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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.
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Background
Urinary tract infections (UTI) are highly prevalent and
put a substantial financial burden on the health care systems worldwide. In the USA alone, over 7 million physician consultations are due to UTIs [1], resulting in
estimated direct and indirect costs of 1.6 billion US dollars [1]. Further, UTIs account for more than 100′000
hospital admissions annually [1], and for at least 40% of
all hospital-acquired infections [2]. The increasing threat
of antibiotic resistance, mainly due to uncritical use of
antibiotics [3, 4], and the subsequent absence of access
to effective antimicrobials constitutes a challenge for the
future [5]. As UTIs account for approximately 15% of all
community-prescribed antibiotics in the USA [6], they
play an important role for direct antibiotic selection
pressure. Thus, well-tolerated therapeutic alternatives to
treat UTIs and to reduce antimicrobial resistances are
highly warranted.
In 1917, d’Hérelle proposed the use of bacteriophages to
treat bacterial infections. After a colorful episode, the discovery of penicillin by Alexander Fleming declined the
interest for bacteriophages in the Western world rapidly
[7]. At present, bacteriophage therapy is well accepted and
registered in East European and post-Soviet countries like
Georgia, Ukraine, Belarus, and Russia. Lately the use of
bacteriophages as a target therapy against bacterial pathogens has gained a renewed interest. Reviews about several
reports of successfully applied bacteriophage therapies for
different medical specializations have been published [7,
8], and the role of bacteriophage as a possible treatment
for difficult to treat microorganisms has been encountered
[9–11]. A recent in vitro study could show excellent results (i.e. a high lytic activity) of commercially available
bacteriophages for the most common bacterial strains
found in UTIs [12]. Regarding UTIs, several current clinical studies showed positive effects of the use of bacteriophage therapy [10, 13–15]. Khawaldeh et al. reported on
the success of adjunctive bacteriophage therapy after
repeated failure of antibiotics alone [10]. An article in Russian language (http://www.bionow.ru/bnows-1020-2.html)
describes successful treatments for topically applied (i.e.
administrating bacteriophages into the urinary bladder)
bacteriophages for several patients. However, well conducted clinical trials, a defined frame for bacteriophage
therapy in the current Medicinal Product Regulation, and
well-defined, safe bacteriophage preparations are still lacking. In consequence, the use of bacteriophage therapy is
still not accepted as an official treatment against infectious
diseases in the Western world [16, 17].
In line with recommendations of a multi-disciplinary expert panel on acceptance and re-implementation of bacteriophage therapy [11], we therefore designed a
randomized, placebo-controlled, double-blind clinical trial
to assess the efficacy and safety of intravesical bacteriophage
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treatment. We hypothesize that intravesical bacteriophage
treatment in patients with UTIs due to E. coli and other
uropathogens, shows a 40% increase in success rate
(normalization of urine culture defined as no evidence of
bacteria, i.e. <104 colony forming units/mL) as compared to
placebo treatment within 7 days. This difference is considered to be clinically relevant. We also hypothesize that bacteriophage treatment is non-inferior to antibiotic treatment
in terms of treatment success rates, with a non-inferiority
margin of 35%.

Methods and design
Study design

This study is a randomized, placebo-controlled, doubleblind trial investigating bacteriophages in UTI treatment.
The study is conducted at the Tzulukidze National Center
of Urology (TNCU), Tbilisi, Georgia. Phage preparations
(i.e. Pyo bacteriophage solution: commercially available
and registered in Georgia) and continuous adaption cycles
during the course of the study, to enhance the treatment
effect, are done at the Eliava Institute of Bacteriophages,
Microbiology, and Virology in Tbilisi (EIBMV), Georgia.
Figure 1 gives an overview of the procedures. Patients
planned for transurethral resection of the prostate are
screened for UTIs at the TNCU. Urine cultures including antibiotic sensitivity testing are performed in a duplicate manner. If eligible microorganisms which would
potentially match with the type of bacteriophage present
in Pyo bacteriophage (5 components: Enterococcus spp.,
Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus spp., and Streptococcus spp.) are
detected, urine cultures are then sent for bacteriophage
sensitivity testing to the EIBMV (Fig. 2) [12]. In case of a
positive in-vitro sensitivity testing, concluded within
24 h after receipt of the urine culture, patients will be
asked for study participation. After written informed
consent, patients are randomized in a double-blind fashion to the study treatment arms in a 1:1:1 ratio to receive either: a) Pyo bacteriophage solution, b) placebo
(sterile bacteriology media with identical color as treatment arm a), or c) antibiotic treatment according to the
antibiotic sensitivity pattern, respectively. Treatment
arms a and b will be double-blind but treatment arm c,
i.e. the control arm representing common clinical practice, is open label. All treatments are intended for 7 days
starting at the day of surgery (arm c) or one day thereafter (arm a and b). Prior and at the end of treatment
(i.e. after 7 days) or at withdrawal / drop out, urinalysis,
urine culture, bladder and pain diary [18] and an International Prostate Symptom Score (IPSS) questionnaire
[19] will be taken. Patients with persistent bacteriuria
will undergo antibiotic treatment according to antibiotic
sensitivity.

Leitner et al. BMC Urology (2017) 17:90

Page 3 of 6

Fig. 1 Flow chart of the procedures

Note: As it is common practice when working with bacteriophage cocktails, the Pyo bacteriophage will be subjected to adaptation cycles during the course of the study.
Study population and recruitment

According to the inclusion and exclusion criteria
(Table 1), we will investigate patients planned for transurethral resection of the prostate presenting with UTIs
(defined as ≥104 colony forming units/mL and symptoms such as urgency, frequency, and/or dysuria). The
following variables will be considered: age, type of bladder emptying, prostate size, urinalysis, bladder and pain
diary, IPSS questionnaire.
Determination of sample size

Fig. 2 Bacteriophage sensitivity testing to Escherichia coli: The
Escherichia coli culture reacts positively to 12 phages out of 16.
Confluent (complete) lysis can be seen for phages #9, 14 and 16,
overgrown (partial) lysis for phages #4, 6, 7, 8, 10, 11, 12, 13, 15 and
16, respectively

We are planning a study of independent cases and controls with 1 control per case. Superiority of bacteriophage versus placebo treatment: We assume the success
rate among controls to be 0.2. If the true success rate for
experimental subjects is 0.6, we will need to study 27 experimental and 27 control subjects to be able to reject
the null hypothesis that the success rates for experimental and control subjects are equal with probability
(power) 0.8. The type I error probability associated with
this test of this null hypothesis is 0.05.
Non-inferiority of bacteriophage versus antibiotic
treatment: We assume the success rate among subjects
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Table 1 Study inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

• Age > 18 years
• Urine culture (taken by mid-stream urine; or from the existing transurethral or suprapubic catheter): ≥104 colony forming units/mL of
predefined uropathogens (i.e. Enterococcus spp., Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus spp., and
Streptococcus spp.)
• Uropathogens sensitive to Pyo bacteriophage
• Symptoms: Urgency, frequency, and/or dysuria
• Written informed consent

• Fever >38 °C
• CRP >100 mg/L
• Acute prostatitis
• Concomitant fungal urinary tract infection
• Current antibiotic treatment or antibiotic treatment within the last
7 days (exceptions: subjects with an active catheter associated urinary
tract infection who have received prior antibiotics may be enrolled
provided a minimum of 48 h has elapsed between the last dose of the
prior antibiotic and the time of obtaining the baseline urine specimen.
Subjects receiving current antibiotic prophylaxis for catheter associated
urinary tract infection who present signs and symptoms consistent with
an active new catheter associated infection may be enrolled provided all
other eligibility criteria are met including obtaining a pre-treatment
qualifying baseline urine culture)
• Any rapidly progressing disease or immediately life-threatening illness
including but not limited to: acute hepatic failure, respiratory failure, and
septic shock
• No informed consent

receiving bacteriophage treatment to be 0.6 and we
accept a non-inferiority margin of 0.35. If the true success rate for experimental subjects is 0.95, we will need
to study 27 experimental subjects and 27 control subjects to be able to remain within the non-inferiority margin with a probability (power) 0.8. The type I error
probability associated with this test of this alternative
hypothesis is 0.05. We will use a continuity-corrected
chi-squared statistic or Fisher’s exact test to evaluate
these hypotheses.
Thus, we will include 27 patients per treatment
group, i.e. 81 patients in total. Withdrawn patients will
be replaced.

After inclusion, patients will be randomized in a
double-blind fashion to the study treatment arms in a
1:1:1 ratio. Patients of all study arms will undergo monopolar transurethral resection of the prostate and insertion of a suprapubic catheter if not already present.
Study arm a) will receive bacteriophage solution (Pyo
bacteriophage) and study arm b) placebo solution (sterile
bacteriology media). Either solution will consist of
20 mL and will have an identical appearance for both
the bacteriophage and the placebo, respectively. An investigator not involved in the assessment of the clinical
outcome will deliver the solution and teach the patient /
health care provider how to instill the solution into the
bladder. The solution will be instilled using the suprapubic catheter, 2 times per 24 h (i.e. 8.00, 20.00) for 7 days,
starting the first day after surgery. The patients will be
asked to retain the solution in the bladder for approximately 30–60 min. No antibiotic prophylaxes will be
given to the study treatment arms a and b.
Study arm c) will receive an antibiotic treatment according to the antibiotic sensitivity pattern and common
clinical practice.
At the end of treatment (i.e. after 7 days) or at withdrawal
/ drop out, urinalysis, urine culture, bladder and pain diary
[18] and an IPSS questionnaire [19] will be taken. Patients
with persistent UTIs will undergo antibiotic treatment according to antibiotic sensitivity for 7 days.
Drop out criteria for patients in the study arm a and b
are fever >38 °C, CRP >100 mg/L, other clinical signs or
symptoms for a systemic infection or withdraw from the
patients. These patients will undergo antibiotic treatment according to antibiotic sensitivity.

Study location and partners

Tzulukidze National Center of Urology, Tbilisi, Georgia:
Patient treatment.
Eliava Institute of Bacteriophages, Microbiology, and
Virology in Tbilisi, Georgia: Phage preparation and
adaptation.
Neuro-Urology, Spinal Cord Injury Center & Research,
University of Zürich, Balgrist University Hospital,
Zürich, Switzerland: Study design, monitoring and statistical support.
Investigations

The patients planned for transurethral resection of the
prostate with a positive urine culture (≥104 colony forming units/mL) of predefined uropathogens sensitive to Pyo
bacteriophage (i.e. Enterococcus spp., Escherichia coli,
Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus spp., and Streptococcus spp.) and fulfilling the study
inclusion criteria will be included into the study after providing written informed consent. The patients will be
assessed using bladder and pain diary [18] and an IPSS
questionnaire [19]. The Fig. 1 gives an overview of the
procedures that patients will undergo during the study.

Safety

The investigators will inform the patients, the study
monitoring board, and the ethics committee if it becomes evident that the disadvantages of participation
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may be significantly greater than was foreseen in the research proposal. The study will be suspended pending
further review by the study monitoring board, except
insofar as suspension would jeopardize the patients’
health. The investigators will take care that all patients
are kept informed.
Adverse events will be assessed and categorized according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version
4 in grade 1 to 5 (http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm). All adverse
events will be followed until they have abated, or until a
stable situation has been reached. Depending on the
event, follow-up may require additional tests or medical
procedures as indicated, and/or referral to the general
physician or a medical specialist.
In the case of withdrawal of consent to participate in
the study, all possible efforts will be made to convince the
patient to continue to have safety follow-up evaluations.
In the event one of the following situations arises
among treated patients during the conduct of the study,
the study will be temporarily suspended and a comprehensive safety review conducted evaluating if the study
has to be terminated prematurely:
 Any death secondary to rapid unexpected

progression of an underlying medical condition.
 Severe clinical or neurological deterioration in more

than one subject.
 Any other serious adverse event determined by the

study monitoring board to be a reason to suspend
the study.
Study outcome measures

Primary: Success of intravesical treatment, defined as
normalization of urine culture (no evidence of bacteria,
i.e. <104 colony forming units/mL) after 7 days of bacteriophage, placebo, or antibiotic treatment.
Secondary: Adverse events, in categorization according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) version 4 in grade 1
to 5 (http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm) during treatment phase.
Tertiary: a) Changes in bladder and pain diary assessment of number of voids, number of leakages, post void
residual, pain assessment using a visual analog scale (0
(no pain) to 10 (strongest possible pain)), b) IPSS items
at baseline versus day 7 under intravesical bacteriophage,
placebo, or antibiotic treatment.
Data analysis
Statistics

Interval scaled variates will be summarized with means
and standard deviations (SD) or medians and interquartile
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ranges where appropriate. Dichotomous variates will be
described as ratios and percentages.
Univariate analysis

T-tests will be used to compare means between groups
and chi-squared tests to compare dichotomous variables.
Multivariate analysis

To adjust for unequal distribution of parameters at baseline, multivariate regression models, linear models in case
of an interval scaled outcome and logistic regression in
case of a dichotomous outcome will be performed.

Discussion
UTIs 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. Thus, well-designed prospective studies are
urgently needed to draw definitive conclusions in the ambitious research field of UTIs. We therefore designed this
first randomized, placebo-controlled, double-blind clinical
trial to assess the efficacy and safety of intravesical bacteriophage for treating UTIs. This trial will significantly
influence the future management of UTIs and form a
basis for further studies involving bacteriophages for treating different bacterial infections. Moreover, the findings of
our research project will provide further stimuli for competent authorities and physicians to use bacteriophages, as
additional tools, in the prevention and treatment of otherwise virtually untreatable infections. In addition, the trial
is multidisciplinary and will significantly influence all involved disciplines, i.e. urology, microbiology and infectious diseases. It will promote future multidisciplinary,
multicenter approaches and collaborations further improving patients’ medical care and it will also raise the acceptance to use bacteriophages in western civilizations
and accelerate regulations processes.
Abbreviations
CTCAE: Common Terminology Criteria for Adverse Events; EIBMV: Eliava
Institute of Bacteriophages, Microbiology, and Virology; IPSS: International
Prostate Symptom Score; TNCU: Tzulukidze National Center of Urology;
UTI: Urinary tract infections
Acknowledgements
The authors would like to acknowledge the Swiss National Science
Foundation and the Swiss Continence Foundation for financial support.
Authors’ contributors
WS, NC, AC, AU, UM, LMB and TMK created the study design. LL, WS and
TMK drafted the manuscript. NC, NG, AC, AU, MPS, AS, UM and LMB critically
reviewed the manuscript. WS, NC, AC, UM and obtained the funding of this
study. All the authors read and approved the final manuscript.

Leitner et al. BMC Urology (2017) 17:90

Funding
This study was supported by the Swiss Continence Foundation
(www.swisscontinencefoundation.ch), the Swiss National Science Foundation
(www.snsf.ch) (Grand application 152,304/Number of the JRP/IP:
IZ73Z0_152,304) and the Swiss Agency for Development and Cooperation in
the framework of the programme SCOPES (Scientific co-operation between
Eastern Europe and Switzerland). The study protocol has been peer-reviewed
by the funding bodies.
Ethics approval and consent to participate
This trial will be performed in accordance with the World Medical
Association Declaration of Helsinki [20], the guidelines for Good Clinical
Practice [21]. The study protocol has been approved by the The Local Ethic
Committee of the National Center of Urology, Tbilisi, Georgia, (TNCU-02/283).
The trial has been registered at clinicaltrials.gov (www.clinicaltrials.gov/ct2/
show/NCT03140085). The findings of the study will be published in peerreviewed journals and presented at national and international scientific
meetings. Written informed consent will be obtained from all participants.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Neuro-Urology, Spinal Cord Injury Center & Research, University of Zürich,
Balgrist University Hospital, Zürich, Switzerland. 2Department of Urology,
University Hospital Basel, Basel, Switzerland. 3The Eliava Institute of
Bacteriophage, Microbiology, and Virology, Tbilisi, Georgia. 4Tsulukidze
National Center of Urology, Tbilisi, Georgia. 5Medignition Inc., Research
Consultants, Zürich, Switzerland.

Page 6 of 6

13. Perepanova T, Debreeva O, Koliatarova G, Kondratieva E, Aitskaia I,
Malysheva V, al. e: The efficacy of bacteriophages preparations in treatment
of inflammatory urogenital diseases. Urology & Nephrology 1957;5:14–17.
14. Kolomintsev N, Goroeinko I, Shakmatov V, Brazhnik P. Treatment of urological
infections with different antibiotics and specific coli-proteus bacteriophages.
Strategy and tactics of antibiotic therapy Krasnodar. 1966:172–4.
15. Danilova T. Phage therapy of the inflammatory urogenital infections in
women. Proceedings of Dermatology and Venerology. 1996;
16. Merabishvili M, Pirnay JP, Verbeken G, Chanishvili N, Tediashvili M, Lashkhi N,
Glonti T, Krylov V, Mast J, Van Parys L, et al. Quality-controlled small-scale
production of a well-defined bacteriophage cocktail for use in human
clinical trials. PLoS One. 2009;4(3):e4944.
17. Pirnay JP, De Vos D, Verbeken G, Merabishvili M, Chanishvili N,
Vaneechoutte M, Zizi M, Laire G, Lavigne R, Huys I, et al. The phage therapy
paradigm: pret-a-porter or sur-mesure? Pharm Res. 2011;28(4):934–7.
18. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, van
Kerrebroeck P, Victor A, Wein A. Standardisation Sub-committee of the
International Continence S: The standardisation of terminology of lower
urinary tract function: report from the Standardisation Sub-committee of
the International Continence Society. Neurourol Urodyn. 2002;21(2):167–78.
19. Barry MJ, Fowler FJ Jr, O'Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust
WK, Cockett AT. The American Urological Association symptom index for
benign prostatic hyperplasia. The Measurement Committee of the American
Urological Association. J Urol. 1992;148(5):1549–57. discussion 1564
20. Declaration of Helsinki - Ethical principles for medical research involving
human subjects. [https://www.wma.net/policies-post/wma-declaration-ofhelsinki-ethical-principles-for-medical-research-involving-human-subjects].
21. Good clinical practice guideline [http://www.ich.org/products/guidelines/
efficacy/article/efficacy-guidelines.html].

Received: 9 May 2017 Accepted: 21 September 2017

References
1. Foxman B. Epidemiology of urinary tract infections: incidence, morbidity,
and economic costs. Am J Med. 2002;113(Suppl 1A):5S–13S.
2. Ruden H, Gastmeier P, Daschner FD, Schumacher M. Nosocomial and
community-acquired infections in Germany. Summary of the results of the
First National Prevalence Study (NIDEP). Infection. 1997;25(4):199–202.
3. Carlet J, Collignon P, Goldmann D, Goossens H, Gyssens IC, Harbarth S,
Jarlier V, Levy SB, N'Doye B, Pittet D, et al. Society's failure to protect a
precious resource: antibiotics. Lancet. 2011;378(9788):369–71.
4. Verbeken G, Huys I, Pirnay JP, Jennes S, Chanishvili N, Scheres J, Gorski A,
De Vos D, Ceulemans C. Taking bacteriophage therapy seriously: a moral
argument. Biomed Res Int. 2014;2014:621316.
5. Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, Guerin
PJ, Piddock LJ. Understanding the mechanisms and drivers of antimicrobial
resistance. Lancet. 2016;387(10014):176–87.
6. Mazzulli T. Resistance trends in urinary tract pathogens and impact on
management. J Urol. 2002;168(4 Pt 2):1720–2.
7. Abedon ST, Kuhl SJ, Blasdel BG, Kutter EM. Phage treatment of human
infections. Bacteriophage. 2011;1(2):66–85.
8. Chanishvili N. A Literature Review of the Practical Application of
Bacteriophage Research. Nova Science Publishers. 2012;
9. Merabishvili M, Vervaet C, Pirnay JP, De Vos D, Verbeken G, Mast J, Chanishvili N,
Vaneechoutte M. Stability of Staphylococcus aureus phage ISP after freezedrying (lyophilization). PLoS One. 2013;8(7):e68797.
10. Khawaldeh A, Morales S, Dillon B, Alavidze Z, Ginn AN, Thomas L, Chapman
SJ, Dublanchet A, Smithyman A, Iredell JR. Bacteriophage therapy for
refractory Pseudomonas aeruginosa urinary tract infection. J Med Microbiol.
2011;60(Pt 11):1697–700.
11. Expert round table on a, re-implementation of bacteriophage t: Silk route to
the acceptance and re-implementation of bacteriophage therapy. Biotechnol
J 2016, 11(5):595–600.
12. Sybesma W, Zbinden R, Chanishvili N, Kutateladze M, Chkhotua A,
Ujmajuridze A, Mehnert U, Kessler TM. Bacteriophages as Potential
Treatment for Urinary Tract Infections. Front Microbiol. 2016;7:465.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

