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Background: To investigate the microorganisms responsible for double J stent (DJS) colonization, bacteriuria, and the drug
susceptibility of the isolates. We also tried to determine factors associated with stent colonization, such as indwelling time, sex, age,
and comorbidities.
Materials and methods: This study is a prospective analysis of patients following DJS ablation. A total of 155 patients from our
institution were enrolled in this study between January 2023 and May 2023. Bladder urine was collected in a sterile container prior to
stent removal for bacteriological exam. The removed stents were divided into three parts: top (Renal), middle (Ureteral), and bottom
(Bladder); 3 cm pieces from each part were taken and placed in a sterile test tube for bacteriological investigation.
Results: The mean age of patients with positive stent culture was 61.17±12.82 versus 55.94 ±10.32 when stent culture is
negative, which is statistically significant P=0.016. Diabetes and bacteriuria are both correlated with DJS contamination with
P<0.001 in the two cases. Themean duration of the use of DJS in patients with colonized stent culture is 6.45±2.98months versus
4.06 ±2.20 months for the other patients; the difference is statistically significant P<0.001. The most commonly isolated pathogens
on stents were Gram-negative bacilli (53.2%), dominated by Enterobacteriaceae in 19 cases (55.2%).
Conclusion: Indwelling time is the only unanimous factor of stent colonization in literature, so we recommend using DJS only if
necessary and to remove it as soon as possible.
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Introduction

The indwelling stents are routinely used in urology practice to
maintain ureteral patency. Nowadays the double J stents (DJS)
are indispensable in modern urology practice and often used for
the management of a wide range of circumstances, such as the
relief of upper urinary tract obstruction, the prevention of stric-
ture formation, the drainage of urinary tract leaks and for the
prevention of post-surgical complications[1].

However, the use of these devices is often associated with
several complications and mild morbidities such as dysuria,
fever, suprapubic pain, urinary frequency, and urinary tract
infections (UTIs), particularly when they are left in situ for

prolonged time periods[2]. In some cases, infection associated
with urinary stents can lead to significant morbidity, such as
acute pyelonephritis, bacteremia, renal failure, and even
death[3]. Ureteral DJS are synthetic biomaterials with suitable
surfaces for bacterial colonization and the development of
biofilm polysaccharides. Beneath these layers, bacteria grow
rapidly, forming microcolonies, which results in different
clinical outcomes. Bacterial colonization and biofilm forma-
tion play an essential role in the pathogenesis of stent-asso-
ciated infection[4].

Patients with indwelling urethral catheters develop asympto-
matic UTIs in 5–25% of the cases, while only about 3–5%
develop symptomatic UTIs requiring antimicrobial drugs or
removal of the catheters[5].

In our study, we investigated the microorganisms responsible
for DJS colonization, bacteriuria, and the drug susceptibility of
the isolates.

HIGHLIGHTS

• Prospective analysis study of patients following ureteral
double J stent ablation.

• Diabetes was correlated with double J stent contamination
with P<0.001.

• The association between positive stent colonization and
bacteriuria is significant.

• The mean duration of the use of double J stent is a strong
risk factor for contamination.

• The most commonly isolated pathogens on stents were
Gram-negative bacilli (53.2%).
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We also tried to determine risk factors of DJS colonization,
such as indwelling time, sex, age, and comorbidities.

Materials and methods

Study population and design

This study is a prospective analysis of a series of consecutive
patients following DJS ablation.

For 5 months, all patients admitted for DJS ablation were
included in this study; a total of 155 patients from our institution
were enrolled between January 2023 and May 2023. Informed
consent was obtained from each patient after an explanation of
the aim of the study as well as approval from the local Ethics
Committee (Ref: CEFMS 186/2023).

Bladder urine was collected in a sterile container prior to stent
removal for a bacteriological exam. Stent ablationwas performed
under sterile conditions in an operating theater with the help of a
cystoscope and foreign body forceps.

The indwelling stents were implanted and retained for periods
of between 1 and 13 months, with a mean duration of 5 months.
Two types of stents were used, polyurethane in 141 patients and
silicone in 14 patients; the hospital’s stent availability determines
the choice of stent.

Patients with contaminated initial urine bacterial exam and
those who did not give an informed consent were excluded from
the study.

Bacteriological study

Probe sampling methods

For each stent collected, three parts were cut as follows: 3 cm
from the renal part, 3 cm from the urethral part, and 3 cm from
the bladder part. Each part was stored separately in sterile
packaging. All probe tips were immediately sent to the micro-
biology laboratory within 1 h of sampling.

Each probe tip was collected in 1 ml of saline without
unblocking the lumen and vortexed for 1 min. Next, 10 µl were
inoculated onto fresh blood agar and cooked blood agar sup-
plemented with IsoVitaleX and incubated for 48 h at ~35°C
under 5%CO2 for cooked blood agar. For the yeast, a Sabouraud
culture medium was also used.

Interpretation of the results

After 48 h of the culture’s incubation, we count the colonies. We
consider as positive any monobacterial culture containing at least
10 colonies (corresponding to 103 CFU/ml), any pure culture
containing yeasts and any culture containing two predominant
species with at least 10 colonies each. Midstream urine (MSU)
was obtained from these patients just before stent removal for
bacterial identification.

Bacterial identification was carried out using conventional
methods, that is, Gram staining, biochemical tests and Api
identification microgalleries (BioMérieux, France) and using the
Vitek2 automated system (BioMérieux, France).

Antibiotic susceptibility testing of strains incriminated in the
superinfection of DJS was carried out using conventional agar
diffusion techniques and Vitek2 cards (BioMérieux, France).
Results were interpreted in accordance with the recommenda-
tions of the French Microbiology Society’s Antibiogram

Committee and the European Committee on Antimicrobial
Susceptibility Testing (CASFM-EUCAST 2022).

Statistical study

Data capture and analysis were performed using IBM Statistical
Package for the Social Sciences, version 25. Descriptive statistics
were reported as frequencies for categorical variables and as
means and standard deviations (SD) or median and inter-quartile
range (IQR) for quantitative ones. Differences between groups
were examined using the Chi-squared (χ2) test to compare pro-
portions. When this test was not applicable, the Fisher test
was used.

Results

Indications of DJS implantation

The most important indication of stent insertion was stone dis-
ease treatment in 71 patients (45.8%), and the most performed
procedure was ureteroscopy in 49 patients (31.6%). The second
indication was urinary drainage for acute obstructive pyelone-
phritis (43.2%) (Table 1).

No correlation was found between the indication of stent
implantation and stent contamination P= 0.491 (Table 2).

Association between patient’s characteristics and positive
DJS cultures

The mean age of the patients was 58 years ranging between 18
and 91 years. The mean age of patients with positive stent culture
was 61.17 ± 12.82 versus 55.94 ± 10.32 when stent culture is
negative, which is statistically significant (P=0.016). 58.7% of
the patients were male and 41.3% were female; sex ratio was
1.42. DJSwere colonized in 25.2%ofmale patients and in 37.5%
of female patients, which is not statistically significant (P=0.103)
(Table 2).

The mean duration of the use of DJS in patients with colonized
stent culture is 6.45 ± 2.98 months and 4.06 ± 2.20 months in the
others. The difference is statistically significant, P<0.001.

Sixty-four patients (41.3%) have no medical history; for the
others, the most important past medical history was diabetes
mellitus (DM) in 70 patients (45.2%), followed by hyperten-
sion in 54 patients 34.8% and chronic renal failure (CRF) in
33 patients (45.8%). Tobacco was found in 71 patients

Table 1
Indications of DJS implantation

Indications n (%)

Stone disease treatment 71(45.8)
Surgical treatment 13 (8.3)
Before SWL 9 (5.8)
URS 49 (31.6)

Acute obstructive pyelonephritis 67 (43.2)
Others 17 (10.9)
PUJ obstruction 3 (1.9)
Retroperitoneal fibrosis 8 (5.1)
Malignancy with ureteric compression 6 (3.8)

Total 155 (100)

DJS, double J stent; PUJ, pyeloureteral junction; SWL, shock wave lithotripsy; URS, ureteroscopy.
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(45.8%). Only DM was correlated with DJS contamination
with P< 0.001 (Table 2).

Ninety-five patients (61.2%) had a history of urolithiasis
treatment, 34% with endourology treatment (ureteroscopy), 15
patients (11%) with surgical treatment (open and laparoscopic),
10% with both of them and finally 6% with shock wave litho-
tripsy (SWL). Past history of urolithiasis treatment was not cor-
related with stent contamination P= 0.037 (Table 2).

In 47 patients (30.3%), DJS bacterial colonization was positive
(23 males and 24 females), and 14 patients of them (29.7%) had
positive urine cultures, but no one was symptomatic; it was
asymptomatic bacteriuria. In 108 patients, DJS were not colo-
nized, and none of them developed bacteriuria. The association
between positive stent colonization and bacteriuria is statistically
significant (P<0.001). The top part of DJS was colonized in 35
cases (28.5%), the middle part was colonized in 41 cases (33.3%)
and the bottom part in 47 cases (38.2%). The correlation
between the different parts of the stent and bacterial colonization
is with P=0.001. The number of colonized polyurethane stents
was 43 (30.4% of polyurethane stents), and the number of sili-
cone stents was 4 (28.5% of silicone stents), but the difference
was not statistically significant (P> 1).

Bacteriological study

The most commonly isolated pathogens on stents were Gram-
negative bacilli (53.2%) dominated by Enterobacteriaceae in 19
cases (55.2%) and Gram-positive cocci in 12 cases (25.5%) with
Enterococcus faecalis in 10 cases. Candida albicans was isolated

in 10 cases (Table 3). Co-infections were noted in three patients
with the association of two bacterial or yeast species: Escherichia
coli and Proteus mirabilis (n= 1); Citrobacter koseri and
E. faecalis (n=1); C. albicans and E. faecalis (n=1).

In all cases, the three parts, renal, urethral, and bladder, were
positive for the same bacteria or yeast. No discrepancy was noted
between the bacteriological results of the three catheter tips.

The bacteriological results of urine cultures were positive in 14
patients, and the same pathogens were found in the DJS culture.

Enterococcus spp. was resistant to fluoroquinolones (80%), to
cotrimoxazole (90%), and had high level of resistance to genta-
micin (80%). Only the strain of E. faecium was resistant to
ampicillin and imipenem. No resistance to glycopeptides was
observed in the strains of Enterococcus. Enterobacteriaceaewere
extended spectrum beta-lactamase producers and carbapenemase
in all E. coli strains. Resistance rates of enterobacteria were 60%,
50%, 20% and 10%, respectively, to fluoroquinolones, cotri-
moxazole, aminoacids and fosfomycin. One strain of E. coli was
resistant to all antibiotics except colimycin. Pseudomonas aeru-
ginosa was resistant to ceftazidime and carbapenems in the two
cases and susceptible to fluoroquinolones, fosfomycin and coli-
mycin in all cases. Acinetobacter baumannii was resistant to
imipenem and ceftazidime in one case.

Discussion

The use of indwelling stents in modern urology is frequent and
indispensable.

It has been reported that bacterial colonization of ureteric
stents is common, and it might be observed after only 1 day from
stent insertion. This is due to the deposition of a host conditioning
film on its surface composed of proteins, electrolytes, elements,
and other substances. The colonization of stents is due to the
adhesion of bacteria to those substrates[6]. Bacterial colonization
plays an essential role in the pathogenesis of stent-associated
infections[4]. As said earlier, stent-associated infections are often
rare and asymptomatic; in some cases, they may be associated
with high morbidity, fever, acute pyelonephritis, sepsis, CRF, and
even death[2].

According to the literature, rates of bacterial stent colonization
are variable; this is probably due to the existence of many factors
related to patients, material of the stent, and the duration of the
use may affect the contamination of the indwelling catheters. For
Riedl et al.[7] and Farsi et al.[8] the incidence of stent colonization
is 69.3% and 67.9%, respectively, while for Kehinde et al.[5] and
Paik et al.[4] the rate of colonization is respectively 42% and 44%
for Ozgur et al.[9], only 7.7% of DJS are colonized. In our series,
the rate of colonization was 30.3%.

For many series, E. coli was the most common isolated
microorganism responsible for stent colonization[2,4,5,10]; other
reported series found that Staphylococcus epidermidis andGram-
positive cocci were the most found; this is probably due to ure-
thral contamination[4]. Enterobacteriaceae encompass a broad
spectrum of disease-causing potential, ranging from beneficial
commensal microbiota to opportunistic pathogens that can inflict
significant morbidity and mortality on compromised hosts. Their
ability to invade and persist in the urothelium depends on several
virulence factors and their ability to form biofilms[11]. Biofilm-
forming bacteria are a common cause of recurrent and severe
urinary tract infections and are generally multidrug-resistant

Table 2
Association between patient’s characteristics and positive DJS
cultures

Patients
characteristics

Patients with
positive stent

colonization, n (%),
N= 47

Patients with
negative stent

colonization, n (%),
N= 108 P

Age (years) 61.17± 12.82 55.94± 10.32 0.016
Sex
Male 23 (48.9) 68 (74.8 ) 0.103
Female 24 (51.1) 40 (62.5)

Diabetes 40 (85.1) 30 (27.8) < 0.001
Hypertension 17 (36.2) 37 (33.6) 0.818
CRF 13 (27.7) 20 (18.5) 0.201
Tobacco 24 (51.1) 47 (43.5) 0.386
Positive urine culture 14 (29.8) 0 (0) < 0.001
Stone disease treatment
past history

15 (31.9) 25 (23.1) 0.037

Types of stents
Polyurethane 43 (91.5) 98 (90.7) 1
Silicone 4 (8.5) 10 (9.2)

Indications
Urolithiasis treatment 23 (48.9) 48 (44.4) 0.491
Pyelonephritis 20 (42.6) 47 (43.5)
Others 4 (8.5) 13 (12.0)

Stent part
Renal 35 (28.5) 12 (67) < 0.001
Ureteral 41 (33.3) 6 (33)
Vesical 47 (38.2) 0 (0)

Stent duration (months) 6.45± 2.98 4.06± 2.20 < 0.001

CRF, chronic renal failure; DJS, double J stent.
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bacteria. In our study, Enterobacteriaceae were the most impor-
tant species, but Enterococcus faecalis and yeasts were the most
important pathogens.

In elderly patients, some factors are associated with an increase
in urinary infection, such as the colonization of the skin with
Gram-negative organisms, hormonal modifications, especially in
female patients, the augmentation of post-voiding residue, some
drugs, and many others. In our study, age was correlated with
DJS colonization (P= 0.076); for Paik et al.[4], there was no
correlation between age and catheter contamination.

In our series, the patient’s gender was not correlated with stent
colonization. In the literature, the results are contradictory. For
Paik et al.[4], male gender was correlated with more stent colo-
nization, while for Bonkat et al.[12], female gender was a risk
factor for catheter colonization.

In our study, we used two types of stent, polyurethane and
silicone. The difference was not statically significant concerning
the rate of contamination between the two types, but the number
of silicone stents is much smaller, and conclusions cannot be
drawn for Farsi et al.[8], polyurethane stents are associated with a
higher risk of colonization.

Patients with DM, CRF, or both are considered to have com-
promised immune systems, rendering them more susceptible to
colonization by various pathogens, particularly opportunistic
ones like Candida[5]. For many authors DM and CRF are both
risk factors for bacteriuria and stent colonization; for Kehinde
et al.[5] those two factors are significantly associated with infec-
tion by opportunistic pathogens, moreover all the patients with
candiduria had DM or CRF, and Candida spp. were not found in
the specimens from healthy patients. For Akay et al.[10] and Al-
Ghazo et al.[2], DM and CRF are both risk factors for stent
colonization, while for Klis et al.[13] those two factors were not
significantly associated with stent colonization; this is probably
due to the small number of patients, which may have led to a lack
of power to detect significant associations. In our study, only DM
was a risk factor for DJS colonization (P< 0.001).

In our study, the duration of the use of DJS was significantly
associated with their colonization. The rate of colonization was
linearly associated with the duration of the stent use. Our results
are in concordance with those found by Farsi et al.[8], the dura-
tion of stent use was divided into three periods: until 1 month,

from 1–3 months and more than 3 months. The rate of stent
colonization was 53.8%, 60% and 75%, respectively; the dif-
ference was statically significant (P<0.05).

For Paik et al.[4], a statistically significant relationship was
found between the duration of stenting and the rate of coloni-
zation. As the duration of stenting lengthened, the colonization
rate increased (P<0.05). Within 2 weeks of use, no stent was
colonized; however, 25 stents (44%) were colonized after
2 weeks. For Kehinde et al.[5], patients were divided into three
groups according to the stenting duration; results showed that
stent colonization rate and bacteriuria were correlated almost
linearly with the duration of stenting. The longer the stent was
indwelling, the greater the number of patients infected or stents
colonized. For Akay et al.[10], the stent colonization rate and
urinary infection rate increased with the duration of the stent
placement, although the difference was not statistically sig-
nificant. For Lojanapiwat[14], most of the colonized stents were
found when the indwelling time was more than 4 weeks. So, we
encourage urologists to use DJS only when necessary and to
remove it as soon as possible because the duration of the insertion
is linearly associated with bacterial contamination[15].

The indication of DJS use was not a risk factor for stent
colonization (P=1), urolithiasis treatment was not associated
with an increased risk of stent colonization, and even urinary
drainage of acute pyelonephritis was not correlated with a higher
risk of contamination, this is probably due to the early use of
broad-spectrum antibiotics.

In our study, the renal, ureteral and bladder parts of DJs were
respectively colonized by 74.4%, 87.2%, and 100%, and the
difference was statistically significant (P< 0.001). Our results are
supported by Zhang et al.[15] indeed, the rate of colonized stents
was 82.9%, in which the bladder section had the highest positive
rate (85.0%), followed by the renal pelvis section (67.3%) and
ureter section (42.9%); the difference was statically significant
(P< 0.05). Notably, Kehinde et al.[5] supported Zhang et al.’s
findings, reporting the highest colonization rate in the bladder
segment (34%), followed closely by the renal segment (31%). For
Klis et al.[13] colonization rate was 100%, 96%, and 98%,
respectively, for renal, ureteral, and bladder parts, but the dif-
ference was not statistically significant, which is in contrast with
our results. These findings can be explained by the ascending

Table 3
Bacteriological results of urinary JJ catheter culture and urine culture

Microorganisms DJS culture, n (%) Urine culture, n (%)

Gram-negative bacilli, N= 25 (53.2%) Enterobacteriaceae N= 19 Escherichia coli 8 (17) 4 (28.5)
Proteus mirabilis 5 (10.6) 4 (28.5)
Klebsiella pneumoniae 3 (6.3)
Citrobacter koseri 2 (4.2)
Enterobacter cloacae 1 (2.1)

Non-fermenting GNB, N= 6 Pseudomonas putida 2 (4.2)
Pseudomonas aeruginosa 2 (4.2)
Acinetobacter baumannii 2 (4.2)

Gram-positive cocci, N= 12 (25.5%) Enterococcus Enterococcus faecalis 10 (21.2) 4 (28.5)
E. faecium 1 (2.1)

Staphylococcus Staphylococcus epidermidis 1 (2.1)
Yeasts, N= 10 (21.3%) Candida albicans 10 (21.2) 2 (14.2)
Total 47 (100) 14 (100)

DJS, double J stent.
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spread of the bacterial biofilms along the catheter into the bladder
and upper urinary tract and by the fact that the distal part of the
DJS can be contaminated from the urethra, especially when the
transurethral catheter is inserted or while handling[15].

For Paick et al.[4], no patient without bacterial colonization in
the ureteral stent had bacteriuria, and the same pathogen was
found in urine and stent culture; these results are consistent with
our results. In our study, no patient with sterile DJS developed
bacteriuria, and bacteriuria was positive in only 30% of patients
with colonized stents. In 70% of the cases, DJS were colonized,
while urine cultures were negative at the time of stent ablation.
For Farsi et al.[8], Riedl et al.[12], and Akay et al.[10], urine culture
and stent colonization were both positive in respectively 70%,
55%, and 65% of cases. For Paik et al.[4] positive urine culture
was found in 60% of colonized stents. These results predict that
sterile urine culture is not correlated with negative stent culture,
but negative urine culture is almost associated with negative stent
culture. Our study suggests that colonization of the stent is an
essential step of urinary tract infection and precedes colonization
in the urine. Bacterial stent colonization does not necessarily
induce bacteriuria; the duration of catheterization and other
factors may have an important role. For Kehinde et al.[5], stent
colonization rate and bacteriuria are correlated almost linearly
with the duration of stenting.

The prophylactic antibiotic must cover both Gram-negative
and Gram-positive uropathogens. In our institution, cipro-
floxacin as a broad-spectrum antibacterial drug, was given only
during the stent insertion. In the literature, the duration of anti-
biotic prophylaxis is not clear. Al-Ghazo et al.[2] recommends
5 days, while Zhang et al.[15] suggest the use of antibiotic pro-
phylaxis during the stent’s carrying period in patients at risk of
bacteremia, especially if the dwelling time is more than 6 weeks.

Antibiotic susceptibility testing in our study showed high
resistance rates. Biofilm’s role in antimicrobial resistance is highly
complex and may significantly drive resistance. Bacteria living in
a biofilm can exhibit a 10–1000-fold increase in antibiotic resis-
tance compared to similar bacteria living in a planktonic state[16].
Patel[16], in a study examining antibiotic resistance of
Staphylococcus epidermidis and Klebsiella pneumoniae in bio-
films reported that 100% of isolates were susceptible to vanco-
mycin when tested in a planktonic state, but when tested from a
biofilm, nearly 75% of them were completely resistant to the
same antibiotic.

The twomain limitations of our study were the relatively small
number of patients, which may have led to a lack of power to
detect significant associations and the fact that some other factors
that could have had a potential impact on urine and catheter
colonization were not taken into account such as the respect of
strict asepsis during stent insertion. Further prospective studies
with a large number of patients are needed to determine the
optimal duration of DJS use.

Conclusion

Ureteral DJS are the indwelling stents of choice for temporary
urinary diversion; however, bacterial colonization seems to be an
unavoidable event and many risk factors were incriminated.
Literature results were sometimes contradictory; indwelling time is
the only unanimous factor, so we recommend using DJS only if
necessary and removing it as soon as possible. Multi-drug-resistant

Enterobacteriaceae and Enterococcus are the most important
pathogens found in both stent and urine cultures. Bacteriuria is
almost associated with positive stent culture, suggesting that colo-
nization of the stent is an essential step of colonization of the urine
and precedes urinary tract infection[16].
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