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Introduction

Neurogenic Bladder (NB) patients are highly susceptible to recurrent urinary tract infections (UTIs), often requiring repeated hospitalizations and prolonged antibiotic use. Current preventive strategies, including long-term antibiotics, frequently fail due to resistance and limited efficacy. Autovaccination, a form of personalized immunoprophylaxis using inactivated patient-specific bacterial strains, has shown potential in reducing UTI recurrence but has not been well studied in NB populations.





Methods

A prospective, single-center study was conducted at the Hospital Universitari i Politécnic La Fe València, Spain. Eligible participants were individuals of any gender, aged between 18 and 65 years, with a confirmed diagnosis of NB. They were required to have experienced recurrent UTIs within the past twelve months, despite having undergone a six-month regimen of prophylactic antibiotics without success. Participants received a sublingual bacterial autovaccine (Uromune®) prepared from uropathogens isolated from their own urine cultures. Primary outcomes included changes in hospitalization and emergency admission rates, while secondary outcomes assessed UTI-free time and patient-reported outcomes using validated instruments.





Results

The study included 71 adult NB patients with recurrent UTIs. Autovaccination significantly reduced hospitalizations (from 1.76 ± 3.47 to 0.78 ± 1.38, p < 0.001) and emergency admissions (from 8.62 ± 6.35 to 3.93 ± 4.48, p < 0.001). At 3, 6, 9, and 12 months post-treatment, UTI-free rates were 69.1%, 42.6%, 29.4%, and 20.6%, respectively. Most patients reported high satisfaction and perceived clinical improvement.





Conclusions

Autovaccination appears to be a promising strategy for reducing the burden of recurrent UTIs in NB patients, with high patient satisfaction and fewer hospital visits. These findings support the need for larger, multicenter trials to confirm efficacy and define optimal treatment protocols.
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1 Introduction

Neurogenic Bladder (NB), also known as Neurogenic Lower Urinary Tract Dysfunction, (NLUTD) manifests when an individual loses bladder control due to any disturbance in the brain, spinal cord, or nerves, which leads to improper storage and release of urine (1).

Patients with NB face a heightened risk of recurrent urinary tract infections (UTIs) owing to incomplete bladder emptying, vesicoureteral reflux, prolonged catheter use (2). In particular cases of spinal cord injury (SCI) patients, SCI-induced immunodepression, premature onset of immune frailty, and the impaired local immune response contribute to the increased susceptibility to UTIs (3). Hence, this frequent medical assistance, increased antibiotic use, and a higher risk of antibiotic resistance (4). This leads to rising healthcare costs and limited treatment options. Additionally, persistent infections contribute to chronic inflammation, renal function decline, and overall deterioration in patient well-being (4).

Current treatment strategies for recurrent UTIs in NB patients include antibiotic therapy, bladder management, and prophylactic measures such as low-dose antibiotics, urinary acidification, and probiotics (5). Finally, these approaches often fail due to antibiotic resistance and limited long-term efficacy (5).

Given the increasing challenges of managing recurrent UTIs in this population, there is an urgent need for alternative preventive strategies. Bacterial sublingual vaccine, a personalized immunoprophylactic approach using inactivated pathogens isolated from the own infection of the patient, has shown promise in the treatment of recurrent UTIs in general populations. However, it has not been extensively studied in NB patients (6–10). MV140, commercially known as Uromune®, is a multivalent bacterial vaccine used to prevent and treat recurrent UTIs. It was approved by the Spanish Agency for Medicines and Health Products (AEMPS) in October 2010. Since January 2018, its use has become more relevant in Spain after new regulations limited the use of polyvalent vaccines made from collection strains. The AEMPS and the General Council of Pharmacists now allow only autovaccines—like MV140—prepared from bacteria isolated from each patient. This restriction is due to a regulatory change requiring specific authorization for vaccines with industrialization processes different from those of autovaccines.

Over the past ten years, numerous studies have demonstrated the effectiveness and efficiency of MV140 with its high tolerability and minimal side effects (11–33). Research on MV140 has also documented significant clinical improvements across diverse patient demographics, encompassing various ages, sexes, and pre-existing conditions. This includes individuals with autoimmune diseases undergoing immunosuppressive therapy, patients experiencing recurrent genital candidiasis, smokers, and those affected by neurogenic bladders, chronic prostatitis, chronic renal disease, renal transplants, and lymphoproliferative disorders. Additional findings include positive outcomes for women post-trans-obturator tape surgery, children with urological renal complications, and elderly patients (11–33). In March 2023, the EAU Guidelines on Urological Infections acknowledged the advantages and safety of MV140 as a polybacterial sublingual vaccine and indicated that it has proven more effective than placebo in reducing the frequency of female recurrent infections, recommending the use of immunoactive prophylaxis to reduce recurrent UTI in all age groups (34).

Although immunoprophylaxis had been tested previously in NB patients with recurrent UTIs (35–37), the only publication regarding the use of MV140 in this population is a pilot study that we conducted and presented in 2014 as a congress communication. It reported the use of MV140 in a cohort of 17 patients with NB, observing a decrease in the UTI rate from a median of 4 per year before vaccination to 0 per year after vaccination (p = 0.9) (38).

Hence, this study aims to contrast the previous results and expand the knowledge of treatment options for the NB population suffering from recurrent UTIs by exploring the potential of Uromune® autovaccine-based immunoprophylaxis in a larger population. The primary objective of this research is to determine whether autovaccine immunoprophylaxis can reduce hospital admissions and emergency room visits in patients with NB, and the secondary goal is to evaluate patient satisfaction with this therapy.




2 Materials and methods



2.1 Design and patients

This study was designed as a monocenter, prospective, trial conducted at the Hospital Universitari i Politécnic La Fe València in Valencia, Spain.

Eligible participants were enrolled from May 2017 to July 2021, individuals of any gender, aged between 18 and 65 years, with a confirmed diagnosis of NB based on urodynamic studies. They were required to have experienced recurrent UTIs over the past twelve months despite failing a six-month regimen of prophylactic antibiotics. UTI was diagnosed based on the presence of significant bacteriuria, defined as >10² CFU/mL when performing clean intermittent catheterization (CIC), >104 CFU/mL in clean-voided specimens, and any detectable concentration in suprapubic aspirates (39).Participants had to be able to attend medical consultations, adhere to the treatment plan, and be free from UTIs at the time of inclusion. A minimum follow-up period of twelve months was necessary for inclusion. Exclusion criteria included immunocompromised or immunosuppressed individuals, including those with severe diabetes, hematological diseases, or undergoing chemotherapy or immunosuppressive treatments. Other exclusion factors included urethral strictures, chronic bacterial prostatitis, previous bladder reconstruction surgery such as augmentation cystoplasty, and infections caused by multidrug-resistant organisms. Patients with poor compliance, those receiving another form of immunotherapy, individuals with urinary tract stones, and those who were pregnant, postpartum, or breastfeeding at the time of enrollment were also excluded. Patients requiring antibiotics for any other reason unrelated to UTIs tract were not eligible for the study.

The study adhered to the ethical principles outlined in the Declaration of Helsinki and received approval from the Hospital Universitari i Politécnic La Fe ethical committee (2024-0743-1) prior to its initiation. It also complied with the EU General Data Protection Regulation (GDPR); all personal identifiers were removed from the findings. Informed consent was obtained from all participants or their legal representatives.




2.2 Treatment

Bacterial sublingual autovaccine (Uromune®, Q Pharma/Inmunotek laboratories in Alicante, Spain) is composed of whole-cell, heat-inactivated bacteria (300 Formazin Turbidity Units) isolated from the urine sample of each patient, suspended in a mixture of glycerol, sodium chloride, artificial pineapple flavoring, and water.

Urine samples were collected from midstream first-morning voiding (spontaneous voiding) or catheterized bladder (CIC patients), with microorganisms identified via standard techniques (phenotypic/biochemical tests). The autovaccine contained 100% single strain or 50%/50% for two strains.

The treatment regimen consisted of two 100μL sublingual puffs daily (108 heat-inactivated bacteria/puff) for 3 months. Patients avoided eating/drinking for 30 minutes post-dose, and treatment was paused during febrile episodes.




2.3 Objectives and variables

In terms of demographics and clinical characteristics, the study investigated sex, age, the etiology of the neurogenic bladder, and catheterization methods. At baseline, the infection characteristics of the patients included the previous number of UTIs and the composition of the bacterial cultures from urine samples.

The primary objective was assessed through the number of hospitalizations and emergency admissions before and after autovaccination. Secondary objectives included monitoring the number of UTIs post-vaccination and conducting validated patient-reported outcomes (PROs) to evaluate patient satisfaction, including the Benefits, Satisfaction and Willingness (BSW) questionnaire (40), the Treatment Benefit Scale (TBS) (41), and a Satisfaction Visual Analogic Scale (VAS; 0 to 100). All PROs were administered by the authors at the end of the follow-up period and completed by the patients on the same day as the final visit.

UTI-free time was defined as the duration in which the patient experienced no new or worsening urinary symptoms consistent with infection. While urinalysis and urine cultures were obtained when clinically indicated, asymptomatic bacteriuria was not considered a UTI.




2.4 Statistics

Categorical data were presented as absolute numbers and percentages, while continuous variables were reported as averages with standard deviations. For parameters with missing data, calculations were performed using only the available values.

Statistical analysis included various tests such as the Mann-Whitney test, Fisher’s exact test, and Pearson’s chi-squared test.

Statistical significance was defined as a p-value of less than 0.05, and all statistical tests were two-sided.

All statistics were performed using GraphPad statistical software version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).





3 Results



3.1 Baseline demographic and clinical characteristics

A total of 70 patients with NB and recurrent UTIs were evaluated (Table 1). The mean age of the participants was 52.8 years, with a standard deviation (SD) of 14.1 years. The majority of the patients were men, representing 68.6% (n=48) of the cohort.


Table 1 | Demographic and clinical characteristics at baseline.
	Age (years), mean (SD)
	52.8 (14.1)



	Men, n (%)
	48 (68.6)


	Etiology, n (%)


	 Spinal cord injury
	34 (48.68)


	 Myelomeningocele
	14 (20.0)


	 Multiple sclerosis
	6 (9.2)


	 Other
	17 (7.4)


	Bladder management, n (%)


	 Void
	7 (10)


	 Clean Intermittent Catheterization
	48 (68.6)


	 Indwelling Urinary Catheter
	15 (21.4)





SD, Standard Deviation.



The underlying etiology of NB varied among participants. Spinal cord injury was the most common cause, observed in 33.8% of patients (n=22). Other frequent causes included myelomeningocele (20.0%, n=13) and traumatic spinal cord injury (13.8%, n=9). Less common etiologies included multiple sclerosis (9.2%, n=6), and vascular spinal cord injury (3.1%, n=2). Additionally, several conditions contributed to NB in a small proportion of patients, with each accounting for 1.5% of cases.

Regarding bladder management, the majority of patients used clean intermittent catheterization (68.6%, n=48), while 7 (10%) void and 15 (21.4%) used an indwelling urinary catheter.




3.2 Infection characteristics at baseline

The infection characteristics of the study population at baseline are listed in the Table 2. The mean number of UTIs experienced by patients in the 12 months before the study was 11.2, with an SD of 6.1. The distribution of UTI frequency showed that most patients (73.9%, n=51) had experienced >6 UTIs in the preceding year. A smaller proportion of patients reported 4–6 UTIs (21.7%, n=15), while only 4.3% (n=3) had experienced 1–3 UTIs.


Table 2 | Infection characteristics of the patients at baseline.
	Number of UTI pre, mean (SD)
	11.2 (6.1)



	 1-3, n (%)
	3 (4.3)


	 4-6, n (%)
	15 (21.7)


	 >6, n (%)
	51 (73.9)


	Number of microorganisms, n (%)
	1.4 (0.6)


	 1
	47 (67.1)


	 2
	21 (30.0)


	 3
	0 (0)


	 4
	2 (2.9)


	Species isolated for the autovaccine


	 Escherichia coli
	36


	 Klebsiella pneumoniae
	18


	 Pseudomonas aeruginosa
	10


	 Enterococcus faecalis
	9


	 Proteus mirabilis
	8


	 Enterobacter cloacae
	2


	 Citrobacter koseri
	1


	 Staphylococcus epidermidis
	1


	 Candida sp.
	1


	 Pseudomonas sp.
	1


	 Klebsiella oxytoca
	1


	 Enterobacter aerogenes
	1


	 Morganella morganii
	1


	 Stenotrophomonas maltophilia
	1





UTI, Urinary Tract Infection.



The mean number of microorganisms isolated in the urine sample collected for the autovaccination was 1.6, with an SD of 0.7. A single microorganism caused most previous infections (67.1%, n=47), while 30.0% (n=21) involved two microorganisms and 2.9% four microorganisms (n=2). Infections involving three microorganisms were not reported.

The most frequently isolated microorganism was Escherichia coli, found in 36 cultures. This was followed by Klebsiella pneumoniae (18 cultures), Pseudomonas aeruginosa (10), Enterococcus faecalis (9), and Proteus mirabilis (8). Less frequently isolated organisms included Enterobacter cloacae (2 cultures), Citrobacter koseri (1), Staphylococcus epidermidis (1), Candida sp. (1), Pseudomonas sp. (1), Klebsiella oxytoca (1), Enterobacter aerogenes (1), Morganella morganii (1), and Stenotrophomonas maltophilia (1).




3.3 Hospitalizations and emergency admissions after and before autovaccination

The results shown a significant reduction in the number of hospitalizations following autovaccination (Figure 1a). The mean number of hospitalizations decreased from 1.76 ± 3.47 to 0.78 ± 1.38, with a mean difference of 1.2 hospitalizations and a p-value < 0.001, indicating statistical significance.
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Figure 1 | Hospitalizations and emergency admissions pre and post autovaccination. (a) Hospitalizations. (b) Emergency admissions.

Similarly, there was a marked decrease in emergency admissions (Figure 1b). The mean number of emergency admissions dropped from 8.62 ± 6.35 to 3.93 ± 4.48, with a mean reduction of 4.7 visits. The statistical significance of this difference is confirmed by a p-value < 0.001.




3.4 Time of UTI-free status after autovaccination

Figure 2 illustrates the time of UTI-free status after autovaccination, including a Kaplan-Meier Curve of the UTI recurrence rate (Figure 2c). The mean of UTI-free time was 10.62 months, with an SD of 10.04 months (Figure 2a). At 3 months after autovaccination, 69.12% of patients remained free from UTI. This rate declined to 42.65% at 6 months, 29.41% at 9 months, and 20.59% at 12 months (Figure 2b).
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Figure 2 | Time of UTI-free status after autovaccination. (a) Months of UTI-free status after autovaccination. (b) Proportion of patients free from UTI at 3, 6, 9 and 12 months after autovaccination. (c) Kaplan-Meier Curve: UTI Recurrence Rate.




3.5 Patient-reported outcomes after autovaccination

Regarding PROs, responses to the BSW questionnaire showed that the majority of patients (24, 49.0%) reported being “much satisfied,” as shown in Figure 3a. Additionally, 12 patients (24.5%) indicated they were “less satisfied.” A smaller segment of patients expressed dissatisfaction, with 5 subjects (10.2%) “less dissatisfied” and 8 (16.3%) “much dissatisfied.” Regarding the willingness to 204 undergo treatment from the BSW questionnaire, more than half of the patients (25, 51.0%) reported being “much willing”, and 13 (26.5%) were “less willing” (Figure 3a). Conversely, a smaller segment showed hesitancy, with 5 (10.2%) being “less unwilling” and 6 (12.2%) “much unwilling”. In terms of perceived benefit, 23 patients (46.9%) reported experiencing “much benefit,” while 9 (18.4%) noted “little benefit.” However, 17 patients (34.7%) reported no perceived benefit from the treatment.

[image: a) A horizontal bar chart depicting responses to a Benefits, Satisfaction, and Willingness questionnaire, with categories Benefit, Satisfaction, and Willingness to continue treatment, divided by response types. b) A pie chart showing Treatment Benefit Scale distribution: Improved greatly (30.4%), Improved (43.5%), No change (23.2%), Worsened (2.9%). c) A histogram of VAS Satisfaction scores with a vertical red line marking the average score of sixty-three point nine.]
Figure 3 | Patient-reported outcomes. (a) Benefits, Satisfaction and Willingness questionnaire (b) Treatment Benefit Scale (c) VAS Satisfaction.

The TBS results showed that most participants reported a positive effect from the treatment (Figure 3b). Specifically, the majority indicated that their condition had either “Improved greatly” (21, 30.4%) or “Improved” (30, 43.5%). A smaller portion reported “No change” (16, 23.2%) and only a very limited number indicated that their condition had “Worsened” (2, 2.9%).

The VAS satisfaction score distribution shows a concentration of scores around 70–100, with an average of 63.9, indicating moderate to high overall satisfaction among participants (Figure 3c).




3.6 Association of parameters with hospitalizations and emergency admissions change after autovaccination

The analysis of associations between clinical parameters and changes in hospitalizations and emergency admissions after autovaccination is shown in Table 3. Most variables displayed no significant correlation with a reduction in hospitalizations. A significant correlation was observed solely between the number of UTIs in the previous year and hospitalizations, with a Pearson correlation of 0.332 and a p-value of 0.005.


Table 3 | Association of parameters with hospitalizations and emergency admissions change after autovaccination.
	Variable 1
	Variable 2
	Pearson correlation
	Pearson p-value
	Spearman correlation
	Spearman p-value
	T-test statistic
	T-test p-value
	Conclusion



	Number of microorganisms
	Hospitalizations change
	-0.0001
	0.999
	0.148
	0.223
	–
	–
	No significant correlation


	Antibiotics post
	Hospitalizations change
	–
	–
	–
	–
	-0.389
	0.699
	No significant correlation


	Antibiotics previous
	Hospitalizations change
	–
	–
	–
	–
	0.679
	0.504
	No significant correlation


	UTI previous year
	Hospitalizations change
	0.332
	0.005
	-0.017
	0.888
	–
	–
	Pearson significant,
Spearman not significant


	Main bacteria specie
	Hospitalizations change
	-0.118
	0.332
	-0.040
	0.741
	–
	–
	No significant correlation


	Etiology
	Hospitalizations change
	-0.028
	0.816
	0.053
	0.660
	–
	–
	No significant correlation


	Age
	Hospitalizations change
	-0.202
	0.093
	-0.210
	0.080
	–
	–
	No significant correlation


	Sex
	Hospitalizations change
	–
	–
	–
	–
	0.362
	0.718
	No significant correlation


	Number of microorganisms
	Emergencies admissions change
	0.011
	0.930
	0.038
	0.756
	-0.389
	–
	No significant correlation


	Antibiotics post
	Emergencies admissions change
	–
	–
	–
	–
	-1.955
	0.056
	No significant correlation


	Antibiotics previous
	Emergencies admissions change
	–
	–
	–
	–
	0.100
	0.921
	No significant correlation


	UTI previous year
	Emergencies admissions change
	0.584
	1.34e-07
	0.403
	0.00059
	–
	–
	Pearson significant,
Spearman significant


	Main bacteria specie
	Emergencies admissions change
	-0.071
	0.562
	-0.148
	0.222
	–
	–
	No significant correlation


	Etiology
	Emergencies admissions change
	0.026
	0.832
	0.052
	0.667
	–
	–
	No significant correlation


	Age
	Emergencies admissions change
	-0.210
	0.081
	-0.208
	0.084
	–
	–
	No significant correlation


	Sex
	Emergencies admissions change
	–
	–
	–
	–
	-0.321
	0.750
	No significant correlation


	UTI previous year
	UTI Free
	-0.007
	0.958
	0.019
	0.878
	–
	–
	No significant correlation





UTI, Urinary Tract Infection.

Bold words indicate statistical significance.



Regarding emergency admissions, most parameters again showed no significant associations. The only statistically significant association was observed between the number of UTIs in the previous year and emergency admissions. Both Pearson and Spearman correlation values were significant, with a Pearson correlation of 0.584 and a p-value of less than 0.0000001, and a Spearman correlation of 0.403 with a p-value of 0.00059.

No significant correlation was found between the number of UTIs in the previous year and achieving a UTI-free status after treatment.





4 Discussion

To our knowledge, this is the first study performed exclusively on the NB population to describe the effect of autovaccine-based immunoprophylaxis on UTI. As previously noted, UTIs are the most common infection in the NB population; 31% of patients with a new diagnosis of SCI were diagnosed with a UTI within the first year, and 21% required hospitalization (42). Due to the increased frequency and severity of infections, there is a higher risk of morbidity and mortality secondary to urosepsis and end-stage renal disease compared to the general population (4). Consequently, UTIs represent one of the most common morbidities and reason for the re-hospitalization of individuals with NB, posing a serious healthcare burden often resulting in significant morbidity and decreased quality of life (43). Moreover, people with NB often have other neurologic impairments such as limited mobility or cognitive dysfunction and face significant barriers to accessing health care—including transportation, geographic, and financial constraints (44). As a result, it is not unusual for people with NB and recurrent UTIs to self-manage and self-treat with antimicrobials based on urinary symptoms only (45).

Results from this observational, prospective, monocenter study evaluating the treatment outcomes of autovaccination in patients with NB who experience recurrent UTIs demonstrated a reduction in hospitalizations and emergency admissions. This decrease suggests a diminished burden of recurrent infections and a reduced need for medical interventions. Furthermore, the high overall satisfaction levels reported in patient questionnaires—particularly their willingness to continue treatment—lend support to these findings.

Previous studies have investigated the use of MV140 and autovaccine to prevent recurrent UTIs across various demographics, yielding encouraging outcomes in lowering infection rates and reducing reliance on antibiotics (11–33). However, data concerning patients with NB remains limited. A recent 2025 study included NB patients in its cohort, though they constituted a small percentage of the total participants and lacked specific disclosures or statistical analysis of this group (21). Our 2014 pilot study, which involved a cohort of 17 patients on MV140, did report explicit outcomes for this demographic (38). Overall, mirroring the current research in terms of age, gender, and inclusion criteria, the 2014 study also reported a reduction in hospitalizations (median of 1.5 to 0; p=0.036) and emergency admissions (median of 1 to 0; p=0.094), aligning with findings from the present study. Furthermore, the 2014 research demonstrated a significant decrease in leukocyte count (p<0.001), supporting the efficacy of autovaccination in enhancing the immune response against UTIs, particularly against pathogens such as E. coli, which was the most frequently identified organism in prior positive cultures, similar to our findings.

As mentioned, immunoprophylaxis had been tested previously in NB patients with recurrent UTIs (35–37), although the only two studies reporting efficacy data were conducted in NB patient subgroups that included paraplegic patients and those with chronic spinal cord injury (36, 37). Therefore, this is the first study to report efficacy data of immunoprophylaxis in patients with NB of diverse etiologies and recurrent UTIs. One possible reason for the lack of broader studies is that patients with NB represent a particularly complex demographic, often excluded from clinical trials due to the variability of their conditions and the challenges associated with standardizing treatment protocols. This exclusion is also evident in other studies on immunoprophylaxis for UTIs, where having NB often serves as a criterion for exclusion (11, 12). The rationale behind this exclusion stems from the distinct interpretation of UTIs within this group compared to the general population. Common symptoms, such as cloudy urine, are not deemed definitive for diagnosis (46), thus complicating infection assessments and necessitating more tailored approaches. A critical aspect of managing these patients includes avoiding prolonged antibiotic use, which can lead to resistance and adverse side effects (47). Immunoprophylaxis with autovaccines offers a valuable alternative, diminishing dependence on antibiotics and boosting the immune defense of the body against recurrent infections (6–9). Although this therapy may not consistently result in negative bacterial cultures in NB patients, it could markedly enhance the quality of life by reducing the frequency and severity of symptomatic infections, as evidenced by the significant reductions in hospitalizations and emergency admissions registered in the present study.

Furthermore, the generally positive response to the therapy, characterized by high levels of patient satisfaction and a willingness to undergo repeat treatments in the study cohort, supports these findings. However, it is important to consider those who were not satisfied with the immunoprophylaxis. Six out of 19 patients (32%) reported persistent cloudy or foul-smelling urine during catheterization and performed urine cultures, even though they were asymptomatic. Notably, three of these patients were concerned because the cultures were positive for a microorganism different from the one targeted by the autovaccine. Our interpretation of this scenario is that either these microorganisms were saprophytic in the urinary tract, or the vaccine induced a microbiological shift toward a less virulent strain incapable of causing symptoms. This situation highlights a gap in patient education, as some NB patients—particularly those practicing CIC—continue to self-treat asymptomatic bacteriuria.

While microbiological eradication is not the primary aim of immunoprophylaxis, it is noteworthy that some patients who developed UTIs post-treatment harbored different pathogens compared to those included in their original autovaccine. In the small number of symptomatic cases recorded at our institution, Escherichia coli and Klebsiella pneumoniae remained predominant. One possible explanation for this shift could be a vaccine-induced modulation of the urinary microbiome, which may suppress dominant uropathogens and permit the emergence of subdominant or less virulent strains. These observations underscore the need for more detailed microbiological follow-up studies to better understand pathogen dynamics post-immunoprophylaxis.

Regarding the statistical analysis of the association between autovaccination and changes in hospitalizations or emergency admissions, the findings indicate that the number of UTIs in the previous year is the most significant factor associated with variations in hospitalizations and emergency admissions. One plausible explanation is that patients who have experienced a greater number of hospitalizations and emergency admissions in the past tend to show a more noticeable difference following vaccination simply because they had a higher baseline of such events. In contrast, other clinical variables, such as the etiology of the infection, the specific bacterial species involved, antibiotic usage, and the age and sex of the patients, did not consistently predict outcomes post-autovaccination. Although studies involving larger population cohorts are needed, these findings support the notion that autovaccination can effectively reduce hospitalizations and emergency admissions across diverse patient populations, regardless of demographic factors, the bacterial species causing the infection, or prior antibiotic use. Further research is essential to refine predictive models for patient response to immunoprophylaxis and to solidify this understanding.

In managing patients with NB and recurrent UTIs, it is also crucial to consider the economic impact of the disease management. The World Health Organization (WHO) identifies vaccination as the most cost-effective strategy for controlling infectious diseases, a principle that holds promise for reducing the economic burden associated with recurrent UTIs (48). Although the current study did not incorporate specific economic data, it is notable that the observed reduction in hospitalizations and emergency admissions due to vaccination likely exceeds the costs of the treatment. Further evidence of the economic benefits of vaccination comes from three studies focused on the prevention of recurrent UTIs (23, 25, 49). Carrión-López et al. demonstrated statistically significant cost savings (p < 0.02) after MV140 treatment in women with recurrent UTIs, with a reduction in healthcare expenditure per patient per year from a mean of €1,001.1 to €497.1 (23). Two other studies also focused on recurrent UTIs—one in women and the other in a mixed-gender population—found that treatment with MV140 autovaccination was not only more effective (25) but also associated with lower healthcare costs compared to standard antibiotic treatment (25, 49). Given these findings, while the current data underscores the potential of vaccination to diminish healthcare utilization and associated costs significantly, further studies are needed to comprehensively assess the economic impact and optimize care for patients with neurogenic bladders and recurrent UTIs.

One of the aspects to highlight in the present investigation is the lack of previous scientific evidence; therefore, we had to establish a treatment protocol. Although we designed the study following the approach used in other studies performed in general populations, where the treatment scheme consisted of a 3-month treatment period followed by 9 months without treatment (11–33). However, once our study ended, based on the UTI-free rate obtained in this analysis (from 69.12% at 3 months to 20.59% at 12 months), and considering the increased risk factors in the NB population, we thought to change our daily clinical practice to administer the autovaccine once every 6 months for at least 3 years. Further research will be necessary to refine the optimal dosage regimen and recall strategies to maintain long-term protection against recurrent infections.

To interpret the findings of this study, we must acknowledge its limitations. The absence of a control group limits direct comparisons to standard preventive measures, which limits the ability to draw definitive causal conclusions. However, in our opinion, given the exploratory nature of the study and ethical considerations in delaying potentially beneficial treatment in a high-risk population, a randomized design was not feasible. Instead, we adopted a within-subject comparison framework. Nevertheless, future controlled, multicenter trials are essential to confirm these findings. Moreover, the exclusion of immunocompromised patients, including those with diabetes, was initially implemented to reduce variability in immune response and avoid confounding results. However, emerging evidence supports the efficacy of MV140 even in immunosuppressed populations, such as those with autoimmune conditions and renal transplantation. Future studies should aim to include this subgroup to enhance generalizability and assess outcomes in real-world NB cohorts. Additionally, as a monocenter study, the findings may not be fully generalizable to broader patient populations. Future multicenter studies with larger cohorts and standardized assessment tools will be needed to confirm these results and provide more robust evidence on the efficacy of autovaccination in NB patients.

In conclusion, the results of the present study support the use of autovaccine as an effective measure to prevent hospitalizations and emergency department admissions in patients with NB presenting with UTIs. The majority of patients perceive its efficacy as positive, reinforcing its potential role in clinical practice. Despite these promising results, the complexity of NB conditions and the variability in patient responses call for further investigative efforts. Larger, more diverse studies are required to validate these findings across broader demographics, define the need for revaccination, and refine economic evaluations, ensuring that autovaccination can be effectively integrated into standard care protocols. By continuing to explore these avenues, healthcare providers can better address the nuanced needs of this patient population, potentially transforming the landscape of treatment for recurrent UTIs and minimizing the economic impact on health systems.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The study adhered to the ethical principles outlined in the Declaration of Helsinki and received approval from the Hospital Universitari i Politécnic La Fe ethical committee (2024-0743-1). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

MB-G: Conceptualization, Data curation, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. DO-J: Formal Analysis, Writing – review & editing. JO-S: Data curation, Writing – review & editing. JC-G: Investigation, Writing – review & editing. EM-P: Investigation, Writing – review & editing. EM-C: Investigation, Writing – review & editing. SA-G: Investigation, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Panicker JN. Neurogenic bladder: epidemiology, diagnosis, and management. Semin Neurol. (2020) 40:569–79. doi: 10.1055/s-0040-1713876, PMID: 33065745


	 Vigil HR, Hickling DR. Urinary tract infection in the neurogenic bladder. Transl Androl Urol. (2016) 5:72–87. doi: 10.3978/j.issn.2223-4683.2016.01.06, PMID: 26904414


	 McKibben MJ, Seed P, Ross SS, Borawski KM. Urinary tract infection and neurogenic bladder. Urol Clin North Am. (2015) 42:527–36. doi: 10.1016/j.ucl.2015.05.006, PMID: 26475949


	 Dinh A, Davido B, Duran C, Bouchand F, Gaillard JL, Even A, et al. Urinary tract infections in patients with neurogenic bladder. Médecine Maladies Infectieuses. (2019) 49:495–504.


	 Pannek J, Wöllner J. Management of urinary tract infections in patients with neurogenic bladder: challenges and solutions. Res Rep Urol. (2017) 9:121–7. doi: 10.2147/RRU.S113610, PMID: 28761863


	 Prattley S, Geraghty R, Moore M, Somani BK. Role of vaccines for recurrent urinary tract infections: A systematic review. Eur Urol Focus. (2020) 6:593–604. doi: 10.1016/j.euf.2019.11.002, PMID: 31806578


	 Mak Q, Greig J, Dasgupta P, Malde S, Raison N. Bacterial vaccines for the management of recurrent urinary tract infections: A systematic review and meta-analysis. Eur Urol Focus. (2024) 10:761–9. doi: 10.1016/j.euf.2024.04.002, PMID: 38644097


	 Nickel JC, Saz-Leal P, Doiron RC. Could sublingual vaccination be a viable option for the prevention of recurrent urinary tract infection in Canada? A systematic review of the current literature and plans for the future. Can Urol Assoc J. (2020) 14:281–7. doi: 10.5489/cuaj.6690, PMID: 33626320


	 Antonelli G, Cappelli L, Cinelli P, Cuffaro R, Manca B, Nicchi S, et al. Strategies to Tackle Antimicrobial Resistance: The Example of Escherichia coli and Pseudomonas aeruginosa. Int J Mol Sci. (2021) 22. doi: 10.3390/ijms22094943, PMID: 34066555


	 Nickel JC, Doiron RC. An effective sublingual vaccine, MV140, safely reduces risk of recurrent urinary tract infection in women. Pathogens. (2023) 12. doi: 10.3390/pathogens12030359, PMID: 36986281


	 Ramírez Sevilla C, Gómez Lanza E, Puyol Pallàs M. Immunoactive prophylaxis protocol of uncomplicated recurrent urinary tract infections in a cohort of 1104 women treated with uromune(®) vaccine. Life (Basel). (2024) 14., PMID: 38672735


	 Ramírez Sevilla C, Gómez Lanza E, Manzanera JL, Martín JAR, Sanz MÁB. Active immunoprophyilaxis with uromune® decreases the recurrence of urinary tract infections at three and six months after treatment without relevant secondary effects. BMC Infect Dis. (2019) 19:901., PMID: 31660885


	 Lorenzo-Gómez MF, Foley S, Nickel JC, García-Cenador MB, Padilla-Fernández BY, González-Casado I, et al. Sublingual MV140 for prevention of recurrent urinary tract infections. NEJM Evid. (2022) 1:EVIDoa2100018. doi: 10.1056/EVIDoa2100018, PMID: 38319200


	 Sánchez-Ramón S, Fernández-Paredes L, Saz-Leal P, Diez-Rivero CM, Ochoa-Grullón J, Morado C, et al. Sublingual bacterial vaccination reduces recurrent infections in patients with autoimmune diseases under immunosuppressant treatment. Front Immunol. (2021) 12:675735. doi: 10.3389/fimmu.2021.675735, PMID: 34149711


	 Yang B, Foley S. First experience in the UK of treating women with recurrent urinary tract infections with the bacterial vaccine Uromune(®). BJU Int. (2018) 121:289–92. doi: 10.1111/bju.14067, PMID: 29171130


	 Lorenzo-Gómez MF, Padilla-Fernández B, García-Criado FJ, Mirón-Canelo JA, Gil-Vicente A, Nieto-Huertos A, et al. Evaluation of a therapeutic vaccine for the prevention of recurrent urinary tract infections versus prophylactic treatment with antibiotics. Int Urogynecol J. (2013) 24:127–34. doi: 10.1007/s00192-012-1853-5, PMID: 22806485


	 Lorenzo-Gómez MF, Padilla-Fernández B, García-Cenador MB, Virseda-Rodríguez ÁJ, Martín-García I, Sánchez-Escudero A, et al. Comparison of sublingual therapeutic vaccine with antibiotics for the prophylaxis of recurrent urinary tract infections. Front Cell Infect Microbiol. (2015) 5:50., PMID: 26090341


	 Lorenzo-Gómez MF, Padilla-Fernández B, Flores-Fraile J, Valverde-Martínez S, González-Casado I, Hernández JD, et al. Impact of whole-cell bacterial immunoprophylaxis in the management of recurrent urinary tract infections in the frail elderly. Vaccine. (2021) 39:6308–14. doi: 10.1016/j.vaccine.2021.08.093, PMID: 34538523


	 Nickel JC, Kelly KL, Griffin A, Elterman D, Clark-Pereira J, Doiron RC. MV140 sublingual vaccine reduces recurrent urinary tract infection in women Results from the first North American clinical experience study. Can Urol Assoc J. (2024) 18:25–31.


	 Carrión-López P, Martínez-Ruiz J, Librán-García L, Giménez-Bachs JM, Pastor-Navarro H, Salinas-Sánchez AS. Analysis of the efficacy of a sublingual bacterial vaccine in the prophylaxis of recurrent urinary tract infection. Urol Int. (2020) 104:293–300. doi: 10.1159/000505162, PMID: 31962327


	 Iftimie S, Ladero-Palacio P, López-Azcona AF, Pujol-Galarza L, Pont-Salvadó A, Gabaldó-Barrios X, et al. Evaluating the use of Uromune(®) autovaccine in recurrent urinary tract infections: a pilot unicenter retrospective study in Reus, Spain. BMC Infect Dis. (2025) 25:117. doi: 10.1186/s12879-025-10524-2, PMID: 39856603


	 Kelly SH, Votaw NL, Cossette BJ, Wu Y, Shetty S, Shores LS, et al. A sublingual nanofiber vaccine to prevent urinary tract infections. Sci Adv. (2022) 8:eabq4120. doi: 10.1126/sciadv.abq4120, PMID: 36417519


	 Carrión-López P, Martínez-Ruiz J, Giménez-Bachs JM, Fernández-Anguita PJ, Díaz de Mera-Sánchez Migallón I, Legido-Gómez O, et al. Cost-effectiveness of a sublingual bacterial vaccine for the prophylaxis of recurrent urinary tract infections. Urol Int. (2022) 106:730–6. doi: 10.1159/000521772, PMID: 35130558


	 Hickling D. MV140 sublingual vaccine proves promising in fighting recurrent urinary tract infections in women. Can Urol Assoc J. (2024) 18:32. doi: 10.5489/cuaj.8716, PMID: 38315548


	 Ramírez-Sevilla C, Gómez-Lanza E, Llopis-Manzanera J, Cetina-Herrando A, Puyol-Pallàs JM. Effectiveness and health cost analysis between immunoprophylaxis with MV140 autovaccine, MV140 vaccine and continuous treatment with antibiotics to prevent recurrent urinary tract infections. Actas Urol Esp (Engl Ed). (2023) 47:27–33., PMID: 36470711


	 Curtis Nickel J, Foley S, Yang B, Casanovas M, Caballero R, Diez-Rivero CM, et al. Reducing recurrent urinary tract infections in women with MV140 impacts personal burden of disease: secondary analyses of a randomized placebo-controlled efficacy study. Eur Urol Open Sci. (2024) 63:96–103. doi: 10.1016/j.euros.2024.03.010, PMID: 38585593


	 Lopes FA, Miranda M, Ye A, Rodrigues J, Pé-Leve P, Palma Reis J, et al. Immunoprophylaxis with MV140 is effective in the reduction of urinary tract infections-A prospective real-life study. Vaccines (Basel). (2024) 12. doi: 10.3390/vaccines12121426, PMID: 39772086


	 Lanzilli G, Falchetti R, Cottarelli A, Macchi A, Ungheri D, Fuggetta MP. In vivo effect of an immunostimulating bacterial lysate on human B lymphocytes. Int J Immunopathol Pharmacol. (2006) 19:551–9. doi: 10.1177/039463200601900311, PMID: 17026840


	 Ramírez Sevilla C, Gómez Lanza E, Llopis Manzanera J, Cetina Herrando A, Puyol Pallàs JM. A focus on long-term follow-up of immunoprophylaxis to recurrent urinary tract infections: 10 years of experience with MV140 vaccine in a cohort of 1003 patients support high efficacy and safety. Arch Esp Urol. (2022) 75:753–7. doi: 10.56434/j.arch.esp.urol.20227509.110, PMID: 36472057


	 Kovacic J, Canagasingham A, Zhong W, Lockhart K, Dhar A, Shepherd A, et al. Evaluation of MV140 in preventing recurrent urinary tract infections: a multicentre double-blind randomized controlled trial protocol. BJU Int. (2024) 133 Suppl 4:37–43. doi: 10.1111/bju.16247, PMID: 38060333


	 Martín-Cruz L, Angelina A, Baydemir I, Bulut Ö, Subiza JL, Netea MG, et al. Candida albicans V132 induces trained immunity and enhances the responses triggered by the polybacterial vaccine MV140 for genitourinary tract infections. Front Immunol. (2022) 13:1066383. doi: 10.3389/fimmu.2022.1066383, PMID: 36505433


	 Martin-Cruz L, Sevilla-Ortega C, Benito-Villalvilla C, Diez-Rivero CM, Sanchez-Ramón S, Subiza JL, et al. A combination of polybacterial MV140 and candida albicans V132 as a potential novel trained immunity-based vaccine for genitourinary tract infections. Front Immunol. (2020) 11:612269. doi: 10.3389/fimmu.2020.612269, PMID: 33552074


	 Lorenzo Gómez MF, Collazos Robles RE, Virseda Rodríguez ÁJ, García Cenador MB, Mirón Canelo JA, Padilla Fernández B. Urinary tract infections in women with stress urinary incontinence treated with transobturator suburethral tape and benefit gained from the sublingual polibacterial vaccine. Ther Adv Urol. (2015) 7:180–5. doi: 10.1177/1756287215576648, PMID: 26445597


	 Bonkat G, Kranz J, Cai T, Geerlings S, Köves B, Pilatz A, et al. EAU guidelines on urological infections. (2025). Available online at: https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Urological-infections-2025_2025-05-24-110339_pxmf.pdf (Accessed January 22, 2025).


	 Wade DT, Cooper J, Peckham N, Belci M. Immunotherapy to reduce frequency of urinary tract infections in people with neurogenic bladder dysfunction; a pilot randomised, placebo-controlled trial. Clin Rehabil. (2020) 34:1458–64. doi: 10.1177/0269215520946065, PMID: 32762340


	 Hachen HJ. Oral immunotherapy in paraplegic patients with chronic urinary tract infections: a double-blind, placebo-controlled trial. J Urol. (1990) 143:759–62; discussion 62-3. doi: 10.1016/S0022-5347(17)40084-X, PMID: 2179584


	 Krebs J, Fleischli S, Stoyanov J, Pannek J. Effects of oral immunomodulation therapy on urinary tract infections in individuals with chronic spinal cord injury-A retrospective cohort study. Neurourol Urodyn. (2019) 38:346–52. doi: 10.1002/nau.23859, PMID: 30350886


	 Ordaz Jurado G, Bonillo Garcia M, Betancourt Hernández J, Arlandis Guzman S, Avargues Pardo A, Broseta Rico F, et al. Does bacterial vaccine become clinically significant in neurogenic bladder patients at clean intermittent catheterization? Int Continence Soc. (2014). Available online at: https://www.ics.org/2014/abstract/567 (Accessed January 22, 2025).


	 Sartori AM, Padilla-Fernández B, t Hoen L, Blok BFM, Castro-Díaz DM, Del Popolo G, et al. Definitions of urinary tract infection used in interventional studies involving neurourological patients-A systematic review. Eur Urol Focus. (2022) 8:1386–98. doi: 10.1016/j.euf.2021.07.012, PMID: 34404618


	 Pleil AM, Coyne KS, Reese PR, Jumadilova Z, Rovner ES, Kelleher CJ. The validation of patient-rated global assessments of treatment benefit, satisfaction, and willingness to continue–the BSW. Value Health. (2005) 8 Suppl 1:S25–34. doi: 10.1111/j.1524-4733.2005.00069.x, PMID: 16336486


	 Errando-Smet C, Ruiz MA, Villacampa-Aubá F, Arlandis-Guzmán S, Rejas J, Ruiz L, et al. Spanish cultural adaptation and psychometrical validation of the Treatment Benefit Scale (TBS) in the symptomatic treatment of overactive bladder. Med Clin (Barc). (2013) 140:6–13. doi: 10.1016/j.medcli.2011.11.013, PMID: 22257604


	 Manack A, Motsko SP, Haag-Molkenteller C, Dmochowski RR, Goehring EL Jr., Nguyen-Khoa BA, et al. Epidemiology and healthcare utilization of neurogenic bladder patients in a US claims database. Neurourol Urodyn. (2011) 30:395–401. doi: 10.1002/nau.21003, PMID: 20882676


	 Wirth M, Suda KJ, Burns SP, Weaver FM, Collins E, Safdar N, et al. Retrospective cohort study of patient-reported urinary tract infection signs and symptoms among individuals with neurogenic bladder. Am J Phys Med Rehabil. (2023) 102:663–9. doi: 10.1097/PHM.0000000000002204, PMID: 36927768


	 Herbert AS, Welk B, Elliott CS. Internal and external barriers to bladder management in persons with neurologic disease performing intermittent catheterization. Int J Environ Res Public Health. (2023) 20. doi: 10.3390/ijerph20126079, PMID: 37372666


	 Groah S, Tractenberg RE, Frost JK, Rounds A, Ljungberg I. Independence of urinary symptoms and urinary dipstick results in voiders with neurogenic bladder. Top Spinal Cord Inj Rehabil. (2022) 28:116–28. doi: 10.46292/sci21-00006, PMID: 35521057


	 Leslie SW, Tadi P, Tayyeb M. Neurogenic bladder and neurogenic lower urinary tract dysfunction. (2020). 


	 Šámal V, Paldus V, Fáčková D, Mečl J, Šrám J. The prevalence of antibiotic-resistant and multidrug-resistant bacteria in urine cultures from inpatients with spinal cord injuries and disorders: an 8-year, single-center study. BMC Infect Dis. (2022) 22:239. doi: 10.1186/s12879-022-07235-3, PMID: 35264096


	 Organization WH. Vaccines and immunization . Available online at: https://www.who.int/health-topics/vaccines-and-immunizationtab=tab_1 (Accessed January 22, 2025).


	 Hernández-Sánchez JE, Szczesnieski JJ, Padilla-Fernández B-Y, González-Enguita C, Flores-Fraile J, Lorenzo-Gómez MF. Evaluation and analysis of costs associated with prophylaxis of recurrent urinary tract infections (RUTIs) in women. Microorganisms. (2025) 13:393. doi: 10.3390/microorganisms13020393, PMID: 40005759







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Bonillo-García, Ordaz-Jurado, Ortiz-Salvador, Colet-Guitert, Morán-Pascual, Martínez-Cuenca and Arlandis-Guzmán.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1626422-g001.jpg
a) Hospitalizations

&

N

Number of hospitalizations
w

1.76 +3.47

0.78+1.38

b) Emergency admissions

- - —
=) N Y

Number of emergency admissions
®

8.62+6.35

3.93+4.48






OEBPS/Images/cover.jpg
& frontiers | Frontiers in Immunology

Autovaccine immunoprophylaxis in patients
with neurogenic bladder experiencing
recurrent urinary tract infections





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1626422-g002.jpg
a) Months of UTI-free status after autovaccination b) Proportion of patients free from UTI at 3, 6, 9 and 12 months after autovaccination

20.0 100

17.5
15.0
12.5

10.0

Number of Patients

~
w
UTI-Free Rate (%)

w
o

[l
w»

0.0 10 20 30 40 50 12-month

Months Free of UTI
¢) Kaplan-Meier Curve: UTI Recurrence Rate

1.0

° ° °
= > >
- =

Cumulative UTI Recurrence Rate

o
N

L
00 10 20 30 40 50 60

Time (months)

o

UTL: urinary tract infections





OEBPS/Images/fimmu-16-1626422-g003.jpg
a) Benefits, Satisfaction and Willingness questionnaire

Noj

Yes|
Benefit

Little positive,

Much positive,

Noj
Little negative

Very negative
satisfaction
Yes|

Little positive,

Much positive,

Noj
Little negative

Willingness  Very negative|
to continue

treatment Yes| Response Type

No
Lite negative.
Very negative

Much positive, -—es
= Ut positive

—wuch positive
0 20 %0 0 EY 100

Little positive,

b) Treatment Benefit Scale

Worsened

Improved greatly No change

Improved

VAS: Visual analogic Scale

©)  VAS Satisfaction

30

Frequency (%)
- ~ ~
o] 3 >

-
S

40 60
VAS Score





