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Abstract
Aims: Urinary tract infections are one of the most common reasons for antibiotic prescription. The widespread use of antibiotic treatments is contributory to the global health problem of antimicrobial resistance development.  In order to slow down the progression of antimicrobial resistance it is essential that we explore non antibiotic preventive treatments for this common condition. We aim to report discussions regarding non antibiotic preventive strategies for recurrent urinary tract infections in both catheterised and non-catheterised patients that took place at the International Consultation on Incontinence - Research Society meeting in Bristol 2024. 
Methods: We undertook a think-tank session during this multi-disciplinary meeting specifically designated for discussion regarding both established and emerging non-antibiotic treatments for UTI prevention in both catheterised and non-catheterised patients. This led to the generation of pertinent research questions which hope to shape future UTI research.
Results: We describe the discussions that took place and document the important research questions that were proposed during the International Consultation on Incontinence - Research Society meeting in Bristol 2024.
Conclusions: There are a range of established UTI preventative startegies for UTI prevention in both catheterised and non-catheterised patients. Emerging UTI prevention treatments have varying levels of evidence to support their use and in many areas further research is needed to establish their place in clinical pathways.
Introduction
Urinary tract infection (UTI) is one of the most common bacterial infections with significant associated healthcare costs. It is estimated that 150 million UTIs occur annually worldwide with a financial burden of more than 6 billion dollars1. UTIs are more common in women, with a      lifetime risk of 50-60%2. Up to 45% of adult women will experience a recurrence within 12 months3. Recurrent UTI (rUTI) is defined as three or more episodes of UTI during a 12-month period, or two infections in a six-month period4. Despite effective treatment with antibiotics, antimicrobial resistance (AMR) has been identified by the World Health Organisation as one of the top 10 global public health and development threats. It is estimated that bacterial AMR was directly responsible for 1.27 million global deaths and contributed to 4.95 million deaths in 20195. Exploration of non-antibiotic preventive treatments in common conditions such as UTI is therefore essential. The International Consultation on Incontinence - Research Society (ICI-RS) convened a think tank on the topic of rUTI prevention in 2024 and this paper summarises those discussions
Established Non-Antibiotic Preventative Treatments for rUTI
Lifestyle changes should be the first step in terms of rUTI prevention. Improved hydration, increasing daily fluid intake by 1.5 litres, was shown to reduce recurrent infections by around 50%6. Effective diabetes management lowers UTI risk and may enhance immune function7. Evidence from the paediatric literature suggests that rUTI risk is significantly lowered following effective treatment of constipation and this is likely to be the case for adults8. Improved voiding techniques, such as double voiding and timed voiding, promote complete bladder emptying leading to fewer UTIs9. 
D-mannose a monosaccharide isomer of glucose, has previously been shown to reduce rUTIs with a similar degree of efficacy as prophylactic nitrofurantoin10. However, a recent randomised controlled trial reported contradictory findings and described similar UTI rates between those receiving D-mannose and those receiving a fructose placebo11. Given that fructose is also a monosaccharide isomer of glucose, its potential effects on glucose levels and the urinary microbiome as well as its own binding affinity for the type 1 pilus adhesin, might have confounded the results. 
Cranberry products have antioxidant components, anthocyanidins, and proanthocyanidins. These compounds inhibit the adhesion of P fimbriae-expressing E. coli to the urothelium, theoretically reducing infection risk12. Although high-concentration cranberry formulations have demonstrated a modest reduction in UTI incidence, significant heterogeneity among studies concerning population characteristics, dosages, and UTI definitions makes it challenging to draw definitive conclusions about their true effectiveness13. 
Methenamine hippurate, a urinary antiseptic, is effective in preventing rUTIs. It is hydrolysed in acidic urine releasing formaldehyde, a compound with potent antimicrobial properties14. Formaldehyde reduces bacterial load by disrupting microbial proteins and nucleic acids, thereby inhibiting bacterial growth and preventing infection. A recent UK clinical study has shown that methenamine hippurate significantly decreases the incidence of rUTIs with a similar efficacy to prophylactic antibiotics and as a result is now recommended by international guidelines15.4.
Topical vaginal oestrogen, administered as a cream, tablet, or ring, has been demonstrated to reduce the incidence of rUTIs, particularly in postmenopausal women. Topical oestrogen therapy works to restore the thickness and elasticity of the vaginal walls, thereby reinforcing the mucosal barrier and enhancing resistance to infection. Additionally, it stimulates the proliferation of Lactobacilli, which produce lactic acid, lowering vaginal pH and inhibiting the adherence of uropathogens. A recent systematic review has underlined its efficacy in UTI prevention16.
Intravesical treatments which aim to replenish the glycosaminoglycan layer of the bladder, a critical component for maintaining the bladder’s mucosal barrier and preventing bacterial adhesion have also been investigated for efficacy in UTI prevention. While Hyaluronic Acid (HA) may reduce bladder inflammation, direct evidence linking it to decreased UTI incidence is limited. Studies suggest that combining HA with chondroitin may offer some benefit in reducing UTI rates. However, these studies are small and have considerable risk of bias17.  Direct intravesical administration of antibiotics such as Gentamicin have also been investigated and in some studies demonstrated to reduce UTI incidence, but the quality of these studies is low17.
Several vaccines have been developed for the prevention of rUTIs, employing various administration methods and demonstrating mixed efficacy. The oral vaccine UroVaxom, derived from 18 different uropathogenic Escherichia coli (UPEC) strains, and the sublingual vaccine Uromune (MV140), composed of a mixture of inactivated whole bacteria including E. coli, Klebsiella, Proteus mirabilis, and Enterococcus faecalis, are the most extensively studied and promising options18,19. UroVaxom has shown UTI-free efficacy of 67% in rUTI patients at six months18, while Uromune has demonstrated efficacy rates of 56-58% at twelve months with a randomised active placebo study19. While these vaccine approaches offer promise, further research and larger clinical trials are needed to confirm their efficacy and long-term safety.
Electrofulguration is a procedure used widely for noninfectious bladder lesions, but has some evidence of efficacy for the treatment of women with uncomplicated rUTI who have failed first-line preventative treatments20. The suggested mechanism may include a reduction in Uroplakin IIIa, a transmembrane protein that enables bacterial attachment and invasion of the urothelium. Further research is needed before this treatment can be recommended within standard clinical pathways.
Established Non-antibiotic Preventative Treatments for Catheter Associated Urinary Tract Infections (CAUTI)
Catheterization is an integral part of the management of various lower urinary dysfunctions, but it can also be a contributing factor to UTI’s. Thus, a cornerstone of CAUTI risk reduction is to discontinue the use of an indwelling catheter as soon as it is no longer indicated.  Different strategies to assist in in reducing unnecessary catheter use have been described21,22. CAUTI in patients are usually multifactorial, especially if patients have underlying neurological disease. The distinct comorbidities of patients with neurological lower urinary tract dysfunction such as constipation, diabetes, immunosuppression, adherence to intermittent catheterisation (IC), IC technique and virulence of bacteria may all play a role. EAU Guidelines on Neuro-Urology define indications for the different types of catheterizations23. Intermittent catheterization (IC) is the recommended management for patients with complete or incomplete urinary retention and can be performed as a clean or aseptic technique. The latter has been reported useful in reducing the number of UTI episodes in two out of five studies24 however, this benefit is offset by a substantial increase in cost compared to clean catheterization25. The average frequency of IC with a 12-16F size catheter has been reported to be four to six times per day.  Frequency of catheterization must be balanced with patients’ symptoms, finances and quality of life. These kinds of large-scale studies are lacking.
EAU guidelines suggest that indwelling transurethral or suprapubic catheters are inferior to IC and associated with more complications and an increased risk of UTI23. Suprapubic catheters may be associated with fewer UTIs, hospitalization and antibiotic use, but are more likely colonized with multidrug-resistant organisms26. In general, however, there were no significant differences between bladder drainage methods in a recent systematic review27. 
The role of catheters on the healthy bladder microbiome has not been adequately addressed in the literature. A systematic review of literature showed that ready-to-use single-use catheters caused fewer UTI’s compared to reuseable catheters. There is no convincing evidence that the traditional single-use non-coated catheters are better than clean non-coated catheters28. Hydrophilic-coated IC have improved patients’ comfort and lowered the frequency of CAUTI29,30. However, the incorporation of polyvinylpyrrolidone (PVP) within hydrophilic coatings can lead to the coating drying-out and potentially increase urethral microtrauma. The solution may be a coating-free integrated amphiphilic surfactant (IAS) catheter, which at laboratory settings showed diminished friction and reduction of the urethral microtrauma potentially leading to a lower risk of infection31. Large-scale randomized trials are needed to better understand the importance of catheter coating in reducing UTI’s. A new IC Micro-Hole Zone Catheter allows the complete bladder emptying in an uninterrupted free flow with no need for repositioning which can be required with conventional catheters due to suction of the bladder mucosa inside the catheter32. This new technology may potentially minimise the risk of CAUTIs. 
Due to the high incidence of latex allergy especially in neuro-urological patients, silicone catheters are often indicated / preferred. Silicone catheters have fewer stone encrustations as well33. The use of silver-coated silicone catheters was not shown to have a protective effect against bacteriuria, but nitrofurazone-impregnated of the catheters does reduce the risk of symptomatic UTI’s34. However, a large RCT in a different patient population (post-renal transplant) showed no benefit of these nitrofurazone-infused catheters35. 
There is emerging evidence of the role of specific antiseptics (chlorhexidine) prior to urinary catheterization, in reducing CAUTI risk36. There is also an important role of Catheter fixation devices / flip flow valves37 and of catheter maintenance solutions38.  However, there is no evidence for the ideal combination of devices or maintenance solutions to prevent CAUTI.   
A very important aspect of catheter care and UTI’s prevention is education and proper health care protocols and check lists. Single and multi-component interventions (Care bundles) involving daily catheter review / safety huddles / catheter protocols and checklists lead to a reduction in catheter use and UTI’s. Targeting the multi-disciplinary audience and inclusion of the simulation activities has been found beneficial for the prevention of UTI’s39 . 
New Technologies and Approaches for UTI Prevention
Urinary tract infections remain a significant healthcare burden, and there are multiple technologies in development and studies ongoing designed to reduce UTI risk.  
Small molecule alternatives to antibiotics have been increasingly investigated40. In one study, it was demonstrated that a synthetic mannoside, heptyl-α-d-mannose, inhibited E. coli adhesion to a bladder cell line at 100-fold lower concentration than that of D-mannose41. In another study, mice treated with mannoside and then infected with uropathogenic E. coli had lower bacterial load relative to controls42.  MM4284 mannoside was demonstrated to reduce intestinal colonization of uropathogenic E coli (UPEC) and treat UTI, but without disrupting resident gut microbiota43.  Through gut reservoir depletion, such molecules may reduce the risk of UTI, and clinical trials regarding such outcomes both as prophylactic agents and treatments are ongoing.
Bacteriophages (phages) are viruses that invade bacteria, and may play a future role in prophylaxis and treatment for UTI.  One patient, who underwent a liver and kidney transplant developed recurrent rounds of graft pyelonephritis, cystitis, bacteremia, and sepsis, ultimately leading to chronic kidney disease44.  She received a course of culture-directed intravenous phage therapy.  In the six months prior to treatment the patient had four Klebsiella pneumoniae UTIs, but in the 6 months after treatment she had no UTIs.  The authors hypothesized that the phage cocktail targeted the gut/urinary Klebsiella pneumoniae reservoir.  A clinical trial in a selected population of men, found that phage therapy was non-inferior to standard of care antibiotics, but it was also not superior to the placebo control45.  Nevertheless, the study demonstrated a favourable safety profile.  Such studies, as well as experience in the context of other non-urologic indications46, support further study of bacteriophage therapy for UTI prevention and treatment.
Fecal microbiota transplant (FMT) therapy is the administration of fecal matter from a donor to the gastrointestinal tract of a recipient individual.  It has been used successfully in treatment of recurrent Clostridioides difficile colitis47.  In one report, an 83 year old female with 25-year history of UTI had 5 UTIs over the most recent 4 months prior to her presentation.  Her allergies and resistance profile led to frequent admissions for intravenous antibiotics.  She developed medically-refractory C. difficile, for which she underwent FMT.  Remarkably, she had total resolution of UTI and C. difficile symptoms, and at 25 months did not have any recurrences or require any antibiotic prescriptions48. Another study retrospectively reviewed patients who had recurrent UTIs prior to FMT for C. difficile.  The authors found that FMT was associated with reduction in UTI frequency and an improved antibiotic susceptibility profile.  Such findings, in the context of evidence and investigation regarding FMT safety from the gastrointestinal literature49, strongly support future clinical trials to assess the safety and efficacy of FMT for the prevention of recurrent UTI.
Further urinary catheter development may help to reduce CAUTI frequency. The urinary catheter provides a nidus for microbial biofilm and consequent recurrent infection.  In addition to the above novel modalities for general UTI prevention, new engineering strategies to reduce catheter biofilm formation and subsequent UTI risk are under investigation. For instance, because low wall shear stress encourages bacterial adhesion and biofilm formation50, new designs (recently introduced for ureteral stents) are being developed which aim to increase wall shear stress to mitigate these issues51,52. These findings, emphasize the importance of optimizing the urine flow in catheter design. Another proposed approach involves a geometric design with triangular obstacles, placed inside the catheter’s lumen, to prevent bacterial "upstream swimming," optimized using artificial intelligence, which aims to reduce the retrograde spread from the external environment to the bladder53.Other promising opportunities include the use of nanoparticles for heavy metal delivery, antimicrobial peptides, and bacterial interference wherein commensal bacteria are applied to the surface to out-compete uropathogenic microbes54.
Many of the non-antibiotic strategies to reduce recurrent UTI risk described are hypothesized to achieve efficacy through the reduction of a reservoir (e.g. gut or catheter) of uropathogenic microbiota.  Further investigation should evaluate the relationship between the uropathogenic reservoir outside the urinary tract, its relationship with UTI risk, and whether reservoir depletion should be routinely implemented as a component in recurrent UTI prevention.
Future Considerations
Designing a study into the effectiveness of strategies to reduce recurrent UTI is challenging for several reasons. Principally, it has to be recognised that UTI is a sporadic event, where there are numerous confounders (such as change in general health, hormone status, or inconsistent use of self-care strategies). It means that the patient population needs to be fully evaluated, with knowledge of preceding UTI incidence and all confounders at baseline. They then need to be observed for a sufficient duration, alongside a suitable control group, in order to provide convincing demonstration of reduced UTI frequency. The confounders need to be evaluated throughout the study duration, and this includes potentially personal information, such as a change in partner, contraception method or medication (notably initiation or discontinuation of a gliflozin, a drug class which causes glucose to be expelled into the urine).
Of course, the definition of UTI is debated, and can cause difficulties for persuading funding bodies to provide grant funding. The large range of differing populations potentially affected by a UTI range widely, including women with recurrent cystitis, transplant recipients, frail elderly, indwelling catheter users, and people prone to differing forms of infection (such as pyelonephritis, prostatitis, epididymo-orchitis or prostatitis).  A recent publication of a consensus definition of UTI provides some additional flexibility55. The definition could be adapted for some of these populations, and warrants testing in these groups. A particular challenge is to convince peer reviewers and grant funding bodies whether “UTI -like” symptoms are meaningful and truly based on infection. Of course, pragmatically, many patients are treated in this way in real life practice. Nonetheless, bacteriological confirmation of UTI is often a stipulated requirement. That then causes challenges related to the interpretation of the culture results, not to mention the logistical demands of collection of specimens,  storage and transport. Furthermore, culture methods are selective for predicted uropathogenic organisms, and are likely to be selective against other organisms. This causes difficulty confirming whether other organisms from the microbiota might be contributing to the presentation56. Inevitably, in real life practice, there is a risk of misdiagnosis of UTI when the actual cause potentially could be atrophic vaginitis, thrush, sexually transmitted infection or even detrusor overactivity. 
When it comes to indwelling catheter users, a proxy measure for UTI might be used, for example catheter blockage events. In these cases, where culture is almost always positive and systemic features are generally absent, the formal definition of UTI is not useful. However, if UTI can’t be diagnosed formally it becomes impossible to "test for cure“. Hence there is a conflict, in that we typically advise against urine culture testing for cure clinically, yet the US FDA requires demonstration of a "microbiologic response" for approval of a new intervention.
Delivering solutions for these challenges is very demanding. Potentially running a consensus exercise whilst developing a funding application could help. Ultimately, prevention studies need to run research using large populations, routinely capturing potential confounders throughout the observation period, investing in robust sample and symptom capture processes, and potentially banking specimens to enable retrospective analysis of biomarkers or organisms in anticipation of future technology advances.
Conclusion
This ICI-RS think tank on the topic of UTI prevention has explored many facets which contribute to the development of recurrent infections and outlined the range of existing and ongoing research within this topic area.  We have also detailed the challenges in terms of research methodology that are posed by the design of UTI prevention studies.  The largest evidence base exists for the prevention of recurrent uncomplicated urinary tract infections in women but there are several other patient populations, such as those with indwelling catheters, where significant research has been undertaken.  Much of the evidence discussed within this paper has detailed approaches to UTI prevention that do not involve systemic antibiotic administration.  Given the increasing global threat of antimicrobial resistance development it is vital that such research continues in an attempt to reduce the prominence of and need for systemic antibiotics as a preventive strategy.  As a consequence, several research questions have been proposed and these are summarised in table 1.


Table 1: Important research questions to address in the topic area of UTI prevention
· Prevention of Recurrent UTI
· Is the urinary antiseptic methenamine hippurate effective in preventing complicated urinary tract infections?
· What is the most effective intravesical preventive treatment for recurrent urinary tract infection?
· What is the optimum dosage and mode of administration of cranberry products for prevention of UTIs?
· Is there a role for using established hypoglycaemic agents such as Metformin for the prevention of recurrent urinary tract infections in non-diabetic patients?
· Is the efficacy of vaccine treatment dependent on the specific bacterium causing the UTI?
· Is there a role for surgical fulguration of the trigone in the management of rUTI?
· Prevention of CAUTI
· How can patient education on catheter use and hygiene contribute to reducing CAUTI risk?
· What is the impact of catheter fixation devices and catheter maintenance on catheter-associated urinary tract infections (CAUTI)?
· Do new catheter technologies in patients with recurrent CAUTI result in rUTI rate reduction?
· Which biomarkers could help predict the risk of CAUTI? Are there specific changes in the urinary microbiome that could be clinically relevant?
· What is the optimal package of catheter care to prevent CAUTI?
· New Technologies
· Is “microbiological cure” a necessary endpoint in assessing the efficacy of a new technology?  How does microbiological cure relate to clinical cure?
· Should depletion of a uropathogen reservoir be routinely implemented in the multimodal approach toward recurrent UTI prevention?
· How and over what time frame does phage resistance arise, and does this relate to traditional antibiotic resistance?
· What is the role of fluid dynamics and  how can fluid-dynamic-driven designs help reduce UTI?
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