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Definitions

/ Recurrent UTls \

>3 UTls in 12 months (or 2 UTls in 6 months) resulting
from infection with different strains of microbes

Asymptomatic bacteriuria
isolation of a bacterial organism at least 10° CFU/ml

K in a patient without symptoms of UTI /
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Year of transplant

Figure. One-year incidence of infections by year of transplant

UTI is the commonest infection post Renal Tx

Trends in Infection Among Kidney Transplant Recipients, 1999-2013. Bae et al. John Hopkins
School of Medicine. 2017 American Transplant Congress.



Guy’s and St Thomas’ [\'// &

MHS Foundatio

UTI is the commonest infection post Renal Tx

The incidence of UTls per 100 transplant-days has been reported
as 4.5 in kidney transplant recipients, 2.2 in kidney pancreas

recipients

7% to 80% with larger studies reporting 1-year incidence around

30%.

Vidal E et al Transpl Infect Dis 2012;14(6):595—-603
Brune et al Am J Transplant. 2022;22:1823-1833
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ORIGINAL ARTICLE AJT

Impact of different urinary tract infection phenotypes within
the first year post-transplant on renal allograft outcomes

* recurrent UTI: very strong and independent risk factor for death-censored graft
loss, with a HR similar to recurrent rejection (i.e., 22 rejection episodes within
the first-year post-transplant)

* patients in the recurrent UTI group had 7-10 ml/min lower eGFR than the other
groups

e colonizations and occasional UTl were not associated with inferior outcomes

Brune et al AJT 2022 Jul;22(7):1823-1833
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== No colonization or UTI A
=== (Colonization only
-2 UTI
e >3 UTI

Y,

100%
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60%
: p<0.001
40%
At risk
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Brune et al AJT 2022 Jul;22(7):1823-1833
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Colonization UTI Urosepsis
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Brune et al AJT 2022 Jul;22(7):1823-1833



Antimicrobial resistance (AMR)

Worldwide WHO figures
Leading causes of death

Tetanus
60,000

Road traffic
accidents

1.2 million

Measles
130,000

Diarrhoeal
disease

1.4 million

\

e
AMR now

700,000
(low estimate)

G

AMR irfx’goso
10 million

Cancer
8.2 million

Cholera

100,000—
120,000

Diabetes
1.5 million
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Antimicrobial resistance (AMR)

* Antimicrobial resistance costs the European Union 1.5 billion in
health- care expenses and lost productivity each year
* |nfection with antimicrobial- resistant bacteria can lead to more

severe infections, longer hospital stays and increased mortality

European Centre for Disease Prevention and Control.ECDC/EMEA Joint Technical Report. The bacterial challenge: time to react (ECDC, 2009).
Llor, C. et al. Ther. Adv. Drug Safety 5,229-241 (2014).



Guy's and St Thomas' [\'/7 5

NHS Foundation Trust

Asymptomatic Bacteriuria

Asymptomatic bacteriuria isolation of a bacterial organism at least 10° CFU/ml in a
patient without symptoms of UTI
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Treating Asymptomatic Bacteriuria

Are antibiotics effective in reducing symptomatic urinary tract infection in % @
kidney transplant recipients (KTR) with asymptomatic bacteriuria (BiRT) ? #Neph)C
Study Design Outcomes
mafl Multicenter Symptomatic  Antibiotic use Antibiotic resistant
UTl ¢ (days/person) infections
==1 Open label c =
= $ ER w W
N
N=199 H E =
o
S '§ Antibiotics 2 27% 30 18 A)
O 22 months g N=100 S
post- 2 p<0.001 p=0.003
m transplant =
Kidney 2 () 1)
hl transplant No Antibiotics é 3 1 A 5 4 A)
recipients N=99

Summary: Applying screen-and-treat strategy for asymptomatic Reference: Julien Coussement et al Bacteriuria in
bacteriuria does not reduce the occurrence of symptomatic UTlin 22 pana| Transplantation (BiRT) study group . Clinical

months post kidney transplant recipients. This strategy increases ,,icropiology and Infection. Online Pub.
antibiotic use and promotes the emergence of resistant organisms. Visual Abstract by W @docanjuyadav

Coussement et al Clinical Microbiology and Infection 27 (2021) 398-405
Origuen J et al Am J Transplant 2016;16:2943e53.

Sab_e N. Open Forum Infect Dis 2019;6:0fz243.

Moradi M et al Urol J 2005;2:32e5.
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g HR 0.83 (95% Cl: 0.50-1.40); p = 0.49 UTl including pyelonephritis
3 60
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Patients at risk
antibiotics 100 94 90 85 80 77 66
no therapy 99 91 86 83 79 72 60

Coussement et al Clinical Microbiology and Infection 27 (2021) 398e405



Abx in kidney transp

asymptomatic bacteriuria

Study

Origuen (2016)
Moradi (2005)
Sabé (2019)
Coussement (2020)

Overall effect:

Antibiotics

11/53
9/43
10/41
27/100

ant recipients with

RR (95% CI)

1.11 (0.53, 2.35)
0.67 (0.33, 1.39)
1.60 (0.67, 3.82)
0.86 (0.56, 1.33)

0.94 (0.69, 1.28)

No therapy
11/59 <
14/45 <
7/46 i <
31/99 o
| | H | ]
0.2 0.5 1 2
Less with antibiotics Less with no therapy

J. Coussement et al Nephrol Dial Transplant (2021) 36: 754-756

Weight (%)

16.83
2212
10.67
50.38

100.00



Effectiveness and Safety of Antibiotics in Kidney
Transplant Recipients With Asymptomatic Bacteriuria:
A Systematic Review and Meta-analysis of Randomized
Controlled Trials

Abdullah Tarik Aslan,' Lokman Hekim Tanriverdi >® Adrian V. Hernandez,**® Umut Akova,>® Kursat Kutluca ®® Samuel Chan,” Julien Coussement,®*®
Arreola Guerra Jose Manuel,'®" Julia Origiien,'>"*® Niria Sabé,'®" Patrick N. A. Harris,"® Murat Akova,"®® and David L. Paterson''®®

Antibiotics No therapy

Study Events Total Events Total Pyelonephritis RR 95% CI Weight
Origuen 2016 4 83 5 59 - 0.89 [0.25; 3.14] 15.4%
Sabe 2019 5 M4 4 46 — 1.40 [0.40; 4.87] 15.8%
Coussement 2021 17 100 16 99 — 1.05 [0.56; 1.96] 63.1%
Mendoza-Enciso 2022 6 40 1 40 ' * 6.00 [0.76;47.60] 5.7%
Random effects model 234 244 <> 1.19 [0.72; 1.94] 100.0%
Heterogeneity: 12 = 0.0%, v = 0, p = 0.4295 ! L '

Test for overall effect: z = 0.67 (p = 0.5013) 0.1 N51 2 10

Favors Antibiotics Favors No therapy

Guy’s and St Thomas’ [\'/; &
NHS Foundation Trust Aslan et al Open Forum Infect Dis. 2025 Aug 19;12(9):0faf502



Effectiveness and Safety of Antibiotics in Kidney
Transplant Recipients With Asymptomatic Bacteriuria:
A Systematic Review and Meta-analysis of Randomized

Controlled Trials

Abdullah Tarik Aslan,' Lokman Hekim Tanriverdi >® Adrian V. Hernandez,**® Umut Akova,>® Kursat Kutluca ®® Samuel Chan,” Julien Coussement,®*®
Arreola Guerra Jose Manuel,'®" Julia Origiien,'>"*® Niria Sabé,'®" Patrick N. A. Harris,"® Murat Akova,"®® and David L. Paterson''®®

Antibiotics No therapy

Study Events Total Events Total
Origuen 2016 11 83 11 89
Sabe 2019 10 41 7 46
Coussement 2021 27 100 31 99
Mendoza-Enciso 2022 10 40 4 40
Random effects model 234 244

Heterogeneity: I = 28.1%, t° = 0.0500, p = 0.2435
Test for overall effect: z = 0.76 (p = 0.4459)

Symptomatic UTI

<

|
0.2

[
0.5

I
1

1
2

|
o

RR  95% Cl Weight

1.11 [0.53:2.35] 23.1%
1.60 [0.67;3.82] 18.3%
0.86 [0.56: 1.33] 45.6%
2.50 [0.85:7.31) 12.9%

1.18 [0.78; 1.78] 100.0%

Favors Antibiotics Favors No therapy

Guy’s and St Thomas’ [\'/; &

NHS Foundation Trust Aslan et al Open Forum Infect Dis. 2025 Aug 19;12(9):0faf502



The biofilm

» Biofilm cells express a radically different
phenotype than planktonic bacteria

» Cause of Chronic Infections

» Can be detected by DNA sequencing only

(V)

FIGURE 1: Biofilm formation steps. (i) Reversible attachment of
planktonic bacteria to surfaces. (ii) Irreversible attachment to
surfaces. (iii) Formation of the external matrix. (iv) Biofilms acquire
a three-dimensional structure. (v) Biofilm detachment.

ﬁﬁ

(iv)

(ii)
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» Cause of Acute Infection

» Will grow in traditional Culture

'Mouraviev, Vladimir. “An Implementation of Next Generation Sequence (NGS) for

Diagnosis and Targeted Treatment of UTI” November 9, 2018. Accessed Dec 2020.
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Individual tailored management

i
Human Microbiome microsiAL Genes
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Antibiotics and the gut microbiome

OVERVIEW OF RELATIVE ABUNDANCE OF KEY PHYLA OF GUT MICROBIOTA IN ANTIBIOTIC TREATED ADULTS™'

0

B Firmicutes
Bacleradelas
Actinchacteria

B Frotecbaciena

B Cthers

4 years after treatment high levels of the macrolide resistance gene erm(B) were found,
indicating that antibiotic resistance, once selected for, can persist for longer periods of time

Jakobsson HE et al. PLoS ONE 5(3): e9836.
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infection

Manikkam Suthanthiran'® & John Richard Lee'*

Gut uropathogen abundance is a risk factor for
development of bacteriuria and urinary tract

Matthew Magrudeﬂ, Adam N. Sholi® |, Catherine Gong1, Lisa Zhang1, Emmanuel Edusei’, Jennifer Huang 1
Shady Alhakrvﬂ, Michael J. Satlin, Lars F. Westblade??, Carl Crawford®, Darshana M. Dadhania"”,
Michelle Luhetzkyﬂj, Ying TaurE'r Eric Littmanﬁ, Lilan Linge', Philip Burnham?, Iwijn De Vlaminck ?, Eric Pamerﬁ,
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Precise diagnostics

Journal of

AMERICAN
= lcomoioer Clinical Microbiology

The Clinical Urine Culture: Enhanced Techniques Improve Detection
of Clinically Relevant Microorganisms

Travis K. Price,® Tanaka Dune,® Evann E. Hilt,® Krystal J. Thomas-White,? Stephanie Kliethermes,® Cynthia Brincat,>¢
Linda Brubaker,®™? Alan J. Wolfe,? Elizabeth R. Mueller,®® Paul C. Schreckenberger®
Department of Microbiology and Immunology, Stritch School of Medicine, Loyola University, Chicago, lllinois, USA®; Department of Obstetrics & Gynecology and Urology,

Loyola University Medical Center, Maywood, lllinois, USA®; Departments of Medicine and Public Health Sciences;® Department of Obstetrics & Gynecology and Urology,”
and Department of Pathology,” Stritch School of Medicine, Loyola University Chicago, Maywood, lllinois, USA

@ CrossMark
& click for updates

TABLE 1 Summary of urine cultivation protocols for catheterized urine specimens

Vol (pl) of Incubation(s) (h) for Patient sample
Protocol urine Medium or media Conditions microbial identification  identifier”
| Standard urine culture 1 BAP, MacConkey agar Aerobic, 35°C 24 1-107 |
Modified urine culture 1 BAP, MacConkey agar 5% CO,, 35°C 24,48 108-150
Expanded-spectrum EQUC ~ 1,10,and 100  BAP, MacConkey agar Aerobic, 35°C 24,48 1-150
BAP, chocolate agar, 5% CO,, 35°C 24,48
CNA agar
CDC anaerobic BAP Anaerobic, 35°C 48
CDC anaerobic BAP” Microaerophilic gas mixture 48
(5% O,, 10% CO,, 85% N),
35°C
Streamlined EQUC 100 BAP, MacConkey agar,” 5% CO,, 35°C 48 1-150
CNA agar

@ Refers to the patient samples on which the corresponding protocol assessed the urinary microbiota. For diagnosis, the standard urine culture protocol was used on patient samples

1 to 107; the modified standard urine culture was used on patient samples 108 to 150. For research, all patient samples were assessed by expanded-spectrum EQUC.

¥ The CDC anaerobic BAP microaerophilic gas mixture condition was used only for samples 10 to 150.
“ The MacConkey 5% CO, condition was not part of the expanded-spectrum EQUC protocol.
4 The streamlined EQUC protocol was performed using a subgroup of agars/conditions from the expanded-spectrum EQUC protocol; therefore, it was used on all patient samples.

Enhanced quantitative urine culture (EQUC)

Guy's and St Thomas' [\'/ 4

MNHS Foundation Trust

Optimal detection of

uropathogens could be achieved

using the following: 100 pl of
urine plated onto blood (blood
agar plate [BAP]), colistin-
nalidixic acid (CNA), and
MacConkey agars in 5% CO2 for
48 h.

This streamlined EQUC protocol

achieved 84% uropathogen
detection relative to 33%
detection by standard urine
culture.
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INFECTION
Urinary cell-free DNA and UTI; the age of ‘omics’

Rhana Hassan Zakri= & Jonathon Olsburgh

Nature Reviews Urology 15, 727-728(2018) | Cite this article

Refers to Burnham, P. et al. Urinary cell-free DNA is a versatile analyte
for monitoring infections of the urinary tract. Nat. Commun. 9, 2412

C.Liao™d

New and developing diagnostic technologies for
urinary tract infections

Michael Davenport, Kathleen E. Mach, Linda M. Dairiki Shortliffe, Niaz Banael, Tza-Huei Wang & Joseph

Nature Reviews Urology 14, 296-310(2017) | Cite this article

(2018)
fa b
E. coli o K. pneumoniae o
21 w
A
@ 34 p
g 14 \/— ‘ F ]
g o .‘
8 o . 1
2 0- 3 - -
= £ 2 ° %
E [ ; : A
3 . vaginalis . acnes” 2
2 24 2 O O @ o : s
= Bifidobacterium  ® Lactobacillus
@ 1 4 Corynebacterium ~ Pseudomonas
= Cutibacterium Raoultella
14 \___,—-— m— ® Enterococcus Shigelia
Escherichia ® Staphylococcus
® Gardnerella Streptococcus
0- 04 Kiebsiella ® Ureaplasma
T i L) T L} Ll T T T
025 050 075 025 050 0.75 No UTI  Pre-/Post-UTI uTl
Fractional genomic position

Guy’s and St Thomas' [\~

NHS Foundation Trust

Current
practice

Urine
sample
obtained

————
New

technologies

1-2h

24 h

Bacteriuria screening

* Dip stick
* Microscopy

Pathogen identification
* Chromaogenic agar
* Automated biochemical detection
* MALDI-TOF mass spectrometry

Antimicrobial-susceptibility
testing (AST)

s Disc diffusion

* Automated phenotypic AST

(

|

|

Empirical, broad-spectrum antibiotics ] [

Pathogen-specific antibiotics based
on an antibiogram

(

[

Point-of-care or near-patient testing
# Lateral flow immunoassay {screening)

* Rapid optical screeni n% (screening and AST)

* Integrated multiplex P
identification)

* Integrated molecular biosensors (pathogen
identification)

R (pathogen

Comprehensive testing

* |ntegrated biosensor cartridge (pathogen
identification and AST)

== |* Microfluidics (pathogen identification and AST)

* High-throughput integrated multiplex PCR
(pathogen identification and resistance-
mechansim detection)

Precision medicine
- # Individually tailored

antibiotic therapy

l

Improved antimicrobial
stewardship

Figure 1| Overview of the clinical workflow of existing and future diagnostic technologies for UTL |n current
practice {|llustrated in the grey boxes) snce a urine sample is collected itis transferred to a elinical micrabiology
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Management of recurrent
UTIs post kidney transplantation
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Non-Abx strategies to prevent UTls in Tx patients

KTR-focused Strategy

Efficacy in KTRs

Recommendationin KTRs

Early ureteral stent removal
(ideally <14—21 days, and
not later than 3 weeks, when
clinically feasible)

Timing of Foley catheter removal
(early vs late)

Methenamine hippurate
(commonly 1 g BID; requires
urinary acidification for activity)

Cranberry products
(prefer standardized PAC
content when available;
transplant evidence largely
non-standardized
formulations)

Urine acidification (L-methionine)

D-mannose (4 PACs)

Vaginal estrogen
(postmenopausal women)
Increased water/fluid intake

Probiotics
(eg, Lactobacillus)

Reduces UTI incidence without clear increase in
major urologic complications (moderate certainty,
meta-analyses) [14,71]

Uncertain effect on bacteriuria/UTI; evidence very
low certainty and outcomes incompletely reported
[72,73]

Likely beneficial in recurrent UTI (reduced UTI
episodes/antibiotic exposure in observational
transplant cohorts) [66,74]

Possible benefit (limited transplant data;
formulation heterogeneity) [61]

Possible benefit (limited, retrospective transplant
data; often evaluated with cranberry) [61]

No preventive benefit demonstrated in de novo
KTR RCT (no meaningful reduction in UTI/ASB)
[63]

No KTR-specific RCTs; efficacy supported in non-
transplant rUTI RCTs — extrapolation [75,78]
Commonly advised, but limited KTR evidence for
UTI prevention; should be individualized [76]

Insufficient KTR-specific evidence for UTI
prevention [77,78]

Strong (perioperative practice optimization)

No recommendation (individualize by surgical/
urologic risk)

Conditional (selected KTRs with rUT]; antibiotic-
sparing option)

Conditional

Conditional

Not recommended for routine prophylaxis

Conditional (postmenopausal KTRs with rUTI,
after contraindication review)

No recommendation (expert opinion;
personalize)

No recommendation

Apicella et al, Transplantation Proceedings, Volume 58, Issue 4, 2026, Pages 720-729,
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Non-Abx strategies to prevent UTls in Tx patients

KTR-focused Strategy Efficacy in KTRs Recommendation in KTRs

Early ureteral stent removal Reduces UTI incidence without clear increase in Strong (perioperative practice optimization)
(ideally <14—21 days, and major urologic complications (moderate certainty,
not later than 3 weeks, when meta-analyses) [14,71]

clinically feasible)

Prophylactic Ureteric Stents in Renal Transplant
Recipients: A Multicenter Randomized Controlled
Trial of Early Versus Late Removal

PP analysis ITT analysis

Late stent removal Early stent removal p-value Late stent removal Early stent removal p-value

UTI 31/126 (24.6) 6/79 (7.6) 0.004 23/107 (12.1) 14/98 (14.3) 0.257
Symptomatic UT] 19/126 (15.1) 2/79 (2.5) 0.008 13/107 (12.1) 8/98 (8.2) 0.476
Lower tract UTI only 11/126 (8.7) 2(79 (2.5) 0.128 8/107 (7.5) 5/98 (5.1) 0.662
Upper tract UTI only 4/126 (3.2) 0/79 (0) 0.329 2/107 (1.9) 2/98 (2.0) 0.876
Lower and upper tract UTI 4/126 (3.2) 0/79 (0) 0.259 3/107 (2.8) 1/98 (1.0) 0.655
Asymptomatic UTI 12/126 (9.5) 4/79 (5.1) 0.410 10/107 (9.3) 6/98 (6.1) 0.575

Patel P et al Am J Transplant2017; 17: 2129-2138
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Non-Abx strategies to prevent UTls in Tx patients

Timing of Foley catheter removal Uncertain effect on bacteriuria/UTI; evidence very No recommendation (individualize by surgical/
(early vs late) low certainty and outcomes incompletely reported urologic risk)
[72,73]
Early removal Late removal Risk Ratio Risk Ratio
Study or Subgroup Events  Total Ewvents  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Akbarzadehpasha 2014 17 b3 b 46  49.4% 2.07 [0.88 , 4.84] +m—
Zomorrodi 2018 7 44 18 44  50.6% 0.39 [0.18 , 0.84] ——
Total (95% CI) 107 90 100.0% 0.89 [0.17 , 4.57] ..*..
Total events: 24 24
Heterogeneity: Tau? = 1.23; Chi? = 8.21, df = 1 (P = 0.004); I* = 88% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.14 (P = 0.89) Less with early removal Less with late removal

Test for subgroup differences: Not applicable

Goodfellow M et al Early versus late removal of urinary catheter after kidney transplantation.
Cochrane Database of Systematic Reviews 2023, Issue 7. Art. No.: CD013788.
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Methanamine Hippurate (Hiprex)

* Hydrolysis in acidic urinary environment releasing formaldehyde
* Does not exert selective antimicrobial pressure

* Does not promote resistance

 Non inferior to continuous antibiotic prophylaxis (ALTAR trial)
 Limited data in kidney transplant recipients

e Cannot be given with co-trimoxazole (risk of crystalluria)

e Avoid if eGFR <10 ml/min/1.73m?

Harding et al Health Technol Assess 2022;26(23):1-172.
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Methanamine Hippurate (Hiprex)

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Botros 2022 28 43 28 43 ".' 1.00 [0.73; 1.36] 31.1% 35.9%
Brumfitt 1983 18 25 11 20 --;'-— 1.31 [0.82; 2.09] 13.6% 15.9%
Chu 2016 0 45 2 40 ' 0.18 [0.01; 3.60] 2.9% 0.4%
Harding 2022 59 103 47 102 1.24 [0.95; 1.63] 52.4% 47.8%

Common effect model 216 205

Random effects model

Heterogeneity: /* = 0%, ©° < 0.0001, p = 0.41 ! ! ! '
0.01 0.1 1 10 100

Fig. 2 Rate of symptomatic UTlI comparing Methenamine and Antibiotics

1.15 [0.95;1.38]  100.0% .
1.15 [0.96; 1.38] . 100.0%

==

Hobaica et al. BMC Urology (2025) 25:30



Safety and Efficacy of Methenamine Hippurate for the Prevention
of Recurrent Urinary Tract Infections in Adult Renal Transplant
Recipients: A Single Center, Retrospective Study

Follow-up days were 365 (299-365) pre- vs 314 (105—-365) post-methenamine.

E. coli and K. pneumoniae were the most commonly identified cause of UTI both pre-
and post-intervention.

Drug resistant bacteria (ESBL-producing or VRE) affected 3 patients pre- and recurred in
1 of those patients plus 3 new patients post-methenamine.

Methenamine had few adverse side effects for patients.

Hollyer I et al Transpl Infect Dis. 2019 June ; 21(3): e13063.



Safety and Efficacy of Methenamine Hippurate for the Prevention Guy's and St Thomas WM

of Recurrent Urinary Tract Infections in Adult Renal Transplant
Recipients: A Single Center, Retrospective Study

Pre- Post- | p-value
methenamine | methenamine

UTI rate, n/1000 follow-up days 9.16 5.01 0.0001
Length of antibiotic therapy to treat UTL, n/1000 follow-up days
Length of antibiotic suppressive therapy. /1000 follow-up days
Length of therapy for non-UTT antibiotics, n/1000 follow-up days 69 83 0.8655
TMP-SMX prophylaxis length of therapy. /1000 follow-up days 849 895 0.7080
Hospitalizations due to UTL, n/1000 follow-up days 2.64 1.07 0.0456
Hospitalizations (other cause). n/1000 patient days 3.72 2.03 0.1244
Untreated ASB. n/1000 follow-up days 0.58 0.85 0.1344
Treated ASB. n/1000 follow-up days 0.66 0.85 0.2290
Culture negative treated UTL, n/1000 follow-up days 0.83 0.96 0.8062
Creatinine, median 1.24 1.21 0.8723
GFR ml/min/1.73m2. median 50.5 51.0 0.9942
Urinary pH, median 5.50 6.00 0.3203
MDR organisms isolated, % of positive bacteria cultures 0.08 0.07 0.6145

Hollyer et all Harding et al Transpl Infect Dis. 2019 June ; 21(3): e13063.
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Cranberry products

a Forest plot showing the incidence of UTls after intervention for cranberry products with an average
daily intake of less than 36mg PACs and in the control group

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI ° H .
2005 Mcmurdo 7 187 14 189 11.9% 0.51[0.21, 1.22] 2005 — I n p Frevious revi eWS'
2014 Caljouw (Low UTI risk) 59 253 51 263 31.5% 1.20 [0.86, 1.68] 2014 T .
2014 Caljouw (High UTI risk) 98 253 125 263 38.2% 0.81[0.67, 1.00] 2014 - negatlve results but most
2017 Gunnarsson 12 49 10 43 15.4% 1.05 [0.51, 2.19] 2017 —_—— . .
2018 Temiz 1 20 8 20  3.0% 0.13 [0.02, 0.91] 2018 prepa rations Conta|ned
Total (95% Cl) 762 778 100.0% 0.86 [0.60, 1.22]
Total events 177 208 < 10 to 18mg Of PACS
Heterogeneity: Tau? = 0.08; Chi* = 9.42, df = 4 (P = 0.05); I’ = 58% ’ } ' 1 | . . .
Test for overall effect: Z = 0.85 (P = 0.39) e s 5 e 100 ° A minimum effeCt|Ve

Favours [experimental] Favours [control]

threshold of 36mg/d, to

be taken for at least 12 to
b Forest plot showing the incidence of UTls after intervention for cranberry products with an average 24 weeks
daily intake of at least 36mg PACs and in the control group .
« Aim for 36 mg of PAC per

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% Cl
2013 Takahashi 32 107 38 106 23.0% 0.83 [0.57, 1.23] 2013 —=- day (DMAC methOd)
2016 Juthani-mehta 12 44 9 46 5.3% 1.39 [0.65, 2.98] 2016 B
2017 Letouzey 29 108 24 96  15.3% 1.07 [0.67, 1.71] 2017 -
2017 Ledda 7 19 13 17 8.3% 0.48 [0.25, 0.92] 2017 R —
2020 Mooren 13 105 21 105 12.7% 0.62 [0.33, 1.17] 2020 L
2021 Babar 45 72 59 73 35.4% 0.77 [0.63, 0.95] 2021 L
Total (95% CI) 455 443 100.0% 0.82 [0.69, 0.98] 4
Total events 138 164
Heterogeneity: Chi* = 6.86, df = 5 (P = 0.23)% I = 27% ' |

0.01 0.1 1 10 100

Test for overall effect: Z = 2.24 (P = 0.03) Favours [experimental] Favours [control]

Ziong et al Front. Nutr. 11:1422121.
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Non-Abx strategies to prevent UTls in Tx patients

D-mannose (+ PACs)

Vaginal estrogen
(postmenopausal women)
Increased water/fluid intake

Probiotics
(eg, Lactobacillus)

No preventive benefit demonstrated in de novo
KTR RCT (no meaningful reduction in UTI/ASB)
[63]

No KTR-specific RCTs; efficacy supported in non-
transplant rUTI RCTs — extrapolation [75,78]
Commonly advised, but limited KTR evidence for
UTI prevention; should be individualized [76]

Insufficient KTR-specific evidence for UTI
prevention [77,78]

Not recommended for routine prophylaxis

Conditional (postmenopausal KTRs with rUTI,
after contraindication review)

No recommendation (expert opinion;
personalize)

No recommendation

Apicella et al, Transplantation Proceedings, Volume 58, Issue 4, 2026, Pages 720-729,



p-Mannose preventing Formaldehyde produced Glycosaminoglycan layer
Escherichia coli binding from methenamine hippurate replacement preventing
to urothelial receptors prevents further bacterial growth bacterial adherence

A
Escherichia coli

4 R

»
»

/ Bladder

Mannose-like \
receptors

P fimbriae

Proanthocyanidins

B,

Proanthocyanidins from cranberry preventing
Escherichia coli binding to urothelial receptors

Sihra et al Nat Rev Urol 2018 Dec;15(12):750-776
Guy's and St Thomas' NHS Foundation Trust, London, UK

Lactobacilli preventing binding
of Escherichia coli to vaginal
epithelial adhesion receptors

Lactobacilli releasing
bacteriocidal peptides
and hydrogen peroxide

Lactic acid

Estrogen ———» _T Glycogen

LY

Estrogen causing increased glycogen |
storage and conversion of glycogen to
lactic acid by lactobacilli



Audit Guy’s Hospital

* 29% - symptomatic UTI in the first 5 years post RTx

 Cystitis/Pyelonephritis/Number of UTI “hits” - detrimental effect on A graft
function at 5 years

Limitations

» Retrospective observational study

* Confounders
* E.g. changes in immune-suppression over 5yrs

* Assumptions
Cystitis — (CRP 0-10 v 10-50)
“Statistically significant” is “clinically significant”

* Need for further multivariate analysis / mixed repeated
measure model

! ! KING’S ACADEMIC
GUY 5 and St Thomas m HEALTH SURGERY 411 #1011
MHS Faundation Trust PARTNERS '"#11i) #ivt v {1by
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Chronic / rUTI

—__ Antibiotic resistance

Access to historical MSUs

/ Graft function/loss
Cost \
Multiple kidneys —
- — / Native/Transplant
Different GP/Clinician ,
each visit .
Immunosuppression
/
ABU

Patient mistrust ~~_____—~ Qol/Morbidity/Mortality
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Individual tailored management

ldentify all risk factors

Early intervention

Transplant UTI

one-stop clinic Precise diagnostics
MDT clinic Antibiotic stewardship
Tx Urologist —

Tx Nephrologist
CNS
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Individual tailored management — Risk factors

Host factors

Gender
Pre/post menopausal
ESRF cause
UTIs before/after Tx
Bladder function/PVR
Bowel habit
Sexually activity
PMHx: ?DM etc

Allograft factors

Time since transplant
Previous transplants
In Situ?
?degree of reflux
Episodes of rejection
Immunosuppression

Anatomical factors

Native kidneys ?in-situ
Length of any ureteric
stumps
Urological history
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Individual tailored management — Precise diagnostics

Immunosuppression

QoL

HbAlc

Viral cause?

Stent in situ?

PMHXx

IPSS/Bladder diary

Native

Kidney

CT
KUB

Function

Urine Dip/MSU

Flow rate + PVR

?FSH

NOT
PSA

Rigid
cystoscopy,
retrogrades,
barbotage,

Abx wash,
+/- Deflux

Tx USS

MCUG

DMSA

Rigid
cystoscopy,
retrogrades,
barbotage,

Abx wash,
+/- Deflux

?flexible cystoscopy

Urodynamics

?Native
Nephrectomy/
stumpectomy

Rigid
cystoscopy,
retrogrades,
barbotage,

Abx wash,
+/- Deflux

?TX
Nephrectomy/
Stumpectomy

Ongoing close
monitoring
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Flow Rate

Flow rate (ml/sec)

Maximum flow rate

——
|

e D, N

Voided volume

|, Time to l Time

, maximum flow | yd 1
: 7

- — Flow time > 4

| 7

Diagram of a urine flow recording with International Continence Society recommended
nomenciature. Basic elements of maximum flow, mean flow, total flow time, and roral
voided volumec.
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Flow Rate

S0 .!/s F!om R@te

Voiding Time s
Flow Time s
Time to max Flow s
Max Flow Rate ml/s
Average Flow Rate ml/s
Voided Volume ml




Q-Max

0 m!/s F_low Rate

Guy's and St Thomas' [\'/7 5

NHS Foundation Trust
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Grades of Reflux

Guy’s and St Thomas’ [\'// 41

Grade |

Conlrast appears
in the nondilated
ureter

Grade |
Contrast appears
in the renal pelvis
and calyces

without dilation

|

1( Grade |l

Mild to moderate
' dilation of the
ureter, renal
pelvis, and
calyces, with
| minimal blunting
| of the fornices

———————————————————————

Grade IV

Moderate ureteral
tortuosity and
dilaion of the
renal pelvis
and calyces

' Grade V

Gross dilation of
the ureter, renal
pelvis, and

calyces: loss
of papillary

impressions; and
ureteral tortuosity
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Micturating cystourethrogram (MCUG)

rrrrrr

A
N N

Deflux
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Individual tailored management — Armamentarium

(Px) Abx. Rotate G Oestrogen laluril
Behaviour _ SVaccines
Bladder Fluids )
Bowel — Probiotics
Cranberry tablets Intravesical

y Gent
D-Mannose ﬁ Hiprex ( methenamine Hippurate)

Hollyer et atlTranspl Infect Dis. 2019;21:e13063.
Zgoura et al Transplantation Proceedings, 52, 3192e3196 (2020)
Moutzouris et al Clin ] Am Soc Nephrol 2009 Nov;4(11):1844-57



Other approaches

* Immunostimulants/Vaccines
* Bacteriophage therapy
* Faecal microbiota transplantation

Tram Le et al Antimicrob Agents Chemother. 2023 Mar 28;67(4):e00037-23
Stripling et al Open Forum Infect. Dis. 2, ofv078 (2015)



Evaluating the use of Uromune® autovaccine
in recurrent urinary tract infections: a pilot
unicenter retrospective study in Reus, Spain

Before or after Uromune® 61
8- » —_
| 4 —r— ;
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Guy’s and St Thomas NHS Iftimie et al. BMC Infectious Diseases (2025) 25:117

NHS Foundation Trust
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Clinical and Immunological Response to Sublingual Vaccination for the
Prevention of Recurrent Urinary Tract Infections in Kidney Transplant
Patients: Results after 1 Year of Follow-up

* 43 kidney transplant recipients with rUTI completed sublingual
vaccination with Uromune® for 6 months

 The mean incidence of UTI decreased from 4.2 to 2.7 episodes
per year (Cl 95% 0.9-2.2, p<0,001)

* After one year, 16.3% of patients were completely free from UTI
and 46.5% had fewer infections

¥ ¥ ,'l L
Guy’s andStThomas NHS Shabaka et al Tranplantation July 2018, Volume 10, 7S



Safety and Efficacy of MV140 Sublingual Vaccine
(Uromune) in Preventing Recurrent Urine Infections Post
Renal Transplant: A Case Series

* All but one patient had fewer episodes of UTI in the 12 months
post intervention
* No side effects

] F [ !,'I :Li
Guy's and?tThomas Palladino B et al Transplant Infectious Disease, 2025; 0:e70114



¥ Transplantation Proceedings
& ,';L.J"L i Volume 52, Issue 10, December 2020, Pages 3192-3198

StroVac contains 10 strains of inactivated bacteria (6 types
of Escherichia coli, Proteus mirabilis, Morganella morganii,

Contributions to Transplantation Science Enterococcus feacalis, Klebsiella pneumoniae).

Kidney transplantation

Vaccination Against Urinary Tract Infection After
Renal Transplantation

The vaccine is administered 3 times subcutaneously and is supposed to
reduce the UTl incidence for about 12 months.

Panagiota Zgoura * & B, Christoph Waldecker 2, Frederic Bauer 3, Felix S. Seibert 2, Benjamin Rohn 2, Peter
Schenker b, Andreas Wunsch ®, Sandra Hajt °, Richard Viebahn ®, Nina Babel 3, Timm H. Westhoff?
StroVac Control
4- 8-
n= 14 - n=14
d i
s . P=.002 L P=.01
= 5
[T -E' * = 4-|
=] (=]
E L™
E 1+ 'E 2
= =1
z Zz
ﬂ n E ]
Baseline Follow-u :
P Baseline Follow-up

Annual incidence of urinary tract infection (UTI) before (baseline) and after initiation of StroVac vaccination
(follow-up). Differences were tested for significance by Wilcoxon test, P < .05 was regarded as significant.

Guy’s and St Thomas Zgoura et al Transplantation Proceedings, 52, 3192e3196 (2020)

MHS Foundation Trust



URINARY TRACT INFECTION

Oral Tebipenem HBr Noninferior to IV
Imipenem-Cilastatin for Complicated UTI

Jaymin Kang, PharmD | June 4, 2025

 Tebipenem HBr is an investigational oral antibiotic in the carbapenem class.

e The RCT, phase 3 PIVOT-PO trial included 1690 adults with cUTIl or acute

pyelonephritis. Patients were randomly assigned 1:1 to receive HBr 600mg or IV
imipenem-cilastatin 500mg for 7 to 10 days.

 Tx with oral tebipenem HBr was noninferior to IV imipenem-cilastatin based on
overall response, defined as a combination of clinical cure and favourable
microbiological response. No new safety concerns were reported.



ING’S Guy'’s and St Thomas’
CO]]EgE MNHS Foundation Trust
LONDON

SEEEsEEEEEERE
ur [ ]
"EER AN EN

IuEe



