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Recurrence after urinary tract infection (rUTI) is common in adult women. The majority
of recurrences are believed to be reinfection from extraurinary sources such as the rec-
tum or vagina. However, uropathogenic Escherichia coli are now known to invade uro-
thelial cells and form quiescent intracellular bacterial reservoirs. Management of women
with frequent symptomatic rUTI can be particularly vexing for both patients and their
treating physicians. This review addresses available and promising management strate-
gies for rUTI in healthy adult women.
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Recurrent urinary tract infection ® Uropathogenic Escherichia coli ® Prophylaxis w

is common in adult women. One study

showed that, with healthy college age women
who were followed for 6 months after anindex UT]I,
20.9% had at least one symptomatic recurrence.!
In another study of 179 Finnish women who were
followed for 1 year after an index Escherichia coli
UTI, 44% had a least one rUTI and 5% had more
than three rUTIs.2 Natural history studies suggest
that, after an index infection, rUTIs tend to cluster
in the first 3 to 4 months. The most likely time for

R ecurrence after urinary tract infection (rUTI)

recurrence is 30 to 60 days, and the frequency of
rUTI declines with increasing duration.?#

The majority of rUTIs are believed to be reinfec-
tion from extraurinary sources such as the rectum
or vagina. However, uropathogenic E coli (UPEC)
are now known to invade urothelial cells and form
quiescent intracellular bacterial reservoirs (QIRS).
It is thought QIRS may provide a source for bacte-
rial persistence and UTI recurrence.>”

Management of women with frequent symp-
tomatic rUTI can be particularly vexing for both
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patients and their treating physi-
cians. For the patient, each UTI
recurrence is associated with days
of lower urinary tract symptoms,
general malaise, and restrictions on
everyday activities.® For physicians,
an etiology is often never eluci-
dated, making patient counseling
difficult. Additionally, current
prophylactic measures are limited,
often ineffective, and may be asso-
ciated with untoward side effects.

suggestive of complicating factors,
then further evaluation with post-
void residual urine volume, urinary
tract ultrasound, and cystoscopy
may be justified.

Interventions

Behavioral Modifications

Case-control studies confirm that
women with rUTI differ in a num-
ber of sexual activity variables. Any
lifetime sexual activity, sexual activ-

Urologic Evaluation

The first step in the management
of rUTTI is to obtain a detailed his-
tory and perform a thorough physi-
cal examination. A proper history
must include information pertain-
ing to previously documented UTI
episodes including number, fre-
quency, and temporal associations.
Other important historical ele-
ments include menopausal status,
recent antibiotic use, and sexual
history, including number of part-
ners, new partners, spermicide use,
and use of barrier contraceptives. A
physical examination must include
a complete pelvic examination in
which the quality of the vaginal
epithelium and presence or absence
of pelvic organ prolapse is assessed.
The urethra should be carefully
palpated for any evidence of diver-
ticulum or Skene gland cyst or
infection.

Additional urologic investiga-
tions are generally unnecessary in
patients with a history of uncom-
plicated lower rUTI. A cohort study
of 100 young, healthy women with
lower rUTI found that abdominal
radiograph, cystoscopy, intrave-
nous pyelogram, and abdominal
ultrasound were all low yield.® If
history or physical examination are

ity in the past 12 months, and recent
1-month intercourse frequency are
all strong independent risk factors
for rUTL410 Additionally, spermi-
cide use, barrier contraceptives,
new sex partners, multiple sexual
partners, or history of sexually
transmitted infections are estab-
lished independent risk factors for
rUTL.10 Sexually active women may
consider changing their mode of
contraception if using barrier con-
traceptives or spermicidal prod-
ucts. Pre- and postcoital voiding,
frequency of urination, fluid intake,
personal hygiene practices (includ-
ing wiping back to front after a
bowel movement), hot tub use,
douching, or tampon use have not
been shown to be important risk
factors for rUTLI0!! Patients may
be reassured that the available evi-
dence is insufficient to recommend
increased fluid intake, changes in
hygiene, or pericoital voiding for
rUTI prevention.

A recent cross-sectional study
utilized claims data to show an
association between obesity and
UTI. At all stratifications, obese
women were more likely to be diag-
nosed with a UTI compared with
nonobese women. However, this
was only statistically significant

42 ¢ \Vol. 15 No. 2 ® 2013 e Reviews in Urology

for those with a body mass index
of 30 to 34.9 (odds ratio [OR] 1.22;
95% confidence interval [CI], 1.15-
1.28).12 Prospective weight loss
studies will be necessary to further
establish obesity as an important
modifiable risk factor for rUTL

Estrogen Replacement

A Cochrane systematic review was
conducted to examine the efficacy
and safety of estrogens in decreas-
ing the rate of rUTI in postmeno-
pausal women with signs of vaginal
atrophy. This review found that the
application of intravaginal estro-
gens was effective and safe whereas
oral estrogens were not. Nine ran-
domized, controlled trials (RCTs),
including 3345 postmenopausal
women, found that oral estrogens
did not reduce the occurrence of
rUTI and were associated with
more adverse events such as vagi-
nal bleeding and breast tenderness
when compared with placebo.!?
Two RCTs included in the review
showed a reduction in the number
of rUTIs when estrogen was admin-
istered locally within the vagina. At
8 months, Raz and Stamm!4 found
that topical vaginal estrogen cream
significantly reduced the incidence
of rUTI when compared with pla-
cebo (0.5 vs 5.9 episodes per patient
year; P << .001). Postmenopausal
women were randomized to either
an estrogen-eluting silicone vaginal
ring or placebo and, at 36 weeks, the
risk ratio was 0.64 (95% CI, 0.47-
0.86) in favor of the vaginal ring.!>

Antibiotics

Self-start Therapy. Self-start
therapy involves providing patients
with instructions and materials
that allow them to both diagnose
and treat their UTI at the onset of
symptoms. This is typically accom-
plished with urine dipstick or con-
ventional culture and a refillable
prescription for a short course of
antimicrobial therapy. It has been
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shown that motivated and adher-
ent rUTTI patients are able to accu-
rately self-diagnose (88%-92%) and
effectively treat rUTI using this
strategy.!o-18  Self-start therapy is
associated with a higher infection
rate when compared with continu-
ous prophylaxis (2.2 episodes per
patient-year vs 0.2 episodes per
patient year).!® However, patient
satisfaction with self-start therapy
is high, clinical and microbiologic
resolution is prompt, and there are
few adverse outcomes.’®!8 Using
this strategy it makes sense to treat
each rUTI as an acute uncom-
plicated cystitis. Consideration
should be given to patient allergy,
availability, and local community

per patient-year), compared with 2
of 16 patients who received trime-
thoprim-sulfamethoxazole (0.3 UTI
per patient-year). Of note, postcoital
trimethoprim-sulfamethoxazole
was effective regardless of inter-
course frequency.?’ Postcoital pro-
phylaxis appears to have similar
efficacy when compared with con-
tinuous prophylaxis; 152 women
with a history of rUTI were random-
ized to either daily or postcoital cip-
rofloxacin (125 mg). The incidence
of rUTI decreased in both groups
(3.66 to 0.031 episodes per year for
daily prophylaxis vs 3.62 to 0.043
episodes per year for postcoital pro-
phylaxis), which was not statistically
different (P = .7).2! See Table 1 for

resistance prevalence when choos-
ing the appropriate antimicrobial.
The Infectious Diseases Society of
America and the European Society
for Microbiology and Infectious
Diseases recommends nitrofuran-
toin monohydrate/macrocrystals,
100 mg, twice daily for 5 days;
trimethoprim/sulfamethoxazole,
160/800 mg (one double-strength
tablet), twice daily for 3 days; fos-
fomycin trometamol, 3 g, single-
dose; or pivmecillinam, 400 mg,
twice daily for 5 days. If the patient
cannot take any of the aforemen-
tioned antimicrobials, then either
a fluoroquinolone or f-lactam may
be used.!”

Postcoital Prophylaxis. In sexu-
ally active women, a single post-
coital dose of antibiotic can be an
effective and efficient way to pre-
vent rUTL. A small RCT random-
ized healthy premenopausal women
with a history of rUTI to receive
a single postcoital dose of trime-
thoprim-sulfamethoxazole or pla-
cebo; 9 of 11 patients who took the
placebo developed UTIs (3.6 UTI

W

postcoital antimicrobial prophylaxis
regimens.

Continuous  Prophylaxis. A
Cochrane review of 19 RCTs,
including 1120 healthy women,
found that continuous antimicro-
bial prophylaxis, when compared
with placebo, reduced the rate of

TABLE 1

UTI during prophylaxis (0 to 0.9 vs
0.8 to 3.6 for microbiologic recur-
rences per patient-year; P < .01
and 0 to .27 vs 1.12 to 3.6 for clini-
cal recurrences per patient-year;
P < .01). In order to prevent one
symptomatic rUTI, the number
needed to treat was 1.85 (95% CI,
1.60-2.2) by microbiological cri-
teria and 2.2 (95% CI, 1.80-2.80)
by clinical criteria. Notably, upon
discontinuation of antimicrobial
prophylaxis, rUTI incidence did
not differ between groups (relative
risk [RR] 0.82; 95% CI, 0.44-1.53).
Side effects were more common
in patients taking prophylactic
antimicrobials (RR 1.58; 95% CI,
0.47-5.28) and the number needed
to harm for any side effect was
13.5.22 Comparisons of efficacy and
safety between different antimi-
crobials were not possible in this
Cochrane review due to significant
heterogeneity among studies.??

The ideal schedule for continu-
ous prophylaxis is unclear. There
are no studies comparing daily
with every-other-day or weekly
prophylaxis, but weekly prophy-
laxis does appear to be better than
monthly prophylaxis. Guibert and

Infection
Antimicrobial

Trimethoprim-sulfamethoxazole

Nitrofurantoin
Cephalexin
Ciprofloxacin
Norfloxacin
Ofloxacin

Postcoital Antimicrobial Prophylaxis for Recurrent Urinary Tract \

Dose (once daily)

40 mg/200 mg
80 mg/400 mg
50 mg or 100 mg
250 mg

125 mg

200 mg

100 mg

Data from Wong ES et al,'® Schaeffer and Stuppy,'? Stapleton A et al2® Melekos MD et al,2' Pfau and

Sacks,*® Pfau A et al,5° and Lichtenberger and Hooton.5!
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Cranberry may be useful for

TABLE 2 rUTI prevention but further stan-
Continuous Antimicrobial Prophylaxis for Recurrent Urinary Tract\ dardized study is necessary. For
Infection those patients interested in tak-
ing cranberry prophylaxis, cran-
Antimicrobial Dose Frequency berry tablets have been shown to be
twice as cost effective as cranberry
Trimethoprim-sulfamethoxazole 40 mg/200 mg Daily or 3 x wk juice.?8
Trimethoprim 100 mg Daily Ascorbic Acid. Ascorbic acid
Nitrofurantoin 50-100 mg Daily (vitamin C) is often recommended
Cephalexin 125-250 mg Daily as a supplement that can prevent
Ciprofloxacin 125 mg Daily rUTI by acidification of the urine.
. _ Strong clinical evidence to support
Norfloxacin 200 mg Daily this claim in healthy adult women
Ofloxacin 100 mg Daily is lacking.
Fosfomycin 3gevery10d 3gevery10d In young women, Foxman and

Chil! found a weak association

Data from Melekos MD et al,2! Albert X et al,22 Rudenko and Dorofeyev,52 Nicolle LE et al,>® Gower PE,>* . . .
between dietary vitamin C and

Bailey RR et al,>s Stamm WE et al,5¢ and Brumfitt W et al.5?

colleagues?®> compared  weekly
versus monthly prophylaxis with
400 mg of pefloxacin in women
with rUTIT; 17 of the 185 patients
(9.1%) in the weekly group experi-
enced at least one reinfection dur-
ing the 48 weeks of prophylaxis
compared with 52 of 176 patients
(29.5%) in the monthly prophylaxis
group (P < .0001).

Table 2 outlines the typical anti-
microbial agents used for continu-
ous prophylaxis. For those patients
requiring > 6 months of nitrofu-
rantoin prophylaxis, it is recom-
mended that liver function tests
(LFTs) and a chest radiograph be
obtained. Our practice is to per-
form these tests every 12 months
in patients taking daily low-dose
nitrofurantoin. Others have sug-
gested repeated LFTs and chest
radiographs every 6 months to
monitor for hepatotoxicity and
pneumonitis.?4

Nonantibiotic Prophylaxis

Cranberry. In vitro and ex vivo
research has confirmed that pro-
anthocyanidin, a chemical found
in high concentration in cranberry,
has a dose-dependent effect on E coli
adherence to and displacement

from urothelial cells.?5-2” However,
the results of large well-designed
clinical trials are conflicting.

Stothers?®  randomized 150
healthy women (aged 21-72 y) with
rUTTI to placebo only, placebo juice,
and cranberry tablets, or cran-
berry juice and placebo tablets.
Both cranberry juice and cranberry
tablets were found to significantly
reduce the proportion of women
experiencing at least one symp-
tomatic UTI over 12 months when
compared with placebo (20% cran-
berry juice, 18% cranberry extract
vs 32% for placebo; P < .05).28

A recent double-blind RCT
found that cranberry juice failed
to prevent rUTL 319 college-aged
women were randomized to receive
either 8 oz of 27% low-calorie cran-
berry juice twice daily or 8 oz of
placebo juice. Patients were fol-
lowed for 6 months or until the first
documented recurrent UTT. Intent-
to-treat analysis revealed that the
distribution of recurrences was
similar between groups (19.3% vs
14.6%; P = .21). However, the over-
all recurrence rate in the placebo
group was lower than predicted,
leading the authors of this study to
question their choice of placebo.?
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decreased UTI risk (no prior UTL:
OR 0.59; 95% CI, 0.35-0.98; one or
more prior UTIs: OR 0.85; 95% CI,
0.58-1.25].1" A total of 110 pregnant
women were randomized to receive
ferrous sulfate, 200 mg/d, folic acid,
5mg/d, and ascorbic acid, 100 mg/d,
or daily ferrous sulfate and folic
acid only. At 3 months, the presence
of urinary infections in the ascor-
bic acid-treated group was signifi-
cantly lower than in the ferrous
sulfate and folic acid only group
(OR 0.35; CI 95%, 0.13-0.91).30

In vitro data now suggest that
vitamin C can have a bacteriostatic
effect in the urine. This effect was
shown to be mediated by the reduc-
tion of urinary nitrites to reactive
nitrogen oxides rather then by low-
ering urinary pH.31:32

Methenamine Salts. Methenamine
salts are hydrolyzed in the urine to
form ammonia and formaldehyde.
Formaldehyde is widely bacterio-
static and lacks bacterial resistance.
These features, along with a limited
side-effect profile, make methena-
mine salts attractive agents for rUTI
prophylaxis. However, there is a pau-
city of good clinical evidence to sup-
port their use.

A number of small studies have
compared methenamine hippurate
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with placebo in healthy pre- and
postmenopausal women. The evi-
dence is weak but does suggest that
methenamine hippurate may be
more effective at reducing rUTI
at 12 months compared with pla-
cebo.?*3> Two small RCTs have
compared continuous methen-
amine hippurate and continu-
ous antimicrobial prophylaxis in
healthy adult women. Brumfitt and
colleagues®® compared nitrofuran-
toin, 50 mg, twice daily, to methen-
amine hippurate, 1 g/d, and found
that nitrofurantoin more effectively
reduced rUTI over 12 months. A
second study by the same group
compared trimethoprim, 100 mg/d,
methenamine hippurate, 1 g twice
daily, and twice daily perineum
cleansing with povidone-iodine
over 12 months. This study found
no significant difference between
trimethoprim and methenamine
hippurate with regard to microbio-
logic rUTI rate (40% trimethoprim
vs 40% methenamine hippurate;
RR 1.00; 95% CI, 0.49-2.05).7 A
Cochrane review concluded that
methenamine hippurate may be
safe and effective for short-term
prevention of rUTI in patients
without neurogenic bladder or uri-
nary tract abnormalities.?8

p-Mannose.  Studies utilizing
rodents and human urothelial
cell lines have demonstrated that
D-mannose-based inhibitors of
FimH can block UPEC adhe-
sion and invasion of uroepithelial
cells.340 This basic science evidence
has formed the basis for the promo-
tion of b-mannose in human rUTI
prevention. However, it is impor-
tant to note that there are virtually
no clinical studies in which p-man-
nose has been evaluated for rUTI
prevention. In fact, there is in vitro
evidence that mannose can inhibit
macrophage  activity,*!  which
could theoretically retard bacterial
clearance from the urinary tract.

Additionally, p-mannose may not
be effective against certain strains
of UPEC or other uropathogenic
bacteria that do not express type 1
pili and FimH.#2

Probiotics. The efficacy and
safety of intravaginal Lactobacillus
crispatus for rUTI prevention was
recently examined in a phase 2
RCT. After successful treatment of
a documented UTI, 100 premeno-
pausal women (aged 18-40 years)
with a history of at least one prior
UTI within the past 12 months
were randomized to receive either
108 CFU/mL L crispatus CTV-05 or
placebo. Both were given intravagi-
nally once daily for 5 days followed
by once weekly administration for
10 weeks. At the end of 10 weeks,
women in the L crispatus CTV-05
arm were found to have a signifi-
cant reduction in the incidence
of rUTI when compared with the

receive either a 50-mL solution con-
taining 1.6% hyaluronic acid and
2.0% chondroitin sulfate or 50 mL
of intravesical placebo. Serial blad-
der instillations with TALURIL,
given over the course of 12 months,
significantly reduced UTI rates
(—86.6% = 47.6 vs —9.6% * 24.6%)
and improved urinary symptoms
and quality of life. The instillations
were well tolerated and there were
no severe side effects.** This study
demonstrates promise for this form
of prophylaxis. Further study is
needed to assess generalizability,
long-term outcomes, and economic
feasibility.

Vaccination. A number of dif-
ferent vaccine strategies have been
developed in an attempt to pre-
vent rUTI. To date, clinical success
has been limited and therefore no
licensed vaccine is available for
rUTI prevention.

placebo-treated group (RR 0.5;
95% CI, 0.2-1.2). Adverse effects
were similar between groups (56%
for L crispatus CTV-05 and 50%
for placebo) and included vaginal
discharge, vaginal itching, and
abdominal discomfort.#* A pro-
spective RCT is now enrolling post-
menopausal women to examine the
efficacy of intravaginal lactoba-
cilli in combination with low-dose
estriol for rUTI prevention.

Hyaluronic Acid and Chon-
droitin Sulphate. With the aim
of restoring the integrity of the
bladder glycosaminoglycan layer,
Damiano and associates** evalu-
ated the efficacy and safety of
intravesical hyaluronic acid and
chondroitin  sulfate (IALURIL);
57 women with a history of fre-
quent rUTI were randomized to

Naber and associates*> systemati-
cally reviewed the use of bacterial
lysates as immunoactive prophy-
laxis for rUTI. Only two products
were found to have published data,
Uro-Vaxom® (OM Pharma, Meyrin,
Switzerland) and Solco Urovac®
(Solco Basel, Basel, Switzerland).
Uro-Vaxom is a daily oral capsule
containing 18 E coli strains. Meta-
analysis of five studies (1000 adult
patients) revealed that Uro-Vaxom
significantly reduced rUTI over a 6-
to 12-month period compared with
placebo (41.7% vs 62.4%; OR 0.43;
95% CI, 0.34-0.55; P < .001). Four
studies (220 adult patients) exam-
ined the effect of Solco Urovac, a
vaginal suppository containing 10
uropathogenic bacterial strains, on
UTI recurrence. The result of these
studies together suggest moderate
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efficacy but only with a booster
cycle.*> These products are widely
used in parts of Europe but remain
unavailable in North America at
the present time.

A phase 2 trial randomized 54
women with rUTI (aged 18-74
years) to receive either placebo, pri-
mary immunization with a vaginal
vaccine, or primary immunization
plus booster immunizations at 1, 2,
6, 10, and 14 weeks. Vaginal sup-
positories were prepared using
Urovac, a whole-cell vaccine con-
taining heat-killed bacteria from
10 human uropathogenic strains
including 6 E coli strains, Klebsiella
pneumoniae, Proteus mirabilis,
P morganii, and Enterococcus faeca-
lis. Time to first recurrence, num-
ber of UTIs, and adverse reactions
were documented over 6 months of

follow-up. Time until first recur-
rence was significantly longer for
women in the booster immuniza-
tion group but not in the primary
immunization or placebo group
(P=.02). There were no reinfections
during the 6-month trial period in
55.6% of the booster immuniza-
tion group, 22.2% of the primary
immunization group, and 22.2%
of the placebo group (P = .06).
The average number of infections
per patient in the 6-month period
was 1.1, 1.7, and 1.5 in the booster
immunization, primary immuni-
zation, and placebo groups, respec-
tively (P = .6). Adverse events were
low and did not differ between
vaccine or placebo groups.*® The
promising results of this trial have
yet to be followed-up with a large
phase 3 trial.

In mice, a live-attenuated E coli
vaccine was recently found to have
a significant and long-lasting pro-
tective effect against a broad range
of clinical UPEC isolates.#” This
vaccine remains in the preclinical
stages of investigation.

Recent technologic advances have
allowed researchers to better char-
acterize E coli gene expression in
human UTTI. It is hoped that this will
allow the development of more spe-
cific and durable vaccines for rUTI
prevention. Recent work has iden-
tified several attractive UPEC vac-
cine candidates, including the outer
membrane proteins involved in bac-
terial iron acquisition.*8 Continued
research on vaccine candidates and
larger phase 3 trials will be impor-
tant in establishing a broader-based
and widely reliable vaccine strategy.

Figure 1. Suggested treatment algorithm for recurrent urinary tract infection in adult women. UTI, urinary tract infection.

- Including

- Pelvic examination

Thorough History and
Physical Examination

- Review of documented UTI

- UTls are temporally
associated with
sexual intercourse
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