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Abstract 

Introduction: 

Urinary tract infections (UTIs) represent a major global health burden, with recurrent UTIs 

(rUTIs) severely impacting patient quality of life and imposing billions of dollars in annual 

economic costs. Rising antimicrobial resistance among uropathogenic Escherichia coli 

(UPEC)—the primary causative pathogen—has created an urgent need for non-antibiotic 

prophylactic strategies, accelerating interest in immunotherapeutic interventions and vaccines. 

Aim: The aim of this narrative review is to evaluate E.coli immunoprophylaxis in rURI 

treatment according to the newest worldwide recommendations and synthesise further  

Material and methods: 

A narrative literature search was conducted using PubMed and Google Scholar for English- 

and Polish-language studies published up to May 2026. Keywords included variations of "OM-

89", "Uro-Vaxom", "E. coli immunotherapy", and "recurrent UTI". Eligible literature 

comprised randomized controlled trials, observational studies, systematic reviews, meta-

analyses, preclinical models, and official clinical guidelines. A narrative synthesis was 

performed across core thematic domains. 

Results: 

UPEC relies heavily on type 1 fimbrial adhesin (FimH) to adhere to the bladder uroepithelium 

and form intracellular bacterial communities (IBCs) that evade antibiotic clearance and host 

defenses. Clinically, the oral immunomodulating bacterial extract Uro-Vaxom (OM-89) has 

historically demonstrated reductions in rUTI frequency and dysuria symptoms. However, 

recent evaluations highlight study heterogeneity and inconsistent outcome measures, leading 

international bodies such as the European Association of Urology (EAU) to downgrade their 

recommendation for OM-89 from strong to weak in 2026. Simultaneously, novel subunit 

vaccines targeting the FimH adhesin (e.g., adjuvanted FimCH) are emerging; early clinical 

trials demonstrate a favorable safety and immunogenicity profile, establishing a pathway for 

upcoming Phase 2 evaluation. 

Conclusions: 

While OM-89 has long served as a key non-antibiotic prophylactic option, shifting guideline 

recommendations emphasize the necessity for standardized, high-quality randomized 

controlled trials to definitively establish its efficacy. Concurrently, target-specific interventions 

like FimH subunit vaccines represent a promising next-generation immunotherapeutic 

approach to break the cycle of rUTIs without driving antimicrobial resistance. 



Keywords: Recurrent Urinary Tract Infection (rUTI), Escherichia coli, Uro-Vaxom (OM-89), 

FimH adhesin, Vaccine, Immunotherapy, Antimicrobial Resistance. 

 

  

Introduction 

Urinary tract infections (UTIs) are among the most common bacterial diseases worldwide, 

being around 40% of all hospital-acquired infections and 10-20% non-hospital acquired 

infections [1]. The European Association of Urology (EAU) classifies UTIs as either 

complicated (males or women with risk factors or anatomical urinary tract variations) or 

uncomplicated [2]. The estimated prevalence of uncomplicated UTIs exceeds 50% in the 

women population, while 20% to 40% of those cases are experiencing recurrent UTIs (rUTIs), 

defined as at-least two episodes of cystitis in a period of 6 months, or at-least three episodes 

over 12 months [3,4]..  

While an isolated episode of acute, simple cystitis, the most common UTI,  is considered rather 

innocuous, recurrent UTIs significantly reduce patients` quality of life [5]. The disease creates 

an enormous financial and economic burden on the entire society, as it greatly interferes with 

normal daily activities and reduces patients’ work productivity. In the USA alone, the societal 

costs of management of UTIs is estimated from 2.4 billion up to even 5 billion US dollars 

annually [3]. According to a study conducted by Yining He and co. in 2021, the global trend 

of increasing UTIs cases is projected to continue until at least 2050 [6]. 

Empirical antibiotics remain the first-line treatment for cystitis, with uropathogenic 

Escherichia coli (UPEC) identified as the leading pathogene, responsible for around 80% of 

uncomplicated and 65% of complicated UTIs [5, 7]. While most UTIs respond effectively to 

antibiotics, multidrug-resistant bacteria are being more and more frequently found in urine 

cultures. Growing antibiotic resistance is an increasing problem addressed by the World Health 

Organization since 2015. A global action plan to create new and alternative strategies to fight 

bacterial infections created that year was evaluated and improved over the years, the newest 

addition in May of 2026. The improved strategy for 2026-2036 emphasizes the need to 

intensify infection prevention and the overall need for antimicrobials [8]. Following those 

recommendations, modern urological research has turned toward immunotherapeutic 

interventions focusing on the primary pathogen virulence.  

Uropathogenic Escherichia coli utilizes virulent structures; most notably the FimH adhesin 

found on type 1 pili; to anchor itself tightly to the bladder mucosa, avoiding mechanical 

clearance of urine flow and forming resilient reservoirs that result in frequent recurrences even 

https://pubmed.ncbi.nlm.nih.gov/?term=%22He%20Y%22%5BAuthor%5D


after proper antibiotic treatment [9, 10]. The need to break this cycle of recurrence without 

further fueling drug resistance resulted in creation of Escherichia coli vaccine. There is 

currently only one UPEC vaccine - Uro-vaxom - available on the market, while few others, 

targeting especially immunogenic properties of FimH, are currently under study. This review  

aims  to  synthesize  the  current literature on newest guidelines of E. coli vaccines mileage in 

rUTIs treatment. 

MATERIALS AND METHODS   

This narrative review summarizes current evidence on the role of E. coli vaccines and the 

newest guidelines of its usage in recurrent Urinary Tract Infections treatment. A literature 

search was conducted in PubMed and Google Scholar for studies published up to May 2026 

using keywords related to: “OM-89”, “Uro-vaxom”, “Escherichia coli immunoprophylaxis” or 

“E.col immunotherapy”, “Urinary Tract infections” or “recurrent Urinary Tract infections” or 

“recurrent UTI”. 

Only English-language and Polish-language full-text articles were included. Eligible studies 

comprised randomized controlled trials, observational studies, systematic reviews, meta-

analyses, relevant experimental research (in vitro and animal models) and official guidelines. 

Given the heterogeneity of the available literature, a narrative synthesis was performed, with 

findings organized into thematic domains including Urinary Tract Diseases classification and 

definition, Escherichia coli virulence, Om-89 effectiveness and worldwide recommendations, 

and new immunological rUTI prophylaxis discoveries. No meta-analysis was conducted. 

 

E.coli virulance 

Uropathogenic Escherichia coli is the predominant species of pathogens in UTIs. The 

pathogenesis of UPEC relies heavily on its ability to ascend from the gastrointestinal tract and 

colonize the specialized host epithelium of the bladder. A critical mechanism driving this 

process is bacterial adherence to the uroepithelium, which prevents the mechanical clearance 

of bacteria through urination. This attachment is mediated by type 1 pili, specialized surface 

structures that display an adhesin protein known as FimH at their fimbrial tips. The lectin 

binding domain of FimH (FimHLD) specifically attaches to mannosylated glycoproteins 

present on mammalian bladder surfaces [9,10]. Once anchored, UPEC can invade the bladder 

epithelial cells and proliferate intracellularly, forming dense intracellular bacterial 

communities (IBCs). These IBCs act as dormant, protected reservoirs that shield the bacteria 

from host immune detection and severely limit the intracellular penetration of conventional 

antibiotic treatments. When antibiotics are discontinued or host conditions shift, these 



reservoirs can reactivate, leading to persistent bacterial shedding and high rates of clinical 

recurrence. 

 

Uro-Vaxom (OM-89) as an Immunoactive Prophylactic Strategy 

The first clinically safe immunotherapeutic Uro-Vaxom (OM-89) was registered in Germany 

and Switzerland in 1987. This bacterial extract contains six milligrams of lyophilized bacterial 

lysates from eighteen strains of E. coli which stimulates immunological response [3]. It 

promotes T-lymphocytes proliferation and dendritic cell formation, induces interferon release 

and raises IgA level in the urine. It`s administered orally for 90 days and can be prescribed 

from the age of 4. Data about OM-89 usage during pregnancy are limited and insufficient, 

therefore it`s not recommended in this group of patients [11]. Both safety and efficacy of this 

immunomodulator have been widely investigated over the years. The early review by Kurt G. 

Naber and co from 2009 [12] summarised the first 7 trials revealing that using OM-89 decreases 

the number of rUTI by almost 36%, additionally reducing dysuria and possibly leukocyturia or 

bacteriuria after 6 months of usage. OM-89 efficacy was also confirmed in a study involving 

menopausal women with 65% reduction in rUTI. However, a significant reduction in this 

treatment option was noticed in regard to diabetics [13]. That data resulted in OM-89 

prophylaxis being recommended by the European Association of Urology (EAU) [4], Colegio 

Mexicano de Especialistas en Ginecología y Obstetricia (COMEGO) [14] , Sociedad Española 

de Enfermedades Infecciosas y Microbiología Clínica (SEMIC) [15], Swiss Society of 

Gynaecology and Obstetrics (SSGO) [16] and Arbeitsgemeinschaft der Wissenschaftlichen 

Medizinischen Fachgesellschaften (AWMF) [17] guidelines by  2022. OM-89 was also 

recommended in 2024 by Guidelines of the Polish Urological Society, Polish Society of 

Gynaecologists and Obstetricians and the Polish Society of Family Medicine [1] on the 

diagnosis, therapy and management of postpartum lower urinary tract infections. However, that 

trend has since declined. The literature review conducted in 2025 [5] summarized existing  

trials showcasing that OM-89 efficacy exceeded the prior estimates and reduced rUTI and 

dysuric symptoms from approximately 34% to over 80% compared to placebo. Thus the review 

also stated that the presented studies were heterogenic in outcome reporting, varied in follow-

up durations, and lacked consistency in how recurrence was defined and quantified across 

studies. The lack of a standardized effect size across trials made estimating Uro-Vaxom’s true 

efficacy impossible. The most recent study of Uro-Vaxom was conducted by Sao Paulo's 

physicians [18] later that same year and highlighted a significant decrease in OM-89 efficacy, 

questioning its reliability as a preventive rUTI treatment. International guidelines as it comes 



to prescribing immunological rUTIs prevention have changed significantly in recent years. The 

European Association of Urology that used to strongly encourage immunoactive prophylaxis 

for rUTIs with quality of evidence 1a in 2022 [19], has downgraded the previous strong 

recommendations to weak in the newest May 2026 edition. The decision was based on low 

certainty of the available data. The American Urological Association (AUA) [20] has not 

recommended any urological vaccine due to insufficient quantity and quality of evidence from 

the beginning. The 2025 Guideline update for Recurrent Uncomplicated Urinary Tract 

Infections maintains the thesis about the lack of reliable conclusions regarding 

immunomodulants effectiveness due to the small number of trials, imprecise estimates, and 

methodological shortcomings.  

Future high-quality randomized controlled trials with larger, gender-balanced cohorts and 

standardized outcome measures are essential to further investigate OM-89 role in recurrent 

Urinary Tract Infections prophylaxis.  

 

Stabilized FimH Subunit Vaccines 

While whole-cell lysates like Uro-Vaxom offer broad immunostimulation, modern vaccine 

design has increasingly pivoted toward highly targeted, parenteral subunit antigens, 

specifically utilizing the structural components of the FimH adhesin protein. The primary 

mechanism behind a FimH-based vaccine is the generation of antibodies that directly block the 

lectin binding domain, effectively neutralizing the bacteria's ability to adhere to uroepithelium 

[21]. There have been many studies conducted on non-human models to find the proper 

structure and dosage for immunization with recombinant FimHLD or full length FimH in 

complex with FimC (FimCH) [22-31] with some promising results for further evaluation 

human trials such as FimH-DSG ™. Moreover, there was already Phase 1 study human trial 

carried out with results submitted in 2025 by Eldridge and co [9]. It studied safety and 

immunogenicity of four doses of FimCH combined with a TLR4 adjuvant. This not-

randomised study was conducted at six clinical sites enrolling in women ages 21 to 64 from 

December 2013 to November 2015. The vaccine used in this study consisted of FimCH 

(antigen) and Phosphorylated HexaAcyl Disaccharide (PHAD®; adjuvant). Intramuscular 

injections were administered on days 1, 30, 90, and 180 with the majority of adverse reactions 

being local tenderness, mild pain and burning that resolved within seven days. No severe 

systemic reactions were observed. Due to the favorable safety profile and immunogenicity 

results, the adjuvanted FimCH vaccine is to be further examined in a double-blind, randomized, 

placebo-controlled phase 2 study.  



Discussion 

Recurrent urinary tract infections (rUTIs) represent a significant clinical burden, particularly 

among adult and postmenopausal women, drastically diminishing quality of life and generating 

substantial socio-economic costs. For decades, the therapeutic mainstay for both acute episodes 

and prevention has relied on empirical antimicrobial therapy. However, the escalating global 

crisis of antimicrobial resistance, exacerbated by uropathogenic Escherichia coli strains 

acquiring multidrug resistance, has enforced changes in therapeutic approach. Current research 

and clinical guidance increasingly emphasize non-antibiotic strategies, with particular focus on 

immunotherapeutic interventions, targeted bacterial adhesin vaccines, and competitive 

inhibition of bacterial adherence.The high rate of UTI recurrences following appropriate short-

course antimicrobial treatment is rooted in the complex pathogenesis of UPEC, especially the 

FimH adhesin tightly anchoring bacteria to the bladder uroepithelium. This adherence enables 

intracellular invasion, where intracellular bacterial communities develop, protected from both 

host immune system and conventional antibiotics due to the lack of adequate intracellular 

distribution. When antibiotics are withdrawn or host physiological conditions alter, bacteria 

can re-emerge, triggering clinical relapse. To break this recurrent cycle without fueling further 

resistance, therapeutic modalities must target bacterial virulence factors or enhance host 

mucosal immunity rather than rely solely on bactericidal compounds. 

 

Re-evaluating Whole-Cell Lysates: The Evolution of OM-89 (Uro-Vaxom) 

Oral immunoprophylaxis with OM-89 (Uro-Vaxom)—a lyophilized bacterial extract derived 

from 18 UPEC strains—has historically served as a core non-antibiotic prophylactic option. 

OM-89 acts as a broad mucosal immunomodulator, activating dendritic cells, stimulating T-

lymphocyte proliferation, inducing interferon production, and promoting urinary IgA secretion. 

Early clinical trials and reviews, such as those summarized by Magistro & Stief (2019) and 

Naber et al. (2009), established its safety and demonstrated significant clinical efficacy, 

reducing rUTI recurrence rates by roughly 36% to over 60%. These findings led to strong 

recommendations across multiple guidelines, including the European Association of Urology 

(EAU), German AWMF, and Polish urological societies. 

However, recent critical appraisals and systematic literature reviews have highlighted critical 

methodological limitations in earlier evidence. While updated meta-analyses confirm that OM-

89 significantly reduces UTI recurrences and antibiotic consumption compared to placebo, they 

also emphasize substantial study heterogeneity, variable follow-up durations, and inconsistent 

definitions of infection recurrence across historical trials. Furthermore, real-world comparative 



studies and trial sequential analyses have raised questions regarding the magnitude of OM-89's 

efficacy, particularly in specific sub-populations like diabetic patients. Consequently, major 

international bodies have revised their position: the EAU downgraded its endorsement of 

immunoactive prophylaxis from a strong to a weak recommendation in its 2026 guidelines, 

citing low certainty of available evidence, while the American Urological Association (AUA) 

continues to refrain from endorsing bacterial vaccines until higher-quality data become 

available. 

 

Target-Specific Subunit Vaccines: FimH Innovations 

To overcome the variability and non-specific nature of whole-cell lysate preparations, 

contemporary research has pivoted toward parenteral, structurally targeted subunit vaccines. 

FimH-based vaccines aim to elicit potent systemic and mucosal neutralizing antibodies against 

the lectin-binding domain of the FimH adhesin, directly disrupting bacterial docking to the 

uroepithelium. 

Preclinical evaluations and recent Phase 1 human clinical trials involving bi-subunit 

formulations (such as FimCH combined with a synthetic TLR4 adjuvant like PHAD®) have 

demonstrated a favorable safety profile and robust antigen-specific immunogenicity. Systemic 

administration induces neutralizing antibodies capable of blocking UPEC attachment across 

diverse strains without causing severe systemic adverse events. By neutralizing the initial 

binding event, these targeted vaccines prevent intracellular invasion and IBC formation 

altogether, addressing the root cause of persistent reservoirs. 

 

Competitive Anti-Adhesion Strategies: Oral FimH Inhibitors 

In parallel with active immunization, competitive adherence inhibition offers an alternative 

non-antibiotic pathway. D-mannose has long been used as a natural prophylactic agent that 

binds to FimH, occupying its lectin domain and preventing urothelial attachment. Recent 

advancements have focused on optimizing this strategy through novel synthetic FimH 

antagonists, such as oral 1-deoxymannose derivatives. Pharmacokinetic and excretion studies 

demonstrate that orally administered 1-deoxymannose yields high urinary concentrations, 

allowing direct, competitive binding to UPEC in the bladder lumen. This dual pathway—

combining competitive oral FimH inhibitors for immediate anti-adherence with targeted FimH 

vaccines for long-term immunologic protection—represents a highly promising frontier in 

rUTI management. 

 



Conclusion and Future Perspectives 

The clinical management of recurrent UTIs in women is transitioning away from long-term 

low-dose suppressive antibiotics toward multimodal, non-antibiotic prophylaxis. While OM-

89 remains a widely utilized immunomodulator, shifting international clinical guidelines 

underscore the critical need for well-designed, adequately powered, randomized controlled 

trials with standardized outcome metrics to definitively establish its modern therapeutic role. 

Concurrently, highly specific target-driven approaches—notably adjuvanted FimH subunit 

vaccines and synthetic $FimH_{LD}$ competitive inhibitors—present a compelling, 

mechanistically sound strategy to eradicate UPEC reservoirs, lower recurrence rates, and 

support global antimicrobial stewardship goals. 

 

AUTHOR’S CONTRIBUTION 

Conceptualization: Aleksandra Obszańska 

Methodology:Jakub Tomczyszyn 

Software: not applicable; 

Verification: Julia Tesyna, Melania Czapla 

Formal analysis: Kamil Marchlik, Karolina Kubala 

Research: Jakub Tomczyszyn, Aleksandra Obszańska 

Resources: Karolina Kubala, Melania Czapla 

Writing-rough preparation: Karolina Kubala, Jakub Tomczyszyn 

Writing-review and editing: Julia Tesyna, Aleksandra Obszańska 



Visualization: Aleksandra Obszańska, Jakub Tomczyszyn 

Project administration: Melania Czapla, Karolina Kubala 

Funding acquisition: not applicable. 

All authors have read and agreed with the published version of the manuscript. 

Founding Statement: The study did not receive funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflict of Interest Statement: The authors declare no conflicts of interest. 

Acknowledgments: Not applicable 

Artificial Intelligence use declaration 

AI tools were used only to refine the language and improve text readability. The authors retain 

full accountability for the academic integrity of the work. The conceptual design, literature 

review, data analysis, and final drafting were executed solely by the authors. 

 

Reference 

1. Juszczak K, Dybowski B, Holecki M, Hryniewicz W, Klimek H, Kłoda K, 

Sieroszewski P, Drewa T. Summary of guidelines from the Polish Urological 

Association, Polish Society of Gynaecologists and Obstetricians, and Polish Society of 

Family Medicine on the diagnosis, therapy, and management of community-acquired 

lower urinary tract infections. Cent European J Urol. 2024;77(3):520-527. doi: 



10.5173/ceju.2024.01.Guid. Epub 2024 Oct 29. PMID: 40115487; PMCID: 

PMC11921942. 

2. Simenacz A, Antoniou V, Somani BK. Review of non-antibiotic treatment and 

prevention of recurrent UTIs - a summary of current guidance and suggested treatment 

algorithm. Ther Adv Infect Dis. 2025 Nov 18;12:20499361251395915. doi: 

10.1177/20499361251395915. PMID: 41267888; PMCID: PMC12627364. 

3. Magistro G, Stief CG. Vaccine Development for Urinary Tract Infections: Where Do 

We Stand? Eur Urol Focus. 2019 Jan;5(1):39-41. doi: 10.1016/j.euf.2018.07.034. Epub 

2018 Aug 6. PMID: 30093359. 

4. onkat G, Kranz J, Cai T, et al. EAU Guidelines on Urological Infections. In: EAU 

Guidelines, Edn. presented at the EAU Annual Congress London, United 

Kingdom 2026. Arnhem, the Netherlands: EAU Guidelines Office; 2026. 

Available from: https://uroweb.org/guidelines/urological-infections 

5. Volontè S, De Vicari D, Cola A, Barba M, Frigerio M. Efficacy and Safety of Uro-

Vaxom in Urinary Tract Infection Prevention: A Systematic Literature Review. J Clin 

Med. 2025 May 29;14(11):3836. doi: 10.3390/jcm14113836. PMID: 40507598; 

PMCID: PMC12156379. 

6. He Y, Zhao J, Wang L, Han C, Yan R, Zhu P, Qian T, Yu S, Zhu X, He W. 

Epidemiological trends and predictions of urinary tract infections in the global burden 

of disease study 2021. Sci Rep. 2025 Feb 8;15(1):4702. doi: 10.1038/s41598-025-

89240-5. PMID: 39922870; PMCID: PMC11807111. 

7. Whelan S, Lucey B, Finn K. Uropathogenic Escherichia coli (UPEC)-Associated 

Urinary Tract Infections: The Molecular Basis for Challenges to Effective Treatment. 

Microorganisms. 2023 Aug 28;11(9):2169. doi: 10.3390/microorganisms11092169. 

PMID: 37764013; PMCID: PMC10537683. 

8. World Health Organization. The World Health Assembly adopts updated Global Action 

Plan on Antimicrobial Resistance (2026–2036) [Internet]. Geneva: World Health 

Organization; 2026 May 25 [cited 2026 Jul 28]. Available from: 

https://www.who.int/news/item/25-05-2026-the-world-health-assembly-adopts-

updated-global-action-plan-on-antimicrobial-resistance-(2026-2036) 

9. Eldridge GR, Hughey H, Rosenberger L, Martin SM, Shapiro AM, D'Antonio E, Krejci 

KG, Shore N, Peterson J, Lukes AS, Starks CM. Safety and immunogenicity of an 

adjuvanted Escherichia coli adhesin vaccine in healthy women with and without 

histories of recurrent urinary tract infections: results from a first-in-human phase 1 



study. Hum Vaccin Immunother. 2021 May 4;17(5):1262-1270. doi: 

10.1080/21645515.2020.1834807. Epub 2020 Dec 16. PMID: 33325785; PMCID: 

PMC8078672. 

10. Silmon de Monerri NC, Che Y, Lees JA, Jasti J, Wu H, Griffor MC, Kodali S, Hawkins 

JC, Lypowy J, Ponce C, Curley K, Esadze A, Carcamo J, McLellan T, Keeney D, 

Illenberger A, Matsuka YV, Shanker S, Chorro L, Gribenko AV, Han S, Anderson AS, 

Donald RGK. Structure-based design of an immunogenic, conformationally stabilized 

FimH antigen for a urinary tract infection vaccine. PLoS Pathog. 2025 Feb 

19;21(2):e1012325. doi: 10.1371/journal.ppat.1012325. PMID: 39970181; PMCID: 

PMC12136410. 

11. OM Pharma SA. Uro-Vaxom – Charakterystyka Produktu Leczniczego. Warszawa: 

Urząd Rejestracji Produktów Leczniczych, Wyrobów Medycznych i Produktów 

Biobójczych; 2020 [dostęp: 2026-07-30]. Dostępny w: ezdrowie.gov.pl 

12. Naber KG, Cho YH, Matsumoto T, Schaeffer AJ. Immunoactive prophylaxis of 

recurrent urinary tract infections: a meta-analysis. Int J Antimicrob Agents. 

2009;33(2):111-119. doi:10.1016/j.ijantimicag.2008.08.011 

13. Czajkowski K, Broś-Konopielko M, Teliga-Czajkowska J. Urinary tract infection in 

women. Prz Menopauzalny. 2021 Apr;20(1):40-47. doi: 10.5114/pm.2021.105382. 

Epub 2021 Apr 21. PMID: 33935619; PMCID: PMC8077804. 

14. Colegio Mexicano de Especialistas en Ginecología y Obstetricia (COMEGO). 

Lineamiento de práctica clínica. Infección de vías urinarias en el embarazo y recurrente: 

diagnóstico y tratamiento. Ginecol Obstet Mex. 2019;87(Supl 1):S1-S22. 

15. Pigrau C, Palou J, Millán F, Alós JI, Monsenego J, et al.; Spanish Society of Clinical 

Microbiology and Infectious Diseases. Executive summary of the diagnosis and 

treatment of urinary tract infection: Guidelines of the Spanish Society of Clinical 

Microbiology and Infectious Diseases (SEIMC). Enferm Infecc Microbiol Clin. 

2017;35(5):294-301. doi:10.1016/j.eimc.2016.11.004  

16. SGGG Working Group, et al. Guideline of the Swiss Society of Gynaecology and 

Obstetrics (SSGO) on acute and recurrent urinary tract infections in women, including 

pregnancy. Swiss Med Wkly. 2020;150:w20241. doi:10.4414/smw.2020.20241 

17. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften 

(AWMF). Interdisziplinäre S3-Leitlinie: Epidemiologie, Diagnostik, Therapie, 

Prävention und Management unkomplizierter, bakterieller, ambulant erworbener 



Harnwegsinfektionen bei erwachsenen Patienten. AWMF-Registernummer: 043-044. 

Frankfurt am Main: AWMF; 2024 

18. Porto BC, Almeida AS, Terada BD, Gonçalves FG, Passerotti CC, Sardenberg RA, 

Otoch JP, Cruz JA. Uro-vaxom (OM-89) for chronic UTI prevention: an updated meta-

analysis, meta-regression and trial sequential analysis of recent clinical evidence. 

Minerva Urol Nephrol. 2025 Oct;77(5):618-628. doi: 10.23736/S2724-6051.25.06366-

9. Epub 2025 Sep 11. PMID: 40932479. 

19. Kwok M, McGeorge S, Mayer-Coverdale J, Graves B, Paterson DL, Harris PNA, Esler 

R, Dowling C, Britton S, Roberts MJ. Guideline of guidelines: management of recurrent 

urinary tract infections in women. BJU Int. 2022 Nov;130 Suppl 3(Suppl 3):11-22. doi: 

10.1111/bju.15756. Epub 2022 May 17. PMID: 35579121; PMCID: PMC9790742. 

20. American Urological Association; Canadian Urological Association; Society of 

Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction. Recurrent 

Uncomplicated Urinary Tract Infections in Women: AUA/CUA/SUFU Guideline. 

Linthicum (MD): American Urological Association; 2025 [cited 2026 Jul 30]. 

Available from: https://www.auanet.org/guidelines-and-quality/guidelines/recurrent-

uti 

21. Silmon de Monerri NC, Che Y, Lees JA, Jasti J, Wu H, Griffor MC, Kodali S, Hawkins 

JC, Lypowy J, Ponce C, Curley K, Esadze A, Carcamo J, McLellan T, Keeney D, 

Illenberger A, Matsuka YV, Shanker S, Chorro L, Gribenko AV, Han S, Anderson AS, 

Donald RGK. Structure-based design of an immunogenic, conformationally stabilized 

FimH antigen for a urinary tract infection vaccine. PLoS Pathog. 2025 Feb 

19;21(2):e1012325. doi: 10.1371/journal.ppat.1012325. PMID: 39970181; PMCID: 

PMC12136410. 

22. Langermann S, Ballou W. Vaccination utilizing the FimCH complex as a strategy to 

prevent Escherichia coli urinary tract infections. J Infect Dis. 2001;183(Suppl 1):S84-

S86. doi:10.1086/318854 

23. Langermann S, Möllby R, Burlein JE, Palaszynski SR, Auguste CG, DeFusco A, et al. 

Vaccination with FimH adhesin protects cynomolgus monkeys from colonization and 

infection by uropathogenic Escherichia coli. J Infect Dis. 2000;181(2):774-778. 

doi:10.1086/315258 

24. Langermann S, Palaszynski S, Barnhart M, Auguste G, Pinkner JS, Burlein J, et al. 

Prevention of mucosal Escherichia coli infection by FimH-adhesin-based systemic 

vaccination. Science. 1997;276(5312):607-611. doi:10.1126/science.276.5312.607 

https://www.auanet.org/guidelines-and-quality/guidelines/recurrent-uti
https://www.cua.org/system/files/Guideline-Files/rUTI-guideline.pdf
https://www.cua.org/system/files/Guideline-Files/rUTI-guideline.pdf
https://www.auanet.org/guidelines-and-quality/guidelines/recurrent-uti
https://www.auanet.org/guidelines-and-quality/guidelines/recurrent-uti


25. Habibi M, Asadi Karam MR, Shokrgozar MA, Oloomi M, Jafari A, Bouzari S. 

Intranasal immunization with fusion protein MrpH·FimH and MPL adjuvant confers 

protection against urinary tract infections caused by uropathogenic Escherichia coli and 

Proteus mirabilis. Mol Immunol. 2015;64(2):285-294. 

doi:10.1016/j.molimm.2014.12.008 

26. Asadi Karam MR, Oloomi M, Mahdavi M, Habibi M, Bouzari S. Vaccination with 

recombinant FimH fused with flagellin enhances cellular and humoral immunity 

against urinary tract infection in mice. Vaccine. 2013;31(8):1210-1216. 

doi:10.1016/j.vaccine.2012.12.059 

27. Wu J, Bao C, Reinhardt RL, Abraham SN. Local induction of bladder Th1 responses 

to combat urinary tract infections. Proc Natl Acad Sci U S A. 

2021;118(10):e2026461118. doi:10.1073/pnas.2026461118 

28. Thankavel K, Madison B, Ikeda T, Malaviya R, Shah AH, Arumugam PM, et al. 

Localization of a domain in the FimH adhesin of Escherichia coli type 1 fimbriae 

capable of receptor recognition and use of a domain-specific antibody to confer 

protection against experimental urinary tract infection. J Clin Invest. 

1997;100(5):1123-1136. doi:10.1172/JCI119623 

29. Brumbaugh AR, Mobley HLT. Preventing urinary tract infection: progress toward an 

effective Escherichia coli vaccine. Expert Rev Vaccines. 2012;11(6):663-676. 

doi:10.1586/erv.12.36 

30. Poggio TV, La Torre JL, Scodeller EA. Intranasal immunization with a recombinant 

truncated FimH adhesin adjuvanted with CpG oligodeoxynucleotides protects mice 

against uropathogenic Escherichia coli challenge. Can J Microbiol. 2006;52(11):1093-

1102. doi:10.1139/w06-065 

31. Palaszynski S, Pinkner J, Leath S, Barren P, Auguste CG, Burlein J, et al. Systemic 

immunization with conserved pilus-associated adhesins protects against mucosal 

infections. Dev Biol Stand. 1998;92:117-122. 


