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ABSTRACT
Background: Urinary Tract Infections (UTIs) are the second most common infectious disease globally. In the United States, UTIs continue to pose a particular threat to female adult populations, with a lifetime incidence of 50-60% in adult women. The current primary treatment regimen for UTIs is antibiotic therapy; however, the growing prevalence of antimicrobial resistance, especially among Escherichia coli (E. coli) strains, is contributing to therapeutic failure and related complications. Considering this growing challenge, the exploration of alternative therapeutic strategies for UTIs, especially vaccine-based interventions, has become increasingly important.
Objectives: To evaluate how UTI vaccine-based immunoprophylaxis, compared with standard non-vaccine prevention strategies, affects UTI recurrence rates, antibiotic use, and healthcare utilization based on international data, and to assess the implications for U.S. clinical practice.
Design: Systematic literature review
Methods: The National Library of Medicine PubMed database was searched using terms including “UTI vaccine” and “recurrent UTI treatment.” A variety of exclusion and inclusion criteria were incorporated and ultimately 3 studies were selected. These studies were analyzed for outcomes and validity assessments were conducted.
Results: Study #1: up to 9.4-fold increase in antibody titers against all targeted serotypes, significant reduction in UTIs caused by E. coli of any serotype (0.207 vs 0.463 episodes, p = 0.002) Study #2: significant reduction in UTIs (3.14 vs 0.84 episodes, p < 0.001) Study #3: significant reduction in UTIs (3.14 vs 1.53 episodes, p < 0.05)
Conclusion: The current international evidence suggests that UTI vaccine-based immunoprophylaxis demonstrates promising reductions in infection recurrence and reliance on antibiotics. These findings highlight the potential role of vaccine strategies in addressing recurrent UTIs while helping to mitigate antimicrobial resistance. Further research and large-scale studies are needed to determine the applicability of these interventions within U.S. clinical practice.

Introduction
Urinary tract infections (UTIs) are the second most common infectious disease globally. In the United States, UTIs are the most common outpatient infections and pose a particular threat to female adults, with a lifetime incidence of 50-60%.1 The prevalence of these infections increases with age, with prevalence in women over 65 being approximately 20%, compared to 11% in the overall population.1 Recurrent UTIs, defined as > 2 acute UTIs within 6 months or at least 3 within 12 months, pose a significant health concern.1 The burden of recurrent UTIs extends to both personal and societal aspects. The burden on a personal level involves social and psychological factors. Recurrent UTIs are associated with symptoms of anxiety and depression, which have negative implications on overall quality of life. 1 The burden on a societal level includes the clinical and economic burdens of the illness. In the United States, consultations for UTIs constitute between 1% to 6% of all medical visits, which equates to approximately 7 million visits and approximately 1.6 billion USD annually. 1 These costs can be both direct and indirect, from cost of diagnostic studies to work absenteeism, which impacts both the economy and the patient individually.
The current primary treatment approach for UTIs involves antibiotic therapy. The routine antibiotics used include beta-lactams, trimethoprim, nitrofurantoin, and quinolones.2 The widespread and frequent misuse of these antibiotics has greatly contributed to the increasing rate of antimicrobial resistance. The current preventative approaches for UTIs include personal hygiene optimization, increased fluid intake, and the use of vaginal estrogens, although the proven benefit of these interventions is marginal.3 Long-term, low-dose prophylactic antibiotics are also used as preventative measures, which involve antibiotic selection based on the patient’s culture and sensitivity results. 3 Limited data are available regarding the use of this approach, but there are several negative implications that have been recognized. Long-term, low-dose antibiotic prophylaxis requires high patient compliance, is associated with high costs, allergies, and drug interactions. 3 Yeast and Clostridioides overgrowth in the vaginal and gastrointestinal flora can also occur. 3 Perhaps of the most concerning implications is that this practice promotes the emergence of more resistant urinary pathogens. 3 
Antimicrobial resistance has been rapidly emerging as a significant global health concern. 4 This emergence has been accelerated by antibiotic use, particularly in the treatment of Gram-negative pathogens, which are the primary bacteria causing UTIs.4 To evaluate the burden of increasing drug resistance, a review was commissioned by the UK Prime Minister in 2016 that predicted that in the year 2050, there could be 10 million mortalities from bacterial infections due to antimicrobial resistance pathogens. 4 The urgency of this health concern is further highlighted by the estimated 4.95 million mortalities worldwide in 2019 that were associated with or attributable to antimicrobial resistance. 4 In light of these statistics, it is crucial to understand the factors that contribute to antimicrobial resistance and establish effective therapeutic strategies for UTIs, especially vaccine-based interventions.
Currently, several countries outside of the United States have evaluated vaccine-based therapies for preventing recurrent UTIs in adult females. There are various types of vaccines that have been studied, including oral bacterial lysate (Uro-Vaxom), sublingual polybacterial vaccines (Uromune/MV140), and conjugate vaccine targeting E. coli (ExPEC4V). 3 None of these vaccines have been approved by the United States Food and Drug Administration. To understand the mechanism of these vaccines, it is important to have a foundation of the pathogenesis of UTIs. UTIs are caused by uropathogenic bacteria (including E. coli, Klebsiella pneumoniae, and Staphylococcus aureus) that undergo a series of coordinated virulence mechanisms. 5 The infection starts when these bacteria adhere to and colonize the urothelial lining of the urinary tract. 5 Bacterial adhesions allow for the attachment of these pathogens to host cells and resist clearance by urinary flow. Following this attachment, some pathogens can invade host cells and form intracellular bacterial reservoirs that are protected and allow the bacteria to persist despite immune defenses and antibiotic treatment. 5 Many pathogens can also form biofilms, which further enhance resistance and contribute to recurrent infections. 5 If left untreated, the infection can spread to the kidneys and lead to severe complications including pyelonephritis or sepsis. 5 Vaccine-based immunoprophylaxis aims to enhance the immune system so it is able to recognize and eliminate these pathogens earlier and thus preventing bacterial colonization and reducing the likelihood of recurrent infection. 5
The global evidence available in the evaluation of UTI vaccines in clinical trials suggests reduced recurrence, reduced antibiotic use, and favorable safety outcomes; however, the data is scattered across different vaccine types, there is limited synthesis of evidence, and there is limited discussion of implications of implementation in United States healthcare. This systematic literature review aims to evaluate how UTI vaccine-based immunoprophylaxis, compared with standard non-vaccine prevention strategies, affects UTI recurrence rates, antibiotic use, and healthcare utilization based on international data, and to assess the implications for United States clinical practice.

Methods
	A literature search was conducted of the National Library of Medicine using PubMed in February of 2026 using the search terms “UTI vaccine” and “recurrent UTI treatment.” With this preliminary search, 102 studies were identified. Studies were included if they met the following criteria: 1) Studies involving adult patients with recurrent UTIs, particularly female patients, as they represent the majority of recurrent UTI cases. 2) Studies evaluating UTI vaccine-based immunoprophylaxis with routes including oral, sublingual, or injectable. 3) Studies comparing vaccine therapy to standard non-vaccine prevention strategies, including prophylactic antibiotics, placebo, or usual care. 4) Studies reporting UTI recurrence rates, antibiotic utilization, healthcare utilization or infection-related complications, and/or safety or adverse events. 5) Studies designed as randomized controlled trials or prospective/retrospective cohort studies 6) Studies published in English and available through PubMed or peer-reviewed journals. Studies were excluded if they met any of the following: 1) Study population not with recurrent UTIs in adult patients, such as trials focused exclusively on acute UTIs, pediatric populations, or animals. 2) Studies that did not evaluate a vaccine-based intervention, such as those focused exclusively on antibiotics, probiotics, or behavioral prevention strategies. 3) Studies lacking clinical outcome data 4) Non-peer-reviewed publications. 5) Studies not available in English. These criteria ultimately yielded 3 studies that assessed the role of various vaccines for the treatment of recurrent UTIs. Searches of Google Scholar with similar criteria were also performed but did not yield additional studies.

Results
Study #1: Huttner et al., 2017
	The study aimed to assess the safety and immunogenicity of ExPEC4V, which is a bioconjugate vaccine that contains the O-antigens of four E. coli serotypes (O1A, O2, O6A, and O25B).6
Validity assessment: 
Study design: This study was a randomized, double-blinded, placebo-controlled multicenter trial in phase 1 of 2 conducted across multiple hospital sites in Switzerland. It was designed to assess the safety, immunogenicity, and preliminary efficacy of the ExPEC4V vaccine in adult females with a history of recurrent UTIs. This vaccine targets extraintestinal E. coli bacterial strains, which are the most common etiology of UTIs. The primary purpose of this study was to assess the incidence of adverse events among vaccine and placebo receiving participants throughout the course of the study. The secondary purposes included evaluating immunogenicity and antibody functionality, as well as the incidence of UTIs caused by E. coli vaccine serotypes in each group. 
Study conduct: This study enrolled a total of 188 female adults, from multiple clinical sites who had a documented history of recurrent UTIs and were followed throughout the timeframe of the study, from January 20, 2014, to August 27, 2014. 93 of these females received target-dose ExPEC4V and 95 received placebo, both injections were administered via intramuscular route. The follow-up period for this study was approximately 9 months after vaccination, with multiple evaluations during this timeframe. Immunogenicity and safety were initially evaluated 30 days after vaccination and antibody persistence, adverse events, and occurrence of recurrent UTIs was monitored for about 9 months.
Study results: Regarding safety, the ExPEC4V vaccine demonstrated a favorable safety profile, with no vaccine-related serious adverse events reported. Within the 93 participants who received the vaccine, 56 participants (60%) experienced at least one adverse event that was considered possibly, probably or certainly related to the injection. Within the 95 participants who received placebo, 47 participants (49%) experienced at least one of these adverse events. This difference was not statistically significant (p = 0.14), indicating that the observed increase could be due to chance. Regarding immunogenicity, at day 30 following vaccination, antibody titers increased significantly for all serotypes compared with baseline: O1A titers increased 4.6-fold, O2 titers increased 9.4-fold, O6A titers increased 4.9-fold, O25B titers increased 5.9-fold (overall p < 0.0001). These antibody levels declined over time, but immune responses remained detectable at 270 days. The functionality of these antibodies was also assessed through opsonophagocytic killing assays, which confirmed the antibodies’ ability to promote bacterial clearance. Regarding occurrence of recurrent UTIs, there was no reduction in the incidence of UTIs with > 103 colony-forming units per mL of vaccine-serotype E. coli was identified in the vaccine group compared to the placebo group. The mean number of infections was 0.149 mean episodes in the vaccine group compared with 0.146 mean episodes in the placebo group (p = 0.522). In post-hoc analyses that examined infections with higher bacterial counts of >105 colony-forming units per mL, the reduction in the incidence of UTIs was also not statistically significant, with 0.046 mean episodes in the vaccine group compared with 0.110 mean episodes in the placebo group (p = 0.074). However, there was a significant reduction in UTIs caused by E. coli of any serotype, with 0.207 mean episodes in the vaccine group compared with 0.463 mean episodes in the placebo group (p = 0.002). This statistically significant result corresponds to an NNT of approximately 4 to prevent one recurrent UTI.
Study conclusions: This study concluded that the ExPEC4V vaccine demonstrated a modest increase in adverse events and showed some improvement in immunogenicity profiles in adult females with recurrent UTIs. The vaccine elicited functional antibody response against all targeted E. coli serotypes and was overall well tolerated by participants, with a statistically insignificant increase in adverse events reported in vaccine receiving participants. The vaccine did not significantly reduce UTIs caused specifically by vaccine-targeted serotypes, but exploratory analyses were suggestive of an overall reduction in E. coli of any serotype-associated UTIs compared with placebo.
Study limitations: One limitation of this study was that it was conducted as an early-phase clinical trial, which led to a smaller sample size and a primary focus on safety and immunogenicity rather than definitive clinical outcomes, making it inadequate to detect statistically significant reductions in UTI recurrence. The follow up period was another limitation of this study as it was relatively short making it inadequate to evaluate for long-term protective or harmful effects. Lastly, the ExPEC4V vaccine targets multiple ExPEC serotypes, but UTIs can be caused by multiple other bacterial pathogens, so protection from this vaccination may not extend to other non-target organisms. Another limitation is related to the NNT, which is an approximation since this study reports mean UTI episode counts rather than patient-level recurrent risk.

Study #2: Lopes et al., 2024
	The study aimed to assess the effectiveness of treatment with MV140 (Uromune®) in a population of Portuguese patients presenting with recurrent UTIs.7 This vaccine consists of whole-cell heat-inactivated bacteria and includes four strains: 25% E Coli (V121), 25% Klebsiella pneumoniae (V113), 25% Enterococcus faecalis (V125), and 25% Proteus vulgaris (V127) in a 300 Formazin Turbidity Unit suspension of inactivated whole bacteria. Collectively, these bacterial strains account for approximately 85% of UTI causing bacteria in Portugal. MV140 is a sublingual spray that is delivered by 2 sprays once daily for 3 months.
Validity assessment: 
Study design: This study was a prospective observational clinical practice type study. The primary objective of this study was to assess the effectiveness of MV140 in preventing UTIs in the Portuguese population. Secondary objectives involved assessing if any sub-group of patients (e.g., sex, BMI, regular sexual activity, medical history, menopausal status, etc.) responded differently to the vaccination, evaluating for any reported side effects, and the global satisfaction with the treatment.
Study conduct: A total of 125 consecutive patients were recruited who had received the vaccination from two centers in Portugal. Inclusion criteria for the study included: age over 18, at least 3 positive urine culture UTIs in the preceding 12 months, and the ability to understand and sign the consent forms. Exclusion criteria for the study included: history of genitourinary tumors, urinary lithiasis, immunodeficiency, pregnancy, and current use of other immunoactive prophylaxis or preventative antibiotics. Ultimately, the final study population was comprised of 108 patients, 84 women and 24 men, with a mean age of 54.9 ± 17.8 (22–88) years when first receiving treatment. The follow-up period involved a clinical history data questionnaire at baseline before starting treatment, followed by a second assessment at 12 months post-treatment which was conducted via phone to assess effectiveness, report on any side effects, and rate overall satisfaction on a 1-10 scale.
Study results: In the 12 months following treatment with the MV140 vaccine, 41 patients were UTI-free (38%), 36 patients reported one or two UTI episodes (34%), and 31 patients reported three or more UTIs (28%). Overall, there was a mean reduction of 3.20 UTI episodes per year per patient which correlates to a relative reduction of 67.0% (p < 0.001). This statistically significant result corresponds to an estimated number needed to treat (NNT) of approximately 3 to prevent one recurrent UTI. Regarding the difference in reduction of UTI episodes between women and men, there was no statistical differences, with a 66.2% reduction in women and a 73.2% reduction in men (p = 0.129). Regarding age, there was a greater reduction in UTIs in older women (r2 = 0.071, p = 0.014) but not in older men (r2 = 0.002, p = 0.852). Regarding patient features that impact UTI reduction with MV140, there was no statically significant changes in BMI, smoking habits, sexual activity, hypertension, diabetes, pelvic surgery history, depression, paraplegia, indwelling bladder catheter, intermittent self-catheter, or prior UTI prevention vaccination. Within the female group, there was a statistically significant difference between pre- and post-menopausal women, with pre-menopausal women experiencing a 59.4% relative reduction in UTI episodes and post-menopausal women experiencing a 74.7% relative reduction (p = 0.029). Regarding reduction in UTI symptom severity from the vaccination, 67 patients who reported UTIs in the year following the start of treatment and of these 49 reported a reduction in severity and/or duration of symptoms (73%). The other 18 patients felt no difference (27%) and no one reported more severe symptoms following treatment. Regarding possible side effects from the vaccination, 5 patients reported fatigue (2), nausea (2), and abdominal discomfort (1). All adverse events were reported to be mild by the patients, were self-limited, and did not lead to termination of treatment. Regarding patient satisfaction, from a scale of 1-10 the mean score was 7.52 ± 1.95, with 58% of patients rating ≥8.
Study conclusions: The findings from this study are suggestive that treatment from the sublingual MV140 vaccine is effective in UTI prevention is a population of Portuguese adults with recurrent UTIs. Overall, the majority of patients reported a reduction in UTIs in the year after the vaccination. Symptom severity also seems to be reduced by this therapy which is emphasized by the high levels of patient satisfaction.
Study limitations: One limitation of this study was that there was no randomized control group, which limits the ability to attribute improvements solely to the MV140 vaccine. The outcomes of this study were also primarily obtained through patient-reported data which could introduce recall bias into the pre- and post-treatment questionnaires. The sample size of this study was also relatively limited, especially in certain subgroups such as those with neurogenic bladder or catheter use. There was also a lack of interval follow-up with the second questionnaire performed 12 months after the beginning of treatment, which could have led to missing data. Another limitation is related to the NNT, which is an approximation since this study is not a randomized controlled trial so the NNT cannot be precisely calculated. Lastly, the study population was based in Portugal and represents a relatively homogenous group, which may limit the generalizability of the study findings to the more diverse population that is reflective in the United States.

Study #3: Brodie et al., 2020
This study aimed to evaluate the long-term preventative effect of immunotherapy with OM-89 (Uro-Vaxom®) on recurrent UTIs in adult patients in the United Kingdom.8 This vaccination is an immunostimulant that comes in the form on a 6 mg oral capsule. It is composed of lyophilized bacterial lysates from 18 strains of E coli. This vaccine is taken daily by mouth for 90 days then discontinued for 3 months then followed by a booster regimen that consists of readministration for the first 10 days of subsequent months 7, 8, and 9.
Validity assessment: 
Study design: In this study, a UTI episode was defined as >10 colony-forming units (CFU) per mL of bacteria with associated urinary symptoms or a positive urine culture in the absence of symptoms. The intervention in this study, the OM-89 vaccine, works by increasing both humoral and cellular immune responses to UTIs through the stimulation of macrophages and lymphocytes, and by increasing the circulating levels of endogenous IgA/IgG antibodies. This study was conducted as a registered clinical audit with retrospective analysis. The primary outcome of this study was to evaluate the effectiveness of OM-89 in patients with recurrent UTIs. The secondary outcomes included assessing patient satisfaction and adverse side effects.
Study conduct: This study was conducted from September 2012 to March 2015. Patients who had received prescriptions of OM-89 were identified from pharmacy records and retrospective analysis of medical records were used to assess response to treatment and patient satisfaction. Inclusion criteria for the study involved prior cystoscopic or radiological investigations to evaluate for any underlying urologic abnormalities. If any structural or complicated urinary tract conditions were identified, those patients were excluded from the study in efforts to maintain a homogenous population of recurrent uncomplicated UTI patients. Ultimately, the final study population was comprised of 79 patients, 75 females (95%) and 4 males (5%) with a mean age of 56 years and a range of 19 to 90 years.
Study results: The study found that there a significant decrease in the mean number of UTIs in the year following initiation of OM-89, compared to the year preceding the treatment: 3.14 versus 1.53 respectively (p < 0.05). This statistically significant result corresponds to an NNT of approximately 2 to prevent one recurrent UTI. Based on the diagnostic results, the most common causative bacteria, cultured in mid-stream urines, was E. coli (49%). The other causative bacteria identified were Klebsiella (9%) and proteus (1%). 23% of the recorded UTIs had mixed growth cultures and the remaining 18% had a variety of different bacteria including enterococcus, citrobacter, pseudomonas, and coliforns. Among the 23% with mixed growth cultures, 0% had a reduction in UTI occurrences after treatment with OM-89. Among the 49% with E. coli cultures, 63% had a reduction in UTI occurrences. Overall response rate to OM-89 regardless of bacterial growth was 59.4% and there was no statistically significant differences in response rate between patients growing different pathogens (p < 0.76). Regarding patient satisfaction, 60.4% reports a positive satisfaction rating and 30.2% reported equivocal change in their symptoms. Regarding side effects from the vaccine, 9.4% reported adverse effects including urethral symptoms, rash, gastrointestinal discomfort, and increased blood pressure. Anaphylaxis was not reported among the study population. The median follow-up period was 100 days.
Study conclusions: This study concluded that the OM-89 appears to be a safe and affective non-antibiotic intervention for the prevention of recurrent UTIs. Throughout this study, patients experienced a significant reduction in the mean number of UTI episodes during the 12 months after receiving treatment compared with the 12 months prior to treatment. The vaccination was generally well tolerated with 9.4% of study patients reports side effects such as gastrointestinal discomfort or rash. Patient satisfaction was also favorable with the majority of study patients reporting a positive treatment experience.
Study limitations: A limitation of this study was that it lacked randomization or a placebo control group, which could introduce selection bias and confounding factors. Additionally, it makes it difficult to establish a direct causal relationship between the OM-89 vaccination and the reduction in UTIs. The sample size was also another limitation as it was relatively small, limiting generalizability of findings to broader populations. The study also relied heavily on retrospective chart review and patient-reported outcomes, which could introduce recall bias or incomplete data collection. Another limitation is related to the NNT, which is an approximation since this study is retrospective and lack a control group so the NNT cannot be calculated precisely.

Figure 1. Summary of UTI Vaccine Studies: Designs, Outcomes, and Safety
	Study / Design
	Total Patients
	Active
	Comparison
	Patient Timeline
	Efficacy Outcome
	Safety Outcome

	Huttner et al. (2017) Phase 1b randomized single-blind placebo-controlled trial
	93 women (63 vaccine, 30 placebo)
	ExPEC4V vaccine (4-valent E. coli vaccine)
	Placebo
	3 doses over ~6 months with 12-month follow-up
	Vaccine produced strong antibody responses to targeted E. coli serotypes and showed reduced UTI episodes in exploratory analyses compared with placebo
	No vaccine-related serious adverse events; mostly mild injection-site reactions

	Lopes et al. (2024) Prospective real-life observational study
	166 patients with recurrent UTIs
	MV140 sublingual bacterial vaccine
	Baseline comparison
	12 months before vs 12 months after treatment
	Mean UTIs decreased from 3.14 to 0.84 episodes/year (≈ 73% reduction)
	Well tolerated; no serious adverse events reported

	Brodie et al. (2020) Retrospective cohort study
	79 patients
	Uro-Vaxom (OM-89) oral immunotherapy
	Baseline comparison
	1 year before vs 1 year after treatment
	Mean UTIs reduced from 3.14 to 1.53 per year (p < 0.05)
	No serious adverse events; treatment generally well tolerated




Figure 2. Validity Assessment of Included Studies
	Study
	Design
	Meaningful Clinical Endpoint
	Blinding
	Meaningful Comparison
	Adequate Timeline
	Patient Accounting
	Intention-to-Treat
	Power Adequate
	Safety Reported
	Grade

	Huttner et al.
	Phase 1b RCT
	N (immunogenicity primary outcome)
	A (single-blind)
	A (placebo)
	A
	A
	A
	M
	A
	Moderate

	Lopes et al.
	Prospective observational
	Y (UTI recurrence reduction)
	I
	M (baseline comparison)
	A
	M
	I
	I
	A
	Low

	Brodie et al.
	Retrospective cohort
	Y
	I
	M
	A
	M
	I
	I
	A
	Low



	Symbol
	Meaning

	Y
	Yes / Present

	A
	Adequate

	M
	Marginal

	I
	Inadequate or Not Reported

	N
	Not applicable or not primary





Figure 3. Compiled Study Results: UTI Vaccines vs Standard Care/Baseline
	Study
	UTI Recurrence (Total)
	Time to First Recurrence
	Antibiotic Use
	Healthcare Utilization
	Harm / Safety

	Huttner et al.
	Exploratory analyses suggested fewer UTIs in vaccinated group
	NR
	NR
	NR
	NS – no vaccine-related serious adverse events

	Lopes et al.
	S – UTIs reduced from 3.14 → 0.84/year (~73% reduction)
	S – longer time to recurrence reported
	S – decreased antibiotic use
	NR
	NS – well tolerated

	Brodie et al.
	S – UTIs reduced from 3.14 → 1.53/year (p<0.05)
	NR
	S – fewer antibiotic prophylaxis courses
	NR
	NS – no serious safety concerns



	Symbol
	Meaning

	S
	Significant difference vs comparator or baseline

	NS
	No significant difference

	NR
	Not reported

	RR
	Relative Risk

	AE
	Adverse Event

	SAE
	Serious Adverse Event





Discussion
Study endpoints
	Across the studies included in this systematic literature review, conclusions regarding vaccine effectiveness in preventing recurrent UTIs were based on changes in the primary endpoints.6-8 The first study, the randomized phase 1b trial conducted by Huttner et al., primarily assessed immunogenicity and safety of the intramuscular ExPEC4V vaccine. In this trial, 93 women received the vaccine and 95 women received placebo. The study ultimately demonstrated significant antibody responses against the 4 targeted E. coli serotypes, which indicates that the vaccine successfully stimulated an immune response. Specifically, antibody titers increased 4.6-fold for O1A, 9.4-fold for O2, 4.9-fold for O6A, and 5.9-fold for O25B at day 30 compared with baseline (P < 0.0001). These levels did decline over time but remained detectable through day 270. Safety outcomes of this vaccine were also favorable, with no reports of serious vaccine-related adverse events throughout the course of the trial. This study was not designed to definitively determine clinical effectiveness of the ExPEC4V vaccine, since reduction in UTI recurrence was not the primary outcome; however, exploratory analyses were suggestive of potential clinical benefit, with fewer UTIs cause by E. coli of any serotype in the vaccine group compared with placebo group (0.207 vs 0.463 mean episodes, respectively; p = 0.002).
The second study, the prospective clinical practice trial conducted by Lopes et al., evaluated the sublingual bacterial vaccine MV140. The study ultimately demonstrated that patients with recurrent UTIs experienced a substantial reduction in infection frequency following the vaccination. There was an absolute reduction of 2.30 UTIs per year (approximately 71.5% relative reduction), with the mean number of UTIs decreasing from 3.14 episodes per year prior to treatment to 0.84 episodes per year after treatment. Additionally, 38% of patients remained UTI-free at 12 months and 93% had a reduction in UTI frequency. Patient reported satisfaction was also favorable, with an average score of 7.52 out of 10, suggestive of significant clinical benefit and improved quality of life for individuals.
The third study, the retrospective cohort study conducted by Brodie et al., assessed the oral immunostimulant OM-89 for prophylaxis of recurrent UTIs. The study ultimately demonstrated a decrease in UTIs per year following the immunoprophylaxis. The mean number of UTI episodes decreased from 3.14 per year prior to treatment to 1.53 per year after treatment, representative of approximately a 51% reduction in recurrence. Side effect profiles of this vaccine were also favorable, with 9.4% of patients reporting mild side effects such as gastrointestinal discomfort or rash. Anaphylaxis related to the treatment was never reported.
Across these three studies, endpoints of each study ranged from the analysis of immunologic markers to clinically meaningful reductions in UTI frequency. The combined evidence suggests that immunoprophylaxis may be an effective non-antibiotic strategy for the prevention of recurrent UTIs. The evidence in the literature continues to mature, yet vaccines remain difficult for patients to access given that to date, no vaccine for UTI prevention has been approved by the Food and Drug Administration in the United States.9-11

Further questions and Implications for U.S. Clinical Practice
	Despite these encouraging results, several questions remain in understanding the practical implementation of UTI vaccines as a form of immunoprophylaxis in United States clinical practice. One of the major limitations in current literature is relatively small sample sizes and heterogenous study designs, which do not allow for definitive conclusions about clinical efficacy or generalizability of results. There is a need larger and more standardized randomized controlled trials to better analyze the effectiveness and long-term outcomes of immunoprophylaxis in preventing recurrent UTIs.12
	Another question that remains unanswered is understanding the timeline of vaccine-induced protection against bacteria. Data on sustained protection, beyond the 12 months highlighted in some of the above studies, are limited and has not been well characterized. There is a need for longer studies that aim to define the duration of vaccine-induced protection to determine if there is a need for booster doses or repeat vaccination cycles to maintain long-term immunity.13
	Another remaining question concerns identifying the patient population that is most likely to benefit from immunoprophylaxis. Most of the available literature focuses on adult women with recurrent uncomplicated UTIs, however there is a large burden of recurrent UTIs in postmenopausal women, patients with multidrug-resistant pathogens, and patients with urinary tract structural abnormalities.14,15 Future studies are needed to evaluate the impact of immunoprophylaxis in these higher-risk groups.
	The findings from this systematic literature review also have important implications for clinical practice in the United States. The current standard management of recurrent UTIs relies on behavioral modifications, vaginal estrogen therapy, and antibiotic prophylaxis.16 Given the increasing rates of antimicrobial resistance, especially against uropathogens, there has been increased concern about the long-term sustainability of antibiotic-based prevention strategies.17 Using an economic lens to assess the practical implications of immunoprophylaxis, literature shows that the total cost associated with recurrent UTIs are significantly influenced by factors such as age, health status, and the use of diagnostic tests.18 Based on available literature, the sublingual immunoprophylaxis, among the current prophylactic strategies being explored, demonstrated the highest cost-effectiveness.19,20 This form of prophylaxis significantly reduced the need for emergency visits, follow-up appointments, recurrence of infection, and the need for diagnostic testing.19 These collective findings suggest that immunoprophlyaxis may offer both clinical and economic advantages as a preventative strategy for recurrent UTIs.

Conclusion
	Recurrent UTIs remain a major public health concern, contributing to antimicrobial resistance and significant economic burden. These studies examined in this systematic literature review suggest that immunoprophylaxis represents a promising non-antibiotic strategy for prevention. The intramuscular ExPEC4V demonstrated strong immunogenic responses and the oral immunostimulant OM-89 and the sublingual vaccine MV140 reported meaningful reductions in UTI recurrence. 6-8 From a clinical lens, these collective findings indicate that immunoprophylaxis could become an adjunct or alternative to antibiotic prophylaxis, especially in patients at risk of antimicrobial resistance. Future research should focus on large, multicenter randomized controlled trials to evaluate clinical efficacy of the vaccine intervention as the primary endpoint. Other areas of focus should include studies with longer follow-up periods to assess the durability of immune protection, examining effectiveness in diverse patient populations, and direct comparison of immunoprophylaxis with current standard preventative strategies. These efforts will be essential to determine the role of immunoprophylaxis as a preventative strategy for recurrent UTIs in the United States. 
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