers. Out of 47 lower
ends of JJ stent, 16 (34%) were positive
for culture and 31(66%) were negative.
16  microorganisms  were  biofilm
producer isolates while 5 were not.

Out of 94 JJ stent samples, distributed
in to 47 (50%) were from upper end of
the stent and 47(50%) were from lower
end of stent. Among 94 JJ stents, 35
(37.2%) were infected. With regard to
the duration of JJ stents used, among
35 (37.2%) infected ones, 2 (11.1%) in
the duration range from (1-30) day, 8
(30.8%) were with (31-60) day, 18 (42.9
%) were with (61-90) day and 7 (87.5%)
in duration of insertion more than 90
day. Figure (1).

—+— Biofilm Producer isolates

—=— Strong biofilm producer

—&— Weak biofilm producer

<

N

301 80-31 90-81 80 <

Duration of insertion {dav}

Figure (1): Biofilm production versus

duration of insertion (days) for patients with

infected JJ stent

Among infected JJ stent, 10 (22.2%)
Klebsiella pneumonia and 10 (22.2%)
Candida albicans were the most
common isolated microbes from JJ
stent. Out of 10 Klebsiella pneumonia
the biofilm was produced strongly in 6
(60%) isolates, and weakly in 2 (20%),
while the others were non biofilm
producer isolates. Regarding to Candida
albicans, out of 10 the biofim was
produced strongly in 6 (60%) isolates

and weakly in 2 (20%) while the others
were non biofilm producer isolates. Also,
Staphylococcus  epidermidis in 8
(17.9%), 5 (62.5%) isolates from upper
end of stent and 3 (37.5%) isolates from
lower end of stent, out of 8
Staphylococcus epidermidis the biofilm
was produced strongly in 5 (62.5%), and
weakly in 2 (25%), while the other was
non biofilm producer isolates. out of 6
(13.3%) Staphylococcus aureus the
biofilm was produced strongly in 3 (50%)
and weakly in 2 (33.3%) while the others
were non biofilm producer isolates. out
of 6 (13.3%) Pseudomonas aeruginosa
the biofilm was produced strongly in 2
(33.3%) and weakly in 2 (33.3%) while
the others were non biofilm producer
isolates. Out of 5 (11.1%) Escherichia
coli, the biofilm was produced strongly in
2 (40%) and weakly in 1(20%) while the

others were non biofilm producer
isolates.
In this study, 5 renal stones were

positive for culture and 13 were not and
all the isolates were biofilm producers.
At the same time out of 18 catheter urine
sample obtained from lower urinary tract
4 (22.2%) were positive. Of these
specimens, biofilm was produced in 3
(75%) isolates.

Out of 18 stones, 5 (27.8%) were
infection stones while the other 13
(72.2%) were non infection stones from
upper urinary tract. out of 18 urine
specimens obtained from bladder with
infection stones, 4 (22.2%) were infected
urine with infection stones, 14 (77.8%)
were non infected urine  with non-
infection stones and infection stones.
Among infection stones Klebsiella
pneumonia were 5 (71.4%), 3 (60%)
from upper urinary tract and 2 (40%)
obtained from bladder urine, followed by
4 (28.6%) Proteus mirabilis, were 2
(50%) from upper urinary tract and 2
(50%) obtained from bladder urine. Out
of 5 Klebsiella pneumonia the biofilm
was produced strongly in 3 (60%) and
weakly in 1 (20%) and other non-biofilm
producer, out of 4 Proteus mirabilis the
biofilm was produced strongly in 3 (75%)
and weakly in 1 (25%).

In this study, mixed microbial infection
was found in ten cases in patients with
obstructive uropathy due to renal stones
at which the fungus, Candida albicans
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was shared with both ofKlebsiella
pneumoniae and with Staphylococcus
epidermidis in four cases and with
Pseudomonas aeruginosa in two cases.

Quantitative biofilm production
(Spectrophotometric assay):

In the Quantitative biofilm formation
assay, a spectrophotometric method
was done with the presence of glucose.
In the most scientific method,
spectrophotometric assay with ELISA
reader our result showed that out of 20
(27.8%) isolates of Klebsiella
pneumonia, 14 (19.4%) of
Staphylococcus aureus, 10 (13.9%) of
Staphylococcus epidermidis, 10 (13.9%)
of Candida albicans, 6 (8.3%) of
Escherichia coli, 6 (8.3%) of
Pseudomonas aeruginosa, 5(7%) of
Proteus mirabilis and 1 (1.4%) of
Streptococcus  faecalis biofilm
phenomenon was observed in 16 (80%),
11 (78.6%), 9 (90%), 8 (80%), 3 (50%),4
(66.7%), 5 (100%) and 1 (100%)
respectively.

Antimicrobial susceptibility test for
planktonic cells:

Broth macrodilution technique:

In this part of study, antimicrobial
susceptibility test for selected
antimicrobial agents against logarithmic
phase planktonic cells of study isolates
obtained from patients with double J
stent and infection stones was detected
by detection of MICs according to the
criteria laid down by National Committee
for Clinical Laboratory Standard, (2001)
by using an international quality isolate
of Pseudomonas aeruginosa American
Type Culture Collection (ATCC 27853)
and isolate of Staphylococcus aureus
American Type Culture Collection
(ATCC 25923). Our result showed that
MICs were 6.5+ 7.14 , 22+ 12, 6+ 2.3
16+ 0.0, 32+ 0.0, 4+ 0.0, 7.2 6.5, 10+
4.0 and 6+ 2.3 for ciprofloxacin,
cefotaxime and amikacin respectively
against logarithmic phase planktonic
cells of  Staphylococcus aureus,
Staphylococcus epidermidis,
Escherichia coli, Pseudomonas
aeruginosa and Klebsiella pneumonia

obtained from patients with JJ stent.
Furthermore, our result showed that
MICs were 14.4+ 3.6, 19.2+ 12.1 and
8.8+ 4.38 for ciprofloxacin, cefotaxime
and amikacin respectively against
logarithmic phase planktonic cells of
Proteus  mirabilis and  Klebsiella
pneumonia obtained from patients with
infection stones.

Regarding biofilm antimicrobial
susceptibility test, as far as ciprofloxacin
is concerned, the BIC of ciprofloxacin
against study isolates (A1, A7, A10,
A11,A12, A13, A14 , A15, A20 and A22)
obtained from patients with JJ stent
were 50 (50 XMIC), 800 (50 XMIC), 200
(50 XMIC), 160 (10 XMIC), 800 (50
XMIC), 80 (10 XMIC), 100 (100 XMIC),
100 (100 XMIC), 800 (50 XMIC), 400 (50
XMIC) pg/ml, respectively. Further, the
MBEC of 500 (500 XMIC), 8000 (500
XMIC), 2000 (500 XMIC), 16000 (1000
XMIC), 8000 (500XMIC), 800 (100X
MIC), 1000 (1000 XMIC), 1000 (1000
XMIC), 8000 (500XMIC), 4000 (500
XMIC) ug/ml were enough to eradicate

biofilm from catheters for above
mentioned isolates respectively.
The result of ciprofloxacin, against

sessile cell of Proteus mirabilis and
Klebsiella pneumonia obtained from
patients with infection stones , the BIC of
ciprofloxacin against study isolates (
A22, A24, A25, A26 and A27) were 800
(50X MIC), 1600 (100X MIC), 400 (50X
MIC), 800 (50X MIC), 800 (50X MIC)
pug/ml respectively. On the other hand,
the MBEC of 8000 (500X MIC), 16000
(1000X MIC), 4000 (500X MIC), 8000
(500X MIC), 16000 (1000X MIC) ug/ml
were enough to eradicate biofilm of
above mentioned isolates respectively.

The result of third generation
cephalosporins, cefotaxime against
sessile cell of Staphylococcus aureus,
Staphylococcus epidermidis,
Escherichia coli, Pseudomonas
aeruginosa, and Klebsiella pneumonia
obtained from patients with JJ stents,
the BIC of cefotaxime against study
isolates(A1, A7, A10, A11,A12, A13,
A14 , A15, A20 and A22) were 800
(100X MIC), 1600 (50X MIC), 1600
(100X MIC), 3200 (100X MIC), 3200
(100X MIC), 1600 (50X MIC), 4000 (500
X MIC), 1600 (100X MIC), 400( 50X
MIC), 800 (100X MIC), pg/ml
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respectively. On the other hand, the
MBEC of 4000 (500X MIC), 8000 (500X
MIC), 8000 (500X MIC), 32000 (1000X
MIC), 16000 (500X MIC), 32000
(1000X MIC), 4000 (500X MIC), 16000
(1000X MIC), 8000 (1000X MIC), 4000
(500X MIC), upg/ml were enough to
eradicate biofilm from catheters for
above mentioned isolates respectively.
The result of third generation
cephalosporins, cefotaxime  against
sessile cell of Proteus mirabilis and
Klebsiella pneumonia obtained from
patients with infection stones , the BIC
of cefotaxime against study isolates
(A22, A24, A25, A26 and A27) were 400
(50X MIC), 3200 (100X MIC), 1600
(100X MIC), 1600 (50X MIC), 400 (50X
MIC), ug/ml respectively. On the other
hand, the MBEC of 8000 (1000X MIC),
32000 (1000X MIC), 8000 (500XMIC),
32000 (1000X MIC), 4000 pg/ml were
enough to eradicate biofilm of above
mentioned isolates respectively.

The result of amikacin against sessile

cell ~of  Staphylococcus  aureus,
Staphylococcus epidermidis,
Escherichia coli, Pseudomonas

aeruginosa, and Klebsiella pneumonia
obtained from patients with JJ stents,
the BIC of amikacin against study
isolates (A1, A7, A10, A11,A12, A13,
A14 , A15, A20 and A22) were 400 (50X
MIC), 200(50X MIC), 40 (10X MIC),
400(50X MIC), 200 (50X MIC), 400
(100X MIC),400 (50X MIC), 80 (10X
MIC), 400 (50X MIC), 200(50X MIC),
pug/ml respectively. On the other hand,
the MBEC of 4000 (500X MIC), 2000
(500X MIC), 4000 (1000X MIC), 8000
(1000X MIC), 2000 (500X MIC), 4000
(1000X MIC), 4000 (500X MIC), 8000
(1000X MIC), 4000 (500X MIC), 2000
(500X MIC), pg/ml were enough to
eradicate biofilm from catheters for
above mentioned isolates respectively.

The result of amikacin against sessile
cell of Proteus mirabilis and Klebsiella
pneumonia obtained from patients with
infection stones , the BIC of amikacin
against study isolates (A22, A24, A25,
A26 and A27) were 400 (100X MIC),
800 (100X MIC), 800 (100X MIC), 160
(10X MIC), 80 (10X MIC), ug/mi
respectively. On the other hand, the
concentrations of 4000 (1000X MIC),
8000 (1000X MIC), 4000 (500X MIC),

16000 (1000X MIC), 8000 (1000X MIC),
pMg/ml were enough to eradicate biofilm
of above mentioned isolates
respectively. Table (1)

DISCUSSION

It is well realized that the prognosis of
catheter-associated infection is
complicated due to the occurrence of
chronic or recurrent UTls, complicated
UTI, and pyelonephritis. If left untreated,
these infections can lead to abscess
formation, renal obstruction, and
scarring and eventually will lead to
bacteremia, sepsis, and, possibly, death.
These infections are difficult to treat due
to the presence of biofilms and crystals
that protect uropathogens from proper
treatment. Only after the complete
eradication of biofilm and crystals in the
urinary tract can a catheter-associated
infection be eliminated (20).

It is well know that ureteric stent, is a
thin tube inserted into the ureter to
prevent or treat obstruction of the urine
flow from the kidney. The presence of
biofilm in particular with urease-
producing bacteria, leads to the
hydrolysis of urea, an elevation of
urinary pH and the deposition of struvite
and calcium phosphate encrustation on
these stents. Clinically, encrustation and
infection of indwelling stents are
associated with pain, haematuria,
blockage and sepsis (21). In this study,
patients with obstructive uropathy who
are submitted to JJ ureteric stent were
one of the study groups. Among this
group, a total of 94 JJ stent samples in
47 patients were studied, half of them
from the upper end of urinary tract and
the other half from the lower end.
Regarding to the infection associated
with JJ stents and it's relation to the
duration of insertion, our result revealed
that out of 35 indwelling JJ stents
studied, 2 were with (1-30) day duration
of insertion, 8 were with (31-60) day
duration of insertion , 18 were with (61-
90) day duration of insertion and 7 were
with > 90 day duration of insertion. In a
study designed by Kli$ and co-workers
(22), these researchers documented that
stent cultures were negative in all
patients that had their stent kept for
shorter than 30 days. There were 25%



International Journal for Sciences and Technology Vol. 6, No. 3, September 2011 35

Isolate
no.

positive stent cultures in case of the
stents maintained for the period longer
than 30 days, but not longer than 90
days, and 45% in case of catheters kept
for longer than 90 days. In another study
designed by Riedl and associates (23),
93 ureteral stents from 71 patients were
examined. Nine patients with permanent
ureteral stenting due to malignant
ureteral obstruction, and 62 patients
with  temporary  ureteral  stents.
Bacteruria and bacterial stent
colonization were found in all patients
with permanent stents. In patients with

temporary stents, colonized stents were
found in 69.3%.

Kumar and associates (24)
recommended that early removal at 2
weeks is advisable and the short
duration of stenting is effective and
saves the cost of repeat hospitalization
at a later date. Laube and associates®
mentioned that the stent is a double-
edged weapon and it may behave as a
friend or an enemy.

Table (1): The biofilm inhibitory concentrationsand minimal biofilm eradication
concentration for amikacin against biofilm producing isolates among study specimens.

Colony
count for

Biofilm Inhibitory
Concentration (BIC)

control
(CFU/ml)

Colony
count
CFU/ml

Minimal Biofilm Eradication
Concentration (MBEC)

Colony
count
CFU/ml

The result of JJ stent specimen
Staphylococcus epidermidis(A1, A7, A13) &Staphylococcus aureus(A15)

, Escherich

ia coli (A11

The result of infection stones

pneumonia (A24,A25,A26 ) Proteus mirabilis (A22, A27)Klebsiella
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The organisms commonly contaminating
these devices and developing biofilms
are  Escherichia. Coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa,
Proteus mirabilis and other gram-
negative organism. In this study, out of
94 JJ stent sample, 35 (37.2%) were
infected. Among infected JJ stent, the

most commonly isolated
microorganisms were Klebsiella
pneumonia and Candida albicans

followed by Staphylococcus epidermidis,
Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli. In
other study designed by Yeniyol and co-
workers (26) these researchers revealed
that out of 11 patients, bacterial
colonization of JJ stents were observed.
In 10 of them both stent and urinary
cultures were positive, and showed
identical microorganisms; 80%
Escherichia coli, 10% Escherichia coli +
Candida, 10% Klebsiella. Kehinde and
associates, (27) showed that of 250
patients requiring JJ stent insertion was
investigated microbiologically prior to
stent insertion and on the day of stent
removal. One hundred four stents
(41.6%) were culture positive and 146
(58.4%) were culture negative. The
commonest isolates were Escherichia
coli, Enterococcus spp., Staphylococcus
spp., Pseudomonas, and Candida spp.
Also, Meir and co-workers, (28) showed
that out of 82, 58 (70.7%) were culture
positive and 24 (29.3%) were culture
negative .The commonest isolates were
Staphylococcus (coagulase negative
and positive), Enterococci and Proteus.
With regard to other study specimen
group, renal calculi, Margel and
associates (29) documented that renal
calculi pathogens are one of the
predisposing factors for infectious
events. Intra-operative stone culture
may be essential in directing the
antibiotic regimen postoperatively and
should be routinely used. Infected
stones function as a sanctuary for
organisms and may attenuate the
effects of antibiotics against them
causing persistent infection  (30).
Incorporation of urea splitting bacteria
within the developing struvite stones as
well as calcium oxalate stones that had

become secondarily infected results in a
focus of infection that is resistant to
conventional antimicrobial therapy and
manifested clinically by repeated urinary
tract infections caused by the infecting
organism, therefore complete removal of
all the infected stones material is
considered to be essential for the
eradication of persistent Bacteriuria
associated with the infected renal calculi
(31).

Margel and associates (29) revealed
that out of 75 patients, 33 (44%) had
sterile urine and stone cultures while
both urine and renal stones were
colonized in 23 patients (30.7%). Also, a
colonized stone culture associated with
a sterile urine culture was found in 19
patients.

Our study showed that out of 18
patients, 5 (27.8%) had infected stones
cultures while 13 (72.2%) patients were
with sterile urine and stones cultures.
Among infection stones, Klebsiella
pneumonia was the most predominant
which was isolated from 5 (71.4%)
cases, 3 (60%) of them from upper
urinary tract and 2 (40%) obtained from
bladder urine followed by Proteus
mirabilis 4 (28.6%), half of them from
upper urinary tract and 2 (50%) obtained
from bladder urine. In 4 (80%) of them,
the urine and stone cultures showed
similar pathogens. A colonized stone
culture associated with a sterile urine
culture was found in 1 (20%) stone.
Studies of  biofiim formationhave
primarily focused on biofiims formed by
a single speciesof microorganism (32).
However,biofilms are thought to be
composed of more than one
species.Although implant-associated
infections involving both bacteria and
fungi are not uncommon (33), mixed
species biofilms of this type have been
studied relatively little. In this study,
mixed microbial infection was found in
ten cases in patients with obstructive
uropathy at which the fungus, Candida
albicans was shared with both Klebsiella
pneumoniae and
Staphylococcusepidermidis in four cases
and with Pseudomonas aeruginosa in
two cases.

Adam and associates (34) showed that
extensive interactions between
Staphylococcusepidermidis and Candida
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albicans have been demonstrated in
biofilms containing both organisms. In
mixed fungal-bacterial biofilms, both
staphylococcal strains showed
extensive interactions with C. albicans.
The researchers concluded that the
extracellular polymer produced by S.
epidermidis  RP62A  could inhibit
fluconazole penetration in mixed fungal-
bacterial biofilms. Conversely the
presence of C. albicans in a biofilm
appeared to protect the slime-negative
staphylococcus against vancomycin.
Overall, the findings suggest that fungal
cells can modulate the action of
antibiotics, and that bacteria can affect
antifungal activity in mixed fungal-
bacterial biofilms. Pseudomonas
aeruginosa and Candida albicans are
consistently identified as some of the
more important agents of nosocomial
infections. In light of the recent
information regarding device-associated
nosocomial infections, understanding
the nature of P. aeruginosa and C.
albicans infections is increasingly
important. These two microorganisms
demonstrate: (1) an ability to form
biofiims on the majority of devices
employed currently, (2) increased
resistance/tolerance to antibiotics when
associated with biofilms, (3)
documented infections noted for virtually
all indwelling devices, (4) opportunistic
pathogenicity, and (5) persistence in the
hospital environment (35).

Regarding to quantitative  biofilm
production, the study results showed
that Profeus mirabilis was the most

common microbial isolate produced
biofilm phenomenon (crystalline
biofilm)5 (100%), followed by
Staphylococcus epidermidis, Candida
albicans, Klebsiella pnheumonia,

Staphylococcus aureus, Pseudomonas
aeruginosa, and  Escherichia coli
respectively. The tissue culture plate
method was found to be most sensitive,
accurate and reproducible screening
method for detection of biofilm formation
by microorganisms and has the
advantage of being a quantitative model
to study the adherence of
microorganisms on biomedical device
(36).

With regard to antimicrobial
susceptibility test for planktonic cells,

numerousstudies have now
demonstrated that biofilm-grown
microorganismshave an inherent lack of
susceptibility to antibiotics,

whereasplanktonic cultures of this same
organism do not(37). This resistance is
lost once thebiofiim is reverted to
conditions that permit planktonic growth.
The innate tolerance of microbial
biofilms to antibiotictherapy has led to
problems in their eradication and inthe
management of patients with device-

related infections. This difference in
antibiotic susceptibility
betweenplanktonic and biofilm

populations of the same organism may
resultfrom differences in the diffusion of
antibiotics or muchmore complex
changes in the microbial physiology of
the biofilm (38). The slow growth of
biofilm bacteria and exopolysaccharide
or glycocalyx acting as a barrier to the
penetration of antibacterial agents are
considered responsible for failure of
antimicrobial therapy of these infections
(39).

In the field of antimicrobial susceptibility
test for sessile cells of study bacterial
isolates obtained from JJ stentand renal
stones, our result revealed that the
biofilm cells were required 50-100 times
the MIC values for ciprofloxacin obtained
for the same isolates in logarithmic
phase of planktonic cells in each of the
two specimens. Regarding to
cefotaxime, our result showed that the
sessile cells of study bacterial isolates
obtained from JJ stent were required 50-
500 X MIC values for cefotaxime in
comparison with those observed with
other study specimen, infection stones
which required 50-100 MIC to eliminate
bacterial  biofim for the same
antimicrobial agent with high statistical
significant differences.

On the other hand, the biofilm cells
wererequired 10- 100 times the MIC
values for amikacin against bacterial
isolates obtained from JJ stent and
infection stones.The high concentrations
of quinolones were used to treat the
preformed biofilms because 1) these
concentrations would be expected to
reach the biofilms when therapeutic
doses of quinolones are infused through
the vascular catheters and, 2) using
such  high  concentrations  would
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minimize the exposure of very large
inoculum of bacteria in the biofilms to
sub-inhibitory concentrations of the
quinolones (40).It is well known that
flouroquinolones are indeedvery
effective in stopping the growth of a
biofilm (41). Atthe same time, restricted
diffusion can protect the biofiim froma
degradable antimicrobial. Retarded
diffusion will decrease theconcentration
of the antibiotic entering the biofilm,
helpingan enzyme like P-lactamase
destroy the incoming antibiotic (42). A
restricted penetrationof this small
molecule coupled to its destruction by
the microbialcells was apparently
responsible for resistance. It can be
expectedthat any mechanism of
antibiotic destruction or modification
(likeacetylation of aminoglycosides) will
be especially effective whencoupled
with a diffusion barrier of the biofilm.
The MIC for biofilm cells is higher than
that for planktoniccells (42).

The administration of a minimal biofilm
eradicating  concentration (MBECs)
greater than the MIC of planktonic cells
has been stressed in order to prevent
bacterial biofilm cells from expressing
antibiotic-resistant factors (33).

The study concluded that Klebsiella
pneumonia and Candida albicanswere
the most common microorganisms
isolated from infected JJ stent. Also,
among infection stones, Kilebsiella
pneumonia was the most predominant
microorganism followed by Proteus
mirabilis. Mixed biofilm species consist
largely of Candida albicans and other

bacteria like Klebsiella spp-,
Staphylococcus epidermidis and
pseudomonas aeruginosa play an

important role in the formation of biofilm
on JJ stent. Further, with the passage
of time (duration of insertion), double J
stent will be more predisposing to
microbial colonization and eventually
leading to biofilm associated JJ stent
infection.  Furthermore, In  biofilm
antimicrobial susceptibility test, the
biofilm producer study isolates were
required lower concentration of amikacin
to remove bacterial biofiim from JJ
stents and infection stones in
comparison to ciprofloxacin and
cefotaxime.
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