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Abstract The increasing resistance of uropathogens to
antibiotics and recognition of the generally self-limiting
nature of uncomplicated urinary tract infection (UTI) sug-
gest that it is time to reconsider empirical treatment of UTI
using antibiotics. Identifying new and effective strategies to
prevent recurrences and alternative treatment strategies are
a high priority. We review the recent literature regarding
the effects of functional food products, probiotics, vac-
cines, and alternative treatments on treating and preventing
UTI.

Keywords Functional foods . Probiotics . Vaccines .

Antiinflammatories

Introduction

Especially among sexually active young women aged 18 to
24 years, uncomplicated urinary tract infection (UTI) is
extremely common, affecting almost one out of five US
women in this age group annually [1]. Even among those
experiencing frequent infections, uncomplicated UTI is not
associated with loss of renal function or increased mortality
(reviewed by Naber et al. [2]). However, the condition
causes pain and suffering, and negatively impacts quality
of life, albeit transiently [3]. Premenopausal women invari-
ably present with frequent, urgent and painful urination;
suprapubic pressure and hematuria may also be present.
By contrast, postmenopausal women are more likely to

present with generalized symptoms, such as lower abdomi-
nal pain [4]. Because uncomplicated UTI is generally self-
limiting, and responds rapidly to short courses of antibiotic
therapy, it is generally treated empirically.

There are several reasons to reconsider empirical UTI
treatment using antibiotics. First, there is increasing resistance
of Escherichia coli, the primary causative agent of uncompli-
cated UTI, to a variety of antibiotics, including fluoroquino-
lones [5•], and extended-spectrum beta-lactamase (ESBL)
resistance is increasingly observed among community-
acquired UTI [6, 7•, 8]. Second, studies of the human micro-
biota demonstrate there can be significant impact of short
courses of antibiotics on the gut microbiota [9]; this probably
holds for microbiota in the vaginal cavity and periurethral area
where uropathogens also live. If the uropathogen is resistant to
the antibiotic, the antibiotic may enhance the pathogenicity of
the uropathogen by adversely affecting the inherent pathogen
resistance of the normal microbiota. Notably, the most com-
mon ESBL-producing E. coli identified to date, denoted by its
multilocus sequence type ST131, has fewer virulence factors
than other uropathogens [10•]. Instead, the virulence of ST131
seems to be a function of inadequate initial antibiotic therapy
[11]. Third, antibiotic therapy is not without harm. Of every
100,000 persons treated with trimethoprim/sulfamethoxazole,
three will develop erythema multiforme, Stevens-Johnson
syndrome or toxic epidermal necrolysis requiring hospitaliza-
tion [12]. Fluoroquinolones cause nausea, diarrhea, vomiting,
rash or abnormal liver function tests in up to 2.5 % [13].
Rarely, but more serious, fluoroquinolones can cause ventric-
ular arrhythmia (0.3/cases per 10 million [14]), tendinopathy
(0.4 % [14]) or antibiotic-associated diarrhea (4.6/1,000 days
treated [15]). By far the most common adverse event is devel-
opment of a vaginal candida infection, which occurs in up to
22 % of women treated for uncomplicated UTI [16]. Lastly,
bacteria have rapidly become resistant to each introduced
antibiotic (Table 1, Fig. 1).

With regard to diagnosis, the combination of symptoms
and results of urinalysis are not very good predictors of a
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positive urine culture [17]. It is notable that almost one-
fourth of women presumed to have a lower UTI based on
the presence of dysuria and frequency, and urgency or
suprapubic pressure or macroscopic hematuria have a neg-
ative midstream urine culture (unpublished data of the
authors). This may reflect sampling error (for example, if
the woman was well hydrated), or indicate that the infection
was spontaneously resolving. Voiding is part of the host
defense against UTI, and more frequent voiding in one
intervention study was associated with lower UTI risk
[18]. Women with a history of three or more UTI in the
previous year compared to controls with stress incontinence
but no UTI history have been shown to have oversensitive
bladders based on filling cystometry data [19] – perhaps a
natural preventive strategy.

In the two published placebo-controlled trials, bacteriologi-
cal cure rates 4 to 7 weeks after treatment were only marginally
better among those treated with antibiotics. Although symp-
toms resolve more quickly with antibiotics, it is notable that
antibiotics also have antiinflammatory effects [20]. Surprising-
ly, antiinflammatories are not generally prescribed to relieve
UTI symptoms, although analgesics are. Clinical cure rates in a

noninferiority trial comparing ciprofloxacin to ibuprofen were
not significantly different [21•], but this trial was small; a larger
trial is ongoing.

The concern that lower UTI will progress to pyelonephri-
tis is commonly cited as a reason to treat empirically. While
this progression does occur, the published evidence suggests
that it is rare. In one of the two placebo-controlled trials, one
case of pyelonephritis was observed among those in the
placebo group. While the point estimate was 2 % (1/38),
the 95 % confidence intervals ranged from 0.13 % to 12.3 %
[22]. In the placebo-controlled trial of Ferry et al. [23], no
pyelonephritis was observed among 288 women treated
with placebo, and pyelonephritis was not observed in a more
recent trial among 40 women treated with ibuprofen [21•].
In five randomized controlled trials in which the incidence
of pyelonephritis was determined, there were two cases of
pyelonephritis out of 582 participants (3/1,000); both cases
occurred in women receiving a 3-day versus a longer course
of antibiotics (reviewed by Katchman et al. [24]).

The greatest challenge presented by uncomplicated UTI is
the propensity to recur. Following an initial UTI, the risk of a
second is 24.5 % within 6 months [25], and up to 5 % of

Table 1 Emergence of antibiotic
resistance

aSome dates are estimates

Antibiotic type Introduction of antibiotic Emergence of resistance

Year Reference Yeara Reference

Amoxicillin 1972 [50] 1977 [56]

Ciprofloxacin 1987 [50] 1987 [55, 56]

Trimethoprim 1962 [51] 1972 [52]

Sulfamethoxazole 1935 [53] 1950 [56]

Trimethoprim/sulfamethoxazole 1968 [52] 1978 [57]

Nitrofurantoin 1953 [54] 1955 [58]

Timeline of antibiotic introduction and emergence of resistance

Introduction of Antibiotic

Emergence of Resistance

1930 1940 1950 1960 1970 1980 1990

Sulfamethoxazole Nitrofurantoin
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Trimethoprim/ 
Sulfamethoxazole

Amoxicillin
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Ciprofloxacin
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Trimethoprim

Fig. 1 Timeline of antibiotic
introduction and emergence
of resistance
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patients will have three or more episodes per year [26•]. While
antibiotic therapy either daily or as postcoital prophylaxis is
effective at reducing recurrences, the increasing rate of anti-
biotic resistance among uropathogens, and concerns about the
effect of antibiotic prophylaxis on microbiota, makes this
strategy less desirable. Thus, identifying new and effective
strategies to prevent recurrences and alternative treatment
strategies are a high priority. As reviewed here, several recent
studies have explored the effects of functional food products,
probiotics, vaccines, and alternative treatments in treating and
preventing UTI.

Functional Food Products

The best-studied natural therapeutic and preventative agent for
UTI is the American cranberry. A well-known folk remedy,
there have been mixed reports of its effectiveness in clinical
trials. The different clinical trials have used various dosages
and formulations and many included only a small number of
participants. However, a meta analysis which included recent
clinical trials with larger numbers of participants suggests little
or no effect of cranberry juice on treatment or prevention in
otherwise healthy women [27•]. Other natural products that
have been suggested, for which there is only limited scientific
evidence, include garlic for non-E. coli UTI [27•, 28], a
preparation containing horseradish and nasturtium [29], rice
vinegar [30], and a sage herb found in Asia, Salvia plebeia
[31], which is a folk remedy for UTI.

Lactobacillus Preparations

Escherichia coli that cause UTI can live in the bowel and
vaginal cavities, around the urethral opening and in the
urinary tract. During a UTI, the causative uropathogen often
is isolated from the vagina, bowel microbiota or periureth-
rum [32, 33]. Bacteria from the bowel, vagina and periur-
ethrum are moved into the bladder during sexual activity,
and the presence of E. coli in the urinary tract is correlated
with time since last sexual activity [34]. Therefore, inhibit-
ing the colonization of these areas by E. coli may decrease
UTI risk. This is one of the theories behind using prepara-
tions containing Lactobacillus species to prevent UTI. Lac-
tobacillus species also live in the bowel, vagina and
periurethrum; some Lactobacillus produce hydrogen perox-
ide, and modulate the local pH. Others may modulate host
immune response, limit adhesion of E. coli to tissue or
disrupt E. coli biofilm formation [35]. These characteristics,
and perhaps others which reflect their role in the microbial
community structure, help the vagina and periurethrum re-
sist invasion by pathogens such as E. coli. In the bowel,
Lactobacillus may limit colonization by uropathogens.

A US phase 2 randomized controlled double-blind trial
using a L. crispatus intravaginal suppository probiotic (Lac-
tin-V; Osel) to prevent recurrent UTI in 100 otherwise
health premenopausal women with recurrent UTI showed
promising results. Of the women using the active supposi-
tory, 15 % had a UTI within 8 weeks, compared to 27 % of
those using placebo at 8 to 10 weeks. However, larger trials
are needed [36]. A Dutch double-blind noninferiority trial
conducted among 252 postmenopausal women with recur-
rent UTI compared the preventive effects of prophylactic
oral as opposed to vaginal capsules containing L. rhamnosus
and L. reuteri to the effects of prophylactic trimethoprim/-
sulfamethoxazole [37]. The mean number of clinical recur-
rences among the women taking Lactobacillus was 3.3
(95 % CI 2.7–4.0) compared to 2.9 (95 % CI 2.3–3.6)
among those taking trimethoprim/sulfamethoxazole (p=
0.42); this did not meet the criteria for noninferiority. There
were significantly more microbial recurrences in the Lactoba-
cillus group. However, after 1 month of trimethoprim/sulfame-
thoxazole, E. coli resistance to trimethoprim/sulfamethoxazole,
trimethoprim and amoxicillin had increased fourfold in the
feces of asymptomatic women (20 % to 80 %) and doubled
in their urine (50% to 95%). There was no change in antibiotic
resistance observed in E. coli from the feces and urine of those
using the Lactobacillus capsules. The authors [37] and an
accompanying commentary [38] suggest that the slightly lower
effectiveness of the probiotic might be worth the benefit in
terms of decreased antibiotic resistance. An even more prelim-
inary study tested the effects of vaginally applied lactic acid
gel on symptoms and bacteriuria in 20 women with cystitis
[39]. Of these 20 women, 11 responded well with symptom
resolution, and the remaining 9 did not. While further
studies are needed, there is increasing evidence suggesting
that the use of Lactobacillus probiotics may be effective in
preventing UTI.

Immunotherapeutics and Vaccines

A sublingual bacterial vaccine (Iromune) and an immuno-
therapeutic (OM-89 UroVaxom), both based on bacterial
extracts, are commercially available in Europe. The results
of a retrospective record review study comparing 159 wom-
en using Iromune and 160 women using trimethoprim/sul-
famethoxazole to prevent recurrent UTI were promising;
however, since the participants were neither randomized
nor blinded, the results although interesting need confirma-
tion [40]. By contrast, a multicenter blinded randomized
trial of OM-89 among 453 women with acute UTI also
showed a significant reduction in recurrent UTIs in the
treated group over a 12-month period (40 % versus 55 %)
[41]. However, 20 % of those in the active group, and 16 %
in the placebo group discontinued therapy early. The
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regimen of one dose daily for 3 months, followed by treat-
ment for the first 10 days of months 7–9, was long and
potentially complicated. Ideally, a vaccine would be given
only a few times and would be long-lasting. This may be
challenging for UTI: uropathogenic E. coli are quite diverse
and use a variety of mechanisms to cause disease. Several
other vaccines have been tested or are in development
(reviewed by Brumbaugh and Mobley [26•]). These are based
on surface polysaccharides, adherence factors, toxins, iron
acquisition, multiepitope subunit, hypothetical genetically
engineered proteins, or (like OM-89 and Iromune) multistrain
whole cells. Most have been tested only in mouse or rat
models or primates. The ideal UTI vaccine appears to be far
in the future.

Biological Therapies

Although colonization of the urine is required for UTI to
occur, treatment of asymptomatic bacteriuria increases the risk
of symptomatic UTI [42•, 43]. This suggests that the presence
of an avirulent strain may interfere with colonization by a
virulent one. Following this reasoning, a Swedish group con-
ducted a blinded cross-over trial comparing inoculation with a
well characterized E. coli strain originally isolated from a girl
with asymptomatic bacteriuria (E. coli 83972) to inoculation
with saline [44]. The 20 participants had incomplete bladder
emptying and a history of recurrent lower UTI. There were
significantly fewer UTIs when E. coli 83972 was present. The
same group recently reported evidence suggesting that uro-
pathogens may evolve within the individual to be less virulent
[45]; if true, this supports less aggressive treatment of uncom-
plicated UTI (see section Initial Symptomatic Relief, below).
It seems unlikely that instillation of an asymptomatic bacter-
iuria strain will become standard therapy anytime soon.

Bacteria themselves can be invaded and killed by virus.
Reasoning that uropathogens adhering to tissue could be
removed by deliberately infecting with a bacteriophage (a
virus), a Portuguese group is developing a bacteriophage as
a UTI therapy. Preliminary studies suggest that bacterio-
phage can kill clinical E. coli strains when grown in tissue
culture using artificial urine [46]. Phage therapy for UTI and
other infections may become standard sometime in the
future [47], but for now, any implementation for treatment
of UTI in humans is premature.

Initial Symptomatic Relief Followed by Antibiotics
if Needed

Empirical treatment of uncomplicated UTI presumes that
the benefits of being able to rapidly treat those with UTI

outweigh the risks of erroneously treating those without
UTI. Empirical treatment is less costly, and likely
increases patient satisfaction. Nonetheless, there are hid-
den costs, particularly the increased risk of antibiotic-
resistant bacteria within the individual, the risk of ad-
verse reactions to the antibiotic, and applying positive
selection for resistance at the population level. An alter-
native strategy is to treat the symptoms, and if they do
not resolve, treat using an antibiotic. This strategy was
applied in a pilot study conducted in Germany [21•]; a
larger trial is ongoing [48]. The pilot study was a
double-blind, randomly controlled trial conducted among
otherwise healthy women presenting with frequency or dys-
uria and no complicating factors. Women were randomly
assigned to either ibuprofen or ciprofloxacin for 3 days. If
the symptoms worsened during the 3 days the drug trial was
stopped and (another) antibiotic treatment prescribed. While
the study was small (40 in the ibuprofen group and 39 in the
ciprofloxacin group), there was no significant difference in
the proportion of women symptom-free on day 4, or in total
symptom score in the treatment group. Further, the propor-
tion of women who were given secondary antibiotic treat-
ment due to worsening of symptoms was not significantly
different between the two groups.

Conclusions

Treatment and prevention of uncomplicated UTI is reaching
a turning point. The benefits to the individual of empirical
antibiotic therapy may no longer outweigh the individual –
and societal – risks [38, 49]. We are rapidly approaching a
time when there will be increasing support for using alter-
natives to antibiotic therapy – particularly for prevention of
recurring infection. This change cannot come soon enough.
Urinary isolates are the most common source of ESBL-
producing E. coli [6], which are often also resistant to
fluoroquinolones. Uropathogens rapidly acquire antibiotic
resistance, so resistance to a new antibiotic used for treat-
ment occurs rapidly. If found on a mobile genetic element
(as both ESBL and fluoroquinolone resistance now are), the
resistance can rapidly spread to other bacterial species.
Uncomplicated UTI in otherwise healthy women are not
life threatening (although adverse reactions to antibiotic
therapy can be). Advising strategies for prevention that
enhance the host’s ability to fight infection (encouraging
good hydration, frequent voiding, and potentially Lactoba-
cillus probiotics), minimizing inflammatory symptoms (pre-
scribing analgesics), and using antibiotics only for UTIs that
do not resolve within 3 days may be an important strategy
for preserving antibiotics for pyelonephritis and other more
serious infections.
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