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ABSTRACT

Urinary tract infections (UTI) create a serious health problem worldwide, affecting people of all ages. It represents one of
the most common reasons for the use of antibiotics in outpatient care, leading to a reduction in their effectiveness through
ever-increasing bacterial resistance to them. Thus, there is an urgent need to develop new and effective therapies. The purpose
of this paper is to present alternative therapies that can help prevent and treat recurrent UTIs, such as cranberry preparations,
D-mannose, robotics and topical estrogen. After analyzing the available studies, it was shown that each of these substances
can have a beneficial effect on reducing recurrent UTIs, although their effectiveness varies. Substances with high therapeutic
potential appear to be D-mannose and probiotics. Their action is based on supporting the natural human microflora and
blocking bacterial adhesion to the epithelium of the urinary tract. A preventive strategy in the context of UTI in
postmenopausal women seems to be vaginal estrogen. However, further robustly designed clinical trials need to be conducted
to truly confirm that these therapies are effective and safe in terms of long-term efficacy.
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Introduction

Recurrent urinary tract infection is a disease that significantly impairs patients’ quality of life [1,2, 9].
Individuals report that the disease negatively affects their self-esteem, limits their ability to effectively work
and has an impact on social contacts, as well as intimate relationships [2]. It is common in the bladder, with
pyelonephritis occurring in only 1% [5]. For anatomical reasons, UTI is at least 4 times more common in
women than in men [3]. The much shorter urethra in women compared to men as well as the close proximity
of the perineum and rectum to the periurethral area predisposes women to this condition [3]. The recurrence
rate of urinary tract infections is very high. It is estimated that about 25% of women who have had their first
UTI will suffer from recurrent UTIs [2].

Recurrent urinary tract infection is defined as the occurrence of at least two episodes of disease within
six months or three episodes within a year [1, 6, 7, 16].

The bacterium that is most often responsible for the onset of this disease is Escherichia Coli, but various
pathogens like Klebsiella, Enterococcus, Pseudomonas, Staphylococcus, additionally, yeast ( most commonly
Candida ), can also cause UTI [1, 3, 4, 7]. These organisms enter the bladder by an ascending route through
urethra, then attack the bladder mucosal wall causing an inflammatory reaction [3]. Some of them possess
adhesions with which they attach to the urothelial mucosal surface [3]. Additionally, UPEC (uropathogenic
Escherichia Coli) has been shown to colonize the vaginal epithelium and gastrointestinal tract, where it can act
as a reservoir of infection [2].

Risk factors and differential diagnosis

There are a number of factors that predispose both men and women to the disease. These include
anatomical defects of the urinary tract leading to urinary stasis, stones in the urinary tract, intercourse,
menopause, diabetes, mellitus, atrophic vaginitis, spermicide use, bladder urethral reflux, neurogenic bladder,
incomplete bladder emptying, pelvic organ prolapsed in women, and the presence of a urinary catheter [1, 3,
6]. A complex interplay between mental health and UTIs has been found, with recent research finding
depression to be a significant risk factor for the disease [10]. Additionally, improper hygiene habits in a women
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such as frequent bathing instead of showering, wiping the vaginal area from back to front, and not using a
gentle liquid soap when washing the intimate area increases the incidence of the disease [1].

A particular condition in which the frequency of detected UTIs is significantly higher is during
pregnancy. A number of both anatomical (an enlarging uterus putting pressure on the uterus) and physiological
changes (including an increase in the level of progesterone, which has a relaxing effect on smooth muscles)
occurring in women during pregnancy adversely affect the bladder leading to urinary stasis and making it
easier for bacteria through the ascending route to enter the bladder and further, potentially the kidneys [8]. In
men with this type of complaint, the presence of possible prostatic hypertrophy should be checked [2]. In the
differential diagnosis with recurrent episodes of infection, we must also consider pelvic inflammatory disease,
urethritis and painful bladder syndrome [1].

Symptoms

We can distinguish a number of UTI symptoms that can cause significant emotional stress and
discomfort. These primarily include pain during urination, urinary urgency, frequent urination, suprapubic pain,
bladder spasm and difficulty initiating micturition [1,3]. In contrast, symptoms such as fever, vomiting, back
pain and chills are typical of pyelonephritis, although they can overlap creating difficulties in differentiating
UTIs and other serious conditions [3].

UTI treatment methods

There are many complications of untreated or improperly treated urinary tract infections infections
including Chronic prostatitis, prostatic abscess, renal abscess, renal failure, persistent lower urinary tract
symptoms and Pyelonephritis, which is why proper treatment of this condition is vital [3]. Treatment of
recurrent UTI is much more difficult than acute UTI, which can be effectively treated on an outpatient basis
[1]. Conversely, even treatment of acute infection with antibiotics does not prevent recurrence [11]. The current
treatment regimen is based on the use of antibiotics [4]. Unfortunately, there is a continuous increase in the
resistance of uropathogens to commonly used antibiotics, moreover, the antibiotics used prophylactically are
no longer fully effective[11]. Due to the annual prescription exceeds the rate of development of new antibiotics,
so it is imperative to look for alternative and new options for treating patients, without antibiotics [4,11]

Non-antibiotic methods of UTI treatment and prevention

Patients are advised to increase personal hygiene, take extra precaution after sexual contact such as
urinating immediately after intercourse, wiping from front to back after using the toilet, avoiding postponing
micturition and defecation [5]. An important element in the prevention of recurrent infection is drinking an
adequate amount of fluids. Patients should be advised to increase their fluid intake to at least 2 liters per day,
as this has been shown in studies to be effective [1,5].

Uropathogenic bacteria have evolved a number of adaptations such as attachment to urinary tract
epithelium, invasion, colonization and intracellular replication [11]. Taking this into account, the researchers
offer us potential alternative approaches that we will be able to use in combination therapies, that is, targeting
multiple mechanisms of UPEC. Focusing on the anti adhesive effect of bacteria, we can mention cranberry
and D-mannose, in immunomodulatory therapy — vaccines and topical prophylaxis with estrogen therapy and
probiotics[11].

Cranberry

Cranberry ( Vaccinium macrocarpon) is native to North America and is a small, evergreen shrub that
bears red berries rich in a variety of bioactive compounds [12]. The most common use of cranberry products
is related to the treatment and prevention of urinary tract inflammation due to the presence of
proanthocyanidins, a group, od polyphenolic compounds known for their ability to prevent urinary tract
infections [12,14]. A-type proanthocyanidins have anti-adhesive properties, interfering with the ability of
Escherichia Coli to adhere to epithelial cells lining the urinary tract [1, 12]. Cranberry fruits are also rich in
flavonols such as quercetin and myricetin, which have antioxidant properties. By scavenging reactive oxygen
species and signaling pathways involved in inflammation, they regulate the inflammatory response, thereby
exacerbating bladder inflammation symptoms and potentially aiding recovery[12]. Phenolic acids such as
hydroxycinnamic acid and benzoic acid known for their anti-inflammatory and antimicrobial effects [12].
These compounds kill bacteria and inhibit their growth by, among other things, inhibiting the activity of
bacterial enzymes [12] It has also been proven, that phenolic metabolites not only affect the urothelial
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epithelium, but also the intestinal epithelium by improving their integrity [14]. In addition, cranberry juice is
highly acidic, so it acidifies the urine creating an unfavorable environment for bacterial growth [14].

Cranberries come in many forms for consumption, including fresh berries, juices, smoothies and tablets.
Unfortunately, the concentration of proanthocyanidins varies depending on the form taken [14].

Side effects of cranberry include gastrointestinal problems such as constipation, heartburn, diarrhea,
migraines and vaginal dryness [18].

In summary, the components of cranberry contribute to the treatment of UTIs in various ways. The
previously described anti-inflammatory and antioxidant properties act synergistically to complement and
potentiate their effects [12,13].

D-mannose

D- mannose is a natural sugar that has protective properties in the context of urinary tract health. It
shows promise in the treatment and prevention of urinary tract inflammation, especially in cases of recurrent
infections.

It is a monosaccharide synthesized in the body from glucose to synthesize glycoproteins, and its
physiological blood concentration ranges from 50 to 100 100 uM [15, 17]. It is sold worldwide as a dietary
supplement to support Lower urinary tract health. It occurs naturally In a variety of plants including cranberries,
peaches, apples, oranges, coffee beans and fenugreek seed occurring there in trace amounts [17].

D-mannose is available in various forms, such as a powder, capsules and tablets. Approximately 90%
of ingested D-mannose is rapidly absorbed in the upper part of the human intestine, but it is not metabolized
by the body which means it is not stored in the liver [15,19]. The low renal threshold for this sugar means that
its excess is secreted in an untransformed form into the urine about 60 minutes after ingestion, where it realizes
its potential to reduce bacterial pathogenicity [17,19].

It is particularly effective against Escherichia Coli bacteria, which is one of the main causes of urinary
tract infections. They have many virulence factors such as envelopes, adhesions, toxins or lipopolysaccharides,
but the main mechanism that causes UTI is its adherence to mannosylated protein components called
uroplakins on the bladder epithelium [17]. UPECs have P-type and type 1 pilus, which are adhesion molecules
[18]. Type 1 piluses additionally terminate in a FilmH molecule that binds strongly to the N-mannosylated
glycan of the uroplakin protein UP1a located on the apical surface of the transitional epithelium in the bladder
[18]. D-mannose has been shown to bind to FilmH molecules, thereby preventing bacteria from adhering to
the transitional epithelium. Thus, it is safe to say that D-mannose has, so to speak, a barrier function of the
transitional epithelium. Bacteria in the bladder bind free D-mannose thereby being “blocked” and eliminated
by the urinary tract [19]. The previously mentioned type 1 pilus is also found in other Enterobacteriaceae
bacteria such as K. pneumoniae, so in vitro D-mannose has shown the potential to inhibit adherence of a
clinical isolate of K. pneumoniae [17].

This product is relatively expensive, and while a dose of 500mg twice a day is commonly suggested, the
optimal dosage is still undetermined [1]. However, it has been shown, based on an animal study, that even at
very low concentrations of about 20 pg/ml, D-mannose can effectively block bacterial adherence to the urinary
tract [17]. Since D-mannose does not have bactericidal or bacteriostatic activity, it can successfully be used
adjunctively with antibiotic therapy without interfering with the antibiotic [19].

D-mannose is relatively safe and well tolerated by the body, but like any supplement, it can cause side
effects, which include diarrhea, nausea, headaches, and skin rashes, among others [15,17]. It should also be
taken into account that in diabetic patients, taking this supplement can upset the blood glucose balance [17].

The use of D-mannose in clinical practice requires further research, especially in terms of the long-term
and efficacy of its use.

Probiotics

The human microbiota is diverse and plays a key role in maintaining health. In healthy individuals, the
commensal microbiome present in the gut can protect against the colonization of pathogenic Enterobacterales,
which have their reservoir in the gut, by selectively eliminating these bacteria or regulating the host immune
response [20]. However, the use of frequent antibiotics therapy leads to its disruption, causing greater
susceptibility to UTIs. Studies have shown that the intestinal microbiome in people with UTIs differs from that
of healthy individuals, confirming the role of dysbiosis of the intestinal microbiome in the pathogenesis of
UTIs [21,24]. Bacteria that are significantly less abundant in sick individuals are Parasuterella, Akkermansia
and Bilophila [20].

e-ISSN: 2544-9435 4



4(48) (2025): International Journal of Innovative Technologies in Social Science

It was once thought that the urinary tract, particularly the bladder, was sterile, but thanks to the
development of next-generation sequencing, which enabled the unbiased detection of resident microbial DNA,
it has been proven that it contains a diverse microbiota, the composition and function of which may be crucial
to human health [22]. The microbiome in the urinary tract has a larger niche biomass than, for example, the
gut microbiome. Additionally, its impact on the pathobiology of urinary tract infections is not fully understood
[22]. The types of bacteria that have been successfully identified in the urine of healthy individuals include
Lactobacillus, Corynebacterium, Prevotella, Staphylococcus and Streptococcus [22]. It has been suggested that
the bacteria that physiologically reside in the urinary tract provide a line of defense against uropathogens [22].
In women, the urinary tract microbiota is composed of the same Lactobacillus species found in the vagina [17].
It has been shown in studies that they produce lactic acid and produce H202 causing a decrease in vaginal pH
which results in inhibiting the growth of pathogenic bacteria such as E.Coli, and may ultimately reduce the
risk of urinary tract colonization by such organism [17,22]. The diversity of species according the age of
women has also been demonstrated, with premenopause being dominated by Lactobacillus or Gardnerella,
while after menopause the microbiota changes to a more diversified one with a definite predominance of E.coli
[17]. Evidence also shows that vaginal lactic acid bacilli provide some level of protection against genitourinary
diseases such as bacterial vaginosis, sexually transmitted infections and urinary tract infections[22].

Antibiotic therapy causes depletion of the microbiome also in the vagina resulting in loss of properties
of Lactobacillus spp making the vaginal route a potential reservoir for uropathogenic bacteria ascending from
the gastrointestinal tract [17]. Clinical studies have shown that the use of probiotics can reduce the risk of
recurrent UTIs by, among other things, preventing the formation of uropathogen biofilms, increasing protective
microbial colonization, and thereby competing for nutrients [23]. However, most studies have shown that only
certain Lactobacillus strains caused a decrease in the frequency of UTlIs, these are L. rhamnosus GR-1, L.
reuteri B-54, L. reuteri RC-14, L. casei shirota and L.crispatus CTV-05 and these are the ones recommended
for use in the prevention of UTIs [23]. Although there are promising results from clinical trials, further well-
designed studies are needed to unequivocally determine the efficacy and optimal regimens for probiotic use in
the prevention of UTIs.

Topical estrogen therapy

Menopause is a significant risk factor for recurrent urinary tract infections in women. Decreased
estrogen levels after menopause lead to changes in the genitourinary tract, including atrophy of the vaginal
and bladder mucosa favoring the occurrence of recurrent urinary tract infections in perimenopausal and
postmenopausal women [26, 27]. Additionally, it has been proven that Lactobacillus strains often disappear in
the absence of estrogen leading to increased vaginal pH [5,25]. Thus, treatment aimed at restoring a vaginal
flora similar to that of the premenopausal state and accompanying an acidifying vaginal pH that reduces the
replication of uropathogens will be warranted [23].

Vaginal estrogen is recommended for postmenopausal women with recurrent UTI, especially in cases
of urogenital atrophy, not only for the prevention of bladder inflammation, but also for reducing the sensation
of urinary urgency, relieving vaginal dryness and pruritus, and dyspareunia [27].

We can distinguish between many forms of topical estrogen, such as estradiol in the form of a vaginal
tablet, vaginal cream, gel pad or vaginal ring, which differ in terms of systemic absorption [27]. It is low for
vaginal tablets and vaginal tablets and vaginal creams with doses of 0,5 mg of estradiol [27]. Additionally,
estrogen in such low doses has not been proven to increase the risk of thromboembolic disease, cardiovascular
disease, or breast and endometrial cancer [27]. It is well tolerated, with reported side effects including vaginal
irritation, burning and itching [28].

Meta-analyses have shown that treatment with topical estrogen is an effective method of preventing
recurrent urinary tract infection [5, 23, 28]. For example, a retrospective analysis of 5,600 women with
hypoestrogenism who used vaginal estrogen showed a 51,9% reduction in the incidence of rUTIs one year
after starting therapy [29].
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Conclusions

The text provides an overview of various substances that support the prevention and treatment of
recurrent urinary tract infections. Taking them is aimed at reducing the use of antibiotics and reducing the risk
of recurrence. Unfortunately, the etiopathogenesis of rUTIs is multifactorial, consisting of impaired immune
function recolonization from bacterial reservoirs within the intestines and vagina, and disruption of the
integrity of the urothelial epithelium, among other factors. Therefore, given the multiplicity and complexity of
these mechanisms, multilevel treatment, targeting not only antibiotic therapy, but also immunomodulatory
therapy and support of the body’s protective barriers, is very important. If we consider the anti-adhesion
mechanism of bacteria, we can mention cranberry and D-mannose, while to stimulate the body’s immune
activity — estrogen therapy and probiotics. The review analyzes the effectiveness of the mentioned non-
antibiotic substances. There is a constant need to develop new therapies and treatment strategies, as there is
still a lack of effective non-antibiotic alternatives to help patients.
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