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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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Blood stream infections due to multidrug-resistant
organisms among spinal cord-injured patients, epidemiology
over 16 years and associated risks: a comparative study
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 advance online publication, 16 February 2016; doi:10.1038/sc.2015.234

INTRODUCTION
Approximately 276 000 people are 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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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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LES BACTÉRIES MULTIRÉSISTANTES  

!  444 ECBU (706 bactéries) chez 287  BM 
communautaires 
33% des bactéries sont résistantes à au moins 2 familles 
d’antibiotique  

Waites		KB	et	al.	Arch	Phys	Med	2000	



PHAGOTHÉRAPIE 



!  Expériences IOA 

!  Phages : effets collatéraux/difficultés ciblage, individualisation/délai obtention/
fabrication à façon 

!  Expérience prévention IU 

!  PK/PD 

!  2 projets : E coli et Kl pn 



PHAGOTHÉRAPIE : QU’EST-CE QUE C’EST ? 

•  Virus	naturels	des	bactéries	
•  Spécifiques	de	chaque	bactéries	
•  Phages	lytiques	incapables	

d’infecter	une	cellule	eucaryote		
donc	inoffensif	pour	les	humains,	les	
animaux,	les	plantes.	Ils	ne	se	
multiplient	que	dans	les	cellules	
procaryotes.	

!  Considérés	comme	«	agents	biologiques	non	susceptibles	de	provoquer	une	maladie	
chez	l'homme	»	selon	décret	n°94-352	du	4	mai	1994	relatif	à	la	protection	des	
travailleurs	contre	les	risques	résultant	de	leur	exposition	à	des	agents	biologiques.	



Case Report Bacteriophage therapy for refractory Pseudomonas
aeruginosa urinary tract infection
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We describe the success of adjunctive bacteriophage therapy for refractory Pseudomonas

aeruginosa urinary tract infection in the context of bilateral ureteric stents and bladder ulceration,
after repeated failure of antibiotics alone. No bacteriophage-resistant bacteria arose, and the
kinetics of bacteriophage and bacteria in urine suggest self-sustaining and self-limiting infection.

Introduction
Pseudomonas aeruginosa is an opportunistic human patho-
gen associated with biofilm infections refractory to antibiotic
therapy, particularly in cystic fibrosis and burn wounds and
in other immunocompromised hosts (Azeredo & Suther-
land, 2008; Fothergill et al., 2010). Lytic bacteriophage has
long been known to have the potential to deliver effective
targeted therapy (Himmelweit, 1945), including for P.
aeruginosa, and increasing antibiotic resistance has sparked
renewed interest in this approach (Azeredo & Sutherland,
2008; Kutter et al., 2010; Harper & Enright, 2011).

Case report
A 67-year-old woman underwent extensive intra-abdominal
resections and pelvic irradiation for adenocarcinoma
followed by bilateral ureteric stent placement to relieve
obstruction. This was complicated by symptomatic P.
aeruginosa infection, for which she received multiple courses
of gentamicin, ceftazidime, ciprofloxacin and merope-
nem over a 2 year period, and two stent replacements.
Symptomatic relapse with P. aeruginosa susceptible to
ciprofloxacin (MIC 0.25 mg ml21), gentamicin (2 mg
ml21), ceftazidime (4 mg ml21) and meropenem (MIC
2 mg ml21; determined by Etest performed according to

manufacturer’s instructions; Etest, AB bioMérieux) occur-
red usually within a week after ceasing antibiotics, always at
.105 c.f.u. ml21 and in association with pyuria (.100 white
blood cells ml21) and haematuria.

Several isolates of the infecting P. aeruginosa strain were
screened against existing bacteriophage libraries at the
Eliava Institute in Tbilisi (Democratic Republic of Georgia,
DPR) which have been used extensively to treat patients
(Kutter et al., 2010; Stone, 2002). Six lytic bacteriophages,
each at a titre of 106 p.f.u. ml21 against the target P.
aeruginosa, were combined into a filter-sterilized bacterio-
phage product (Pyophage #051007) licensed under DPR
Ministry of Health guidelines (Stone, 2002; Sulakvelidze
et al., 2001). Routine bacterial culture on chocolate agar
(Difco) at 37 uC of a sample vial was again negative in
the Centre for Infectious Diseases and Microbiology
Laboratory Services laboratory.

Ethical approval was obtained from the Western Sydney
Human Research Ethics Committee on a compassionate
use basis, and informed consent was obtained from the
patient. The patient was hospitalized and 20 ml (~26107

p.f.u.) Pyophage #051007 was instilled directly into the
bladder every 12 h for 10 days, with the catheter clamped
for 30 min after each instillation. Urine was collected
before treatment and at 4 h intervals after the morning
dose for the first 2 days, and then each morning prior to
bacteriophage and antibiotic treatment. The catheter was
changed on days 3 and 10. Meropenem (1 g twice daily)
and colistin (polymixin E, 100 mg twice daily) commenced

3Present address: Department of Medicine, King Hussein Medical
Centre, Amman, Jordan.

Abbreviation: MT-PCR, multiplexed tandem PCR.
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Streptococcus pneumoniae ATCC 49615 (2022 c.f.u. ml21; 16
c.f.u. per reaction) and Staphylococcus aureus ATCC 25923
(2718 c.f.u. ml21; 22 c.f.u. per reaction). Melt temperatures
were consistent in triplicate runs and reproducibility was
high (standard curves for all targets r2 0.9922–0.9997; not
shown).

Bacteriophage counts remained high until after disappear-
ance of the target organism and then diminished sharply
(Table 1). Quantitative PCR data indicated that bacterial
DNA persisted beyond the point of culture-positivity,
perhaps reflecting the release of dead organisms from
biofilms, although experiments were not done to formally
evaluate this. Initial viable P. aeruginosa counts were
.36106 c.f.u. ml21 (Table 1). Viable bacterial counts
declined before antibiotics commenced on day 6 (logarith-
mic graph, Fig. 1). DNA fingerprinting by enterobacterial
repetitive intergenic consensus-PCR (Versalovic et al.,
1991) showed that all P. aeruginosa isolates were identical,
and all were susceptible to colistin and meropenem and to
the bacteriophage cocktail in the same titre. Bacteriophage
counts in urine rose from 36103 p.f.u. ml21, 4 h after the
initial dose, to ~56104 p.f.u. ml21 after 12 h and to .106

p.f.u. ml21 20 h later before the first dose on day 2.
Bacteriophage levels remained at at least ~105 p.f.u. ml21

for a week but then fell sharply. Small amounts of
bacteriophage were still detectable (~103 p.f.u. ml21)
immediately prior to bacteriophage administration on
day 9, and none thereafter (Table 1). Cultures and MT-
PCR detected both Pseudomonas and Enterococcus species
in urine. E. faecalis, susceptible to ampicillin but not to
bacteriophage, was cultured and Enterococcus species were
enumerated by MT-PCR at ~106–7 from admission until
day 9, and then fell to ~103 c.f.u. ml21 on discharge from
hospital. P. aeruginosa was culturable at .105 c.f.u. ml21 to
day 6 and was quantified by MT-PCR at 1.96105 c.f.u.
ml21 (Table 1), and then in reduced numbers up to day 7
(6.756104 viable c.f.u. ml21; 10-fold higher DNA load
equivalent), but no antibiotic- or bacteriophage-resistant
P. aeruginosa was recovered at any stage. P. aeruginosa
DNA could still be detected by MT-PCR up to day 10
(DNA equivalent to ~103 c.f.u. ml21), but not thereafter
(Table 1).

Discussion
Combined therapy was well-tolerated, apparently resulting
in symptomatic relief and microbiological cure where
repeated courses of antibiotics combined with stent
removal had failed. Previous reports indicate that bac-
teriophage therapy is a safe and potentially effective
antipseudomonal treatment (Marza et al., 2006; Rhoads
et al., 2009; Wright et al., 2009), although data about the
kinetics of bacteriophage infection are scant. Bacteriophage
did not persist nor was any antibiotic- or bacteriophage-
resistant P. aeruginosa identified. The additive effort of
combined phage–antibiotic treatment has been known
since the beginning of the antibiotic era (Himmelweit,

1945), but optimal dosing and duration of therapy remain
unknowns. The nearly 2 log fall in P. aeruginosa concen-
tration in the urine which appeared to precede the
administration of antibiotics strongly suggests an action
in vivo that mimics that observed in vitro. The data indicate
that bacteriophage infection was self-sustaining and self-
limiting, with the phage decreasing in number along with
the viable target organisms in which they replicated.
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•  Patiente	de	67	ans,	amputation	
périnéale	pour	adéno	K	

•  Double	J	bilatérales	
•  Pseudomonas	aeruginosa	traité	

par	genta,	ceftazidime,	CPF,	mero	
•  Pdt	2	ans	!!	
•  Administration	pyophage	051007	

intravésical	x2/j	pdt	10j	
•  Mero	+	Coli	à	J6	
•  Pas	de	récidive	à	1	an	
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Bacteriophages for treating urinary tract
infections in patients undergoing
transurethral resection of the prostate: a
randomized, placebo-controlled, double-
blind clinical trial
Lorenz Leitner1,2 , Wilbert Sybesma1, Nina Chanishvili3, Marina Goderdzishvili3, Archil Chkhotua4,
Aleksandre Ujmajuridze4, Marc P. Schneider1, Andrea Sartori1, Ulrich Mehnert1, Lucas M. Bachmann5

and Thomas M. Kessler1*

Abstract

Background: Urinary tract infections (UTI) are among the most prevalent microbial diseases and their financial burden
on society is substantial. The continuing increase of antibiotic resistance worldwide is alarming. Thus, well-tolerated,
highly effective therapeutic alternatives are urgently needed. Although there is evidence indicating that bacteriophage
therapy may be effective and safe for treating UTIs, the number of investigated patients is low and there is a lack of
randomized controlled trials.

Methods and design: This study is the first randomized, placebo-controlled, double-blind trial investigating
bacteriophages in UTI treatment. Patients planned for transurethral resection of the prostate are screened for UTIs and
enrolled if in urine culture eligible microorganisms ≥104 colony forming units/mL are found. Patients are randomized in a
double-blind fashion to the 3 study treatment arms in a 1:1:1 ratio to receive either: a) bacteriophage (i.e. commercially
available Pyo bacteriophage) solution, b) placebo solution, or c) antibiotic treatment according to the antibiotic sensitivity
pattern. All treatments are intended for 7 days. No antibiotic prophylaxes will be given to the double-blinded treatment
arms a) and b). As common practice, the Pyo bacteriophage cocktail is subjected to periodic adaptation cycles during the
study. Urinalysis, urine culture, bladder and pain diary, and IPSS questionnaire will be completed prior to and at the end
of treatment (i.e. after 7 days) or at withdrawal/drop out from the study. Patients with persistent UTIs will undergo
antibiotic treatment according to antibiotic sensitivity pattern.

Discussion: Based on the high lytic activity and the potential of resistance optimization by direct adaptation of
bacteriophages, and considering the continuing increase of antibiotic resistance worldwide, bacteriophage therapy is a
very promising treatment option for UTIs. Thus, our randomized controlled trial investigating bacteriophages for treating
UTIs will provide essential insights into this potentially revolutionizing treatment option.

Trial registration: This study has been registered at clinicaltrials.gov (www.clinicaltrials.gov/ct2/show/
NCT03140085). April 27, 2017.

Keywords: Bacteriophages, Antibiotics, Urinary tract infection, Randomized placebo-controlled double-blind
trial, Resistance
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Synopsis  

Title: A Phase I study to assess the pharmacokinetic and safety of phages in patients 
with recurrent Escherichia Coli urinary infections due to post-traumatic 
neurogenic bladder 

Study product  Bacteriophages anti-E. coli PP970, PP1002, PP1151, PP2000 

Protocol No.: PP-EC-001 
Sponsor: 
 

PHERECYDES PHARMA 

Participating 
Country/Countries  

France  

Number of study 
sites  

 2 or 3 centers in France (Phase I clinical research only) 

Coordinating 
Investigator: 
 
 
 
 

Pr Aurélien Dinh 
Head of Infectious and Tropical disease 
Hospital Raymond Poincaré 
104 boulevard Raymond Poincaré, 92380 Garches 

Study Design: This is a Phase I open labelled study assessing pharmacokinetic and safety of anti-E 
coli phages in patients with E. coli recurrent urinary infections due to post-traumatic 
neurogenic bladder. 
 
Patients will be treated with bacteriophages PP970, PP1002, PP1151 and PP2000   
in an open manner. Patients will be hospitalized for 24 hours to collect urine 
samples for pharmacokinetic measurement. Treatment will be given by urinary self-
catheterization, under the supervision of a nurse, initially a single administration in 
the morning.  
Depending on the initial pharmacokinetic results, schedule of administration may 
be increased to two (every 12 hours) and up to three administrations (every 8 
hours) by self-catheterization in one day. 
Patients will be followed up to 6 months after administration to collect the number 
of recurrences of urinary infections and in case of recurrence, the antibiogram 
linked to the antibiotherapy prescription. 
A total of 36 patients will be recruited. 
 
A phagogram will be systematically performed prior to starting treatment, on the 
bacterial strain isolated from the urinary sample collected at screening visit and 
number of phages to be administered (between 1 to 4) will depend on the result of 
the phagogram. 
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Study Objectives: Primary objective is to collect pharmacokinetic data of phages in urine.  
Secondary objectives are : 
1. To collect safety data  
2. To assess bacterial load in urine  
3. To collect immunology data  
4. To assess post-treatment outcome  
5. To perform some metagenomic analysis 

Investigational 
Product/ 
Treatment: 

Name of the compound:  Bacteriophages anti-E. coli PP970, PP1002, PP1151, 
PP2000 
 
Pharmaceutical form: 2 mL of sterile suspension of a single anti-E. coli phage –
type PP970 or PP1002 or PP1151 or PP2000 at 109 PFU/mL in buffer solution (into 
3 mL glass vial). 
                                          
Dose per administration: between 10 mL (5 vials of one single phage 
administered) up to 40 mL (for the 4 phages administered) of suspension of 
bacteriophages diluted in solution of NaCl 0.9% for a total volume of 100 mL. 
            
Timing for administration:  
Once in the morning, at 8:00 am, by self-catheterization, once the subject has 
already empty the bladder by a previous self-catheterization. Depending on the 
pharmacokinetic (and safety) data collected, the schedule of administration may 
be increased to two administrations (at 8:00 am and 8:00 pm) and up to three 
administrations (at 8:00 am, 4:00 pm and midnight). The subject will empty the 
bladder before each additional administration. Decision will be taken by the 
sponsor in agreement with the PI. 
 

Number of 
Patients 

 36 patients  
Sample size justification 
This number should be sufficient to provide robust data on the quantification of 
phages in the urine. 
 

Main Evaluation 
Criteria: 

1.1.1.       Primary endpoint 
  

Quantification of phages in the urine. 
 
For the first group treated with a single administration, urine samples will 
be collected at T0 (pre-treatment), T4H, T8H and T24H. Patients will be 
informed to avoid additional bladder emptying between T0-T4H and 
between T4H-T8H. In case of urgent urination during these periods, 
additional urinary samples will be collected for pharmacokinetic analysis, 
as well as during any bladder emptying between T8H and T24H. Urinary 
pH and volume will be documented at each time point. 
 
In case of twice daily administrations, urinary collection timepoints will 
remain identical (T0 (pre-treatment), T4H, T8H and T24H), with an 
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Main Selection 
Criteria: 

Inclusion Criteria : 

1. Male or female ≥ 18 years 
2. Post-traumatic neurogenic bladder due to spinal cord injury 
3. Well-balanced bladder without any element in favour of a reflux 
4. History of recurrent monomicrobial E. coli urinary infections (> 2 in the last 

year) 
5. Without diagnosis of superinfection due to another pathogen on the last 

urinary collection 
6. Without active (symptomatic) urinary infection in the past month defined 

by absence of any of the following symptoms: autonomous hyperreflexivity, 
spasticity, leakages, contracture, pyuria, fever, shivers. 

7. No recurrence between the screening visit and the first administration of 
phages 

8. Without of evidence of lithiasis on a bladder echography performed within 
the last year 

9. Females of childbearing potential/Sexually active males with partner of 
childbearing potential: commitment to consistently and correctly use an 

additional T12H collection, before the second administration.  Patients 
will be informed to avoid additional bladder emptying between T0-T4H, 
T4H-T8H and T8H-T12H.  In case of urgent urination during these periods, 
additional urinary samples will be collected for pharmacokinetic analysis, 
as well as during any bladder emptying between T12H and T24H. 
 
In case of three times daily administration, urinary collection timepoints 
will be T0 (pre-treatment), T4H, T8H (before the second administration), 
T16H (before the third administration) and T24H.  Patients will be 
informed to avoid additional bladder emptying between T0-T4H and T4H-
T8H.  In case of urgent urination during these periods, additional urinary 
samples will be collected for pharmacokinetic analysis, as well as during 
any bladder emptying between T8H-T16H and T16H-T24H. 
 
1.1.2.       Secondary endpoints 
 

1. Safety parameters: adverse events, physical examination, biological tests 
as hematology and biochemistry during the whole study 

2. Microbiology:  
- Urine : E.Coli quantification (CFU and qPCR) at T0, T4H, T8H, T24H 

3. Immunology:  
- Serum:  anti-E. coli phage antibodies, cytokine IL-6 at T0 and T24H 
- Urine : anti-E. coli phage antibodies at T0, T4H, T8H and T24H 

4. Post-treatment outcomes: 
- Recurrence of infection at M1, M3 and M6 
- Antibiotherapy requirement in case of recurrence 
- Duration of hospitalization in case of recurrence 

5. Metagenomic analysis of urinary bacterial samples 
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Modèle	in	vivo	de	réduction	de	la	charge	bactérienne	après	phagothérapie	
(E.	Coli)	
 

Ingersoll lab unpublished, Pasteur/ Institut Cochin 

Modèle murin de phagothérapie pour infection urinaire avec des souches K. pneumoniae BLSE provenant des 
patients avec des vessies neurologiques en impasse thérapeutique (R. Calin/M. Ingersoll/R. Tournebize) 
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was confirmed by multiple regression analyses for the
number of UTI prior to study, age and center. A
comparable result was seen in the per protocol popula-
tion ( p < 0.001, Fig. 2b). In the active group, 93
patients (40.3%) had a total of 185 post-baseline
UTI, compared to 276 UTI in 122 patients (55.0%)
in the placebo group, i.e. a reduction of 14.7% (95%
confidence interval –23.8% to !5.6%; two-sided
Cochran–Mantel–Haenszel test stratified by center:
p = 0.001; unadjusted two-sided Fisher’s exact test:
p = 0.0019; estimated odds ratio 0.55). In the first
six months of the study, 125 post-baseline UTI were
documented in the placebo group compared to 99 in the
active group (D = 26, !20.1%). Between Month 7 and
the end of the study, there were 151 UTIs in the placebo
group and 86 UTI in the active group (D = 65,
!43.0%). As shown in Table 3, the distribution of

UTI per patient showed a significant group difference
in favor of OM-89. Comparable statistically significant
results for all primary endpoints were achieved in the
supportive per protocol analyses (data not shown).

In the ITT population, the frequency of dysuria,
pollakisuria and burning pain decreased more in the
active group, without reaching statistical significance
(Fig. 3a, b, c). However in the per protocol population,
the group difference was significantly in favor of OM-
89 for all three symptoms at Visit 4.

The total duration of UTI recurrences (based on the
presence of the above symptoms) was reduced by 49%
in the OM-89 group with respect to placebo (1.95 "
3.97 vs. 3.82 " 8.61 days) with a trend towards sta-
tistical significance.

Among patients with bacterial UTI, E. coli was the
most frequently detected pathogen at each visit, affect-
ing 14–22% of patients across treatment groups and
populations compared to 6% or less for all other types
of bacteria.

More than 80% of the patients in both treatment
groups used anti-infectives at least once during the
study. Antibacterial drugs were prescribed for reasons
other than UTI in 53.0% of patients in the active group
compared to only 40.5% of patients in the placebo
group. Themean number of anti-infective prescriptions
was 2.44 " 1.75 in the active group compared to
2.79 " 2.07 of patients in the placebo group, a sig-
nificant group difference ( p = 0.005).

In the global assessment, the majority of patients
and investigators in both treatment groups considered
that there was a slight or marked improvement, with a
rating of ‘‘no change’’ being reported in approximately
10% of patients only.

A total of 161 adverse events (AEs) affected 75
patients in the active group compared to 192 AEs in 71
patients of the placebo group during the course of this
clinical trial, with 13% being considered related to
treatment in both groups. The most frequent AE was
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Table 2
Type of bacteria at baseline (ITT) [n (%)]

OM-89 (n = 231) Placebo (n = 222)

Escherichia coli 162 (70.1) 152 (68.5)

Enterococcus 22 (9.5) 15 (6.8)

Staphylococcus 17 (7.4) 20 (9.0)

Klebsiella 10 (4.3) 10 (4.5)
Streptococcus 9 (3.9) 9 (4.1)

Proteus 5 (2.2) 5 (2.3)

Multiple citations possible.

Fig. 2. (a) Cumulative relapse rate of UTI by visit (ITT population;

*p < 0.003). (b) Cumulative relapse rate of UTI by visit (Per protocol

population; *p < 0.001).

Table 3
Distribution of post-baseline UTI per patient (p: two-sided Mann–Whitney

test)

Number of UTI recurrences OM-89 (n = 231) Placebo (n = 222)

Missing 11 (4.8%) 7 (3.2%)

0 127 (55.0%) 93 (41.9%)

1 46 (19.9%) 53 (23.9%)
2 25 (10.8%) 32 (14.4%)

3 12 (5.2%) 17 (7.7%)

4 3 (1.3%) 7 (3.2%)
#5 7 (3.0%) 13 (5.9%)

Total number of UTI recurrences 185 276

p 0.0013
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Abstract
Objective: To investigate the long-term preventive effect of the immunotherapeutic OM-89 versus placebo in
uncomplicated recurrent UTI in a large cohort of female patients only.
Methods: Adult female patients could enrol in this multicenter, double-blind study if they had acute UTI at the
enrolment visit and positive results of urinalysis (!103 bacteria/ml). Patients received the immunotherapeutic OM-
89 or a matching placebo; 1 capsule per day for 90 days, 3 months without treatment, then the first 10 days inMonths
7, 8 and 9 and were followed up during 12 months. Primary efficacy criteria were UTI rates over 12 months,
distribution of UTIs and proportion of patients with UTI.
Results:A total of 453 patients were treated, 231 in the active group and 222 in the placebo group.Mean rate of post-
baseline UTIs was significantly lower in the active group than in the placebo group (0.84 vs. 1.28; p < 0.003),
corresponding to a 34% reduction of UTIs in patients treated with OM-89. In the active group, 93 patients (40.3%)
had 185 post-baseline UTIs, compared to 276 UTIs in 122 patients (55.0%) in the placebo group ( p = 0.001). The
safety profile of OM-89 was good and consistent with that reported in previous studies.
Conclusions: OM-89 significantly reduced the incidence of UTI during the 12 months of the study including 3
months of treatment and three 10-day booster courses. These results confirm that OM-89 is a valuable component of
the management of recurrent UTI.
# 2004 Elsevier B.V. All rights reserved.

Keywords: Urinary tract infections; Immunotherapy; Bacterial extract; OM-89

1. Introduction

Urinary tract infections (UTI) are commonly
encountered in medical practice and range from

asymptomatic bacteruria to debilitating acute pyelone-
phritis (for review see [1,2]). They are especially
problematic for women, up to one-third of whom will
experience at least one UTI at some point during
their lifetime, and are a major cause of morbidity in
patients with neuropathic bladder dysfunction and
catheterization [3,4]. The predominant pathogen in
both complicated and uncomplicated UTI is E. coli,
although Klebsiella sp. and Proteus appear with
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•  Essai	randomisé	double	aveugle	vs	placebo	
•  453	patientes	adultes	
•  IU	à	l’inclusion	avec	ECBU	+	
•  OM-89	:	1	capsule/j	pdt	90j	
•  3	mois	sans	traitement	
•  Puis	les	10ers	j	de	M7,	M8,	M9	
•  Suivi	1	an		
•  Taux	d’IU	total	:	0,84	vs	1,28	
•  Réduction	de	34%	(p<0,003)	
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INTRODUCTION

Urinary tract infection (UTI) is a common cause of morbid-
ity and mortality, especially in women, with 25% to 30% of
20 to 40-yr-old women reporting a history of UTI treatment.
Escherichia coli is by far the most common bacterial pathogen
in UTI, accounting for more than 85% of cases of acute cys-
titis and pyelonephritis as well as for more than 60% of cases
of recurrent cystitis (1). 

The significant socioeconomic implications of UTI have
generated considerable interest in the prevention of recur-
rences. Although long-term, low-dose antibiotic prophylax-
is (e.g. trimethoprim-sulfamethoxazole) has been demonstrat-
ed to be highly effective in reducing the risk of recurrent UTI,
repeated use of antibiotics has led to bacterial resistance. Other
prospects for UTI prophylaxis include natural compounds,
bacterial interference and immunization (2). The most com-
monly used natural compound appears to be cranberry juice.
In a double-blind, randomized, controlled study, daily inges-
tion of 300 mL of cranberry juice reduced bacteriuria with
pyuria but failed to decrease the incidence of symptomatic

UTIs (3). The concept of bacterial interference is based on not
treating asymptomatic colonization, such that ‘‘good’’ bacte-
ria prevent symptomatic UTI caused by ‘‘bad’’ bacteria. There
have been provocative data suggesting non-treatment in pati-
ent populations with a high prevalence of asymptomatic bac-
teriuria, including the elderly, school girls and patients with
spinal cord injury (4-7), but lack of information on the strains
causing asymptomatic colonization in these patient popula-
tions is a major limitation of this concept. Immunotherapy
may therefore represent the most effective alternative in the
prevention of recurrent UTI. For example, oral immunization
with E. coli extract (ECE; Uro-Vaxom , OM Laboratories Mey-
rin/Geneva, Switzerland), a combination of immunoactive
fractions of E. coli strains, has gained popularity, primarily in
European countries. Administration of a lyophilized extract of
18 uropathogens has been found to increase non-specific and
specific humoral and cellular immune responses by stimulat-
ing the production of interferon-g and tumor necrosis factor-g
and the activities of lymphocytes and macrophages (8-10).

Although clinical trials of ECE commenced as early as 1980
(11, 12), these studies focused on its efficacy during and for
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We have assessed the efficacy and safety of Escherichia coli extract (ECE; Uro-
Vaxom ) which contains active immunostimulating fractions, in the prophylactic
treatment of chronically recurrent cystitis. Forty-two patients with more than 2 epi-
sodes of cystitis in the proceeding 6 months were treated for 3 months with one cap-
sule daily of ECE and observed for a further 6 months. The primary efficacy criteri-
on was the number of episodes of recurrent cystitis during the 6 months after treat-
ment compared to those during the 6 months before treatment. At the end of the 9-
month trial, 34 patients (all women) were eligible for statistical analysis. Their mean
age was 56.4 yr (range, 34-75 yr), and they had experienced recurrent urinary tract
infections for 7.2 5.2 yr. The number of recurrences was significantly lower during
the 6-month follow-up period than during the 6 months preceding the trial (0.35 vs.
4.26, P<0.001). During the follow-up, 28 (82.4%) patients had no recurrences and
4 (11.8%) had 1 each. In patients who relapsed, ECE alleviated cystitis symptoms,
including painful voiding, frequency and urgency. There were no serious adverse
events related to the study drug. Our study demonstrates the efficacy and safety
of ECE in the prophylactic treatment of chronically recurrent cystitis.
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3 months after treatment, but not for longer periods of time
(13, 14). To our knowledge, there have been no clinical stud-
ies of ECE in which patients were followed for up to 6 months
after treatment. We therefore assessed the efficacy and toler-
ability of ECE administration in the prophylactic treatment
of chronically recurrent cystitis for 6 months after treatment.

MATERIALS AND METHODS

Patients with more than 2 episodes of cystitis, defined as
105 c.f.u. bacteria/mL and white blood cell (WBC) 6/

HPF in mid-stream urine with concomitant symptoms such
as painful and irritating voiding symptoms, during the pro-
ceeding 6 months were screened, and 42 patients were en-
rolled in this multicenter prospective study. Patients with
vesicoureteral reflux, obstructive uropathy, urinary lithiasis,
renal impairment (defined as serum creatinine >2.5 mg/dL)
and urologic procedures that induced UTI were excluded.
The study protocol was approved by the institutional review
board in each hospital, and all patients provided written in-
formed consent before entry. 

At the start of the trial, all patients were in acute recurrence
and were therefore treated with antibiotics. After confirming
that their urine was sterile, patients were treated for 3 months
with one capsule daily of ECE, containing 6 mg of lyophiliz-
ed immunostimulating fractions, and observed for an addi-
tional 6 months without treatment. UTI episodes occurring
during the 6 month follow-up period were treated with per-
tinent antibiotics, and symptom severity was assessed. The
degree of urgency was assessed according to the Indevus Urgen-
cy Severity Score (IUSS), in which 0 represents no, 1 repre-
sents mild, 2 represents moderate, and 3 represents severe
urgency. Painful voiding, abdominal/flank pain and fever
were each scored according to a similar scale. Frequency was
assessed according to a 5 point scale, in which 0 represents
>3 hr, 1 <3 hr, 2 <2 hr, 3 <1 hr, and 4 <30 min. Patients
who developed UTI during ECE treatment were excluded
from the study. Blood chemistry was performed at entry and
after 3 months to monitor drug safety. Midstream urine cul-
ture and urinalysis were performed at study outset, and 3 and
9 months after the start of ECE treatment, and at any symp-
tom recurrence. At each visit, patients were questioned about
compliance and any adverse events.

The primary efficacy criterion was the number of episodes
of recurrent cystitis which was measured with the medical
record (defined by urinalysis, urine culture, and the presence
of concomitant symptoms) during the 6 months after treat-
ment compared to those during the 6 months before treat-
ment. Secondary efficacy criteria included the severity of cys-
titis symptoms, including dysuria, frequency and urgency,
in those who relapsed. Safety evaluations included compar-
isons of hepatic and renal function and adverse events before
and after treatment. 

For the determination of sample size, based on an estimat-
ed clinical efficacy rate for Uro-vaxom of 80.7% (a=0.05) (15),
the sample size was calculated to be 27 patients. Considering
an estimated 10% drop-out rate, the actual size of study popu-
lation should be at least 30 patients. Quantitative data were
expressed as mean SD. Statistical analyses included paramet-
ric one-way ANOVA and nonparametric Wilcoxon’s matched-
pairs test. Differences were considered significant at P<0.05. 

RESULTS

Patients

Of the 42 enrolled patients, 8 were excluded, 2 for gastroin-
testinal problems such as nausea and abdominal pain, 1 for
failure to return after the first visit for reasons unrelated to
the study medication, 3 for withdrawal of consent, and 2 who
developed symptomatic UTI recurrences during ECE treat-
ment. Accordingly, 34 patients were eligible for efficacy anal-
ysis at the end of the 9-month trial. All 42 recruited patients
were included in the safety analysis. The mean age of the 34
included patients, all women, was 56.4 yr (range 34-75 yr), and
they had experienced recurrent UTIs for 7.2 5.2 yr. 

Efficacy

The number of recurrences per patient was significantly
lower during the 6 months after the end of treatment than
during the 6 months prior to treatment (0.35 vs. 4.26, P<
0.001). During follow-up, 28 patients (82.4%) had no recur-
rences and 4 (11.8%) had 1 each. In addition, one patient
(2.9%) had 2 recurrences and one (2.9%) had 6. Adminis-
tration of ECE to the 6 patients who relapsed during follow-
up alleviated cystitis symptoms, including painful voiding,
frequency and urgency (Figs. 1-3). E. coliwas the organism
most frequently isolated from urine, both before (87%) and
after (50%) treatment. 

We divided the patient population into 2 subgroups: those
with ‘severe’ and ‘non-severe’ cystitis, defined as 6 and <6
episodes, respectively, during the 6 months preceding the trial.

Fig. 1. Changes of urgency in recurred patients (n=6).
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Of the 10 patients with ‘severe’ cystitis, only 3 (30%) expe-
rienced recurrences, compared with 3 of 24 patients (12.5%)
with ‘non-severe’ cystitis, a difference that was not statistical-
ly significant (P>0.05).

Safety

During treatment, 2 patients suffered from mild gastroin-
testinal problems: one from nausea and the other from abdom-
inal pain, each of which lasted for 1 week. These adverse events
ceased when they stopped taking the study drug, and both
patients therefore quit the trial. The remaining patients did
not complain of any discomfort, including skin pruritus and
vertigo, which had been reported in other trials of ECE. Hep-
atic and renal functions, as assessed in laboratory studies, re-
mained normal after taking ECE (Table 1).

DISCUSSION

The main therapeutic approach in UTI has been the admin-
istration of antibiotics, which is usually effective during the
acute phase. For patients with chronic or recurrent UTIs, how-
ever, repetitive intake of antibiotics, even at clinically thera-
peutic doses, may lead to the emergence of antibiotic-resis-
tant bacterial strains as well as impairment of the patient’s
natural immune defense system (16, 17). Although attempts
have been made to control or reduce the frequency of acute

exacerbations of UTI using natural compounds such as cran-
berry juice, the results have not been promising (3). In con-
trast, bacterial vaccines have been shown effective by improv-
ing the patient’s own immune response (8-10). ECE, an im-
munomodulating preparation containing the lyophilized ex-
tract of 18 uropathogens, has been shown to up-regulate the
activity of phagocytes, B-lymphocytes and natural killer cells
(8-10, 18). Animal experiments have indicated that repeat-
ed oral administration of ECE can stimulate the formation
of serum IgA and IgG in mice (19), and to activate bacterial
killing by polymorphonuclear cells in rabbits, thus enhanc-
ing the clearance of bacteria from the blood stream (20).

ECE has been utilized clinically for more than 20 yr and
has a good safety profile. At present, it is used to prevent recur-
ring UTIs in children and adults (11-14, 21, 22). Many clini-
cal trials have assessed the ability of ECE to prevent recurrent
UTIs. For example, a double-blind placebo-controlled mul-
ticenter study in 166 patients with recurrent UTIs has shown
that, during a 3-month observation period, patients on ECE
experienced significantly fewer recurrences, less severe signs
and symptoms of UTI and decreased usage of antibiotics and
chemotherapeutics compared with patients taking placebo
(14). In a second trial, in 112 patients with recurrent lower
UTIs, patients in the ECE group (n=58) experienced 65.8%
fewer episodes of UTIs than patients in the placebo group
(n=54), without any critical side effects (13). 

Subset analysis showed that only 30% of patients who expe-
rienced severe UTI, defined as 6 cystitis episodes before

Fig. 2. Changes of painful voiding symptom in recurred patients
(n=6).
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There was no statistically significant differences between two groups
(P>0.05).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; ALP, alkaline phosphatase; BUN, blood urea
nitrogen.

Laboratory studies
Before

treatment
After

treatment

WBC ( 103/mL) 6.3 2.1 6.0 1.8
RBC ( 106/mL) 4.3 0.3 4.3 0.4
Hb (g/dL) 12.5 1.1 12.7 1.1
Hct (%) 38.1 3.2 39 3.1
Plt ( 106/mL) 256 67 258 61
Neutrophils (%) 56 11.4 53.2 10.3
Lymphocytes (%) 34.3 10.2 37.5 9.1
Monocytes (%) 6.5 2.3 5.5 1.7
Eosinophils (%) 2.6 2.1 2.7 1.8
Basophils (%) 0.6 0.3 0.7 0.4
AST (IU/L) 22.7 5.9 23 6.6
ALT (IU/L) 18.5 7.7 17 7.5
LDH (IU/L) 221.5 78.5 206.5 37
ALP (IU/L) 79.2 50.3 69 30.3
Total bilirubin (mg/dL) 0.7 0.3 0.7 0.2
BUN (mg/dL) 14.1 3.8 13.7 4.5
Creatinine (mg/dL) 0.8 0.1 0.8 0.1

Table 1. Results of laboratory studies before and after E. coli ex-
tract administration

Fig. 3. Changes of frequency in recurred patients (n=6).
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Of the 10 patients with ‘severe’ cystitis, only 3 (30%) expe-
rienced recurrences, compared with 3 of 24 patients (12.5%)
with ‘non-severe’ cystitis, a difference that was not statistical-
ly significant (P>0.05).

Safety

During treatment, 2 patients suffered from mild gastroin-
testinal problems: one from nausea and the other from abdom-
inal pain, each of which lasted for 1 week. These adverse events
ceased when they stopped taking the study drug, and both
patients therefore quit the trial. The remaining patients did
not complain of any discomfort, including skin pruritus and
vertigo, which had been reported in other trials of ECE. Hep-
atic and renal functions, as assessed in laboratory studies, re-
mained normal after taking ECE (Table 1).

DISCUSSION

The main therapeutic approach in UTI has been the admin-
istration of antibiotics, which is usually effective during the
acute phase. For patients with chronic or recurrent UTIs, how-
ever, repetitive intake of antibiotics, even at clinically thera-
peutic doses, may lead to the emergence of antibiotic-resis-
tant bacterial strains as well as impairment of the patient’s
natural immune defense system (16, 17). Although attempts
have been made to control or reduce the frequency of acute

exacerbations of UTI using natural compounds such as cran-
berry juice, the results have not been promising (3). In con-
trast, bacterial vaccines have been shown effective by improv-
ing the patient’s own immune response (8-10). ECE, an im-
munomodulating preparation containing the lyophilized ex-
tract of 18 uropathogens, has been shown to up-regulate the
activity of phagocytes, B-lymphocytes and natural killer cells
(8-10, 18). Animal experiments have indicated that repeat-
ed oral administration of ECE can stimulate the formation
of serum IgA and IgG in mice (19), and to activate bacterial
killing by polymorphonuclear cells in rabbits, thus enhanc-
ing the clearance of bacteria from the blood stream (20).

ECE has been utilized clinically for more than 20 yr and
has a good safety profile. At present, it is used to prevent recur-
ring UTIs in children and adults (11-14, 21, 22). Many clini-
cal trials have assessed the ability of ECE to prevent recurrent
UTIs. For example, a double-blind placebo-controlled mul-
ticenter study in 166 patients with recurrent UTIs has shown
that, during a 3-month observation period, patients on ECE
experienced significantly fewer recurrences, less severe signs
and symptoms of UTI and decreased usage of antibiotics and
chemotherapeutics compared with patients taking placebo
(14). In a second trial, in 112 patients with recurrent lower
UTIs, patients in the ECE group (n=58) experienced 65.8%
fewer episodes of UTIs than patients in the placebo group
(n=54), without any critical side effects (13). 

Subset analysis showed that only 30% of patients who expe-
rienced severe UTI, defined as 6 cystitis episodes before

Fig. 2. Changes of painful voiding symptom in recurred patients
(n=6).
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There was no statistically significant differences between two groups
(P>0.05).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; ALP, alkaline phosphatase; BUN, blood urea
nitrogen.

Laboratory studies
Before

treatment
After

treatment

WBC ( 103/mL) 6.3 2.1 6.0 1.8
RBC ( 106/mL) 4.3 0.3 4.3 0.4
Hb (g/dL) 12.5 1.1 12.7 1.1
Hct (%) 38.1 3.2 39 3.1
Plt ( 106/mL) 256 67 258 61
Neutrophils (%) 56 11.4 53.2 10.3
Lymphocytes (%) 34.3 10.2 37.5 9.1
Monocytes (%) 6.5 2.3 5.5 1.7
Eosinophils (%) 2.6 2.1 2.7 1.8
Basophils (%) 0.6 0.3 0.7 0.4
AST (IU/L) 22.7 5.9 23 6.6
ALT (IU/L) 18.5 7.7 17 7.5
LDH (IU/L) 221.5 78.5 206.5 37
ALP (IU/L) 79.2 50.3 69 30.3
Total bilirubin (mg/dL) 0.7 0.3 0.7 0.2
BUN (mg/dL) 14.1 3.8 13.7 4.5
Creatinine (mg/dL) 0.8 0.1 0.8 0.1

Table 1. Results of laboratory studies before and after E. coli ex-
tract administration

Fig. 3. Changes of frequency in recurred patients (n=6).
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•  Suivi	6	mois	
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Abstract
Introduction and hypothesis Urinary tract infections (UTIs)
are considered the most common bacterial infections, espe-
cially in women. The objective of this study was to evaluate
the use of the sublingual bacterial vaccine Uromune® in
order to prevent recurrent UTIs (RUTIs).
Methods This study was conceived as a multicenter observa-
tional study. The clinical history of 319 women who presented
at least 2 episodes ofUTI in the last 6months or 3 in 12months
was reviewed. Data related to treatment and clinical evolution
were recorded and analyzed. A total of 159 patients received
prophylactic treatment with Uromune® for a period of
3 months (group A) and 160 with sulfamethoxazole/trimeth-
oprim 200/40 mg/day for a period of 6 months (group B).
Uromune® contained an inactivated bacterial cell suspension
of selected strains of Escherichia coli,Klebsiella pneumoniae,
Proteus vulgaris, and Enterococcus faecalis.

Results Patients in group A experienced a highly significant
reduction in the number of infections compared to patients
in group B. In the first 3 months, the mean number of
infections was 0.36 versus 1.60 (P<0.0001), respectively.
A significant reduction was also observed after 9 and
15 months (P<0.0001). The numbers of patients who did
not have any UTI at 3, 9, and 15 months were 101, 90, and
55 in group A versus 9, 4, and 0 in group B (P<0.0001).
Conclusions The results obtained in this study favor the use of
this bacterial-based therapeutic vaccine as an effective strategy
to reduce frequency, duration, severity, and costs of RUTIs.

Keywords Recurrent urinary tract infections . Bacterial
vaccine

Introduction

Urinary tract infections (UTIs) are considered the most
common bacterial infections [1, 2], especially in wom-
en. The bladder is the most prevalent site of infection
(cystitis). Some authors stated that women are 30 times
more prone to have UTIs than men [3], while other
authors reported a 8:1 ratio [4]. Because 50–60 % of
women report at least one UTI in their lifetime, UTIs
have become a common condition diagnosed and treated
by urologists, gynecologists, and other health care pro-
viders [1].

At least one fourth of these patients will have a
recurrence within a year [2], and 22 % will have recur-
rent urinary tract infections (RUTIs). Infections are con-
sidered recurrent when patients have three or more
culture-documented infections in a year or two or more in
6 months [5].

The European Association of Urology defines a signifi-
cant bacteriuria as≥103 uropathogens/ml of midstream urine
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respectivement		
•  Idem	M9	et	M15	(P	<	0.0001)		

75 % in the number of UTIs when compared to the number
of UTIs of group B in the same period of time, although this
group was under prophylactic antibiotic treatment for a
period of 6 months. The benefit of Uromune® was main-
tained after an observation period of 9 and 15 months
(86 and 77 % of improvement, respectively).

Bacterial preparations have been used to prevent RUTIs.
Lettgen [18] reported the use of an oral bacterial lysate of
109 E. coli compared with the use of nitrofurantoin as a
prophylaxis of RUTIs in girls, showing that the efficacy of
the long-term administration of this bacterial lysate was
comparable to that of nitrofurantoin. Bauer et al. [19]
reported in 2002 a meta-analysis performed on five studies
of an oral bacterial lysate of 109 E. coli compared to placebo
in double-blind studies in patients with UTI (601 women),
showing superiority of this treatment over placebo, with a
confidence interval of 0.64-0.72. The drug was well tolerated
and patient compliance was excellent in all studies. The same
authors reported in 2005 [20] a double-blind, placebo-
controlled study in 454 women using the same product.
Patients were treated with 1 capsule (active or placebo) per
day for 90 days, 3 months without treatment, then the first
10 days in months 7, 8, and 9 and were followed up during
12 months. The authors reported a 34 % reduction of UTIs in
patients treated with the bacterial lysate when compared to
placebo. In our study, patients were treated for a period of
3 months and showed a reduction of 75, 86, and 77 %
at 3, 9, and 15 months when compared with conven-
tional antibiotic prophylaxis, not to placebo. This high
difference in the clinical benefit could be explained by
the form in which the antigen is delivered (lysate or
whole inactivated bacteria) and the route of administra-
tion (orally swallowed or sublingual).

Purified components from bacteria selectively activate
Toll-like receptors (TLR), leading to shared and unique
responses in innate immune cells, whereas whole non-
lysate bacteria contain agonists for multiple TLR and induce
a common macrophage activation program [21] eliciting a
more potent and robust response [22], because the innate
immune response to whole bacteria is a consequence of the
cumulative activation of TLR [23].

These products act through the mucosal immune system.
This local system contributes almost 80 % of all immunocytes.

These cells are accumulated in, or in transit between, various
mucosa-associated lymphoid tissues (MALT), which together
form the largest mammalian lymphoid organ system [24] and
are considered as the “common mucosal immune system”
whereby immunocytes activated at one site disseminate immu-
nity to remote mucosal tissues, although there is a significant
degree of compartmentalization linking specific mucosal in-
ductive sites with particular effector sites [24]. Oral immuniza-
tion (swallowed) may induce substantial immune responses in
the small intestine (strongest in the proximal segment),
ascending colon, and mammary and salivary glands, but
it is relatively inefficient at evoking response in the
distal segments of the large intestines, tonsils, or female
genital tract mucosa [25–27]. However, sublingual and
nasal mucosa can serve as an inductive site for gener-
ating a broad spectrum of mucosal and systemic immune
responses, including also the respiratory and genitourinary
tracts [24, 28] with a high degree of efficacy and persistence
of the immune response [29]. Sublingual administration of
immunogens such as cholera toxin and ovalbumin indu-
ces systemic humoral dose-dependent immune responses
[28], mucosal antibody responses [28], and an immune-
stimulating effect on CD4+ T helper cell responses to
bacteria [30].

The number of UTIs increases after the 3 months of
treatment with Uromune®, being more pronounced from
the 9th month of observation. This observation highlights
the need for a more prolonged treatment or for starting a
new period of 3-month treatment. In a pilot trial using a
similar immunostimulant, with a different bacterial compo-
sition because it focused on preventing recurrent respiratory
tract infections, the treatment period was of 6 months’ du-
ration and had a clinical effect for a minimum period of
12 months [30].

An important finding, not described previously, is the
trend of developing UTIs and the presence of UC+ by
means of the regression analysis. The corresponding slopes
in group A are much flatter than those of group B,
indicating that the trend to develop UTIs and to have
UC+ is much more meaningful in group B and showing
that for one UTI in group A there are more than four
UTIs in group B and for one UC+ in group A there are
more than seven in group B.

Fig. 3 Regression lines of the
evolution in the number of
UTIs and UC+ along the time
of evaluation
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Abstract
BACKGROUND Recurrent urinary tract infections (UTIs), which consist of three or more
episodes in 1 year or two or more infections in 6 months, affect 5% to 10% of women.

MV140, a sublingual preparation of whole-cell inactivated bacteria, has shown clinical

benefit in observational studies. This trial examined treatment with MV140 to prevent
recurrent UTI.

METHODS In this multicenter, randomized, double-blind, placebo-controlled, parallel-

group 1-year trial, 240 women 18 to 75 years of age from Spain and the United Kingdom
with recurrent UTI were allocated to receive MV140 for 3 or 6 months or placebo for

6 months in a 1:1:1 ratio. The primary end point was the number of UTIs in the 9-month

study period after 3 months of intervention. Key secondary end points were the percent-
age of women who were UTI free over the above period, time to UTI onset, and health-

related quality of life.

RESULTS The median (interquartile range) of UTI episodes was 3.0 (0.5 to 6.0) for pla-
cebo compared with 0.0 (0.0 to 1.0) in both groups receiving MV140 (P,0.001). Among

women treated with placebo, 25% (95% confidence interval [CI], 15% to 35%) were free

of UTIs compared with 56% (95% CI, 44% to 67%) and 58% (95% CI, 44% to 67%) of
women who received 3 and 6 months of MV140 treatment, respectively. A total of 205

AEs in 101 participants were registered (81, 76, and 48 in the placebo, 3-month MV140,
and 6-month MV140 groups, respectively).

CONCLUSIONS In this controlled trial of modest size and duration, MV140 showed

promising clinical efficacy in reducing recurrent UTI in women suffering from

this condition. Adverse effects were not clinically limiting. (Funded by Inmunotek
S.L. and Syner-Med [Pharmaceutical Products] Ltd.; ClinicalTrials.gov number,

NCT02543827.)
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urine in the bladder, fever (scored as the number of days
with a temperature greater than 37!C), painful urination,
and blood in urine, were collected using a diary. Attending
physicians used this information as well as standard clini-
cal assessment to determine a possible UTI case, obtain a
urine culture, and initiate antibiotic therapy and follow-up
according to recommendations of the European Associa-
tion of Urology guidelines on urologic infections.4 The
type and duration of antibiotic therapy was recorded.
Symptom and treatment diaries were reviewed with the
participants at scheduled visits. Quality of life (QoL) was
examined at scheduled visits by using the 36-Item Short-
Form Questionnaire (SF-36).15,16 The SF-36 score ranges
from 0 to 100, with higher scores indicating better health
status. Any adverse event (AE) was recorded and evaluated
to assess severity and drug relationship. UTI symptom and

urine culture data were reviewed in a blinded manner by
the investigators who defined for each patient the initiation
and the end of each UTI (defined as symptoms and a posi-
tive culture of at least 103 colony-forming units per millili-
ter of an accepted uropathogen).

Additional method details, including a full list of inclusion
and exclusion criteria, are provided in Box S1 and the Sup-
plementary Methods in the Supplementary Appendix. The
full trial protocol is available at evidence.nejm.org.

STUDY OVERSIGHT

The trial was conducted in accordance with good clinical
practice guidelines and the provisions of the Declaration
of Helsinki. The protocol and amendments were approved

392 screened for
eligibility

240 randomized

80 allocated to MV140 6M

4 secondary screening failures

14 prematurely discontinued
6 voluntary withdrawal
8 were withdrawn

2 lost to follow-up
2 adverse event 
4 other reasons

61 completed

1 not treated

80 allocated to placebo

3 secondary screening failures

12 prematurely discontinued
5 voluntary withdrawal
7 were withdrawn

3 pregnant
2 lost to follow-up 
1 adverse event  
1 adverse reaction

65 completed

80 allocated to MV140 3M

2 secondary screening failures
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10 prematurely discontinued
2 voluntary withdrawal
8 were withdrawn
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3 adverse event 
2 adverse reaction
1 other reasons
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Figure 1. Trial Profile.
(A) Trial design. (B) Randomization and analysis groups. MV140 3M denotes the group receiving 3 months of active treatment, followed
by 3 months of placebo; MV140 6M denotes the group receiving 6 months of active treatment.
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RCT 1 an 
240 femmes 18 à 75 ans 
5 cystites (non compliquées)/an 
2 sprays (100 ml) quotidiens  
 
MV140 pdt 3 ou 6 mois ou placebo Pdt 
6 mois (1:1:1) 
Objectif principal n UTI durant les 9 
mois suivant les 3 mois initiaux   
 

Heat-inactivated whole-cell bacterial prepara-  
tion, administered sublingually,  
The sublingual route was chosen for treatment delivery of  
MV140 because it has been shown to induce both sys-  
temic and mucosal immunity (including the genitourinary  
tract) 
Similar results have been shown for other whole-cell 
bacterial formulations  
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The number of UTIs across the ITT population and PP
was consistent with the PDPA results (Tables S2 and S3).

SAFETY

A total of 205 AEs in 101 participants were registered:
81 in the placebo group and 76 and 48 in the 3-month
and 6-month MV140 groups, respectively. The most
common AEs (5% or more of participants) were chest
infection, candidiasis, and vaginitis (Table 3). Seven
AEs in five participants were assessed as serious but
not unexpected or logically related to MV140 (Tables 3
and S5). No deaths occurred during the trial. A descrip-
tion of the nine AEs considered as adverse reactions

attributed to treatment by the investigators is provided
in Table S6.

Discussion
In this randomized, double-blind, placebo-controlled trial
conducted in Spain and the United Kingdom, MV140 for
either a 3- or 6-month administration schedule significantly
decreased UTI incidence and prevented recurrence over
placebo (more than twofold), delaying the onset of a new
UTI in active groups, for up to a year. In addition, women
receiving MV140 experienced a sustained improvement in
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Figure 2. UTI Incidence in the 9-Month Efficacy Period: Primary and Additional Efficacy Outcomes.
(A) Episodes of urinary tract infection (UTI) are shown as box plots, indicating the median, interquartile range, minimum, and maximum
according to the Tukey range. ***P,0.001, Mann-Whitney-Wilcoxon test comparing the placebo group with the 3-month MV140 (MV140
3M) and 6-month MV140 (MV140 6M) groups. (B) Frequencies of UTI-free participants are shown as bars, indicating the rate of
participants free of infection or suffering recurrences. (C) Kaplan-Meier estimator of time to UTI during the 9-month efficacy period.
Results from the protocol-defined primary analysis population are shown. (D) Quality of life throughout the whole study period. Scores
are from the 36-Item Short-Form Questionnaire (SF-36) ranging from 0 to 100 points with higher scores indicating better health status.
Medians at 3, 6, 9, and 12 months are shown.
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Sublingual MV140 for Prevention of Recurrent
Urinary Tract Infections
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Francini Ferreira, M.Sc.8, Raquel Caballero, M.Sc.9, Paula Saz-Leal, Ph.D.9, and Miguel Casanovas, M.D., Ph.D.9

Abstract
BACKGROUND Recurrent urinary tract infections (UTIs), which consist of three or more
episodes in 1 year or two or more infections in 6 months, affect 5% to 10% of women.

MV140, a sublingual preparation of whole-cell inactivated bacteria, has shown clinical

benefit in observational studies. This trial examined treatment with MV140 to prevent
recurrent UTI.

METHODS In this multicenter, randomized, double-blind, placebo-controlled, parallel-

group 1-year trial, 240 women 18 to 75 years of age from Spain and the United Kingdom
with recurrent UTI were allocated to receive MV140 for 3 or 6 months or placebo for

6 months in a 1:1:1 ratio. The primary end point was the number of UTIs in the 9-month

study period after 3 months of intervention. Key secondary end points were the percent-
age of women who were UTI free over the above period, time to UTI onset, and health-

related quality of life.

RESULTS The median (interquartile range) of UTI episodes was 3.0 (0.5 to 6.0) for pla-
cebo compared with 0.0 (0.0 to 1.0) in both groups receiving MV140 (P,0.001). Among

women treated with placebo, 25% (95% confidence interval [CI], 15% to 35%) were free

of UTIs compared with 56% (95% CI, 44% to 67%) and 58% (95% CI, 44% to 67%) of
women who received 3 and 6 months of MV140 treatment, respectively. A total of 205

AEs in 101 participants were registered (81, 76, and 48 in the placebo, 3-month MV140,
and 6-month MV140 groups, respectively).

CONCLUSIONS In this controlled trial of modest size and duration, MV140 showed

promising clinical efficacy in reducing recurrent UTI in women suffering from

this condition. Adverse effects were not clinically limiting. (Funded by Inmunotek
S.L. and Syner-Med [Pharmaceutical Products] Ltd.; ClinicalTrials.gov number,

NCT02543827.)

The author affiliations are listed
at the end of the article.
Dr. Nickel can be contacted at
jcn@queensu.ca or at Department
of Urology, Queen’s University,
Kingston Health Sciences Centre,
76 Stuart St., Kingston, ON K7L
2V7, Canada.
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The number of UTIs across the ITT population and PP
was consistent with the PDPA results (Tables S2 and S3).

SAFETY

A total of 205 AEs in 101 participants were registered:
81 in the placebo group and 76 and 48 in the 3-month
and 6-month MV140 groups, respectively. The most
common AEs (5% or more of participants) were chest
infection, candidiasis, and vaginitis (Table 3). Seven
AEs in five participants were assessed as serious but
not unexpected or logically related to MV140 (Tables 3
and S5). No deaths occurred during the trial. A descrip-
tion of the nine AEs considered as adverse reactions

attributed to treatment by the investigators is provided
in Table S6.

Discussion
In this randomized, double-blind, placebo-controlled trial
conducted in Spain and the United Kingdom, MV140 for
either a 3- or 6-month administration schedule significantly
decreased UTI incidence and prevented recurrence over
placebo (more than twofold), delaying the onset of a new
UTI in active groups, for up to a year. In addition, women
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Figure 2. UTI Incidence in the 9-Month Efficacy Period: Primary and Additional Efficacy Outcomes.
(A) Episodes of urinary tract infection (UTI) are shown as box plots, indicating the median, interquartile range, minimum, and maximum
according to the Tukey range. ***P,0.001, Mann-Whitney-Wilcoxon test comparing the placebo group with the 3-month MV140 (MV140
3M) and 6-month MV140 (MV140 6M) groups. (B) Frequencies of UTI-free participants are shown as bars, indicating the rate of
participants free of infection or suffering recurrences. (C) Kaplan-Meier estimator of time to UTI during the 9-month efficacy period.
Results from the protocol-defined primary analysis population are shown. (D) Quality of life throughout the whole study period. Scores
are from the 36-Item Short-Form Questionnaire (SF-36) ranging from 0 to 100 points with higher scores indicating better health status.
Medians at 3, 6, 9, and 12 months are shown.
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RETRAIN STUDY 

Multicentric randomized double blind controlled superiority 
trial with a roll-over phase to evaluate the efficacy of OM-89 vs 
placebo to REduce antibiotic consumption related to urinary 

TRact Infection treatment in patients with Neurological 
bladder  

 

!  Coordinating PI: Pr Lionel PIROTH - M.D PhD Infectious Diseases Specialist 

!  Scientific PI: Pr Aurélien DINH - M.D PhD Infectious Diseases Specialist 

!  Sponsor: CHU Dijon Bourgogne, France  

!  Investigator initiated Study fully supported by OM PHARMA 



RETRAIN STUDY 

!  Design: Multicentric randomized double blind controlled vs placebo 
superiority trial 

•  Phase 1. 12-month period on OM-89 or placebo according to the 
randomization 

•  Phase 2. 12-month period on OM-89 for all patients (unblinded) 

!  Number of randomized patients: 110 patients over 10 sites in France 

!  Primary objective: Reduction of antibiotics treatment for urinary tracts 
infection - any antibiotic given to cure or prevent UTIs, whatever the type, dose 
or duration (if given continuously for less than 21 days) – at M12 

Design & Methods 

  
 



SCHÉMA DE L'ETUDE 

 



  
 

PHASE 1 PHASE 2 

M1-M3 M4-M6 M7-M9 M10-M12 M13-M15 M16-M18 M19-M21 M22-M24 

OM-89 
(daily for 90 days) 

OM-89 
(10 days/month for 3 months) 

OM-89 
(daily for 90 days) 

OM-89 
(10 days/month) 

Placebo 
(daily for 90 days) 

Placebo 
(10 days/month for 3 months) 

OM-89 
(daily for 90 days) 

OM-89 
(10 days/month) 

1st Year (randomized 1:1 OM-89 vs placebo) 2nd Year (open-label, all on OM-89) 

Primary objective: 
Compare the number of antibiotic treatments for UTIs at M12 

Secondary objectives: to compare 
•  the number of UTIs at M12 and M24 
•  The hospitalization rates for UTIs at M12 and M24 
•  the nb of days on AB over the 1st and 2nd year 
•  The patient’s QoL at M6, M12, M18 and M24 
•  The safety of the long-term treatment with OM-89 

Primary endpoint 
Analysis (interim) 

RETRAIN STUDY 

Design & Methods 



Patients 

RETRAIN STUDY 

!  Inclusion criteria 
•  adult patients (≥18 years old)  

•  with stabilized neurogenic bladder due to spinal cord injury since more than 2 years and which 
has benefited from a urodynamics examination 

•  using clean intermittent self-catheterization (CISC) (5 to 6 per day) 

•  who received 6 or more antibiotic treatment episodes for UTIs in the preceding year (for 
curative or prophylactic reason)  

•  with negative urinary culture at the screening visit or who have been treated by antibiotics for 
urinary decontamination before study enrollment   

•  affiliated to a social security scheme 

•  who has given written informed consent for participation to this trial 



RETRAIN STUDY 

To compare between the experimental group and the control group: 

•  the incidence of UTIs – febrile and non-febrile - at M12 and M24 (as compared with M12) 

•  the evolutional trend of incidence of UTIs during the 2-year follow-up 

•  the hospitalization rates for UTIs at M12 and M24 (as compared with M12), as well as the evolution of 
hospitalization rate during the two years of follow-up 

•  the hospitalization rates for sepsis at M12 and M24 (as compared with M12), as well as the evolution of 
hospitalization rate during the two years of follow-up 

•  the number of days on antibiotics over the first and the second year of follow-up and its evolution over 
time  

•  the antibiotic cures rate for UTIs over the first and the second year of follow-up 

•  patients’ health-related quality of life  

•  the safety on long-term treatment with OM-89 

Secondary objectives 



Exclusion criteria 
•  Urinary drainage method other than CISC 
•  Urinary stones (assessed by echography during the preceding year, standard of care) 
•  Presence of any endo-urinary device (urinary prosthesis, ureteral stent) 
•  Enterocystoplasty or irradiated bladder (past or currently)  
•  Known allergy or previous intolerance to OM-89 
•  Previous use within the last 6 months of enrollment or ongoing use of bacterial lysates 

(incl. OM-89) 
•  Any known malignancy or neoplasia 
•  Any auto-immune disease 
•  Previous and/or concomitant use immunosuppressants within 6 months prior to study 

enrollment  
•  Currently enrolled in or has completed any other investigational device or drug study 

within <30days prior to screening. 
•  Women who are pregnant, breastfeeding, or without contraceptive measures and who 

could become pregnant 
 

RETRAIN STUDY 
Patients 



RETRAIN STUDY  

!  Planned date first patient consented/enrolled/observed:   JUN-2024 
!  Planned date last patient consented/ enrolled/observed:   JUN-2025 

!  Planned date of first analysis (end of phase 1)      OCT 2026 

!  Planned date last patient finishes observation/ treatment:   JUN-2027 

!  Planned date CSR / published manuscript available:    OCT-2027 



TRANSPLANTATION MICROBIOTE FÉCALE 



OFID 2018 

•  Patiente de 83 ans 
•  Méningome cérébral, hémangiomes cérébraux 
•  25 ans d’IU récidivantes 
•  20 IU de novembre 2013  à octobre 2015  
•  Allergie : FQ, Fura, CTX 
•  Multiples preventions, Multiples cures ATB 
•  ICD >> TMF 



CID 2017 

•  8 patients (6 femmes) 
•  Âge médian 78,5 ans 
•  ⩾3 IU/an 
•  n UTI avant vs après 

FMT : 4 vs 1 
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« The growing problem of antimicrobial resistance means that the search for 
nonantibiotic alternatives for the treatment and prevention of UTI is of critical 

importance »  

Urinary tract infections (UTIs), which are defined 
microbiologically as the inflammatory response of 
the urothelium to microbial pathogens, are among the 
most common bacterial infections affecting an esti-
mated 150 million people each year worldwide1. The 
true incidence is difficult to accurately define (owing 
to differences in reporting methods and diagnostic 
criteria), but half of all women have been estimated 
to experience a UTI in their lifetime, and up to 50% of 
these will have recurrent infection within the following 
6-month period2,3. Observational studies have found 
an average recurrence rate in women of 2.6 infections 
per year4. The incidence of UTI in men is considera-
bly lower than that in women, with an estimated life-
time prevalence of 13.7%. In 2007, UTI recurrence 
accounted for 10.5 million outpatient consultations and 
2–3 million emergency department visits in the USA 
alone5. In addition, UTIs are the most common cause of 
infection in hospitalized patients, accounting for 17.2% 
of all nosocomial infections in England6. Furthermore, 
UTIs result in considerable patient morbidity and time 
off work; hence, the management of this condition 
incurs large financial costs, estimated at $3.5 billion in 
the USA per year7,8.

No definition of recurrent UTI is universally accepted, 
but it is commonly defined as at least two episodes of 
symptomatic infection (dysuria, frequency, urgency, 
suprapubic pain or haematuria), with pyuria or positive 
bacterial culture, in the past 6 months or three infections 

in the past 12 months. Recurrent UTI is associated 
with short- term morbidity, with a questionnaire- based 
study of college- aged women reporting an estimated 
6.1 days of symptoms, 2.4 days of restricted activity  
and 1.2 days of time off work as a result of a UTI episode9.

UTIs are highly prevalent, account for large numbers 
of outpatient and emergency department consultations 
and are the leading cause of hospital- acquired infec-
tion and subsequent morbidity, thereby incurring large 
financial costs to health- care systems, highlighting the 
public health burden of this condition. However, more 
important than these factors is the growing risk of anti-
microbial resistance as a result of our current method 
of managing these patients as ~25% of all antibiotic 
prescriptions are for UTIs10. Antimicrobial resistance 
is now one of the most substantial threats to patient 
safety worldwide10. The European Centre for Disease 
Prevention and Control has estimated that antimicro-
bial resistance costs the European Union $1.5 billion in 
health- care expenses and lost productivity each year11, 
and infection with antimicrobial- resistant bacteria can 
lead to more severe infections, longer hospital stays and 
increased mortality12.

This Review describes the pathogenesis of uncom-
plicated UTI and the need for nonantibiotic treatments 
and explores the nonantibiotic management options for 
the prevention and management of recurrent UTI in 
patients with a history of uncomplicated recurrent symp-
tomatic UTI. The evidence for their use is described and 

Nonantibiotic prevention and 
management of recurrent urinary  
tract infection
Néha Sihra1, Anna Goodman2, Rhana Zakri1, Arun Sahai1 and Sachin Malde1*

Abstract | Urinary tract infections (UTIs) are highly prevalent, lead to considerable patient 
morbidity , incur large financial costs to health- care systems and are one of the most common 
reasons for antibiotic use worldwide. The growing problem of antimicrobial resistance means 
that the search for nonantibiotic alternatives for the treatment and prevention of UTI is of critical 
importance. Potential nonantibiotic measures and treatments for UTIs include behavioural 
changes, dietary supplementation (such as Chinese herbal medicines and cranberry products), 
NSAIDs, probiotics, d-​mannose, methenamine hippurate, estrogens, intravesical 
glycosaminoglycans, immunostimulants, vaccines and inoculation with less- pathogenic bacteria. 
Some of the results of trials of these approaches are promising; however, high- level evidence is 
required before firm recommendations for their use can be made. A combination of these agents 
might provide the optimal treatment to reduce recurrent UTI, and trials in specific population 
groups are required.

1Department of Urology, 
Guy’s and St Thomas’  
NHS Foundation Trust, 
London, UK.
2Department of Infectious 
Diseases, Guy’s and St 
Thomas’ NHS Foundation 
Trust, London, UK.

*e- mail: sachin.malde@ 
gstt.nhs.uk

https://doi.org/10.1038/ 
s41585-018-0106-x

www.nature.com/nrurol

REV IEWS

750 | DECEMBER 2018 | VOLUME 15 

Nature 2018 


