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Abstract

Introduction: Recurrent urinary tract infections (rUTls) affect
5-10% of women, resulting in an enormous healthcare and
society burden. Uromune® is a polybacterial sublingual vac-
cine with an excellent clinical benefit in rUTI prophylaxis.
This study assesses the impact of sublingual vaccination on
healthcare resource use and expenditures associated with
this pathology. Methods: A quasi-experimental, pretest-
posttest, single center study including women with rUTl and
vaccinated with Uromune® in real-life clinical practice was
performed. Variables were the need of healthcare resources,
collected prospectively during two follow-up years, and the
rUTl-associated expenditure, calculated using the micro-
costing methodology; these were compared before and af-
ter vaccination. Results: A total of 166 women {mean (stan-
dard deviation [SD]) urinary tract infection episodes/year
6.19 (2.15)} were included. After vaccination, annual consul-
tations with a primary care physician (PCP) (43.9%), emer-
gency room visits (71.8%), urinary analysis (90.0%), and ultra-

sound exams (35.6%) decreased compared to pre-vaccina-
tion (all p < 0.001). Per patient consumption in antibiotics,
PCP consultations, emergency room visits, and complemen-
tary exams significantly decreased (all p < 0.02), resulting in
areduction in healthcare expenditure per patient/year from
mean (SD) 1,001.1 (655.0) to 497.1 (444.4) EUR. Conclusion:
Sublingual bacterial vaccination with Uromune® decreased
healthcare resource use and associated expenditure in
women with rUTI, representing an optimal strategy to re-
duce rUTl-associated healthcare and economic burden.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Urinary tract infections (UTIs) are among the most
common bacterial infections and reasons for seeking con-
sultation. It is estimated that 150 million people world-
wide, primarily women, suffer from UTIs annually.
Twenty-seven percent of these women suffering an initial
UTT experience, recurrent UTTs (rUTIs), with a notable
impact on their quality of life. Altogether, due to the high
burden to society and healthcare systems, rUTI consti-
tutes a significant global healthcare concern [1].
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Management of rUTI is associated with high direct
and indirect costs. Direct costs encompass healthcare ex-
penses related to medication, complementary tests, con-
sultations to physicians, and hospital admissions, where-
as indirect costs include those associated with UTI-de-
pendent absenteeism and pathology-derived follow-up
[2]. In the USA, over 11.3 million women suffer more
than one UTI episode per year, resulting in a total expense
of 659 USD and 936 USD million in direct and indirect
costs, respectively [1].

The mainstay treatment for rUTTI is antibiotic therapy,
either prophylactic, postcoital, or on-demand. However,
resistances to antimicrobials, generated by misuse and
overuse of antibiotic therapy, are increasingly challenging
their efficacy [3, 4]. Vaccines against urinary pathogens,
aimed to increase the natural immune response against
uropathogens, emerge as additional nonantibiotic thera-
pies to prevent recurrences and decrease antibiotic use [5].
Of note, their development is encouraged by current
guidelines for the management of urological infections [6,
7]. Among them, mucosal bacterial vaccines, composed of
either extracts or whole-cell bacteria, have shown to trig-
ger protective immune responses and ameliorate rUTI [5,
8-10]. In this regard, previous studies have shown that the
sublingual bacterial vaccine Uromune® is effective in re-
ducing the UTI incidence and preventing recurrence,
showing a robust clinical benefit and an excellent safety
profile for patients with rUTI [11-17].

Despite the proven effectiveness of sublingual bacte-
rial vaccines in the management of rUTI, studies evaluat-
ing their impact on healthcare resource consumption and
costs associated with rUTT in the Spanish real-world set-
ting are missing. In this study, we assess the economic
impact of direct healthcare costs of rUTI management
and analyze changes in healthcare resource use and direct

costs following sublingual vaccination with Uromune®.

Material and Methods

Study Design and Population

This was a quasi-experimental, pretest-posttest, single-center
study including women diagnosed with rUTI who received sublin-
gual vaccination under real-life clinical practice and were fol-
lowed-up for 1-2 years. Patients included in this study meet the
established criteria for rUTI diagnosis, 2 or more UTIs in 6 months
or 3 or more UTIs in 12 months [6, 7]. Women requiring medical
consultation at the Urology Department of Albacete University
Hospital Complex (Albacete, Spain), refractory to prophylactic an-
tibiotics and prescribed with Uromune®, were consecutively in-
cluded in the study. Those diagnosed with autoimmune diseases
or refusing treatment with the vaccine were excluded. The study
was conducted from January 2013 to December 2016.

Uromune Cost-Effectiveness in Recurrent
Urinary Tract Infections

Treatment

Uromune® is a sublingual preparation composed of a mixture
of whole-cell inactivated bacteria (300 Formazin Turbidity Units;
approx. 10° bacteria/mL): Escherichia coli (V121), Klebsiella pneu-
moniae (V113), Enterococcus faecalis (V125), and Proteus vulgaris
(V127) strains (manufacturer, Inmunotek S.L.; Spanish distribu-
tor, QPharma laboratories). In this study, either a formulation at
equal amounts per bacterial strain or with individualized percent-
ages per patient were used, according to the physicians’ criteria.
The vaccine was administered in two 100-pL sprays on the sublin-
gual mucosa once a day for 3 months.

Objectives and Outcomes

This study focused on the cost analysis of a previous study
whose primary objective was to evaluate the effectiveness of the
sublingual bacterial vaccine in the prophylaxis of rUTI [11]. Before
inclusion in the study, variables were collected from medical re-
cords retrospectively (pre-vaccination). During the study, data
were collected prospectively, throughout at least 1 year and up to
2 years, after starting vaccination (postvaccination period). Clini-
cal variables to assess effectiveness were described elsewhere [11].
Healthcare resource use-related variables included antibiotic
treatments, urine cultures [11], primary care physician (PCP) vis-
its, urologist visits, emergency room admissions, hospitalizations
(including duration), and other complementary tests (i.e., urine
laboratory analysis and ultrasound exams).

rUTI-dependent expenditure was calculated using the micro-
costing methodology based on (i) assessing the healthcare resources
used in rUTT patient care, (ii) estimating the need for each compo-
nent, and (iii) assigning a unit cost (EUR) per resource. Costs were
based on fees established according to the April 06, 2010, resolution,
obtained from the Direction of the Regional division (Albacete) of
the Department of Health (online suppl. Table S1; for all online sup-
pl. material, see www.karger.com/doi/10.1159/000521772). Vaccine
expenses were also included.

Statistical Analysis

A sample size of 149 women was deemed necessary to estimate
adecrease in UTT incidence of 3 episodes/year with a risk of a < 0.05
and a 95% confidence, considering a potential dropout of 10%. Cat-
egorical variables were described as frequencies and percentages,
while quantitative variables as mean and standard deviation (SD)
or 95% confidence interval (CI). Changes following vaccination
were calculated as mean (95% CI) of individual percentages of in-
crease and decrease per year compared to before treatment. Paired
Student’s ¢ test or the Wilcoxon signed-rank test was used for in-
tragroup analysis (pre- vs. postvaccination). A level of significance
of p < 0.05 was established for all tests performed (two-sided). Sta-
tistical analyses were performed using SPSS software (version 20).

Results

Impact of Recurrent UTIs on Healthcare Resource Use
A total of 166 women suffering from rUTI (mean age
of 62.3 years [SD 18.4]) were included in the study. Pa-
tients had been followed up at the participating center for
a mean of 2.70 years (SD 1.60) prior to inclusion, pre-
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Table 1. Use of healthcare resources per patient/year

Before vaccination After vaccination p value'
mean (SD) 95% Cl mean (SD) 95% Cl
Antibiotic treatments?, n
Prescriptions 7.34 (4.05) 6.72-7.96 2.89(3.9) 2.28-3.49 <0.001
Distinct antibiotics used 2.12(1.11) 1.95-2.29 1.22 (1.09) 1.05-1.39 <0.001
Consultations and specialized care
PCP 4.69 (3.22) 4.20-5.19 2.05 (2.66) 1.65-2.46 <0.001
Urologist 0.66 (0.38) 0.54-0.66 1.47 (0.81) 1.34-1.59 <0.001
Emergency room visits 0.41(0.71) 0.30-0.52 0.13(0.37) 0.08-0.19 <0.001
Hospitalizations 0.05 (0.20) 0.02-0.08 NA NA NA3
Complementary exams
Ultrasound 0.37(0.50) 0.30-0.44 0.12(0.29) 0.08-0.17 <0.001
Urine laboratory analysis 1.47 (1.40) 1.25-1.69 0.89(1.37) 0.68-1.10 <0.001

NA, not applicable. ' Paired Student’s t test or the Wilcoxon signed-rank test comparing results before and after
vaccination, following normal distribution assessment. 2 Adapted from Carrién-Lépez et al. [11]. 3 Only 4 patients

required hospitalizations after treatment.

sented an annual mean of 6.19 (SD 2.15) UTI episodes,
and required a total of 1,566 urine cultures. Patients were
prescribed a total of 3,120 antibiotic treatments, and most
of them (n = 119, 71.7%) were treated with >4 different
antibiotics [11].

During the pre-vaccination period, all women con-
sulted their PCPs at least once, with 12 (7.2%) women at-
tending over 10 times annually. Urologist visits were re-
quired by 153 (92.2%) patients. Sixty-six (39.7%) and 17
(10.2%) women were admitted to emergency rooms and
hospital wards, respectively. At least once before treat-
ment, 99 (59.6%) patients needed ultrasound exams, and
148 (89.2%) required urine laboratory analyses, with 9
(5.4%) women needing >10 tests. Healthcare resource use
per patient/year in the pre-vaccination period is summa-
rized in Table 1.

Impact of Bacterial Vaccination on Healthcare

Resource Use Associated with rUTI

All 166 patients included in the study completed the
3-month course and were followed up for a mean of 1.71
years (SD 0.28) (evaluable population). After vaccination,
the number of UTI episodes and urine cultures per year
significantly decreased by 54.6% and 37.5%, respectively,
compared to the pre-vaccination. The annual use of anti-
biotics, measured as the number of packages and the
number of different antibiotics used (60.7% and 42.5%
drop, respectively), was overall reduced (Table 1) [11].

Consistent with the decrease of UTI episodes, the an-
nual need for any healthcare resources significantly de-
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creased following vaccination, except for the number of
hospital admissions, which were barely required (Ta-
ble 1). The mean percentage decrease in PCP visits per
patient/year was 43.9% (95% CI 32.3-55.6), although
these consultations remained unchanged in 34 (20.5%)
women. The highest reduction was for emergency
rooms admissions, achieving a 71.8% (95% CI, 58.8-
84.8) decline compared to pre-vaccination. Regarding
urologist visits, 151 (91.0%) women required increased
number of consultations, resulting in a mean percent-
age increase of 214.5% (95% CI, 171.0-258.1) per pa-
tient/year. After vaccination, only 4 (2.4%) women re-
quired hospitalizations, with significantly shorter mean
duration: 0.23 days (SD 0.90) and 0.03 (SD 0.20) (p =
0.001) before and after vaccination, respectively. Com-
plementary tests, including urine laboratory analyses
and ultrasound exams, significantly decreased by mean
90.0% (95% CI 65.3-114.7) and 35.6% (95% CI 10.4-
51.7), respectively.

Impact of Bacterial Vaccination on Direct Healthcare

Costs Associated with rUTI

Before vaccination, the mean direct annual cost per
patient was 1,001.1 EUR (SD 655.2), distributed as fol-
lows: PCP consultations (64.1%), specialized care (24.6%),
complementary exams (6.6%), and antibiotic treatments
(4.7%) (Tables 2, 3). Considering the number of UTI ep-
isodes and their associated costs (online suppl. Table S1),
the expenditure per UTI episode before vaccination was
estimated at 161.8 EUR.

Carrién-Lopez et al.
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Table 2. Annual costs of consultations to healthcare system due to urinary infectious episodes

Before vaccination After vaccination p value'
mean (SD) 95% Cl mean (SD) 95% ClI
PCPs (EUR/patient) 640.9 (439.0) 573.5-708.3 280.9 (364.1) 225.1-336.7 0.022
Specialized care (EUR/patient) 246.2 (402.3) 184.3-308.0 160.0 (139.7) 138.5-181.5 <0.001
Urologist 99.6 (81.2) 87.7-112.2 129.0 (71.6) 117.9-140.0 ns
Emergency room visits 51.8(88.7) 38.2-65.5 17.3 (46.1) 10.2-24.4 <0.001
Hospitalizations 94.6 (363.0) 38.8-150.5 13.7 (96.1) 1.15-28.5 <0.001

ns, not significant. ! Paired Student’s t test or the Wilcoxon signed-rank test comparing results before and after
vaccination, following normal distribution assessment.

Table 3. Annual costs of complementary tests and exams due to UTls

Before vaccination After vaccination p value'
mean (SD) 95% Cl mean (SD) 95% Cl
Urine laboratory analysis 2.18(2.02) 1.78-2.42 1.28 (1.90) 0.98-1.58 <0.001
Urine cultures 53.9(51.1) 46.1-61.7 33.8(28.8) 28.8-38.8 <0.001
Ultrasounds 10.1(12.5) 8.2-12.0 3.40 (8.00) 2.19-4.68 <0.001
Total 66.1(57.1) 57.4-74.9 38.5(33.7) 33.3-43.6 <0.001

TPaired Student’s t test or the Wilcoxon signed-rank test comparing results before and after vaccination, follow-

ing normal distribution assessment.

Following sublingual vaccination, the mean annual
cost on antibiotic treatment/patient significantly de-
creased from 42.7 (SD 24.0) to 16.5 EUR (SD 20.0) (p <
0.001), albeit with different distribution depending on the
antibiotic type (Fig. 1). The use of fosfomycin involved
the highest burden, followed by norfloxacin and amoxi-
cillin/clavulanic acid. Of note, the mean number of anti-
biotic-resistant E. coli infections was higher in women
who failed to reduce antibiotic expenditure (3.9, SD 2.7)
compared to those who successfully did (2.7, SD 2.5) (p =
0.031).

Annual expenses associated with PCP visits signifi-
cantly decreased by mean 359.9 EUR (SD 518.9; % de-
crease: 56.0%, 95% CI 44.4-76.3). Likewise, total expen-
diture associated with specialized care per patient/year
significantly declined by 51.2% (SD 177.8; 95% CI 23.4-
79.1) compared to pre-vaccination (86.1 EUR [SD 372.1])
(Table 2). Comparison of individual resources before and
after treatment showed that reduced expenses in emer-
gency room visits and hospitalizations (p < 0.001 for all
comparisons) accounted for this overall reduction,
whereas a modest increase in costs of urologist consulta-
tions lacked statistical significance (Table 2).

Uromune Cost-Effectiveness in Recurrent
Urinary Tract Infections

Individual costs of urine laboratory analysis, urine cul-
tures, and ultrasounds significantly decreased by mean
0.82 (SD 2.75),20.1 (SD 23.2), and 6.7 EUR (SD 18.0) per
patient/year (p < 0.001 for all tests), respectively (Table 3).
Overall, this represents a 61.2% (95% CI 56.7-68.1) de-
crease in complementary tests (p < 0.001).

In summary, the direct annual cost per patient suffer-
ing from rUTT prior to inclusion in the study were 1,001.1
EUR (SD 655.0) compared to 497.1 EUR (SD, 444.4) after
vaccination. Considering the specific expenses of sublin-
gual vaccination (172.39 EUR/treatment), the global
UTI-associated healthcare expenditure per patient/year
following vaccination was 669.1 EUR (p = 0.001, com-
pared to the pre-vaccination period). Altogether, the de-
crease in healthcare resource use was associated with an
overall reduction in the costs driven by rUTL

Discussion
Results from this observational, prospective study in-

cluding women with rUTI demonstrated a significant
clinical, healthcare, and economic impact of this pathol-
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Mean annual costs, €/patient

M Before vaccination
[ After vaccination
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Fig. 1. Mean costs per patient/year (EUR) of the indicated antibiotic treatments before and after vaccination.

ogy due to their associated direct costs, primarily from
medical consultations. The decrease in frequency of uri-
nary infections following vaccination with the sublingual
bacterial vaccine (Uromune®) resulted in a significantly
reduced need of healthcare resources. Likewise, a marked
drop in healthcare-associated expenses was found, in-
cluding those driven by antibiotic use, PCP consultations,
specialized care, and complementary tests, leading to a
significant global reduction in expenditures associated
with rUTL

Similar to this study, previous studies assessing the
economic burden of UTIs in different countries have
shown a substantial impact of these infections on society
and healthcare systems. However, these studies have
used heterogeneous methods and epidemiological crite-
ria to assess distinct costs (i.e., productivity losses and
intangible costs) at different levels (i.e., national, region-
al, and hospital) and in heterogeneous populations, thus
precluding direct comparisons between studies [18-21].
Similar to this study, a previous large study (2,700 pa-
tients) in patients with rUTI from several European
countries found that the most considerable impact on
economic costs was due to consultations followed by an-
tibiotic therapies [21]. In Germany, the number of an-
nual antibiotic prescriptions per patient is 3.36, repre-
senting an estimated annual cost of 54.7 EUR for the

734 Urol Int 2022;106:730-736
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healthcare system [21], similar to the 42.7 EUR/patient/
year calculated in this study. The micro-costing method
used here assesses the economic costs of healthcare in-
terventions accurately. This method has been an advan-
tage to assess costs of new interventions, especially with
highly variable outcomes between patients, and to esti-
mate the real costs for the healthcare system and society
[22].

Antimicrobials may be given as continuous low-dose
prophylaxis for longer periods (3-6 months) or as post-
coital prophylaxis as both regimens reduce the rate of
rUTI. Regimens include nitrofurantoin 50 mg or 100 mg
once daily, fosfomycin trometamol 3 g every 10 days,
trimethoprim (TMP) 100 mg once daily or 250 mg, or
cefaclor 250 mg once daily [23]. However, treatment de-
cisions regarding UTIs should be based on the knowl-
edge of the susceptibility profile of the uropathogens
causing infections in the community against antimicro-
bials. TMP 100 mg should only be considered as first-
line drug in areas with known resistance rates to E. coli
of <20% [23].

Previous studies have also evaluated the cost-effective-
ness of different therapeutic strategies for rUTI. Regard-
ing antibiotic treatment, a cost minimization study con-
ducted in Canada concluded that fosfomycin was safe and
efficacious to treat UTI, owing to a low resistance profile,

Carrién-Lopez et al.
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single-dose administration, and similar costs of medica-
tion [24]. A cost analysis study assessing TMP to treat
rUTI showed that this antibiotic was the most effective
option if antibiotic resistance remained below 30%. How-
ever, a single administration of fosfomycin showed in-
creased cost-effectiveness if resistance extended 30%, un-
derscoring the importance of characterizing local resis-
tances to optimize treatment cost-effectiveness [25].
Studies comparing antimicrobial versus nonantibiotic
therapies reported mean annual costs of 50 USD for D-
mannose compared to 40 USD, 60 USD, and 190 USD for
self-started, postcoital, and continuous antibiotic use, re-
spectively [26]. Conversely, cranberry prophylaxis failed
to be cost-effective compared to TMP sulfamethoxazole
prophylaxis, regardless of the impact of antimicrobial re-
sistance [27]. Even though healthcare expenditures of the
sublingual bacterial vaccination group were not com-
pared in parallel to antibiotic-receiving individuals in this
study, the cost-effectiveness between both strategies may
be extrapolated from the comparison of the post- versus
pre-vaccination period as antibiotic prophylaxis was the
gold-standard strategy for these patients before inclusion
in the study.

Previous studies have demonstrated the clinical ben-
efit of sublingual vaccination with Uromune® in different
countries [11, 13-17]. Furthermore, a recent comprehen-
sive systematic review of these studies concluded that the
sublingual vaccine significantly benefits women who ex-
perience rUTI by preventing recurrences, with an excel-
lent safety profile [12]. However, analysis of its cost-effec-
tiveness remained unassessed to date. In this study, the
decreased need and costs of direct healthcare resulting
from the treatment with the sublingual vaccine objective-
ly and additionally support the use of this nonantibiotic
therapeutic option to minimize the high economic bur-
den of rUTT.

The results from this study should be interpreted in the
context of limitations of different nature. Similar to other
pharmacoeconomic studies, this study lacked economic
evaluations from a social perspective, including minor
costs incurred by patients and work absenteeism. Fur-
thermore, its pretest-posttest quasi-experimental design
lacked a control group, precluding correlations between
results and the treatment under evaluation but just a lon-
gitudinal analysis. Regarding the extrapolation of the re-
sults, rates of the different healthcare resources, particu-
larly those of antibiotic therapy, are heterogeneousamong
different countries, precluding direct international com-
parisons [28]. Even though the evaluation of rUTIs eco-
nomic impact and comparison between different thera-

Uromune Cost-Effectiveness in Recurrent
Urinary Tract Infections

peutic options with increased accuracy would require fur-
ther studies, results from this study comparing pre- and
posttreatment data are valuable to provide useful infor-
mation regarding cost-effectiveness of sublingual vacci-

nation with Uromune®.

Conclusion

The results from this study underscore the high eco-
nomic impact of rUTT and show that treatment with the
sublingual bacterial vaccine Uromune® decreased health-
care resource use and associated costs in women with
rUTI. Considering the clinical impact of this pathology
due to their high prevalence, high cumulative costs, and
antimicrobial resistance, the use of the sublingual vacci-
nation emerges as an optimal strategy to reduce rUTI-
dependent healthcare and economic burden.
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