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ACUTE UNCOMPLICATED URI-
nary tract infections (UTIs) are
among the most commonly
encountered bacterial infec-

tions in women. Management of these
infections has been made more compli-
cated in recent years by increasing
antimicrobial resistance, especially to
�-lactams and trimethoprim-sulfa-
methoxazole. The current standard for
the empirical treatment of acute uncom-
plicated cystitis is trimethoprim-
sulfamethoxazole for 3 days. Because the
prevalence of resistance to trimethoprim-
sulfamethoxazole among uropatho-
gens is increasing, however, fluoroqui-
nolones are increasingly being used as
empirical therapy for the management
of cystitis.1,2

Increasing fluoroquinolone resis-
tance in many pathogens causing health
care–associated and community-
acquired infections has raised concerns
about the futureusefulnessof thispotent
and frequently prescribed class of anti-
biotics.3 It is important, therefore, that
fluoroquinolone-sparing antibiotics be
used when appropriate. In the case of
acute cystitis, nitrofurantoin and
fosfomycin tromethamine have been
advocated as fluoroquinolone-sparing
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Context The high prevalence of resistance to trimethoprim-sulfamethoxazole and
other antimicrobials among Escherichia coli causing acute cystitis in women has led to
increased use of alternative antibiotics. One such antibiotic, amoxicillin-clavulanate,
has not been well studied.

Objective To compare the efficacy of a 3-day regimen of amoxicillin-clavulanate
to that of a 3-day regimen of ciprofloxacin in the treatment of acute cystitis in
women. The primary study hypothesis was that the amoxicillin-clavulanate and
ciprofloxacin treatment groups would differ in clinical cure.

Design, Setting, and Patients Randomized, single-blind treatment trial of 370
women, aged 18 to 45 years, with symptoms of acute uncomplicated cystitis and a
urine culture with at least 102 colony-forming units of uropathogens per milliliter from
a university student health center or a health maintenance organization.

Interventions Women were randomly assigned to receive amoxicillin-clavulanate
(500 mg/125 mg twice daily) or ciprofloxacin (250 mg twice daily) for 3 days and
were followed up for 4 months.

Main Outcome Measures The main outcome measure was clinical cure. Second-
ary study outcomes of interest were microbiological cure and vaginal E coli coloniza-
tion at the 2-week follow-up visit.

Results Clinical cure was observed in 93 (58%) of 160 women treated with amoxicillin-
clavulanate compared with 124 (77%) of 162 women treated with ciprofloxacin
(P�.001). Amoxicillin-clavulanate was not as effective as ciprofloxacin even among
women infected with strains susceptible to amoxicillin-clavulanate (65 [60%] of 109
women in the amoxicillin-clavulanate group vs 114 [77%] of 149 women in the cipro-
floxacin group; P=.004). The difference in clinical cure rates occurred almost entirely
within the first 2 weeks after therapy. Microbiological cure at 2 weeks was observed
in 118 (76%) of 156 women treated with amoxicillin-clavulanate compared with 153
(95%) of 161 women treated with ciprofloxacin (P�.001). At this visit, 45% of women
in the amoxicillin-clavulanate group compared with 10% in the ciprofloxacin group
had vaginal colonization with E coli (P�.001).

Conclusions A 3-day regimen of amoxicillin-clavulanate is not as effective as cipro-
floxacin for the treatment of acute uncomplicated cystitis, even in women infected
with susceptible strains. This difference may be due to the inferior ability of amoxicillin-
clavulanate to eradicate vaginal E coli, facilitating early reinfection.
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alternatives to trimethoprim-sulfa-
methoxazole.4 Amoxicillin is not recom-
mended for the empirical treatment of
UTIs because of the high prevalence of
resistance associated with this drug,4 but
use of amoxicillin-clavulanate is increas-
ing.2 However, there are few data on the
efficacy of short-course amoxicillin-
clavulanateregimensfortreatmentofcys-
titis, and there are no published studies
on the efficacy of amoxicillin-clavula-
nate in the treatment of acute cystitis in
the current era of high-level amoxicillin
resistance. We therefore compared, via
a single-blind randomized trial, 3-day
regimens of amoxicillin-clavulanate and
ciprofloxacin for treatment of women
with acute uncomplicated cystitis and
used long-term follow-up to evaluate
recurrent infection. We also evaluated
the effects of these antibiotics on vagi-
nalcolonizationwithEscherichiacoliand
the relationship of these effects to recur-
rent infection.

METHODS
Study Population

The study was conducted at the Uni-
versity of Washington Student Health
Center and at Group Health Coopera-
tive from July 1998 to May 2002. The
University of Washington Student
Health Center provides primary care for
approximately 85% of the 34000 stu-
dents enrolled in the university. Group
Health Cooperative is a mixed-model
health maintenance organization with
approximately 475000 enrollees lo-
cated in western Washington State.

This treatment trial fulfilled 1 of the
5 primary aims of a large randomized
longitudinal study to examine the ef-
fects of antimicrobials on UTI recur-
rence and vaginal flora. For investigat-
ing the question of difference in UTI
recurrence between the antibiotic treat-
ment groups, the sample size was esti-
mated to provide greater than 90%
power to detect a difference of 20% or
more between the 2 groups.

Women were eligible for enrollment
if they were healthy, between 18 and 45
yearsofage, andhaddysuria, frequency,
and/or urgency. Women were ineligible
for enrollment if they were pregnant or

if they had evidence of pyelonephritis
(such as temperature greater than 38°C,
severebackpain,orcostovertebral angle
tenderness),historyofsignificantallergy
to a fluoroquinolone or penicillin, a
chronic illness requiringmedical super-
vision, a known anatomic or functional
abnormality of the urinary tract, or had
received systemic or vaginal topical an-
timicrobialswithintheprevious14days.

The Human Subjects Review Com-
mittees of the University of Washing-
ton and Group Health Cooperative ap-
proved the study, and all patients gave
written informed consent.

Study Procedures

At the initial visit, participants under-
went a directed history and physical ex-
amination, an interview using a stan-
dardized study questionnaire, a
midstream urine specimen collection to
evaluate bacteriuria and pyuria, and a
vaginal swab specimen collection to
evaluate bacterial colonization. Race and
ethnicity were self-reported on the ques-
tionnaire. Participants were random-
ized to treatment assignments by the stat-
istician, using a blocked randomization
scheme with varying block sizes not re-
vealed to clinic personnel. Assignments
were placed in sealed, sequentially num-
bered envelopes, which were opened at
the time of enrollment. Women re-
ceived either amoxicillin-clavulanate
(500 mg/125 mg twice daily) or cipro-
floxacin (250 mg twice daily) each for 3
days. They were asked to return to the
clinic every 2 weeks for 4 months or un-
til they were retreated for symptomatic
persistent or recurrent UTI. At each visit,
the tests performed at the initial visit
were repeated. At the first follow-up visit
(2 weeks), participants were asked how
many study pills they had taken.

Laboratory Studies

Methods for collecting urine and vagi-
nal specimens and isolating, identify-
ing, and quantifying urine and vaginal
uropathogens have been previously de-
scribed.5,6 Vaginal cultures were con-
sidered positive for E coli if there was
�1+ growth on a semiquantitative scale.
The Kirby-Bauer disc method was used

to determine antimicrobial susceptibil-
ity of causative strains. The leukocyte
esterase test was performed on each
midstream urine specimen and catego-
rized as positive if at least trace.

Genomic DNA isolation, restriction
endonuclease digestion, gel electro-
phoresis, and Southern blot hybridiza-
tion were performed as previously de-
scribed.7 Total E coli ribosomal RNA
(Sigma, St Louis, Mo) was radioac-
tively labeled by extension of random
primers using reverse transcriptase.8

Ribotyping was performed using PvuII
and EcoRI. Only isolates showing 100%
match in the restriction fragment length
polymorphism patterns were classi-
fied as identical to each other.

Main Outcome Measures

The primary study outcome was study
drug efficacy based on clinical cure.
Women were considered to have clini-
cal cure if they did not have symptom-
aticpersistentorrecurrentUTI.Awoman
was considered to have a persistent UTI
if, following study drug treatment, she
had persistent symptoms warranting
retreatment. A woman was considered
to have a recurrent UTI if she had reso-
lution of her initial UTI symptoms after
treatment but then developed recurrent
symptomswarrantingretreatment.Aper-
sistent or recurrent UTI was considered
to be culture-confirmed if there were at
least 102 colony-forming units (CFU) of
uropathogens per milliliter of urine.

Secondary study outcomes were (1)
study drug efficacy based on microbio-
logical cureat the firstposttreatmentvisit
(2 weeks); (2) vaginal colonization with
E coli at all posttreatment visits; and (3)
the association between vaginal coloni-
zation with E coli and symptomatic per-
sistent or recurrent UTI. Women were
considered microbiologically cured if, at
anasymptomatic2-week follow-upvisit,
theyhad less than105 CFU/mLofalluro-
pathogens and at least a 1-log drop in
colony count of the causative uropatho-
gen compared with the urine culture at
enrollment. Women who had persis-
tent or recurrent UTI symptoms war-
ranting retreatment before the 2-week
visit were also classified as microbiologi-
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cally cured if theirurinecultureshad less
than 102 CFU/mL and they were not tak-
ing antibiotics at the time of the urine
culture.

The associations between antimicro-
bial susceptibility of the initially infect-
ing strains and clinical and microbio-
logical outcomes were evaluated. For
culture-confirmed UTIs, uropatho-
gens with the highest colony count were
considered the causative pathogen, but
if 2 or more organisms had the same
colony count (within �1 log) they were
considered copathogens. Coagulase-
negative staphylococci, �-hemolytic
streptococci, lactobacilli, diphthe-
roids, and mixed gram-positive flora
were categorized as nonuropathogens
at enrollment and follow-up.

Statistical Analyses

All women who were enrolled and ran-
domized to receive treatment were in-
cluded in analyses of demographic and
behavioral characteristics and UTI his-
tory, using means and frequency dis-
tributions. Women were included in the
analysis if they met enrollment crite-
ria, had at least 102 CFU/mL of uro-
pathogens in their enrollment urine,
and returned to the clinic for at least 1
postrandomization clinic visit. Infect-
ing uropathogens at the enrollment UTI
were also described, as well as their an-
tibiotic susceptibility profiles.

Kaplan-Meier curves were con-
structed to examine the cure rates over
the follow-up period, and the likeli-
hood ratio test was used to test for dif-
ferences between treatment groups.
Comparisons of proportions between
the 2 treatment groups were tested us-
ing the �2 statistic. Women were fol-
lowed up until they were retreated for
persistent or recurrent UTI symptoms
or the end of the study. SAS version 8.2
(SAS Institute, Cary, NC) was used for
all analyses. Statistical significance was
considered to be P�.05.

RESULTS
Study Population

Three hundred seventy women (335
at the student health center and 35 at
Group Health Cooperative) were en-

rolled and randomized to receive treat-
ment (FIGURE 1). Women randomized
to the 2 treatment groups and included
in the efficacy analyses were similar
with respect to baseline characteristics
(TABLE 1). Forty-eight women were ex-
cluded from the analyses: 39 had less
than 102 CFU/mL at enrollment and 9
had no follow-up. The 322 women eli-
gible for the analyses (160 randomized
to receive amoxicillin-clavulanate and
162 randomized to receive ciprofloxa-
cin) were followed for a median of 103
days (range, 2-125 days). Compliance
withat least5of the6dosesofstudydrug
was 99% in both groups. Women tak-
ingfewerthan6dosesofstudydrugwere
included in the analyses.

Uropathogen Distribution and
Susceptibility at Enrollment

Among the 370 women enrolled, 331
women had 1 or more uropathogens
present in quantities of at least 102 CFU/
mL. Escherichia coli was the only patho-
gen or copathogen in 270 (82%), group
B streptococci in 28 (8%), Staphylococ-
cus saprophyticus in 26 (8%), entero-
cocci in 8 (2%), and Klebsiella species
and Proteus mirabilis in 7 (2%) each.
Overall susceptibility data for the 323
isolates tested are shown in TABLE 2.

Susceptibility data for the E coli strains
were almost identical. Among the 99
isolates that were resistant to ampicil-
lin, 36% were susceptible, 33% were in-
termediate, and 30% were resistant to
amoxicillin-clavulanate. Among the 31
isolates that were intermediately resis-
tant to ampicillin, 65% were suscep-
tible to amoxicillin-clavulanate.

Treatment Outcomes

Clinical Outcomes. The rate of clinical
cure was significantly lower in the amoxi-
cillin-clavulanate group (93 [58%] of

Figure 1. Patient Assignment and Follow-up
Assessment

370 Women Randomized

183 Assigned to Receive
Amoxicillin-Clavulanate

187 Assigned to Receive
Ciprofloxacin

23 Nonevaluable for
Efficacy Analyses
18 Did Not Have

Baseline Causative
Organism∗

5 Lost to Follow-up

25 Nonevaluable for
Efficacy Analyses
21 Did Not Have

Baseline Causative
Organism∗

4 Lost to Follow-up

162 Included in Analyses160 Included in Analyses

*Midstream urine culture collected at time of enroll-
ment urinary tract infection yielded less than 102

colony-forming units per milliliter.

Table 1. Characteristics of Study Participants Included in the Efficacy Analyses by Treatment
Regimen

Characteristics

No. (%)

Amoxicillin-Clavulanate
Group (n = 160)

Ciprofloxacin
Group (n = 162)

Age, median (range), y 22 (18-45) 22 (18-45)
Never married 115 (72) 128 (79)
Race/ethnicity*

White 119 (74) 120 (74)
Asian 31 (19) 29 (18)
African American 3 (2) 2 (1)
Hispanic 3 (2) 8 (5)

Duration of symptoms before
treatment, median (range), d

1 (0-7) 1 (0-7)

No. of UTIs in lifetime
�1 119 (74) 114 (70)
�3 69 (44) 62 (38)

Sexually active past month 158 (99) 158 (98)
Any spermicide use past month 34 (21) 35 (22)
Uropathogens/mL

�102 to �105 64 (40) 55 (34)
�105 96 (60) 107 (66)

Abbreviation: UTI, urinary tract infection.
*Data for “Native American” and “other” categories not included.
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160) than in theciprofloxacingroup(124
[77%] of 162) (P�.001) (FIGURE 2). The
women in the amoxicillin-clavulanate
group had a significantly lower clini-
cal cure rate compared with women in
the ciprofloxacin group regardless of
whether the patients were infected with
strains that were susceptible (65
[60%]of 109 women in the amoxicillin-
clavulanate group vs 114 [77%] of 149
women in the ciprofloxacin group;
P=.004) or nonsusceptible (34 wom-
en) (P=.001 vs ciprofloxacin) to amoxi-
cillin-clavulanate (Figure 2). Al-
though there was a trend toward a better
clinical outcome in women treated with
amoxicillin-clavulanate if they were in-
fected with strains susceptible to amoxi-
cillin-clavulanate, this difference was
not statistically significant (P= .17)
(Figure 2). In addition, among the 109

women in the amoxicillin-clavulanate
group infected with amoxicillin-
clavulanate–susceptible uropatho-
gens, cure rates were not associated with
amoxicillin susceptibility of the infect-
ing strains.

Persistent UTIs occurred in 8 women
treated with amoxicillin-clavulanate (3
hadsusceptiblestrainsatenrollment)and
in 1 woman treated with ciprofloxacin
(the strain was susceptible) (TABLE 3).
Recurrent UTIs occurred in 59 women
in theamoxicillin-clavulanategroupand
37 women in the ciprofloxacin group.
Among the 67 persistent or recurrent
UTIs in the amoxicillin-clavulanate
group, 33 (50%) occurred within the
first 2 weeks (Table 3) and 34 occurred
during weeks 3 through 10 following
treatment compared with 3 (8%) and
35 (92%), respectively, of the 38 per-

sistent or recurrent UTIs in the cipro-
floxacin group. Persistent and recur-
rent UTIs were culture-confirmed in 51
(76%) women treated with amoxicillin-
clavulanate compared with 30 (79%)
women treated with ciprofloxacin.
Pyuria was present in 92% of the women
who had persistent or recurrent UTI in
each of the 2 treatment groups.

In the amoxicillin-clavulanate group,
all 3 pairs of initial and persistent UTI
strains tested and 16 (73%) of 22 pairs
of initial and recurrent UTI strains
tested had the same ribotype.

Five women infected with amoxicillin-
clavulanate–susceptible strains of E coli
at enrollment who were treated with
amoxicillin-clavulanate had recurrent
UTIs 7 to 44 days after treatment caused
by E coli strains that were nonsuscep-
tible to amoxicillin-clavulanate. Iso-

Table 2. Antimicrobial Susceptibility of 323 Uropathogens Isolated From Women at Enrollment, by Treatment Regimen*

Antimicrobial

Susceptible, No. (%) Intermediate, No. (%) Resistant, No. (%)

Amoxicillin-
Clavulanate Ciprofloxacin

Amoxicillin-
Clavulanate Ciprofloxacin

Amoxicillin-
Clavulanate Ciprofloxacin

Amoxicillin-clavulanate 124 (77) 119 (76) 22 (14) 23 (15) 15 (9) 15 (10)
Ampicillin 93 (58) 98 (60) 16 (10) 16 (10) 52 (32) 48 (30)
Cephalothin 72 (45) 69 (43) 60 (37) 60 (37) 29 (18) 33 (20)
Ciprofloxacin 159 (99) 158 (98) 2 (1) 3 (2) 0 (0) 1 (1)
Nitrofurantoin 155 (96) 154 (95) 1 (1) 4 (2) 5 (3) 4 (2)
Trimethoprim 136 (85) 134 (83) 0 (0) 0 (0) 24 (15) 28 (17)
Trimethoprim-sulfamethoxazole 135 (85) 133 (82) 1 (1) 0 (0) 23 (14) 29 (18)
*Amoxicillin-clavulanate, n=161; ciprofloxacin, n=162. Five missing results for amoxicillin-clavulanate, 1 missing result for trimethoprim, and 2 missing results for trimethoprim-

sulfamethoxazole. Percentages are based on organisms with susceptibility results for the antimicrobial.

Figure 2. Time to Persistent or Recurrent UTI by Treatment Group and Amoxicillin-Clavulanate Susceptibility of Infecting Strain at Enrollment
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lates from only 1 such patient had the
same ribotype. Two women treated with
ciprofloxacin whose original uropatho-
genswere susceptible tociprofloxacinde-
veloped recurrent UTI with ciprofloxa-
cin-nonsusceptible strains20and29days
after treatment—both were different spe-
cies from the originally infecting strains.

Two women in the amoxicillin-
clavulanate group who at 2 weeks after
treatment had persistent bacteriuria with
at least 105 CFU/mL of E coli and py-
uria but no urinary symptoms were sub-
sequently diagnosed with and treated for
pyelonephritis. Because they were
asymptomatic, these 2 women did not
receive treatment at the 2-week visit. One
woman presented 3 days after her 2-week
follow-up visit to the emergency depart-
ment with subjective fever and chills and
acute onset of back pain and was found
to have a temperature of 38.5°C, bilat-
eral mild costovertebral angle tender-
ness, pyuria, and greater than 105

CFU/mL of E coli, which was suscep-
tible to amoxicillin-clavulanate. Her ini-
tial, 2-week follow-up, and pyelonephri-
tis strains were identical by ribotype. The
other woman presented to an outside
hospital 5 days after her 2-week visit with
subjective fever and shaking chills, ur-
gency, and low back pain and reported
that she had a temperature of 39.8°C. We
were not able to obtain her outside medi-
cal records or laboratory isolate, but her
initial and 2-week isolates were identi-
cal by ribotype.

Microbiological Outcomes. Micro-
biological cure was also inferior in the
amoxicillin-clavulanate group. At the
2-week posttreatment visit, microbio-
logical cure was observed in 118 (76%)
of 156 women in the amoxicillin-
clavulanate group compared with 153
(95%) of 161 women in the ciprofloxa-
cin group (P�.001) (Table 3). In the
amoxicillin-clavulanate group, micro-
biological cure occurred in 77 (73%) of
106 women infected with susceptible
strains compared with 27 (82%) of 33
women infected with nonsusceptible
strains (P= .30). In the amoxicillin-
clavulanate group, 66% of the women
with microbiological failure had symp-
tomatic persistent or recurrent UTI

compared with 13% in the ciprofloxa-
cin group (Table 3).

Vaginal Colonization with E coli.
Vaginal colonization with E coli was pres-
ent at enrollment in 82% (130/159) of
the women in the amoxicillin-clavula-

nate group compared with 86% (139/
162) in the ciprofloxacin group
(FIGURE 3). By the 2-week posttreat-
ment follow-up visit, however, 45% (68/
151) of the women in the amoxicillin-
clavulanate group compared with 10%

Figure 3. Vaginal Colonization With Escherichia coli by Visit and Treatment Group
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Table 3. Clinical and Microbiological Outcomes at or Before First Follow-up (2 Weeks After
Treatment)

Outcomes

No. (%)

Amoxicillin-Clavulanate
(n = 160)

Ciprofloxacin
(n = 162)

Clinical Outcomes

Asymptomatic 127 (79) 159 (98)

Symptomatic* 33 (21) 3 (2)

Persistent 8 (5) 1 (1)

�102 Uropathogens/mL 3 (2) 0 (0)

�102 Uropathogens/mL 4 (3) 1 (1)

Unquantified 1 (1) 0 (0)

Recurrent 25 (16) 2 (1)

�102 Uropathogens/mL 22 (14) 1 (1)

�102 Uropathogens/mL 3 (2) 1 (1)

Microbiological Outcomes

Cure† 118 (74) 153 (94)

Failure 38 (24) 8 (5)

Asymptomatic bacteriuria 13 (8) 7 (4)

�105 Uropathogens/mL 6 (4)‡§ 3 (2)§�

�105 Uropathogens/mL 7 (4)§¶ 4 (2)§¶

Symptomatic with �102 Uropathogens/mL 25 (16) 1 (1)

Unevaluable# 4 (3) 1 (1)
*Urinary tract infections (UTIs) were symptomatic and retreated (persistent and recurrent UTI defined in text).
†Microbiological cure defined in text.
‡Includes 2 women with original uropathogens, both of whom developed pyelonephritis by the subsequent follow-up

visit.
§Original uropathogens are the same strain as enrollment UTI that do not show at least a 1-log reduction in colony

count.
�Includes 1 woman with original uropathogen.
¶All of the women had original uropathogen.
#Culture performed during persistent UTI while taking antibiotic or the uropathogen was not quantified.
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(16/153) in the ciprofloxacin group had
vaginal colonization (P�.001). This dif-
ference did not narrow until week 10
after treatment. Antimicrobial suscep-
tibility testing was not performed on
vaginal isolates at enrollment and, thus,
we were not able to determine the re-
lationship between antimicrobial sus-
ceptibility of the vaginal strains at
enrollment and the prevalence of post-
treatment colonization.

There was a trend toward presence of
vaginal colonization with E coli at the
2-week posttreatment visit and subse-
quent recurrent UTI over the next
month. Thus, recurrent UTIs occurred
in 44 (21%) of 213 women who did not
have vaginal colonization with E coli at
the 2-week visit compared with 22 (31%)
of 70 who had colonization (P=.06).

Adverse Events. When asked an open
question about whether the participant
had adverse effects related to study medi-
cations, women in the amoxicillin-
clavulanate group were more likely to re-
port symptoms (27%) compared with
women in the ciprofloxacin group (19%)
(P=.06). Differences were due mostly to
increased loose stools and vaginal symp-
toms in the women treated with amoxi-
cillin-clavulanate. Loose stools were re-
ported in 8% and 0.6%, vaginal
symptoms in 9% and 3%, nausea in 5%
and 8%, any central nervous symptoms
in 3% and 6%, and fever or rash in 1%
and 0% of amoxicillin-clavulanate–
treatedandciprofloxacin-treatedwomen,
respectively. Twenty-two amoxicillin-
clavulanate–treated women required
treatment for adverse effects compared
with 10 ciprofloxacin-treated women.
Only 2 women in the amoxicillin-
clavulanate group and 1 woman in the
ciprofloxacin group discontinued study
medication due to adverse effects.

COMMENT
This is the first comparison of a 3-day
regimen of amoxicillin-clavulanate vs a
3-day regimen of a fluoroquinolone
for the treatment of acute uncompli-
cated cystitis in women. Amoxicillin-
clavulanate was markedly inferior to
ciprofloxacin in clinical and microbio-
logical cure rates as well as in eradica-

tion of vaginal E coli. Of concern, 2
women developed same-strain pyelo-
nephritis soon after treatment with
amoxicillin-clavulanate (same-strain is
presumed in 1 woman based on a urine
culture 5 days before the episode of py-
elonephritis). The difference in clinical
cure occurred primarily within the first
2 weeks of treatment and was most likely
due to the inferior activity of amoxicillin-
clavulanate in eradicating E coli from the
vagina. At the 2-week follow-up visit,
45% of amoxicillin-clavulanate–
treated women had vaginal coloniza-
tion compared with 10% of ciprofloxa-
cin-treated women (Figure 3). In this
regard, amoxicillin-clavulanate is simi-
lar to ampicillin and amoxicillin, drugs
that also do not effectively eradicate
E coli from the vaginal reservoir and are
associated with high recurrence rates.9

Although not evaluated in this study,
another factor that may have contrib-
uted to the poorer results seen with
amoxicillin-clavulanate is the much
shorter serum half-life of amoxicillin
compared with ciprofloxacin (1.3 hours
for amoxicillin, 1 hour for clavulanate,
and 4 hours for ciprofloxacin) and, thus,
the shorter period of time that amoxi-
cillin is present in high concentrations
in urine. Although concerns have been
raised about the effectiveness of amoxi-
cillin-clavulanate in the treatment of
UTIs caused by amoxicillin-resistant
E coli,10 we were unable to demon-
strate that amoxicillin-resistant strains
were associated with higher failure rates.

Finally, it has been demonstrated
in an experimental mouse model that
E coli, following inoculation of large
quantities into the bladder, can pen-
etrate into the bladder epithelium and
produce intracellular colonies of bac-
teria and eventually biofilms.11,12 If epi-
thelial invasion and biofilm formation
occurs in human cystitis, it is possible
that amoxicillin-clavulanate is less ef-
fective than ciprofloxacin in eradicat-
ing uropathogens from these sites, re-
sulting in higher clinical failure rates.

The worldwide increase in trimeth-
oprim-sulfamethoxazole resistance in
E coli and concerns about fluoroquino-
lone resistance in UTIs and other more

serious infections3 highlight the need for
alternative antibiotics for the treat-
ment of cystitis. Nitrofurantoin and fos-
fomycin tromethamine have both been
advocated as fluoroquinolone-sparing al-
ternatives to trimethoprim-sulfa-
methoxazole, but neither appears to be
as effective as trimethoprim-sulfa-
methoxazole or fluoroquinolones.4,13 Al-
though �-lactam antibiotics have long
been used for the treatment of UTIs,
lower UTI cure rates have generally been
observed compared with trimethoprim-
sulfamethoxazole and fluoroquino-
lones regardless of the duration of treat-
ment.4 Amoxicillin-clavulanate has been
used for the treatment of UTIs and other
infections since the early 1980s, but most
published trials of its efficacy have been
very small, in children or in mixed popu-
lations of patients, including those with
complicated UTIs.14-23 In studies of un-
complicated cystitis, a 3-day regimen of
amoxicillin-clavulanate and a 7-day regi-
men of trimethoprim-sulfamethoxa-
zole have been shown to be superior to
a single-dose regimen of amoxicillin-
clavulanate.24,25 Exposure to amoxicillin-
clavulanate has been shown previously
to select for subsequent amoxicillin-
clavulanate–resistant E coli UTIs.26 In our
study, 5 women originally infected with
amoxicillin-clavulanate–susceptible
strains who were treated with amoxi-
cillin-clavulanate were found to have re-
current UTIs with strains nonsuscep-
tible to amoxicillin-clavulanate, but only
one was genetically identical to the ini-
tial strain.

We chose to compare 3-day regi-
mens of amoxicillin-clavulanate and
ciprofloxacin for the treatment of acute
uncomplicated cystitis because of the
need for safe and effective fluoroquino-
lone-sparing antibiotics, the absence of
a large trial comparing a 3-day regimen
of amoxicillin-clavulanate to current
standard therapy, and increasing amoxi-
cillin-clavulanate use for the treatment
of UTIs over the past decade.2 The preva-
lence of amoxicillin-clavulanate resis-
tance among causative strains at base-
line (9%) was in the same range as that
described in recent European coun-
tries (3.4% [range, 0%-9.3%]).27 The rate
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of amoxicillin-clavulanate resistance ap-
peared to have limited impact on both
clinical and microbiological outcomes.
In fact, amoxicillin-clavulanate was
found to be significantly inferior to
ciprofloxacin even in women infected
with uropathogens susceptible in vitro
to amoxicillin-clavulanate.

Strengths of this study include its
large sample size, well-defined study
population, long follow-up period, low
dropout rate, high rate of medication
adherence, and genetic analysis of
strains causing persistent and early re-
current UTIs. The single-blind study de-
sign is a potential weakness of the study
if there was a clinical bias against amoxi-
cillin-clavulanate and a subsequent
lower threshold to treat women in this
group who had mild symptoms. This
seems unlikely since the percentage of
UTIs that were culture-confirmed and
the percentage that were associated with
pyuria were almost identical in the 2
treatment groups.

Trimethoprim-sulfamethoxazole
should continue to be the first-line treat-
ment for acute cystitis if the woman has
no history of allergy to the drug and if
the likelihood of trimethoprim-
sulfamethoxazole resistance is low.4,28 In
areas where the likelihood of trimetho-
prim-sulfamethoxazole resistance is high
(�20%) or in women who have risk fac-
tors for trimethoprim-sulfamethoxa-
zole resistance, nitrofurantoin or a fluo-
roquinolone is an appropriate choice.
Amoxicillin-clavulanate in a 3-day regi-
men is not as effective as a fluoroqui-
nolone for the treatment of acute un-
complicated cystitis, even in those
women with UTIs caused by suscep-
tible uropathogens, and should be con-
sidered only when use of other first- and
second-line antibiotics is not feasible.
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