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ÉPIDÉMIOLOGIE 

¡ Infection urinaire chez sujets neurologique: 2,5/an

¡ Chez 5 à 10% des patients >3/an  

• 1ère cause de morbidité  

• 2ème  de mortalité 

• 1ère de ré-hospitalisation.

¡ Principale cause de vessie neurologique : blessure médullaire 

¡ Incidence : 40 millions de personnes/an dans le monde. 

¡ SEP : 80 à 90% développent une dysfonction vésico-sphinctérienne 

• Incidence annuelle des IU dans la SEP : 20 à 74% selon les études.

Dow et al. Clin. Infect Dis 2004 : 39 ;658-664 ; Cardenas et al. Arch Phys Med Rehab 1995 ; 76 : 272-80
Andrews KL,. Mayo clin Proc. 1997 Dec ;72(12) :1176-83 



Infection urinaire et colonisation : 
problèmes  fréquents !

• Bactériuries asymptomatiques : 70-80% des patients sous CI

• Infections : fréquentes
• 2,5 épisodes / an
• Certains patients (28%) > 3/an 
• COLONISATION ≠ INFECTION !!

•Physiopathologie incertaine 
•Colonisation lors du cathétérisme
•Altération locale de la réponse immunitaire
•Persistance de bactéries dans des sanctuaires 
 (cryptes intra-vésicales, réservoir prostatique-séminal)

?

Jacobsen SM, Clin Microbiol Review, jan 2008 ; Nicolle L. CID, guidelines 2005
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parameters are associated with fewer UTIs in NB patients 
(20,21). Bladder overdistention or urinary stasis similarly 
contribute to a risk of infection by eliminating one of the 
most important natural protective mechanisms: voiding (22).  
Voiding dysfunction can result from problems with the 
detrusor muscle (i.e., areflexia) and/or sphincteric dysfunction 
[i.e., detrusor sphincter dyssynergia (DSD)] (1). In a study of 
SCI patients, a residual volume <50 cc was associated with a 
5% rate of UTI compared to 24% in patients with a residual 
>251 cc (23). 

DSD predisposes to high intravesical and proximal 
urethral pressures and can result in chronic dilatation 
of the posterior urethra and bladder neck—effectively 
altering the anatomical integrity of the lower urinary tract 
and consequently the hydrokinetics (1). Alterations in the 
shape of the hollow tubes of the lower urinary tract results 
in turbulent flow and stasis which similarly hinders the 
natural protective mechanisms of voiding (1). Patients with 
DSD will classically exhibit ballooning of the posterior 
urethra/bladder neck (1). Elevated intravesical pressure can 
similarly predispose to vesicoureteral reflux (VUR) which 

has been shown to significantly increase the risk of UTI in 
NB patients (1,3). A prospective study of 128 SCI patients 
demonstrated that patients with VUR had a 23-fold risk for 
the development of repeat infection (17). 

Innate immunity

The normally protective microbiological architecture of the 
perineum, and in females, vagina, is disrupted in NB patients 
and studies have demonstrated colonization with many 
pathogenic and nosocomial species of Enterobacteriaceae, 
Pseudomonas, Acinetobacter, and Enterococcus (1). Multiple 
studies have demonstrated a correlation between urethral 
and perineal flora and the causative organism(s) responsible 
for a UTI (24,25). About 74.1% of SCI patients with 
significant bacteriuria had at least one of the bacterial 
species present in the urine also present in the perineal and/
or urethral cultures (25). 

It is believed that the glycosaminoglycan (GAG) 
layer lining the urothelium serves as a protective barrier 
preventing bacterial binding and invasion and is therefore 

Figure 2 Schematic representation of interrelated factors contributing to urinary tract infections in the neurogenic bladder (1). 
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Neurogenic bladder predisposes to recurrent urinary tract infections (UTI) and renal failure, and susceptibility is commonly
ascribed to urinary stasis from elevated residual urine volumes. Escherichia coli UTI was modeled in the spinal cord-injured
(SCI) rat with the hypothesis that SCI animals would require fewer bacteria to establish infection, have an exaggerated inflam-
matory response, and have delayed clearance of infection compared to normal-voiding controls. T10 SCI rats and controls had
median infectious doses (ID50) of 102 and 105 CFU, respectively. Mean residual volumes in the SCI animals did not correlate with
susceptibility to initiation of UTI or outcome. In the acute infection, control and SCI rats developed acute cystitis and pyelitis
without acute differences in histopathological scores of inflammation. However, in vivo imaging of infected animals revealed
persistently higher levels of bacteria in the SCI urine and bladders than were seen for controls over 2 weeks. Likewise, at 2 weeks,
acute and chronic inflammatory infiltrates persisted in the bladders and kidneys of SCI rats, whereas inflammation largely re-
solved within the controls. Together these data demonstrate that SCI rats exhibit delayed clearance of infection and exaggerated
inflammatory responses in bladders and kidneys; however, the severity of residual volumes does not predict increased suscepti-
bility to UTI. These studies suggest that host-dependent mechanisms that are discrete from alterations in bladder physiology
influence UTI susceptibility with the SCI-neurogenic bladder. This model will allow elucidation of SCI-neurogenic bladder-me-
diated changes in host response that yield UTI susceptibility and may lead to new preventative and therapeutic options.

Neurogenic bladder refers to bladder dysfunction that is sec-
ondary to disruption of the central or peripheral nervous

system pathways that regulate bladder storage and emptying. In
children, the most common causes of neurogenic bladder are neu-
ral tube defects, such as spina bifida (myelomeningocele), while in
adults, the most common cause is trauma-related spinal cord in-
jury (SCI). Regardless of etiology, all patients with neurogenic
bladder are at significantly increased risk for recurrent urinary
tract infections (UTI) compared to the normally voiding popula-
tion, with an annual incidence as high as 20 to 25% (1).

A number of risk factors have been postulated for the increased
susceptibility to UTI in patients with neurogenic bladder. They
include urinary stasis due to elevated postvoid residual volumes,
bladder overdistention, high-pressure voiding, vesicoureteral re-
flux, nephrolithiasis, and the use of chronic indwelling catheters.
Many patients with neurogenic bladder perform scheduled clean
intermittent catheterizations (CIC) to assist with bladder empty-
ing. However, these individuals still have a 4-fold-increased risk of
UTI compared to those who do not perform CIC (2, 3). Given the
frequency of UTI, many neurogenic bladder patients are exposed
to repeated courses of therapeutic antibiotics, thereby increasing
the incidence of multidrug-resistant bacterial infections in this
population. Compounding these challenges in medical manage-
ment, the use of prophylactic oral antibiotics to prevent UTI
among those with neurogenic bladder has been shown to increase
the risk of developing subsequent UTI with antibiotic-resistant
bacteria without a significant benefit in reducing the incidence of
UTI (4, 5).

Nonantibiotic prophylaxis and alternative treatments for re-
current UTI are greatly needed for patients with neurogenic blad-

der. Efforts to identify new treatments have been hindered by the
lack of a defined animal model of experimental UTI in the neuro-
genic bladder host. Among existing models of SCI, the rat model
of spinal cord transection or contusion is the most well estab-
lished. Most studies have used this animal model of SCI to exam-
ine spinal cord regeneration and functional recovery (reviewed in
references 6 and 7). A number of groups have investigated the
neurogenic bladder phenotype in SCI rats and have demonstrated
that the urodynamic profiles in these animals are similar to those
seen in humans with SCI or spinal dysraphism (8–10). This sug-
gests that the SCI rat may be a useful system for modeling UTI
with neurogenic bladder. Development of such a model would
allow one to distinguish between mechanical and physiological
mechanisms that increase the susceptibility to UTI with neuro-
genic bladder. Specifically, such a model would allow the explora-
tion of discrete host factors that influence susceptibility to UTI in
the neurogenic bladder population, as well as the innate and adap-
tive immune responses to infection and how they differ from spi-
nally intact hosts. The model would also be a translational plat-
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of infection (14 days postinjury) and bacterial CFU recovered
from urine and bladders at 24 hpi. Spearman’s rho was calculated
for each bacterial inoculum tested. Contrary to our original hy-
pothesis that higher residual urine volumes would be associated
with more-severe infections, we detected no significant correla-
tion between these two variables (Table 1). Although this finding
does not exclude the possibility that elevated residual urine vol-
umes per se predispose to UTI, it does suggest that as a marker of
voiding dysfunction, urine retention volumes do not predict sus-
ceptibility to infection. Severity of urine retention does not appear
to fully account for the increased susceptibility to UTI with neu-
rogenic bladder.

SCI rats have higher prolonged subacute bacteriuria and
bladder infection than control rats despite a 3-log-lower initial
inoculum. The 3-log difference in the inoculum of UTI89 neces-
sary to establish acute infection in SCI versus control rats sug-
gested that there are discrepancies in the initial establishment of
infection between these two groups of animals. We reasoned that
this difference in susceptibility to infection may persist through-
out the course of infection, in part because SCI rats lack the nor-
mal voiding mechanism to clear bacteria from their urine. To
evaluate the temporal course of infection in real time, we used a
bioluminescent strain of UTI89 that carries the complete lux
operon (luxCDABE) from Photorhabdus luminescens (referred to
as UTI89-lux). Two weeks after SCI or sham surgery, SCI rats or
control rats were transurethrally inoculated with UTI89-lux. To

ensure 100% infection of both SCI and control rats but still allow
a reasonable comparison of the inflammatory response to infec-
tion, we inoculated SCI and control rats with UTI89-lux at a dose
corresponding to !1.5 logs above their respective ID50 values (i.e.,
3.5 " 103 CFU for SCI rats and 3.5 " 106 CFU for control rats, as
determined by the findings shown in Fig. 2).

In vivo imaging of infected animals was performed at different
times postinfection to track the temporospatial course of UTI89
infection in SCI versus control rats over 2 weeks. Images from a
representative time course are shown in Fig. 3A. Regions of inter-
est were drawn around each bladder and kidney, and the average
radiance (photons/s/cm2/sr) emitted from these organs is plotted
in Fig. 3B and C. Urine was manually expressed and collected from
infected SCI and control rats at different times postinfection, and
the number of CFU of UTI89 in the urine was enumerated over 2
weeks (Fig. 3D). Consistent with results of our acute infection
studies (Fig. 2), both SCI and control animals develop detectable
infections in their urine and bladders by 24 hpi at the respective
inocula used. After 24 hpi, control rats started to clear their infec-
tions as evidenced by a decline from the peak of infection in
both the number of organisms measured in the urine (Fig. 3D)
and the average radiance detected from bladders (Fig. 3B) over
the 2-week period. At 14 days postinfection (dpi), control rats
had an average of 3.734 " 105 CFU of UTI89 per ml urine (SD,
#8.262 " 105 CFU/ml) (Fig. 3D) and an average radiance of 2.459 "
105 photons/s/cm2/sr (SD, #3.528 " 105) (Fig. 3B) from their blad-
ders. In contrast, at the lower inoculum used for SCI rats, the peak
of infection in the bladders and urine occurred at !72 hpi. How-
ever, once the infection peaked, bacteriuria and bladder radiance
were persistently elevated in SCI rats for the remainder of the 2
weeks. At 14 dpi, SCI rats had an average of 1.099 " 108 CFU/ml
urine (SD, #1.949 " 108 CFU/ml) (Fig. 3D) and an average radi-
ance of 1.414 "106 photons/s/cm2/sr (SD, #1.570 " 106) (Fig.
3B) from their bladders. Statistical analysis approached but did
not reach significance in comparison of SCI and control animals at
each time point (lowest P value $ 0.057). In vivo imaging also
demonstrated infections within the kidneys of SCI and control

FIG 2 SCI rats are more susceptible to acute E. coli UTI than control rats. To determine the median infectious dose (ID50) of experimental E. coli UTI in SCI
versus spinally intact control rats, animals were transurethrally inoculated with 102 to 107 CFU of the prototypic E. coli cystitis strain, UTI89 (x axis). Urine,
bladders, and kidneys were harvested at 24 hpi and plated to enumerate CFU of UTI89 (y axis). The ID50 for control rats is !105 CFU (A), while the ID50 for SCI
rats is !102 CFU (B). At the lowest inoculum compared (103 CFU), there was a statistically significant difference between the numbers of control animals and
SCI animals that established infections within their urine and bladders (P $ 0.048, Fisher’s exact test). Individual symbols represent individual animals, solid
black lines represent the geometric mean for each group, and the dashed black line represents the level of detection for the assay.

TABLE 1 Spearman’s rho for relationship between residual urine
volumes at the time of UTI89 infection and the number of CFU in urine
and bladders of SCI rats at 24 hpi (for each given bacterial inoculum)

Inoculum

Spearman’s rho

Significant correlation?Urine Bladder

102 %0.143 0.029 No
103 0.400 0.400 No
105 %0.200 %0.543 No
107 0.018 %0.082 No

Urinary Tract Infection in Neurogenic Bladder
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IU à E coli inoculé par voie transurétrale
Détermination de l’inoculum nécessaire pour « infecter » 50% des animaux 
SCI : 102 CFU d’E coli
Control : 105 CFU d’E coli
Inoculum plus faible suffisant pour déclencher une IU chez les animaux spinalisés vs controles



animals over 2 weeks and 1 week, respectively (Fig. 3A and C).
Similar to the results for lower urinary tract infections, SCI rats
took longer than control rats to reach peak levels of infection
within their kidneys. However, infections within the kidney re-
main detectable by in vivo imaging for only 48 to 72 h.

Because in vivo imaging may not be sensitive enough to detect
low numbers of bioluminescent organisms within the upper uri-
nary tract (16), SCI and control animals were subsequently sacri-
ficed at 14 dpi, and the number of CFU of UTI89 was enumerated
from the urine and from bladder and kidney homogenates. Con-
sistent with the in vivo imaging studies, SCI rats had CFU of UTI89
in their urine and bladders !3 logs higher than numbers for con-

trol rats at 14 dpi (P " 0.1649 for urine; P " 0.1282 for bladders)
(Fig. 3E). The percentage of SCI rats with high burdens of organ-
isms in the bladder (#105 CFU/ml or organ) was significantly
greater than that for controls (P " 0.02, bladder; P " 0.29, urine
[by Fisher’s exact test]). Interestingly, although in vivo imaging at
14 dpi no longer detected signals from the kidneys of either SCI or
control rats, enumeration of bacteria from kidney homogenates
revealed that the majority of SCI animals (5/7) and control ani-
mals (6/7) continued to have detectable numbers of UTI89 in at
least one kidney at this late time point. The SCI animals had on
average approximately 1 log higher kidney CFU at 14 dpi (P "
0.239), although they fell into 2 groups, with approximately half of

FIG 3 SCI rats maintain high levels of UTI89 infection in urine and bladders for at least 14 days postinfection. (A) Control and SCI rats were transurethrally
inoculated with a bioluminescent strain of UTI89 carrying the complete lux operon (luxCDABE) from Photorhabdus luminescens. The inoculum used for each
group was !1.5 logs above their respective ID50 values (control, 3.5 $ 106 CFU; SCI, 3.5 $ 103 CFU). In vivo imaging with the IVIS Spectrum imaging system
(Xenogen) was performed to determine the temporospatial course of UTI89 infection. Animals were imaged in both the ventral (V) and dorsal (D) positions to
maximize detection in the bladders and kidneys, respectively. Representative images are shown in panel A. Uninf., uninfected. Regions of interest were identified
over the bladders and kidneys of each animal for each time point, and the average radiance of emitted photons (in photons/s/cm2/sr) from bladders (B) or kidneys
(C) of control (n " 4) versus SCI (n " 3) animals is plotted. Because of the high levels of background interference detected over the kidneys, the threshold level
of detection for kidneys was set at 5 $ 103 p/s/cm2/sr. The average CFU in urine collected from control (n " 7) and SCI animals (n " 7) over 2 weeks postinfection
is shown in panel D. Squares in panels B and D represent the arithmetic mean values for all animals in each group, and error bars represent standard deviations
from the means. Symbols in panel C represent values for individual animals. Closed symbols with black lines represent control animals, whereas open symbols
with gray lines represent SCI animals. Panel E shows the numbers of CFU present in the urine, bladders, and kidneys of control and SCI animals at 14 dpi.
Individual symbols represent individual animals, solid black lines represent the geometric mean for each group, and the dashed black line represents the level of
detection for the assay.
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Neurogenic bladder predisposes to recurrent urinary tract infections (UTI) and renal failure, and susceptibility is commonly
ascribed to urinary stasis from elevated residual urine volumes. Escherichia coli UTI was modeled in the spinal cord-injured
(SCI) rat with the hypothesis that SCI animals would require fewer bacteria to establish infection, have an exaggerated inflam-
matory response, and have delayed clearance of infection compared to normal-voiding controls. T10 SCI rats and controls had
median infectious doses (ID50) of 102 and 105 CFU, respectively. Mean residual volumes in the SCI animals did not correlate with
susceptibility to initiation of UTI or outcome. In the acute infection, control and SCI rats developed acute cystitis and pyelitis
without acute differences in histopathological scores of inflammation. However, in vivo imaging of infected animals revealed
persistently higher levels of bacteria in the SCI urine and bladders than were seen for controls over 2 weeks. Likewise, at 2 weeks,
acute and chronic inflammatory infiltrates persisted in the bladders and kidneys of SCI rats, whereas inflammation largely re-
solved within the controls. Together these data demonstrate that SCI rats exhibit delayed clearance of infection and exaggerated
inflammatory responses in bladders and kidneys; however, the severity of residual volumes does not predict increased suscepti-
bility to UTI. These studies suggest that host-dependent mechanisms that are discrete from alterations in bladder physiology
influence UTI susceptibility with the SCI-neurogenic bladder. This model will allow elucidation of SCI-neurogenic bladder-me-
diated changes in host response that yield UTI susceptibility and may lead to new preventative and therapeutic options.

Neurogenic bladder refers to bladder dysfunction that is sec-
ondary to disruption of the central or peripheral nervous

system pathways that regulate bladder storage and emptying. In
children, the most common causes of neurogenic bladder are neu-
ral tube defects, such as spina bifida (myelomeningocele), while in
adults, the most common cause is trauma-related spinal cord in-
jury (SCI). Regardless of etiology, all patients with neurogenic
bladder are at significantly increased risk for recurrent urinary
tract infections (UTI) compared to the normally voiding popula-
tion, with an annual incidence as high as 20 to 25% (1).

A number of risk factors have been postulated for the increased
susceptibility to UTI in patients with neurogenic bladder. They
include urinary stasis due to elevated postvoid residual volumes,
bladder overdistention, high-pressure voiding, vesicoureteral re-
flux, nephrolithiasis, and the use of chronic indwelling catheters.
Many patients with neurogenic bladder perform scheduled clean
intermittent catheterizations (CIC) to assist with bladder empty-
ing. However, these individuals still have a 4-fold-increased risk of
UTI compared to those who do not perform CIC (2, 3). Given the
frequency of UTI, many neurogenic bladder patients are exposed
to repeated courses of therapeutic antibiotics, thereby increasing
the incidence of multidrug-resistant bacterial infections in this
population. Compounding these challenges in medical manage-
ment, the use of prophylactic oral antibiotics to prevent UTI
among those with neurogenic bladder has been shown to increase
the risk of developing subsequent UTI with antibiotic-resistant
bacteria without a significant benefit in reducing the incidence of
UTI (4, 5).

Nonantibiotic prophylaxis and alternative treatments for re-
current UTI are greatly needed for patients with neurogenic blad-

der. Efforts to identify new treatments have been hindered by the
lack of a defined animal model of experimental UTI in the neuro-
genic bladder host. Among existing models of SCI, the rat model
of spinal cord transection or contusion is the most well estab-
lished. Most studies have used this animal model of SCI to exam-
ine spinal cord regeneration and functional recovery (reviewed in
references 6 and 7). A number of groups have investigated the
neurogenic bladder phenotype in SCI rats and have demonstrated
that the urodynamic profiles in these animals are similar to those
seen in humans with SCI or spinal dysraphism (8–10). This sug-
gests that the SCI rat may be a useful system for modeling UTI
with neurogenic bladder. Development of such a model would
allow one to distinguish between mechanical and physiological
mechanisms that increase the susceptibility to UTI with neuro-
genic bladder. Specifically, such a model would allow the explora-
tion of discrete host factors that influence susceptibility to UTI in
the neurogenic bladder population, as well as the innate and adap-
tive immune responses to infection and how they differ from spi-
nally intact hosts. The model would also be a translational plat-
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within their kidneys. However, infections within the kidney re-
main detectable by in vivo imaging for only 48 to 72 h.

Because in vivo imaging may not be sensitive enough to detect
low numbers of bioluminescent organisms within the upper uri-
nary tract (16), SCI and control animals were subsequently sacri-
ficed at 14 dpi, and the number of CFU of UTI89 was enumerated
from the urine and from bladder and kidney homogenates. Con-
sistent with the in vivo imaging studies, SCI rats had CFU of UTI89
in their urine and bladders !3 logs higher than numbers for con-

trol rats at 14 dpi (P " 0.1649 for urine; P " 0.1282 for bladders)
(Fig. 3E). The percentage of SCI rats with high burdens of organ-
isms in the bladder (#105 CFU/ml or organ) was significantly
greater than that for controls (P " 0.02, bladder; P " 0.29, urine
[by Fisher’s exact test]). Interestingly, although in vivo imaging at
14 dpi no longer detected signals from the kidneys of either SCI or
control rats, enumeration of bacteria from kidney homogenates
revealed that the majority of SCI animals (5/7) and control ani-
mals (6/7) continued to have detectable numbers of UTI89 in at
least one kidney at this late time point. The SCI animals had on
average approximately 1 log higher kidney CFU at 14 dpi (P "
0.239), although they fell into 2 groups, with approximately half of

FIG 3 SCI rats maintain high levels of UTI89 infection in urine and bladders for at least 14 days postinfection. (A) Control and SCI rats were transurethrally
inoculated with a bioluminescent strain of UTI89 carrying the complete lux operon (luxCDABE) from Photorhabdus luminescens. The inoculum used for each
group was !1.5 logs above their respective ID50 values (control, 3.5 $ 106 CFU; SCI, 3.5 $ 103 CFU). In vivo imaging with the IVIS Spectrum imaging system
(Xenogen) was performed to determine the temporospatial course of UTI89 infection. Animals were imaged in both the ventral (V) and dorsal (D) positions to
maximize detection in the bladders and kidneys, respectively. Representative images are shown in panel A. Uninf., uninfected. Regions of interest were identified
over the bladders and kidneys of each animal for each time point, and the average radiance of emitted photons (in photons/s/cm2/sr) from bladders (B) or kidneys
(C) of control (n " 4) versus SCI (n " 3) animals is plotted. Because of the high levels of background interference detected over the kidneys, the threshold level
of detection for kidneys was set at 5 $ 103 p/s/cm2/sr. The average CFU in urine collected from control (n " 7) and SCI animals (n " 7) over 2 weeks postinfection
is shown in panel D. Squares in panels B and D represent the arithmetic mean values for all animals in each group, and error bars represent standard deviations
from the means. Symbols in panel C represent values for individual animals. Closed symbols with black lines represent control animals, whereas open symbols
with gray lines represent SCI animals. Panel E shows the numbers of CFU present in the urine, bladders, and kidneys of control and SCI animals at 14 dpi.
Individual symbols represent individual animals, solid black lines represent the geometric mean for each group, and the dashed black line represents the level of
detection for the assay.
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the kidneys with low to undetectable counts and the other half
with elevated counts relative to those of the controls. The degree of
kidney infection did not correlate with residual volumes (data not
shown). From these data, it appears that in vivo imaging is less
sensitive at detecting luminescent UTI89 organisms in the kidneys
after acute infection than the more accurate detection in the blad-
ders and urine of live animals. This difference in detection may be
related to different oxygen levels within bladders versus kidneys,
since the luciferase reaction is dependent upon intracellular ATP
levels, which can be affected by the oxygen saturation in tissues
(17). Alternatively, there may be a difference in the attenuation of
signal from surrounding tissues. Together, these results suggest
that SCI rats are not only more susceptible than spinal cord-intact
rats to the acute initiation and establishment of E. coli UTI, but
SCI animals also take longer to clear this infection once estab-
lished. Furthermore, this difference in susceptibility is more pro-
nounced in the lower urinary tract than in the upper tracts.

SCI rats display exaggerated inflammatory responses to sub-
acute infection. One possible explanation for the increased sus-
ceptibility to acute UTI and the delayed clearance of infection
among SCI rats is that these animals elicit an altered inflammatory
response to infection compared to control rats. To begin to ad-
dress this hypothesis, we performed a pathological analysis of in-
fected bladders and kidneys after both acute (24 hpi) and subacute
(14 dpi) infection. At 24 hpi, tissue pathology indicated that both
SCI and control animals mount a robust acute inflammatory re-
sponse to infection in their bladders and kidneys across a wide
range of inocula. Representative images of infected bladders and
kidneys from SCI and control animals at 24 hpi are shown in Fig.
4A to F. Neutrophilic infiltrates are present within the lamina
propria and extend into the transitional epithelium in both in-
fected SCI and control bladders (Fig. 4A and D). Likewise, neu-
trophils are present within the transitional epithelial layer of the
renal pelvis and within the lumen of collecting ducts in both SCI
and control rats (Fig. 4B and E).

Histologic analysis also revealed the presence of intracellular
bacterial communities (IBC) at the luminal surface of bladders in
both SCI and control rats (Fig. 4C and F). IBC are collections of
bacteria that serve as intracellular foci for rapid bacterial replica-
tion protected from both the host inflammatory response and
antibiotics (18–20). IBC have previously been shown to develop in
the bladders of infected mice and humans; however, they have yet
to be found in hosts with neurogenic bladder. Although quantify-
ing differences in IBC number and density in SCI versus control
bladders is limited by the asynchronous cycle of IBC formation
and their asymmetric distribution within bladders, at the very
least these results suggest that the neurogenic bladder epithelium
remains competent for intracellular replication by UTI89.

Grading of inflammation in the bladders and kidneys of SCI
and control rats at each inoculum was performed at 24 hpi accord-
ing to the criteria outlined in Materials and Methods. Mean in-
flammatory scores plus or minus standard deviations are plotted
in Fig. 4G. At higher inocula, there was a trend toward higher
inflammatory scores for the bladders of control animals than for
those of SCI animals (3.00 ! 1.55 versus 1.67 ! 1.03 at 105 CFU
and 2.50 ! 0.58 versus 1.82 ! 0.98 at 107 CFU), although the
observed differences did not reach statistical significance (P "
0.180 for 105 CFU; P " 0.264 for 107 CFU). At an inoculum of 103

CFU, it is not surprising that there was minimal inflammation in
the bladders of control rats, since the majority of these animals

failed to establish an infection (Fig. 2A). Likewise, there was no
statistically significant difference in the inflammatory response
generated in the kidneys of control versus SCI rats at higher inoc-
ula (P " 0.297 for 105 CFU; P " 0.057 for 107 CFU). Only at an
inoculum of 103 CFU, when the majority of control kidneys fail to
establish an infection, is there a statistically significant difference
between inflammatory scores for the kidneys of SCI versus control
animals (P " 0.029). Interestingly, a trend toward higher inflam-

FIG 4 Both SCI and control rats develop cystitis and pyelitis during acute
UTI89 infection. (A to F) Twenty-four hours after infection with UTI89, blad-
ders and kidneys from SCI and control rats were fixed, embedded, sectioned,
and stained with hematoxylin and eosin. Both control (bladder [A] and kidney
[B] [magnification, #40]) and SCI (bladder [D] and kidney [E] [magnifica-
tion, #40]) animals mounted robust acute inflammatory responses predom-
inated by neutrophils (black arrows; highlighted in insets). Intracellular bac-
terial communities (IBC) were seen in the bladders of both control (C)
(magnification, #100) and SCI (E) (magnification, #100) rats (white arrows;
highlighted in insets). (G) Histologic grading of inflammation was performed
by a pathologist who was blinded to the identity of samples. Error bars repre-
sent standard deviations from the means. “!!” indicates a statistically signifi-
cant difference between groups, with a P value of 0.029.
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Enhanced Susceptibility to Urinary Tract Infection in the Spinal Cord-
Injured Host with Neurogenic Bladder

Zarine R. Balsara,a Sherry S. Ross,a,b Paul C. Dolber,c,d,e John S. Wiener,a,b Yuping Tang,b Patrick C. Seeda,b,f,g

Department of Surgery, Division of Urology, Duke University Medical Center, Durham, North Carolina, USAa; Department of Pediatrics, Duke University Medical Center,
Durham, North Carolina, USAb; Department of Surgery, Division of Surgical Sciences, Duke University Medical Center, Durham, North Carolina, USAc; Department of
Pathology, Duke University Medical Center, Durham, North Carolina, USAd; Research Services, Durham Veterans Affairs Medical Center, Durham, North Carolina, USAe;
Department of Molecular Genetics and Microbiology, Duke University Medical Center, Durham, North Carolina, USAf; Center for Microbial Pathogenesis, Duke University
Medical Center, Durham, North Carolina, USAg

Neurogenic bladder predisposes to recurrent urinary tract infections (UTI) and renal failure, and susceptibility is commonly
ascribed to urinary stasis from elevated residual urine volumes. Escherichia coli UTI was modeled in the spinal cord-injured
(SCI) rat with the hypothesis that SCI animals would require fewer bacteria to establish infection, have an exaggerated inflam-
matory response, and have delayed clearance of infection compared to normal-voiding controls. T10 SCI rats and controls had
median infectious doses (ID50) of 102 and 105 CFU, respectively. Mean residual volumes in the SCI animals did not correlate with
susceptibility to initiation of UTI or outcome. In the acute infection, control and SCI rats developed acute cystitis and pyelitis
without acute differences in histopathological scores of inflammation. However, in vivo imaging of infected animals revealed
persistently higher levels of bacteria in the SCI urine and bladders than were seen for controls over 2 weeks. Likewise, at 2 weeks,
acute and chronic inflammatory infiltrates persisted in the bladders and kidneys of SCI rats, whereas inflammation largely re-
solved within the controls. Together these data demonstrate that SCI rats exhibit delayed clearance of infection and exaggerated
inflammatory responses in bladders and kidneys; however, the severity of residual volumes does not predict increased suscepti-
bility to UTI. These studies suggest that host-dependent mechanisms that are discrete from alterations in bladder physiology
influence UTI susceptibility with the SCI-neurogenic bladder. This model will allow elucidation of SCI-neurogenic bladder-me-
diated changes in host response that yield UTI susceptibility and may lead to new preventative and therapeutic options.

Neurogenic bladder refers to bladder dysfunction that is sec-
ondary to disruption of the central or peripheral nervous

system pathways that regulate bladder storage and emptying. In
children, the most common causes of neurogenic bladder are neu-
ral tube defects, such as spina bifida (myelomeningocele), while in
adults, the most common cause is trauma-related spinal cord in-
jury (SCI). Regardless of etiology, all patients with neurogenic
bladder are at significantly increased risk for recurrent urinary
tract infections (UTI) compared to the normally voiding popula-
tion, with an annual incidence as high as 20 to 25% (1).

A number of risk factors have been postulated for the increased
susceptibility to UTI in patients with neurogenic bladder. They
include urinary stasis due to elevated postvoid residual volumes,
bladder overdistention, high-pressure voiding, vesicoureteral re-
flux, nephrolithiasis, and the use of chronic indwelling catheters.
Many patients with neurogenic bladder perform scheduled clean
intermittent catheterizations (CIC) to assist with bladder empty-
ing. However, these individuals still have a 4-fold-increased risk of
UTI compared to those who do not perform CIC (2, 3). Given the
frequency of UTI, many neurogenic bladder patients are exposed
to repeated courses of therapeutic antibiotics, thereby increasing
the incidence of multidrug-resistant bacterial infections in this
population. Compounding these challenges in medical manage-
ment, the use of prophylactic oral antibiotics to prevent UTI
among those with neurogenic bladder has been shown to increase
the risk of developing subsequent UTI with antibiotic-resistant
bacteria without a significant benefit in reducing the incidence of
UTI (4, 5).

Nonantibiotic prophylaxis and alternative treatments for re-
current UTI are greatly needed for patients with neurogenic blad-

der. Efforts to identify new treatments have been hindered by the
lack of a defined animal model of experimental UTI in the neuro-
genic bladder host. Among existing models of SCI, the rat model
of spinal cord transection or contusion is the most well estab-
lished. Most studies have used this animal model of SCI to exam-
ine spinal cord regeneration and functional recovery (reviewed in
references 6 and 7). A number of groups have investigated the
neurogenic bladder phenotype in SCI rats and have demonstrated
that the urodynamic profiles in these animals are similar to those
seen in humans with SCI or spinal dysraphism (8–10). This sug-
gests that the SCI rat may be a useful system for modeling UTI
with neurogenic bladder. Development of such a model would
allow one to distinguish between mechanical and physiological
mechanisms that increase the susceptibility to UTI with neuro-
genic bladder. Specifically, such a model would allow the explora-
tion of discrete host factors that influence susceptibility to UTI in
the neurogenic bladder population, as well as the innate and adap-
tive immune responses to infection and how they differ from spi-
nally intact hosts. The model would also be a translational plat-
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Inflammatory Response to Escherichia coli Urinary Tract Infection
in the Neurogenic Bladder of the Spinal Cord Injured Host

Rajeev Chaudhry,* Ramiro J. Madden-Fuentes,* Tara K. Ortiz, Zarine Balsara,
Yuping Tang, Unwanaobong Nseyo, John S. Wiener,† Sherry S. Ross and Patrick C. Seed‡
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(YT, JSW, SSR, PCS), Department of Molecular Genetics and Microbiology and Center for Microbial Pathogenesis (PCS),
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Purpose: Urinary tract infections cause significant morbidity in patients with
spinal cord injury. An in vivo spinal cord injured rat model of experimental
Escherichia coli urinary tract infection mimics human disease with enhanced
susceptibility to urinary tract infection compared to controls. We hypothesized
that a dysregulated inflammatory response contributes to enhanced suscepti-
bility to urinary tract infection.

Materials and Methods: Spinal cord injured and sham injured rats were inoc-
ulated transurethrally with E. coli. Transcript levels of 84 inflammatory
pathway genes were measured in bladder tissue of each group before infection,
24 hours after infection and after 5 days of antibiotic therapy.

Results: Before infection quantitative polymerase chain reaction array revealed
greater than twofold up-regulation in the proinflammatory factor transcripts
slc11a1, ccl4 and il1b, and down-regulation of the antimicrobial peptides lcn2
and mpo in spinal cord injured vs control bladders. At 24 hours after infection
spinal cord injured bladders showed an attenuated innate immune response with
decreased expression of il6, slc11a1, il1b and lcn2, and decreased il10 and slpi
expression compared to controls. Despite clearance of bacteriuria with antibiotics
spinal cord injured rats had delayed induction of il6 transcription and a delayed
anti-inflammatory response with decreased il10 and slpi transcript levels rela-
tive to controls.

Conclusions: Spinal cord injured bladders fail to mount a characteristic in-
flammatory response to E. coli infection and cannot suppress inflammation
after infection is eliminated. This may lead to increased susceptibility to urinary
tract infection and persistent chronic inflammation through neural mediated
pathways, which to our knowledge remain to be defined.

Key Words: urinary bladder, neurogenic; urinary tract infections;
spinal cord injuries; cytokines; Escherichia coli

NEUROGENIC bladder results from
abnormal neural communication be-
tween bladder and nervous system,
resulting in abnormal bladder storage
or emptying. More than an estimated
400,000 children and adults in the
United States have NGB secondary

to SCI, spina bifida, cerebral palsy,
multiple sclerosis or Parkinson
disease.1e5 NGB is associated with
increased morbidity and mortality
due in part to a high risk of recurrent
UTI with an annual incidence as high
of as 20% to 25%.6e8 Recurrent UTIs

Abbreviations
and Acronyms

hpi ¼ hours after infection

IL ¼ interleukin

NGB ¼ neurogenic bladder

PCR ¼ polymerase chain reaction

qPCR ¼ quantitative PCR

SCI ¼ spinal cord injury

UTI ¼ urinary tract infection
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J. Urol 2014anti-bacterial iron-sequestering protein and growth
factor. Supplementary figure 2 (http://jurology.com/)
shows data on the remaining 50 genes in the array.

These data on the response to E. coli UTI suggest
that there were altered pre-infection and post-
infection inflammatory responses in SCI rats
compared to controls. We performed qPCR to
validate PCR array data and determine individual
pre-infection and post-infection transcript levels
for select pathway genes in the innate immune
and inflammatory pathway. qPCR confirmed many
prior pre-infection and all post-infection observa-
tions (fig. 3). Of the notable pre-infection transcripts
qPCR revealed significantly increased levels of
slc11a1 and Il-12b with a fold change of 2.79
(p ¼ 0.026, data not shown) in SCI rats compared

to controls (p <0.05). Of the 24 hpi qPCR data
IL-6 transcripts levels showed a 3.3 vs 115-fold
increase in SCI and control bladders, respectively.
Slc11a1 transcript levels in SCI and control
bladders were up-regulated 2.1 and 5.6-fold,
respectively. Similar changes were measured for
lipocalin-2 (lcn2) and IL-1b (il1b) transcripts, such
that infection produced a large fold increase in
transcript levels in controls upon infection while
SCI rats showed no increase in the proinflam-
matory response.

These experimentswereperformedusingdifferent
inocula for SCI and control rats based on the stated
rationale that we sought to compare the inflam-
matory responses to infections achieving equal
peak bacterial burdens at 24 hpi. To ensure that

Figure 2. Transcriptional profiling of innate immune pathways at 24 hpi. A, cfu/ml urine and cfu per bladder in controls and SCI rats.
Values above horizontal bars indicate 2-tailed Mann-Whitney p values. B, SCI/control expression ratios of subset of 34 transcripts
specifically encoding for proinflammatory markers, toll-like receptors and antimicrobial peptides in bladder tissue. Ratios less than
1 indicate greater expression change in control bladders. Dashed red lines indicate twofold higher or lower transcript levels,
suggesting significant change.

Figure 3. A to D, qPCR data on select innate immune pathways transcripts in SCI and control bladders. PRE, before infection. POST,
7 days after infection, including 5 days of antibiotics. Error bars indicate SD. Single asterisk indicates SCI vs control p <0.05.
Double asterisks indicate SCI vs control p <0.01. Triple asterisks indicate SCI vs control p <0.001.
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Integrated next-generation sequencing of 16S
rDNA and metaproteomics differentiate the
healthy urine microbiome from asymptomatic
bacteriuria in neuropathic bladder associated
with spinal cord injury
Derrick E Fouts1*, Rembert Pieper1, Sebastian Szpakowski1, Hans Pohl2, Susan Knoblach2, Moo-Jin Suh1,
Shih-Ting Huang1, Inger Ljungberg3, Bruce M Sprague2, Sarah K Lucas1, Manolito Torralba1, Karen E Nelson1

and Suzanne L Groah3,4

Abstract

Background: Clinical dogma is that healthy urine is sterile and the presence of bacteria with an inflammatory
response is indicative of urinary tract infection (UTI). Asymptomatic bacteriuria (ABU) represents the state in which
bacteria are present but the inflammatory response is negligible. Differentiating ABU from UTI is diagnostically
challenging, but critical because overtreatment of ABU can perpetuate antimicrobial resistance while
undertreatment of UTI can result in increased morbidity and mortality. In this study, we describe key characteristics
of the healthy and ABU urine microbiomes utilizing 16S rRNA gene (16S rDNA) sequencing and metaproteomics,
with the future goal of utilizing this information to personalize the treatment of UTI based on key individual
characteristics.

Methods: A cross-sectional study of 26 healthy controls and 27 healthy subjects at risk for ABU due to spinal cord
injury-related neuropathic bladder (NB) was conducted. Of the 27 subjects with NB, 8 voided normally, 8 utilized
intermittent catheterization, and 11 utilized indwelling Foley urethral catheterization for bladder drainage. Urine was
obtained by clean catch in voiders, or directly from the catheter in subjects utilizing catheters. Urinalysis, urine
culture and 16S rDNA sequencing were performed on all samples, with metaproteomic analysis performed on a
subsample.

Results: A total of 589454 quality-filtered 16S rDNA sequence reads were processed through a NextGen 16S rDNA
analysis pipeline. Urine microbiomes differ by normal bladder function vs. NB, gender, type of bladder catheter
utilized, and duration of NB. The top ten bacterial taxa showing the most relative abundance and change among
samples were Lactobacillales, Enterobacteriales, Actinomycetales, Bacillales, Clostridiales, Bacteroidales,
Burkholderiales, Pseudomonadales, Bifidobacteriales and Coriobacteriales. Metaproteomics confirmed the 16S rDNA
results, and functional human protein-pathogen interactions were noted in subjects where host defenses were
initiated.
(Continued on next page)
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Conclusions: Counter to clinical belief, healthy urine is not sterile. The healthy urine microbiome is characterized by
a preponderance of Lactobacillales in women and Corynebacterium in men. The presence and duration of NB and
method of urinary catheterization alter the healthy urine microbiome. An integrated approach of 16S rDNA
sequencing with metaproteomics improves our understanding of healthy urine and facilitates a more personalized
approach to prevention and treatment of infection.

Keywords: Bacteriuria, Urine, Catheter, Neuropathic, Bladder, Microbiome, Metaproteome, Next-generation,
Personalized, rRNA

Background
Affecting nearly one half of all Americans over the
course of a lifetime [1] and with costs exceeding $1 bil-
lion annually [2], urinary tract infection (UTI) is a major
public health problem [3,4]. It is the most common uro-
logic disorder in the outpatient setting [3,4] and the
most common health care associated infection [3,5,6]. In
the health care setting alone, approximately 561777
UTIs occur annually, costing an estimated $1006 per in-
fection, totaling more than $500 million, and being re-
sponsible for 8205 deaths [5]. This does not include the
personal suffering or time lost from gainful employment.
Often considered an antecedent to UTI, asymptomatic

bacteriuria (ABU) represents an asymptomatic carrier
state recognized to have little impact on health or qual-
ity of life. This is in contrast to healthy urine, considered
to be sterile until reaching the urethra, which is colo-
nized by facultative anaerobic Gram-negative rods and
cocci. The most common risk factor for the develop-
ment of ABU and UTI is use of a urinary catheter [5-7],
as catheters provide a conduit for bacterial colonization
and symptomatic infection. Resolution of ABU typically
occurs with removal of the urinary catheter. This is not
possible in many cases, however, as the urinary catheter
facilitates function and emptying in cases of bladder
impairment.
The clinical distinction between symptomatic UTI and

ABU is not trivial since symptomatic UTI requires treat-
ment and perhaps further evaluation irrespective of the
circumstances in which the UTI occurred, while ABU
does not. Exceptions to this rule include the treatment
of ABU in select at-risk populations, such as pregnant
women, which has been shown to be associated with
improved outcomes [8]. Distinction between these states
is particularly relevant, as renewed urgency and heigh-
tened focus have been placed on UTI occurrence by na-
tional policy-makers and payers. The Centers for
Medicare & Medicaid Services (CMS) has identified
catheter-associated UTI, the most common hospital
acquired infection, as a “never event”. Effective in 2008,
this has resulted in non-reimbursement for catheter-
associated UTIs that were not present on admission to
acute care hospitals [9,10]. An unintended consequence

of designating catheter-associated UTI as a “never event”
is more aggressive screening for ABU and UTI upon ad-
mission of patients to hospitals, a strategy that may lead
to increased unnecessary antibiotic treatment and emer-
gence of antimicrobial resistance.
To achieve improved outcomes in the care of patients

with ABU and UTI, improved information distinguishing
states of urine in health and disease is needed. To this
end, we sought to first describe states of urinary health
utilizing a highly sensitive, culture independent approach
to determine whether the urine microbiome of healthy
people who are at risk for ABU because they utilize
urinary catheters differs from that of healthy controls,
and if so, to identify key factors or bacterial signatures
that might ultimately lead to UTI requiring antimicro-
bial treatment. Subjects with neuropathic bladder due to
spinal cord injury who are known to be at highest risk
for ABU and UTI due to their need for catheter-assisted
bladder management [4,11,12] were assessed and com-
pared with healthy controls to achieve our goal.

Methods
The study was approved by the MedStar Institutional
Review Board (IRB). All study personnel were certified
in and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as
reflected in approval by the MedStar IRB.

Sample acquisition and clinical urinalysis
Patients and healthy controls were recruited into this
IRB-approved study (NRH IRB# 2011–019) from the out-
patient clinic and inpatient ward at National Rehabilita-
tion Hospital (Washington, DC). Following written
consent, urine samples were obtained from 26 healthy,
non-SCI controls and 27 with neuropathic bladder (NB)
due to spinal cord injury (SCI). Patients provided urine
samples by sterile collection using the means by which
they customarily empty their bladder (i.e. midstream
collection during voiding, or sterile catheterization if un-
able to void). (Table 1) The samples were coded with an
anonymous research identification number and separated
into two aliquots: one, for standard urine analysis and
culture (Quest Diagnostics) and another for microbiome
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- Etude transversale du microbiome urinaire 

26 volontaires sains vs 27 patients à risque de 

colonisation urinaire (BM avec mode 

mictionnels différents)

- Urines des volontaires sains non stériles

- Microbiome différent selon BM, âge, sexe, 

mode de drainage

management groups were plotted (Figure 3). Lactobacil-
lus species were significant (P < 0.05) contributors to fe-
male healthy controls and the void NB groups, while
Corynebacterium sp. defined the healthy bladder male
urinary microbiome (Figure 3). The preponderance of
Enterococcus sp. in male NB observed in Figure 1C was
primarily within the patients with NB who emptied by
spontaneous voiding (Figure 3).

Phylogenetic tree of the urinary Lactobacillales revealed
potentially pathogenic species
A phylogenetic tree was constructed with OTU repre-
sentatives of all OTUs with matches to Lactobacillales
and nearest neighbors in the RDP database in order to
provide an environmental context and determine
species-level taxonomy (Figure 4). Labels of the tree
were colored based on NB composition. Red indicates
OTUs composed only of samples from NB, light red
indicates OTUs with a majority composition of NB sam-
ples, while dark blue denotes OTUs only solely of
healthy controls, and light blue illustrates OTUs with a
majority of reads from healthy controls. There is much
greater phylogenetic diversity among the Lactobacillus
and Streptococcus branches (green and gray shading, re-
spectively, Figure 4). Aerococcus and Enterococcus
branches are dominated by OTUs (red leaves) from
urine of NB patients, suggesting qualitatively that these

two genera may be important indicators of bacteriuria,
or of catheter usage. In contrast to these two branches,
the Lactobacillus and Streptococcus branches are largely
comprised of OTUs from healthy controls with a few
exceptions (red leaves). One such exception was Lacto-
bacillus iners (Figure 4), which was previously shown to
significantly contribute to UTI [39,40]. Another excep-
tion was determined to be Streptococcus salivarius, a lac-
tic acid-producing Gram-positive organism typically
found in the oral cavity, and an opportunistic pathogen
implicated in bacteremia [41-43] and septicemia [44].

Phylogenetic diversity of the urinary enterobacteriales
In contrast to the Lactobacillales, the Enterobacteriales
had no OTUs composed solely of healthy controls; indi-
cating this group of bacteria may be a potential indicator
of future UTI (Figure 5). Shaded regions of the tree
noted unambiguous genus taxonomy as follows: Escheri-
chia, Enterobacter, Klebsiella, Proteus, Morganella, and
Providencia. All of these genera have been associated
with UTI, and dominated the tree. Klebsiella stood out
from the others, having been divided into three distinct
branches. Top matches to N2-fixing, plant-associated
Klebsiella pneumoniae and K. variicola isolates rather
than known K. pneumoniae clinical strains suggests that
N2-fixing, plant-associated Klebsiella may exist in urine.
Further work is needed to confirm this result.

0 ~ 2

13 ~ 48
3 ~ 12

49 +
Healthy

 Corynebacterium

 Enterococcus 

 Escherichia 

 Lactobacillus

 Peptoniphilus 

 Prevotella 

 Streptococcus

Figure 2 OTU differences among individuals by duration of neuropathic bladder. A PCA analysis of the OTU counts of 52 individuals. The
points are circled and colored based on the duration (in months) of neuropathic bladder (see key). The inset depicts a vector plot indicating the
most influential principal component (bacterial genus).
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population and this can be explained by an increase in 
the incidence of organisms classically seen in hospitalized 
patients i.e., Pseudomonas, Serratia, Proteus, Acinentobacter, 
Enterococcus. The incidence of these organisms in the 
neurogenic population has been: Pseudomonas 8.7–15%, 
Acinentobacter 6–15% and Enterococcus 6–12% (15,17). In 
addition to an increased risk of nosocomial organisms, NB 
patients are also susceptible to fungal infections which have 
been found to be associated with recent antibiotic use and 
IC. In a prospective study of SCI patients, the incidence 
of candiduria was found to be 17% and patients with an 
IC and suprapubic catheter (SPC) were 10× more likely to 
develop candiduria compared to patients who used CIC (18).  
Figure 1 illustrates the epidemiological differences in 
pathogenic organisms responsible for UTIs in non-neurogenic 
(uncomplicated) and NB (complicated) patients (19).  
Although the complicated group also encompasses 
non-neurogenic, high-risk patients (e.g., pregnant, 
immunosuppressed) it echoes the above reported shift in 
bacteriological epidemiology within the NB population. 

Pathogenesis 

Uropathogenic bacteria have the ability to adhere to, and 
often internalize into, the apical urothelial cells that line 

the lower and, parts of, the upper urinary tract. Through 
pathogen-host interactions such as Fim-H/uroplakin Ia 
and LPS/toll like receptor binding, a local immune and 
resultant inflammatory response occurs (19). UTI in NB 
patients is considered complicated as they possess risk 
factors that do not exist in non-neurogenic patients. The 
underlying neurogenic pathology will dictate the structural/
physiological and immunological differences as well as the 
choice of bladder management. Risk factors will therefore 
be unique for each patient and will also be influenced by 
their socio-economic situation and caregiver dependence. 
An appreciation and thorough understanding of risk factors 
that can exist in NB patients is imperative so that they 
might be effectively recognized and potentially modified. 
Figure 2 provides an overview of the discussed risk factors 
and illustrates their interrelated nature in the pathogenesis 
of a complicated UTI (1).

Structural and physiological

Bladder ischemia resulting from increased intravesical 
pressure and overdistention is believed to predispose 
to infection from tissue hypoperfusion and decreased 
delivery of inflammatory cells and antibiotics (1). This is 
supported by studies that show improvements in urodynamic 

Risk factors
• Female gender
• Older age
• Younger age

Risk factors
• Indwelling catheters
• Immunosuppression
• Urinary tract abnormalities
• Antibiotic exposure

UPEC

K. pneumoniae

S. saprophyticus

Enterococcus spp.

GBS

P. mirabilis

P. aeruginosa

S. aureus

Candida spp.

Uncomplicated UTI Complicated UTI

Figure 1 Comparative epidemiology of urinary tract infections (19). Urinary tract infections (UTIs) in neurogenic bladder (NB) patients are 
classified as complicated. In general, they are associated with biomedical devices, storage and voiding dysfunction, upper tract abnormalities 
and immunosuppression whereas uncomplicated infections occur in healthy patients, usually females, children and the elderly. Escherichia coli 
accounts for the majority of infections in both groups of patients however there is a shift in the prevalence of pathogens towards nosocomial 
organisms in the complicated group of patients. 
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Study design: Retrospective study.
Objectives: We aimed to describe the epidemiology of multidrug-resistant organisms (MDROs) during bloodstream infection (BSI) and
identify associated risks of MDROs among patients with spinal cord injury (SCI).
Setting: A teaching hospital, expert center in disability, in France.
Methods: We studied a retrospective cohort of all BSIs occurring in SCI patients hospitalized over 16 years. We described the
prevalence of MDRO BSI among this population and its evolution over time and compared the BSI population due to MDROs and due
to non-MDROs.
Results: A total of 318 BSIs occurring among 256 patients were included in the analysis. The most frequent primary sites of infection
were urinary tract infection (34.0%), pressure sore (25.2%) and catheter line-associated bloodstream infection (11.3%). MDROs were
responsible for 41.8% of BSIs, and this prevalence was stable over 16 years. No significant associated factor for MDRO BSI could be
identified concerning sociodemographic and clinical characteristics, primary site of infection and bacterial species in univariate and
multivariate analyses. BSI involving MDROs was not associated with initial severity of sepsis compared with infection without MDROs
(43.8 vs 43.6%, respectively) and was not associated either with 30th-day mortality (6.2 vs 9%, respectively).
Conclusion: During BSI occurrence in an SCI population, MDROs are frequent but remain stable over years. No associated risk can be
identified that would help optimize antibiotic treatment. Neither the severity of the episode nor the mortality is significantly different
when an MDRO is involved.
Spinal Cord (2015) 00, 1–6. doi:10.1038/sc.2015.234

INTRODUCTION
Approximately 276 000 people aQ3 re living with spinal cord injury (SCI)
in the United States, with an annual incidence of 12 500 new cases
each year.1 In Europe, the incidence of SCI is between 10.4 and 29.4
per million habitants. About half of the SCIs have a traumatic
etiology.2 People with SCI have an increased risk of systemic infection,
pneumonia and septicemia, which cause most infection-related deaths
(~35%).3–5 Blood stream infections (BSIs) are more common in this
population than in the general population.6–8 In literature, the
most common primary site for BSI in patients with SCI is the
urinary tract.3,9 Frequently reported causative organisms of BSI in this
population are Staphylococcus aureus and Gram-negative bacteria.3,7–11

Currently, the increase in drug-resistant bacteria in recent years
underlines the importance of gathering accurate microbiological

information.3 Colonizing multidrug-resistant organisms (MDROs)
are frequent in the SCI population12–14 and can be due to the
massive antibiotic exposure and frequent and prolonged
hospitalization.7,15,16

In the general population, hospital-acquired infections and MDRO
infections are associated with increased mortality and increased
cost.7 In the SCI population, such infections have been shown to
increase the number of hospitalizations and the length of stay.17 Data
on MDRO infection among the SCI population are scarce. The aim of
our study was to describe the prevalence of MDRO bacteria during
BSI episodes in patients with SCI and to compare the characteristics
of the MDRO population with the non-MDRO population. We
developed a large comparative study and looked for associated
risks.
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Few data are available about the prevalence of infections due to
MDROs among the SCI population.
Waites et al.26 report an antimicrobial resistance of about 33% from

urine specimens in outpatients with SCI. Mylotte et al.14 also found a
large proportion (42%) of MDROs in nosocomial infections in an SCI
population.
In our large study, considering infection and not colonization, the

prevalence of MDROs is high but remains stable, whatever bacteria are
involved (P. aeruginosa, Klebsiella spp., E. coli, Proteus spp., S. aureus
and so on; Figure 1).
Hence, the prevalence of MDROs in the SCI population is stable,

whereas it is increasing in the general population. This discordance
may be due to the already high proportion of MDROs in this
specific population because of its already high exposure. Moreover,
it is difficult to measure an increasing prevalence as it is already
so high.
Spinal cord-injured patients are often exposed to antimicrobial

therapy due to the higher incidence of infections in general and UTI in
particular. This high antibiotic exposure leads to a higher MDRO
incidence. Thus, original strategies to prevent infection without
antimicrobials are of most interest. The use of non-virulent bacterial
strains, for example, is one mean to protect the patients against UTI.27

Associated risks of MDROs in BSI
The main risks factors for the acquisition of bacterial drug resistance
are well known: age, recent hospitalization, previous antibiotic

treatment, which is the biggest risk factor, and the presence of a
catheter line or urinary device. Some authors have also identified
chronic disease and immunosuppression, functional status and
APACHE score as risk factors.28–34

Few studies focus on the SCI population, which is most exposed to
antibiotics.28

We looked for a connection between the characteristics of infection
and the presence of MDROs during BSI. Identifying associated factors
would help physicians predict MDRO infection and optimize the
first-line antibiotic treatment. Unfortunately, no associated risk
regarding age, gender, duration of SCI, primary site of infection or
bacteria species has been identified in this population.

Severity
We report a high proportion of episodes with severe presentation,
mostly due to ICU admission and volemic expansion. This high rate of
severe presentation has not yet been reported. Only Bhatt et al.10 in
their study report hypotension in 5 out of 29 cases (17.1%).
There is no significant difference between MDRO and non-MDRO

populations in terms of the proportion of severe presentation.

Mortality
In the general population, the usual rate of mortality varies from 30%
to 50%.35,36 In the SCI population, according to several reports it
varies from 1.7% to 29%.6,9–11

In our data, the mortality rate is low (9.1%). Several hypotheses are
usually advanced to explain this situation: the generally younger age of
the SCI population, the lack of underlying illness and the possibility of
a particular immunity due to recurrent infections such as UTI and the
development of antibodies against bacteremia.10,11,15

Furthermore, in our experience, there is no difference between
MDRO and non-MDRO populations regarding mortality. This could
be explained by the metabolic cost-effectiveness of bacterial resistance
that makes bacteria less virulent.37–39

Bias and weakness
The bias and weakness of our study are due to its monocentric and
retrospective design. However, it is one of the largest cohorts of
patients in relation to this topic to the best of our knowledge.
Therefore, these retrospective results need to be confirmed by future
prospective studies. The definition of MDROs could be discussed, but
there is no standard definition of antimicrobial resistance, especially
for P. aeruginosa and other Gram-negative bacilli. Thus, we used a
classification proposed by different authors.18,19,40–43

With regard to BSI in SCI patients, UTI and decubitus ulcer/
pressure sore are the main primary sites of infection. The main
bacteria involved are Gram-negative bacteria and Staphylococci.
MDROs are frequent in BSI occurring in the SCI population but

remain stable over 16 years. There is no significant difference
regarding main clinical characteristics, primary sites of infection and
bacterial species comparing the MDRO with the non-MDRO popula-
tion in univariate and multivariate analysis.
The MDRO character of the bacteria involved has no impact on

either the severity or the mortality of the episode.
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Figure 1 MRSA, ESBL producers, MDROs and non MDROs according to
time (n=315).

Table 5 Multivariate analysis of the factors associated with MDRO
bacteremia (n=308)

Factors Adjusted OR (95% CI) P-value

Age 1.01 (0.99–1.02) 0.283
Gender 0.93 (0.55–1.58) 0.803
Severity 0.87 (0.53–1.43) 0.590
Duration of SCI 1.07 (0.91–1.27) 0.413
Urinary tract infection 1.38 (0.84–2.28) 0.199
Paraplegic/tetraplegic 1.28 (0.78–2.11) 0.314

Abbreviations: CI, confidence interval; MDRO, multidrug-resistant organism; OR, odds ratio; SCI,
spinal cord injury.
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sociodemographic and clinical characteristics of non-MDRO and
MDRO populations.
The median age of the cohort was 50.84 (±17.04) years, and the sex

ratio was 0.73; 156 patients (61%) of the global population were

paraplegic and 100 (39%) tetraplegic. The mean duration of SCI was
11.6 years.
The most common cause of SCI was mainly post-traumatic

(n= 177; 55%) including motor vehicular accidents, acts of
violence, falls and sporting accidents, followed by multiple sclerosis
(n= 31; 10%) and infection (n= 15; 5%).
Other origins, which accounted for 86 cases (27%), included

vascular insult (for example, medullary ischemia), autoimmune
disease (other than multiple sclerosis), spinal disc herniation and
lumbar-canal stenosis.

Primary site of infection
The primary site of infection was identified in 91% of cases,
including 34% with UTI (n= 108), followed by pressure sore
(n= 80; 25.2%), catheter line-associated BSI (n= 36; 11.3%),
pulmonary tract infection (n= 27; 8.5%) and osteoarticular
infection (n= 19; 6%).

Bacteria and resistance
In total, 351 micro-organisms were isolated in 318 BSI episodes;
31 (9.7%) were polymicrobial (Table 3).
The most causative pathogens were Enterobacteriaceae, which

were identified in 42.5% of cases (n= 135), followed by S. aureus
(n= 84; 26.4%), P. aeruginosa (n= 11; 3.5%), Streptococcus spp.
(n= 32; 10.1%) and Enterococcus spp. (n= 16; 5%).
Distributions of bacteria depending on primary sites of infection

and outcomes are shown in Tables 3 and 4, respectively.
MDROs were involved in 40.5% of BSI and were distributed as

follows: 50.4% Enterobacteriacae (E. coli (n= 28), Klebsiella spp.
(n= 13), Proteus spp. (n= 8), Enterobacter spp. (n= 5), Morganella
spp. (n= 4), Citrobacter spp. (n= 3), Providencia spp. (n= 2) and
Serratia spp. (n= 1)), 34.9% S. aureus (MRSA) and 6.1%
P. aeruginosa.
The proportion of MDROs over time was high but stable

considering the four periods even when we focus on subgroups
such as MRSA, MDRO enterobacteria or ESBL enterobacteria
producers (Figure 1). Actually, despite some variations, the
prevalence of MDROs, ESBL producers and MRSA was not
significantly different according to time (P-values are, respectively,
0.155, 0.553 and 0.159).
No cases of carbapenemase-producing bacteria or vancomycin-

resistant Enterocci were reported during this period.

Severity and mortality
At initial presentation, 43.4% of episodes were considered to be severe,
as defined by ICU admission (34.9%), volume expansion (24.8%),
mechanical ventilation (19.8%) and vasopressor requirements
(15.7%). The mortality rate was 9.1%.
When looking at the association between initial signs of severity and

overall mortality, we found that an episode that was initially severe was
associated with a high mortality rate (P-value of 0.0001 and odds
ratio of 5.73 (2.26–14.51)).

Comparing populations with BSI due to MDROs with non-
MDROs. No significant difference was observed between MDRO
and non-MDRO groups regarding sociodemographic and clinical
characteristics (such as age, gender, paraplegia/tetraplegia criteria,
primary site of infection, severity and mortality; Table 2).
No association was found in univariate and multivariate analyses

between MDROs and age, gender, paraplegia/tetraplegia criteria,
duration of SCI, presence of UTI and initial severity (Table 5).

Table 2 Socio-demographic, clinical and microbiological
characteristics of blood stream infections due to MDROs and
non-MDROs in the SCI population (n= 318)

Non-MDRO MDRO P-value

(n=189; 59%) (n=129; 41%)

Age (mean± s.d.) 49.97±17.01 52.12±17.06 0.270
Male (n,%) 140 (74.1) 92 (71.9) 0.665
Paraplegic (n,%) 119 (63.0) 72 (55.8) 0.297
Tetraplegic (n,%) 67 (35.4) 55 (42.6)
Mean duration of SCI (years) 133.40±12.70 147.31±17.08 0.506

Etiology of SCI (n,%)
Traumatic 105 (66.0) 71 (61.2) 0.410
Multiple sclerosis 14 (10.1) 17 (14.7) 0.274
Infection 10 (7.2) 5 (4.5) 0.375
Neoplasia 4 (2.9) 4 (3.7) 0.716
Other (ischemia, autoimmune

disease, spinal disc herniation,
lumbar spinal stenosis)

53 (28.6) 28 (21.7) 0.061

Primary site of infection (n,%)
Urinary tract infection 59 (31.2) 49 (38.0) 0.211
Decubitus ulcer/sore 49 (25.9) 31 (24.0) 0.702
Venous catheter infection 20 (10.6) 16 (12.4) 0.615
Pulmonary tract infection 17 (9.0) 10 (7.8) 0.696
Osteoarticular infection 11 (5.8) 8 (6.2) 0.888
Other 14 (7.4) 6 (4.7) 0.320

Bacteria species (n,%)
S. aureus 39 (21.0) 45 (34.9) o 0.001
Coagulase-negative

Staphylococcus
5 (2.7) 15 (11.5) 0.002

Escherichia coli 42 (22.5) 28 (21.4) 0.818
Pseudomonas aeruginosa 14 (7.5) 8 (6.1) 0.633
Proteus spp. 8 (4.3) 8 (6.1) 0.463
Klebsiella spp. 11 (5.9) 13 (9.9) 0.179
Acinetobacter spp. 1 (0.5) 4 (3.1) 0.076
Enterobacter spp. 4 (2.1) 5 (3.8) 0.375
Morganella spp. 2 (1.1) 4 (3.1) 0.201
Providencia spp. 0 (0) 2 (1.5) 0.090
Stenothrophomonas spp. 0 (0) 1 (0.8) 0.231
Anaerobes 27 (14.4) 1 (0.8) o 0.001
Streptococcus spp. 32 (17.1) 0 (0) o 0.001
Enterococcus spp. 12 (6.4) 4 (3.1) 0.177
Other (Citrobacter, Serratia) 6 (3.2) 6 (4.6) 0.528

Existence of signs of severity (n,%) 82 (43.6) 56 (43.8) 0.981

Severity types (n,%)
ICU admission 70 (37.2) 41 (32.0) 0.342
Volume repletion

(volemic expansion)
47 (25.0) 32 (25.0) 1.000

Assisted ventilation
(mechanical ventilation)

38 (20.1) 25 (19.4) 0.853

Vasopressors requirements 33 (17.6) 17 (13.3) 0.307
Mortalityo30 days (n,%) 17 (9.0) 8 (6.2) 0.306

Abbreviations: MDRO, multidrug-resistant organism; SCI, spinal cord injury.
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A Dinh1, M Saliba1, D Saadeh2, F Bouchand3, A Descatha4, AL Roux5, B Davido1, B Clair6, P Denys7,
D Annane6, C Perronne1 and L Bernard1,8

Study design: Retrospective study.
Objectives: We aimed to describe the epidemiology of multidrug-resistant organisms (MDROs) during bloodstream infection (BSI) and
identify associated risks of MDROs among patients with spinal cord injury (SCI).
Setting: A teaching hospital, expert center in disability, in France.
Methods: We studied a retrospective cohort of all BSIs occurring in SCI patients hospitalized over 16 years. We described the
prevalence of MDRO BSI among this population and its evolution over time and compared the BSI population due to MDROs and due
to non-MDROs.
Results: A total of 318 BSIs occurring among 256 patients were included in the analysis. The most frequent primary sites of infection
were urinary tract infection (34.0%), pressure sore (25.2%) and catheter line-associated bloodstream infection (11.3%). MDROs were
responsible for 41.8% of BSIs, and this prevalence was stable over 16 years. No significant associated factor for MDRO BSI could be
identified concerning sociodemographic and clinical characteristics, primary site of infection and bacterial species in univariate and
multivariate analyses. BSI involving MDROs was not associated with initial severity of sepsis compared with infection without MDROs
(43.8 vs 43.6%, respectively) and was not associated either with 30th-day mortality (6.2 vs 9%, respectively).
Conclusion: During BSI occurrence in an SCI population, MDROs are frequent but remain stable over years. No associated risk can be
identified that would help optimize antibiotic treatment. Neither the severity of the episode nor the mortality is significantly different
when an MDRO is involved.
Spinal Cord (2015) 00, 1–6. doi:10.1038/sc.2015.234

INTRODUCTION
Approximately 276 000 people aQ3 re living with spinal cord injury (SCI)
in the United States, with an annual incidence of 12 500 new cases
each year.1 In Europe, the incidence of SCI is between 10.4 and 29.4
per million habitants. About half of the SCIs have a traumatic
etiology.2 People with SCI have an increased risk of systemic infection,
pneumonia and septicemia, which cause most infection-related deaths
(~35%).3–5 Blood stream infections (BSIs) are more common in this
population than in the general population.6–8 In literature, the
most common primary site for BSI in patients with SCI is the
urinary tract.3,9 Frequently reported causative organisms of BSI in this
population are Staphylococcus aureus and Gram-negative bacteria.3,7–11

Currently, the increase in drug-resistant bacteria in recent years
underlines the importance of gathering accurate microbiological

information.3 Colonizing multidrug-resistant organisms (MDROs)
are frequent in the SCI population12–14 and can be due to the
massive antibiotic exposure and frequent and prolonged
hospitalization.7,15,16

In the general population, hospital-acquired infections and MDRO
infections are associated with increased mortality and increased
cost.7 In the SCI population, such infections have been shown to
increase the number of hospitalizations and the length of stay.17 Data
on MDRO infection among the SCI population are scarce. The aim of
our study was to describe the prevalence of MDRO bacteria during
BSI episodes in patients with SCI and to compare the characteristics
of the MDRO population with the non-MDRO population. We
developed a large comparative study and looked for associated
risks.
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Epidemiology and Biostatistics, Lebanese University, Ecole Doctorale des Sciences et Technologie, Beirut, Lebanon; 3Pharmacy, R. Poincaré Teaching Hospital, 104 Bd R.
Poincaré, University Hospital of Paris, Versailles St Quentin University, Paris, France; 4Occupationnal Health Unit, EMS (Samu92), Inserm UMS011, R. Poincaré Teaching
Hospital, 104 Bd R. Poincaré, University Hospital of Paris, Versailles St Quentin University, Paris, France; 5Microbiology Laboratory, R. Poincaré Teaching Hospital, 104 Bd R.
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Pas de critères associés à la résistance 
bactérienne
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NE PAS CROIRE LES CHIFFRES !

« Sans symptômes, une bactériurie de toute 
ampleur est considérée comme une 

bactériurie asymptomatique »

Infection/Inflammation

Recurrent Uncomplicated Urinary Tract Infections in Women:
AUA/CUA/SUFU Guideline

Jennifer Anger, Una Lee, A. Lenore Ackerman, Roger Chou, Bilal Chughtai, J. Quentin Clemens,
Duane Hickling, Anil Kapoor, Kimberly S. Kenton, Melissa R. Kaufman, Mary Ann Rondanina,
Ann Stapleton, Lynn Stothers and Toby C. Chai

From the American Urological Association Education and Research, Inc., Linthicum, Maryland

Purpose: This document seeks to establish guidance for the evaluation and
management of women with recurrent urinary tract infections (rUTI) to prevent
inappropriate use of antibiotics, decrease the risk of antibiotic resistance, reduce
adverse effects of antibiotic use, provide guidance on antibiotic and non-
antibiotic strategies for prevention, and improve clinical outcomes and quality
of life by reducing recurrence of urinary tract infection (UTI) events.

Materials and Methods: The systematic review utilized to inform this guideline
was conducted by a methodology team at the Pacific Northwest Evidence-based
Practice Center. A research librarian conducted searches in Ovid MEDLINE
(1946 to January Week 1 2018), Cochrane Central Register of Controlled Trials
(through December 2017) and Embase (through January 16, 2018). An update
literature search was conducted on September 20, 2018.

Results: When sufficient evidence existed, the body of evidence was assigned a
strength rating of A (high), B (moderate), or C (low). Such evidence-based
statements are provided as Strong, Moderate, or Conditional Recommenda-
tions. In instances of insufficient evidence, additional guidance is provided as
Clinical Principles and Expert Opinions.

Conclusions: Our ability to diagnose, treat, and manage rUTI long-term has
evolved due to additional insights into the pathophysiology of rUTI, a new
appreciation for the adverse effects of repetitive antimicrobial therapy, rising
rates of bacterial antimicrobial resistance (AMR), and better reporting of the
natural history and clinical outcomes of acute cystitis and rUTI. As new data
continue to emerge in this space, this document will undergo review to ensure
continued accuracy.

Key Words: urinary bladder, urinary tract infections, women, recurrence

INTRODUCTION
rUTI is a highly prevalent, costly, and
burdensome condition affecting women
of all ages, races, and ethnicities
without regard for socioeconomic
status, or educational level.1 The
incidence and prevalence of rUTI
depend on the definition used.
Approximately 60% of women will
experience symptomatic acute

bacterial cystitis in their lifetime,
which is frequently denoted as a
UTI.2 An estimated 20-40% of
women who have had one previous
cystitis episode are likely to experi-
ence an additional episode, 25-50% of
whom will experience multiple recur-
rent episodes.3,4 The evaluation and
treatment of UTI costs several billion
dollars globally per year, reaching

Abbreviations
and Acronyms

AMR [ antimicrobial resistance

ASB [ asymptomatic bacteriuria

AUA [ American Urological
Association

CUA [ Canadian Urological
Association

IDSA [ Infectious Diseases So-
ciety of America

PAC [ proanthocyanidins

rUTI [ recurrent urinary tract
infection

SUFU [ Society of Urodynamics,
Female Pelvic Medicine & Uro-
genital Reconstruction

TMP [ trimethoprim

TMP-SMX [ trimethoprim-
sulfamethoxazole

UTI [ urinary tract infection
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SYMPTOMATOLOGIE

¡ The prevention and management of urinary tract infections among people with spinal cord injuries. National Institute on Disability and Rehabilitation Research Consensus Statement. 
January  J Am Paraplegia Soc. 1992 . 

• Fuites +++
• Urines troubles
• Pollakiurie
• Hyperactivité vésicale

Signes urinaires

• Asthénie
• Dystonie - spasmes 

musculaires - 
contractures

• HRA (hyperréflexie 
autonome)

• Céphalées

Signes extra urinaires

• Parfois fièvre (infection 
parenchymateuse)

• Sepsis
• Choc septique

Signes généraux



APPENDIX
URINARY TRACT INFECTION BASIC DATA SET (VERSION 1.0)
Date of data collection: YYYYMMDD
Length of time of sign(s)/symptom(s) (tick one only):
& Less than 1 day & 1 to 3 days & 4 days–1 week & 41week–2 weeks
& 42weeks–1 month & 41 month–3 months & 43 months

Signs/symptoms (tick all that apply):
& Fever
& Incontinence, onset or increase in episodes, including leaking around catheter
& Spasticity, increased
& Malaise, lethargy or sense of unease
& Cloudy urine (with or without mucus or sediment) with increased odor
& Pyuria
& Discomfort or pain over the kidney or bladder or during micturition
& Autonomic dysreflexia
& Other _________________

Urine dipstick test for nitrite (tick one only):
& Negative & Positive & Unknown

Urine dipstick test for leukocyte esterase (tick one only):
& Negative & Positive & Unknown

Urine culture (tick one only):
& Negative & Positive & Unknown

If positive, give species and amount of colony-forming units (CFU) ml!1 (101–105 CFU ml!1), and the resistance pattern:

1) ____________________ species, __________CFUml!1

Resistance pattern (tick one only): & Normal & Multidrug resistant (agents from 3 or more different drug classes)

2) ____________________ species, __________CFUml!1

Resistance pattern (tick one only): & Normal & Multidrug resistant (agents from 3 or more different drug classes)

3) ____________________ species, __________CFUml!1

Resistance pattern (tick one only): & Normal & Multidrug resistant (agents from 3 or more different drug classes)

4) ____________________ species, __________CFUml!1

Resistance pattern (tick one only): & Normal & Multidrug resistant (agents from 3 or more different drug classes)

5) ____________________ species, __________CFUml!1

Resistance pattern (tick one only): & Normal & Multidrug resistant (agents from 3 or more different drug classes)

International SCI UTI Basic Data Set
LL Goetz et al

704

Spinal Cord



ETUDES DES CRITÈRES DIAGNOSTIQUES DES IU

¡ 414 patients blessés médullaires en AS+ECBU (CFU/ml>10.2)

• 209 patients symptomatiques >> 381 IU (fébrile et non fébrile) avec au moins 1 signe 
clinique 

• 205 patients  asymptomatiques

¡ Recherche de facteurs prédictif d’IU

• Leucocytes

• Niveau de CFU

E. Ronco et al. NNR 2010



CRITÈRES DIAGNOSTIQUES D’INFECTIONS

E. Ronco et al. NNR 2010



T=fièvre
U=urines malodorantes et/ou 
purulentes
G=asthènie
S=spasticité
H=hyperréflexie
I=fuite modification de l’équilibre VS

E. Ronco et al. NNR 2010

CRITÈRES CLINIQUES



NOMBRE DE SIGNES CLINIQUES 
ET CRITÈRES BIOLOGIQUES

E. Ronco et al. NNR 2010

Signe clinique et CFU
Signe clinique et WBC



E. Ronco et al. NNR 2010



EN PRATIQUE

¡ Privilégier les signes cliniques (peu spécifiques) pour le 
diagnostic et le suivi de ces patients

¡ Examen clinique complet systématique >> autre cause 

¡ ECBU : identification des germes, 

Absolument nécessaire, doit être complet (fos/piv)

¡ Seuil de significativité de bactériurie et de leucocyturie : mal 
définis. 

¡ Suivi de l’infection : pas de contrôle systématique. 



TRAITEMENT CURATIF
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Absence of symptoms or  
urological procedure 

Symptomatic urinary 
tract infection

No urine culture

Clinical signs :
Fever

Urinal leak 
Pyuria

Discomfort, bladder 
pain 

Spasticity 
Autonomic dysreflexia 

Chills
Perform urine culture 

before antibiotic treatment
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Purpose: This document seeks to establish guidance for the evaluation and
management of women with recurrent urinary tract infections (rUTI) to prevent
inappropriate use of antibiotics, decrease the risk of antibiotic resistance, reduce
adverse effects of antibiotic use, provide guidance on antibiotic and non-
antibiotic strategies for prevention, and improve clinical outcomes and quality
of life by reducing recurrence of urinary tract infection (UTI) events.

Materials and Methods: The systematic review utilized to inform this guideline
was conducted by a methodology team at the Pacific Northwest Evidence-based
Practice Center. A research librarian conducted searches in Ovid MEDLINE
(1946 to January Week 1 2018), Cochrane Central Register of Controlled Trials
(through December 2017) and Embase (through January 16, 2018). An update
literature search was conducted on September 20, 2018.

Results: When sufficient evidence existed, the body of evidence was assigned a
strength rating of A (high), B (moderate), or C (low). Such evidence-based
statements are provided as Strong, Moderate, or Conditional Recommenda-
tions. In instances of insufficient evidence, additional guidance is provided as
Clinical Principles and Expert Opinions.

Conclusions: Our ability to diagnose, treat, and manage rUTI long-term has
evolved due to additional insights into the pathophysiology of rUTI, a new
appreciation for the adverse effects of repetitive antimicrobial therapy, rising
rates of bacterial antimicrobial resistance (AMR), and better reporting of the
natural history and clinical outcomes of acute cystitis and rUTI. As new data
continue to emerge in this space, this document will undergo review to ensure
continued accuracy.

Key Words: urinary bladder, urinary tract infections, women, recurrence

INTRODUCTION
rUTI is a highly prevalent, costly, and
burdensome condition affecting women
of all ages, races, and ethnicities
without regard for socioeconomic
status, or educational level.1 The
incidence and prevalence of rUTI
depend on the definition used.
Approximately 60% of women will
experience symptomatic acute

bacterial cystitis in their lifetime,
which is frequently denoted as a
UTI.2 An estimated 20-40% of
women who have had one previous
cystitis episode are likely to experi-
ence an additional episode, 25-50% of
whom will experience multiple recur-
rent episodes.3,4 The evaluation and
treatment of UTI costs several billion
dollars globally per year, reaching
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ASB [ asymptomatic bacteriuria

AUA [ American Urological
Association
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Association

IDSA [ Infectious Diseases So-
ciety of America

PAC [ proanthocyanidins

rUTI [ recurrent urinary tract
infection

SUFU [ Society of Urodynamics,
Female Pelvic Medicine & Uro-
genital Reconstruction

TMP [ trimethoprim

TMP-SMX [ trimethoprim-
sulfamethoxazole

UTI [ urinary tract infection
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« Without symptoms, bacteriuria of any magnitude is 
considered asymptomatic bacteriuria (ASB) »



M A J O R A R T I C L E

Asymptomatic Bacteriuria Treatment Is
Associated With a Higher Prevalence of
Antibiotic Resistant Strains in Women With
Urinary Tract Infections

Tommaso Cai,1 Gabriella Nesi,5 Sandra Mazzoli,7 Francesca Meacci,7 Paolo Lanzafame,2 Patrizio Caciagli,3

Liliana Mereu,4 Saverio Tateo,4 Gianni Malossini,1 Cesare Selli,8 and Riccardo Bartoletti6

Departments of 1Urology, 2Microbiology, 3Laboratory Medicine, and 4Gynaecology and Obstetrics, Santa Chiara Regional Hospital, Trento, 5Division of
Pathological Anatomy, Department of Critical Care Medicine and Surgery, and 6Department of Urology, University of Florence, and 7Sexually Transmitted
Disease Centre, Santa Maria Annunziata Hospital, Florence, and 8Department of Urology, University of Pisa, Italy

(See the Editorial Commentary by Wagenlehner and Naber on pages 1662–3.)

Background. Women suffering from recurrent urinary tract infections (rUTIs) are routinely treated for asymp-
tomatic bacteriuria (AB), but the consequences of this procedure on antibiotic resistance are not fully known. The
aim of this study was to evaluate the impact of AB treatment on antibiotic resistance among women with rUTIs.

Methods. The study population consisted of 2 groups of women who had previously been enrolled in a random-
ized clinical trial: group Awas not treated, and group B was treated. All women were scheduled for follow-up visits every
6 months, or more frequently if symptoms arose. Microbiological evaluation was performed only in symptomatic
women. All women were followed up for a mean of 38.8 months to analyze data from urine cultures and antibiograms.

Results. The previous study population consisted of 673 women, but 123 did not attend the entire follow-up pe-
riod. For the final analysis, 257 of the remaining 550 patients were assigned to group A, and 293 to group B. At the end
of follow-up, the difference in recurrence rates was statistically significant (P < .001): 97 (37.7%) in group A versus 204
(69.6%) in group B. Isolated Escherichia coli from group B showed higher resistance to amoxicillin–clavulanic acid
(P = .03), trimethoprim-sulfamethoxazole (P = .01), and ciprofloxacin (P = .03) than that from group A.

Conclusions. This study shows that AB treatment is associated with a higher occurrence of antibiotic-resistant bac-
teria, indicating that AB treatment in women with rUTIs is potentially dangerous.

Keywords. asymptomatic bacteriuria; antibiotic resistance; urinary tract infection; antibiotic stewardship.

Asymptomatic bacteriuria (AB) is defined as the pres-
ence of bacteria in the urine of an individual without
signs or symptoms of urinary tract infections (UTI)
[1]. AB treatment is generally recommended only dur-
ing pregnancy and at preoperative evaluation of men
before urological procedures [2, 3]. Despite these rec-
ommendations, overuse of antibiotics in AB treatment

is common. This is particularly true in women with re-
current UTIs (rUTIs), in whom antibiotics are routinely
administered, with a high risk of selecting multidrug-
resistant bacteria [4, 5]. For many years, the inappropri-
ate use of antibiotics has been recognized to be a major
problem, leading to higher healthcare costs as well as in-
creased antimicrobial resistance [4, 6] through the selec-
tion and spread of drug-resistant microorganisms with
severe consequences for patient health [7, 8].

Optimization of antibiotic usage would not only pre-
vent increased resistance, it would also limit costs. In
particular, AB is treated in women with rUTIs without
any clear indication for treatment and with a high
risk of selecting multidrug-resistant bacteria [4, 5]. In
a randomized controlled clinical study, Cai et al [4]
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demonstrated that during a 1-year period treatment of AB in
patients affected by rUTIs was associated with a higher rate of
symptomatic UTIs, suggesting that AB may play a protective
role in preventing symptomatic recurrence. Although AB treat-
ment in patients with rUTIs is associated with a higher rate of
symptomatic UTIs [4], we have no data on the relationship be-
tween AB treatment and the risk of higher antibiotic resistance.
Considering the available evidence, we investigated whether AB
treatment in women affected by rUTIs increases the rate of an-
tibiotic-resistant bacteria.

MATERIALS AND METHODS

Study Population, Design and Ethical Considerations
The study population consisted of 550 women previously en-
rolled in a randomized clinical trial to establish the impact of
AB treatment on the recurrence rate in young women affected
by rUTIs [4]. In our former study, 673 women were randomized
into 2 groups: group A (untreated) and group B (treated) [4]. In
the present study, we analyzed results in all the women included
in the first study who were not lost to follow-up. Our report
compares 2 parallel groups differing in exposure to the study
factor in an observational, analytical, and longitudinal study
to assess any possible cause-effect relationships [9]. The 2
groups of patients were identified on the basis of the 2 random-
ized groups in the previous study: group A included untreated
women, and group B, treated women [4].

Thirty-six women in group A and 45 in group B were lost to
follow-up after the previous study, and 19 in group A and 23 in
group B were lost after the present study. This left a total of 550
women for analysis, 257 in group A and 293 in group B. Figure 1
shows the study flow chart, in accordance with the STROBE
Statement (http://www.strobe-statement.org/). At the end of the

previous study [4], clinical evaluation andmicrobiological analysis
were performed in all the women to evaluate symptomatic recur-
rence and analyze data from urine cultures and antibiograms. The
main result was the measure of resistance to antibiotics at the end
of the study period. Written informed consent was obtained
from all patients before treatment. The study was conducted
in line with Good Clinical Practice guidelines, with the ethical
principles laid down in the latest version of the Declaration of
Helsinki. The local ethics committee was asked to evaluate the
study but deemed it exempt from their approval.

Study Schedule and Data Collection
All women were asked to participate in this second trial at the
conclusion of the previous study. The characteristics of the
study population have been described in detail elsewhere [4].
After enrollment, all women gave their written informed con-
sent and were scheduled for follow-up visits, every 6 months,
or more often in the case of recurring symptoms. No microbi-
ological evaluation was scheduled for asymptomatic patients to
avoid any inappropriate antibiotic treatment. At each follow-up
visit, the women completed a baseline questionnaire and under-
went urological examination. As in the previous study schedule
[4], all episodes of symptomatic UTIs were recorded and treated
with antibiotics, depending on the organism, according to sus-
ceptibility testing in line with the European Association of Urol-
ogy guideline recommendations [10]. The treated women were
not excluded from analysis but monitored during follow-up. If
>1 episode occurred, all data were collected and analyzed. All
microbiological data from urine cultures and antibiograms for
the 2 groups were collected and compared to evaluate any prev-
alence of antibiotic-resistant bacterial strains. All isolated strains
from women who experienced multiple episodes were consid-
ered in the final analysis.

Microbiological Considerations
In cases of symptomatic recurrence, clean-catch midstream
urine samples were collected at room temperature at urological
examination and immediately taken to the laboratory under re-
frigerated conditions. All urine samples were analyzed for com-
mon bacteria and yeasts, aliquoted for DNA extraction and
polymerase chain reaction testing for Chlamydia trachomatis,
Neisseria gonorrhoeae, and urogenital Mycoplasma. Leukocyte
esterase and nitrite levels were also measured from all the
urine samples using dipstick assay (Bayer Multistik Pro Reagent
Strips), in accordance with Hawn et al [11].Microbiological cul-
ture was performed according to the procedure described by
Hooton et al [12]. Urine DNA extraction and purification
were performed using the DNeasy1 Tissue Kit (Qiagen), as de-
scribed by Mazzoli et al [13]. The C. trachomatis chromosomal
DNA polymerase chain reaction procedure amplifying the
omp1 gene sequence was performed on 10 mL of the sample

Figure 1. Kaplan–Meier curve analysis performed to calculate the prob-
ability of being recurrence-free in the 2 groups. The arrow indicates the
start of the present study, 12 months after the start of the previous
study. Abbreviations: HR, hazard risk; SD, standard deviation.
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Perform urine culture before antibiotic 
treatment

FEBRILE

•Complete clinical examination + epididymis, testicles

•Exams : blood cultures, complete blood count, ionogram, 
urea, creatinin and C-reactive protein levels, vesico-renal 
ultrasound, and  prostate color doppler.

AFEBRILE

•  5-day oral antibiotic treatment 

•No additional urine culture

Preferred antibiotic 
(according to antibiogram)

Nitrofuranes
Oral Fosfomycine 
Oral Cefixime Sulfamethoxazole/trimethoprim
Pivmecillinam

Aminoglycosides if septic shock
Avoid fluoroquinolones

7-day antibiotic treatment



RÈGLES DU BON USAGE ANTIBIOTIQUE 
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Moment 1 occurs at the time initiation of antibiotic therapy is considered: 
Ask, ͞Does my patient have an infection that requires antibiotics?͟ 

 
occurs when the decision is made to start antibiotics: 

Ask 2 questions, ͞Have I ordered appropriate cultures before starting antibiotics? 
What empiric therapy should I initiate?͟ 

 
Moment 3 occurs every day of antibiotic therapy: 
Ask 3 questions, ͞Can I stop antibiotics? Can I narrow therapy? Can I change from 
IV to oral therapy?͟ 

 
 

Moment 4 occurs when the infectious process is clear and the patient 
responds to therapy: 
Ask, ͞What duration of antibiotic therapy is needed for my patient s͛ diagnosis?͟ 



INFECTIONS URINAIRES NON FÉBRILES

¡ Utiliser antibiotiques à bonne diffusion urinaire en privilégiant ceux à faible pression de sélection : 

• Furadantine, 

• Pivmecillinam.

• Triméthoprime/sulfamethoxazole

• Fosfomycine (orale)

• Céphalosporine de 3ème génération  

• Amoxicilline +/- acide clavulanique

¡ Les fluoroquinolones à proscrire : bonne activité et bonne pénétration urinaire, mais augmentation 

• du risque d’apparition de mutations (pyocyaniques, entérobactéries)  

• l’incidence des BMR (en particulier les SARM).



RECO SPILF-AFU 2017

Impact sur le microbiote intestinal

Fosfomycine Faible

Furadantine Faible

Pivmecillinam Faible

Amoxiclline-acide clavulanique ++

Cotrimoxazole/triméthoprime ++

FQ +++

C3G +++
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Nitrofurantoin and fosfomycin for 
resistant urinary tract infections:  
old drugs for emerging problems

SUMMARY
Uncomplicated urinary tract infection is one of the most common indications for antibiotic use in 
the community. However, the Gram-negative organisms that can cause the infection are becoming 
more resistant to antibiotics.

Many multidrug resistant organisms retain susceptibility to two old antibiotics, nitrofurantoin 
and fosfomycin. Advantages over newer drugs include their high urinary concentrations and 
minimal toxicity.

Fosfomycin is a potential treatment option for patients with uncomplicated urinary tract infection 
due to resistant organisms. Nitrofurantoin may be more effective and can be used for urinary 
infections in pregnant women.

Nitrofurantoin
Nitrofurantoin has been available since 1953, and 
in Australia since the 1970s. Its exact mechanism 
of action is not well understood and presumably 
multifactorial. Nitrofurantoin requires reduction 
by bacterial enzymes producing ‘highly reactive 
electrophilic’ metabolites. These then inhibit 
protein synthesis by interfering with bacterial 
ribosomal proteins.11

Nitrofurantoin has 80% oral bioavailability, and 
approximately 25% is excreted unchanged in the 
urine, with only a small portion reaching the colon.12 
Like fosfomycin, therapeutic concentrations are 
only reached in the urinary tract,13 so the clinical 
use of nitrofurantoin is limited to the treatment 
of uncomplicated urinary tract infection in 
women. Administration with food results in higher 
urinary concentrations and fewer gastrointestinal 
adverse effects.

Antimicrobial activity
Nitrofurantoin is active against common causes of 
urinary tract infection including E. coli, Citrobacter 
and Enterococcus. Klebsiella and Enterobacter are 
less reliably susceptible. Serratia, Acinetobacter, 
Morganella, Proteus and Pseudomonas are usually 
resistant.14 Overall, resistance to nitrofurantoin 
is uncommon and many multidrug resistant 
organisms retain susceptibility.15-17 Australian data 
are limited, but studies suggest resistance rates in 
E. coli of 1–2%.4,6

Introduction
Antimicrobial resistance is increasing worldwide, 
resulting in infections that are more difficult to treat 
and associated with higher mortality, morbidity 
and cost.1-3 In Australia, multidrug resistant 
Gram-negative bacilli are responsible for a rising 
proportion of community-acquired uncomplicated 
urinary tract infections. Consequently, empiric 
therapy is more likely to fail. This has resulted in 
increasing numbers of patients with uncomplicated 
urinary tract infections requiring hospitalisation for 
intravenous antibiotics because there are no oral 
treatment options.

Limited Australian data are available for 
antimicrobial resistance rates in community-onset 
urinary tract infections.4,5 One large national survey 
of urinary isolates from 2015 found resistance rates 
in Escherichia coli of 43% for ampicillin, 9% for 
amoxicillin with clavulanic acid, 16% for cefazolin, 
22% for trimethoprim, and 7% for ciprofloxacin.6 
It is likely that resistance rates have continued to 
rise since then.

There are few new antibiotics on the horizon and 
those that have been recently approved are mostly 
for intravenous use, so older ‘forgotten’ drugs are 
being re-explored for the treatment of cystitis.7-10 
Nitrofurantoin and fosfomycin are old antibiotics. 
They share some important properties including high 
concentrations in the urinary tract, a minimal impact 
on gastrointestinal flora and a low propensity for 
resistance (Table).
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Efficacy and safety
A meta-analysis of 27 older controlled trials 
(4807 patients) found clinical cure rates of 79–92%, 
similar to comparator antibiotics. Only mild toxicities 
(most commonly gastrointestinal) and no cases 
of pulmonary fibrosis or hepatotoxicity were 
reported.18 Dosing recommendations for the standard 
formulation are 50–100 mg four times daily. There 
is a long-acting formulation available overseas, but 
not in Australia, which can be dosed twice daily. 
This slow-release formulation (100 mg three times 
daily) was used in a recent open-label comparison 
with fosfomycin. The cure rate was 70% in the 
nitrofurantoin group.19

Historically nitrofurantoin was thought to be 
contraindicated if the creatinine clearance was 
less than 60 mL/minute due to an increased risk 
of toxicity. However, recommendations have been 
changing to allow cautious, short-term use in patients 
with mild renal impairment (30–60 mL/min) if there 
are no alternative antibiotics.20,21 Nitrofurantoin can 
be used to treat cystitis in pregnancy (although 
not beyond 38 weeks gestation due to the risk of 
haemolytic anaemia in the neonate).

Nitrofurantoin became a preferred drug in the 
international consensus guidelines for urinary tract 
infection in 2010.22 These emphasised the lower rates 
of ‘collateral damage’ on gastrointestinal flora.23-24 

Table    Features of nitrofurantoin and fosfomycin

Characteristic Nitrofurantoin Fosfomycin

Year of discovery 1953 1969

Formulations Nitrofurantoin macrocrystal

50 mg, 100 mg capsules

Slow-release formulation not available in Australia

Older microcrystal formulation less available now (more adverse effects)

Fosfomycin trometamol

3 g sachet containing granules to be dissolved in 
water

Intravenous formulation available but for 
specialised use only

Pharmacokinetics High urinary concentrations

Serum concentrations negligible

Long half-life with high urinary concentrations

Serum concentrations inadequate for treatment of 
systemic infection

Mechanism of action Not well understood, multifactorial, inhibits ribosomal protein 
synthesis

Inhibits pyruvyl transferase and therefore cell wall 
synthesis

Spectrum of activity Mostly susceptible: E. coli, Enterococcus

Variably susceptible: Klebsiella, Enterobacter, Citrobacter 
and Providencia

Typically resistant: Proteus, Serratia, Acinetobacter, Morganella 
and Pseudomonas

Mostly susceptible: E. coli

Variably susceptible: Klebsiella, Proteus, Citrobacter, 
Enterobacter, Pseudomonas and Enterococcus

Typically resistant: Morganella and Acinetobacter

Resistance Uncommon Uncommon

Indications Uncomplicated urinary tract infection in women Uncomplicated urinary tract infection in women

Dosing 50–100 mg 4 times a day for 5 days Single 3 g oral dose

Adverse events Infrequent, mainly gastrointestinal

Rare reports of pulmonary or liver toxicity, peripheral neuropathy

Infrequent, mainly gastrointestinal (9% diarrhoea, 
4% nausea)

Pregnancy and 
breastfeeding

Category A, although not recommended beyond 38 weeks gestation 
due to risk of haemolytic anaemia in neonates. For this reason it is 
also best to avoid during the first month of breastfeeding

Category B2, small amounts excreted in breast milk 
so not recommended in breastfeeding

Children Avoid <1 month of age Avoid <12 years of age

Interactions Few significant drug interactions Co-administration with metoclopramide can lower 
serum and urine concentrations

Renal impairment Contraindicated if CrCl <30 mL/min

Cautious use between CrCl 30–60 mL/min if benefits outweigh risks

Dose reduction required if CrCl <50 mL/min

CrCl   creatinine clearance

Gardiner et al. Australian Prescriber 2019
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Local epidemiology and resistance profiles
in acute uncomplicated cystitis (AUC) in
women: a prospective cohort study in an
urban urological ambulatory setting
Michael Seitz1,2*, Christian Stief2 and Raphaela Waidelich2

Abstract

Background: Acute uncomplicated cystitis (AUC) is a common ailment in the urological setting. Guidelines for urinary
tract infections are based on large-scale multi-centre, epidemiological and international studies. The objective of this
observational study was to establish whether the results of a multi-centre study on the resistance profile of Escherichia
coli (E. coli) in patients with AUC could be directly applied to an urological practice in a major European city or whether
there are divergences in the resistance profile.

Methods: An observational study was applied prospectively to 502 patients with AUC between January 2015 and
January 2017). Personal data were anonymised. Exclusion criteria were the patient’s age (<18) and treatment with an
antibiotic in the week preceding examination.

Results: The average age was 32 (range 18–56). The most commonly detected bacteria was E. coli with 86%, followed
by Enterococcus faecalis with 10% and Klebsiella pneumoniae with 4%. Resistance tests showed E. coli to be highly
sensitive to fosfomycin (99.2%), nitrofurantoin (98.1%) and cefpodoxime (92.9%). E. coli exhibited resistance to
ciprofloxacin (CIP) in 15.1%, to trimethoprim/sulfamethoxazole (TRS) in 25.2% and to amoxicillin/clavulanic acid
(AMC) in 34% of cases.

Conclusion: The comparison between data from this study and data from a multi-centre European (ECO-SENSI,
ECO-SENSII and the 2014 update) showed relatively good sensitivity rates for fosfomycin and nitrofurantoin but
significant differences in respect of resistance levels to TRS, CIP and AMC. AUC should therefore only be treated
with TRS, CIP and AMC after a susceptibility test has been carried out.

Keywords: Acute uncomplicated cystitis (AUC), Resistance profile of Escherichia coli, Susceptibility test,
Epidemiology

Background
Uncomplicated acute cystitis is among the most common
ailments presented in urological practice. Over recent
years the causative bacteria have remained much the
same. Escherichia coli (E. coli) is still by far the most com-
mon uropathogen for acute uncomplicated cystitis (AUC)
in women and is found in more than 80% of the positive

urine cultures [1]. In practice, the condition is generally
treated empirically on the basis of epidemiological studies
and resistance testing, although antibiotic treatment is be-
coming increasingly complex. This is due to the con-
stantly deteriorating resistance profile of E. coli strains.
This study therefore aimed to determine whether the
current recommendations issued by European epidemio-
logical studies [2–6] are directly applicable to a specialist
urological practice in a European city and whether the
empirical therapy may require adjustment.* Correspondence: mseitz@me.com
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update-2014 of ECO-SENS and simultaneous compari-
son with the ECO-SENS I and II studies gives alarming
resistance rates for France, Germany, Spain, Sweden and
UK with regard to ciprofloxacin (4.8% and 30.8%) and to
trimethoprim (26.9% and 46.0%) [6]. In addision, our
data from this manuscript demonstrate alarming resis-
tence rates for aminopenicillins (ampicillin, amoxicillin
in combination with sulbactam and clavulanic acid, re-
spectively) between 25.2 and 39.7% and therefore differs
significantly from data in ECO-SENS and the 2014-
update (between 4.5 and 28%) [5, 6]. This also applies to
ciprofloxacin, ECO-SENS II gives international resis-
tence rates of 3.9%, whereas our study finds this to be
15.1%. Ultimately, it is apparent that resistance rates
from a European multi-centre study cannot be randomly
applied to a small geographic region in Europe. But on
the basis of our data and international studies (ECO-
SENS) it can currently be confirmed that fosfomycin-
trometamol and nitrofurantoin can be given in our uro-
logical practice as first-line therapy without susceptibility
testing.

Comparison of our data to national/regional data
A comparison of E. coli susceptibility testing reveals that
ECO-SENS I and II contain no data specific to Germany
[5, 7]. With regard to our data, the update-2014 (to the

studies ECO-SENS I and II) published in 2015 only al-
lows comparisons with nitrofurantoin, ciprofloxacin and
amoxicillin/clavulanic acid (fosfomycin was not included
in the mentioned study; we did not test the monother-
apies mecilliam, cefadroxil and trimethoprim in our
study) [6]. In Germany in 2014, resistance rate was
found to be 8.3% for amoxicillin/clavulanic acid, 2.3%
for nitrofurantoin and 20.3% for ciprofloxacin, the corre-
sponding figures in our study were 25.2, 1.9 and 15.1%
respectively. An analysis of the results of the inter-
national ARESC Study (Antimicrobial Resistance Epi-
demiological Survey on Cystitis) on the prevalence and
resistance rates of pathogens that cause AUC, particu-
larly in respect of the figures for Germany and our fig-
ures, show similarly resistence rates for E. coli to
ampicillin 40.8% vs. 39.7%, for cefuroxime 8.7% vs. 9.3%,
for trimethoprim/sulfamethoxazole 26.0% vs. 25.2%, for
nitrofurantoin 4.6% vs. 1.9%, and for fosfomycin 2.1% vs.
0.8%. Significant inconsistencies are found for ciproflox-
acin (ARESC 4.6% vs. 15.1%) and amoxicillin/clavulanic
acid (ARESC 11.2% vs. 25.2%) [8]. A comparison of our
data with the german-wide data shows a pleasant
consistency with regard to susceptibility testing for E.
coli particularly in respect of the antibiotics from the
german and european guideline recommendations (fos-
fomycin and nitrofurantoin) [10]. Our data allows the
conclusion that, if treatment with guideline-compliant
fosfomycin and nitrofurantoin is not intended, cipro-
floxacin, trimethoprim/sulfamethoxazole and especially
aminopenicillins should only be prescribed after sus-
ceptibility testing.
The reasons for the relative high rate of resistances to

ciprofloxacin and amoxicillin/clavulanic acid found in
our study is a matter of speculation. A possible reason
for an increased resistance situation could be the loca-
tion of the urological practice in a metropolitan area
with its high-density healthcare system and associated
high rate of prescription of antibiotics (CIP and AMC).
Such antibiotics are not only prescribed for urinary tract
infections but also for numerous other medical condi-
tions. On the other hand, there is no plausible explan-
ation for the constantly high level of sensitivity to
fosfomycin. It could be equally due to doctors’ restrictive
prescription practice and the narrow range of indications
for fosfomycin approval. In contrast, a study by Oreo et
al. showed that the broader use of fosfomycin in parts of
Spain has already caused an increase in resistance rates
[11].
The strength of the study lies in its collection of real-

world data from a relatively high number of patients in
everyday situations in an urological practice. To our
knowledge, this is the first publication comparing data
from a large cohort in a single centre with national and
international multi-centric data. At the same time, the

Table 2 Percentage susceptibility of E. coli isolated from
women with AUC
Antibiotic Susceptibility of the antibiotic to E. coli

[in %]

Ampicillin 60.3

Ampicillin/sulbactam 65.5

Amoxicillin 69.6

Amoxicillin/clavulanic acid 74.8

Piperacillin 69.6

Piperacillin/tazobactam 91.8

Cefuroxime 90.7

Cefpodoxime 92.9

Cefotaxime 95.6

Ceftazidime 95.3

Imipenem 100

Meropenem 100

Ciprofloxacin 84.9

Levofloxacin 86.3

Moxifloxacin 86.0

Gentamycin 94.0

Tetracycline 74.8

Nitrofurantoin 98.1

Trimethoprim/sulfamethoxazole 74.8

Fosfomycin-trometamol 99.2

Seitz et al. BMC Infectious Diseases  (2017) 17:685 Page 3 of 5



Recommandations IDSA

• Durée du traitement : 
9 7 jours  si bonne évolution
9 10-14 jours si délai de réponse
9 3 jours chez femme < 65 ans sans atteinte haute

• Proposition d’un traitement de 5 jours de lévofloxacine chez 
patients non sévères



Infections urinaires

31$�RX�,8�PDVFXOLQH�DVVRFLpH�DX[�VRLQV


Antibiothérapie probabiliste

Infection sans signes de gravité Infection avec signes de gravité

Absence d’autre 
FDR d’EBLSE** 
que l’infection 
associée aux soins 
HW�G¶$7&'�G¶,8�
ou colonisation 
urinaire à P. aerugi-
nosa < 3 mois

Présence d’un 
autre FDR 
d’EBLSE** excepté 
O¶,8�RX�OD�FRORQL-
sation urinaire à 
EBLSE < 3 mois

$7&'�G¶,8�RX�FROR-
nisation urinaire 
à EBLSE ou             
à P. aeruginosa       
< 3 mois

Absence de 
FDR d’EBLSE** 
HW�G¶$7&'�G¶,8�����
colonisation 
urinaire à P. aerugi-
nosa < 3 mois

$QWpFpGHQW�G¶,8�
colonisation 
urinaire à P. aerugi-
nosa < 3 mois

$7&'�G¶,8�FROR-
nisation urinaire à 
EBLSE < 3 mois 
ou autre FDR 
d’EBLSE**

Céfotaxime de 
préférence, ou 
ceftriaxone

Pipéracilline-   
tazobactam

Choix bêta-     
lactamine selon 
la documentation 
microbiologique 
antérieure

Céfotaxime de 
préférence, ou 
ceftriaxone, ou 
pipéracilline-    
tazobactam

Choix bêta-     
lactamine selon 
la documentation 
microbiologique 
antérieure

Carbapénème 
(imipénème ou 
méropénème)

+ amikacine si drainage de l’appareil urinaire 
(hors sondage vésical simple)

+  amikacine systématique

* infection survenant au cours ou au décours d’une prise en charge (diagnostique, thérapeutique, palliative, préventive ou éducative) d’un patient, et 
Q¶pWDQW�QL�SUpVHQWH��QL�HQ�LQFXEDWLRQ�DX�GpEXW�GH�OD�SULVH�HQ�FKDUJH�



�DQWpFpGHQW�G¶,8�FRORQLVDWLRQ�XULQDLUH�GH�PRLQV�GH���PRLV��WUDLWHPHQW�SDU�DPR[LFLOOLQH�DFLGH�FODYXODQLTXH��&�*��&�*��ÀXRURTXLQRORQH�GDQV�OHV���PRLV��
voyage en zone d’endémie EBLSE dans les 3 derniers mois, patient hospitalisé en long séjour et porteur d’une sonde vésicale à demeure ou d’une 
JDVWURVWRPLH�

3\pORQpSKULWH�DLJXs��31$��RX�LQIHFWLRQ�XULQDLUH��,8��PDVFXOLQH�FRPPXQDXWDLUHV

Antibiothérapie probabiliste

Infection sans signes de gravité ,QIHFWLRQ�DYHF�VLJQHV�GH�JUDYLWp
�RX�JHVWH�GH�GUDLQDJH�GH�O¶DSSDUHLO�
XULQDLUH��KRUV�VRQGDJH�YpVLFDO�VLPSOH�

,QIHFWLRQ�VLPSOH Infection à risque
GH�FRPSOLFDWLRQ



Pas de choc septique Choc septique

 Ŷ &LSURÀR[DFLQH�RX����������
OpYRÀR[DFLQH


������
(sauf si FQ < 6 mois) 

 Ŷ ou céfotaxime           
(de préférence)          
ou ceftriaxone

 Ŷ Céfotaxime (de préfé-
rence) ou ceftriaxone

 Ŷ RX�FLSURÀR[DFLQH����������
RX�OpYRÀR[DFLQH�������
(sauf si FQ < 6 mois)

 Ŷ Céfotaxime (de préférence) ou 
ceftriaxone + amikacine
 Ɣ Si allergie : aztréonam + 
amikacine

 Ŷ 6DXI�VL�$7&'�G¶,8�FRORQLVDWLRQ�
urinaire à EBLSE < 3 mois : 
 Ɣ choix selon la documentation 
microbiologique antérieure  : 
pipéracilline-tazobactam + 
amikacine si souche sensible
 Ɣ à défaut carbapénème (imipé-
nème ou méropénème)

 Ŷ Céfotaxime (de préférence) ou 
ceftriaxone + amikacine
 Ɣ Si allergie : aztréonam + 
amikacine

 Ŷ 6DXI�VL�$7&'�G¶,8�FRORQLVDWLRQ�
urinaire à EBLSE < 3 mois, 
RX�DPR[L�FODY�&�*�&�*�)4������������
< 3 mois, ou voyage en zone 
d’endémie < 3 mois : 
 Ɣ carbapénème (imipénème ou 
méropénème) + amikacineSi contre-indication : aminoside (amikacine, gentami-

cine ou tobramycine) ou aztréonam

DPR[L�FODY���DPR[LFLOOLQH�DFLGH�FODYXODQLTXH���&�*���FpSKDORVSRULQH�GH��e�JpQpUDWLRQ���&�*���FpSKDORVSRULQH�GH��e�JpQpUDWLRQ���)4���ÀXRURTXLQRORQH


�FKRF�VHSWLTXH�RX�LQIHFWLRQ�DYHF�G\VIRQFWLRQ�G¶RUJDQH�PHQDoDQW�OH�SURQRVWLF�YLWDO



�WRXWH�DQRPDOLH�GH�O¶DUEUH�XULQDLUH��UpVLGX�YpVLFDO��UHÀX[��OLWKLDVH��WXPHXU��DFWH�XURORJLTXH�UpFHQW��HWF����JURVVHVVH��VXMHW�kJp�IUDJLOH��FODLUDQFH�FUpDWL-
QLQH�������PO�PLQ��LPPXQRGpSUHVVLRQ�JUDYH��/¶DWWHQWLRQ�HVW�DWWLUpH�VXU�OHV�FRQGLWLRQV�G¶XWLOLVDWLRQ�GHV�DQWLELRWLTXHV�SUpYXHV�SDU�O¶$00�QRWDPPHQW�FKH]�
OD�IHPPH�HQFHLQWH�HW�OH�SDWLHQW�SUpVHQWDQW�XQH�LQVXႈVDQFH�UpQDOH�




�XQH�DFWXDOLVDWLRQ�GX�SUR¿O�GH�ULVTXH�HW�GX�FDGUH�G¶XWLOLVDWLRQ�GH�FHV�DQWLELRWLTXHV�D�pWp�HႇHFWXpH�VHORQ�GHV�WUDYDX[�PHQpV�HQ������DX�QLYHDX�GH�
l’Agence européenne du médicament (voir le site de l’ANSM : ZZZ�DQVP�VDQWH�IU��

SYNTHÈSE DE LA RECOMMANDATION DE BONNE PRATIQUE

Antibiothérapie des infections à entérobactéries
et à Pseudomonas aeruginosa chez l’adulte : 

place des carbapénèmes et de leurs alternatives
Mai 2019

OBJECTIFS

L’enjeu de ces recommandations est une meilleure utilisation des carbapénèmes, avec un objectif de réduction de leur 
consommation, principalement à l’hôpital, en limitant au strict nécessaire leur utilisation en traitement probabiliste ou docu-
menté afin de préserver leur efficacité.

PLACE DES CARBAPÉNÈMES DANS L’ANTIBIOTHÉRAPIE PROBABILISTE
D’UNE INFECTION SUSPECTÉE À ENTÉROBACTÉRIE RÉSISTANTE AUX C3G

Il est recommandé de prendre en compte les facteurs de risque suivants d’infection à entérobactérie résistante aux C3G 
(grade B) :

 ■ l’exposition à un antibiotique (amoxicilline-acide clavulanique, C2G, C3G, fluoroquinolones) dans les 3 mois précédents ;
 ■ une infection nosocomiale ou liée aux soins (= associée aux soins) ;
 ■ un antécédent de colonisation ou d’infection à entérobactérie résistante aux C3G dans les 3 mois ;
 ■ un voyage à l’étranger dans les 3 mois dans les zones géographiques connues à risque (notamment le sous-continent 
indien, l’Asie du Sud-Est, le Moyen-Orient et l’Afrique du Nord, le Bassin méditerranéen) ;

 ■ une anomalie fonctionnelle ou organique de l’arbre urinaire (en cas d’infection urinaire).

En l’absence de signes de gravité1, la présence d’un facteur de risque d’infection à entérobactérie résistante aux 
C3G ne justifie pas en soi la prescription de carbapénèmes (AE).
En réanimation, un dépistage rectal négatif datant de moins d’une semaine a une forte valeur prédictive négative d’infection 
à EBLSE.

1.  Une infection avec signes de gravité est définie par la présence d’un choc septique ou comme une infection avec dysfonction d’organe menaçant le 
pronostic vital.



ALTERNATIVES AUX CARBAPÉNÈMES

HAS 2019



IMPACT ÉCOLOGIQUE

HAS 2019



DÉSESCALADE/RELAIS PER OS

HAS 2019



Rubinstein E. Int J Antimicrob Agents. 2007 Nov;30 Suppl 1:S76-9



SAVOIR ARRÊTER UN TRAITEMENT

Spellberg B et al. JAMA Intern Med 2016



CIPROFLOXACINE 3J VS 14J

¡ Etude randomisée prospective versus placebo

¡ 60 Blessés médullaires : IUS

¡ Cipro 250 X 2 ; 14 j vs 3

¡ 37 % rechute bactériologique (vs 7%) et

¡ 20 % de rechute clinique (vs 0%) dans le bras court !

¡ Eviter traitement trop court >> 5 à 7 jours

¡ Surtout avec FQ ?? (rôle sur entérobactéries groupe 3, impact sur SARM…)

1 CID 2004:39;  Dow G.



A. Dinh et al. BMC 2016
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POPULATION

A. Dinh et al. BMC 2016
Dinh et al. BMC 2016



COMMENTAIRES

¡ Durée de traitement moyenne 18,1 jours

¡ Bithérapie dans 62% (n=69)

¡ Taux d’échec 27,5% (n=31)

¡ 11 patients avec IU récidivantes (7 patients>>2 ; 3 >>3 ; 1>>6 (vessie non 

équilibrée))

A. Dinh et al. BMC 2016
Dinh et al. BMC 2016



BIOLOGIE

A. Dinh et al. BMC 2016
Dinh et al. BMC 2016



TRAITEMENT

A. Dinh et al. BMC 2016
Dinh et al. BMC 2016



EVOLUTION

Pas de différence mono vs bithérapie (44% vs 40% ; p=0,071)

Dinh et al. BMC 2016



COMMENTAIRES

¡ Traitement prolongé non nécessaire

¡ Pas d’intérêt à la bithérapie

¡ En dehors des spécificité cliniques et microbiologiques : 

• Prise en charge identique à patient avec vessie non neurologique si traitement efficace 

Dinh et al. BMC 2016



TRAITEMENTS PREVENTIFS



MAÎTRISE DES FACTEURS DE RISQUE 

¡ Mode mictionnel : risque SAD > intermittent > miction spontanée

¡ Étude prospective chez blessée médullaire  : 

 éviter SAD, incidence IUS identique chez homme et femme, (Esclarin de Ruz, J Urol 
2000;164:1285-9)

¡ FdR IUS : résidu post-mictionnel > 300 ml : volumes lors sondage > 400 ml ; 
sondage par un tiers (Merritt JL, Arch Phys Med Rehabil 1981 ; Bakke A, British Journal of Urology, 
1997,79:70-85)



COMPLICATIONS INFECTIEUSES À LONG TERME CHEZ LE BLESSÉ 
MÉDULLAIRE SELON LE MODE DE DRAINAGE CHEZ 316 PATIENTS 

Effect of bladder managment on urological complication Weld J;  J Urol 2000 
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Continuous low-dose antibiotic prophylaxis for adults with 
repeated urinary tract infections (AnTIC): a randomised, 
open-label trial
Holly Fisher, Yemi Oluboyede, Thomas Chadwick, Mohamed Abdel-Fattah, Catherine Brennand, Mandy Fader, Simon Harrison, Paul Hilton, 
James Larcombe, Paul Little, Doreen McClurg, Elaine McColl, James N’Dow, Laura Ternent, Nikesh Thiruchelvam, Anthony Timoney, Luke Vale, 
Katherine Walton, Alexander von Wilamowitz-Moellendorff, Jennifer Wilkinson, Ruth Wood, Robert Pickard*

Summary
Background Repeated symptomatic urinary tract infections (UTIs) affect 25% of people who use clean intermittent 
self-catheterisation (CISC) to empty their bladder. We aimed to determine the benefits, harms, and cost-effectiveness 
of continuous low-dose antibiotic prophylaxis for prevention of recurrent UTIs in adult users of CISC.

Methods In this randomised, open-label, superiority trial, we enrolled participants from 51 UK National Health 
Service organisations. These participants were community-dwelling (as opposed to hospital inpatient) users of CISC 
with recurrent UTIs. We randomly allocated participants (1:1) to receive either antibiotic prophylaxis once daily 
(prophylaxis group) or no prophylaxis (control group) for 12 months by use of an internet-based system with permuted 
blocks of variable length. Trial and laboratory staff who assessed outcomes were masked to allocation but participants 
were aware of their treatment group. The primary outcome was the incidence of symptomatic, antibiotic-treated UTIs 
over 12 months. Participants who completed at least 6 months of follow-up were assumed to provide a reliable 
estimate of UTI incidence and were included in the analysis of the primary outcome. Change in antimicrobial 
resistance of urinary and faecal bacteria was monitored as a secondary outcome. The AnTIC trial is registered at 
ISRCTN, number 67145101; and EudraCT, number 2013-002556-32.

Findings Between Nov 25, 2013, and Jan 29, 2016, we screened 1743 adult users of CISC for eligibility, of whom 
404 (23%) participants were enrolled between Nov 26, 2013, and Jan 31, 2016. Of these 404 participants, 203 (50%) were 
allocated to receive prophylaxis and 201 (50%) to receive no prophylaxis. 1339 participants were excluded before 
randomisation. The primary analysis included 181 (89%) adults allocated to the prophylaxis group and 180 (90%) adults 
in the no prophylaxis (control) group. 22 participants in the prophylaxis group and 21 participants in the control 
group were not included in the primary analysis because they were missing follow-up data before 6 months. The 
incidence of symptomatic antibiotic-treated UTIs over 12 months was 1·3 cases per person-year (95% CI 1·1–1·6) in 
the prophylaxis group and 2·6 (2·3–2·9) in the control group, giving an incidence rate ratio of 0⋅52 (0⋅44–0⋅61; 
p<0⋅0001), indicating a 48% reduction in UTI frequency after treatment with prophylaxis. Use of prophylaxis was 
well tolerated: we recorded 22 minor adverse events in the prophylaxis group related to antibiotic prophylaxis during 
the study, predominantly gastrointestinal disturbance (six participants), skin rash (six participants), and candidal 
infection (four participants). However, resistance against the antibiotics used for UTI treatment was more frequent in 
urinary isolates from the prophylaxis group than in those from the control group at 9–12 months of trial participation 
(nitrofurantoin 12 [24%] of 51 participants from the prophylaxis group vs six [9%] of 64 participants from the control 
group with at least one isolate; p=0⋅038), trimethoprim (34 [67%] of 51 vs 21 [33%] of 64; p=0⋅0003), and co-trimoxazole 
(26 [53%] of 49 vs 15 [24%] of 62; p=0⋅002).

Interpretation Continuous antibiotic prophylaxis is effective in reducing UTI frequency in CISC users with recurrent 
UTIs, and it is well tolerated in these individuals. However, increased resistance of urinary bacteria is a concern that 
requires surveillance if prophylaxis is started.

Funding UK National Institute for Health Research.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Cohort studies from Europe and North America show 
that people who use clean intermittent self-catheterisation 
(CISC) to empty their bladders, possibly due to 
neurological disease such as multiple sclerosis or failure 
of urinary sphincter relaxation, have an average 

prevalence of repeated symptomatic urinary tract 
infections (UTIs) of 25%.1 Factors that could increase the 
risk of UTIs include being female, having neurological 
bladder dysfunction, and having bacterial colonisation of 
the urine.2 Prevention of UTIs with continuous low-dose 
antibiotic prophylaxis has been tested in five previous 
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0⋅49 (0⋅39–0⋅60) in favour of prophylaxis (table 2). 
110 (61%) of 181 participants in the prophylaxis group and 
113 (63%) of 180 participants in the control group had at 
least one positive 3-monthly surveillance urine culture 
that indicated a period of asymptomatic bacteriuria, and 
the incidence of asymp tomatic bacteriuria did not differ 
between groups.

At baseline, the groups did not differ in frequency of 
antimicrobial resistance of urinary isolates to eight oral 
antibiotics that are commonly used for UTI treatment. 
During the 12-month trial, resistance appeared more 
common in isolates that were cultured from urine 
submitted during symptomatic UTIs by participants in 
the prophylaxis group than those in the control group 
(figure 2). In urine samples submitted during 
asymptomatic periods between months 9 and 12 of 
the trial, resistance to nitrofurantoin (12 [24%] of 
51 participants with at least one isolate from the 
prophylaxis group vs six [9%] of 64 participants with at 
least one isolate from the control group; p=0⋅038), 
trimethoprim (34 [67%] of 51 participants vs 21 [33%] of 
64 participants; p=0⋅0003), and co-trimoxazole (26 [53%] 
of 49 participants vs 15 [24%] of 62 participants; p=0⋅002) 
was significantly more frequent in the prophylaxis 
group than the control group. Over baseline and 
subsequent 3-monthly intervals during the 12-month 
trial period, resistance to amoxicillin (38 [52%] of 
73 participants, 25 [74%] of 34 participants, 31 [82%] of 
38 participants, 32 [74%] of 43 participants, and 37 [76%] 
of 49 participants; p=0⋅004), cephalexin (11 [14%] of 
78 participants, ten [25%] of 40 participants, 13 [32%] 
of 41 participants, 17 [38%] of 45 participants, and 16 [31%] 
of 51 participants; p=0⋅005), co-trimoxazole (18 [25%] of 
73 participants, 23 [59%] of 39 participants, 14 [37%] 
of 38 participants, 21 [48%] of 44 participants, 26 [53%] of 
49 participants; p=0⋅006), and trimethoprim (32 [42%] 
of 77 participants, 31 [79%] of 39 participants, 25 [63%] of 
40 participants, 27 [63%] of 43 participants, 34 [67%] 
of 51 participants; p=0⋅016) also significantly increased in 
isolates from urine specimens that were submitted 
during asymptomatic periods by participants in the 
prophylaxis group. There was no evidence of increasing 
resistance over time in the control group. Resistance of 
urinary isolates that were submitted during asymptomatic 
periods appeared to decrease at 18 months. There was no 
evidence that E coli isolated from perianal swabs of 
participants in the prophylaxis group had significantly 
more frequent resistance against any of the eight 
antibiotics tested than did participants in the control 
group at 6–12 months of the trial. 

15 participants in the prophylaxis group (incidence 
0⋅11 cases per person-year [95% CI 0·06–0·21]) and 22 in 
the control group (0⋅16 cases per person-year [0·10–0·25]) 
had at least one febrile UTI, giving an IRR of 0⋅71 
(95% CI 0⋅40–1⋅26; p=0·24; table 2). Six participants in 
the prophylaxis group and eight participants in the 
control group were admitted to hospital due to UTIs. 

Prophylaxis 
group (n=203)

No prophylaxis 
group (n=201)

Age, years 59·1 (17·0) 60·1 (15·6)

Weight, kg 78·9 (17·4) 81·3 (16·2)

Sex

Male 115 (57%) 114 (57%)

Female 88 (43%) 87 (43%)

Number of urinary tract infections in 12 months before randomisation

<4 71 (35%) 78 (39%)

≥4 132 (65%) 123 (61%)

Cause of bladder dysfunction

Neurological 80 (39%) 78 (39%)

Non-neurological 123 (61%) 123 (61%)

Creatinine clearance, mL/min 89·8 (68·6–121·4) 99·1 (71·9–124·2)

Type of clean intermittent catheterisation

By self 201 (99%) 198 (99%)

By spouse or carer 1 (<1%) 2 (1%)

Missing data 1 (<1%) 1 (<1%)

Planned future duration of need for clean intermittent catheterisation

Between 1 and 2 years 0 4 (2%)

Between 2 and 5 years 0 1 (<1%)

Indefinite 182 (90%) 181 (90%)

Not known 20 (10%) 14 (7%)

Missing data 1 (<1%) 1 (<1%)

Route of clean intermittent catheterisation

Urethra 196 (97%) 195 (97%)

Mitrofanoff catheterisable stoma 6 (3%) 5 (2%)

Missing data 1 (<1%) 1 (<1%)

Type of catheter used

Single use 200 (99%) 199 (99%)

Reusable 2 (1%) 2 (1%)

Missing data 1 (<1%) 0

Hydrophilic-coated catheter used?

Yes 189 (93%) 192 (96%)

No 9 (4%) 8 (4%)

Missing data 5 (2%) 1 (<1%)

Frequency of clean intermittent self-catheterisation over 24 h 3·8 (2·2) 4·1 (2·9)

Main functional reason for requiring clean intermittent catheterisation

Bladder failure (or underactivity) 139 (68%) 128 (64%)

Bladder outlet obstruction 49 (24%) 56 (28%)

Bladder augmentation or replacement 13 (6%) 16 (8%)

Missing data 2 (1%) 1 (<1%)

Urinary tract infection details

Number of infections in the 12 months before randomisation 
reported by the patient

4·0 (3·0–6·0) 4·0 (3·0–7·0)

Positive urine culture reports in the 12 months before 
randomisation

2·0 (1·0–4·0) 2·0 (1·0–4·0)

Number of months of antibiotic prophylaxis for urinary tract 
infections in 12 months before randomisation

0·0 (0·0–1·0) 0·0 (0·0–1·0)

Results of central laboratory culture of urine at baseline

Negative 93 (46%) 84 (42%)

Positive 76 (37%) 77 (38%)

Missing data 34 (17%) 40 (20%)

Data are n (%), median (IQR), or mean (SD).

Table 1: Baseline characteristics
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110 (61%) of 181 participants in the prophylaxis group and 
113 (63%) of 180 participants in the control group had at 
least one positive 3-monthly surveillance urine culture 
that indicated a period of asymptomatic bacteriuria, and 
the incidence of asymp tomatic bacteriuria did not differ 
between groups.

At baseline, the groups did not differ in frequency of 
antimicrobial resistance of urinary isolates to eight oral 
antibiotics that are commonly used for UTI treatment. 
During the 12-month trial, resistance appeared more 
common in isolates that were cultured from urine 
submitted during symptomatic UTIs by participants in 
the prophylaxis group than those in the control group 
(figure 2). In urine samples submitted during 
asymptomatic periods between months 9 and 12 of 
the trial, resistance to nitrofurantoin (12 [24%] of 
51 participants with at least one isolate from the 
prophylaxis group vs six [9%] of 64 participants with at 
least one isolate from the control group; p=0⋅038), 
trimethoprim (34 [67%] of 51 participants vs 21 [33%] of 
64 participants; p=0⋅0003), and co-trimoxazole (26 [53%] 
of 49 participants vs 15 [24%] of 62 participants; p=0⋅002) 
was significantly more frequent in the prophylaxis 
group than the control group. Over baseline and 
subsequent 3-monthly intervals during the 12-month 
trial period, resistance to amoxicillin (38 [52%] of 
73 participants, 25 [74%] of 34 participants, 31 [82%] of 
38 participants, 32 [74%] of 43 participants, and 37 [76%] 
of 49 participants; p=0⋅004), cephalexin (11 [14%] of 
78 participants, ten [25%] of 40 participants, 13 [32%] 
of 41 participants, 17 [38%] of 45 participants, and 16 [31%] 
of 51 participants; p=0⋅005), co-trimoxazole (18 [25%] of 
73 participants, 23 [59%] of 39 participants, 14 [37%] 
of 38 participants, 21 [48%] of 44 participants, 26 [53%] of 
49 participants; p=0⋅006), and trimethoprim (32 [42%] 
of 77 participants, 31 [79%] of 39 participants, 25 [63%] of 
40 participants, 27 [63%] of 43 participants, 34 [67%] 
of 51 participants; p=0⋅016) also significantly increased in 
isolates from urine specimens that were submitted 
during asymptomatic periods by participants in the 
prophylaxis group. There was no evidence of increasing 
resistance over time in the control group. Resistance of 
urinary isolates that were submitted during asymptomatic 
periods appeared to decrease at 18 months. There was no 
evidence that E coli isolated from perianal swabs of 
participants in the prophylaxis group had significantly 
more frequent resistance against any of the eight 
antibiotics tested than did participants in the control 
group at 6–12 months of the trial. 

15 participants in the prophylaxis group (incidence 
0⋅11 cases per person-year [95% CI 0·06–0·21]) and 22 in 
the control group (0⋅16 cases per person-year [0·10–0·25]) 
had at least one febrile UTI, giving an IRR of 0⋅71 
(95% CI 0⋅40–1⋅26; p=0·24; table 2). Six participants in 
the prophylaxis group and eight participants in the 
control group were admitted to hospital due to UTIs. 

Prophylaxis 
group (n=203)

No prophylaxis 
group (n=201)

Age, years 59·1 (17·0) 60·1 (15·6)

Weight, kg 78·9 (17·4) 81·3 (16·2)

Sex

Male 115 (57%) 114 (57%)

Female 88 (43%) 87 (43%)

Number of urinary tract infections in 12 months before randomisation

<4 71 (35%) 78 (39%)

≥4 132 (65%) 123 (61%)

Cause of bladder dysfunction

Neurological 80 (39%) 78 (39%)

Non-neurological 123 (61%) 123 (61%)

Creatinine clearance, mL/min 89·8 (68·6–121·4) 99·1 (71·9–124·2)

Type of clean intermittent catheterisation

By self 201 (99%) 198 (99%)

By spouse or carer 1 (<1%) 2 (1%)

Missing data 1 (<1%) 1 (<1%)

Planned future duration of need for clean intermittent catheterisation

Between 1 and 2 years 0 4 (2%)

Between 2 and 5 years 0 1 (<1%)

Indefinite 182 (90%) 181 (90%)

Not known 20 (10%) 14 (7%)

Missing data 1 (<1%) 1 (<1%)

Route of clean intermittent catheterisation

Urethra 196 (97%) 195 (97%)

Mitrofanoff catheterisable stoma 6 (3%) 5 (2%)

Missing data 1 (<1%) 1 (<1%)

Type of catheter used

Single use 200 (99%) 199 (99%)

Reusable 2 (1%) 2 (1%)

Missing data 1 (<1%) 0

Hydrophilic-coated catheter used?

Yes 189 (93%) 192 (96%)

No 9 (4%) 8 (4%)

Missing data 5 (2%) 1 (<1%)

Frequency of clean intermittent self-catheterisation over 24 h 3·8 (2·2) 4·1 (2·9)

Main functional reason for requiring clean intermittent catheterisation

Bladder failure (or underactivity) 139 (68%) 128 (64%)

Bladder outlet obstruction 49 (24%) 56 (28%)

Bladder augmentation or replacement 13 (6%) 16 (8%)

Missing data 2 (1%) 1 (<1%)

Urinary tract infection details

Number of infections in the 12 months before randomisation 
reported by the patient

4·0 (3·0–6·0) 4·0 (3·0–7·0)

Positive urine culture reports in the 12 months before 
randomisation

2·0 (1·0–4·0) 2·0 (1·0–4·0)

Number of months of antibiotic prophylaxis for urinary tract 
infections in 12 months before randomisation

0·0 (0·0–1·0) 0·0 (0·0–1·0)

Results of central laboratory culture of urine at baseline

Negative 93 (46%) 84 (42%)

Positive 76 (37%) 77 (38%)

Missing data 34 (17%) 40 (20%)

Data are n (%), median (IQR), or mean (SD).

Table 1: Baseline characteristics
Lancet 2018



Articles

www.thelancet.com/infection   Vol 18   September 2018 963

With the TSQM questionnaire, participants allocated to 
prophylaxis self-rated as being satisfied with their 
treatment (appendix) giving a mean overall score of 73⋅8 
(SD 25⋅4; the range of scores for the TSMQ is 0–100). 
Health status, which was measured by participant 
completion of the SF-36 at 6 and 12 months, showed a 
small but significant improvement in the mental 
component score at 6 months but not at 12 months for 
participants using prophylaxis compared with no 
prophylaxis. Physical component scores did not differ 
between groups at 6 or 12 months. Responses to the SF-
36 (which was completed by participants during UTIs) 
were used to generate utility values,16 which showed a 
small, non-significant decrease in both groups compared 
with baseline (appendix). There was no deterioration in 
kidney or liver function in either group (appendix).

Economic evaluation suggested that, on average, a 
strategy of antibiotic prophylaxis was more effective and 
more costly than no prophylaxis. The incremental cost 
was £99 per UTI avoided (table 3). There was a 
60% chance that prophylaxis would be cost-effective 
should society be willing to pay £200 to avoid a UTI. The 
incremental cost per QALY over 12 months was 
£5059 (as determined by the cost-utility analysis). In the 
probabilistic analysis, the likelihood that use of 
prophylaxis would be considered cost-effective at a 
threshold value of £20 000 per QALY was 64%. 
Adjustment for utility values that were recorded at the 
time of UTI gave similar results. A probabilistic 
sensitivity evaluation from the willingness to pay analysis 
suggested that use of prophylaxis has a 66% chance of 
being considered more efficient and would give a higher 
net benefit than a no prophylaxis strategy if society was 
prepared to pay £200 or more to avoid a UTI.

19 (9%) participants in the prophylaxis group reported 
22 non-serious adverse events due to antibiotic 
prophylaxis (table 4) and 13 (6%) of these 19 participants 
changed their originally selected agent or stopped 
prophylaxis during the 12-month trial. The incidence of 
adverse events with all three drugs used for prophylaxis 
was similar. At each of the 3-monthly reviews, less than 
10% of participants in the prophylaxis group perceived 
adverse effects to be due to the use of prophylactic 
antibiotics. At the time of UTI, 28 (14%) of 203 participants 
in the prophylaxis group reported ever having adverse 
events due to treatment antibiotics versus 60 (30%) 
of 201 participants in the no prophylaxis group—
predominately nausea (20 [10%] of 203 vs 38 [19%] of 201), 
diarrhoea (13 [6%] of 203 vs 31 [15%] of 201), and candida 
infection (ten [5%] of 203 vs 19 [10%] of 201). The low 
numbers of adverse events in each category precluded 
statistical analysis.

The conclusion of the primary analysis was unchanged 
when removing duration of antibiotic course for UTI 
treatment from the evaluation (IRR 0⋅50; 95% CI 
0⋅43–0⋅58). This result was also unaffected by inclusion 
of the stratification factors (sex, previous frequency of 

UTIs, neurological bladder dysfunction) and other 
possible confounders (age, functional cause of poor 
bladder emptying, use of non-hydrophilic catheter, 
frequency of CISC, use of prophylaxis in previous 
12 months, kidney function, and baseline bacteriuria) in 
the model. Sensitivity analyses for the primary outcome 
that used negative binomial regression with a strict 
intention-to-treat definition gave very similar results 
(negative binomial regression: IRR 0·52, 95% CI 
0·42–0·65; p<0·0001; strict-intention-to-treat analysis: 
0·53, 0·45–0·62; p<0·0001).

Discussion
This trial provides clear, robust evidence of the 
effectiveness of continuous low-dose antibiotic prophylaxis 
as a preventive strategy against repeated UTIs for adults 
using CISC who have recurrent UTIs, which we showed 
over 12 months with three drugs that are licensed in 
the UK. The lower 95% confidence limit for the risk 
reduction (39%) in the primary outcome surpassed our 
prespecified minimal clinically important difference (20%). 
This confidence limit was also greater than that seen in a 
previous study6 of children. The benefits of prophylaxis 
were valued by participants in the prophylaxis group, who 
were satisfied with treatment and most of whom elected 
to continue prophylaxis long-term. However, the 
measured health status of participants was not improved 
from the impaired values at baseline in either group.

Increased development of antimicrobial resistance 
over the 12-month trial duration in the prophylaxis group 
is a major concern that limits the appeal of the 
prophylaxis strategy. This finding was particularly evident 

Prophylaxis group 
(n=181)*

No prophylaxis 
group (n=180)*

Incidence rate 
ratio (95% CI)

p value

Symptomatic, antibiotic-treated urinary tract infections†

All eligible participants 1·3 (1·1–1·6) 2·6 (2·3–2·9) 0·52 (0·44–0·61) <0·0001

<4 infections at baseline 0·8 (0·6–1·1) 1·7 (1·4–2·2) 0·46 (0·34–0·64) 0·45‡

≥4 infections at baseline 1·7 (1·3–2·0) 3·1 (2·7–3·6) 0·54 (0·45–0·64) ··

Microbiologically confirmed urinary tract infections§

All eligible participants 0·74 (0·58–0·94) 1·5 (1·3–1·8) 0·49 (0·39–0·60) <0·0001

<4 infections at baseline 0·32 (0·18–0·57) 1·2 (0·9–1·5) 0·28 (0·18,0·45) 0·01‡

≥4 infections at baseline 0·99 (0·77–1·3) 1·7 (1·4–2·1) 0·57 (0·45–0·72) ··

Febrile urinary tract infections§

All eligible participants 0·11 (0·06–0·21) 0·16 (0·10–0·25) 0·71 (0·40–1·26) 0·24

<4 infections at baseline 0·07 (0·03–0·17) 0·12 (0·06–0·23) 0·62 (0·20–1·90) 0·79‡

≥4 infections at baseline 0·14 (0·06–0·30) 0·19 (0·11–0·32) 0·74 (0·38–1·45) ··

Asymptomatic bacteriuria§

All eligible participants 1·4 (1·2–1·6) 1·6 (1·4–1·9) 0·88 (0·74–1·04) 0·14

<4 infections at baseline 1·5 (1·2–2·0) 2·0 (1·6–2·5) 0·77 (0·60–1·00) 0·18‡

≥4 infections at baseline 1·3 (1·1–1·6) 1·4 (1·1–1·6) 0·98 (0·77–1·23) ··

*Data are incidence rate (95% CI). †Primary outcome. ‡For interaction between subgroups (<4 and ≥4 infections at 
baseline) and treatment group. §Secondary outcome.

Table 2: Incidence rates and incidence rate ratios of the primary and secondary outcomes, compared 
between the prophylaxis and control (no prophylaxis) groups
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Summary
Background Repeated symptomatic urinary tract infections (UTIs) affect 25% of people who use clean intermittent 
self-catheterisation (CISC) to empty their bladder. We aimed to determine the benefits, harms, and cost-effectiveness 
of continuous low-dose antibiotic prophylaxis for prevention of recurrent UTIs in adult users of CISC.

Methods In this randomised, open-label, superiority trial, we enrolled participants from 51 UK National Health 
Service organisations. These participants were community-dwelling (as opposed to hospital inpatient) users of CISC 
with recurrent UTIs. We randomly allocated participants (1:1) to receive either antibiotic prophylaxis once daily 
(prophylaxis group) or no prophylaxis (control group) for 12 months by use of an internet-based system with permuted 
blocks of variable length. Trial and laboratory staff who assessed outcomes were masked to allocation but participants 
were aware of their treatment group. The primary outcome was the incidence of symptomatic, antibiotic-treated UTIs 
over 12 months. Participants who completed at least 6 months of follow-up were assumed to provide a reliable 
estimate of UTI incidence and were included in the analysis of the primary outcome. Change in antimicrobial 
resistance of urinary and faecal bacteria was monitored as a secondary outcome. The AnTIC trial is registered at 
ISRCTN, number 67145101; and EudraCT, number 2013-002556-32.

Findings Between Nov 25, 2013, and Jan 29, 2016, we screened 1743 adult users of CISC for eligibility, of whom 
404 (23%) participants were enrolled between Nov 26, 2013, and Jan 31, 2016. Of these 404 participants, 203 (50%) were 
allocated to receive prophylaxis and 201 (50%) to receive no prophylaxis. 1339 participants were excluded before 
randomisation. The primary analysis included 181 (89%) adults allocated to the prophylaxis group and 180 (90%) adults 
in the no prophylaxis (control) group. 22 participants in the prophylaxis group and 21 participants in the control 
group were not included in the primary analysis because they were missing follow-up data before 6 months. The 
incidence of symptomatic antibiotic-treated UTIs over 12 months was 1·3 cases per person-year (95% CI 1·1–1·6) in 
the prophylaxis group and 2·6 (2·3–2·9) in the control group, giving an incidence rate ratio of 0⋅52 (0⋅44–0⋅61; 
p<0⋅0001), indicating a 48% reduction in UTI frequency after treatment with prophylaxis. Use of prophylaxis was 
well tolerated: we recorded 22 minor adverse events in the prophylaxis group related to antibiotic prophylaxis during 
the study, predominantly gastrointestinal disturbance (six participants), skin rash (six participants), and candidal 
infection (four participants). However, resistance against the antibiotics used for UTI treatment was more frequent in 
urinary isolates from the prophylaxis group than in those from the control group at 9–12 months of trial participation 
(nitrofurantoin 12 [24%] of 51 participants from the prophylaxis group vs six [9%] of 64 participants from the control 
group with at least one isolate; p=0⋅038), trimethoprim (34 [67%] of 51 vs 21 [33%] of 64; p=0⋅0003), and co-trimoxazole 
(26 [53%] of 49 vs 15 [24%] of 62; p=0⋅002).

Interpretation Continuous antibiotic prophylaxis is effective in reducing UTI frequency in CISC users with recurrent 
UTIs, and it is well tolerated in these individuals. However, increased resistance of urinary bacteria is a concern that 
requires surveillance if prophylaxis is started.

Funding UK National Institute for Health Research.
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prevalence of repeated symptomatic urinary tract 
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Figure 2: Antimicrobial 
resistance of isolates 

submitted by the 
prophylaxis group compared 

with the no prophylaxis 
group

(A) Cumulative proportion 
(95% CI) of resistant isolates 

from urine specimens 
submitted during 

symptomatic urinary tract 
infections, plotted over the 

12-month trial duration; 
(B) Incidence of resistance 

(95% CI) of bacteria isolated 
from urine specimens 

submitted during 
asymptomatic periods every 

3 months over the 12-month 
trial duration and at an 

additional 18 month 
follow-up; and (C) Incidence of 

resistance (95% CI) of 
Escherichia coli isolated from 

perianal swabs that were 
submitted every 6 months 

over the 12-month trial 
duration and at an additional 

18-month follow-up.
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Continuous low-dose antibiotic prophylaxis for adults with 
repeated urinary tract infections (AnTIC): a randomised, 
open-label trial
Holly Fisher, Yemi Oluboyede, Thomas Chadwick, Mohamed Abdel-Fattah, Catherine Brennand, Mandy Fader, Simon Harrison, Paul Hilton, 
James Larcombe, Paul Little, Doreen McClurg, Elaine McColl, James N’Dow, Laura Ternent, Nikesh Thiruchelvam, Anthony Timoney, Luke Vale, 
Katherine Walton, Alexander von Wilamowitz-Moellendorff, Jennifer Wilkinson, Ruth Wood, Robert Pickard*

Summary
Background Repeated symptomatic urinary tract infections (UTIs) affect 25% of people who use clean intermittent 
self-catheterisation (CISC) to empty their bladder. We aimed to determine the benefits, harms, and cost-effectiveness 
of continuous low-dose antibiotic prophylaxis for prevention of recurrent UTIs in adult users of CISC.

Methods In this randomised, open-label, superiority trial, we enrolled participants from 51 UK National Health 
Service organisations. These participants were community-dwelling (as opposed to hospital inpatient) users of CISC 
with recurrent UTIs. We randomly allocated participants (1:1) to receive either antibiotic prophylaxis once daily 
(prophylaxis group) or no prophylaxis (control group) for 12 months by use of an internet-based system with permuted 
blocks of variable length. Trial and laboratory staff who assessed outcomes were masked to allocation but participants 
were aware of their treatment group. The primary outcome was the incidence of symptomatic, antibiotic-treated UTIs 
over 12 months. Participants who completed at least 6 months of follow-up were assumed to provide a reliable 
estimate of UTI incidence and were included in the analysis of the primary outcome. Change in antimicrobial 
resistance of urinary and faecal bacteria was monitored as a secondary outcome. The AnTIC trial is registered at 
ISRCTN, number 67145101; and EudraCT, number 2013-002556-32.

Findings Between Nov 25, 2013, and Jan 29, 2016, we screened 1743 adult users of CISC for eligibility, of whom 
404 (23%) participants were enrolled between Nov 26, 2013, and Jan 31, 2016. Of these 404 participants, 203 (50%) were 
allocated to receive prophylaxis and 201 (50%) to receive no prophylaxis. 1339 participants were excluded before 
randomisation. The primary analysis included 181 (89%) adults allocated to the prophylaxis group and 180 (90%) adults 
in the no prophylaxis (control) group. 22 participants in the prophylaxis group and 21 participants in the control 
group were not included in the primary analysis because they were missing follow-up data before 6 months. The 
incidence of symptomatic antibiotic-treated UTIs over 12 months was 1·3 cases per person-year (95% CI 1·1–1·6) in 
the prophylaxis group and 2·6 (2·3–2·9) in the control group, giving an incidence rate ratio of 0⋅52 (0⋅44–0⋅61; 
p<0⋅0001), indicating a 48% reduction in UTI frequency after treatment with prophylaxis. Use of prophylaxis was 
well tolerated: we recorded 22 minor adverse events in the prophylaxis group related to antibiotic prophylaxis during 
the study, predominantly gastrointestinal disturbance (six participants), skin rash (six participants), and candidal 
infection (four participants). However, resistance against the antibiotics used for UTI treatment was more frequent in 
urinary isolates from the prophylaxis group than in those from the control group at 9–12 months of trial participation 
(nitrofurantoin 12 [24%] of 51 participants from the prophylaxis group vs six [9%] of 64 participants from the control 
group with at least one isolate; p=0⋅038), trimethoprim (34 [67%] of 51 vs 21 [33%] of 64; p=0⋅0003), and co-trimoxazole 
(26 [53%] of 49 vs 15 [24%] of 62; p=0⋅002).

Interpretation Continuous antibiotic prophylaxis is effective in reducing UTI frequency in CISC users with recurrent 
UTIs, and it is well tolerated in these individuals. However, increased resistance of urinary bacteria is a concern that 
requires surveillance if prophylaxis is started.

Funding UK National Institute for Health Research.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
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L’ANTIBIOCYCLE (1)

¡ PRINCIPE : 1 prise unique hebdomadaire alternée d’un antibiotique A ou B

Parmi : nitrofuranes, fosfomycine, trimethoprime-sulfaméthoxazole, céfixime

¡ Objectif principal : éviter IUS chez blessés médullaires sous sondages intermittents, 

¡ Objectifs secondaires : tolérance, consommation ATB, BMR rectal (entérobactéries 
BLSE)

JAC 2006



ANTIBIOCYCLE (2) 

¡ Patient blessé médullaire (hors grossesse) infections urinaires à répétition

¡ Résultats sur 38 patients suivis 2 ans

¡ 22 hommes / 16 femmes

¡ Age : 46 ans

¡ 32 paraplégiques, 6 tétraplégiques

¡ Tous : sondage intermittent sur vessie neurologique

Salomon J. et al. JAC 2005



JAC 2005

Variables Avant Après P-value
IUS 9.4 1.84 0.0002

IUF 0.74 0.31 0.04

Hospit/an 0.23 0.09 0.0012

Jour hospit 3.97 1.18 <0.0001

Jours ATB 111 56 0.01

Large spectre 77 12 <0.0001

ECBU + 98.4% 31.8% <0.0001

% BMR 52 6 <0.0001

Patients BMR 6/38 2/38
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Weekly Sequential Antibioprophylaxis for Recurrent 
Urinary Tract Infections Among Patients With Neurogenic 
Bladder: A Randomized Controlled Trial
Aurélien Dinh,1 Marie-Charlotte Hallouin-Bernard,2 Benjamin Davido,1 Adrien Lemaignen,2 Frédérique Bouchand,3 Clara Duran,1 Alexia Even,4  
Pierre Denys,4 Brigitte Perrouin-Verbe,5 Albert Sotto,6 Jean-Philippe Lavigne,7 Franck Bruyère,8 Nathalie Grall,9 Elsa Tavernier,10 and Louis Bernard2

1Infectious Diseases Unit, Raymond Poincaré University Hospital, Assistance Publique Hôpitaux de Paris, Versailles Saint-Quentin University, Garches, France, 2Department of Infectious Diseases, 
Bretonneau University Hospital, Tours, France, 3Pharmacy Department, Raymond Poincaré University Hospital, Assistance Publique Hôpitaux de Paris, Versailles Saint-Quentin University, 
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Physical Medicine and Rehabilitation, Saint-Jacques Hospital, University Hospital of Nantes, Nantes, France, 6Department of Infectious Diseases, Caremeau University Hospital, Nîmes, France, 
7Microbiology Laboratory, Caremeau University Hospital, Nîmes, France, 8Department of Urology, Bretonneau University Hospital, Tours, France, 9Microbiology Laboratory, Bichat-Claude Bernard 
University Hospital, Assistance Publique Hôpitaux de Paris, Paris, France, and 10Clinical Investigation Centre INSERM 1415, Bretonneau University Hospital, Tours, France

Background.  Recurrent urinary tract infections (R-UTIs) are the main cause of morbidity and hospitalizations in subjects with 
neurogenic bladder (NB) due to spinal cord injury (SCI). We evaluated the e"cacy of weekly oral cyclic antibiotic (WOCA) prophy-
laxis (ie, the alternate weekly administration of 2 antibiotics) in preventing R-UTIs.

Methods. Randomized (1:1), open-label, superiority-controlled trial compared WOCA prophylaxis to no prophylaxis (control) 
for 6 months in patients with NB due to SCI, using clean intermittent self-catheterization, and su#ering from R-UTIs. Primary out-
come was incidence of symptomatic antibiotic-treated UTIs. Secondary outcomes were number of febrile UTIs, number of hospi-
talizations, WOCA tolerance, antibiotic consumption, number of negative urine cultures, and emergence of bacterial resistance in 
urinary, intestinal, and nasal microbiota.

Results. Forty-$ve patients were either allocated to the WOCA group (n = 23) or the control group (n = 22). Median (IQR) in-
cidence of symptomatic antibiotic-treated UTIs was 1.0 (0.5–2.5) in the WOCA group versus 2.5 (1.2–4.0) (P = .0241) in the control 
group. No febrile UTIs were recorded in the WOCA group versus 9 (45.0%) (P < .001) in the control group. %e median number of 
additional antibiotic treatment was 0.0 (IQR, 0.0–2.0) versus 3.0 (2.0–5.0) (P = .004) in the WOCA and control groups, respectively. 
Only few adverse events were reported. No impact on emergence of bacterial resistance was observed.

Conclusions. WOCA is e"cient and well tolerated in preventing R-UTIs in SCI patients. In our study, we did not observe any 
emergence of antibiotic resistance in digestive and nasal microbiological cultures.

Clinical Trials Registration. NCT01388413.
Keywords:  prophylaxis; UTI; multidrug-resistant organism; neurogenic bladder.

In the United States, approximately 250 000 persons are spinal 
cord injured [1]. In Europe, the incidence of spinal cord injury 
(SCI) of all etiologies ranges from 10.4 to 29.7 per million in-
habitants per year [2]. Management of patients with SCI has 
greatly improved in recent years, with an increase in life expec-
tancy. However, urinary tract infections (UTIs) remain the first 
cause of morbidity and the second cause of mortality in this 
population [3].

According to a retrospective cohort of Canadian veterans, 
UTI was responsible for 51.2% of the visits at the emergency 

room among patients with SCI [4]. Febrile patients with SCI 
hospitalized in rehabilitation units su#ered in 70% of cases 
from UTIs, which signi$cantly prolonged their hospital stay 
[5]. Recurrence of UTIs is common in this population [1, 3, 6]; 
therefore, prevention is of great importance.

Among patients with neurogenic bladder (NB), the e#ec-
tiveness of daily low-dose antibiotic prophylaxis for recurrent 
UTIs (R-UTIs) has to be proven, and this strategy seems to lead 
to the emergence of bacterial resistance to the antibiotics used 
[6–8]. However, worldwide bacterial resistance is currently a 
major concern [9–11]. Also, patients with NB already have a 
high prevalence of multidrug-resistant organism (MDRO) in-
fections [12]. %us, daily antibiotic prophylaxis is currently not 
recommended for the prevention of R-UTIs in this population 
[6, 7, 13, 14]; yet, other types of antibiotic prophylaxis have not 
been tested. We previously conducted an observational study 
that showed the bene$t of weekly oral cyclic antibiotic (WOCA) 
in preventing R-UTIs in patients with SCI [15].
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adverse e!ects to antibiotics; the amount of antibiotic con-
sumption; the number of negative urine cultures; and the 
presence of antibiotic resistance in urine (cultures), third-
generation cephalosporin (3GC)–resistant Enterobacteriaceae 
in intestinal microbiota (rectal swabs), and methicillin-
resistant Staphylococcus aureus (MRSA) in nasal microbiota 
(nasal swabs).

Microbiology Analysis

All samples used in the antimicrobial resistance analyses were pro-
cessed with consistent methods by a single accredited laboratory.

Urine cultures involved inoculation of 10  µL of urine onto 
5% sheep’s blood and MacConkey agar plates, which were in-
cubated aerobically at 35°C for 24 hours. #e minimum level 
of detection for standard culture was 103 CFU/mL, represented 
by 1 colony of growth on either plate. Standard culture was 
designed speci$cally to grow gram-negative rods, especially 
uropathogenic Escherichia coli.

Susceptibility to antibiotics of all strains was determined in 
accordance with European standards, using the disk-di!usion 
method or an automated broth microdilution method (Phoenix; 
BD Diagnostics) according to the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) [22].

All rectal swabs were discharged in 1.5  mL of brain heart 
infusion (BHI) broth with 30% glycerol and stored at −80°C. 
For analysis, 100-µL aliquots of each broth were plated onto 
Drigalski agar plates (bioMérieux) and incubated for 48 hours 
at 37°C, as a positive control for viability of Enterobacteriaceae. 
Concurrently, 3GC-resistant Enterobacteriaceae were detected 
by plating 100  µL of broth on ChromID extended spectrum 
beta-lactamase (ESBL) agar (bioMérieux), and incubated for 48 
hours at 37°C.

All nasal swabs were discharged in 1.5 mL of BHI broth with 
30% glycerol and stored at −80°C. #e presence of S.  aureus 
was screened by plating 100 µL of broth on ChromID MRSA/
ChromID S.  aureus agar (bioMérieux), and incubated for 48 
hours at 37°C. #e susceptibility of the S. aureus strains to anti-
biotics was determined using the disk-di!usion method ac-
cording to EUCAST [22].

With regard to the intestinal and nasal analysis, all the dif-
ferent morphotypes that grew on the ChromeID ESBL and 
MRSA plates were identi$ed at the species level by mass spec-
trometry (Matrix Assisted Laser Desorption Ionization - Time 
of Flight mass spectrometry; Micro&ex LT Biotyper; Bruker 
Daltonics).

Sample Size

On the basis of a preparatory work, we assumed a mean number 
of UTIs of 9.4 per year in the control group with a standard 
deviation of 5.4 [15] and considered that this variable would 
be log-normally distributed and analyzed with a Wilcoxon test. 
We considered a change of 3 UTIs between the 2 arms to be 

clinically significant and calculated that a total of 80 patients 
were required in order to achieve a statistical power of 90% with 
a type I error of 5%.

However, considering the early stopping of the trial, a power 
analysis showed that the sample size of 23 versus 23 had a 86% 
power to detect a di!erence, assuming a 5% signi$cance level 
and a 2-sided test [23].

Statistical Analysis

All statistical analyses were performed with a risk ɑ of 5%. 
The intention-to-treat population included all patients who 
underwent randomization. In case of loss to follow-up, the 
total number of UTIs was calculated on the follow-up frame 
and then extrapolated to the full 6-month follow-up.

Quantitative variables are presented as median and inter-
quartile range (IQR), and qualitative variables are presented as 
number of occurrences and relative frequencies.

#e numbers of UTIs and quantitative variables were com-
pared using a Wilcoxon test. Qualitative variables were com-
pared with a chi-square test (or a Fisher’s exact test when 
appropriate).

#e proportion of bacteria with resistance to common oral 
antibiotics, isolated from urine specimens submitted by the 
patients over the 6-month follow-up, was calculated based on 
the susceptibility analysis (N samples with resistance to speci$c 
antibiotic/N total positive samples × 100).

Patients with negative urine culture during follow-up (be-
tween week 1 and month 6) were compared in a logistic mixed-
e!ects model, with intervention as a $xed e!ect. Intercept and 

Figure 1. Study flow chart. Abbreviations: CISC, clean, intermittent self-
catheterization; UTI, urinary tract infection; WOCA, weekly oral cyclic antibiotic.
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Variable
Antibiocycle

N = 23
Pas d’antibiocycle

N = 22
Sexe (n, %)

Femme 7 (30.4%) 8 (36.4%)
Homme 16 (69.6%) 14 (63.6%)

Age (an, médiane, IQR) 48.7 [41.5 ; 60.0] 49.6 [34.7 ; 57.5]
N IU par an (médiane, IQR) 12.0 [6.5; 12.0] 9.5 [6.0; 11.8]
N IU fébrile par an (médiane, IQR) 0.0 [0.0; 2.0] 2.0 [0.0; 3.0]
Comorbidités (n, %)

Diabète 3 (13.0%) 2 (9.1%)
Cirrhose 0 (0%) 0 (0%)
Traitement immunosuppressif 0 (0%) 0 (0%)
Cancer or hémopathie 0 (0%) 0 (0%)
Insuffisance rénale sous dialyse 0 (0%) 0 (0%)
Insuffisance hépatique 0 (0%) 0 (0%)
Maladie auto-immune 0 (0%) 0 (0%)
VIH 0 (0%) 0 (0%)

Orchi-épididymite 3 (13.0%) 1 (4.5%)
IU fébrile 13 (56.5%) 16 (72.7%)
Poids (kg, médiane, IQR) 68.0 [62.0; 72.5] 70.5 [65.2; 93.5]



CID 2020

Antibiocycle
N = 23

Pas d’antibiocycle
N = 22

Bactéries identifiées à l’inclusion 
(ECBU)

Escherichia coli 21 (91%) 17 (77%)

Klebsiella spp. 4 (17%) 2 (9%)

Proteus spp. 0 (0%) 2 (9%)

Citrobacter spp. 0 (0%) 1 (5%)

Enterococcus spp. 1 (4%) 1 (5%)

Streptococcus spp. 2 (9%) 0 (0%)

SCN 1 (4%) 1 (5%)

SAMS 0 (0%) 1 (5%)

Associations antibiotiques utilisées

Fosfomycine-trometamol / Cefixime 14

Fosfomycine-trometamol / Amoxicilline-clavulanate 2

Fosfomycine-trometamol / Sulfamethoxazole-
trimethoprim 2

Fosfomycine-trometamol / Amoxicilline 2

Fosfomycine-trometamol / Furadantine 1

Cefixime / Sulfamethoxazole-trimethoprim 1
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Background.  Recurrent urinary tract infections (R-UTIs) are the main cause of morbidity and hospitalizations in subjects with 
neurogenic bladder (NB) due to spinal cord injury (SCI). We evaluated the e"cacy of weekly oral cyclic antibiotic (WOCA) prophy-
laxis (ie, the alternate weekly administration of 2 antibiotics) in preventing R-UTIs.

Methods. Randomized (1:1), open-label, superiority-controlled trial compared WOCA prophylaxis to no prophylaxis (control) 
for 6 months in patients with NB due to SCI, using clean intermittent self-catheterization, and su#ering from R-UTIs. Primary out-
come was incidence of symptomatic antibiotic-treated UTIs. Secondary outcomes were number of febrile UTIs, number of hospi-
talizations, WOCA tolerance, antibiotic consumption, number of negative urine cultures, and emergence of bacterial resistance in 
urinary, intestinal, and nasal microbiota.

Results. Forty-$ve patients were either allocated to the WOCA group (n = 23) or the control group (n = 22). Median (IQR) in-
cidence of symptomatic antibiotic-treated UTIs was 1.0 (0.5–2.5) in the WOCA group versus 2.5 (1.2–4.0) (P = .0241) in the control 
group. No febrile UTIs were recorded in the WOCA group versus 9 (45.0%) (P < .001) in the control group. %e median number of 
additional antibiotic treatment was 0.0 (IQR, 0.0–2.0) versus 3.0 (2.0–5.0) (P = .004) in the WOCA and control groups, respectively. 
Only few adverse events were reported. No impact on emergence of bacterial resistance was observed.

Conclusions. WOCA is e"cient and well tolerated in preventing R-UTIs in SCI patients. In our study, we did not observe any 
emergence of antibiotic resistance in digestive and nasal microbiological cultures.

Clinical Trials Registration. NCT01388413.
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In the United States, approximately 250 000 persons are spinal 
cord injured [1]. In Europe, the incidence of spinal cord injury 
(SCI) of all etiologies ranges from 10.4 to 29.7 per million in-
habitants per year [2]. Management of patients with SCI has 
greatly improved in recent years, with an increase in life expec-
tancy. However, urinary tract infections (UTIs) remain the first 
cause of morbidity and the second cause of mortality in this 
population [3].

According to a retrospective cohort of Canadian veterans, 
UTI was responsible for 51.2% of the visits at the emergency 

room among patients with SCI [4]. Febrile patients with SCI 
hospitalized in rehabilitation units su#ered in 70% of cases 
from UTIs, which signi$cantly prolonged their hospital stay 
[5]. Recurrence of UTIs is common in this population [1, 3, 6]; 
therefore, prevention is of great importance.

Among patients with neurogenic bladder (NB), the e#ec-
tiveness of daily low-dose antibiotic prophylaxis for recurrent 
UTIs (R-UTIs) has to be proven, and this strategy seems to lead 
to the emergence of bacterial resistance to the antibiotics used 
[6–8]. However, worldwide bacterial resistance is currently a 
major concern [9–11]. Also, patients with NB already have a 
high prevalence of multidrug-resistant organism (MDRO) in-
fections [12]. %us, daily antibiotic prophylaxis is currently not 
recommended for the prevention of R-UTIs in this population 
[6, 7, 13, 14]; yet, other types of antibiotic prophylaxis have not 
been tested. We previously conducted an observational study 
that showed the bene$t of weekly oral cyclic antibiotic (WOCA) 
in preventing R-UTIs in patients with SCI [15].
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Antibiocycle
N = 23

Pas 
d’antibiocycle

N = 22
P-value

Evolution
N IU (médiane, IQR) 1.0 [0.5-2.5] 2.5 [1.2-4.0] 0.024
IU fébrile (n, %) 0 (0%) 9 (45%) <0.001
Hospitalisations (n, %) 3 (14%) 6 (29%) 0.281
Hospitalisations dues à IU (n, %) 0 (0%) 2 (9%) 0.233

N cure d’antibiothérapie additionnelle 
(médiane, IQR) 0.0 [0.0-2.0] 3.0 [2.0-5.0] 0.004

N jours d’antibiothérapie (médiane, IQR) 0.0 [0.0; 12.0] 11.0 [3.2; 28.5] 0.018
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neurogenic bladder (NB) due to spinal cord injury (SCI). We evaluated the e"cacy of weekly oral cyclic antibiotic (WOCA) prophy-
laxis (ie, the alternate weekly administration of 2 antibiotics) in preventing R-UTIs.

Methods. Randomized (1:1), open-label, superiority-controlled trial compared WOCA prophylaxis to no prophylaxis (control) 
for 6 months in patients with NB due to SCI, using clean intermittent self-catheterization, and su#ering from R-UTIs. Primary out-
come was incidence of symptomatic antibiotic-treated UTIs. Secondary outcomes were number of febrile UTIs, number of hospi-
talizations, WOCA tolerance, antibiotic consumption, number of negative urine cultures, and emergence of bacterial resistance in 
urinary, intestinal, and nasal microbiota.

Results. Forty-$ve patients were either allocated to the WOCA group (n = 23) or the control group (n = 22). Median (IQR) in-
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additional antibiotic treatment was 0.0 (IQR, 0.0–2.0) versus 3.0 (2.0–5.0) (P = .004) in the WOCA and control groups, respectively. 
Only few adverse events were reported. No impact on emergence of bacterial resistance was observed.

Conclusions. WOCA is e"cient and well tolerated in preventing R-UTIs in SCI patients. In our study, we did not observe any 
emergence of antibiotic resistance in digestive and nasal microbiological cultures.

Clinical Trials Registration. NCT01388413.
Keywords:  prophylaxis; UTI; multidrug-resistant organism; neurogenic bladder.

In the United States, approximately 250 000 persons are spinal 
cord injured [1]. In Europe, the incidence of spinal cord injury 
(SCI) of all etiologies ranges from 10.4 to 29.7 per million in-
habitants per year [2]. Management of patients with SCI has 
greatly improved in recent years, with an increase in life expec-
tancy. However, urinary tract infections (UTIs) remain the first 
cause of morbidity and the second cause of mortality in this 
population [3].

According to a retrospective cohort of Canadian veterans, 
UTI was responsible for 51.2% of the visits at the emergency 

room among patients with SCI [4]. Febrile patients with SCI 
hospitalized in rehabilitation units su#ered in 70% of cases 
from UTIs, which signi$cantly prolonged their hospital stay 
[5]. Recurrence of UTIs is common in this population [1, 3, 6]; 
therefore, prevention is of great importance.

Among patients with neurogenic bladder (NB), the e#ec-
tiveness of daily low-dose antibiotic prophylaxis for recurrent 
UTIs (R-UTIs) has to be proven, and this strategy seems to lead 
to the emergence of bacterial resistance to the antibiotics used 
[6–8]. However, worldwide bacterial resistance is currently a 
major concern [9–11]. Also, patients with NB already have a 
high prevalence of multidrug-resistant organism (MDRO) in-
fections [12]. %us, daily antibiotic prophylaxis is currently not 
recommended for the prevention of R-UTIs in this population 
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Antibiocycle
N = 23

Pas d’antibiocycle
N = 22

Colonisation SARM (nasal)

Inclusion 4/23 2/22

Visite 6 mois 0/16 0/16

Colonisation Entérobactéries résistantes C3G 
(intestinal)

Inclusion 5/22 3/20

Visite 6 mois 1/18 1/18
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Background.  Recurrent urinary tract infections (R-UTIs) are the main cause of morbidity and hospitalizations in subjects with 
neurogenic bladder (NB) due to spinal cord injury (SCI). We evaluated the e"cacy of weekly oral cyclic antibiotic (WOCA) prophy-
laxis (ie, the alternate weekly administration of 2 antibiotics) in preventing R-UTIs.

Methods. Randomized (1:1), open-label, superiority-controlled trial compared WOCA prophylaxis to no prophylaxis (control) 
for 6 months in patients with NB due to SCI, using clean intermittent self-catheterization, and su#ering from R-UTIs. Primary out-
come was incidence of symptomatic antibiotic-treated UTIs. Secondary outcomes were number of febrile UTIs, number of hospi-
talizations, WOCA tolerance, antibiotic consumption, number of negative urine cultures, and emergence of bacterial resistance in 
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group. No febrile UTIs were recorded in the WOCA group versus 9 (45.0%) (P < .001) in the control group. %e median number of 
additional antibiotic treatment was 0.0 (IQR, 0.0–2.0) versus 3.0 (2.0–5.0) (P = .004) in the WOCA and control groups, respectively. 
Only few adverse events were reported. No impact on emergence of bacterial resistance was observed.
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emergence of antibiotic resistance in digestive and nasal microbiological cultures.
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In the United States, approximately 250 000 persons are spinal 
cord injured [1]. In Europe, the incidence of spinal cord injury 
(SCI) of all etiologies ranges from 10.4 to 29.7 per million in-
habitants per year [2]. Management of patients with SCI has 
greatly improved in recent years, with an increase in life expec-
tancy. However, urinary tract infections (UTIs) remain the first 
cause of morbidity and the second cause of mortality in this 
population [3].

According to a retrospective cohort of Canadian veterans, 
UTI was responsible for 51.2% of the visits at the emergency 

room among patients with SCI [4]. Febrile patients with SCI 
hospitalized in rehabilitation units su#ered in 70% of cases 
from UTIs, which signi$cantly prolonged their hospital stay 
[5]. Recurrence of UTIs is common in this population [1, 3, 6]; 
therefore, prevention is of great importance.

Among patients with neurogenic bladder (NB), the e#ec-
tiveness of daily low-dose antibiotic prophylaxis for recurrent 
UTIs (R-UTIs) has to be proven, and this strategy seems to lead 
to the emergence of bacterial resistance to the antibiotics used 
[6–8]. However, worldwide bacterial resistance is currently a 
major concern [9–11]. Also, patients with NB already have a 
high prevalence of multidrug-resistant organism (MDRO) in-
fections [12]. %us, daily antibiotic prophylaxis is currently not 
recommended for the prevention of R-UTIs in this population 
[6, 7, 13, 14]; yet, other types of antibiotic prophylaxis have not 
been tested. We previously conducted an observational study 
that showed the bene$t of weekly oral cyclic antibiotic (WOCA) 
in preventing R-UTIs in patients with SCI [15].
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PROPHYLAXIE NON ANTIBIOTIQUE



Overview

• Comportementaux : Coïts, utilisation de 
spermicides = FDR identifiés dans cohorte 
observationnelle et études cas témoins.  
Impact de mictions non retenues, douche, 
hygiène = mal étudié

• Phytothérapie :
– Herbes médicinales chinoises : petit échantillon, fort 

risque de biais élevé
– Canneberge : probablement efficace, revue de la 

Cochrane : pas de différence significative mais 
hétérogénéité élevée. Plusieurs essais et une méta 
analyse ont retrouvé un effet positif 

• Probiotiques : 7 RCT et une méta analyse 
Cochrane ð pas d’effet significatif mais essais 
hétérogènes donc nécessité études en 
particulier avec Lactobacillus 

• D-Mannose : 1 essai randomisé encourageant

• Methénamine : Meta analyse Cochrane de 13 
études (1 seule chez patients présentant IU 
récidivantes). RCT en cours.

• Oestrogène : Méta analyse Cochrane en 
faveur de la réduction du risque IU (5 RCT)

• Instillation intra vésicale de GAG : 2 RCT de 
petite taille positifs

• Immunostimulants (urovaxom/uromunne) : 
efficace dans RCT de petite taille ou étude 
rétrospectives

• Vaccinations :  contre facteurs de virulence 
des EPEC ð études cliniques en cours

• Compétition bactérienne : 3 RCT et série 
avant/après : effet protecteur



Jus de Canneberge
• Diminution de l’incidence des infections urinaires récidivantes 

femme jeune (JAMA, 1994, 271)
• Diminution de l’incidence infections urinaires femme âgée 

(BMJ 2001; 322)
• Bonne tolérance ; acidification des urines
• Proanthocyanidines (NEJM) : empêchent les fimbriae  

d’adhérer aux muqueuses (Ruz, CID 2004)
• Action anti-oxydante ; évite le bio film bactérien ?
 (Reid G, Spinal Cord 2001, 39:26-30)
 Études méthodologiquement contestables : 
• Étude contrôlée randomisée chez 21 blessés médullaires : 

400 mg X 3 / jour 4 semaines >> non conclusive 
 Lisenmeyer et al. J Spinal Cord med 2004;27
 Cochrane Database Syst rev 2004;2



Compétition bactérienne



De quoi s’agit-il ?

• 2 souches d’E. coli
– E. coli 83792 : n’exprime pas P. fimbriae (contient gène 

pap)
– HU2117 : E. coli sauvage délétion de 800 pb codant 

pour le gène papG

• Capacité identique à coloniser la vessie et inhiber 
la formation de biofilm sur matériel

• Lactobacillus
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Bacterial Interference for Prevention of Urinary
Tract Infection
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The concept of bacterial interference, both passive
and active, embodies the use of bacteria of low viru-
lence to compete with and protect against coloniza-
tion and infection by disease-causing organisms.
Passive bacterial interference is achieved when natu-
rally present commensal bacteria help defend against
host infection by pathogenic organisms. Examples of
bodily sites that are protected by normal flora include
the skin, oral cavity, upper respiratory tract, vagina,
bladder, and bowels. In instances where natural bacte-
rial flora may not afford adequate resistance to colo-
nization and/or infection, active bacterial interference
can be useful by intentionally administering into the
human body bacteria of low virulence that could
replace pathogens. The potential benefit of bacterial
interference in preventing infection has been explored
with variable success in differently designed studies of
various conditions (including urinary tract infection,
vaginosis, burn, and antibiotic-associated colitis) by
using different agents (including Escherichia coli, Lac-
tobacillus species, Streptomyces species, and skin
flora) [1–3].

Not only is urinary tract infection (UTI) the most
common healthcare-acquired infection, but it also ac-
counts for 8–11 million patient visits each year in the
United States [4]. Because the risk-benefit analysis does
not favor the general use of antimicrobial-based measures

to prevent UTI, there exists a pressing need to explore
the role of nonantimicrobial preventive approaches. To
eliminate uropathogens, a number of studies have aimed
at deliberate colonization of the bladder with bacteria
of low virulence. This approach is supported by the
fact that treatment of asymptomatic bacteriuria is not
only contraindicated in general, but can also lead to
emergence of uropathogens and development of
symptomatic infection [5–7]. This review focuses on the
role of bacterial interference in preventing UTI by using
E. coli in patients with neurogenic/dysfunctional bladder
or Lactobacillus species mostly in healthy women. It as-
sesses the role of different agents of bacterial interference,
explores the potential mechanisms of action, summarizes
the results of clinical studies, compares different bacterial
applications, and highlights future research.

AGENTS OF BACTERIAL INTERFERENCE

The 2 bacterial organisms that have been clinically
tested as agents of bacterial interference for specifically
preventing UTI include E. coli (E. coli strains 83792
and HU2117) and a variety of Lactobacillus species
(mostly L. crispatus CTV05, L. casei var rhamnosus
GR1 and GG, and L. fermentum B54).

Escherichia coli
Bacterial interference utilizing nonpathogenic E. coli
for prevention of UTI was originally established by
using E. coli 83972, an organism that had caused
asymptomatic bacteriuria for 3 years in a young girl
without altering renal function [8]. Although E. coli
83972 has not been reported to cause symptomatic
UTI and usually does not express P fimbriae, it con-
tains the full chromosomal pap gene that encodes
P fimbriae [9, 10]. Escherichia coli HU2117 is a
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genetically engineered strain created from wild-type E. coli
83972 that has an 800-base pair deletion mutation in the chro-
mosomal papG gene [9]. As a result, it cannot make functional
P fimbriae, which are associated with pyelonephritis and bac-
teremia. Based on in vitro data, E. coli HU2117 seems to be
indistinguishable from E. coli 83972 with respect to bladder
colonization and ability to prevent biofilm formation on
urinary catheters by uropathogens [11].

Lactobacillus species
Lactobacilli are the dominant vaginal flora and possess antimi-
crobial properties that regulate other urogenital microbes. Al-
though a variety of Lactobacillus species have been reported as
healthy vaginal flora, L. crispatus, L. gasseri, L. inners, and L. jen-
senii appear to be most common [12]. Lactobacillus casei var
rhamnosus strains have been evaluated as potential probiotic
agents in the vagina but have not been reported as part of
normal vaginal flora [12]. Since high concentrations of Lactoba-
cillus species in the vagina correlate with a lower rate of UTI, the
use of Lactobacillus-containing probiotics to restore commensal
vaginal flora has been proposed for the treatment and prophy-
laxis of bacterial urogenital infections [4, 13]. In most occasions,
however, Lactobacillus species is intentionally introduced into
the human body for reasons other than prevention of UTI, in-
cluding control of bacterial vaginosis and regulation of bowel
flora. Because the potential for preventing UTI using bacterial
interference by probiotic Lactobacillus is based primarily on the
displacement of potential uropathogens from the vagina, this

approach is utilized exclusively in women. An attempt to colo-
nize the urethra or bladder directly through intravesicle inocula-
tion with Lactobacillus was unsuccessful in men [13].

MECHANISMS OF ACTION

Figure 1 displays a humorous scientific version of potential
mechanisms of bacterial interference. Mechanisms of action,
listed in a clockwise fashion starting at the right upper corner,
include competition for nutrients, production of antibacterial
agents (including bacteriocins, antiseptics, and acidic sub-
stances), competition for attachment sites, regulation of gene
expression, immunomodulation, and biofilm disruption.
Coaggregation of organisms could also enhance the goal of
bacterial interference. Escherichia coli and Lactobacillus species
share some but not all mechanisms of bacterial interference.

Escherichia coli 83972
Competition for Nutrients
It has been suggested that the primary mechanism for bacteri-
al interference by E. coli 83972 is competition with other bac-
teria for nutrients [14]. This concept was based on the
observation that E. coli 83972 grew faster than several tested
uropathogenic E. coli strains and significantly outperformed 1
uropathogenic E. coli strain in cocultures, both in vitro and in
a murine bladder colonization model. However, human colo-
nization trials indicate that E. coli 83972 may not eliminate
other bacteria from the urine after relatively few generations.

Figure 1. Potential mechanisms of bacterial interference: The Bladder Inn. Abbreviations: G, good; B, bad.
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Figure 1. Deliberate bladder inoculation with E. coli 83972 is used therapeutically, to protect against 
recurrent urinary tract infection. 

4. Results and Discussion 

4.1. Bacterial Evolution towards Commensalism rather than Virulence 

Bacteria increase their fitness in new host niches by rapid adaptation to changing environmental 
conditions. They lose or gain genetic material and, through selection, new variants become fixed in 
the population. Evolution has mainly been assumed to favor virulence, which promotes host-to-host 
spread and tissue attack. Until recently, evolution of commensalism had not been considered. We 
have proposed that ABU strains evolve towards commensalism in human hosts, as defined by a 
reduction in overall genome size, inactivation of virulence genes and modifications of transcriptional 
regulators [10,11]. Some ABU strains, such as the ABU E. coli strain VR50, have been also shown to 
evolve from commensal strains by gaining colonization factors [12]. 

Epidemiologic studies have established that the severity of UTI reflects the virulence profile of 
the infecting strain, with a higher frequency of tissue-attacking virulence factors expressed by UPEC 
strains than by most strains causing ABU [13,14], despite the presence of virulence gene sequences in 
many ABU strains [15]. Until recently, the molecular basis for this discrepancy has not been 
examined. Our results have established that ABU strains evolve towards commensalism through 
reductive evolution in human hosts [10], resulting in overall genome size reduction and systematic 
inactivation of virulence genes, either by the accumulation of point mutations or deletions [11,16]: 
Sequencing of the E. coli 83972 genome revealed a common ancestry with uropathogenic E. coli strains 
but a smaller genome size due to multiple deletions and mutations, suggesting that this strain 
adapted to the human urinary tract by undergoing reductive evolution [10,16] (Figure 2). For 
example, a large fim deletion and several papG point mutations abolish fimbrial expression and 
adherence [11]. Extended sequencing and phenotypic characterization has since confirmed that ABU 
strains undergo reductive evolution by a reduction in genome size and an accumulation of genomic 
alterations, which result in specific loss of expression or decay of UPEC virulence genes [17]. 

4.2. Host-Specific Genome Alterations in Inoculated Hosts 

To determine adaptation during long-term bladder colonization, we analyzed the genome 
sequence of ABU E. coli isolate 83972 (Figure 2) and compared this sequence to genomes of other 
model UPEC strains and non-pathogenic E. coli K-12 strain MG1655 to identify strain-specific 
genomic regions. Re-sequencing of E. coli 83972 reisolates after therapeutic bladder colonization of 
different patients led to the observation that hosts personalize their bacteria, thus providing the first, 
genome-wide example of a single bacterial strain’s evolution in different, deliberately inoculated 

Figure 1. Deliberate bladder inoculation with E. coli 83972 is used therapeutically, to protect against
recurrent urinary tract infection.

4. Results and Discussion

4.1. Bacterial Evolution towards Commensalism rather than Virulence

Bacteria increase their fitness in new host niches by rapid adaptation to changing environmental
conditions. They lose or gain genetic material and, through selection, new variants become fixed in
the population. Evolution has mainly been assumed to favor virulence, which promotes host-to-host
spread and tissue attack. Until recently, evolution of commensalism had not been considered. We
have proposed that ABU strains evolve towards commensalism in human hosts, as defined by a
reduction in overall genome size, inactivation of virulence genes and modifications of transcriptional
regulators [10,11]. Some ABU strains, such as the ABU E. coli strain VR50, have been also shown to
evolve from commensal strains by gaining colonization factors [12].

Epidemiologic studies have established that the severity of UTI reflects the virulence profile of
the infecting strain, with a higher frequency of tissue-attacking virulence factors expressed by UPEC
strains than by most strains causing ABU [13,14], despite the presence of virulence gene sequences in
many ABU strains [15]. Until recently, the molecular basis for this discrepancy has not been examined.
Our results have established that ABU strains evolve towards commensalism through reductive
evolution in human hosts [10], resulting in overall genome size reduction and systematic inactivation
of virulence genes, either by the accumulation of point mutations or deletions [11,16]: Sequencing of
the E. coli 83972 genome revealed a common ancestry with uropathogenic E. coli strains but a smaller
genome size due to multiple deletions and mutations, suggesting that this strain adapted to the human
urinary tract by undergoing reductive evolution [10,16] (Figure 2). For example, a large fim deletion and
several papG point mutations abolish fimbrial expression and adherence [11]. Extended sequencing
and phenotypic characterization has since confirmed that ABU strains undergo reductive evolution by
a reduction in genome size and an accumulation of genomic alterations, which result in specific loss of
expression or decay of UPEC virulence genes [17].

4.2. Host-Specific Genome Alterations in Inoculated Hosts

To determine adaptation during long-term bladder colonization, we analyzed the genome
sequence of ABU E. coli isolate 83972 (Figure 2) and compared this sequence to genomes of other model
UPEC strains and non-pathogenic E. coli K-12 strain MG1655 to identify strain-specific genomic regions.
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defined by daily urine cultures during the first week, weekly urine cultures during the next month,
and later at monthly intervals [17,33,34].
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Figure 1. The human therapeutic inoculation protocol. Antibiotics are administered to sterilize the 
urine. After an antibiotic-free interval, the patient is catheterized, the bladder is emptied, and 30 mL 
E. coli 83972 (105 CFU/mL) are injected. If bacteriuria is not established, the procedure may be 
repeated daily for maximally three days. Published with permission from Cellular Microbiology [35]. 

2.2. E. coli 83972 Inoculation Protects against Symptomatic UTI  

Early observational studies proved the safety of the inoculation procedure [19,32,33]. These 
studies also showed that the outcome of inoculation depends on urodynamic factors. As expected, E. 
coli 83972, which fails to adhere to bladder epithelial cells, did not colonize patients with complete 
bladder emptying. E. coli 83972 bacteriuria was monitored for more than 600 months in 24 patients 
who achieved long-term colonization. In these patients, bacterial concentrations remained at >105 

CFU/mL, often increasing to 108 CFU/mL. All patients reported subjective improvement with a 
reduction of minor lower urinary tract symptoms. No febrile UTI episodes were diagnosed during E. 
coli 83972 bacteriuria [34], and no side effects were registered.  

The results from these observational studies encouraged us to design a double-blinded 
randomized trial with cross-over design. We included 20 patients with incomplete bladder emptying 
and/or neurogenic bladder disorders, and with a history of recurrent UTI refractory to conventional 
treatment. All patients were inoculated with E. coli 83972 or placebo and followed for 12 months, 
when they were crossed-over and followed for another 12 months. The study end points were A) the 
time to the first symptomatic infection causing UTI in both study arms, and B) the total number of 
symptomatic infections over the entire study period of 12 + 12 months. 

The time to first UTI was significantly longer in the group inoculated with E. coli 83972 (median 
11 vs. six months, p = 0.0129), and the number of UTI episodes was significantly lower (13 vs. 35 UTI 
episodes, p = 0.009) in patients with E. coli 83972 bacteriuria compared to the placebo control-arm 
(Figure 2) [16]. There were no significant side effects or febrile UTI episodes registered during the 
study. These findings verify the protective effect of E. coli 83972 inoculation against symptomatic UTI. 

Figure 1. The human therapeutic inoculation protocol. Antibiotics are administered to sterilize the
urine. After an antibiotic-free interval, the patient is catheterized, the bladder is emptied, and 30 mL E.
coli 83972 (105 CFU/mL) are injected. If bacteriuria is not established, the procedure may be repeated
daily for maximally three days. Published with permission from Cellular Microbiology [35].

2.2. E. coli 83972 Inoculation Protects against Symptomatic UTI

Early observational studies proved the safety of the inoculation procedure [19,32,33]. These
studies also showed that the outcome of inoculation depends on urodynamic factors. As expected,
E. coli 83972, which fails to adhere to bladder epithelial cells, did not colonize patients with complete
bladder emptying. E. coli 83972 bacteriuria was monitored for more than 600 months in 24 patients who
achieved long-term colonization. In these patients, bacterial concentrations remained at >105 CFU/mL,
often increasing to 108 CFU/mL. All patients reported subjective improvement with a reduction of
minor lower urinary tract symptoms. No febrile UTI episodes were diagnosed during E. coli 83972
bacteriuria [34], and no side effects were registered.

The results from these observational studies encouraged us to design a double-blinded
randomized trial with cross-over design. We included 20 patients with incomplete bladder emptying
and/or neurogenic bladder disorders, and with a history of recurrent UTI refractory to conventional
treatment. All patients were inoculated with E. coli 83972 or placebo and followed for 12 months,
when they were crossed-over and followed for another 12 months. The study end points were A) the
time to the first symptomatic infection causing UTI in both study arms, and B) the total number of
symptomatic infections over the entire study period of 12 + 12 months.

The time to first UTI was significantly longer in the group inoculated with E. coli 83972 (median
11 vs. six months, p = 0.0129), and the number of UTI episodes was significantly lower (13 vs. 35 UTI
episodes, p = 0.009) in patients with E. coli 83972 bacteriuria compared to the placebo control-arm
(Figure 2) [16]. There were no significant side effects or febrile UTI episodes registered during the
study. These findings verify the protective effect of E. coli 83972 inoculation against symptomatic UTI.
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Table 1. Clinical Trials Using Escherichia coli for Prevention of Urinary Tract Infection

Ref Author/Year
E. coli
Strain Study Design

Enrolled
Patients Intervention

Reported
Safetya Reported Efficacyb

9 Darouiche
2011

HU2117 Randomized, placebo-
controlled, double-blind

65 Bladder inoculation Yes Average no. of episodes of symptomatic
UTI per patient-year was lower in the
experimental group than in the control
group (0.50 vs 1.68, P = .02).

37 Sundén 2010 83972 Crossover, placebo-
controlled, double-blind

20 Bladder inoculation Yes The time to first symptomatic UTI was
longer with than without E. coli 83972
bacteriuria (median 11.3 vs 5.7 mo, sign
test P = .013). There were fewer reports
during 1 year of symptomatic UTI with
than without E. coli 83972 bacteriuria (13
vs 35 episodes; paired t test, P = .009,
95% CI: .31–1.89).

38 Prasad 2009 83972 Open-label, compared E. coli
colonizers to historic
control

13 Insertion of a coated bladder
catheter for 3 d in patients
practicing intermittent
bladder catheterization

Yes Lower rate of symptomatic UTI while
colonized with E. coli 83972 than during
prestudy period (0.77 vs 2.27 episodes
per patient-year). Statistical comparison
not provided.

39 Trautner 2007 HU2117 Open-label, compared E. coli
recipients to historic
control

12 Insertion of a coated bladder
catheter for 28 d in patients
with indwelling bladder
catheters

Yes Calculated rate of symptomatic UTI in the
experimental group was lower than the
reported historic rate in spinal cord–
injured subjects with indwelling bladder
catheters (0.15 vs 2.72 cases per 100
patient-days). Statistical comparison not
provided.

15 Darouiche
2005

83972 Randomized, placebo-
controlled, double-blind

27 Bladder inoculation Yes Mean number of symptomatic episodes of
UTI per year was lower in experimental
group than in control group (1.6 vs 3.5,
P= .036).

16 Darouiche
2001

83972 Open-label, compared E. coli
colonizers to
noncolonizers and historic
control

44 Bladder inoculation Yes A lower mean rate of symptomatic UTI in
patients colonized with E. coli 83972 vs
patients who could not be colonized (0.06
vs 1.80 episodes of UTI/patient-year,
P< .001).

10 Hull 2000 83972 Open-label, compared E. coli
colonizers to
noncolonizers and historic
control

21 Bladder inoculation Yes Mean rates of symptomatic UTI per patient-
year were 0 in patients colonized with
E. coli 83972 vs 3.1 in the same patients
before colonization. Statistical comparison
not provided.

Abbreviations: CI, confidence interval; E. coli, Escherichia coli; UTI, urinary tract infection.
a Safety: Intervention is considered safe if inoculated E. coli strain does not cause symptomatic UTI.
b Efficacy: Intervention is considered efficacious if bladder colonization by the inoculated E. coli strain significantly reduces the incidence of symptomatic UTI as compared with persons or periods without
bacteriuria due to the inoculated strain of E. coli.
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Escherichia coli 83972 Bacteriuria Protects Against Recurrent
Lower Urinary Tract Infections in Patients With Incomplete
Bladder Emptying

Fredrik Sundén, Lars Håkansson, Eva Ljunggren and Björn Wullt*
From the Department of Urology (FS, EL, BW), Spinal Injuries Unit Lund/Orup, Department of Rehabilitation (LH), and Department of
Microbiology, Immunology and Glycobiology (BW), Lund University Hospital, Lund, Sweden

Purpose: We determined if the deliberate establishment of asymptomatic bacte-
riuria with Escherichia coli 83972 in patients with incomplete bladder emptying
and recurrent urinary tract infection protects against recurrence.
Materials and Methods: In phase 1 of the study the patients were randomized to
blinded inoculations with E. coli 83972 or saline. Crossover occurred after mon-
itoring for 12 months or after a urinary tract infection. The outcome was the time
to the first urinary tract infection in patients with and without E. coli 83972
bacteriuria. In phase 2 patients were subjected to additional blinded inoculations
to extend periods with and without E. coli 83972 bacteriuria. The outcome was
the number of urinary tract infections during 12 months with and 12 months
without E. coli 83972 bacteriuria.
Results: A total of 20 patients completed the study. In phase 1 the time to the
first urinary tract infection was longer with than without E. coli 83972 bacteri-
uria (median 11.3 vs 5.7 months, sign test p ! 0.0129). Phase 2 was analyzed
after patients had spent a total of 202 months with and 168 months without E.
coli 83972 bacteriuria. There were fewer reported urinary tract infection episodes
with vs without E. coli 83972 bacteriuria (13 vs 35 episodes, paired t test
p ! 0.009, CI 0.31–1.89). There was no febrile urinary tract infection episode in
either of the study arms and no significant side effects of intravesical bacterial
inoculation were reported.
Conclusions: Deliberately induced E. coli 83972 bacteriuria protected patients
with incomplete bladder emptying who are prone to urinary tract infection from
recurrent urinary tract infection as demonstrated by the delay in time to urinary
tract infection and the decrease in number of urinary tract infection episodes.

Key Words: Escherichia coli, bacteriuria, antibiosis, urinary tract
infections, recurrence

Abbreviations
and Acronyms
ABU ! asymptomatic bacteriuria
CIC ! clean intermittent
catherization
RES ! residual urine due to
lower motor neuron lesions
SP ! spinal lesion
UTI ! urinary tract infection
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URINARY tract infections are among
the most common infectious diseases
in humans with a subset of suscepti-
ble individuals who experience recur-
rent episodes.1 Treatment with anti-
biotics is initially effective but the
rapid increase in antibiotic resistance
in gram-negative uropathogens is a
strong rationale for developing thera-
peutic alternatives.2,3 In this study

we discuss bacterial interference, a
phenomenon in which bacteria of low
virulence inhibit symptomatic infec-
tion.

Patients with asymptomatic bacte-
riuria carry more than 105 cfu/ml
urine without experiencing symptoms
and it is harmless in those without
risk factors.4–6 In addition, ABU may
be protective as shown in pediatric
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populations, where the eradication of ABU was
shown to increase the risk of symptomatic UTI.7

This protective effect has been attributed to bacte-
rial interference by competition for nutrients and by
bacterial production of toxic molecules.8 Regardless
of the mechanism the ABU strains appear to pre-
vent more virulent E. coli strains from causing as-
cending infection.

Based on this observation a protocol to deliber-
ately establish bacteriuria of the lower urinary tract
was created as an alternative to conventional therapy
in patients with recurrent complicated UTIs.9,10 The
strain used for colonization, E. coli 83972, was origi-
nally isolated from a girl with long-term ABU.9,11 It
lacks expressed virulence factors as well as a defined
O:K:H serotype,12 is sensitive to all common antibiot-
ics used for UTI and carries a small plasmid (1.2 kilo-
base) enabling identification through plasmid test.9

Early colonization studies identified incomplete blad-
der emptying as a prerequisite for E. coli 83972 estab-
lishment, and long-term observational followup has
demonstrated that the approach is safe, that ABU is
achieved and that symptomatic recurrence seems to be
hindered.9,10,13,14

We investigated if E. coli 83972 bacteriuria pro-
tects against symptomatic infections in patients
prone to UTI with incomplete bladder emptying. In
phase 1 of the study we compared the time to the
first UTI in the same patients with and without E.
coli 83972 bacteriuria. In phase 2 we compared the
number of UTIs in the same patients during approx-
imately 12 months with and 12 months without E.
coli 83972 bacteriuria.

METHODS

Participants
Patients with incomplete bladder emptying and with re-
current lower UTIs were invited to participate in the
study. All patients were on optimal conservative therapy
and the majority were treated with CIC. The patients
were accustomed to using a self-reporting system for the
diagnosis of UTI.15 Criteria for study participation is
listed in Appendix 1, the patient flowchart is shown in
figure 1 and characteristics of the 20 patients who fulfilled
the protocol are presented in table 1.

Study Intervention, Objectives and Outcomes
Phase 1. Phase 1 was a blinded, randomized and placebo
controlled crossover study. Patients were inoculated with
E. coli 83972 or with saline according to the randomiza-
tion. The outcome measure was the time to the first UTI
after establishment of E. coli 83972 compared with the
time to the first UTI after placebo or failed E. coli 83972
inoculation. Crossover was after the first UTI report or
after approximately 12 months if no UTI was reported.
Patients who did not establish E. coli 83972 bacteriuria
during phase 1 were excluded from the study (fig. 1).

Phase 2. All patients who fulfilled phase 1 proceeded to
phase 2, which was blinded, observational and placebo
controlled. The outcome measure was the total number of
UTIs during an optimal period of 12 months with E. coli
83972 bacteriuria vs 12 months without E. coli 83972
bacteriuria. Patients who had spent less than approxi-
mately 12 months in either of the study arms during
phase 1 were given additional saline or E. coli 83972
inoculations (fig. 1). A minimum of 3 months in both study
arms was required for evaluation in this phase.

Inoculation protocol. The patient was given antibiotics to
sterilize the urine, and after an antibiotic-free interval the
patient was catheterized and the bladder emptied.16 Ac-
cording to the randomization 30 ml E. coli 83972 (105

cfu/ml) or saline were instilled in the bladder and the
catheter was removed. The procedure was repeated once
daily for 3 days.

Included, n=30 

Randomized, n=26 

Not randomized, n=4

Intercurrent disease, n=1 
Low patient compliance, n=1 
Patients declined, n=2

E. coli 83972 bacteriuria 

Sucessfull colonizations, n=13 

Drop outs, n=4

Failed colonizations, n=4 

Screened, n=112 

Evaluated Phase 1, n=20 

Control-arm 

Saline, n=6 
Failed colonizations, n=5  

Not fullfilling inclusion  
criteria, n= 82 

Cross-over after 12 months or a UTI event 

Control-arm 

Saline, n=13 

E. coli 83972 bacteriuria 

Sucessfull colonizations, n=7 
Failed colonizations, n=4 

Monitoring ended  after 12 months or a UTI event 

Additional E. coli 83972 colonizations or placebo if <12 months 
in any Phase 1 study-arm 

Top up in both study-arms, n=6 
Top up only in placebo arm, n= 9
Top up only in bacteriuria arm, n=0 

Evaluated Phase 2, n=20 

Drop outs, n=2

Patient declined (travelling), n=1 
Patient declined (moving), n=1 

Figure 1. Participant flow through trial. Repeated inoculation
during phase 1 was performed on 11 occasions, namely spon-
taneous loss of E. coli 83972 after established bacteriuria (5),
random reinoculations in placebo arm (3) and after antibiotic
treatment due to intercurrent infection (1 and 2 occasions in
bacteriuria and placebo arms, respectively). Study was per-
formed at Urology Outpatient Department, Lund. First patient
was recruited in March 2003 and study was closed in December
2006.
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9372 bacteriuria and no febrile UTI episodes re-
ported in either of the study arms.

Phase 1 - E. coli 83972
Bacteriuria Delays UTI Recurrence
In this phase patients were randomized using a
blinded, placebo controlled protocol with crossover
to E. coli 83972 or saline inoculation. The time to the
first UTI was compared in the same patients after
established E. coli 83972 bacteriuria and after saline
or failed E. coli 83972 inoculations.

There were 23 UTI reports from the 20 patients
who fulfilled the phase 1 protocol, with 8 patients
reporting UTI from both study arms, 1 only after
established E. coli 83972 bacteriuria and 6 only after
saline or failed E. coli 83972 inoculation. Median
time to UTI was significantly longer after E. coli
83972 establishment compared to after saline or
failed E. coli 83972 inoculation (11.3 vs 5.7 months,
sign test p ! 0.0129, fig. 2).

Phase 2 - E. coli 83972
Bacteriuria Reduces Number of UTI Episodes
All patients from phase 1 proceeded to phase 2, and
were further analyzed regarding the number of
UTIs during 12 months with and 12 months without
E. coli 83972 bacteriuria using a blinded, observa-
tional protocol. Additional inoculations with E. coli
83972 or saline were given to patients with less than

12 months in either study arm during phase 1. Eval-
uation was performed when the patients had spent
202 months (mean 10.1 per patient) with E. coli
83972 bacteriuria and 168 months (mean 8.4 per
patient) without E. coli 83972 bacteriuria. The num-
ber of reported UTIs was significantly lower in the
same patients with vs without E. coli 83972 bacte-
riuria (13 and 35 UTI reports, respectively, paired t
test p ! 0.009, CI 0.31–1.89, table 2).

Analysis of Reported UTI Episodes
A urine sample was collected in connection with all
UTI reports. In patients without E. coli 83972 bac-
teriuria 31 of 35 (89%) of these cultures showed
uropathogenic growth. In all patients with E. coli
83972 bacteriuria the presence of E. coli 83972 was
verified in urine samples 1 to 3 weeks before the 13
UTI reports. In 11 of these cases a urine culture was
obtained on the same day as the UTI report, of
which 3 showed growth of Proteus sp., Pseudomonas
sp. and Enterococcus faecalis, respectively. In the 8
remaining cases E. coli growth was verified. Five
isolates were saved and 3 were identified as E. coli
83972 by the plasmid test.

Analysis of Symptom-Free
Periods and Reported Minor Episodes
Patient symptom scores in conjunction with the
monthly urine sampling were compared between the
study arms. The scoring from asymptomatic periods
did not differ between patients with or without es-

Figure 2. Kaplan-Meier estimate of study phase 1, risk of UTI in
20 patients who fulfilled protocol. Patients were randomized to
E. coli 83972 or saline inoculations, and were followed for 12
months or until self-report of UTI. Crossover was performed
after computed followup period or after UTI. There was signifi-
cant delay to UTI in patients with E. coli 83972 bacteriuria com-
pared to when same patients were without E. coli 83972
bacteriuria.

Table 2. Phase 2 - Number of self-reported UTIs

Pt ID

With E. coli 83972
Bacteriuria

Without E. coli 83972
Bacteriuria

Top Up* Mos No. UTI Top Up† Mos No. UTI

SP 2 — 11.1 1 Yes 7.7 1
SP 4 — 11.0 0 — 7.2 0
SP 5 Yes 10.4 2 Yes 9.6 2
SP 7 — 10.8 0 Yes 10.8 2
SP 8 — 4.0 1 Yes 12.2 1
SP 11 — 12.2 0 — 7.3 0
SP 12 Yes 12.2 1 Yes 9.7 2
SP 13 — 11.0 1 — 9.2 0
RES 2 Yes 9.4 1 Yes 12.2 1
RES 4 Yes 11.8 1 Yes 7.8 2
RES 9 — 12.2 0 Yes 10.0 2
RES 10 — 12.1 0 — 8.6 0
RES 11 — 10.5 0 — 3.6 0
RES 12 — 12.0 0 Yes 5.7 6
RES 13 — 8.3 0 Yes 10.5 2
RES 15 Yes 5.2 3 Yes 5.1 4
RES 16 Yes 3.8 2 Yes 7.6 3
RES 17 — 12.0 0 Yes 7.4 4
RES 18 — 11.6 0 — 11.3 0
RES 19 — 10.7 0 Yes 5.4 3

Totals 13 35

* Additional inoculations resulting in E. coli 83972 bacteriuria.
† Additional saline or failed E. coli 83972 inoculations.
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Conclusions

Avantages

• Efficace
• Peu d’EI (pas de réversion de 

la pathogénicité)
• Pas d’émergence de 

résistance bactérienne

Inconvénients

• Peu efficace (vs ATB ?)
• Difficultés à la mise en 

pratique
• Coût
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Abstract

Objectives.  –  Patients presenting with neurogenic bladder often require urological procedures (urodynamic testing and botulinum toxin injections)
and a preventive antibiotic therapy. We aimed to assess the efficacy of this little known strategy in a cohort of patients.

Patients  and  methods.  –  All patients presenting with neurogenic bladder who underwent urological procedure were included in the study. They
received an antibiotic therapy in accordance with the urine cytobacteriological examination results. The antibiotic therapy was initiated two days
before the procedure and prolonged up until two days after the procedure if the culture was positive. Patients were treated with a single dose of
fosfomycin-trometamol in case of a negative culture. The main study outcome was the occurrence of urinary tract infection (UTI), defined by a
positive urine culture and symptoms, up until 14 days after the procedure.

Results.  – A total of 80 urological procedures were performed. Mean patient age was 47 ±  13.1 years (sex ratio 1.22); 59 (73.8%) presented
with asymptomatic bacteriuria before the procedure. Nine (11.1%) UTIs were recorded on Day 14, of which one (1.2%) was febrile. Two patients
required an additional curative antibiotic therapy. No patient was hospitalized. Overall, 77.8% of UTIs were cured without antibiotic therapy.

Conclusion.  –  Screening and treating asymptomatic bacteriuria before urological procedures seems unnecessary and vainly exposes this
population at high risk of infectious diseases to antibiotic therapies. This data should be confirmed by a randomized clinical trial.
© 2016 Elsevier Masson SAS. All rights reserved.
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Fig. 1. Study flow-chart.
Diagramme de flux de l’étude.

of antibiotic prophylaxis with oral fosfomycin-trometamol was
administered the day before or on the morning of the procedure
[16].

2.2.2.  On  the  day  of  the  procedure
The in vitro efficacy of the antibiotic therapy on the bacterium

identified by urine cytobacteriological examination at D−10 was
checked on the day of the procedure. The procedure was can-
celled if results were deemed inappropriate. It was delayed and
patients were not offered to take part in the study if the prescribed
antibiotic therapy was considered less than optimal (short dura-
tion, inadequate agent) or if a UTI was suspected on the day of the
procedure (dirty or smelly urine, urine incontinence, increased
spasticity, and/or fever, etc.).

The following data was collected on the day of urological
procedure: demographics (age, sex), neurological and urologi-
cal history (neurological disorders, duration of illness, date of
bladder dysfunction onset, voiding modes), infection history
(number of infections of the lower urinary tract or febrile uri-
nary tract infections per year, any prophylaxis received), and
microbiological data obtained from the urine cytobacteriological
examination performed on Day−10.

2.2.3.  D14
All patients were contacted by telephone and evaluated at

D14. A urine cytobacteriological examination had to performed
on that same day and results were faxed to the patient’s treating
physician in the Urodynamic Unit.

The presence of the following symptoms between D0 (day of
the procedure) and D14 was recorded: one or several symptoms
compatible with UTI, fever, antibiotic-related adverse events,
the need for medical consultation and/or for hospitalization
between D0 and D14 and the reasons, any antibiotic prescription
(agent + treatment modalities).

2.3.  Endpoints

Our primary endpoint was the occurrence of symptomatic
UTI between D0 and D14, defined by:

• the association of one or several clinical symptoms of UTI,
either functional symptoms (pollakiuria, urinary inconti-
nence, urinary disorders, smelly urine, painful urination) or
non-specific symptoms (abdominal pain, asthenia, spasticity,
bearing down), with no other cause and with or without fever;

• a positive urine cytobacteriological examination (positive
bacteriuria regardless of the positivity threshold).

Our secondary endpoint was the occurrence and/or per-
sistence of bacteriuria between D0 and D14, defined by
the presence of a bacterium at ≥  105 CFU/mL (regardless of
leukocyturia). We also checked if the results of urine cytobacteri-
ological examinations performed before and after the procedure
were consistent, as well as factors associated with UTI such as
the type of urological procedure performed, bacteriuria before
procedure, and the type of neurological disability.
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2.4.  Statistical  analysis

Continuous variables were presented as means and qualita-
tive variables as percentages. We performed univariate analyses
using Fischer’s exact test or chi-square test. A P-value < 0.05
was considered statistically significant.

3.  Results

3.1.  Study  population

A total of 80 patients were included between October 2012
and September 2013. Population characteristics and urological
procedures performed are detailed in Table 1. Seven patients
were lost-to-follow-up and were not included in the result anal-
ysis (Fig. 1).

Overall, 73.8% of patients presented with bacteriuria.
Escherichia  coli  (n  = 36; 57.1%), Klebsiella  spp. (n  = 8; 12.7%),
Streptococcus spp. (n  = 6; 9.5%), Enterococcus  spp. (n  = 5;
7.9%), and Enterobacter  spp. (n  = 3; 4.8%) were most frequently
identified on urine cytobacteriological examinations performed
on D−10.

3.2.  Evaluation  at  D14

3.2.1.  Primary  endpoint
Nine patients out of 80 (11.1%) presented with symptomatic

UTI between D0 and D14. One of these UTIs was febrile (1.2%).
Overall, 68/80 (85%) urine cytobacteriological examina-

tions were performed after the procedure and bacteriuria was
observed in 47/68 patients (69%). E. coli  (60%), Enterococcus
spp. (12.8%), and Klebsiella  spp. (10.6%) were most frequently
identified. New bacteria that were initially not identified on the
urine cytobacteriological examination performed before the pro-
cedure were observed on D14 (including Citrobacter  koseri,
Corynebacterium  striatum, and Raoultella  planticola).

3.2.2. Characteristics  of  UTI  patients
Nine patients contracted a UTI after the procedure (Table 2).

Mean patient age was 54.5 ±  13 years and M/F sex ratio was 0.8.
Mean time to urinary symptom onset was 7 ±  3.9 days. Two

patients were prescribed a curative antibiotic therapy. As for the
remaining patients, symptoms spontaneously disappeared with
increased fluid intake and catheterization frequency.

With regard to urine cytobacteriological examinations per-
formed after the procedure, a de novo bacterium was identified
(not identified on the urine cytobacteriological examination per-
formed before the procedure) in five patients out of nine (55.6%).
Nine antibiogram results were available; five bacteria were
resistant to the preventive antibiotic prescribed and four were
susceptible.

3.3.  Subpopulation  analysis

Most of our study patients presented with spinal cord injury
(SCI) and multiple sclerosis (MS) (Table 3). Most of them per-
formed self-catheterization (86.4% of SCI patients and 100%

Table 1
Characteristics of study patients presenting with neurogenic bladder who
received antibiotic treatment before urological procedure.
Caractéristiques de la population/cohorte de patients porteurs de vessie neu-
rologique bénéficiant d’une antibiothérapie avant geste endovésical.

Total

n = 80 (100%)

Sex ratio (M/F) 1.22
Mean age (years) 47 ± 13.1
Duration of illness (years) 13.5 ± 11.9
No post-void miction 60/77 (77.9%)

Neurological disorder (n, %)
Spinal cord injury 59 (73.8%)
Multiple sclerosis 12 (15%)
Impaired conus medullaris 4 (5%)
Cerebral lesion 3 (3.75%)
Cauda equina syndrome 2 (2.5%)

Voiding mode (n, %)
Self-catheterization 69 (86.3%)
Spontaneous voiding 6 (7.5%)
Reflex voiding 2 (2.5%)
Intermittent catheterization 3 (3.75%)

Urine cytobacteriological examination at D−10 (n, %)
Bacteriuria 59 (73.8%)

Single bacterium 50 (84.7%)
Polymicrobial 8 (13.6%)
Unknown 1 (1.7%)

Isolated bacteria (n, %) n = 63
E. coli 36 (57.1%)
Klebsiella spp. 8 (12.7%)
Streptococcus spp. 6 (9.5%)
Enterococcus spp. 5 (7.9%)
Enterobacter spp. 3 (4.8%)
Staphylococcus spp. 2 (3.2%)
Proteus mirabilis 1 (1.6%)
Pseudomonas aeruginosa 1 (1.6%)
Citrobacter freundii 1 (1.6%)

History of infections (n)
Mean number of urinary tract infections/year 3.2 ± 5.2
Including febrile infections 0.3 ± 0.7

Urological procedure performed (n, %)
Urodynamic test 55 (68.8%)
Intradetrusor injections of botulinum toxin 25 (31.3%)

UTI occurrence during follow-up period (D14) (n, %)  9 (11.1%)
Non-febrile UTIs 8 (9.9%)
Febrile UTIs 1 (1.2%)

UTI: urinary tract infection.

of MS patients) and presented with bacteriuria before the proce-
dure (74.3% of SCI patients and 66.7% of MS patients). Overall,
75.4% of SCI patients and 100% of MS patients had no post-void
residual.

Following procedure, we observed seven UTIs among 59 SCI
patients (11.9%), of which one was a febrile infection (1.7%),
and two symptomatic UTIs among 12 MS patients (16.7%); none
of them was febrile. No significant difference was observed
between the SCI and MS groups (P  = 0.65).

Overall, 14.5% of UTIs were observed after urodynamic test-
ing and 4% after intradetrusor injections of botulinum toxin
(Table 4). No significant difference was observed (P  = 0.16).
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Abstract

Objectives.  –  Patients presenting with neurogenic bladder often require urological procedures (urodynamic testing and botulinum toxin injections)
and a preventive antibiotic therapy. We aimed to assess the efficacy of this little known strategy in a cohort of patients.

Patients  and  methods.  –  All patients presenting with neurogenic bladder who underwent urological procedure were included in the study. They
received an antibiotic therapy in accordance with the urine cytobacteriological examination results. The antibiotic therapy was initiated two days
before the procedure and prolonged up until two days after the procedure if the culture was positive. Patients were treated with a single dose of
fosfomycin-trometamol in case of a negative culture. The main study outcome was the occurrence of urinary tract infection (UTI), defined by a
positive urine culture and symptoms, up until 14 days after the procedure.

Results.  – A total of 80 urological procedures were performed. Mean patient age was 47 ±  13.1 years (sex ratio 1.22); 59 (73.8%) presented
with asymptomatic bacteriuria before the procedure. Nine (11.1%) UTIs were recorded on Day 14, of which one (1.2%) was febrile. Two patients
required an additional curative antibiotic therapy. No patient was hospitalized. Overall, 77.8% of UTIs were cured without antibiotic therapy.

Conclusion.  –  Screening and treating asymptomatic bacteriuria before urological procedures seems unnecessary and vainly exposes this
population at high risk of infectious diseases to antibiotic therapies. This data should be confirmed by a randomized clinical trial.
© 2016 Elsevier Masson SAS. All rights reserved.

Keywords: Multidrug-resistant bacteria; Urinary tract infection; Prophylaxis; Neurogenic bladder

Résumé

Objectifs.  –  Les patients porteurs de vessie neurologique bénéficient régulièrement de gestes endo-urologiques vésicaux (GEV) : bilan urody-
namique et injection de toxine botulique, justifiant habituellement une antibiothérapie. L’efficacité de cette attitude étant mal connue, nous l’avons
étudiée sur une cohorte de patients.

Patients  et  méthodes.  –  Les sujets présentant une dysfonction vésico-sphinctérienne d’origine neurologique bénéficiant d’un GEV ont été inclus
et ont reçu une antibiothérapie adaptée à la bactérie identifiée par l’ECBU, débutée deux jours avant le geste et poursuivie jusqu’à deux jours après

∗ Corresponding author at: AP–HP, hôpital universitaire R.-Poincaré, université Versailles-Saint-Quentin, hôpitaux Paris Île-de-France Ouest, unité des maladies
infectieuses, 104, boulevard R.-Poincaré, Garches, France.

E-mail address: aurelien.dinh@aphp.fr (A. Dinh).

http://dx.doi.org/10.1016/j.medmal.2016.04.001
0399-077X/© 2016 Elsevier Masson SAS. All rights reserved.



L. Weglinski et al. / Médecine et maladies infectieuses 46 (2016) 300–307 305

Table 3
Characteristics of patients presenting with neurogenic bladder who underwent
urological procedure, by neurological disorder.
Caractéristiques des patients porteurs de vessie neurologique ayant bénéficié
d’un GEV en fonction de la pathologie neurologique.

Population

SCI (n = 59) MS (n = 12)

Duration of illness (years) 13.5 ± 11.9 13.9 ± 12.2
No post-void miction (n, %) 43/57 (75.4%) 12/12 (100%)

Voiding mode (n, %)
Self-catheterization 51 (86.4%) 12 (100%)
Spontaneous voiding 3 (5.1%) 0
Reflex voiding 3 (5.1%) 0
Intermittent catheterization 2 (3.4%) 0

History of infections
Bacteriuria at D−10 (n, %) 45/59 (76.3%) 8/12 (66.7%)
Mean number of UTI/year 3.2 ± 5.2 3.2 ± 5.2

Including febrile UTI 0.3 ± 0.7 0.3 ± 0.7
UTI D0–D14 (n, %) 7 (11.9%) 2 (16.7%)
Febrile UTI D0–D14 (n, %) 1 (1.7%) 0

SCI: spinal cord injury; MS: multiple sclerosis; UTI: urinary tract infection.

Thirteen percent of self-catheterization patients contracted
a UTI (Table 5). No UTI was observed among patients with
another voiding mode. No significant difference was observed
(P = 0.20).

UTI rate was 11.9% when bacteriuria was observed before
urological procedure and 9.5% in case of a negative urine cyto-
bacteriological examination (P  = 0.77).

Table 4
Characteristics of patients presenting with neurogenic bladder who underwent
urological procedure.
Caractéristiques des patients porteurs de vessie neurologique ayant bénéficié
d’un GEV en fonction du geste réalisé.

Urodynamic test (n = 55) Toxin (n = 25)

No post-void miction (n, %) 42/53(79.2%) 18/24(75%)
Neurological disorder (n, %)

SCI 40(72.7%) 19(76%)
MS 6(10.9%) 6(24%)
Spina bifida/spinal cord
lipoma/sacral agenesis

4(7.3%) 0

Cerebral lesion 3(5.5%) 0
Cauda equina syndrome 2(3.6%) 0

Voiding mode (n, %)
Self-catheterization 45(81.8%) 24(96%)
Spontaneous voiding 6(10.9%) 0
Reflex voiding 2(3.6%) 0
Intermittent catheterization 2(3.6%) 1(4%)

Microbiology (n, %)
Bacteriuria at D−10 42(76.3%) 18(72%)

Results (n, %)
UTI D0–D14 8(14.5%) 1(4%)
Febrile UTI D0–D14 1(1.8%) 0

Toxin: intradetrusor injections of botulinum toxin; MS: multiple sclerosis; UTI:
urinary tract infection; SCI: spinal cord injury.

Table 5
Rate of urinary tract infections among patients presenting with neurogenic blad-
der, by voiding mode.
Taux d’infections urinaires chez des patients porteurs de vessie neurologique en
fonction du mode mictionnel.

Voiding mode (n, %) n UTI D0–D14 Febrile UTI

Self-catheterization 69 9(13%) 1 (1.4%)
Spontaneous voiding 6 0 0
Reflex voiding 2 0 0
Intermittent catheterization 3 0 0

UTI: urinary tract infection.

3.4.  Adverse  events

Reported adverse events included two vaginomycoses
(2/80 patients) treated with local antifungal drugs. Neither
allergy nor severe adverse event (death, unscheduled hospital-
ization) was reported.

4.  Discussion

We conducted our study with a large cohort of patients pre-
senting with neurogenic bladder and treated with a standardized
antibiotic regimen commonly used in routine practice. Using a
standard protocol, we managed to prospectively collect clinical
and bacteriological data following urological procedure.

We observed an 11.1% incidence of symptomatic UTIs after
urological procedure, with 1.2% of febrile UTIs and 2.5% of
patients benefitting from an additional curative antibiotic ther-
apy. The one patient presenting with a parenchymal infection
had negative urine culture before urological procedure and seven
patients contracted a UTI after the procedure, which sponta-
neously disappeared. This highlights the inefficacy of antibiotic
therapies in this context.

Our study results suggest that the detection and treatment
strategy of bacterial colonization before urodynamic testing or
botulinum toxin injection is useless and exposes patients to
antibiotics for no reason, thus exposing this high risk population
to a potential ecological risk.

All patients had been diagnosed with neurogenic bladder,
but heterogeneous factors (various underlying diseases, void-
ing modes, presence or absence of bacteriuria before urological
procedure) may have led to several biases. Similarly, various
urological procedures were performed and were probably asso-
ciated with various infectious risks.

We considered that a 14-day-follow-up was enough to
observe the occurrence of UTI. Follow-up duration widely vary
in the literature: from three days to six weeks [13,17–19]. A 14-
day-follow-up prevented any memory bias. UTI rate could have
also been underestimated with a shorter follow-up period. For
instance, we would only have observed two UTIs had we per-
formed the evaluation at D5, and we would not have observed
any febrile UTI. If the evaluation had been performed at D8
we would have observed six UTIs and no febrile UTI. Seven of
our nine patients contracted a symptomatic UTI: 3 at D7 and
4 between D8 and D14. Such a long time to UTI onset raises
doubt on the causal role of urological procedure.
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infectieuses, 104, boulevard R.-Poincaré, Garches, France.

E-mail address: aurelien.dinh@aphp.fr (A. Dinh).
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0399-077X/© 2016 Elsevier Masson SAS. All rights reserved.



Risque d͛infection urinaire induit par le bilan urodynamique cheǌ le patient neurologique 

• 7 publications, 1 en cours, 1 communication récente 

Prévalence de la bactériurie avant bilan urodynamique chez le neurologique 
Auteurs TǇpe d é͛tude Population 

(total)  
(H/F) 

Pathologie 
Lieu 

Mode mictionnel Seuil Prévalence 

Bohtig 2013 
  

(NP2) 

Prospective, cohorte,  
Non RCT 

Non interventionnelle 

133    
116/17 

Médullaires  
Hospitalisation MPR 

AS, HS,MR,EP 
Pas de sondage 

permanent 

105 UFC/ml 
Total :30% 

  
AS : 33.3 % 

HS : 28.57 % 
MR :26.31% 

Panneck 2007 
  

(NP2) 

Prospective, cohorte,  
Non RCT 

  

72 
51/21 

Médullaires 
Externes 

AS 
MR 

105 UFC/ml Total :26.38% 
  

AS :24.4% 
MR :30,43% 

Joseph 2004 
(NP2) 

Prospective, interventionnelle 
Non RCT 

626 
(605/21) 

Divers, majorité médullaires 
Externes 

MS, AS 
EP 

autres 

105 UFC/ml Total : 35.21% 

Shekarriz 
1999 
(NP2) 

Prospective 
Non RCT 

69 Enfants 
Externes 

AS (83%), MS 105 UFC/ml Total :66,66% 
  

(dont 50% des patients sous ATB) 

Darrouiche  
1994 
(NP1) 

RCT 
  

40 Médullaires  
Hospitalisation 

AS, MS 105 UFC/ml Total :41.3% 

Gellée 2013 
(NP2) 

Prospective, RCT 42 Neurologiques 
NC 

  

AS, MS, autres 105 UFC/ml Total :56.9% 

Weglinski 2015 Prospective, non RCT 86 Neurologiques 
BM, SEP,AVC, Queue 

cheval, MM 
 

AS, MR, MS, HS 105 UFC/ml 
 

Total :69.8% 



Risque d͛infection urinaire induit par le bilan urodynamique cheǌ le patient neurologique 
Prévalence de la bactériurie  et des infections urinaires POST-BUD  AVEC ou SANS antibioprophylaxie  

Auteurs Population 
(total)  
(H/F) 

Pathologie 
Lieu 

Mode 
mictionnel 

Prophylaxie sondes Délai 
évaluation 
post bud 

Définition  
bacteriurie 

Définition  
infection 

Prévalence 
bactériurie 

Prévalence infection 

Joseph 2004 
(NP2) 

626 
(605/21) 

Divers neuro 
externes 

AS, 
HS,MR,EP 

autres 

Oui 
Gentamycine ou 
FQ dose unique 

prebud 

NC J 1 à J5 105 UFC/ml Bactériurie 
+ 

Symptomes 
cliniques 

Total :24.06% 
  
  

Total :0.31% 
2 cas, chez des patients 

sans ATB phylaxie 
(1 stérile j0, 1 ?) 

Shekarritz 
1999 
(NP2) 

69 
(4423) 

96% neuro 
centraux 

AS,MS 26% sous ATB au 
long cours 

CH7 J7 105 UFC/ml Symptômes 
cliniques 

NC Total: 0% 
  

Darrouiche 
1994 

(NP1) 

40 
(40/0) 

Médullaires 
Hospitalisés 

AS,MS GT:Cifloxx2 
GC:placebo 

NC J3 à J5 105 UFC/ml Bactériurie 
+ pyurie 

+ symptomes 

NC Total: 7.5% 
GT:0% 

GP:14% 
(NS ,P=0.24) 

Gellée 2013 
(NP2, 

non publié) 

42 
(21/21) 

Neuro 
NC 

AS, MS, 
autres 

GT:cotrimaz 
le/cefixime,  
J-3 à J+2 
GC:rien 

NC J1 à J5 
clinique 
J8 ECBU 

105 UFC/ml Symptômes 
cliniques 

Total :7.14% 
GT :5.5% 
GC :8.3% 

Total :2,3% 
GT :0% 

GC :4.1% 

Weglinski 
2015 

56 Neuro AS, HS,MR, 
MS 

ATB adaptée 
Vsfosfomyccine 

J14 germe Bactériurie 
+ 

Symptomes 
cliniques 

68% Total 14% (72% bact JO) 
Ie 8.7% des stériles J0 
Et 12.5% des bact J0 

BM:10.8% 
SEP: 23% 

Sur risque non significatif 
SEP (92% en AS) 

Sur risque non significatif de bactériurie et d͛infection urinaire post bud cheǌ les patients sans ATBP ǀersus ATBP͕  qu͛il 
existe ou non une bactériurie pré BUD. 

Ecologie bactérienne post bud différente d é͛cologie pre BUD [Darrouiche 1994, Weglinski 2015]. 
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Incidence des infections urinaires post-cystomanométrie chez les patients
présentant une vessie neurogène – évaluation des pratiques

Incidence of urinary tract infection after urodynamics among patients with
neurogenic bladder

Blandine Baya-Arnaud a,*, Antoine Welniarz a, Alexia Even a, Pierre Denys a,b, Aurelien Dinh c,
Charles Joussain a,b

a Neuro-Uro-Andrology Department, Raymond-Poincare University Hospital, Garches, France
b Faculty of Medicine, Versailles Saint-Quentin University, Montigny-le-Bretonneux, Paris Saclay, France
c Infectious Disease Department, University Hospital Raymond-Poincaré, AP–HP Paris Saclay, Versailles Saint-Quentin University, Garches, France

R É S U M É

Objectif: L’indication à une antibiothérapie préventive lors de la réalisation d’une cystomanométrie afin de prévenir
la survenue d’une infection urinaire (IU) a longtemps été recommandée. Cependant, peu de données soutiennent
cette attitude. Notre étude vise à évaluer l’incidence des IU après réalisation d’un BUD sans antibiothérapie
préventive chez les patients avec vessie neurologique.
Matériel et méthodes: Étude monocentrique, prospective réalisée de février 2023 à mars 2023 dans un centre expert de
neuro-urologie, incluant tous les patients consécutifs présentant des troubles du bas appareil urinaire d’origine
neurologique adressés pour réalisation d’une cystomanométrie. L’apparition d’une IU dans les suites de la
cystomanométrie était recueillie par appel téléphonique à j14.
Résultats: Au total 100 patients ont été inclus, d’âge médian 51 ans dont la cause principale de la vessie neurologique
était une blessure médullaire (69/100). Finalement, 11 patients ont rapporté avoir présenté une IU au cours des 14 j
post-cystomanométrie dont une seule fébrile et aucune n’ayant nécessité d’hospitalisation. Aucun facteur de risque
n’a pu être identifié.
Conclusion: D’après notre étude, le taux d’IU post-cystomanométrie sans antibiothérapie préventive a visé urinaire
est de 11 %, ce qui est équivalent à l’incidence sous antibiothérapie. Ces résultats préliminaires sont en faveur de
l’absence d’intérêt de l’antibiothérapie péri-cystomanométrie.
© 2024 Elsevier Masson SAS. Tous droits réservés, y compris ceux relatifs à la fouille de textes et de données, à

l’entraînement de l’intelligence artificielle et aux technologies similaires.

A R T I C L E I N F O

Mots clés:
Cystomanométrie
Infection urinaire
Vessie neurologique
Antibiorésistance

A B S T R A C T

Objective: The indication for prophylactic antibiotic therapy during cystomanometry to prevent urinary tract
infection (UTI) has long been recommended. However, limited data support this approach. Our study aims to
evaluate the incidence of UTIs following cystomanometry without prophylactic antibiotics in patients with
neurogenic bladder.
Materials and methods: This prospective, monocentric study was conducted from February 2023 to March 2023 at a
specialized neuro-urology center, including all consecutive patients with lower urinary tract disorders of neurogenic
origin referred for cystomanometry. The occurrence of UTIs following cystomanometry was assessed via telephone
follow-up on day 14.
Results: A total of 100 patients were included, with a median age of 51 years, with neurogenic bladder predominantly
attributed to spinal cord injury (69/100). Ultimately, 11 patients reported UTIs within 14 days post-
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Urinary tract infection
Neurogenic bladder
Antibioresistance
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(69/100). L’âge médian était de 51,0 [IQR [40,0–61,8] ans et
l’ancienneté moyenne de la pathologie neurologique d’origine était de
20 ans. La majorité des patients était en auto-sondage (AS) (75/100), et
22 réalisaient des mictions spontanées ou réflexe. Onze patients avaient
bénéficié d’une entérocystoplastie d’agrandissement dont 8 avaient une
dérivation urinaire continente (Tableau 1).

Vingt-trois patients présentaient une vessie à haut risque de
complications caractérisée par une contraction non inhibée du détrusor
avec des pressions supérieures ou égale à 40 cm H2O pour 21 patients et
chez 2 patients par un trouble de compliance inférieur à 20 mL/cm H2O.
Trente patients rapportaient avoir une ou plusieurs IU annuelle. Un
antibiocycle avait été instauré chez 5 patients.

À noter que 18/100 patients ont eu une cystoscopie dans la semaine
suivant la cystomanométrie. L’endoscopie était réalisée sans antibio-
thérapie préventive non plus. Le détail des caractéristiques de la
population est présenté dans le Tableau 1.

Les patients ont été interrogés en moyenne à 14,13 ! 1,5 j post-
cystomanométrie. Onze patients (11/100) ont rapporté avoir eu une IU à
5,3 ! 4,9 (min 1–max 14) jours post-cystomanométrie. Parmi ces
épisodes d’IU post-cystomanométrie, un seul patient a rapporté de la
fièvre. Chez ce patient, l’ECBU a retrouvé une flore polymicrobienne mais
aucun antibiotique n’a été prescrit et l’évolution a été spontanément
favorable après 3 j d’augmentation des apports hydriques et du nombre de
sondages quotidiens. Les autres patients ayant présenté une IU se
manifestant par des signes d’irritation vésicales mais sans fièvre : dix
d’entre eux présentaient une augmentation de la fréquence mictionnelle
avec des urines troubles et malodorantes, 6 patients ont déclaré avoir des
douleurs et/ou des brûlures urétrales et 4 avaient une incontinence
urinaire et/ou une augmentation de la spasticité. Enfin, 5 patients ont
rapporté une fatigue.

Parmi ces 11 patients, seuls 3 ont réalisé un ECBU et un seul a pris un
traitement antibiotique adapté à l’antibiogramme. Trois patients ont pris
des antibiotiques sur la base d’ancien ECBU. Dans les autres cas, la
symptomatologie a été spontanément résolutive avec une augmentation
isolée de l’apport hydrique sous 2 à 3 j. Aucun patient n’a été hospitalisé
dans les suites de la cystomanométrie.

3.2. Facteurs de risques associés aux infections urinaire post-
cystomanométrie

Aucune différence n’a été retrouvée entre le groupe avec infection
urinaire post-cystomanométrie et celui sans infection urinaire
(Tableau 1). Aucune association statistique significative n’était retrouvée
entre la survenue d’une IU post-cystomanométrie (i) et le fait d’avoir une

vessie à risque, (ii) en fonction du mode mictionnel, (iii) le fait d’avoir
présenté des infections urinaires fébrile ou non fébrile dans l’année, ou
(iv) en fonction de l’âge ou du sexe.

4. Discussion

Notre étude réalisée chez des patients porteurs de vessie neurologique
et bénéficiant d’une cystomanométrie sans antibiothérapie préventive,
retrouve une incidence d’IU post-geste de 10 % et aucune grave. En effet,
seulement 3 patients ont nécessité la prise d’antibiothérapie post-geste et
aucun n’a nécessité d’hospitalisation.

Les recommandations françaises de la SIFUD (Société française
d’urodynamique) préconisent de ne pas réaliser de cystomanométrie en
cas d’infection urinaire symptomatique et laisse la possibilité de prescrire
ou de ne pas prescrire une antibiothérapie préventive chez le patient
bactériurique [4].

Dans une étude préalable, réalisée selon la même méthodologie avec
le même recrutement dans notre service, l’incidence d’IU post-
cystomanométrie sous antibiothérapie préventive systématique en cas
de bactériurie était de 14 %. Dans ce travail précédemment réalisé chez
des patients présentant des troubles du bas appareil urinaire d’origine
neurologique qui bénéficiaient d’une cystomanométrie ou une cystosco-
pie sous antibiothérapie préventive, on recensait 11,2 % d’IU postexamen
(cystoscopie, injection de toxine et BUD) dont 1,2 % de fébrile et 2,2 %
ayant nécessité une antibiothérapie additionnelle. Concernant la
cystomanométrie seule, soit 89 patients, 14 % d’entre eux avaient
présenté une IU postexamen en dépit d’une antibiothérapie préventive
bien conduite [6]. Nos données préliminaires quoi que de faible niveau de
preuve, tendent à montrer l’absence d’impact d’une antibiothérapie
préventive lors des cystomanométries sur le risque ultérieur d’infection
urinaire.

Ces résultats sont également soutenus dans la littérature avec
différentes études qui retrouvent un taux d’IU symptomatique sans
antibiothérapie variant de 3 % à 15,8 % au cours des cystomanométries
[7–10]. Dans un essai randomisé versus placebo, Darouiche et al. ont
comparé 3 jours de ciprofloxacine versus placebo au cours de la
réalisation de BUD sans retrouvé de différence significative concernant
l’incidence des IU post-geste [7]. Dans une étude prospective non
randomisée réalisée chez des patients blessés médullaires, le taux d’IU
post-geste, avec antibioprophylaxie était de 9,7 % soit superposable à nos
résultats [8]. En outre, la présence d’une bactériurie pré geste n’était pas
associée significativement à une IU post-cystomanométrie.

Une étude brésilienne ayant inclus 661 patients blessés médullaire ne
retrouvait pas de différence significative concernant l’incidence des IU

Tableau 1
Caractéristiques de la population ayant réalisé une cystomannométrie sans antibiothérapie à visée urinaire préalable.

Caractéristique Population totale
n = 100

Patients présentant une
IU post-cystomanométrie
n = 11

Patients n’ayant pas
d’IU post-cystomanométrie
n = 89

p value

Âge médian [IQR] 51 [40–62] 46 [40–68] 51 [40–62] p = 0,74
Sexe masculin 56/100 5/11 51/89 p = 0,52
Pathologie neurologique
SEP 16/100 3/11 13/89 p = 0,73
Blessé médullaire 69/100 7/11 62/89
Syndrome de la queue de cheval 7/100 0 7/89
Cérébrolésé 5/100 0 5/89
Autrea 3/100 1/11 2/89
Mode mictionnel
Mictions spontanées ou réflexes 22/100 3/11 20/89 p > 0,99
Hétéro sondages 3/100 0 0
Auto-sondages 75/100 8/11 69/89
Antécédents d’IU
Au moins 1 IU dans l’année 18/100 2/11 14/89 p = 0,50
Au moins 1 IU fébrile dans l’année 16/100 2/11 16/89
Vessie à risque 23/100 4/11 19/89 p = 0,45

IQR : interquartile range ; IU : infection urinaire ; SEP : sclérose en plaque.
a 1 patient avec une maladie de Parkinson, 1 patient présentant une ataxie cérébelleuse et 1 patient présentant une maladie de Dandy Walker.
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IU ?
Parmi 11 patients, 
• 3 ont réalisé un ECBU 
• et 1 seul a pris un traitement antibiotique adapté à 

l’antibiogramme. 
• 3 patients ont pris des antibiotiques sur la base 

d’ancien ECBU. 
Dans les autres cas : symptomatologie spontanément 

résolutive avec une augmentation isolée de l’apport 
hydrique sous 2 à 3 j. 

Aucun patient n’a été hospitalisé





Récapitulatif 
Statut bactério urinaire Non neurologique Neurologique 

Urines stériles sans FDR Pas d A͛Bprophylaxie Pas d A͛Bprophylaxie 
 

Urines stériles avec FDR ABprophylaxie optionnelle ABprophylaxie optionnelle 

Colonisation urinaire ABprophylaxie optionnelle ABprophylaxie optionnelle 

Infection urinaire Examen reporté Examen reporté 

FDR non neuro Infections urinaires à 
répétition, âge > 6570 ans, 
résidu > 100ml, diabète sucré 

FDR neuro infections urinaires à 
répétition, reflux vésico-
urétéral, pression 
détrusorienne connue élevée 
(pression prémictionnelle 
supérieure à ϰϬ cm d e͛auͿ 



Ce qu’il ne faut pas
• Un peu d’antibiotique ne fera pas de mal 
• la gravité de l’infection augmente la durée de 

l ’antibiothérapie
• il faut toujours traiter en IV 2 semaines 

• les antibiotiques sont sans conséquence 
écologique

• Privilégier les FQ chez ces patients
• Traiter longtemps car c’est compliqué



Merci !!!



Diagnostic bactériologique

• NIDRR (1992)
9 Sondages intermittents ≥ 102 UFC /ml
9 Sous étui pénien ≥ 104 UFC /ml
9 Sondage à demeure : toute bactériurie détectable

• IDSA (2010)
9 Sondages intermittent ou à demeure ≥ 103 UFC /ml
9Populations particulières ≥ 105 UFC /ml

• REMIC (2015): seuils pour patients sondés



Critères bactériologiques d’IU chez le patient sondé

Signes cliniques Leucocyturie
> 104 / ml

Bactériurie 
(au + 2 micro-
organismes)

Commentaires Antibiogramme

+ Non contributif t 105 UFC/ml Infection 
urinaire

OUI

< 105 UFC/ml Inflammation 
sans bactériurie
Traitement ATB 

en cours
Etiologie non 

infectieuse

NON

- Non contributif t 103 UFC/ml Colonisation NON

< 103 UFC/ml Absence
d’infection 

urinaire  ou de 
colonisation

NA

REMIC V5, 2015



Qu’est ce qu’une IU ?

• Infection = 1 organe atteint + réaction 
inflammatoire + un germe responsable

• Signes cliniques + ECBU positif
• Signes cliniques variables (fonction du 

terrain)
• ECBU positifs (seuils ?)



• IU sur sonde si (A III)
– Signes cliniques compatibles avec IU
– + CFU>10.3
– + sur sonde changée<48h

• Pyurie n’est pas un critère diagnostique  (A II)



Bon usage des antibiotiques
• Utiliser un seul antibiotique : limiter l’impact sur la flore 

microbienne*. 
• Antibiothérapie empirique si cas particuliers ou graves 
• Le choix de la molécule 

– doit reposer sur la connaissance de l’écologie du patient et de son 
environnement 

– Secondairement adaptée aux résultats de l’antibiogramme.
• Limiter l’utilisation des AG. 
• Si risque d’évolution vers un sepsis : bi-antibiothérapie 

probabiliste synergique et bactéricide à large spectre, révisée à 
la réception de l’ECBU.

* Biering-Sorensen F. Drugs 2001;61:1275-87. 



• Entérocoques 
ü Toujours résistants aux Céphalosporines
ü  TMP-SMX : sensible in vitro, mais peu efficace in vivo

• E. coli
ü si NAL(Négram) R : sensibilité diminuée aux fluoroquinolones !

• Cp de  3ème G
•Cefixime : biodisponibilité 40 à 50%

 

Petits trucs d’infectiologue



ü IUS sans fièvre : 5 jours > 3 et  = 7

ü IUS fébrile : bilan systématique !

ü Fonction rénale : adapter posologie à la clairance

ü PSA (sensibilité : 69%, spécificité 96%), 

ü Échographie rénale et prostatique (doppler couleur)

ü Pas d’intérêt des traitements prolongés

ü Per os sauf signes de gravité : IV, bi thérapie

Attitude pratique
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Abstract
Background/Objective: To determine the validity, accuracy, and predictive value of the signs and
symptoms of urinary tract infection (UTI) for individuals with spinal cord injury (SCI) using intermittent
catheterization (IC) and the accuracy of individuals with SCI on IC at predicting their own UTI.
Design: Prospective cohort based on data from the first 3 months of a 1-year randomized controlled trial to
evaluate UTI prevention effectiveness of hydrophilic and standard catheters.
Participants: Fifty-six community-based individuals on IC.
Main Outcome Measures: Presence of UTI as defined as bacteriuria with a colony count of at least 105

colony-forming units/mL and at least 1 sign or symptom of UTI.
Methods: Analysis of monthly urine culture and urinalysis data combined with analysis of monthly data
collected using a questionnaire that asked subjects to self-report on UTI signs and symptoms and whether or
not they felt they had a UTI.
Results: Overall, ‘‘cloudy urine’’ had the highest accuracy (83.1%), and ‘‘leukocytes in the urine’’ had the
highest sensitivity (82.8%). The highest specificity was for ‘‘fever’’ (99.0%); however, it had a very low
sensitivity (6.9%). Subjects were able to predict their own UTI with an accuracy of 66.2%, and the negative
predictive value (82.8%) was substantially higher than the positive predictive value (32.6%).
Conclusions: The UTI signs and symptoms can predict a UTI more accurately than individual subjects can
by using subjective impressions of their own signs and symptoms. Subjects were better at predicting when
they did not have a UTI than when they did have a UTI.

J Spinal Cord Med. November 2009;32(5):568–573

Key Words: Spinal cord injuries; Urinary tract infections; Catheterization, intermittent; Bladder
management; Sensitivity and specificity; Predictive value of tests

INTRODUCTION
The clinical diagnosis of urinary tract infection (UTI) in
the general population is typically established by

assessing for key symptoms, such as dysuria and urinary
frequency, followed by finding evidence of the presence
of bacteria or inflammation in the urinary tract using
dipstick and urinary analysis. Once this is accomplished,
most often empirical treatment with antibiotics is started
while results of urine culture are pending. Although this
approach is useful for the general population, it is not
applicable to individuals with spinal cord injury (SCI)
because they usually do not complain of dysuria because
of loss of sensation, nor do they complain of increased
urinary frequency because they most commonly have
abnormal voiding that requires alternative bladder
emptying methods. They typically manage their bladders
using indwelling urethral or suprapubic catheters, clean
intermittent catheterization (IC), or in men, condom
catheters.
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assessing for key symptoms, such as dysuria and urinary
frequency, followed by finding evidence of the presence
of bacteria or inflammation in the urinary tract using
dipstick and urinary analysis. Once this is accomplished,
most often empirical treatment with antibiotics is started
while results of urine culture are pending. Although this
approach is useful for the general population, it is not
applicable to individuals with spinal cord injury (SCI)
because they usually do not complain of dysuria because
of loss of sensation, nor do they complain of increased
urinary frequency because they most commonly have
abnormal voiding that requires alternative bladder
emptying methods. They typically manage their bladders
using indwelling urethral or suprapubic catheters, clean
intermittent catheterization (IC), or in men, condom
catheters.
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Table 1. Validity, Accuracy, and Predictive Value of UTI Signs and Symptoms

Measurement

Autonomic

Dysreflexia Fever

Kidney/Bladder

Discomfort

Increased

Spasticity

Feeling

Sick

Sense of

Unease

Increased

Cathing

Feeling

Tired Incontinence

Foul Smelling

Urine

Cloudy

Urine

WBC in

Urine

True positives 0 2 4 5 7 8 9 10 12 14 19 24

False positives 1 1 13 23 5 8 12 15 12 12 12 26

False negatives 29 27 25 24 22 21 20 19 17 15 10 5

True negatives 100 100 88 78 96 93 89 86 89 89 89 75

All with positive

test 1 3 17 28 12 16 21 25 24 26 31 50

All with negative

test 129 127 113 102 118 114 109 105 106 104 99 80

All with UTI 29 29 29 29 29 29 29 29 29 29 29 29

All without UTI 101 101 101 101 101 101 101 101 101 101 101 101

Sample size 130 130 130 130 130 130 130 130 130 130 130 130

Sensitivity (%) 0.0 6.9 13.8 17.2 24.1 27.6 31.0 34.5 41.4 48.3 65.5 82.8

Specificity (%) 99.0 99.0 87.1 77.2 95.0 92.1 88.1 85.1 88.1 88.1 88.1 74.3

False-positive

rate (%) 1.0 1.0 12.9 22.8 5.0 7.9 11.9 14.9 11.9 11.9 11.9 25.7

False-negative

rate (%) 100.0 93.1 86.2 82.8 75.9 72.4 69.0 65.5 58.6 51.7 34.5 17.2

Positive

predictive

value (%) 0.0 66.7 23.5 17.9 58.3 50.0 42.9 40.0 50.0 53.8 61.3 48.0

Negative

predictive

value (%) 77.5 78.7 77.9 76.5 81.4 81.6 81.7 81.9 84.0 85.6 89.9 93.8

Accuracy (%) 76.9 78.5 70.8 63.8 79.2 77.7 75.4 73.8 77.7 79.2 83.1 76.2
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anti-bacterial iron-sequestering protein and growth
factor. Supplementary figure 2 (http://jurology.com/)
shows data on the remaining 50 genes in the array.

These data on the response to E. coli UTI suggest
that there were altered pre-infection and post-
infection inflammatory responses in SCI rats
compared to controls. We performed qPCR to
validate PCR array data and determine individual
pre-infection and post-infection transcript levels
for select pathway genes in the innate immune
and inflammatory pathway. qPCR confirmed many
prior pre-infection and all post-infection observa-
tions (fig. 3). Of the notable pre-infection transcripts
qPCR revealed significantly increased levels of
slc11a1 and Il-12b with a fold change of 2.79
(p ¼ 0.026, data not shown) in SCI rats compared

to controls (p <0.05). Of the 24 hpi qPCR data
IL-6 transcripts levels showed a 3.3 vs 115-fold
increase in SCI and control bladders, respectively.
Slc11a1 transcript levels in SCI and control
bladders were up-regulated 2.1 and 5.6-fold,
respectively. Similar changes were measured for
lipocalin-2 (lcn2) and IL-1b (il1b) transcripts, such
that infection produced a large fold increase in
transcript levels in controls upon infection while
SCI rats showed no increase in the proinflam-
matory response.

These experimentswereperformedusingdifferent
inocula for SCI and control rats based on the stated
rationale that we sought to compare the inflam-
matory responses to infections achieving equal
peak bacterial burdens at 24 hpi. To ensure that

Figure 2. Transcriptional profiling of innate immune pathways at 24 hpi. A, cfu/ml urine and cfu per bladder in controls and SCI rats.
Values above horizontal bars indicate 2-tailed Mann-Whitney p values. B, SCI/control expression ratios of subset of 34 transcripts
specifically encoding for proinflammatory markers, toll-like receptors and antimicrobial peptides in bladder tissue. Ratios less than
1 indicate greater expression change in control bladders. Dashed red lines indicate twofold higher or lower transcript levels,
suggesting significant change.

Figure 3. A to D, qPCR data on select innate immune pathways transcripts in SCI and control bladders. PRE, before infection. POST,
7 days after infection, including 5 days of antibiotics. Error bars indicate SD. Single asterisk indicates SCI vs control p <0.05.
Double asterisks indicate SCI vs control p <0.01. Triple asterisks indicate SCI vs control p <0.001.
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differences in the inflammatory responses of control
and SCI rats were related to dysregulation of
inflammation and not to the different starting
inocula we infected SCI rats with low (103 cfu) and
high (106 cfu) inocula, and compared proinflam-
matory IL-6 responses at 24 hpi. SCI rats infected
with low and high inocula showed similar bacteria
counts in the bladder by 24 hpi (supplementary fig. 3,
http://jurology.com/).

We compared IL-6 transcript levels in control
and SCI rats that received low and high inocula.
Bladders from SCI rats that received the low inoc-
ulum had IL-6 transcript levels that were a mean
of 2.4 ! 2.6-fold higher than in SCI rats infected
with the high inoculum (total of 17 rats) (fig. 4).
Mean IL-6 transcript levels in controls vs SCI
rats with high and low inocula were 22.94 ! 0.84
and 54.19 ! 2.17-fold higher in 15 and 10 rats,
respectively. Fold differences were statistically sig-
nificant for each comparison (Kruskal-Wallis test
p <0.0001). These data further confirm that SCI
rats had a blunted inflammatory response relative
to controls at 24 hpi and this difference was inde-
pendent of the initial inoculum.

Based on the significantly decreased IL-6 tran-
script levels in the SCI animals compared to con-
trols, we anticipated a decrease in chemoattractant
activity in the SCI animals and thus fewer neutro-
phils by 24 hpi. Quantification of neutrophil
numbers in bladder sections obtained from animals
at 24 hpi confirmed this hypothesis. SCI animals,
regardless of inoculum, had a greater than 50%
reduction in neutrophil counts at 24 hpi (fig. 5).
Consistent with the similar IL-6 transcript levels in
SCI and control animals pre-infection (figs. 3 and 4),
neutrophil counts were similar between each group

before infection. Together these data indicate that
SCI rats had lower neutrophil recruitment at the
peak of infection at 24 hours.

Antibiotics Abrogated UTI in SCI and Control
Rats without Attenuating Post-Infection
Proinflammatory Response in SCI Bladders
We predicted that the inflammatory response
would fail to be controlled in SCI rats commensu-
rate with that in spinal intact hosts despite elimi-
nation of the infectious stimulus. SCI and control
rats were inoculated with E. coli UTI89. At 48 hpi
antibiotic therapy with enrofloxacin was initiated
and continued for 5 days. Urine bacterial counts
demonstrated that bacteriuria cleared in 86% of SCI
and control rats within 24 hours of treatment and it
cleared in 100% by 48 hours (fig. 6). Despite bacte-
riuria clearance SCI rats had late induction of il6
transcript (fig. 3, A). lcn2 remained at pre-infection
levels and was never induced, unlike in controls
(fig. 3, C ). In contrast, after bacteriuria clearance
in controls proinflammatory cytokine transcripts
returned to pre-infection levels.

The control response to infection showed in-
creased levels of il10 and slpi transcripts, followed
by return to pre-infection levels after antibiotic
therapy (fig. 7). This was in contrast to SCI rats, in
which transcription of these anti-inflammatory fac-
tors failed to up-regulate during acute infection and
after antibiotic therapy. This state was accompa-
nied by a delayed il6 response, suggesting that SCI
rats may have had a blunted, temporally dysregu-
lated proinflammatory response, in addition to the
inability to appropriately terminate the inflamma-
tion (fig. 3, A).

DISCUSSION
Our study was done to determine whether the SCI
host has a dysregulated inflammatory response to

Figure 4. Relative cytokine IL-6 transcript levels at 24 hours in
SCI rats infected with low and high E. coli inocula vs controls.
Quantitative PCR was done with total RNA harvested from
total bladders in SCI rats that received 103 (Low) or 106 (High)
cfu E. coli UTI89 vs levels in controls infected with 106 cfu.
Transcript levels were normalized to glyceraldehyde-3-
dehydrogenase in each sample. Each comparison Kruskal-
Wallis test p <0.0001.

Figure 5. Polymorphonuclear cell (neutrophil) (PMN ) count inpre-
infection and 24-hour infection SCI rats and controls quantified
by blinded analysis of tissue sections before and after infection.
SCI rats received 103 (Low) or 106 (High) cfu E. coli UTI89.
Controls were infected with 106 cfu. HPF, high power field. NS,
not significant (Kruskal-Wallis test p >0.05). Bars represent
mean. Error bars represent SD. Asterisks indicate p <0.0001.
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Inflammatory Response to Escherichia coli Urinary Tract Infection
in the Neurogenic Bladder of the Spinal Cord Injured Host

Rajeev Chaudhry,* Ramiro J. Madden-Fuentes,* Tara K. Ortiz, Zarine Balsara,
Yuping Tang, Unwanaobong Nseyo, John S. Wiener,† Sherry S. Ross and Patrick C. Seed‡

From the Division of Urologic Surgery, Department of Surgery (RC, RJM-F, TKO, ZB, UN, JSW, SSR, PCS), Department of Pediatrics
(YT, JSW, SSR, PCS), Department of Molecular Genetics and Microbiology and Center for Microbial Pathogenesis (PCS),
Duke University Medical Center (PCS), Durham, North Carolina

Purpose: Urinary tract infections cause significant morbidity in patients with
spinal cord injury. An in vivo spinal cord injured rat model of experimental
Escherichia coli urinary tract infection mimics human disease with enhanced
susceptibility to urinary tract infection compared to controls. We hypothesized
that a dysregulated inflammatory response contributes to enhanced suscepti-
bility to urinary tract infection.

Materials and Methods: Spinal cord injured and sham injured rats were inoc-
ulated transurethrally with E. coli. Transcript levels of 84 inflammatory
pathway genes were measured in bladder tissue of each group before infection,
24 hours after infection and after 5 days of antibiotic therapy.

Results: Before infection quantitative polymerase chain reaction array revealed
greater than twofold up-regulation in the proinflammatory factor transcripts
slc11a1, ccl4 and il1b, and down-regulation of the antimicrobial peptides lcn2
and mpo in spinal cord injured vs control bladders. At 24 hours after infection
spinal cord injured bladders showed an attenuated innate immune response with
decreased expression of il6, slc11a1, il1b and lcn2, and decreased il10 and slpi
expression compared to controls. Despite clearance of bacteriuria with antibiotics
spinal cord injured rats had delayed induction of il6 transcription and a delayed
anti-inflammatory response with decreased il10 and slpi transcript levels rela-
tive to controls.

Conclusions: Spinal cord injured bladders fail to mount a characteristic in-
flammatory response to E. coli infection and cannot suppress inflammation
after infection is eliminated. This may lead to increased susceptibility to urinary
tract infection and persistent chronic inflammation through neural mediated
pathways, which to our knowledge remain to be defined.

Key Words: urinary bladder, neurogenic; urinary tract infections;
spinal cord injuries; cytokines; Escherichia coli

NEUROGENIC bladder results from
abnormal neural communication be-
tween bladder and nervous system,
resulting in abnormal bladder storage
or emptying. More than an estimated
400,000 children and adults in the
United States have NGB secondary

to SCI, spina bifida, cerebral palsy,
multiple sclerosis or Parkinson
disease.1e5 NGB is associated with
increased morbidity and mortality
due in part to a high risk of recurrent
UTI with an annual incidence as high
of as 20% to 25%.6e8 Recurrent UTIs

Abbreviations
and Acronyms

hpi ¼ hours after infection

IL ¼ interleukin

NGB ¼ neurogenic bladder

PCR ¼ polymerase chain reaction

qPCR ¼ quantitative PCR

SCI ¼ spinal cord injury

UTI ¼ urinary tract infection
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