Archives of Gynecology and Obstetrics (2019) 300:821–828
https://doi.org/10.1007/s00404-019-05256-z

REVIEW

Prevention and treatment of uncomplicated lower urinary
tract infections in the era of increasing antimicrobial
resistance—non‑antibiotic approaches: a systemic review
Sara Wawrysiuk1

· Kurt Naber2 · Tomasz Rechberger1 · Pawel Miotla1

Received: 24 April 2019 / Accepted: 11 July 2019 / Published online: 26 July 2019
© The Author(s) 2019

Abstract
Purpose Urinary tract infections (UTIs) are one of the more common infections encountered in everyday clinical practice.
They account for 10–20% of all infections treated in primary care units and 30–40% of those treated in hospitals. The risk
of UTI in the female population is considered to be 14 times higher than in the male population. The prevalence of bacterial etiology results in a large consumption of broad-spectrum antibiotics, which in turn leads to increased rates of resistant
uropathogens. Therefore, non-antibiotic prevention and treatment options are now of great importance.
Methods A systematic literature search was performed for the last 20 years (1999–2019) and the efficiencies of these eight
different non-antibiotic interventions were analysed and discussed.
Results This article provides an overview on non-antibiotic options for management of UTI, including the application of
cranberry products, the phytodrug Canephron N, probiotics, nonsteroidal anti-inflammatory drugs (NSAID), d-mannose,
estrogens, vitamins, and immunotherapy.
Conclusions The last 20 years of research on non-antibiotic approaches in UTI have not brought conclusive evidence that
antibiotic usage can be replaced completely by non-antibiotic options. Hence, antibiotics still remain a gold standard for UTI
treatment and prevention. However, changing the therapeutic strategy by including non-antibiotic measures in the management of UTI could be successful in avoiding antimicrobial resistance at least to some extent.
Keywords Urinary tract infections · UTI · Non-antibiotic · Prevention · Treatment

Introduction
In everyday clinical practice, urinary tract infections (UTIs)
are seen very frequently. They account for 10–20% of all
infections treated in primary care units and 30–40% of those
treated in hospitals [1]. The risk of UTI in the female population is considered to be 14 times higher than in the male
population [2]. UTI can be divided into healthcare-associated urinary tract infections (HAUTIs) and communityassociated UTIs (CAUTIs). CAUTI is commonly diagnosed
in female patients with risk factors such as age, history of
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UTI, sexual activity and diabetes mellitus, whereas HAUTI
is connected to medical interventions in the hospital. Herein,
indwelling urinary catheters are seen as the main risk factors [3]. For gynecological patients, antibiotic prophylaxis
of HAUTI is recommended before surgery for pelvic organ
prolapse and/or stress urinary incontinence, abdominal or
vaginal hysterectomy, laparoscopic hysterectomy and hysterosalpingography [4].
Recurrent UTIs (rUTIs) are another major problem in
UTI management. Here, rUTI is defined as at least three
UTI episodes occurring within 12 months, or at least two
episodes happening within 6 months [5]. Patients with rUTI
are often treated with antibiotics even for asymptomatic bacteriuria (ABU) associated with a higher occurrence of antibiotic resistance [6]. Long-term antibiotic treatment can also
lead to alterations in the normal microbiome of the vagina
and the gastrointestinal tract.
The most common uropathogens responsible for UTIs
are Escherichia coli (with an incidence of around 65%),
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Enterococcus faecalis, Klebsiella pneumonia and Proteus mirabilis [7] with frequencies also depending on the
kind of UTI, CAUTI or HAUTI. The antibiotic resistance
rates in both CAUTI and HAUTI depend very much on
the geographical location [3]. The prevalence of bacterial
etiology in UTIs results in an extensive consumption of
broad-spectrum antibiotics leading to increased rates of
resistant uropathogens [8]. The frequent prescription of
empirical antibiotics and the transmission of antibioticresistant genes, together with other resistance determinants
of mobile genetic elements has finally led to the increased
emergence of multidrug resistance (MDR) even at the
community level, making UTI treatment even more difficult [9]. Studies have shown that development of resistance is very rapid, whereas its reversibility in clinical
settings, as well as at the community level is slow [10].
Therefore, there is an urgent need to introduce new solutions in the management of UTI. Since extensive use of
antibiotics for all kinds of infections has led to growing
antibiotic resistance, non-antibiotic treatment options are
now of great importance. Reducing the use of antibiotics will not only minimize antibiotic resistance, but also
improve patient quality of life due to a smaller number of
side effects coming about. This article provides an overview on eight different non-antibiotic options for preventing or treating UTIs between January 1999 and January
2019.

Methods
A systematic literature search was performed of the
20 years period between January 1999 and January 2019
(inclusive) in PubMed (date of search February 2019) of
articles on the efficiency of eight different non-antibiotic
interventions for preventing and treating UTIs. These
include cranberry products, the phytodrug Canephron N,
probiotics, nonsteroidal anti-inflammatory drugs (NSAID),
d-mannose, estrogens, vitamins and oral immunotherapy.
The following key words were used: “UTI” or “urinary
tract infections” AND “cranberry”, “canephron N”, “probiotics” or “lactobacillus”, “nonsteroidal anti-inflammatory drugs” or “NSAID”, “D-mannose”, “estrogens” or
“ospemifene”, “vitamins” or “vitamin C” or “ascorbic
acid” or “vitamin D”, “immunotherapy” or “urovaxom”
or “immunisation” or “OM-89”, “UTI” or “urinary tract
infections” AND “non-antibiotic” or/and “prevention” or
“treatment”. Randomized controlled trials and observational studies were conducted on non-pregnant women,
aged over 18 years, generally healthy with or without
risk factors for rUTI. The interventions were compared to
groups of female patients receiving placebo or antibiotic
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therapy. As outcome criteria, UTI symptoms and the incidence of bacteriuria were analysed and reported.

Results
Cranberry products
Cranberries in a form of juice or tablets are widely used and
self-administered for prevention of UTI. Their mechanism of
action includes inhibition of bacterial (mainly E. coli) adhesion to uroepithelial cells [11]. When adhesion is blocked,
bacteria are not able to invade the mucosal surface of the urinary tract. In the study conducted by Singh et al. in a group
of patients, after 12 weeks of receiving cranberry extracts,
when compared to placebo, bacterial adhesion decreased.
Cranberry extracts were also superior to placebo in terms of
urine pH reduction and prevention of UTI symptoms such as
dysuria, bacteriuria, and pyuria [12].
In the latest Cochrane Review, the authors concluded that
cranberry juice did not decrease the number of UTIs and
thus cranberry has no significant benefit in preventing UTI
[13]. This was a major change to the previous Cochrane
report [14], where some evidence was found that cranberry
juice may decrease the number of symptomatic UTIs over
a 12-month period, particularly for women with rUTIs.
Its effectiveness for other groups was less certain. Since
then, new clinical trials on cranberry products have been
conducted. Foxman et al. assessed the therapeutic effects
of cranberry juice and the risk of UTI after gynecologic
surgery wherein the patient was catheterized. In this randomized, double-blinded, placebo-controlled trial, 160
patients received cranberry capsules or placebo. The results
showed that in the cranberry treatment group, the incidence
of UTI was significantly lower than in the placebo group.
Furthermore, among women after elective benign gynecological surgery with catheter placement, the use of cranberry
capsules reduced the risk of UTI during the postoperative
period by half [15].
Maki et al. gauged the effect of cranberry juice consumption on the occurrence of UTI episodes in women with a
recent history of UTI. For 24 weeks, 185 women received
240 ml of cranberry juice, while another 185 women were
given a placebo beverage. The results showed that 1 in 3.2
incidences, clinical UTI was prevented through cranberry
intervention [16]. Takahashi et al. also conducted a randomized, double-blinded study and demonstrated that cranberry beverage is superior to placebo in terms of UTI prevention, but this was only observed in a group of female
patients over 50 years of age. They concluded that the efficiency of cranberry products still remains controversial since
it reduced the risk of UTI only in a limited population [17].
In contrast, cranberry juice did not significantly reduce UTI
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risk compared with placebo in a study conducted by Stapleton et al. in which 176 premenopausal women with a recent
history of UTI were randomized (120 to cranberry juice and
56 to placebo) and followed up for a median of 168 days,
although a trend of protective effect was observed in this
study [18].
The main substances responsible for the inhibition of
adhesion of E. coli to the urinary mucosa are the proanthocyanidins of two types of linkage—A- and B-type. The
protective abilities of Cranberry juice are due to proanthocyanidins of A-type [19]. Vostalova et al. suggested that with
regard to active components in cranberry juices, the amounts
are limited. They tested with a cranberry powder with a
high concentration of proanthocyanidins (0.56%). Participants were randomly allocated to a cranberry (n = 89) or a
placebo group (n = 93). The cranberry powder group which
received 500 mg of cranberry for 6 months experienced a
longer time to first UTI then did the placebo group. Moreover, the intent-to-treat analyses showed that in the cranberry
group, the UTIs were significantly fewer [10.8% vs. 25.8%,
p = 0.04, with an age-standardized 12-month UTI history
(p = 0.01)] [20].
The overall results suggest that cranberry products may
be an option for prevention of UTI in healthy, non-pregnant
patients, as well as in patients after gynecological surgery
when a catheter was placed. However, these findings still
need confirmation because the conducted studies did not
involve a large enough number of participants. What is more,
Liska et al. in their meta-analysis on cranberries and UTIs
stated that a number of publications may report conflicting
conclusion due to the fact that recommendations are mainly
directed to women with rUTI and that they include outcome
from various populations which also can cause differences
in the results [21].

Herbal therapy with Canephron N
Another alternative, non-antibiotic approach to UTI treatment is the administration of herbal preparations. One product approved in many countries is Canephron N (Bionorica,
Germany). This contains century herbs, lovage roots and
rosemary leaves. It has diuretic, spasmolytic, anti-inflammatory, antibacterial and nephroprotective properties, and
is also considered to be safe in both pregnancy and during
breastfeeding [22].
Miotla et al. evaluated the efficiency of Canephron N in
the prevention of UTI in high-risk female patients undergoing urodynamic studies (UDS). Therein, women with at least
one risk factor for UTI received after UDS either 3 g of fosfomycin trometamol (FT) single dose or 5 ml of Canephron
N taken orally three times daily for 1 week. There was no
statistically significant difference in UTI incidence between
the two groups. The authors concluded that prophylaxis of
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UTI after UDS with this phytodrug may be a good alternative to antibiotics administered after UDS in high-risk
female patients [23].
Wagenlehner et al. conducted a double-blinded, multicenter, non-inferiority study comparing the efficiency of UTI
treatment with Canephron N to standard antibiotic therapy
with fosfomycin trometamol. A large cohort of female
patients with symptoms of acute uncomplicated lower UTI
was randomly allocated into two groups receiving either
Canephron N 2 dragees t.i.d. or fosfomycin trometamol 3 g
single dose with corresponding matched placebo. The results
were very promising, as only 16.5% of patients treated with
Canephron N required additional antibiotic treatment as
compared to 10.2% in the fosfomycin group. The study,
hence, demonstrated non-inferiority (inferiority margin 15%
with 95% confidence interval) of the herbal compared to the
antibiotic treatment. Of note, an additional advantage was
that with Canephron N, fewer gastrointestinal side effects,
such as diarrhoea and abdominal pain, were observed. In the
phytodrug group, however, five episodes of pyelonephritis
occurred (mainly during the first days of therapy), as compared to one episode of pyelonephritis in the fosfomycin
group [24].

Probiotics
The main argument in favour of using probiotics for UTI prevention and treatment is the fact that the vagina is a potential
reservoir for the bacteria bringing about UTIs. Changes in
the vaginal microbiota with reduction of protective Lactobacillus spp. colonies are associated with an increased risk
of UTI. These changes can be induced by antimicrobial
therapy, hormone level changes due to menopause or usage
of contraceptives and even by UTI itself [25]. The use of
either oral or intravaginal probiotics to restore the natural
vaginal microbiota seems to be a promising approach to
reducing antibiotic consumption and to decreasing antimicrobial resistance.
In a double-blind, non-inferiority trial conducted by
Beerepoot et al. 252 postmenopausal women with rUTIs
were randomized to receive 12 months of either antibiotic
prophylaxis with trimethoprim-sulfamethoxazole or oral
probiotic capsules containing 1 09 colony-forming units of
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri
RC-14. The results of the study showed that supplementation with 480 mg L. rhamnosus GR-1 and L. reuteri RC-14
significantly decreased the mean number of recurrences in
patients with uncomplicated UTIs when compared with
trimethoprim-sulfamethoxazole administration. However,
unlike trimethoprim-sulfamethoxazole, lactobacilli did not
increase antibiotic resistance. In the study, after 1 month
of trimethoprim-sulfamethoxazole prophylaxis, resistance to trimethoprim-sulfamethoxazole, trimethoprim
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and amoxicillin increased from approximately 20–40%, to
approximately 80–95% in E. coli from the feces and urine of
asymptomatic women and those with E. coli-induced UTIs
[26].
In another double-blinded study, Stapleton et al. investigated premenopausal women with a history of rUTIs, by
giving them daily either Lactin-V (Lactobacillus crispatus strains) or placebo for 5 days, then once weekly for
10 weeks. Results of this study showed a significant reduction of UTI episodes in patients who received intravaginal
Lactobacillus treatment, compared to the placebo group.
Herein, Lactin-V treatment resulted in prolonged colonization with L. crispatus strains and it reduced the frequency
of rUTI by around 50% among participants. Unfortunately
the results could not be compared directly with antibiotic
prophylaxis of UTIs [27].
Lactobacilli may especially be useful for women with
histories of recurrent, complicated UTIs or on prolonged
antibiotic use. Probiotics are safe in terms of causing antibiotic resistance and may offer other health benefits due to
vaginal re-colonisation with Lactobacilli. However, more
comprehensive research is still needed before recommending
probiotics as alternatives to antibiotics [28].

Nonsteroidal anti‑inflammatory drugs (NSAID)
The symptoms of UTIs are mostly connected to the inflammatory reaction of the urinary tract due to a significant
increase in urinary prostaglandin production, because the
onset and duration of clinical symptoms of UTI seem to
be strongly connected to prostaglandin levels [29]. Since
NSAIDs can inhibit the biosynthesis of prostaglandins [30],
they can be useful in alleviating the symptoms of UTI. However, it is still not clear whether they can replace antibiotics
in the treatment and/or prevention of UTIs.
In a double-blind, multicentre trial by Gagyor et al.
female patients with UTI symptoms were randomized
into groups receiving either fosfomycin trometamol (3 g
single dose; 243 analysed) or ibuprofen (400 mg tid for
3 days; 241 analysed). Only patients with no risk and complicating factors were recruited. Herein, two-thirds of the
ibuprofen group recovered without antibiotics, but had a
significantly higher total burden of symptoms, while more
had pyelonephritis (five cases in the ibuprofen and one in
the fosfomycin group). The authors suggest that symptomatic treatment is a possible option to be considered in
women with mild to moderate UTI symptoms [31]. Bleidorn et al. conducted a 6-months retrospective follow-up
on this trial comparing antibiotics to NSAIDs and demonstrated no negative impact on patients in terms of recurrence and pyelonephritis after day 28 up to 6 months after
trial participation [32]. In another randomized, doubleblinded, non-inferiority trial involving 253 women with
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uncomplicated UTI, Kronenberg et al. compared the use
of norfloxacin (n = 120; 400 mg bid) with diclofenac
(n = 133; 75 mg bid) for 3 days. Here, fosfomycin trometamol was used as rescue antibiotic (3 g single dose)
after completion of the study drug on day 3, if symptoms
persisted. The study showed that diclofenac was inferior
to norfloxacin in terms of symptoms relief, but it could
reduce the usage of antibiotics, although it increased the
risk of pyelonephritis (6 cases in the diclofenac and none
in the norfloxacin group) [33]. Another randomized, controlled, double-blinded, non-inferiority trial conducted by
Vik et al. compared the use of pivmecillinam (200 mg tid;
178 analysed) with ibuprofen (600 mg tid; 181 analysed)
for 3 days in non-pregnant women with uncomplicated
UTI. The study revealed that ibuprofen administration had
some effect, albeit inferior to the use of pivmecillinum.
The authors, however, concluded that ibuprofen cannot be
recommended as initial treatment to women with uncomplicated UTIs until it is possible to identify patients that
will develop complications, since all 7 patients who developed pyelonephritis received ibuprofen [34].
Replacing antibiotics with NSAIDs for the treatment of
uncomplicated UTI may be at the cost of prolongation of
symptoms and increased risk of pyelonephritis. Due to that
fact, in uncomplicated UTI it is preferable to delay the use
of antibiotic while closely monitoring the patient rather than
completely resigning from antimicrobial treatment. In this
strategy it is also important to share a decision-making process with a patient and to know his/her expectations towards
the treatment [33]. Of note, NSAIDs have been studied only
as a treatment option for UTIs, but not for prevention of
rUTIs.
d‑Mannose

The urinary tract mucus membrane is coated with proteins
that interfere with the adhesion of bacteria [5]. d-Mannose is
a monosaccharide that can be rapidly absorbed and excreted
by the urinary tract and can prevent the adhesion of type 1
bacterial fimbria to the uroepithelium. This is a bacterial
virulence factor promoting UTI—especially caused by E.
coli [35].
Kranjcec et al. randomly allocated female participants
with rUTIs to three groups. The first group received 2 g of
powdered d-mannose daily (n = 103), the second group got
50 mg of nitrofurantoin daily (n = 103) and the third group
did not receive any prevention (n = 102) for 6 months. The
results of the study showed that the risk of UTI was significantly reduced by both d-mannose and nitrofurantoin,
with a lower risk of side effects in the d-mannose group.
The authors conclude that d-mannose may be useful for UTI
prevention, although more research is still required [36].
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Estrogens
Estrogen is a hormone not only responsible for regulating the
female reproductive system, but also for stimulating the proliferation of lactobacilli, reducing vaginal pH and decreasing vaginal Enterobacteriaceae colonization [5]. Estrogen
enhances the antimicrobial capacity of the uroepithelium,
it inhibits bacterial multiplication and by strengthening
the epithelial integrity, it prevents bacteria from reaching
deeper levels of the uroepithelium [37] Stimulating these
mechanisms is especially beneficial for post-menopause
women with low estrogen levels who are afflicted with
rUTIs. Hence, it is suggested that the use of topical estrogens can reduce the risk of recurrent infections. However,
the efficiency of estrogens in UTI prevention still remains
disputable.
Current literature shows both the reduction of UTI incidence after topical intravaginal estrogen use [38, 39] and
failure in restoring vaginal microbiota and lowering UTI
risk [40–42]. In the 2008 Cochrane Review on estrogens
for preventing rUTIs in postmenopausal women, the authors
concluded that vaginal estrogens reduced the number of
UTIs in postmenopausal women with rUTI, but the results
depended on the type of estrogen and the duration of treatment [43]. No new clinical trials on vaginal estrogens have
been conducted within the last years. Moreover, oral estrogens are considered to be ineffective in UTI prevention and
they are connected to a vast number of adverse effects such
as breast tenderness or vaginal bleeding [44]. However,
recently, an oral estrogen agonist/antagonist, ospemifene,
was introduced. It is intended to be used to treat moderateto-severe dyspareunia due to vulvovaginal atrophy and it has
no major adverse effects on the breast, bone or cardiovascular systems of patients [44]. Hence, ospemifene could be a
promising new non-antibiotic option for UTI prevention in
postmenopausal patients, especially in those with additional
vulvovaginal atrophy [45]. However, no valid data on its
possible preventive effect are available at present. Further
well-structured research on the use of ospemifene in rUTI
is, therefore, needed.

Vitamins
Vitamin C (ascorbic acid) supplementation is often recognized as a non-antibiotic prophylaxis for rUTIs. It has two
suggested mechanisms of action. The first is urine acidification [46] and the second is a bacteriostatic effect mediated by the reduction of urinary nitrates to reactive nitrogen
oxides [47]. However, evidence on vitamin’s C actual protective value on UTI in non-pregnant patients is limited and
therefore its use should not be promoted.
Vitamin D is also recommended as a supplement for rUTI
prevention. This is based on its function as an inducer of
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antibacterial innate immune responses [48]. Jorde et al. conducted a 5-year randomized study on both male and female
participants. Five hundred and eleven subjects with prediabetes were randomly allocated to vitamin D3 (20,000 IU
per week) versus placebo for 5 years. Therein, 116 patients
received vitamin D and 111 were in the placebo group. Only
18 patients in the vitamin D group reported UTI, compared
to 34 subjects in the placebo group. The effect on UTI was
most pronounced in males. The authors suggest that supplementation with vitamin D might prevent UTI, but confirmatory studies are needed [49].

Immunotherapy
Bacterial extracts are used in the management of UTI
because they are able to stimulate the host’s immune system through the activation of monocyte-derived dendritic
cells to produce antibodies and cytokines [50]. They may be
an attractive option for prevention of UTI as they can be an
alternative to antibiotic prophylaxis in patients with rUTIs.
In their review and meta-analysis, Naber et al. identified
11 studies which looked into the use of both oral and vaginal bacterial lysates in the prophylaxis of rUTIs [51]. Three
out of four studies dealing with a vaginal vaccine were analysed (220 patients). The results showed the effectiveness of
vaginal vaccine only when administered with a booster cycle
(no rUTIs in 50% vs. 14% with placebo); however, adequate
phase III studies are still missing. Seven of the studies dealt
with an oral immunostimulant (OM-89), a lyophilized preparation of membrane proteins from 18 different uropathogenic
E. coli (UPEC) strains [52]. Five out of seven studies were
chosen for the meta-analysis. About 1000 female patients
were analysed for an observation period of 6–12 months
[53–56]. Accordingly, the mean number of UTI occurrence,
as well as the use of antibiotics, was significantly lower in
OM-89-treated group of patients in all the trials taken into
the analysis (mean 39%) [51].
Aziminia et al. also systematically reviewed the evidence
regarding the efficacy of vaccines or immunostimulants in
reducing the recurrence rate of UTIs. They included five
studies using OM-89. In four of these studies, a significant
reduction of rUTIs was demonstrated [53–56]. In one later
study [57] using a modified product (OM-89S) that is no
longer available, the same results could not be confirmed.
According to Aziminia et al. the lack of effect was probably
due to the low number of UTIs during the study, the high
number of protocol violations, and/or the modified manufacturing process.
Of another vaccine preparation, Urovac, consisting
of ten heat-killed uropathogenic species—including six
serotypes of E. coli, Proteus vulgaris, Klebsiella pneumoniae, Morganella morganii, and Enterococcus faecalis,
three randomised, clinical trials were analysed. Therein,
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one study (n = 91) used high-dose vaccine, low-dose vaccine and placebo [58]; whereas two studies (n = 54 and
n = 75) used vaccine with booster, without booster and
placebo [59, 60]. Overall, Urovac reduced the risk of UTI
recurrence for a half a year post-administration (RR 0.75,
95% CI 0.63–0.89; low QOE). This effect appears more
pronounced in patients receiving vaccine with booster,
compared to those receiving vaccine alone. Confirmation
by larger phase-III studies by independent investigators
is recommended.
In contrast to the aforementioned results, Huttner et al.
conducted a randomized, single-blind, placebo-controlled
phase 1b trial on 188 healthy female patients with rUTIs.
The aim was to assess the safety and immunogenicity of
E. coli O-antigen in the form of an intramuscular biconjugate vaccine containing O-antigens of four E. coli serotypes (ExPEC4V). The vaccine was well tolerated and
there were no serious adverse effects in the experimental
group. It also gave a functional antibody response that
resulted in significantly fewer UTIs by different E. coli
serotype in the vaccine group, compared with the placebo group. The evidence from this trial suggests that
ExPEC4V did not reduce UTI recurrence compared to
placebo at study endpoint (RR 0.82, 95% CI 0.62–1.10;
low QOE), but the number of UTIs caused by different
serotypes of E. coli was significantly lower in the vaccine
group compared with the placebo group (0.207 mean episodes vs. 0.463 mean episodes; p = 0.002). Huttner et al.
have now initiated phase II studies to confirm these promising findings [61].
Uromune is another bacterial extract with a potential
benefit when used in UTI management. It is a sublingual
spray composed of inactivated bacteria—Escherichia
coli, Klebsiella pneumoniae, Proteus vulgaris, and Enterococcus faecalis. The mechanism of action of Uromune
is based on a theory that stimulation of the sublingual
mucosa will lead to an activation of an immune response
in the urinary tract mucosa [62]. In Yang’s study, 75
female patients with rUTIs completed 3 months of Uromune therapy as a sub-lingual spray once a day. During
the 12 month follow-up period, no UTIs were observed
in 59 patients (78%). Out of 16 women who experienced
UTI recurrence, 14 (87%) were postmenopausal. Currently, an international double-blind randomized control
trial with Uromune versus placebo is being held [62].
For other bacterial lysates recommended for prophylaxis of rUTI, such as StroVac® and SolcoUrovac® containing ten heat-killed uropathogenic bacteria, Urostim®
containing four microbial species, and Urvakol® containing 5 Gram-negative species and for adjuvant activity
Propionibacterium acnes, no trials complying with the
predefined criteria could be found within this period of
time.
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Conclusions
UTIs are a common problem for women at different ages. Yet,
UTIs are not only a problem unique for the patient, but are
also a factor of high cost for the health care system. Increasing antimicrobial resistance with its expenditure and health
consequences has raised interest in applying different nonantibiotic ways of preventing and treating uncomplicated
lower UTIs. Unfortunately, the last 20 years of research on
non-antibiotic approaches in UTI have not brought conclusive
evidence that antibiotic usage can be replaced completely by
non-antibiotic options. Hence, antibiotics still remain a gold
standard for UTI treatment and prevention. However, changing
the therapeutic strategy by including non-antibiotic measures
in the management of UTI could be successful in avoiding
antimicrobial resistance at least to some extent. According to
the 2019 updated guidelines of the European Association of
Urology, the prevention of rUTI includes first of all counseling
of risk factors avoidance, then non-antimicrobial measures and
finally antimicrobial prophylaxis. These interventions should
be incorporated with an emphasis on that order [63]. With
the proper identification of UTI risk factors, such as gender,
prior UTIs, vaginal infection, sexual activity, the use of spermicidal agents, trauma/manipulation, diabetes mellitus, obesity
and anatomic abnormalities [64], together with non-antibiotic
interventions, a significant reduction of rUTI could probably
be achieved, leaving only a few patients in whom antibiotic
prophylaxis needs to be done as last resort. Although treatment
of uncomplicated UTI with different NSAIDs was overall still
inferior to antibiotic therapy, the strategy of treating as in other
primarily benign bacterial diseases, primarily the host and not
the bacteria, may stimulate further research for better alternatives. It should be particularly noted that the clinical outcome
of uncomplicated UTI treated with the phytodrug Canephron
N was not inferior to antibiotic therapy and showed comparable reduction of symptoms to antibiotic therapy. However,
well-designed, randomized trials are still required to determine
better the benefit and risk of non-antibiotic options for preventing and treating uncomplicated lower UTIs.
Author contributions SW: data collection, data analysis, manuscript
writing/editing. KN: manuscript writing/editing. TR: manuscript writing/editing. PM: project management, manuscript writing/editing.
Funding None.

Compliance with ethical standards
Conflict of interest SW—none. KN—personal fees from Adamed, Apogepha, Aristo, Bionorica, DaiichiSankyo, Enteris Biopharma, GlaxoSmithKline, Gruenenthal de Mexico, Helperby, Hermes, Leo-Pharma,
Medice, MerLion, Meiji, MSD, OM Pharma, Paratek, Roche, Rosen
Pharma, Saxonia, Zambon; and non-financial support from Mission

Archives of Gynecology and Obstetrics (2019) 300:821–828
Pharmacal, outside the submitted work. TR—consultant for Astellas
outside the submitted work. PM—consultant for Astellas, Bionorica,
Ferring, outside the submitted work.

827

16.

Informed consent Consent statement is not applicable for this review
manuscript.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. Stefaniuk E, Suchocka U, Bosacka K et al (2016) Etiology and
antibiotic susceptibility of bacterial pathogens responsible for
community-acquired urinary tract infections in Poland. Eur J Clin
Microbiol Infect Dis 35:1363–1369
2. Robinson D, Giarenis I, Cardozo L (2015) The management
of urinary tract infections in octogenarian women. Maturitas
81:343–347
3. Tandogdu Z, Wagenlehner FME (2016) Global epidemiology of
urinary tract infections. Curr Opin Infect Dis 29:73–79
4. Van Eyk N, van Schalkwyk J (2012) Antibiotic prophylaxis in
gynaecologic procedures. J Obstet Gynaecol Can 34:382–391
5. Caretto M, Giannini A, Russo E, Simoncini T (2017) Preventing urinary tract infections after menopause without antibiotics.
Maturitas 99:43–46
6. Cai T, Nesi G, Mazzoli S, Meacci F, Lanzafame P, Caciagli P,
Mereu L, Tateo S, Malossini G, Selli C, Bartoletti R (2015)
Asymptomatic bacteriuria treatment is associated with a higher
prevalence of antibiotic resistant strains in women with urinary
tract infections. Clin Infect Dis 61:1655–1661
7. Miotla P, Romanek-Piva K, Bogusiewicz M, Markut-Miotla E,
Adamiak A, Wróbel A, Zebrowska M, Wawrysiuk S, Mendyk K,
Rechberger E, Jakubczak A, Rechberger T (2017) Antimicrobial
resistance patterns in women with positive urine culture: does
menopausal status make a significant difference? Biomed Res Int
2017:4192908
8. Stamm WE, Norrby SR (2001) Urinary tract infections: disease
panorama and challenges. J Infect Dis 183(Suppl 1):S1–4
9. Linhares I, Raposo T, Rodrigues A, Almeida A (2015) Incidence
and diversity of antimicrobial multidrug resistance profiles of
uropathogenic bacteria. Biomed Res Int 2015:354084
10. Andersson DI, Hughes D (2010) Antibiotic resistance and its cost:
is it possible to reverse resistance? Nat Rev Microbiol. 8:260–271
11. Sobota AE (1984) Inhibition of bacterial adherence by cranberry
juice: potential use for the treatment of urinary tract infections. J
Urol 131:1013–1016
12. Singh I, Gautam LK, Kaur IR (2016) Effect of oral cranberry
extract (standardized proanthocyanidin-A) in patients with recurrent UTI by pathogenic E. coli: a randomized placebo-controlled
clinical research study. Int Urol Nephrol 48:1379–1386
13. Jepson RG, Williams G, Craig JC (2012) Cranberries for preventing urinary tract infections. Cochrane Database Syst Rev. https://
doi.org/10.1002/14651858.CD001321.pub5
14. Jepson RG, Craig JC (2008) Cranberries for preventing urinary tract infections. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD001321.pub4
15. Foxman B, Cronenwett AE, Spino C, Berger MB, Morgan DM
(2015) Cranberry juice capsules and urinary tract infection after

17.

18.

19.

20.

21.
22.

23.

24.

25.
26.

27.

28.
29.
30.
31.

surgery: results of a randomized trial. Am J Obstet Gynecol
213:194.e1–8
Maki KC, Kaspar KL, Khoo C, Derrig LH, Schild AL, Gupta
K (2016) Consumption of a cranberry juice beverage lowered
the number of clinical urinary tract infection episodes in women
with a recent history of urinary tract infection. Am J Clin Nutr
103:1434–1442
Takahashi S, Hamasuna R, Yasuda M, Arakawa S, Tanaka K,
Ishikawa K, Kiyota H, Hayami H, Yamamoto S, Kubo T (2013)
A randomized clinical trial to evaluate the preventive effect of
cranberry juice (UR65) for patients with recurrent urinary tract
infection. J Infect Chemother 19:112–117
Stapleton AE, Dziura J, Hooton TM, Cox ME, Yarova-Yarovaya
Y, Chen S, Gupta K (2012) Recurrent urinary tract infection and
urinary Escherichia coli in women ingesting cranberry juice daily:
a randomized controlled trial. Mayo Clin Proc 87:143–150
Howell AB, Reed JD, Kreuger CG, Winterbottom R, Cunningham
DG, Leahy M (2005) A-type cranberry proanthocyanidins and
uropathogenic bacterial anti- adhesion activity. Phytochemistry
66:2281–2291
Vostalova J, Vidlar A, Simanek V, Galandakova A, Kosina P,
Vacek J, Vrbkova J, Zimmermann BF, Ulrichova J, Student V
(2015) Are high proanthocyanidins key to Cranberry efficacy in
the prevention of recurrent urinary tract infection? Phytother Res
29:1559–1567
Liska DJ, Kern HJ, Maki KC (2016) Cranberries and urinary tract
infections: how can the same evidence lead to conflicting advice?
Adv Nutr 7:498–506
Naber KG (2013) Efficacy and safety of the phytotherapeutic drug
Canephron N in prevention and treatment of urogenital and gestational disease: review of clinical experience in Eastern Europe
and Central Asia. Res Rep Urol 5:39–46
Miotla P, Wawrysiuk S, Naber K, Markut-Miotla E, Skorupski P,
Skorupska K, Rechberger T (2018) Should we always use antibiotics after urodynamic studies in high-risk patients? Biomed Res Int
2018:1607425
Wagenlehner FM, Abramov-Sommariva D, Höller M, Steindl H,
Naber KG (2018) Non-Antibiotic Herbal Therapy (BNO 1045)
versus antibiotic therapy (Fosfomycin Trometamol) for the treatment of acute lower uncomplicated urinary tract infections in
women: a double-blind, parallel-group, randomized, multicentre
non-inferiority phase III trial. Urol Int 101:327–336
Stapleton AE (2016) The vaginal microbiota and urinary tract
infection. Microbiol Spectr. https://doi.org/10.1128/microbiols
pec.UTI-0025-2016
Beerepoot MA, ter Riet G, Nys S, van der Wal WM, de Borgie CA, de Reijke TM et al (2012) Lactobacilli vs antibiotics
to prevent urinary tract infections: a randomized, double-blind,
noninferiority trial in postmenopausal women. Arch Intern Med
172:704–712
Stapleton AE, Au-Yeung M, Hooton TM, Fredricks DN, Roberts
PL, Czaja CA et al (2011) Randomized, placebo controlled phase
2 tri- al of a Lactobacillus crispatus probiotic given intravaginally
for the prevention of recurrent urinary tract infection. Clin Infect
Dis 52:1212–1217
Gupta V, Nag D, Garg P (2017) Recurrent urinary tract infections
in women: how promising is the use of probiotics? Indian J Med
Microbiol 35:347–354
Farkas A, Alajem D, Dekel S, Binderman I (1980) Urinary prostaglandin E2 in acute bacterial cystitis. J Urol 124:455–457
Vane JR, Botting RM (1998) Mechanism of action of nonsteroidal
anti-inflammatory drugs. Am J Med 104(3A):2S–8S (discussion
21S–22S)
Gagyor I, Bleidorn J, Kochen MM, Schmiemann G, Wegscheider K, Hummers-Pradier E (2015) Ibuprofen versus fosfomycin

13

828

32.

33.

34.

35.
36.
37.
38.
39.

40.

41.

42.
43.
44.

45.

46.
47.

48.
49.

Archives of Gynecology and Obstetrics (2019) 300:821–828
for uncomplicated urinary tract infection in women: randomised
controlled trial. BMJ 351:h6544
Bleidorn J, Hummers-Pradier E, Schmie-Mann G, Wiese B,
Gagyor I (2016) Recurrent urinary tract infections and complications after symptomatic versus antibiotic treatment: fol-low-up of
a randomised controlled trial. Ger Med Sci 14:Doc01
Kronenberg A, Butikofer L, Odutayo A, Muhlemann K, da Costa
BR, Battaglia M, Meli DN, Frey P, Limacher A, Reichenbach
S, Juni P (2017) Symptomatic treatment of uncomplicated lower
urinary tract infections in the ambulatory setting: randomised,
double blind trial. BMJ 359:j4784
Vik I, Bollestad M, Grude N, Bærheim A, Damsgaard E, Neumark
T, Bjerrum L, Cordoba G, Olsen IC, Lindbæk M (2018) Ibuprofen
versus pivmecillinam for uncomplicated urinary tract infection in
women-A double-blind, randomized non-inferiority trial. PLoS
Med 15:e1002569
Altarac S, Papes D (2014) Use of d-mannose in prophylaxis
of recurrent urinary tract infections (UTIs) in women. BJU Int
113:9–10
Kranjčec B, Papeš D, Altarac S (2014) d-mannose powder for
prophylaxis of recurrent urinary tract infections in women: a randomized clinical trial. World J Urol 32:79–84
Lüthje P, Brauner H, Ramos NL, Ovregaard A, Gläser R, Hirschberg AL, Aspenström P, Brauner A. (2013) Estrogen supports
urothelial defense mechanisms. Sci Transl Med. 19:190ra80.
Raz R, Stamm WE (1993) A controlled trial of intravaginal estriol
in postmenopausal women with recurrent urinary tract infections.
N Engl J Med 329:753–756
Eriksen B (1999) A randomized, open, parallel-group study on the
preventive effect of an estradiol-releasing vaginal ring (Estring)
on recurrent urinary tract infections in postmenopausal women.
Am J Obstet Gynecol 180:1072–1079
Raz R, Colodner R, Rohana Y, Battino S, Rottensterich E, Wasser
I et al (2003) Effectiveness of estriol-containing vaginal pessaries
and nitrofurantoin macrocrystal therapy in the prevention of recurrent urinary tract infection in postmenopausal women. Clin Infect
Dis 36:1362–1368
Brown JS, Vittinghoff E, Kanaya AM, Agarwal SK, Hulley
S, Foxman B (2001) Urinary tract infections in postmenopausal women: Effect of hormone therapy and risk factors. Obstet
Gynecol 98:1045–1052
Jackson SL, Boyko EJ, Scholes D, Abraham L, Gupta K, Fihn
SD (2004) Predictors of urinary tract infection after menopause:
a prospective study. Am J Med 117:903–911
Perrotta C, Aznar M, Mejia R, Albert X, Ng CW (2008) Oestrogens for preventing recurrent urinary tract infection in postmenopausal women. Cochrane Database Syst Rev 2008:CD005131
Simon JA, Altomare C, Cort S, Jiang W, Pinkerton JV (2018)
Overall safety of ospemifene in postmenopausal women from placebo-controlled phase 2 and 3 trials. J Womens Health (Larchmt)
27:14–23
Schiavi MC, Di Pinto A, Sciuga V, Faiano P, Tucci C, D’oria O
et al (2018) Prevention of recurrent lower urinary tract infections
in postmenopausal women with genitourinary syndrome: outcome
after 6 months of treatment with ospemifene. Gynecol Endocrinol
34:140–143
Hickling DR, Nitti VW (2013) Management of recurrent urinary
tract infections in healthy adult women. Rev Urol 15:41–48
Carlsson S, Wiklund NP, Engstrand L, Weitzberg E, Lundberg JO
(2001) Effects of pH, nitrite, and ascorbic acid on nonenzymatic
nitric oxide generation and bacterial growth in urine. Nitric Oxide
5:580–586
Lagishetty V, Liu NQ, Hewison M (2011) Vitamin D metabolism
and innate immunity. Mol Cell Endocrinol 347:97–105
Jorde R, Sollid ST, Svartberg J, Joakimsen RM, Grimnes G,
Hutchinson MY (2016) Prevention of urinary tract infections with
vitamin D supplementation 20,000 IU per week for five years.

13

50.

51.
52.
53.
54.
55.
56.

57.

58.
59.
60.

61.

62.
63.

64.
65.

Results from an RCT including 511 subjects. Infect Dis (Lond)
48:823–828
Schmidhammer S, Ramoner R, Holtl L, Bartsch G, Thurnher M,
Zelle-Rieser C (2002) An Escherichia coli-based oral vaccine
against urinary tract infections potently activates human dendritic
cells. Urology 60:521–526
Naber KG, Cho Y-H, Matsumoto T, Schaeffer AJ (2009) Immunoactive prophylaxis of recurrent urinary tract infections: a metaanalysis. Int J Antimicrob Agents 33:111–119
Magistro G, Stief CG (2019) Vaccine development for urinary
tract infections: where do we stand? Eur Urol Focus 5:39–41
Tammen H (1990) Immunobiotherapy with Uro-Vaxom in recurrent urinary tract infection. The german urinary tract infection
study group. Br J Urol 65:6–9
Schulman CC, Corbusier A, Michiels H, Taenzer HJ (1993) Oral
immunotherapy of recurrent urinary tract infections: a doubleblind placebo-controlled multicenter study. J. Urol 150:917–921
Magasi P, Panovics J, Illes A, Nagy M (1994) Uro-Vaxom and
the management of recurrent urinary tract infection in adults: a
randomized multicenter double-blind trial. Eur Urol 26:137–140
Bauer HW, Alloussi S, Egger G, Blumlein HM, Cozma G, Schulman CC (2005) A long- term, multicenter, double-blind study
of an Escherichia coli extract (OM-89) in female patients with
recurrent urinary tract infections. Eur Urol 47:542–548
Aziminia N, Hadjipavlou M, Philippou Y, Pandian SS, Malde S,
Hammadeh MY (2018) Vaccines for the prevention of recurrent
urinary tract infections: a systematic review. BJU Int. https://doi.
org/10.1111/bju.14606
Uehling DT, Hopkins WJ, Balish E, Xing Y, Heisey DM (1997)
Vaginal mucosal immunization for recurrent urinary tract infection: phase II clinical trial. J Urol 157:2049–2052
Uehling DT, Hopkins WJ, Elkahwaji JE, Schmidt DM, Leverson
GE (2003) Phase 2 clinical trial of a vaginal mucosal vaccine for
urinary tract infections. J Urol 170:867–869
Hopkins WJ, Elkahwaji J, Beierle LM, Leverson GE, Uehling
DT (2007) Vaginal mucosal vaccine for recurrent urinary tract
infections in women: results of a phase 2 clinical trial. J Urol
177:1349–1353
Huttner A, Hatz C, van den Dobbelsteen G, Abbanat D, Hornacek
A et al (2017) Safety, immunogenicity, and preliminary clinical
efficacy of a vaccine against extraintestinal pathogenic Escherichia coli in women with a history of recurrent urinary tract infection: a randomised, single-blind, placebo-controlled phase 1b trial.
Lancet Infect Dis 7:528–537
Yang B, Foley S (2018) First experience in the UK of treating
women with recurrent urinary tract infections with the bacterial
vaccine Uromune®. BJU Int 121:289–292
Bonkat G, Bartoletti RR, Bruyère F, Cai T, Geerlings SE, Köves
B, Schubert S, Wagenlehner F, Mezei T, Pilatz A, Pradere B,
Veeratterapillay R (2019) Guidelines on urological infections.
EAU Guidelines. Edn. In: presented at the EAU Annual Congress
Barcelona 2019. ISBN 978-94-92671-04-2. https://uroweb.org/
guidel ines/ compil ation s-of-all-guidel ines/ . Accessed 20 Apr 2019
Foxman B (2014) Urinary tract infection syndromes: occurrence,
recurrence, bacteriology, risk factors, and disease burden. Infect
Dis Clin N Am 28:1–13
Wagenlehner FM, Ballarini S, Pilatz A, Weidner W, Lehr L, Naber
KG, Randomized A (2015) Double-blind, parallel-group, multicenter clinical study of Escherichia coli—lyophilized lysate for
the prophylaxis of recurrent uncomplicated urinary tract infections. Urol Int 95:167–176

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

