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n	 INTRODUCTION

The genitourinary microbiome plays a pivotal 
role in maintaining female urological health, 

particularly in the context of urinary tract infec-
tions (UTIs). These interactions are especially rele-
vant in women, who experience UTIs more fre-
quently than men, partly due to anatomical and 
hormonal factors [1]. The lifetime risk of UTI in 

women exceeds 50%, with recurrence rates affect-
ing the quality of life [2, 3]. Recurrence is defined 
as three or more UTI episodes within 1 year, or 
more than two episodes within 6 months. Approx-
imately 25% of women experiencing a first UTI 
will develop a second episode, and 25% of them 
will show a third and further recurrence [4, 5]. 
Therefore, recurrent UTIs (rUTIs) represent a sig-
nificant clinical and economic burden, particularly 
in postmenopausal women, where standard ther-
apies often fail to prevent recurrence [6].
Antibiotic therapy remains the gold standard for 
the management and prevention of UTIs. Current 
guidelines recommend appropriate diagnostic 
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SUMMARY

Urinary Tract Infections (UTIs) are common clinical 
conditions. Women are affected by UTIs more than 
men and their probability of experiencing such condi-
tions is high (60%). The vagina and its defensive sys-
tem play a key role in the pathogenesis of UTIs, making 
the vaginal microbiota (VMB) a target for controlling 
UTIs and their recurrence (rUTIs). Current therapy 
consists of low-dose antibiotics for rUTIs prevention. 
The increasing incidence of antimicrobial resistance 
documented to date has rendered this strategy less at-
tractive. The initial step of UTIs pathogenesis involves 
colonization of the vaginal introitus and periurethra 
by uropathogens. The following steps may include the 
ascension of uropathogens via the urethra to the blad-
der and kidneys. Vaginal infections may be caused by 

uropathogens from the intestinal microbiota, taking 
advantage of the proximity between the anus and the 
vagina. Nevertheless, uropathogens may arise from the 
vagina itself because of alterations in VMB. Changes in 
VMB lead to Bacterial Vaginosis (BV), which consists of 
the replacement of healthy lactobacilli with unhealthy 
Gram-negative bacteria, such as Escherichia coli. The 
documented relationship between BV and UTIs sup-
ports the intriguing hypothesis that restoring VMB 
may represent a new option to control UTIs and rUTIs 
after short-term antibiotic treatment in a safe and cost-
effective manner. 
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procedures, including accurate symptom assess-
ment, urine culture when indicated, and antibiotic 
selection based on local resistance patterns, pa-
tient-specific factors and in vitro sensitivity testing 
[3]. However, the indiscriminate and repeated use 
of antibiotics contributes to the emergence of anti-
microbial resistance, particularly in Escherichia coli 
(E. coli), which is the most frequent causative path-
ogen of UTIs. Recent epidemiological data high-
light a worrying trend, with increasing resistance 
rates against commonly prescribed agents such as 
fluoroquinolones, trimethoprim-sulfamethoxaz-
ole, and cephalosporins [7]. In a large cohort of 
female patients, E. coli was confirmed as the pre-
dominant uropathogen, with high levels of resist-
ance to ampicillin and amoxicillin, and resistance 
to cephalosporins and fluoroquinolones [8]. While 
effective in acute management, limitations of anti-
biotics are increasingly evident: their prolonged 
use is associated with the emergence of antimicro-
bial resistance and disruption of the host microbi-
ota, both of which may further predispose women 
to recurrent infections [1-3, 9]. 
In women, the anatomical proximity between the 
genital and urinary tracts facilitates ascending 
infections, making the genital tract a key reser-
voir for uropathogens such as E. coli, Staphylococ-
cus saprophyticus, and Streptococcus agalactiae, 
which can ascend to the bladder and initiate in-
fections [1, 10]. In addition to these classical uro-
pathogens, several vaginal species, such as Gard-
nerella vaginalis, Aerococcus, and Ureaplasma are 
increasingly recognized as contributors to uri-
nary tract pathology, either through direct infec-
tion or modulation of host susceptibility [11]. 
Vaginal microbiota (VMB) composition plays a 
pivotal role in the process of ascending infec-
tions, and recent research has emphasized the 
role of the urogenital microbiota in modulating 
host susceptibility to UTIs. A lactobacillus-domi-
nated microbiota is associated with protection, as 
Lactobacillus species maintain a low vaginal pH, 
produce antimicrobial compounds such as lactic 
acid and hydrogen peroxide, and inhibit urop-
athogen adhesion and growth. Depletion of these 
Lactobacillus species has been linked to increased 
colonization by E. coli and other pathogens, and 
this dysbiosis is related to the most prevalent 
vaginal infection in women: Bacterial Vaginosis 
(BV) [2, 6]. A dysbiotic state enriched with facul-
tative anaerobic Gram-negative bacteria, such as 

Gardnerella vaginalis and E. coli, characterizes BV, 
and is strongly associated with increased UTI 
susceptibility and recurrence [9, 12]. BV is charac-
terized by a decrease in lactobacilli in the vaginal 
microbiota rather than by the presence of a single 
responsible bacterium, indicating the importance 
of vaginal eubiosis in preventing vaginal infec-
tions [13]. Several recent clinical studies have 
demonstrated that topical Lactobacillus therapy as 
“complementary treatment” after antibiotic ther-
apy, especially with vaginal suppositories, can 
significantly reduce the frequency of rUTIs, even 
in postmenopausal women with refractory infec-
tions [6, 14-16], highlighting the therapeutic po-
tential of microbiome-targeted strategies. Meno-
pause induces profound hormonal changes that 
reshape the genitourinary microbiome, leading 
to increased vaginal pH and a reduction in pro-
tective Lactobacillus species, thereby promoting 
dysbiosis, compromising mucosal integrity and 
immune defense, and increasing the incidence of 
recurrent cystitis and other lower urinary tract 
symptoms. These shifts support evidence that 
dysbiosis – whether induced by antibiotics, hor-
monal changes, or behavioral factors – can com-
promise mucosal defenses and promote patho-
gen colonization [2, 6]. 
Taken together, current evidence emphasizes the 
need for microbiota-centered strategies for UTI 
prevention and management. In this review, we 
specifically highlight the protective role of Lactoba-
cillus spp. as a promising alternative to antibiot-
ic-based strategies to improve long-term outcomes 
in women with recurrent UTIs. 
This manuscript is a narrative review. A non-sys-
tematic search of the literature was conducted in 
PubMed using keywords related to urinary tract 
infections, vaginal microbiota, Lactobacillus spp., 
bacterial vaginosis, and probiotics. Relevant arti-
cles published in English from 1994 to 2025 were 
considered. Additional references were identified 
from the bibliographies of selected publications.
The aim of this narrative review is to summarize 
current evidence on the role of the urogenital (vag-
inal) microbiota in the pathogenesis of recurrent 
urinary tract infections in women and to explore 
the hypothesis that long-term restoration of the 
vaginal ecosystem through validated topical pro-
biotic approaches may represent an effective com-
plementary strategy to antibiotic therapy for pre-
venting ascending recurrences.
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n	 ANTIBIOTIC RESISTANCE IN URINARY 
TRACT INFECTIONS

Antibiotic resistance in UTIs is increasing owing 
to two major factors: the worldwide spread of 
such infections and the widespread use of antibi-
otics as the gold standard therapy for UTIs [17]. As 
outlined in the introduction, several causes can 
significantly contribute to the development and 
increase of antibiotic resistance, including poor 
adherence to antibiotics prescribed regimens, 
self-medication, and hospital-associated infec-
tions, where antibiotics use is more intensive and 
multidrug-resistant bacteria are more common 
[18, 19]. The resuming scheme is illustrated in (Fig-
ure 1).
Among the pathogens responsible for UTIs, several 
microorganisms can resist antibiotic therapies. E. 
coli is the most common being responsible for UTIs 
in the 85% of community acquired infections and in 
about 50% of hospital-acquired instances [20, 21]. E. 
coli-resistant strains are becoming increasingly 
common, especially those producing Extend-
ed-Spectrum Beta-Lactamases (ESBLs) [13]. Indeed, 
E. coli strains can be selected and raised during 
therapy because of their ability to resist several 
classes of antibiotics becoming a Multi Drug Resist-
ance (MDR) pathogen. These MDR pathogens may 
inhibit antibiotics targeting protein synthesis, and 
nucleic acid synthesis; highly affecting the outcome 
in patients with UTI [21]. 
In addition to E. coli, other microorganisms have 
been reported to contribute to resistant UTIs: Kleb-
siella sp., Proteus mirabilis, Pseudomonas aeruginosa, 
and Enterococcus sp. Their prevalence is much low-
er than that of E. Coli, but their capability for MDR 
formation is well known, as well as their contribu-
tion to increasing the challenges for treatment [18].
Antibiotic resistance in UTIs is a growing public 
health challenge worldwide. The consequences of 
this may lead to: I) a higher failure rate of antibiot-

ic therapy, making infections harder to treat and 
more prolonged; II) more serious complications 
such as kidney infections (pyelonephritis) or even 
sepsis, especially in vulnerable populations (el-
derly, pregnant women, diabetics); III) more fre-
quent medical examinations, prolonged hospital 
stays, and the use of more expensive second-line 
antibiotics contributing to increased healthcare 
costs.

n	 RECURRENCE OF UTIs AND VAGINAL 
MICROBIOME

Recurrences are more common in women than in 
men because of risk factors such as sexual inter-
course, urogenital aging, pelvic organ prolapse, 
urethral diverticula, vesicovaginal fistula, urinary 
incontinence, menopause, and pregnancy [5]. Re-
current UTIs are often caused by the same bacteri-
um that remains hidden in the bladder between an 
acute cystitis event and a subsequent infection 
that is undetected by urine culture collected 2 or 3 
weeks after a short term antibiotic treatment [22].
To date, the standard therapy for recurrent UTIs is 
to treat each episode using a short antibiotic treat-
ment cycle. When the interval between infection 
events is short, prolonged use of prophylactic an-
tibiotics may be administered [22]. Moreover, 
since pathogen-causing cystitis is often the same, 
the patient could be prone to self-medication with 
a prearranged prescription by one’s general prac-
titioner. This practice can lead to the selection of 
antibiotic-resistant pathogens within a couple of 
years [23]. 
These findings explain the close association be-
tween rUTIs and antibiotic resistance [5]. Increas-
ing the use of antibiotics worldwide, prolonged 
use of prophylactic antibiotics, or frequent use of 
several other antibiotics in patients with rUTI does 
not seem to be a better solution. The burden of 
bacterial antimicrobial resistance is well known 
and represented by E. coli, the pathogen with the 
highest MDR-related mortality rate [24].
Recent studies have highlighted the importance of 
Intracellular Bacterial Communities (IBCs) for 
bacterial survival, pathogen recognition, and bar-
rier function after antibiotic treatment. IBCs are 
bacteria contained in the endosomes of urothelial 
cells protected by the antibiotic effect during ther-
apy [22]. The IBCs may lead to a phenomenon 
known as Bacterial persistence: an identical path-Figure 1 - Antibiotic resistance.
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ogen remaining dormant between two isolated 
episodes of UTIs [5, 22]. IBCs have long been re-
ported in the urine of patients with acute cystitis; 
however, they have not been detected in the urine 
of patients with acute episodes of rUTIs [25]. Thus, 
proof of the existence of bacterial persistence and 
a pathogenetic link between subsequent UTIs is 
still lacking. 
Nevertheless, IBCs could play a critical role in the 
failure to eradicate pathogens as well as in the in-
crease in antibiotic-resistant bacteria. In both situ-
ations, rUTIs are difficult to treat using gold stand-
ard therapy. Clinicians cannot cure rUTI effective-
ly and it can cause a significant burden on the 
healthcare system. Although antibiotics have been 
used successfully in the treatment, recent increas-
es in the prevalence of antibiotic-resistant urop-
athogenic strains in the community have caused 
chronic and recurrent UTIs to become a common 
threatening disease [5].
rUTIs treatment problems can be solved by under-
standing the pathophysiology of the infections. 
Actually, it is known that, during UTIs, the urothe-
lial system is invaded by pathogens, mainly E. coli, 
and a change in the microbial population of vagi-
na and urinary tract is observed. 
In addition to the gut, scientists have recently be-
gun to study the vaginal and urinary microbiota. 
Owing to new laboratory technologies, great pro-
gress has been made in the detection and quantifi-
cation (by qPCR and NGS) [26] of microorganisms 
living in the vagina and the urinary tract. Five ma-
jor subcategories of cervicovaginal bacterial spe-
cies were identified and defined as Community 
State Types (CSTs). CSTs represent a classification 
system used to describe groups of bacteria in-
volved in the maintenance of vaginal balance be-
tween physiological and pathological flora. 
Among the four groups, there was a high preva-
lence of lactobacilli. In particular, L. crispatus pre-
vailed in CST I, L. gasseri in CST II, L. iners in CST 
III, and L. jensenii in CST V. In the remaining Com-
munity state type (CST IV) predominate anaerobic 
bacteria, such G. vaginalis, Atopobium vaginae, and 
Megasphaera spp., similar to the vaginal microbiota 
in bacterial vaginosis [27, 28]. Interestingly, a re-
cent meta-analysis reported that Prevotella bivia, G. 
vaginalis, Chlamydia trachomatis, and human papil-
lomavirus infections are more common in women 
with lower levels of Lactobacillus in their CST IV 
cervico-vaginal microbiota than in women with 

higher levels of Lactobacillus [29]. Several Lacto-
bacillus species, such as L. crispatus, L. jensenii, L. 
gasseri, and L. iners, constitute most of the vaginal 
microbiota in women of reproductive age [1, 30, 
31]. These bacteria produce lactic acid, which 
helps maintain the acidic pH of the vaginal acidic 
pH [32, 33]. Vaginal lactobacilli perform a protec-
tive function by producing bacteriocins and hy-
drogen peroxide and inhibiting the colonization of 
other potential pathogens, particularly E. coli [26, 
30]. Therefore, lower lactobacilli levels promote 
bacterial vaginosis or vaginal E. coli colonization, 
which increases the risk of UTI recurrence [1, 14, 
34, 35]. The vagina also represents a reservoir for 
pathogens, and literature indicates that women 
with a history of UTI exhibit more E. coli coloniza-
tion in the vaginal introitus (>105 CFU/mL), high-
lighting the importance of the vaginal microenvi-
ronment in the pathogenesis of rUTIs [36].
Such findings are valuable because they help sci-
entists to better understand the biology of rUTIs 
and at the same time suggest better treatment 
strategies for clinicians.
The pathogenesis of rUTIs is significantly influ-
enced by the vaginal microenvironment, in con-
trast to the widespread assumption that bacteria 
causing UTIs typically originate from the altered 
gut microbiota as the only way of infection [37].
Several studies have demonstrated the therapeu-
tic benefits of lactobacilli both in pathophysiology 
and in the treatment of rUTIs [38]. 
Among the studies reporting the success of the lat-
tobacilli administration against rUTIs, the use of 
lactobacillus vaginal suppositories is frequently 
reported [14, 39, 40]. Sadahira et al. showed that 
the administration of the GAI 98,322 strain of L. 
crispatus significantly reduced recurrent cystitis in 
86% of patients. More importantly, the suppres-
sive effect persisted in 77% of the patients for at 
least a year after the end of therapy, with a signif-
icant decrease in the mean number of cystitis epi-
sodes both during and after administration [41]. L. 
crispatus appears to be the most used lactobacillus 
in rUTIs therapy, and its success has been well-doc-
umented. However, other lactobacilli have been 
studied and administered to rUTIs, with similar 
success rates. 
L. rhamnosus has been studied as a L. crispatus be-
cause of its well-known probiotic characteristics in 
different parts of the human body. Here, we report 
an interesting study involving the strain Lactobacil-
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lus rhamnosus BMX 54 administered as a vaginal 
drug in a tablet containing lactose as a prebiotic 
[42]. Approximately 3000 women with bacterial 
vaginosis (BV) have been enrolled in clinical trials 
and treated with this symbiotic (probiotic plus 
prebiotic) biotherapeutic agent, demonstrating 
that a combination therapy between the Center for 
Disease Control (CDC) standard of care for BV 
(metronidazole 500 mg twice daily for 1 week), 
followed by a long-term course of Lactobacillus 
rhamnosus BMX 54 + lactose, leads to a significant 
reduction in the recurrence rates of BV, not only 
during treatment but also during the follow-up 
[43-46]. 
These important results demonstrate that dysbiot-
ic events such as BV (often a precondition and 
prelude for UTIs) can be controlled and reverted 
to physiological eubiosis by multiple therapeutic 
approaches, including the CDC standard of care, 
probiotics, and prebiotics.

n	 DISCUSSION

The results obtained using a topical symbiotic ap-
proach (Lactobacillus rhamnosus BMX 54 + lactose) 

as a complementary treatment to antibiotics for 
the prevention of BV recurrence rate, encouraging 
the long-lasting chronic use of this therapy.
During the last 20 years, several clinical trials have 
been published using this approach [47-65]: fol-
lowing the Friedrich three-step model (Figure 2), a 
specific protocol has been used and validated in 
more than 3000 women affected by vaginitis [42].
After using a specific antibiotic treatment against 
the causative agent, the vaginal application of a 
symbiotic drug (vaginal tabs containing Lactobacil-
lus rhamnosus BMX 54 as the active principle plus 
lactose as the selected prebiotic), according to the 
following protocol, has been clinically validated 
and used with statistically significant effectiveness 
in counteracting vaginitis recurrences (Figure 3). 
Although these studies support the effectiveness 
of the symbiotic protocol, some heterogeneity in 
study design, methodology, randomization, num-
ber of enrolled patients, treatment schedules, and 
definitions of recurrence should be acknowledged. 
More specific double-blind randomized controlled 
studies are required to confirm the results ob-
tained by this topical symbiotic approach.
Considering that the urinary ecosystem is anatom-
ically related to the genital tract and that both eco-
systems have lactobacilli-dominated flora in eubi-
otic conditions, the hypothesis of using the same 
protocol to reduce the recurrence rates of UTIs in 
women has to be considered [6, 33, 67].
The “well-known” activity of lactobacilli in 
uro-genital tract in women makes this hypothesis 
suggestive (Figure 4). 
Therefore, probiotic vaginal application with lacto-
bacilli could be considered such as “an effective 
physiological antibiotic” and may represent a nat-
ural complementary therapy after antibiotic treat-
ment. Nevertheless, additional controlled studies 
are needed to better define the optimal regimen 
and the duration required to maintain a stable lac-
tobacilli-dominated environment.
The hypothesis of topical vaginal treatment with 

Figure 2 - Diagnosis and Management of the common 
Vaginitis [66].

Figure 3 
Clinical 
protocol 
for vaginitis 
treatment and 
prevention 
[47–65].
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probiotics to reduce the likelihood of rUTIs in 
women was recently published by Ebell, in which 
174 women affected by rUTIs were enrolled in the 
trial [16]. Briefly, four different groups were iden-
tified based on the therapy protocol: in the first 
group, oral and vaginal placebo were adminis-
tered; the second group received oral probiotic 
and vaginal placebo; the third group was treated 
with oral placebo and vaginal probiotic; and in the 
fourth group, a combination of oral and vaginal 
probiotics was used. The results showed that vag-
inal probiotics with or without oral probiotics out-
performed oral probiotics alone and that vaginal 
probiotics alone provided a similar benefit to oral 
plus vaginal probiotics [16] after 4 months and af-
ter 12 months. However, the recurrence rates after 
4 and 12 months for the placebo and oral probiotic 
groups did not show a statistically significant dif-
ference. The difference was statistically significant 
when the third group (vaginal probiotics alone) 
and the fourth group (association between vaginal 
probiotics and oral probiotics) were compared to 
the placebo and oral probiotic control groups [16]. 
Considering that vaginal probiotics alone provide 
similar benefits to oral plus vaginal probiotics, the 
author concluded that vaginal probiotic adminis-
tration seems to be the least invasive and least 
costly option (Level of Evidence 1b) [16]. It is also 
interesting to note that at the end of the study, 
women were asked to rate their improvement, and 
most in the vaginal and vaginal-plus-oral probiot-
ic groups reported significant improvement with 
no adverse effects. [16]. Although this clinical trial 

clearly demonstrated the superiority of vaginally 
administered probiotics over oral probiotics for 
the prevention of rUTIs in women, further inde-
pendent studies with longer follow-up and larger 
populations would be useful to confirm these 
findings. Furthermore, similar to previous studies, 
this study highlights and confirms the pivotal role 
of Lactobacillus restoration in the urogenital eco-
system as an interesting step in reducing/avoid-
ing rUTIs [16]. The inclusion of this clinical ap-
proach (level of evidence 1b) in the guidelines of 
the authors clearly demonstrates the potential of 
this new approach to prevent UTIs recurrence in 
women [16].
As mentioned in several studies, the results ob-
tained using “a long-term course” of vaginal lac-
tobacilli application in BV prevention with a vag-
inal symbiotic also highlight the central role of the 
combination of probiotics and prebiotic [47–65]. 
Probiotics can be defined as “live microorganisms 
which, when administered in adequate amounts, 
confer a health benefit on the host” – from the lat-
in term “for life” [68] – while Prebiotics are “a sub-
strate that is selectively utilized by host microor-
ganisms conferring a health benefits” [69]. In a 
healthy human uro-genital tract the microbiota is 
a “lactobacilli-dominated” system, making the lo-
cal application of such lactobacilli selected spe-
cies: “live microorganisms which, when adminis-
tered in adequate amounts, confer a health benefit 
on the host” [68]. In the female urogenital tract, 
there is another relevant factor making the vagi-
nal and urogenital tracts more susceptible to UTI 

Figure 4 
 Main activities  
of lactobacilli.
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and UTIs recurrence when compared with men: 
the “hormonal factor” [70]. Estrogen secretion in 
women is pivotal to allow lactobacilli to conserve 
their protective/physiological microenvironment. 
Lactobacilli are directly dependent on glycogen 
and their optimal metabolic substrates for fermen-
tation [70]. Glycogen production in women is 
strictly regulated by estrogen secretion; therefore, 
when estrogen levels are low, no amount of glyco-
gen is produced and lactobacilli are unable to sur-
vive (the natural physiological prebiotic decreas-
es) [70]. Lactobacillus metabolism is sugar de-
pendent. They ferment sugar (prebiotic) and cre-
ate an acidic uro-genital tract ecosystem, “lactoba-
cillocentric” (lactobacilli live in acid microenvi-
ronment while pathogen bacteria cannot) and not 
“pathogenocentric” [70]. Lactobacilli can create 
local acidification (low pH <4.5) as a physiological 
defence in the female urogenital tract. Gram-neg-
ative bacteria, such as E. coli, do not survive or 
reproduce in acidic microenvironments [70]. Con-
sidering that low estrogen production in women 
is frequent during different phases of their life (for 
instance, during menopause), it seems reasonable 
to use a probiotic plus a prebiotic (lactose) to re-
store the urogenital ecosystem and make it more 
resistant to pathogenic bacteria such as E. coli [70]. 
In recent years, several authors have reported that 
the bacteria usually responsible for UTIs are the 
same as those responsible for BV, which is the 
most common asymptomatic vaginal infection in 
women, and the idea of using a symbiotic vaginal 
approach to prevent UTIs in women seems to be 
intriguing [6, 70]. Obviously, the selection of the 
right microorganism for Probiotic administration 
seems to be pivotal: in the case of Lactobacillus 
rhamnosus, its topical application in the vagina al-
lows this population to restore the vaginal ecosys-
tem during the 7th weeks post application [51, 
47-65].
Clinical trials published in recent years have 
shown that this topical symbiotic approach is ef-
fective in decreasing the recurrence rates [47-65]. 
More recent experience on long-term vaginal pro-
biotic application for rUTI prevention [16] sug-
gests that a symbiotic previously shown to be ef-
fective against BV recurrence could also improve 
outcomes in women with rUTIs. Well-designed, 
controlled, double-blind clinical trials are needed 
to confirm this hypothesis, especially given the 
variability in study design, treatment protocols, 

and follow up durations in the existing literature. 
Despite these limitations, the safety, low-cost, and 
feasibility of long-term topical symbiotics use 
could represent a potentially valuable option to 
control UTI recurrence in women. Given that BV 
recurrence rate has been effectively controlled us-
ing this approach [47–65], it appears reasonable to 
explore its application to rUTIs using the same 
long-lasting protocol. Considering that the U.S. 
annual UTI-related costs reach 2$ billion dollars 
and that recurrent infections represent a signifi-
cant economic and antimicrobial stewardship bur-
den, the development of non-antimicrobial pre-
ventive strategies remains of great public health 
relevance [71, 72].

Funding
None.

Conflicts of interest
Francesco Moriconi and Margherita Pelagagge are 
employees of Laboratori Baldacci S.p.A and Marco 
Bertini is R&D Manager of Laboratori Baldacci 
S.p.A. The authors had no other conflicts of inter-
est.

n	 REFERENCES

[1] Lewis AL, Gilbert NM. Roles of the vagina and the 
vaginal microbiota in urinary tract infection: evidence 
from clinical correlations and experimental models. 
GMS Infect Dis. 2020; 8: 1-10.
[2] Stapleton AE. The Vaginal Microbiota and Urinary 
Tract Infection. Microbiol Spectr. 2016; 4(6): 1-9.
[3] Garofalo L, Nakama C, Hanes D, et al. Whole-Per-
son, Urobiome-Centric Therapy for Uncomplicated 
Urinary Tract Infection. Antibiotics. 2022; 11: 218.
[4] Albert X, Huertas I, Pereiro I, et al. Antibiotics for 
preventing recurrent urinary tract infection in nonpreg-
nant women (Review). Cochrane Database of Systematic 
Reviews. 2004; 3: CD001209.
[5] Kim A, Ahn J, Choi WS, et al. What is the Cause of 
Recurrent Urinary Tract Infection? Contemporary Mi-
croscopic Concepts of Pathophysiology. Int Neurourol. 
J. 2021; 25(3): 192-201.
[6] Sekito T, Wada K, Ishii A, et al. Etiology of recurrent 
cystitis in postmenopausal women based on vaginal 
microbiota and the role of Lactobacillus vaginal sup-
pository. Front Microbiol. 2023; 14: 1-9.
[7] Mareş C, Petca RC, Popescu RI, et al. Update on 
Urinary Tract Infection Antibiotic Resistance - A Retro-
spective Study in Females in Conjunction with Clinical 
Data. Life. 2024; 14: 106.



46 F. Moriconi, M. Pelagagge, M. Bertini

[8] Farag PF, Albulushi HO, Eskembaji MH, et al. Prev-
alence and antibiotic resistance profile of UTI-causing 
uropathogenic bacteria in diabetics and non-diabetics 
at the Maternity and Children Hospital in Jeddah, Sau-
di Arabia. Front Microbiol. 2024; 15: 1-12.
[9] Park MG, Cho S, Oh MM. Menopausal Changes in 
the Microbiome - A Review Focused on the Genitouri-
nary Microbiome. Diagnostics. 2023; 13: 1193.
[10] Meštrović T, Matijašić M, Perić M, et al. The Role of 
Gut, Vaginal, and Urinary Microbiome in Urinary Tract 
Infections: From Bench to Bedside. Diagnostics. 2021; 11: 7.
[11] Gilbert NM, O’Brien VP, Waller C, et al. Gardnerel-
la Exposures Alter Bladder Gene Expression and Aug-
ment Uropathogenic Escherichia coli Urinary Tract In-
fection in Mice. Front Cell Infect Microbiol. 2022; 22: 1-14.
[12] McMillan A, Rulisa S, Sumarah M, et al. A multi-
platform metabolomics approach identifies highly specif-
ic biomarkers of bacterial diversity in the vagina of preg-
nant and nonpregnant women. Sci Reports. 2015; 5: 14174.
[13] Boutouchent, N, Vu TNA, Landraud L, et al. Uro-
genital colonization and pathogenicity of E. Coli in the 
vaginal microbiota during pregnancy. Sci Reports. 2024; 
14: 25523.
[14] Stapleton AE, Au-Yeung M, Hooton TM, et al. Ran-
domized, Placebo-Controlled Phase 2 Trial of a Lacto-
bacillus crispatus Probiotic Given Intravaginally for 
Prevention of Recurrent Urinary Tract Infection. Clin 
Infect Dis. 2011; 52(10): 1212-1217.
[15] Mastromarino P, Macchia S, Meggiorini L, et al. Ef-
fectiveness of Lactobacillus-containing vaginal tablets 
in the treatment of symptomatic bacterial vaginosis. 
Clin Microbiol Infect. 2009; 15: 67-74.
[16] Ebell MH. Probiotics Reduce the Likelihood of Re-
currence of UTI in Women with Frequent UTIs. Am Fam 
Physician. 2025; 111(1): 84-85.
[17] Timm MR, Russell S, Hultgren SJ. Urinary tract in-
fections: pathogenesis, host susceptibility and emerg-
ing therapeutics. Nat Rev Microbiol. 2025; 23(2): 72-86.
[18] Vallejo-Torres L, Pujol M, Shaw E, et al. On be-
half of RESCUING Study Group and Study Sites. Cost 
of hospitalised patients due to complicated urinary 
tract infections: a retrospective observational study in 
countries with high prevalence of multidrug-resistant 
Gram-negative bacteria: the COMBACTE-MAGNET, 
RESCUING study. BMJ Open. 2018; 8: e020251.
[19] Pires C. A Systematic Review of Controlled Trials: 
Can Patient Adherence to Antibiotics Be Improved 
Through Pharmaceutical Communication-Based Inter-
ventions? Pharmacy. 2024; 12: 178.
[20] Ghosh R. A Study on the Prevalence of E. coli in the 
Urinary Tract Infection and the Risk Factors Associated 
with It. Clinical Microbiology. 2024; 13(3): 1-8.
[21] Peralta C, Cortiñas AC, Culaway JM, et al. A System-
atic Review on Escherichia coli in Urinary Tract Infections: 
Prevalence, Resistance Patterns, and Virulence Factors. Int 
J Innovative Sci Res Tech. 2024; 9(11): 2300-2308.

[22] Sgarabotto D, Andretta E, Sgarabotto C. Recurrent 
Urinary Tract Infections (UTIs): A Review and Proposal 
for Clinicians. Antibiotics. 2025; 14: 22.
[23] Zdziebło M, Andrzejczuk S, Chudzik-Rząd B, et 
al. Fosfomycin as an alternative therapeutic option 
for treatment of infections caused by multi-resistant 
Gram-negative bacteria. J Pre-Clin Clin Res. 2014; 8(2): 
51-54.
[24] He Y, Zhao J, Wang L, et al. Epidemiological trends 
and predictions of urinary tract infections in the global 
burden of disease study 2021. Sci Report. 2025; 15: 4702.
[25] Rosen DA, Hooton TM, Stamm WE, et al. Detec-
tion of Intracellular Bacterial Communities in Human 
Urinary Tract Infection. PLoS Medicine. 2007; 4(12): 
1949-1958.
[26] Dominoni M, Scatigno AL, La Verde M, et al. Mi-
crobiota Ecosystem in Recurrent Cystitis and the Im-
munological Microenvironment of Urothelium. Health-
care. 2023; 11: 525.
[27] Ravel J, Gajer P, Abdo Z, et al. Vaginal microbiome 
of reproductive-age women. PNAS. 2011; 108(suppl. 1): 
4680-4687.
[28] Romero R, Hassan SS, Gajer P, et al. The composi-
tion and stability of the vaginal microbiota of normal 
pregnant women is different from that of non-pregnant 
women. Microbiome. 2014; 2: 4.
[29] Tamarelle J, Thiébaut ACM, de Barbeyrac B, et al. 
The vaginal microbiota and its association with human 
papillomavirus, Chlamydia trachomatis, Neisseria 
gonorrhoeae and Mycoplasma genitalium infections: a 
systematic review and meta-analysis. Clin Microbiol Inf. 
2019; 25: 35-47.
[30] Borges S, Silva J, Teixeira P. The role of lactobacilli 
and probiotics in maintaining vaginal health. Arch Gy-
necol Obstet. 2014; 289(3): 479-89.
[31] Tachedjian G, Aldunate M, Bradshaw CS, et al. The 
role of lactic acid production by probiotic Lactobacillus 
species in vaginal health. Res Microbiol. 2017; 168: 782-792.
[32] Hudson PL, Hung KJ, Bergerat A, et al. Effect of Vag-
inal Lactobacillus Species on Escherichiacoli Growth. Fe-
male Pelvic Med Reconstr Surg. 2020; 26(2): 146-151.
[33] Vagios S, Hesham H, Mitchell C. Understanding 
the potential of lactobacilli in recurrent UTI prevention. 
Microb Pathog. 2020; 148: 104544.
[34] Harmanli OH, Cheng GY, Nyirjesy P, et al. Urinary 
tract infections in women with bacterial vaginosis. Ob-
stet Gynecol. 2000; 95(5): 710-712.
[35] Amatya R, Bhattarai S, Mandal PK, et al. Urinary 
tract infection in vaginitis: a condition often over-
looked. Nepal Med Coll J. 2013; 15(1): 65-7.
[36] Navas-Nacher EL, Dardick F, Venegas MF, et al. 
Relatedness of Escherichia coli colonizing women lon-
gitudinally. Mol Urol. 2001; 5(1): 31-36.
[37] Czaja CA, Stamm WE, Stapleton AE, et al. Pro-
spective Cohort Study of Microbial and Inflammatory 
Events Immediately Preceding Escherichia coli Recur-



47UTIs and topical Lactobacillus therapy

rent Urinary Tract Infection in Women. Infect Dis. 2009; 
200(4): 528-536.
[38] Neugent ML, Kumar A, Hulyalkar NV, et al. Re-
current urinary tract infection and estrogen shape the 
taxonomic ecology and function of the postmenopaus-
al urogenital microbiome. Cell Reports Medicine. 2022; 3: 
100753.
[39] Atassi F, Pho Viet Ahn DL, Lievin-Le Moal V. Di-
verse Expression of Antimicrobial Activities Against 
Bacterial Vaginosis and Urinary Tract Infection Patho-
gens by Cervicovaginal Microbiota Strains of Lactoba-
cillus gasseri and Lactobacillus crispatus. Frontiers Mi-
crobiol. 2019; 10: 2900.
[40] Uehara S, Monden K, Nomoto K, et al. A pilot 
study evaluating the safety and effectiveness of Lac-
tobacillus vaginal suppositories in patients with re-
current urinary tract infection. Int J Antimicrob Agents. 
2006; 28 (Suppl. 1): S30-34.
[41] Sadahira T, Wada K, Araki M, et al. Efficacy of 
Lactobacillus vaginal suppositories for the prevention 
of recurrent cystitis: A phase II clinical trial. Int J Urol. 
2021; 28(10): 1026-1031.
[42] Baldacci F, Baldacci M, Bertini M. Lactobacillus 
rhamnosus BMX 54 + Lactose, A Symbiotic Long-Last-
ing Vaginal Approach to Improve Women’s Health. Int 
J Women’s Health. 2020; 12: 1099-1104.
[43] Bertini M. Bacterial vaginosis and sexually transmit-
ted diseases: relationship and management. In: Serdaro-
glu S, Kutlubay Z, editors. Fundamentals of Sexually 
Transmitted Infections. INTECH Open. 2017; 75.
[44] Palma E, Bertini M. Vaginal microbiota and the 
pathobiosis path: its role in the evolution of the HPV 
cervical intraephitelial neoplasia and cancer. Eur J Gy-
naecol Oncol. 2019; 40(4): 534-537.
[45] Parma M, Stella Vanni V, Bertini M, et al. Probiotics 
in the prevention of recurrences of bacterial vaginosis. 
Altern Ther Health Med. 2014; 20: 52-57.
[46] Recine N, Domenici L, Bracchi C, et al. How vag-
inal microbiota re-establishment can reduce sexually 
transmitted diseases: an observational study on 2010 
patients. Abstract Book of 2018 COGI Congress (London) 
OP 1 204.75.
[47] Rossi A, Rossi T, Bertini M, et al. The use of Lac-
tobacillus rhamnosus in the therapy of bacterial vagi-
nosis. Evaluation of clinical efficacy in a population of 
40 women treated for 24 months. Arch Gynecol Obstet. 
2010; 281: 1065-1069.
[48] Stojanović N, Plećaš D, Plešinac S. Normal vaginal 
flora disorders and application of probiotics in preg-
nancy. Arch Gynecol Obstet. 2012; 286(2): 325-332.
[49] Rossi A, Cattadori F, Corti B. The vaginal ecosys-
tem: how to protect and maintain it. J Obst Prac Gynecol 
Perinatal Med. 2003; 18: 1.
[50] Recine N, Palma E, Domenici L, et al. Restoring 
vaginal microbiota: biological control of bacterial vagi-
nosis. A prospective case-control study using Lactoba-

cillus rhamnosus BMX 54 as adjuvant treatment against 
bacterial vaginosis. Arch Gynecol Obstet. 2016; 293(1): 
101-107.
[51] Reid G, Millsap K, Bruce AW. Implantation of Lac-
tobacillus casei var rhamnosus into vagina. The Lancet. 
1994; 344(8931): 1229.
[52] Recine N, Musciola A, Moreira E. The benefits of top-
ical vaginal therapy with Lactobacillus casei subrhamno-
sus in preventing bacterial vaginosis relapses. Communi-
cations and Posters for the X National IBAT Conference 2011, 
Naples, Italy - January 26-28. 18 (Suppl. 1).
[53] Parma M, Dindelli M, Caputo L, et al. The role of 
vaginal Lactobacillus Rhamnosus (Normogin®) in pre-
venting Bacterial Vaginosis in women with history of 
recurrences, undergoing surgical menopause: a pro-
spective pilot study. Eur Rev Med Pharm Sci. 2013; 17: 
1399-1403.
[54] Parma M, Vanni VS, Bertini M, et al. Probiotics in 
the Prevention of Recurrences of Bacterial Vaginosis. 
Alt Ther. 2014; 20(suppl. 1): 52-57.
[55] Palma E, Bertini M. Vaginal microbiota and the 
pathobiosis path: its role in the evolution of HPV cervi-
cal intraepithelial neoplasia and cancer. Eur J Gynaecol 
Oncol. 2019; XL(4): 534-537.
[56] Palma E, Recine N, Domenici L, et al. Long-term 
Lactobacillus rhamnosus BMX 54 application to restore a 
balanced vaginal ecosystem: a promising solution against 
HPV-infection. BMC Infectious Diseases. 2018; 18: 13.
[57] Marcone V, Calzolari E, Bertini M. Effectiveness 
of vaginal administration of Lactobacillus rhamnosus 
following conventional metronidazole therapy: how to 
lower the rate of bacterial vaginosis recurrences. New 
Microbiologica. 2008; 31: 429-433.
[58] Marcone V, Rocca G, Lichtner M, et al. Long-term 
vaginal administration of Lactobacillus rhamnosus as a 
complementary approach to management of bacterial 
vaginosis. Int J Gynecol Obst. 2010; 110: 223-226.
[59] Luzi G, Iazzetta E, Cecconi L, et al. Lactobacillus 
rhamnosus BMX 54 Vaginal application usefulness as 
adjuvant therapy for Preterm Premature Rupture of 
Membranes (PPROM) in the second Trimester of Preg-
nancy. Int J Ped Neonatal Health. 2018; 2(1): 14-20.
[60] Recine N, Palma E, Domenici L, et al. Long-term 
probiotic implementation to re-create a balanced vag-
inal ecosystem: a promising boost against HPV-infec-
tion. Abstract from IPC 2016, 21st-23rd June - Budapest 
- Hungary, pagg. 63-64.
[61] De Punzio C, Bertini M, Senesi S. Open label pilot 
study of lactobacillus casei sub-rhamnosus in treating 
aspecific vaginal diseases. Proceedings from the Italian 
Society of Gynecology and Obstetrics, Viareggio, 20-24 
June, 1999.
[62] Bertini M. Is Lactobacillus rhamnosus BMX 54 vag-
inal application a good strategy to counteract bacterial 
vaginosis recurrencies? 18th Congress COGI, 24-27 Oc-
tober, 2013 - Vienna (Austria). 



48 F. Moriconi, M. Pelagagge, M. Bertini

[63] Recine N, Domenici L, Bracchi C, et al. How vag-
inal microbiota’s re-establishment can reduce sexually 
transmitted diseases: an observational study on 2010 
patients. Congress COGI, 2018 - London (UK).
[64] Bertini M. Is time for thinking to vaginal microbi-
ome to prevent sexually transmitted diseases? Int J Fam 
Commun Med. 2018; 2: 1.
[65] Bertini M. Bacterial vaginosis and sexually trans-
mitted diseases: relationship and management. In: 
Serdaroglu, S., Kutlubay, Z., editors. Fundamentals of 
Sexually Transmitted Infections. INTECH Open; 2017: 75.
[66] Friedrich EGJr. Vaginitis. Am J Obstet Gynecol, 1985; 
152(3): 247-251.
[67] Gupta V, Mastromarino P, Garg R. Effectiveness 
of Prophylactic Oral and/or Vaginal Probiotic Supple-
mentation in the Prevention of Recurrent Urinary Tract 
Infections: A Randomized, Double-Blind, Placebo-Con-
trolled Trial. Clin Infect Dis. 2024; 78(5): 1154-1161.
[68] Hill C, Guarner F, Reid G, et al. Expert consensus 

document. The International Scientific Association for 
Probiotics and Prebiotics consensus statement on the 
scope and appropriate use of the term probiotic. Nat 
Rev Gastroenterol Hepatol. 2014; 11(8): 506-14.
[69] Gibson GR, Hutkins R, Sanders ME, et al. The In-
ternational Scientific Association for Probiotics and 
Prebiotics (ISAPP) consensus statement on the defini-
tion and scope of prebiotics. Nat Rev Gastroenterol Hepa-
tol. 2017; 14(8): 491-502.
[70] Jung C, Brubaker L. The Etiology and Management 
of Recurrent Urinary Tract Infections in Postmenopaus-
al Women. Climacteric. 2019; 22(3): 242-249.
[71] Joshi A, Tzelves L, Juliebø-Jones P, et al. Cost of 
non-antimicrobials for prophylaxis in the management 
of recurrent UTIs. Scott Med J. 2025; 70(3): 46-53.
[72] Houston CG, Azar WS, Huang SS, et al. A Cost 
Savings Analysis of Topical Estrogen Therapy in Uri-
nary Tract Infection Prevention Among Postmenopaus-
al Women. Urol Pract. 2024; 11(2): 257-266.


