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Abstract 
Urinary tract infections (UTIs) are prevalent in primary healthcare settings, with persistent recurrences posing significant challenges. These recurrences necessitate extended antibiotic use, adversely affecting patients' quality of life, mental health, and physical activity. The evolving defense mechanisms of bacteria against the host immune system and antibiotics complicate treatment. This article examines the pathomechanisms of recurrent UTIs, focusing on bacterial defense factors. Understanding these mechanisms is essential for developing innovative treatments, particularly non-antibiotic methods, to reduce antibiotic use and its associated side effects, thereby improving patients' overall well-being. The review synthesizes current knowledge on the pathomechanisms, diagnostics, and treatments for recurrent UTIs, emphasizing the impact on patients' mental and physical health. It highlights innovative, non-antibiotic treatment approaches. 

Objectives: Review and presentation of the current state of knowledge about pathomechanisms, diagnostics and treatment methods used in recurrent urinary tract infections, taking into account the impact on the patient's mental and physical condition. Review of innovative, non-antibiotic methods of treating UTI. 

Material and methods: Analysis of the studies available on open access sources at PubMed, Google Scholar, National Library of Medicine and Coachrane. The research was conducted through word analysis key words such as: „urinary tract infections”, "recurrent infections”, „cystitis”, „bacterial resistance”, „antibiotics”. Selection criteria for articles included consideration of their title, abstract, and publication date, with a focus on English-language publications.

Results:
Results of data analysis illustrate the complexity of recurrent UTIs, highlighting the intricate bacteria-host interactions and multifaceted pathomechanisms. Chronic antibiotic therapy and recurrent infections are shown to negatively affect mental and physical health. The discussion covers antibiotic and non-antibiotic treatment methods, advocating for non-antibiotic strategies as the future primary approach for managing recurrent UTIs.

Keywords : urinary tract infections; recurrent UTI; UTI management; UTI in women; cystitis; 



Abbreviations: UTI – Urinary Tract Infections, rUTI – recurrent Urinary Tract Infections, EAU -Association of Urology, AUA American Urological Association, CUA - Canadian Urological Association, SUFU - Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction, PLUS - Prevention of Lower Urinary Tract Symptoms

1. Introduction
Urinary tract infections are one of the most frequent conditions in primary health care. It is estimated that up to 50-70% of women have experienced UTI at least once in their lives. 10-30% women without risk factors of complicated UTI develop recurrent Urinary Tract Infection (rUTI). Frequent recurrences pose a serious liability for patients, require long-term use of antibiotics and reduce quality of life[endnoteRef:1].  [1:   Renard J, Ballarini S, Mascarenhas T, Zahran M, Quimper E, Choucair J, et al. Recurrent Lower Urinary Tract Infections Have a Detrimental Effect on Patient Quality of Life: a Prospective, Observational Study. Infectious Diseases and Therapy [Internet]. 2014 Dec 18 [cited 2024 Jun 5];(1):125–35. Available from: http://dx.doi.org/10.1007/s40121-014-0054-6 ] 

By definition, rUTI is ≥2 acute UTIs in a span of 6 months or ≥3 cases in a year. Clinically it mostly runs as reinfection (recurrence) - cystitis symptoms return 2 weeks after the end of treatment and are usually caused by another bacteria[endnoteRef:2]. Recurrence should not be confused with relapsing infection which appears 2 weeks before antibiotherapy completion and is induced by the same microbe. It is crucial to distinguish these types from each other, because recurrences may indicate the presence of a bacterial source like kidney stone or abscess. Women are much more susceptible to infection than men, which is due to anatomical reasons such as short urethra, proximity to the anus, vaginal vestibule as a reservoir of microorganisms. Despite the physiological predisposition to UTI in women, it is worth knowing the difference between complicated and uncomplicated UTI. Complicated Infection occurs when it is caused by an atypical pathogen, local or systemic defense mechanisms are impaired, the woman's urine outflow is compromised or involves pregnant women. This classification is important in the selection and duration of treatment. However even immunocompetent patients may have recurrent infections related to decreased host defense[endnoteRef:3].   [2:  Podręcznik Interna - Medycyna Praktyczna:  Zakażenia układu moczowego – informacje ogólne [Internet]. Medycyna Praktyczna. [cited 2024 May 8]. Available from: https://www.mp.pl/interna/chapter/B16.II.14.8. 
]  [3:  Lila ASA, Rajab AAH, Abdallah MH, Rizvi SMD, Moin A, Khafagy E-S, et al. Biofilm Lifestyle in Recurrent Urinary Tract Infections. Life [Internet]. 2023 Jan 4 [cited 2024 May 8];(1):148. Available from: http://dx.doi.org/10.3390/life13010148 
] 


2. State of knowledge 
2.1 Pathomechanisms
There are two main pathomechanisms of rUTI. First is abnormal host defense mechanisms like dysfunctional urothelial barrier, malfunction in bacterial detection and anatomical disorders. Second is bacterial qualities, such as production of proteins enabling survival in the urinary bladder after antibiotic therapy and the ability to create intracellular forms[endnoteRef:4].  [4:  Kuo H-C, Jhang J-F. Recent advances in recurrent urinary tract infection from pathogenesis and biomarkers to prevention. Tzu Chi Medical Journal [Internet]. 2017 [cited 2024 May 8];(3):131. Available from: http://dx.doi.org/10.4103/tcmj.tcmj_53_17 
] 


2.1.1 Host factors
An increased incidence of UTI has been observed among female first-degree relatives. This prompted scientists to investigate the connection between genetic factors and local immunity. Cells with Toll-like receptors (TLR) are important elements of innate immunity in the urinary tract. TLRs activate the immune response by recognizing Pathogen-Associated Molecular Patterns (PAMPs) like bacterial lipopolysaccharide (LPS), flagellin and lipopeptides. TLR receptor polymorphisms were genotyped in a cross-sectional analysis[endnoteRef:5], [endnoteRef:6]. TLR5 C1174T the flagellin-binding variant was found to increase  rUTI risk. TLR2 G2258A variant, which inhibits lipopeptide signaling, has been associated with an increased risk of asymptomatic bacteriuria. On the other hand, TLR1 G1805T and TLR4 A896G variants are highly likely to prevent  rUTI. Due to this study, we can relate the TLR polymorphism with impaired pathogen identification, which in turn is associated with more frequent UTI. [5:  Toll-Like Receptor Polymorphisms and Susceptibility to Urinary Tract Infections in Adult Women | PLOS ONE [Internet]. Home Page. [cited 2024 May 8]. Available from: https://doi.org/10.1371%2Fjournal.pone.0005990
]  [6:  Genetic Variation of the Human Urinary Tract Innate Immune Response and Asymptomatic Bacteriuria in Women | PLOS ONE [Internet]. Home Page. [cited 2024 May 8]. Available from: https://doi.org/10.1371%2Fjournal.pone.0008300
] 

Among women, there are two age groups with an increased incidence of rUTI. During menopause, the amount of estrogen decreases, which affects the vaginal epithelium[endnoteRef:7]. Epithelial cells produce less and less glycogen, which is a substrate for Lactobacillus species to produce lactic acid[endnoteRef:8]. As a result, the vaginal pH increases and changes appear in the local microflora. Dysbiome promotes the adhesion of pathogens to the epithelium and, consequently, the occurrence of infections. Research shows that the urinary microbiome may be related to the patch mechanism of rUTI in this group of patients, which may become the target of therapy in the future. The second risk group consists of young sexually active women without predisposing factors, such as anatomical or functional abnormalities[endnoteRef:9]. Pending intercourse, the microbiome is transferred from the vagina to the urinary tract. Also spermicide usage, sexual partners rotation, delaying micturition after intimacy conduce to UTI. [7:  Recurrent urinary tract infection and estrogen shape the taxonomic ecology and function of the postmenopausal urogenital microbiome - PMC [Internet]. PubMed Central (PMC). [cited 2024 May 8]. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9588997/ 
]  [8:  Jung C, Brubaker L. The etiology and management of recurrent urinary tract infections in postmenopausal women. Climacteric [Internet]. 2019 Jan 9 [cited 2024 May 8];(3):242–9. Available from: http://dx.doi.org/10.1080/13697137.2018.1551871 
]  [9:   Scholes D, Hooton TM, Roberts PL, Stapleton AE, Gupta K, Stamm WE. Risk Factors for Recurrent Urinary Tract Infection in Young Women. The Journal of Infectious Diseases [Internet]. 2000 Oct [cited 2024 May 8];(4):1177–82. Available from: http://dx.doi.org/10.1086/315827 
] 

Another contributing factor are anatomical defects, like bladder or Urethral diverticula, fistulous, leading to functional disorders. As estrogen levels decline, there are reproductive tissue modifications. Pelvic floor muscles are depressed, which may contribute to urinary incontinence or overactive bladder. To rule out an incomplete defecation, post-void residual volume should be taken into account in the diagnostics[endnoteRef:10]. Various conditions predispose to such functional disorders, including spinal cord paralysis, diabetes and hypothyroidism. Interestingly, up to 1/3 of women with chronic LUTS suffer from hypothyroidism[endnoteRef:11]. When this group of patients develops an infection, the symptoms of thyroid hormone deficiency become more severe, and in extreme cases Myxedema coma occurs[endnoteRef:12]. [10:  Ballstaedt L. Bladder Post Void Residual Volume - StatPearls - NCBI Bookshelf [Internet]. National Center for Biotechnology Information. [cited 2024 May 8]. Available from:  
https://www.ncbi.nlm.nih.gov/books/NBK539839/    ]  [11:  Zargham M, Hajian MR, Alizadeh F, Eslami M, Khalili Boroujeni N, Gholipour F. Hypothyroidism is prevalent among adult women with chronic lower urinary tract symptoms. LUTS: Lower Urinary Tract Symptoms [Internet]. 2022 Feb 27 [cited 2024 Jun 13];(4):248–54. Available from: http://dx.doi.org/10.1111/luts.12428 ]  [12:  Billewicz M, Turek A, Makowska K, Lis L, Marczyk A, Popiołek A, et al. Skin appendage abnormalities in hypothyroidism: understanding and management. Journal of Education, Health and Sport [Internet]. 2024 Jun 10 [cited 2024 Jun 13];51714. Available from: http://dx.doi.org/10.12775/JEHS.2024.73.51714 
] 


2.1.2 Bacterial factors
Even 75% rUTI cases are caused by uropathogenic Escherichia coli (UPEC). Other frequently found microbes include Enterococcus faecalis, Proteus mirabilis, Klebsiella, or Staphylococcus[endnoteRef:13]. Bacteria have developed special structures and metabolic pathways that facilitate the invasion of host tissues and also protect against its immune mechanisms. Most often, these bacteria are transferred from the intestine to the urethra, and from there they migrate to the bladder and upper urinary tract. Bacteria are well adapted to these activities thanks to structures such as fimbriae, pili and flagella. The first and most crucial stage of invasion is the bacterial adhesion to uroepithelium[endnoteRef:14]. This stage is possible due to pili, which have affinity for uroplakins, integrins and other uroepithelial receptors. Interactions between host cell receptors and bacterial adhesins trigger metabolic pathways that enable bacteria to form intracellular bacterial communities (IBCs). IBCs replicate in the cells of the outer layers of the uroepithelium and then invade neighboring cells. In turn, in deeper transitional cells, UPEC can form Quiescent intracellular reservoirs (QIR) - a set of 4-10 metabolically inactive forms separated by a membrane. QIR allows bacteria to survive in the urinary tract for many months to become activated at the right moment and initiate an infection. This is a very key mechanism that may explain the ineffectiveness of antibiotic therapy[endnoteRef:15]. An equally important feature of bacteria is the ability to create a biofilm from polysaccharides, exogenous DNA, glycoproteins, nutrients and signaling compounds[endnoteRef:16]. This formation has a high viscosity, which hinders the effective response of the host's immune system and constitutes a barrier to antibacterial drugs. Moreover, bacteria secrete enzymes that break down host structures. They destroy the uroepithelium, which causes symptoms typical of UTI. It is worth emphasizing the role of hemolysin, which has affinity for the host cell membrane[endnoteRef:17]. At the same time, they obtain nutrients necessary for the growth of bacteria. Bladder cells are low in iron, and this element is essential for functioning, so bacteria have evolved a siderophore system that allows them to take up iron[endnoteRef:18].  [13:  Medina M, Castillo-Pino E. An introduction to the epidemiology and burden of urinary tract infections. Therapeutic Advances in Urology [Internet]. 2019 Jan [cited 2024 May 8];175628721983217. Available from: http://dx.doi.org/10.1177/1756287219832172   
]  [14:  Kwak Y, Kim HG, Seok J, Kim S, Kim E-M, Kim A. The Critical Role of Intracellular Bacterial Communities in Uncomplicated Recurrent Urinary Cystitis: A Comprehensive Review of Detection Methods and Diagnostic Potential. International Neurourology Journal [Internet]. 2024 Mar 31 [cited 2024 May 8];(1):4–10. Available from: http://dx.doi.org/10.5213/inj.2448066.033 
]  [15:  Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections: epidemiology, mechanisms of infection and treatment options. Nature Reviews Microbiology [Internet]. 2015 Apr 8 [cited 2024 May 8];(5):269–84. Available from: http://dx.doi.org/10.1038/nrmicro3432 
]  [16:  Lila ASA, Rajab AAH, Abdallah MH, Rizvi SMD, Moin A, Khafagy E-S, et al. Biofilm Lifestyle in Recurrent Urinary Tract Infections. Life [Internet]. 2023 Jan 4 [cited 2024 May 8];(1):148. Available from: http://dx.doi.org/10.3390/life13010148 
]  [17:  Arthur M, Johnson CE, Rubin RH, Arbeit RD, Campanelli C, Kim C, et al. Molecular epidemiology of adhesin and hemolysin virulence factors among uropathogenic Escherichia coli. Infection and Immunity [Internet]. 1989 Feb [cited 2024 May 8];(2):303–13. Available from: http://dx.doi.org/10.1128/iai.57.2.303-313.1989 
]  [18:  Siderophores: Importance in bacterial pathogenesis and applications in medicine and industry - ScienceDirect [Internet]. ScienceDirect.com | Science, health and medical journals, full text articles and books. [cited 2024 May 8]. Available from: https://www.sciencedirect.com/science/article/pii/S0944501321000963#:~:text=Siderophores%20are%20low%20molecular%20weight,in%20the%20presence%20of%20iron. 
] 




2.2. Diagnosis
The primary symptoms of UTI in the course of cystitis are dysuria, frequent urination, nocturia, and pain in the lower abdomen. If the upper urinary tract is affected, general symptoms appear such as fever, nausea, pain in the lumbar region, and positive Goldflam’s sign [endnoteRef:19].  [19:  Bent S. Does This Woman Have an Acute Uncomplicated Urinary Tract Infection? JAMA [Internet]. 2002 May 22 [cited 2024 May 8];(20):2701. Available from: http://dx.doi.org/10.1001/jama.287.20.2701 
] 

The basic diagnostic tests, in the case of UTIs are urinalysis and urine culture with an antibiogram. The amount of bacteria present in urine is considered diagnostically significant, depending on the method of urine collection2:
          ≥ 103 uropathogens/mL in midstream urine in acute uncomplicated cystitis in women. 
          ≥ 104 uropathogens/mL in midstream urine in acute uncomplicated pyelonephritis in women.  
          ≥ 105 uropathogens/mL in midstream urine in women or 104 uropathogens/mL in straight catheter urine in women with complicated UTI. 
         In a suprapubic bladder puncture specimen, any count of bacteria is relevant.
Diagnostics using a dipstick test are characterized by low effectiveness, therefore traditional diagnostic methods are preferred in rUTI[endnoteRef:20]. Moreover, urine culture may be useful in distinguishing between recurrence and relapse. [20:  Gurung R, Adhikari S, Adhikari N, Sapkota S, Rana JC, Dhungel B, et al. Efficacy of Urine Dipstick Test in Diagnosing Urinary Tract Infection and Detection of the blaCTX-M Gene among ESBL-Producing Escherichia coli. Diseases [Internet]. 2021 Aug 27 [cited 2024 May 8];(3):59. Available from: http://dx.doi.org/10.3390/diseases9030059 
] 

The history of cultures collected in medical records allows to assess the effectiveness of treatment, develop strategies and select antibiotics depending on the sensitivity of the bacteria. If there is no correlation between symptoms and the collected documentation, another cause or coexistence of another disease should be considered. 
There is some variation in the guidelines for the management of rUTI developed by European Association of Urology (EAU) (2022) and the combined American Urological Association (AUA) /Canadian Urological Association(CUA)/Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction (SUFU) (2019)[endnoteRef:21]. According to AUA/CUA/SUFU, each acute episode requires a urine culture. EAU, on the other hand, in case of typical symptoms and effective antibiotic therapy, there is no need to perform culture.  However, both societies present the same position regarding the performance of additional tests and believe that they should not be performed routinely due to their low diagnostic value. Cystoscopy is an important test when hematuria occurs. It allows to exclude bladder cancer[endnoteRef:22]. Cystoscopy is also useful in the case of bladder stones, recurrent microscopic hematuria or pneumaturia. Imaging tests, such as abdominal ultrasound or pelvic CT should be considered in the case of urinary tract stones and its risk factors, including Proteus, as well as in the case of hematuria or suspected obstruction. Uroflowmetry may be an adjunct tool with a history of urinary incontinence.  If symptoms persist and urine culture is negative, differential diagnosis and other causes should be considered, for example atypical pathogens, gynecological causes (vaginal atrophy, endometriosis), interstitial cystitis, anatomical abnormalities (diverticula, stenoses), drug side effects and cancer. Particularly noteworthy is interstitial cystitis[endnoteRef:23]. Particularly noteworthy is interstitial cystitis, also called painful bladder syndrome. It manifests itself with a frequent and urgent need to urinate and pain in the suprapubic area. It often co-occurs with chronic pain syndromes, as well as conditions related to dysregulation of the autonomic system, e.g. Raynaud's syndrome. Both IC and Raynaud's syndrome are caused by inflammation and changes in neurochemical transmission[endnoteRef:24]. [21:  Kwok M, McGeorge S, Mayer‐Coverdale J, Graves B, Paterson DL, Harris PNA, et al. Guideline of guidelines: management of recurrent urinary tract infections in women. BJU International [Internet]. 2022 May 17 [cited 2024 May 8];(S3):11–22. Available from: http://dx.doi.org/10.1111/bju.15756 
]  [22:  Pat JJ, Steffens MG, Witte LPW, Marcelissen TAT, Blanker MH. Comparison of the diagnostic yield of routine versus indicated flowmetry, ultrasound and cystoscopy in women with recurrent urinary tract infections. International Urogynecology Journal [Internet]. 2021 Jun 14 [cited 2024 May 8];(8):2283–9. Available from: http://dx.doi.org/10.1007/s00192-021-04871-2 
]  [23:  Chelimsky G, Heller E, Buffington CAT, Rackley R, Zhang D, Chelimsky T. Co-Morbidities of Interstitial Cystitis. Frontiers in Neuroscience [Internet]. 2012 [cited 2024 Jun 5]; Available from: http://dx.doi.org/10.3389/fnins.2012.00114 ]  [24:  Marczyk A, Makowska K, Billewicz M, Lis L, Turek A, Popiołek A, et al. Review of Raynaud’s phenomenon, it’s pathomechanisms, diagnosis and treatment. Journal of Education, Health and Sport [Internet]. 2024 May 30 [cited 2024 Jun 5];51508. Available from: http://dx.doi.org/10.12775/JEHS.2024.72.51508 ] 

Research is currently underway to establish biomarkers that will be more accurate in the diagnosis of rUTI[endnoteRef:25]. As for factors present in the blood, it turned out that women with rUTI had higher levels of IgA, IgM, IgG. Among women of reproductive age, vitamin D levels were significantly reduced in the rUTI group compared to the healthy population[endnoteRef:26].  [25:  Kuo H-C, Jhang J-F. Recent advances in recurrent urinary tract infection from pathogenesis and biomarkers to prevention. Tzu Chi Medical Journal [Internet]. 2017 [cited 2024 May 8];(3):131. Available from: http://dx.doi.org/10.4103/tcmj.tcmj_53_17 
]  [26:  Muntean C, Săsăran M. Vitamin D Status and Its Role in First-Time and Recurrent Urinary Tract Infections in Children: A Case-Control Study. Children [Internet]. 2021 May 20 [cited 2024 May 8];(5):419. Available from: http://dx.doi.org/10.3390/children8050419 ] 


Vitamin D participates in the regulation of homeostasis, among others. by influencing the cardiovascular system, as well as modulating inflammatory processes related to innate and acquired immunity[endnoteRef:27] [endnoteRef:28]. An important element is influencing neutrophil function. In turn, among the biomarkers present in urine, Nerve Growth Factor (NGF) was described and its reduced level was correlated with rUTI. NGF is a protein from the neurotrophin family and participates in the initiation of nerve growth and differentiation. Its increased amount was observed in women with overactive bladder. In cases of asymptomatic recurrent infections, attention was drawn to the correlation between increased IL-8 levels and bacteriuria and neutrophilia in peripheral blood[endnoteRef:29].  [27:  Grużewska A, Grużewska-Piotrowska K. Vitamin D – knowledge among people about its properties and effects based on anonymous surveys. Quality in Sport [Internet]. 2023 Jun 30 [cited 2024 Jun 5];(1):113–25. Available from: http://dx.doi.org/10.12775/QS.2023.14.01.009 
]  [28:   Georgieva L, Żołądkiewicz K, Zukow W. Vitamin D Concentration In Health Care And Sport Performance. Zenodo [Internet]. 2018 Feb 5 [cited 2024 Jun 5]; Available from: https://zenodo.org/record/1166140 Pedagogy and Psychology of Sport. 2018;4(2):53-70. elSSN 2450-6605 
]  [29:  Zaki MES. Interleukin 8 Is a Surrogate Marker for Rapid Diagnosis of Bacteriuria. Immunological Investigations [Internet]. 2008 Jan [cited 2024 May 8];(7):694–703. Available from: http://dx.doi.org/10.1080/08820130802307278 
] 


2.3. Treatment
Therapeutic treatment for rUTI should be multi-level[endnoteRef:30]. In addition to antibacterial drugs, risk factors should be combated, lifestyle modifications and antimicrobial prophylaxis should be introduced. In acute infection, the first line of treatment is empirical antibiotic therapy lasting a maximum of 7 days. In case of recurrence, urine culture should be performed before starting treatment. The choice of medication should take into account local differences of antibiotic resistances. Antibiotics used for rUTI are the same as for sporadic uncomplicated UTI. According to EAU guidelines, well-educated patients who follow the recommendations should implement self-diagnosis and self-treatment[endnoteRef:31]. This strategy is recommended when <4 episodes of UTI have occurred in a year. If symptoms are unusual or have not improved 48 hours after starting treatment, the patient should see a doctor. The table below shows the treatment regimen for uncomplicated cystitis established by the EAU (2022).  [30:  Bergamin PA, Kiosoglous AJ. Non-surgical management of recurrent urinary tract infections in women. Translational Andrology and Urology [Internet]. 2017 Jul [cited 2024 May 8];(S2):S142–52. Available from: http://dx.doi.org/10.21037/tau.2017.06.09 
]  [31:  Urological Infections - THE GUIDELINE - Uroweb [Internet]. Uroweb - European Association of Urology. [cited 2024 May 8]. Available from: https://uroweb.org/guidelines/urological-infections/chapter/the-guideline 
] 


Tab. 1 Suggested regimens for antimicrobial therapy in uncomplicated cystitis25
	Antimicrobial
	Daily dose
	Duration of therapy
	Comments

	First-line women

	Fosfomycin trometamol
	3 g single dose;
	1 day
	Recommended only in women with uncomplicated cystitis.

	Nitrofurantoin macrocrystal
	50-100 mg four times a day
	5 days
	

	Nitrofurantoin monohydrate/macrocrystals
	100 mg twice daily;
	5 days
	

	Nitrofurantoin macrocrystal prolonged release
	100 mg twice daily;
	5 days
	

	Pivmecillinamb
	400 mg three times daily
	3-5 days
	

	Alternatives

	Cephalosporins
(e.g. cefadroxil)
	500 mg twice daily;
	3 days
	Or comparable

	If the local resistance pattern for E. coli is < 20%

	Trimethoprim
	200 mg twice daily;
	5 days
	Not in the first trimenon of pregnancy

	Trimethoprim-sulfamethoxazole
	160/800 mg twice daily;
	3 days
	Not in the last trimenon of pregnancy


a do not use if you suspect pyelonephritis (due to poor tissue penetration) or GFR  is <30 ml/min/m2.
bdo not use if you suspect pyelonephritis (due to poor tissue penetration)

When it comes to empirical therapy, the use of aminopenicillins is not currently recommended. By virtue of global resistance to E. coli, they have low effectiveness, and when combined with a beta-lactamase inhibitor (e.g. sulbactam or clavulanic acid), the side effects outweigh the therapeutic effect. It is worth mentioning that in 2019 the European Commission developed strict guidelines aimed at limiting the use of fluoroquinolones due to their harmfulness and long-term side effects. In cystitis, fluoroquinolones are used as a last resort when the use of other drugs is invalid.

2.4. Prophylaxis
2.4.1 Non-pharmacological and non-antibiotic methods
In some patients, rUTI may be caused by inappropriate habits or insufficient hygiene. Although the evidence for the effectiveness of behavioral modifications is limited, patients should be educated and aware of risk factors[endnoteRef:32]. It's worth promoting health-promoting behaviors such as physiological posture during urination, wiping from front to back, urinating after intercourse, avoiding long baths, avoiding using spermicides, washing hands before washing intimate parts, using mild cleansers, emptying the bladder regularly, using tampons instead of sanitary pads during menstruation, wearing airy underwear and non-tight clothes. In specific groups of patients, increased water consumption > 2 liters per day may be beneficial[endnoteRef:33]. [32:  Al Demour S, Ababneh MA. Evaluation of Behavioral and Susceptibility Patterns in Premenopausal Women with Recurrent Urinary Tract Infections: A Case Control Study. Urologia Internationalis [Internet]. 2017 Dec 14 [cited 2024 May 2];(1):31–6. Available from: http://dx.doi.org/10.1159/000485568 
]  [33:  Hooton TM, Vecchio M, Iroz A, Tack I, Dornic Q, Seksek I, et al. Effect of Increased Daily Water Intake in Premenopausal Women With Recurrent Urinary Tract Infections. JAMA Internal Medicine [Internet]. 2018 Nov 1 [cited 2024 May 2];(11):1509. Available from: http://dx.doi.org/10.1001/jamainternmed.2018.4204 
] 

A popular claim rooted in the medical community was the effect of cranberries on reducing the incidence of infections. It was believed that the proanthocyanidins (PACs) contained in cranberries reduce the adhesion of bacteria to the uroepithelium. A meta-analysis was conducted, with a double-blind placebo trial, which confirmed that the use of cranberries does not reduce the risk of disease compared to placebo. Moreover, cranberry preparations available on the market contain large amounts of sugar and should not be used by diabetics[endnoteRef:34]. [34:  Juthani-Mehta M, Van Ness PH, Bianco L, Rink A, Rubeck S, Ginter S, et al. Effect of Cranberry Capsules on Bacteriuria Plus Pyuria Among Older Women in Nursing Homes. JAMA [Internet]. 2016 Nov 8 [cited 2024 May 2];(18):1879. Available from: http://dx.doi.org/10.1001/jama.2016.16141 
] 

The next target of treatment were bacterial pili, which, thanks to the presence of sugar residues, enable adhesion to host cells. D-mannose molecules were supposed to limit the adhesion of bacteria by competitive inhibition, but they had low effectiveness. More optimistic results were provided by mannosides, analogues of D-mannose. Thanks to their compatible spatial structure, they inhibit bacterial adhesion 10 times more effectively than D-mannose, and have higher bioavailability and half-life[endnoteRef:35].  [35:  Mydock-McGrane L, Cusumano Z, Han Z, Binkley J, Kostakioti M, Hannan T, et al. Antivirulence C-Mannosides as Antibiotic-Sparing, Oral Therapeutics for Urinary Tract Infections. Journal of Medicinal Chemistry [Internet]. 2016 Oct 14 [cited 2024 May 2];(20):9390–408. Available from: http://dx.doi.org/10.1021/acs.jmedchem.6b00948 
] 

There is also inconclusive evidence of effectiveness regarding methenamine hippurate, a substance that is supposed to lower urine pH. It should not be used when GFR is <10 ml/min/m2.
Intrabladder administration of glycosaminoglycans (hyaluronic acid/chondroitin) reduces bacterial adhesion and supports the regeneration of the uroepithelium. Thanks to this, it has been used in the treatment of interstitial cystitis, radiation-induced cystitis and overactive bladder[endnoteRef:36].  [36:  Goddard JC, Janssen DAW. Intravesical hyaluronic acid and chondroitin sulfate for recurrent urinary tract infections: systematic review and meta-analysis. International Urogynecology Journal [Internet]. 2017 Nov 27 [cited 2024 May 2];(7):933–42. Available from: http://dx.doi.org/10.1007/s00192-017-3508-z 
] 

Both EAU and AUA/CUA/SUFU recommend vaginal estrogen therapy for all peri- and postmenopausal women unless there are contraindications to the use of this hormone[endnoteRef:37].  [37:  Ferrante KL, Wasenda EJ, Jung CE, Adams-Piper ER, Lukacz ES. Vaginal Estrogen for the Prevention of Recurrent Urinary Tract Infection in Postmenopausal Women: A Randomized Clinical Trial. Female Pelvic Medicine &amp; Reconstructive Surgery [Internet]. 2021 Feb [cited 2024 May 2];(2):112–7. Available from: http://dx.doi.org/10.1097/spv.0000000000000749 
] 

Local use of estrogen has higher effectiveness and fewer side effects compared to systemic therapy. Although an increased risk of breast cancer has not been demonstrated in women with a history of breast cancer, estrogen should be used after consultation with an oncologist[endnoteRef:38].  [38:  Le Ray I, Dell’Aniello S, Bonnetain F, Azoulay L, Suissa S. Local estrogen therapy and risk of breast cancer recurrence among hormone-treated patients: a nested case–control study. Breast Cancer Research and Treatment [Internet]. 2012 Aug 19 [cited 2024 May 2];(2):603–9. Available from: http://dx.doi.org/10.1007/s10549-012-2198-y 
] 

EAU guidelines recommend immunoprophylaxis with OM-89 (Lyophilized E. coli lysate) administered orally. This extract strengthens the host's immune system by stimulating the production of cytokines and antibodies

2.4.2 Pharmacological methods
Numerous meta-analyses have shown that the most effective method of rUTI prevention is continuous or postcoital antibiotic prophylaxis[endnoteRef:39]. This method should be considered when non-antibiotic methods of prevention are used and potential side effects should be remembered, such as the risk of increased resistance or gastrointestinal disorders. The golden standard is the so-called long protocol lasting 6-12 months, according to which the patient takes the medicine daily or several times a week. The drug is selected based on the medical record, and after 3 months a preliminary assessment of effectiveness is made. Postcoital prophylaxis is preferred in young sexually active patients. This is associated with fewer adverse effects from medications. Prophylactic doses are lower than therapeutic doses and are presented in the table below. [39:  Nalliah SN, Fong JSHF, Yi Thor AY, Lim OHL. The use of chemotherapeutic agents as prophylaxis for recurrent urinary tract infection in healthy nonpregnant women: A network meta-analysis. Indian journal of urology . 2019 Apr;] 


Tab. 2 Suggested regimens for antimicrobial prophylaxis for rUTI25
	Antimicrobial agents
	Continuous prophylaxis (daily dose) (mg)
	Postcoital prophylaxis (one-time dose) (mg)

	Cephalexin
	125-250
	250

	Fosfomycin
	3000 every 10 days
	-

	Nitrofurantoin
	50-100
	50-100

	Trimethoprim/sulfamethoxazole
	40/200 daily Or thrice weekly
	40/200-80/400



Due to the global increase in the number of multidrug-resistant strains, antibiotics are becoming less and less effective. Innovation and a complete change in treatment lines are necessary[endnoteRef:40]. In the future, non-antibiotic methods will be the main therapeutic tools. Great hopes are associated with the activities of the Prevention of Lower Urinary Tract Symptoms (PLUS) Research Consortium financed by the National Institutes of Health[endnoteRef:41]. Scientists from this association work on targeted vaccines against pathogens, modification of the host response by NSAIDs and the use of mannosides. There are also promising results of research on biofilm destruction by biodegrading enzymes such as alginate lyase, DNase, substances inhibiting the expression of genes encoding fimbriae such as Sitagliptin and prazosin, and competitive inhibition mechanisms involving S-adenosylmethionine[endnoteRef:42]. [40:   Wawrysiuk S, Żebrowska M. Antibiotic and non-antibiotic treatment of urinary tract infections in the era of growing antimicrobial resistance. Journal of Education, Health and Sport [Internet]. 2020 Sep 18 [cited 2024 Jun 5];(9):378–81. Available from: http://dx.doi.org/10.12775/JEHS.2020.10.09.044 ]  [41:  Harlow BL, Bavendam TG, Palmer MH, Brubaker L, Burgio KL, Lukacz ES, et al. The Prevention of Lower Urinary Tract Symptoms (PLUS) Research Consortium: A Transdisciplinary Approach Toward Promoting Bladder Health and Preventing Lower Urinary Tract Symptoms in Women Across the Life Course. Journal of Women’s Health [Internet]. 2018 Mar [cited 2024 May 8];(3):283–9. Available from: http://dx.doi.org/10.1089/jwh.2017.6566 
]  [42:  Lila ASA, Rajab AAH, Abdallah MH, Rizvi SMD, Moin A, Khafagy E-S, et al. Biofilm Lifestyle in Recurrent Urinary Tract Infections. Life [Internet]. 2023 Jan 4 [cited 2024 May 2];(1):148. Available from: http://dx.doi.org/10.3390/life13010148 
] 





3. Conclusions:
In the era of global antibiotic resistance, rUTI may be a significant problem. While treating acute infections is usually not difficult, it is difficult to prevent recurrences. 
Chronic antibiotic therapy significantly reduces the quality of life of patients and is associated with numerous side effects and dysbiosis. Frequent relapses and the need for long-term antibiotic therapy reduce the quality of life and may even lead to mental disorders such as depression. Due to the complexity of the problem, separate pathomechanisms, and pathogen-host interactions, rUTI should be perceived as a separate disease entity. In each case, individual risk factors should be considered, holistic treatment and prevention should be taken into account. This will make it possible to limit the amount of antibiotics usage, reduce the antibiotic resistance and the number of new infections. 
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