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Abstract Uncomplicated urinary tract infections (uUTIs) are common in adult women

across the entire age spectrum, with mean annual incidences of approximately
15% and 10% in those aged 15-39 and 40-79 years, respectively. By definition,
UTTIs in males or pregnant females and those associated with risk factors known to
increase the risk of infection or treatment failure (e.g. acquisition in a hospital
setting, presence of an indwelling urinary catheter, urinary tract instrumentation/
interventions, diabetes mellitus or immunosuppression) are not considered herein.

The majority of uUTISs are caused by Escherichia coli (10-95%), with Proteus
mirabilis, Klebsiella spp. and Staphylococcus saprophyticus accounting for
1-2%, 1-2% and 5-10% of infections, respectively. If clinical signs and symp-
toms consistent with uUTI are present (e.g. dysuria, frequency, back pain or
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costovertebral angle tenderness) and there is no vaginal discharge or irritation
present, the likelihood of uUTI is >90-95%. Laboratory testing (i.e. urinary
nitrites, leukocyte esterase, culture) is not necessary in this circumstance and
empirical treatment can be initiated.

The ever-increasing incidence of antimicrobial resistance of the common
uropathogens in uUTI has been and is a continuing focus of intensive study.
Resistance to cotrimoxazole (trimethoprim/sulfamethoxazole) has made the
empirical use of this drug problematic in many geographical areas. If local
uropathogen resistance rates to cotrimoxazole exceed 10-25%, empirical cotri-
moxazole therapy should not be utilized (fluoroquinolones become the new first-
line agents). In a few countries, uropathogen resistance rates to the fluoroquino-
lones now exceed 10-25%, rendering empirical use of fluoroquinolones problem-
atic. With the exception of fosfomycin (a second-line therapy), single-dose
therapy is not recommended because of suboptimal cure rates and high relapse
rates. Cotrimoxazole and the fluoroquinolones can be administered in 3-day
regimens. Nitrofurantoin, a second-line therapy, should be given for 7 days. B-
Lactams are not recommended because of suboptimal clinical and bacteriological
results compared with those of non-f-lactams. If a B-lactam is chosen, it should be
given for 7 days.

Management of uUTIs can frequently be triaged to non-physician healthcare
personnel without adverse clinical consequences, resulting in substantial cost
savings. It can be anticipated that the optimal approach to the management of
uUTIs will change substantially in the future as a consequence of antimicrobial

resistance.

Urinary tract infections (UTIs) account for at
least 7 million outpatient visits and 1 million (or 1%)
hospital admissions annually in the US, with total
costs exceeding $USI billion (year of costing not
stated).['! Up to 15% of women develop UTIs each
year and over 25% will have one or more recur-
rences.?!

In a survey of 2000 adult women in the US, 11%
reported at least one UTI during the previous year
(highest prevalence was 17.5% in 18- to 24-year-
olds). By age 26 years, one-third of women had
experienced at least one UTI during the previous
year. Lifetime incidence of UTI in adult women was
60%. In college-age women, the UTI incidence was
0.5-0.7 episodes per person-year, while in 55- to
75-year-old postmenopausal women it was 0.07 epi-
sodes per person-year.[)

UTIs are subdivided into cystitis (lower tract or
bladder infection) and pyelonephritis (upper tract or
kidney infection). Cystitis is characterized by symp-
toms of dysuria, strangury, frequency, urgency,
microscopic haematuria and, less commonly, gross
haematuria and suprapubic pain. Vaginal discharge
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is not consistent with UTI. Symptoms are usually of
acute onset.’l Pyelonephritis is characterized by
cystitis symptoms plus fever, flank pain, cos-
tovertebral angle tenderness, nausea and/or vomit-
ing.[?!

For males aged 17-79 years, the mean annual
UTI incidence is 2.2%, and risk factors include
penile-vaginal intercourse, insertive anal inter-
course, presence of an indwelling urinary catheter,
hospitalization and anatomical abnormalities. For
males aged =80 years, the mean annual UTT inci-
dence rises to 5.3%, and risk factors include pres-
ence of an indwelling urinary catheter, hospitaliza-
tion and anatomical abnormalities associated with
aging or disease (e.g. benign or malignant prostatic
hyperplasia).[

For women aged 15-39 years, the mean annual
UTI incidence is 15.2%, and risk factors include
vaginal intercourse, delayed postcoital micturition
and use of unlubricated condoms. Also, early age at
the time of first UTI episode and maternal history of
UTI are independent risk factors for recurrent epi-
sodes of cystitis. For women aged 40-59 years, the
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mean annual UTI incidence falls to 11.4% and risk
factors broaden to include sexual activities plus the
presence of an indwelling urinary catheter, trauma
(secondary to intercourse and/or condom use), the
presence of urinary tract obstruction (due to dia-
phragm use, pregnancy) and alterations in vaginal
flora (due to spermicide use, antimicrobial use, men-
strual cycle, diaphragm use, menopause and preg-
nancy). Lastly, women aged 60-79 years have a
mean annual UTI incidence of 9.7%, and risk factors
include sexual activity (controversial finding), pres-
ence of an indwelling urinary catheter, hospitaliza-
tion, trauma (due to intercourse and/or condom use),
alterations in vaginal flora (due to menopause, es-
trogen or hormone replacement therapy, and anti-
microbial use), anatomical changes associated with
aging (e.g. cystocoele, prolapse, etc.), insulin-de-
pendent type 1 or 2 diabetes mellitus and lifetime
number of UTIs.3!

Acute uncomplicated pyelonephritis is much less
common than cystitis, with an incidence of 59 epi-
sodes/10 000 women/year.!® This disorder appears
to increase in frequency after 15 years of age and to
have a predilection for the summer months. Risk
factors are similar to those for cystitis."!

Only one study exists describing the epidemiolo-
gy of UTIs in a non-selected population-at-large.[”!
In this study, laboratory surveillance was conducted
for all community-acquired UTIs among residents
of the Calgary Health Region (population 1.2 mil-
lion) in Canada during 2004 and 2005. Only data
from the first isolate per patient were included in the
analysis. A total of 40 618 episodes of UTI occurred
among 30 851 residents (overall annual incidence
was 17.5/1000): 74% of cultures were submitted
from ambulatory patients, 18% from hospitalized
patients within the first 2 days of hospitalization,
and 9% from nursing home residents. The incidence
was significantly higher in females than in males
(30.0 vs 5.0/1000, respectively; relative risk [RR]
5.98; 95% CI 5.81, 6.15; p < 0.0001). After the first
year of life, UTI was rare in males until late middle
age, at which point a significant increase occurred
with each subsequent decade of life. In females, a
peak in incidence occurred in the 20- to 29-year-old
age group followed by a decline until late middle
age when substantial increases subsequently oc-
curred with advancing age. In the very old
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(80-89 years old), UTI was common (males 638,
females 926; overall 851/1000/year). The most fre-
quent pathogens were Escherichia coli (70.2%),
Klebsiella pneumoniae (6.8%) and enterococci
(6.3%), with all other organisms represented in <3%
of isolates.”!

The most important risk factors for acute cystitis
include history of previous episodes and frequent/
recent intercourse. The relative risk of acute cystitis
rises 60-fold during a 48-hour period post coitus.
The use of spermicides increases the risk of UTI due
to E. coli and Staphylococcus saprophyticus by 2- to
3-fold, regardless of condom and/or diaphragm
use.?!

This paper reviews the diagnosis and treatment of
uncomplicated UTI (uUTI), defined as episodes of
cystitis or pyelonephritis in healthy, non-pregnant
adult women, including postmenopausal women,
with no functional or anatomical abnormalities.3!
Thus, infections associated with any of the follow-
ing risk factors known to increase infection risk or
treatment failure are excluded from the following
discussion: hospital site of acquisition, pregnancy,
presence of an indwelling urinary catheter, recurrent
urinary tract instrumentation/interventions, symp-
toms for >7 days upon presentation to the clinician,
diabetes and immunosuppression (primary or secon-
dary, due to disease or drug therapy).””! Although
this definition has been extended to young healthy
adult men by some investigators, this is controver-
sial and, for the purposes of this article, such UTIs
will be considered to be complicated UTIs and ex-
cluded.

The literature search utilized the MEDLINE/
PubMed and EMBASE search engines using the
keywords ‘urinary tract infection’, ‘cystitis’, ‘pyelo-
nephritis’, ‘diagnosis’ and ‘treatment’ to locate En-
glish language articles from 1950 up to and includ-
ing January 2008. In addition, further articles were
obtained from the bibliographies of articles identi-
fied by the electronic search strategy.

1. Natural Course of Uncomplicated
Urinary Tract Infection (UTI)

A multicentre, randomized, double-blind, place-

bo-controlled trial conducted in 18 primary care
clinics in Sweden provides a rare view of the natural
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course of uUTIs in adult women. In this trial,
288 women were randomized to placebo, with 11
withdrawing before visit 1 (on days 8-10) and
111 withdrawing before visit 2 (at 5-7 weeks).
Persisting symptoms was the primary reason given
for those who left the study before visit 2. Of the 166
placebo recipients completing the trial, 45% had
negative cultures at visit 1 and 57% had negative
cultures at visit 2. The association between individu-
al symptoms and bacteriuria or bacterial counts was
unpredictable, with bacterial genus/species and
counts varying considerably over the study period.
The spontaneous clinical cure rates were 28% (after
1 week) and 54% (after 5-7 weeks). Taking into
account the high withdrawal rate after visit 1, the
spontaneous cure rate at study end was 24%. By day
7, approximately 75% of subjects were free from
suprapubic and low back pain (90% at visit 2), 45%
were free from dysuria and urgency (70% at visit 2),
and 30% were free from all symptoms (55% at visit
2). E. coli and staphylococci were associated with
slower eradication of symptoms than other organ-
isms, 10!

2. Pathophysiology

The majority of uUTIs are caused by Gram-
negative aerobes, with E. coli isolated in 70-95% of
individuals, Proteus mirabilis and Klebsiella spp. in
1-2% each, and Citrobacter spp, Enterobacter spp.
pseudomonads and others in <1% each. The most
commonly isolated Gram-positive aerobes are coag-
ulase-negative staphylococci (S. saprophyticus)
found in 5-10%, with enterococci isolated in 1-2%,
and Group B streptococci, S. aureus and others in
<1% each. Of note, 5-10% of samples are culture
negative.!!

Age appears to influence the causative patho-
gens, in that E. coli is somewhat less frequently
noted in older (>50 years old) compared with
younger (15-50 years old) women, while Klebsiella,
Enterococcus and Proteus spp. and pseudomonads
are noted more frequently in older women.®! In
contrast, S. saprophyticus is more commonly noted
in younger women."!

The mechanism of infection involves pathogens
ascending the urinary tract in the vast majority of
cases. Uropathogens from the faecal flora colonize
the vagina and periurethral area. From here, they
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ascend to the bladder, a mechanical activity facilitat-
ed by vaginal intercourse.® The major defensive
mechanism protecting women from UTI acquisition
is vaginal colonization with lactobacilli. The inverse
association of hydrogen peroxide-producing lacto-
bacilli and vaginal E. coli counts is well known. At
least a portion of the negative effect of spermicide
on UTT risk is thought to be due to its suppression of
lactobacilli colonization.®!

The severity of UTI symptoms is largely deter-
mined by the virulence of the infecting strain. For
example, acute pyelonephritis (the most severe form
of UTI) is frequently due to uropathogenic E. coli
(UPEC). Pathogenicity is a result of a high degree of
tissue attachment. Attachment is the mechanism ini-
tiating tissue attack by the bacterium as well as the
trigger of the innate immune response by the host,
leading to inflammation and symptoms.['!]

Attachment is mediated by bacterial surface fim-
briae that bind to specific receptors in the host
mucosa and trigger the immune response through
co-receptors including the Toll-like receptors. Both
P-fimbriae and type 1 fimbriae are approximately
I um long and 6-7 nm in diameter, composed of
over 1000 subunits of similar size and comparable
higher order structure, in a right-handed helical ar-
rangement with 3.28 and 3.36 subunits per turn,
respectively. At the end of the helix-like rods, a
short thin thread (tip fibrillum) is expressed, at
which adhesin promotes adhesion to receptors ex-
pressed by host cells.'?! P-fimbriae (class II) en-
hance bacterial persistence and inflammation in the
human urinary tract. The P-fimbrial adhesin pap G
is important in initial colonization of the uroepitheli-
um and activation of cytokine production by
uroepithelial cells. Although type 1 fimbriae have
been implicated as virulence factors in animal mod-
els of UTI, recent data suggest that these fimbriae
are poor adhesion enhancers and do not promote
inflammation in humans.['3! Other virulence factors
include S/F 1C fimbriae, haemolysin, cytotoxic nec-
rotizing factor 1 and the autotransporter subgroup of
proteins (e.g. antigen 43).1'4! Urinary tract defences
include anti-adhesion proteins (Tamm-Horsfall,
lactoferrin, lipocalin), antibacterial peptides secret-
ed by uroepithelial cells (o- and B-defensins, cathe-
licidin) and chemokine-induced attraction of in-
flammatory cells.['>! Inflammatory cell recruitment
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and elimination of uropathogens are controlled by
chemokine receptor expression.[!!

3. Diagnosis

A study conducted in nine general practices in
southern Wales sought to determine how well physi-
cians can target antimicrobial therapy to adult
women with microbiologically confirmed UTI and
avoid therapy in those who have negative urine
cultures. The association between antimicrobial pre-
scribing and urine culture results was assessed in a
population of symptomatic patients with clinically
suspected uUTIL. Of 113 women (median 54 years
old), 61% received empirical therapy. There was a
very low degree of agreement between the decision
to prescribe empirical therapy and the subsequent
culture result (k = 0.04): 60% of those prescribed
empirical therapy had negative culture results and
25% of those with positive culture results were not
prescribed empirical therapy. Thus, clinicians can-
not distinguish between patients with or without
significant bacteriuria in the context of routine
medical care.!'9)

The performance characteristics of diagnostic
tests were evaluated in an open study of 1993 Dutch
women (43 * 17 years old; range 11-70 years) with
complaints consistent with uUTL. For the nitrite test,
the positive predictive value, negative predictive
value, specificity and sensitivity were 96%, 30%,
94% and 44%, respectively. A negative nitrite result
together with a positive leukocyte esterase result had
a high positive predictive value (79%) and sensitivi-
ty (82%). In this trial, 94% of patients with a posi-
tive nitrite test result, 71% of those with negative
nitrite plus positive leukocyte esterase results, and
20% of those with negative nitrite and leukocyte
esterase results were treated (primarily with ni-
trofurantoin or trimethoprim).!'”!

A study was conducted in 231 women aged
20-92 years (mean age 44 years) presenting to fami-
ly practitioners with symptoms suggestive of cysti-
tis. All women underwent a standardized clinical
assessment, and provided urine for dipstick testing
and culture purposes. Urine cultures were positive in
123 subjects (53.3%). Antimicrobials were pre-
scribed to 186 women (81%; 74 of these or 40%
were culture negative). Unnecessary antimicrobial
therapy would have been reduced by requiring urine
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dipstick test results positive for pyuria, but some
women would have had treatment delayed pending
urine culture results. Mandating positive results of
testing for pyuria and nitrites would also have re-
duced unnecessary antimicrobial use as well as min-
imized the number of subjects with delayed therapy
initiation pending urine culture results. Authors de-
rived the following algorithm: considering four
characteristics (i.e. urinary symptoms for at least
1 day, dysuria, positive leukocyte esterase and posi-
tive nitrites), a urine culture should be obtained
where fewer than two of these characteristics are
present, but empirical treatment without obtaining a
pre-therapy urine culture is acceptable if two or
more of these characteristics are present.!'8]

In a pooled analysis of nine trials, the diagnostic
accuracy of signs and symptoms (obtained via
medical history and physical examination) in uUTI
was assessed. The presence of four symptoms and
one sign significantly increased the probability of
UTI: summary positive likelihood ratios for dysuria,
frequency, haematuria, back pain and costovertebral
angle tenderness were 1.5, 1.8, 2.0, 1.6 and 1.7,
respectively. In contrast, the following five findings
significantly decreased the probability of UTI: sum-
mary negative likelihood ratios for absence of dysu-
ria, absence of back pain, history of vaginal dis-
charge, history of vaginal irritation and vaginal dis-
charge on examination were 0.5, 0.8, 0.3, 0.2 and
0.7, respectively. The two most robust findings were
history of vaginal discharge and history of vaginal
irritation. Combining symptoms resulted in more
robust likelihood ratio results. For example, a com-
bination of dysuria plus frequency without a history
of vaginal discharge or irritation raised the probabil-
ity of UTI to >90%, ruling in the UTI diagnosis on
the basis of medical history alone. A urine culture
appears to be best utilized when patients present
with a suspicion of UTIL, but a mostly negative
medical history and physical examination.'”!

Urine cultures are also recommended if pyelone-
phritis or a complicated UTI is suspected. Urine
cultures should be obtained for recurrent cystitis,
cystitis unresponsive to recommended empirical
therapy and, perhaps, in those who are diabetic or
immunocompromised as a result of disease(s) and/
or drug therapy.>? Bacterial counts as low as
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102 colony-forming units (cfu)/mL are significant if
the patient is symptomatic.®!

Authors from the UK evaluated a new algorithm
for the diagnosis of uUTI and its effect on trimetho-
prim resistance in E. coli. The presence of high
versus low risk clinical criteria in conjunction with
the results of nitrite and leukocyte esterase urine
testing were used to guide the need for empirical
therapy and use of urine culture. Trimethoprim was
the empirical antimicrobial selected for first-line
therapy. A high clinical risk together with a positive
urine test (to one or both analytes) supported the
diagnosis, suggesting that urine for culture should
not be obtained in the community setting (exception:
males, children, recurrent disease, pregnancy) and
should be obtained in the hospital setting. A high
clinical risk together with a negative urine test sug-
gests the potential for an alternative diagnosis. A
urine culture should be obtained in both settings. A
low clinical risk together with a positive urine test
(to one or both analytes) suggests that a UTI is
present and that urine cultures should be obtained in
both settings. Lastly, a low clinical risk together
with a negative urine test excludes UTI and supports
not obtaining a urine culture in either setting. Use of
this algorithm reduced the number of urine samples
obtained in the community setting by 14.2%
(p < 0.0001) and in the hospital setting by 21.7%
(p < 0.0001). The more selective use of laboratory
testing based on use of the algorithm reduced the
procurement of urine cultures. The surprising in-
crease in resistance in E. coli (to 6.9% for ampicil-
lin, 1.5% for ciprofloxacin and 34.4% for
trimethoprim) can be explained by the more selec-
tive use of urine cultures in patients more likely to
have been previously exposed to the agents, espe-
cially trimethoprim. It was not due to increased
antimicrobial use (actually, trimethoprim use fell
from 164 g/1000 patients/year to 116 g/1000 pa-
tients/year).["

4. Antfimicrobial Resistance

In vitro antimicrobial resistance data in uUTIs
can be found in the supplementary material [‘Ar-
ticlePlus’] at http://drugs.adisonline.com. Countries
represented include the US, Canada, Brazil, New
Zealand, France, Germany, Italy, Poland, Czecho-
slovakia, Spain, Sweden, Turkey, Israel, Central
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African Republic, Madagascar, Mauritius, Senegal,
Sudan, India and the 17 countries participating in the
ECO-SENS surveillance trial [!-7:21-49]

A reasonable quantity of study data exist examin-
ing antimicrobial resistance in the clinical setting of
the diagnosis and management of uUTIs. One study
evaluated the relationship between fluoroquinolone
utilization and E. coli resistance rates in UTIs in the
Olomous region of the Czech Republic. Inpatient
utilization data were expressed as defined daily
doses per 100 bed-days (DBD), while outpatient
utilization data were expressed as defined daily
doses per 1000 clients per day (DID). Organisms
(E. coli) were cultured from the urine of all subjects
diagnosed with UTI. A significant increase in fluo-
roquinolone use in inpatients was seen between
1997 and 2002 (2.52—4.29 DBD; p < 0.01). A simi-
lar finding was noted in outpatients (0.14 DID in
1997 to 0.95 DID in 2002; p < 0.01). From 16 784
urine samples obtained over this period, 9192 E. coli
isolates were collected. Fluoroquinolone resistance
rates increased in E. coli isolates from both inpa-
tients (2-9%) and outpatients (1-10%; both
p < 0.01) over this period. The development of
fluoroquinolone-resistant E. coli correlated with in-
patient utilization (r = 0.944; p = 0.005) and outpa-
tient utilization (r = 0.859; p = 0.029).1

A retrospective cohort study of women aged
18-65 years with acute uncomplicated cystitis treat-
ed at a university health centre and primary care
clinics in southeastern Michigan, USA, was con-
ducted from September 1992 to April 1999. Among
the 601 study isolates, cotrimoxazole (trimethoprim/
sulfamethoxazole) resistance rates rose from 8.1%
to 15.8% (p = 0.01) and nitrofurantoin resistance
rates rose from 0% to 2.9% (p = 0.03). Age appeared
to exert no significant effect on resistance, since the
rates in 18- to 39-year-olds and 40- to 65-year-olds
for cotrimoxazole were 11% and 10%, respectively.
The current or past use of oral contraceptives exert-
ed no effect either (p = 0.37 and p = 0.86, respective-
ly). Similar findings were noted regarding hormone
replacement therapy use. A history of recurrent
UTIs (at least three in the previous year) was also
not a significant predictor of the development of
resistance. By multiple logistic regression, recent
(within 2 weeks) receipt of cotrimoxazole (odds
ratio [OR] 16.74; 95% CI 2.90, 96.95; p = 0.002)
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and recent receipt of antimicrobials other than cotri-
moxazole (OR 2.37; 95% CI 1.14, 4.95; p = 0.02)
were predictors of the development of resistance.
Treated empirically with cotrimoxazole, 33 and
71 patients had UTI pathogens that were cotrimoxa-
zole-resistant and cotrimoxazole-sensitive, respec-
tively; the corresponding clinical failure rates were
45.5% and 4.2%. Thus, the presence of a cotrimoxa-
zole-resistant pathogen increased the likelihood of
clinical failure during cotrimoxazole therapy by ap-
proximately 10-fold (RR 10.76; 95% CI 3.34, 34.62;
p < 0.0001). Adjusting for confounders raised this
value to approximately 17-fold (OR 17.45; 95% CI
4.44, 68.57; p < 0.0001). The mean durations of
therapy in clinical failures and clinical successes
were 3.4 and 4.9 days, respectively (p = 0.0037).51

A similarly designed retrospective study was
conducted in the emergency room of a tertiary care
university hospital in Tennessee, USA. The study
population comprised 448 patients who were at least
14 years old with a UTI due to coliform bacteria;
15% of isolates were cotrimoxazole resistant. By
univariate analysis, patients with trimethoprim-re-
sistant pathogens were older (41.7 vs 34.5 years;
p < 0.005), more likely to be aged over 65 years
(19.4% vs 10.8%; p = 0.04), to have a urinary
catheter in place (17.9% vs 6.6%; p = 0.002), to have
diabetes (13.4% vs 5.0%; p = 0.008), be neurologi-
cally abnormal (19.4% vs 7.1%; p < 0.001), have
been hospitalized recently (17.9% vs 8.4%;
p = 0.016), be currently receiving at least one anti-
microbial (43.3% vs 6.8%; p < 0.001) and to have
been recently or currently receiving cotrimoxazole
(43.3% vs 6%; p < 0.001) compared with those
harbouring trimethoprim-sensitive pathogens. Upon
multiple logistic regression analysis, only the fol-
lowing four independent predictors for trimethoprim
resistance were found: (i) presence of diabetes (OR
3.1;95% CI 1.2, 8.4); (ii) recent hospitalization (OR
2.5;95% CI 1.1, 5.7); (iii) current recipient of one or
more antimicrobials (OR 4.5;95% CI 2.0, 10.2); and
(iv) current or recent recipient of cotrimoxazole (OR
5.1;95% CI 2.2, 11.5).152]

In a prospective study conducted between Octo-
ber 2000 and October 2003 in the UK, 497 women
(aged 18-70 years) with two or more symptoms of
acute uUTI (for <7 days) were enrolled. Resistance
to trimethoprim was noted in 13.9% of isolates. All
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were treated with trimethoprim 200 mg twice daily
for 3 days. Comparing the results in patients with
trimethoprim-resistant isolates versus those in pa-
tients with trimethoprim-sensitive isolates, those
with resistant isolates had a longer median time to
symptom resolution (7 vs 4 days; p = 0.0002), a
greater proportion required reconsultation to the
clinic (39% vs 6% in the initial week; p < 0.0001), a
greater proportion needed subsequent antimicrobial
therapy (36% vs 4% in the initial week; p < 0.0001)
and a greater proportion had significant bacteriuria
at the 1-month follow-up (42% vs 20%; p = 0.04).53]

In yet another case-control study of the effect of
previous antimicrobial therapy on the risk of UTI
due to resistant E. coli, ten general practices in the
UK enrolled 903 patients. In this trial, outcomes
were assessed prospectively. Case patients were
those with ampicillin- or trimethoprim-resistant iso-
lates, while control patients were those with suscep-
tible isolates. Risk of ampicillin resistance was asso-
ciated with amoxicillin use for =7 days in the pre-
vious month (OR 3.91; 95% CI 1.64, 9.34) and
previous 2—3 months (OR 2.29; 95% CI 1.12, 4.70)
before index UTI onset. Use for <7 days was not
associated with an increased resistance risk. There
was also a significant trend (p < 0.0001) in ORs for
length of time between the most recent amoxicillin
use and the risk of resistance (i.e. the closer the time
of use to the index UTI, the greater the resistance
risk — concurrent use OR was 9.34; 95% CI 1.12,
78.01). There was also a significant association be-
tween the number of uses in the previous 12 months
and the risk of resistance (ORs were 1.44, 2.28 and
5.71 for one, two and three or more uses, respective-
ly; p < 0.0001). Higher amoxicillin doses (500 mg)
were not significantly associated with resistance
risk, while lower doses (250 mg) were associated
with resistance (OR 2.07; 95% CI 1.39, 3.06).54

Risk of trimethoprim resistance was associated
with trimethoprim use for =7 days in the previous
month (OR 8.44; 95% CI 3.12, 22.86) and the pre-
vious 2-3 months (OR 13.91; 95% CI 3.32, 58.31)
before index UTI onset. For trimethoprim use for
<7 days, only use in the previous month was signifi-
cantly associated with resistance risk (OR 4.03; 95%
CI 1.69, 9.59). As with ampicillin, there was also a
significant trend (p < 0.0001) in ORs for length of
time between the most recent trimethoprim use and
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the risk of resistance (concurrent use OR was 4.93;
95% CI 2.61, 9.30). Again, as with ampicillin, there
was a significant association between the number of
uses in the previous 12 months and the risk of
resistance (ORs were 2.08, 2.05 and 7.53 for one,
two and three or more uses, respectively;
p < 0.0001). The effect of dosage could not be
investigated. This study found that within the com-
munity setting, previous antimicrobial exposure was
a strong risk factor for the emergence of drug-
resistant E. coli. High-dose, short duration therapy
may reduce the effect of this selection pressure.>¥

A recent article has evaluated the results of three
cystitis trials from the perspective of outcome of
uUTI due to antimicrobial-sensitive and -resistant
uropathogens. In study one, 135 patients were ran-
domized to receive cotrimoxazole: 14 had a UTI due
to a cotrimoxazole-resistant uropathogen, while 121
had a UTI due to a sensitive uropathogen. Corre-
sponding day 14 bacteriological eradication rates
were 50% and 86%. Ten women with UTIs due to
cotrimoxazole-resistant uropathogens (study two)
had clinical cure and bacteriological eradication
rates of cotrimoxazole therapy of 60% and 50%,
respectively. In study three, the cotrimoxazole resis-
tance rate among uropathogens in the study popula-
tion was 29%. On day 7 of cotrimoxazole therapy,
clinical cure rates in those with cotrimoxazole-resis-
tant and -sensitive uropathogens were 54% and
88%, respectively, while corresponding bacteriolog-
ical eradication rates were 42% and 86%
(p <0.001). Similar results were found at late study
follow-up. Overall, if the uropathogen is resistant to
cotrimoxazole, one can expect cotrimoxazole ther-
apy to result in clinical failure rates of 40-50% and
bacteriological failure rates of up to 60%. In fact, a
modelling analysis produced the following results:
assuming a 10% prevalence of cotrimoxazole resis-
tance among uropathogens, the expected clinical
cure and bacteriological eradication rates would be
92% and 89%, respectively; assuming a 20% preva-
lence of cotrimoxazole resistance, corresponding
values would be 88% and 84%.1

A retrospective case-control study was conduct-
ed at a US Veterans Affairs Medical Center using
data generated from July 1996 to December 1999,
evaluating the risk factors for cotrimoxazole-resis-
tant Gram-negative uropathogens. In the 393 sub-
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jects with evaluable data, 53% were aged =65 years
at the time of their UTIs and 32%, 25%, 6%, 4%,
33% had been seen in primary care, emergency
room, women’s health, urology, other outpatient
specialty clinics, respectively. The overall cotrimox-
azole resistance rate was 13%, with no significant
fluctuation from year to year. Prior antimicrobial
use was prevalent in this study population: 40%,
32% and 23% for cotrimoxazole, fluoroquinolones
and penicillins, respectively. Antimicrobial expo-
sure within 6 months was strongly associated with
the probability of isolation of a cotrimoxazole-resis-
tant uropathogen (OR 4.4). Exposure to any anti-
microbial was seen in 61% of subjects with cotri-
moxazole-resistant organisms compared with 27%
of those with cotrimoxazole-sensitive organisms
(p < 0.0001). Corresponding percentage exposures
to fluoroquinolones, cotrimoxazole and tetracy-
clines were 22% vs 8% (OR = 3.0; p = 0.004), 27%
vs 11% (OR = 2.9; p = 0.003) and 10% vs 1%
(OR = 19.6; p < 0.001), respectively. This relation-
ship appeared to be ‘dose dependent’ as well, with
an increasing probability of cotrimoxazole resis-
tance as the number of exposures and/or number of
antimicrobials increased. For example, the resis-
tance rate rose from 8% with one exposure to 39%
with three or more exposures (p = 0.01 for trend).!%®

All postmenopausal women enrolled in an Israeli
managed care organization (Leumit Health Fund)
were evaluated for the presence of uUTIs due to
E. coli between January and May 2005. This popula-
tion was then stratified into 5-year age strata and
strata-specific ofloxacin resistance rates versus
E. coli were calculated. Among 1291 isolates, the
overall crude resistance rate was 8.7%. Those for the
age strata of 41-45, 46-50, 51-55, 56-60, 61-65,
66-70 and 71-75 years were 3.2%, 5.6% (OR 2.1),
7.1% (OR 2.4), 9.7% (OR 3.6), 7.8% (OR 2.8),
14.2% (OR 5.3) and 19.9% (OR 8.1), respectively
(p < 0.001 for linear trend). For the age stratum of
56-75 years, the rate was 19.9%. These results
suggest that, in this managed care postmenopausal
(aged >55 years) female subpopulation, fluoroquin-
olones should not be used as empirical therapy.>”!

Canadian investigators have studied the distribu-
tion of cotrimoxazole resistance genes and the role
of horizontal gene transfer and clonal expansion in
recent rises in antimicrobial resistance rates among
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uropathogenic E. coli in Europe and Canada. The
authors evaluated 217 such strains. Horizontal gene
transfer (via integrons, plasmids or transposons) are
now thought to play a larger role than clonal expan-
sion in the increase in cotrimoxazole resistance rates
in Europe and Canada.® Horizontal gene transfer
broadly disseminates resistance genes across wide
geographical areas, resulting in many differing re-
sistance gene combinations in a given organism. In
this case, regionally independent gene distributions
would be expected. In the case of clonal expansion,
region-dependent gene distributions would be ex-
pected (i.e. each region has individual strain[s] with
unique resistance gene combinations). The relative
contributions of horizontal gene transfer and clonal
expansion to the spread of antimicrobial resistance
varies greatly by organism and by type of resistance
determinant.

A retrospective cohort review study assessed
whether the risk factors for multidrug resistance
could also identify cotrimoxazole resistance. These
risk factors included age >65 years, presence of an
indwelling bladder catheter, antimicrobial exposure
or hospitalization within the previous 3 months,
being postmenopausal, and residence in a long-term
care facility.’) All women presenting to the emer-
gency room between February 2004 and January
2005 with a diagnosis of uUTI formed the study
population. In these 215 women, 94 (44%) were ‘at-
risk’ for multiresistant pathogens as defined here
and 121 (56%) were not. Median age was 36 years
and 75% of isolates were E. coli. The overall cotri-
moxazole resistance rate was 24%. Cotrimoxazole
resistance occurred in 31% of isolates from the ‘at
risk” population and 18% of the remaining isolates
(p = 0.02). Thus, risk factors for multidrug resis-
tance also appear to increase the risk for isolated
cotrimoxazole resistance in uropathogens associated
with uUTIs. 6"

Using data from 311 nonhospitalized patients
with community-acquired UTIs due to E. coli or
K. pneumoniae over a 2-year period, Israeli investi-
gators determined the risk factors for isolates be-
ing producers of extended-spectrum [3-lactamases
(ESBL). Independent risk factors by multivariate
logistic regression included hospitalization within
the previous 3 months (OR 8.95), receipt of antimi-
crobials within the previous 3 months (OR 3.23),

© 2008 Adis Data Information BV. All rights reserved.

age >00 years (OR 2.65), diabetes (OR 2.57), male
gender (OR 2.47), K. pneumoniae infection (OR
2.31), previous use of third-generation cephalospor-
ins (OR 15.8), previous use of second-generation
cephalosporins (OR 10.1), previous use of fluoro-
quinolones (OR 4.1) and previous use of penicillin
(OR 4.0). All risk factors taken together produced a
positive predictive value of 66.4% and negative
predictive value of 89.6%.[0")

The virulence characteristics and resistance pat-
terns of ESBL-producing and non-producing E. coli
isolated from the urine of Croatian patients with
uUTIs were compared. These isolates from the
Zagreb region were collected over a 5-month period.
A total of 39 (1.6%) ESBL-producing strains were
identified from a total of 2451 E. coli strains. The
control group of 45 ESBL-non-producing strains
were selected at random from the remaining 2412
isolates. Serogroup 04, haemolysin production, ex-
pression of P- and type 1 fimbriae, and resistance to
aminoglycosides were significantly more prevalent
in the ESBL-producing strains (p < 0.01). The prev-
alence of cotrimoxazole resistance did not signifi-
cantly differ between the groups. Chromosomal
DNA analysis by pulsed-field gel electrophoresis
revealed a substantial genomic similarity among the
ESBL-producing strains; hence, exhibition of clonal
propagation.[6?!

The PHARMO medical record linkage system
was used to evaluate treatment failures in uUTIs in
320 000 community-dwelling inhabitants of eight
medium-sized cities in the Netherlands (from Janu-
ary 1992 to December 1997). During this period,
16 703 women received index courses of trimetho-
prim, nitrofurantoin or norfloxacin. Treatment fail-
ure was defined as the need for further treatment
with one of these agents or for cotrimoxazole, amox-
icillin, ciprofloxacin or ofloxacin within 31 days
after the end of the index course. Failure rates for
trimethoprim, nitrofurantoin and norfloxacin were
14.4%, 14.4% and 9.6%, respectively (also, 3-day
nitrofurantoin therapy = 18.9%, 3-day trimethoprim
therapy = 15.6%). Failure rates were affected by the
age of the patient (45-54 and 55-64 years increased
risk by 19% and 26%, respectively), year of treat-
ment (start during 1994—6 and 1997-8 increased risk
by 17% and 22%, respectively) and prior hospitali-
zation (within past year increased risk by 31%). By
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multivariate logistic regression analysis, 5 and
7 days of trimethoprim and nitrofurantoin therapy
were significantly more effective than 3 days of
therapy. In addition, 3, 4 or 5 days of trimethoprim
and 5 or 7 days of norfloxacin therapy were signifi-
cantly more effective than 3 days of nitrofurantoin
therapy (by 18-29% and 40-58%, respectively).l%3!

A nested case-control study with prospective out-
come measurement was utilized to evaluate the clin-
ical outcomes of UTI treatment in a primary care
setting (ten general practices in Wales). Patients
with symptoms consistent with acute uUTI and
laboratory-confirmed E. coli infection were fol-
lowed-up until 1 month after the completion of all
UTl-related visits. Of 932 enrollees, 420 patients
had E. coli isolates resistant to at least one of the
four study antimicrobials (ampicillin, trimethoprim,
amoxicillin/clavulanic acid and a cephalosporin). In
an adjusted multivariate logistic regression analysis,
patients were at 2.9-fold increased risk for ‘feeling
poorly’, 3.4-fold increased risk for pain/frequency
and 3.4-fold increased risk for ‘being out of action’,
all for >5 days versus 0-5 days, when their isolates
were resistant to at least one study antimicrobial and
resistant to the antimicrobial prescribed. Similar re-
sults were noted for isolates resistant to ampicillin
and to the antimicrobial prescribed as well as to
trimethoprim and to the antimicrobial prescribed. If
a patient had an isolate resistant to at least one study
antimicrobial and resistant to the antimicrobial pre-
scribed, (s)he would have a 60% increase in the
number of days with any one symptom compared
with patients having isolates sensitive to all study
antimicrobials (p = 0.001). If the patient had an
isolate resistant to ampicillin and resistant to the
antimicrobial prescribed, the increase in days was
72% (p < 0.001). If the patient had an isolate resis-
tant to trimethoprim and resistant to the anti-
microbial prescribed, the increase in days was 56%
(p<0.001). In contrast, if the isolate was sensitive to
the prescribed antimicrobial, only co-resistance to
trimethoprim could lead to a significant increase
(70%) in the number of days with any one symptom
compared with those having isolates sensitive to all
antimicrobials (p < 0.001). The median maximum
reported numbers of days with at least one symptom
was 5 days (isolates sensitive to all antimicrobials),
12 days (isolates resistant to trimethoprim;
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p < 0.001), 7 days (isolates resistant to ampicillin;
p = 0.029) and 7 days (isolates resistant to any
antimicrobial; p-value not significant). Resistant
isolates also increased physician workload. There
were significant increases in the risks of revisiting
the physician within 30 days of the index UTI for a
‘new’ UTT: 1.47-fold for those infected with isolates
resistant to at least one antimicrobial, 1.49-fold for
those infected with ampicillin-resistant isolates and
2.48-fold for those infected with trimethoprim-resis-
tant isolates (all p < 0.05). There were parallel
increased risks of needing to change the prescribed
agent (2.3-, 2.2- and 7.1-fold; all p < 0.05).164

A large study of 15- to 44-year-old women with
diagnoses of UTI or cystitis was conducted using the
UK General Practice Research Database (1992-9).
Fourteen percent of 75 045 newly diagnosed pa-
tients with UTlI/cystitis received a second anti-
microbial within 28 days (indicating failure of the
first antimicrobial course). Those at risk for this
second course included older women (aged 35-44
vs 15-24 years), patients who were pregnant and
patients with diabetes. This 14% rate remained
stable over time. Using trimethoprim as a reference,
patients prescribed amoxicillin were significantly
more likely to need a second course of antimicrobi-
als. Cotrimoxazole recipients were significantly less
likely to need further treatment compared with
trimethoprim recipients. In contrast, nitrofurantoin,
the fluoroquinolones and the cephalosporins were
not significantly different from trimethoprim in
terms of need for a second course of antimicrobials.
Lastly, 3, 5 and 7 days of trimethoprim therapy were
equally effective (p-value not significant).[!

In summary, cotrimoxazole (trimethoprim) resis-
tance among uropathogens has been steadily in-
creasing over the past 20 years or so, with high
resistance rates being observed in Spain, Portugal,
Israel (25-29%) and Latin America (50%).[%!
Among the fluoroquinolones, resistance rates are
also steadily increasing in a worrisome fashion, with
higher rates in Spain, Portugal, Latin America and
Asia (7-24%).1°) In general, resistance rates have
not risen over time with nitrofurantoin, and the drug
is still active against cotrimoxazole- and fluoroquin-
olone-resistant E. coli. However, a resistance rate of
80% among E. coli isolates in an Indian hospital
outpatient clinic (with concurrent resistance rates
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against cotrimoxazole and fluoroquinolones of 76%
and 69%, respectively) is worrisome.[*”! In addition,
the lesser potency and higher resistance rates of
nitrofurantoin against other Enterobacteriaceae, es-
pecially Proteus spp., must by considered vis-a-vis
empirical therapy. Many risk factors for the devel-
opment of resistance have been identified, including
antimicrobial selection pressure from environmental
exposure, recent receipt of antimicrobials, increas-
ing age, recent hospitalization, and presence of com-
plicating factors such as urethral catheterization and
diabetes. Lastly, the clinical and bacteriological
consequences of antimicrobial resistance are now
well known, with resistant pathogens resulting in
poor clinical and bacteriological cure rates and fre-
quent reinfection unless an alternative agent to
which the organism is sensitive is substituted.

Positive urinary tract culture results often re-
present asymptomatic bacteriuria, which virtually
never requires antimicrobial therapy. Avoiding
treatment of asymptomatic bacteriuria should re-
duce the risk of development of antimicrobial resis-
tance. The development of a hospital and ambulato-
ry performance measure for not treating asymptom-
atic bacteriuria has been proposed. This would be a
similar approach to that previously initiated by the
US Centers for Disease Control and Prevention to
discourage antimicrobial therapy of upper respira-
tory illnesses.[®”]

5. Recent Approaches to Diagnosis
and Management

The results of recent survey/questionnaire/obser-
vational studies of diagnosis and therapy of uUTIs
are reviewed in this section. Countries represented
include the UK, Italy, US and the Nether-
lands.[17:68-73]

A questionnaire was sent to a stratified random
sample of general practitioners in Wales. Six clin-
ical scenarios were presented. For the “probable UTI
in a female child’ and ‘probable asymptomatic
bacteriuria in pregnancy’ scenarios, nearly all prac-
titioners indicated that they would obtain a urine
culture. In the ‘treatment failure in an older woman’
and ‘recurrent UTIs in a male diabetic’ scenarios,
there was some inter-practitioner variation: 90% and
81% indicated that they would obtain a urine cul-
ture, respectively. The greatest variability occurred

© 2008 Adis Data Information BV. All rights reserved.

in the ‘probable uUTI’ and ‘early patient symptoms
(with patient pressure to prescribe)’ scenarios (56%
and 33% indicated that they would obtain a urine
culture, respectively).[68]

Italian physicians were followed over a 4-year
period using the Health Search Database (a general
practitioner research database)./®! The total eligible
study population was 457 672 subjects aged
216 years followed-up until December 2002. Indi-
viduals with acute uncomplicated/complicated cys-
titis and recurrent cystitis were followed-up. From
1999 to 2002, there were 35 129 cases (96% were
acute cystitis and 39.2% of these were uncomplicat-
ed). The prevalences of acute complicated and un-
complicated cystitis increased slightly over the 4-
year period, while the prevalence of recurrent cysti-
tis remained about the same. No diagnostic tests
were done in most patients with cystitis. Over 70%
of patients were prescribed at least one course of
antimicrobials. Over the 4-year period, there was a
4-fold increase in antimicrobial use for acute cysti-
tis. In 2002, the prevalence of antimicrobial use
reached 86.2% for both acute uncomplicated and
complicated cystitis, and 81.5% for recurrent cysti-
tis. Fluoroquinolones were the most frequently pre-
scribed antimicrobials during this period (pooled
40% usage rate in uncomplicated cystitis) but preva-
lence did fall dramatically over time. Fosfomycin
use rose dramatically (from 2-5% to 26-34%), be-
coming the drug of choice in all types of cystitis.
The acute uncomplicated cystitis group (n = 13223)
had a mean age of 35.3 years, and proportions in the
1745 year and 46-65 year age groups were 84.8%
and 15.2%, respectively. No diagnostic tests, urine
culture and sensitivity, or urine culture alone were
obtained in 74%, 16% and 10% of cases, respective-
ly. Antimicrobials were prescribed to 77% (preva-
lence of use increased from 59% in 1999 to 86% in
2002).191

A survey of practicing physicians was conducted
between 1989 and 1998 (US National Ambulatory
Medical Care Survey)."" Eligible subjects were 18-
to 75-year-old women diagnosed with a uUTI
(n = 1478). Over the decade, visits to primary care
physicians for UTI increased (OR 1.61; 95% CI
1.01, 2.57). The frequency of ordering baseline urin-
alysis tests fell from 90% to 81% (OR 0.54; 95% CI
0.34, 0.85). Approximately two-thirds of visits
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culminated with prescription of an antimicrobial (no
significant change over the decade). Utilization of
cotrimoxazole fell from 48% (1989-90) to 24%
(1997-8) [adjusted OR 0.32; 95% CI 0.20, 0.51 per
decade]. In contrast, recommended fluoroquinolone
use (i.e. ciprofloxacin, [lev]ofloxacin, norfloxacin)
rose from 19% to 29% (OR 2.12; 95% CI 1.26,
3.56), nitrofurantoin use from 14% to 30% (OR
2.55; 95% CI 1.50, 4.31) and non-recommended
antimicrobials from 33% to 46% (OR 1.57; 95% CI
1.00, 2.44). Internists were more likely to prescribe
fluoroquinolones, while obstetricians were more
likely to prescribe nitrofurantoin. Regarding prima-
ry care physicians and cotrimoxazole use, patients
aged <45 years were more likely to receive cotri-
moxazole (OR 2.1; 95% CI 1.38, 3.20), while those
with a history of recurrent UTIs were less likely to
receive it (OR 0.37; 95% CI 0.23, 0.59). Obstetri-
cians were less likely to prescribe cotrimoxazole
than were general practitioners (OR 0.47; 95% CI
0.22, 0.99). Regarding primary care physicians and
fluoroquinolone use, patients aged <45 years (OR
0.64; 95% C10.41, 0.99) and non-Whites (OR 0.38;
95% CI 0.19, 0.77) were less likely to receive fluo-
roquinolones. Obstetricians were less likely to pre-
scribe fluoroquinolones than were primary care phy-
sicians (OR 0.47; 95% CI 0.22, 0.99). Regarding
primary care physicians and nitrofurantoin use, ob-
stetricians were more likely to prescribe it than were
general practitioners (OR 3.19; 95% CI 1.85, 5.53)
and its use in managed care organizations rose over
the decade (OR 1.92; 95% CI 1.12, 3.29). Non-
Whites (OR 1.81;95% CI 1.10, 2.97) and those with
a history of recurrent UTIs (OR 1.82; 95% CI 1.20,
2.75) were more likely to receive non-recommended
antimicrobials. Obstetricians were more likely to
prescribe them (OR 2.37; 95% CI 1.41, 3.99), while
internists were less likely (OR 0.62; 95% CI 0.40,
0.96). In contrast, a short visit led to reduced use of
these agents (OR 0.60; 95% CI 0.40, 0.91).17%

A similar US survey was conducted from 2000 to
2002, but with hospital clinic and emergency room
visits also surveyed. The study population com-
prised 2638 individuals seen in outpatient, hospital
clinic and emergency room visits for uUTIs. Urin-
alysis and urine cultures were performed in 76% and
23%, respectively. Fluoroquinolones, cotrimoxazole
and nitrofurantoin were prescribed at 44%, 30% and
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18% of visits, respectively (2000-2) and 48%, 33%
and 0% of visits, respectively (2002 only, p < 0.04).
Significant predictors of fluoroquinolone use in-
cluded advancing age (those aged 30-49 and
>50 years were more likely than those aged
18-29 years to receive fluoroquinolones [OR 1.52;
95% CI 1.10, 1.96 and OR 1.64; 95% CI 1.15, 2.14,
respectively]) and location (patients in the Midwest
and West were less likely to receive fluoroquino-
lones than those in the Northeast [OR 0.73; 95% CI
0.50, 0.97 and OR 0.66; 95% CI 0.41, 0.97, respec-
tively]). Being an obstetrician was a significant neg-
ative predictor for prescribing fluoroquinolones (RR
0.31; 95% CI 0.11, 0.73). In 2002, ciprofloxacin
(61% of the market) and levofloxacin (32% of the
market) were the most frequently prescribed fluoro-
quinolones. !

A survey was conducted in four US states (Ne-
braska, Alabama, Pennsylvania and Minnesota)
among internists, family practitioners, obstetricians/
gynaecologists, and emergency medicine practition-
ers to evaluate approaches to diagnosis and treat-
ment of UTIs. Of 8942 physicians surveyed, 2172
(24.3%) responded. Participants were given the case
of a “non-pregnant 30-year-old woman with an un-
complicated UTI characterized by dysuria of recent
onset”. Most (79%) said that they usually or always
obtain a urinalysis but only 30% would obtain a
urine culture. Obstetricians/gynaecologists were
more likely to order a urine culture (44%), but less
likely to order a urinalysis and leukocyte esterase
(41%). Emergency room practitioners were more
likely to order leukocyte esterase (71%). In terms of
tests performed in the office, dipstick urinalysis,
microscopic urinalysis and urine cultures were ob-
tained by 93%, 80% and 29%, respectively. The
threshold for a ‘significant’ colony count on urine
culture was felt to be 2105 cfu/mL by 55% and
102 cfu/mL by just 6%. Most chose either 2-5 days
(internists, emergency room practitioners) or
6-10 days (obstetricians/gynaecologists) of therapy.
Most chose cotrimoxazole as the antimicrobial-of-
choice (77-88%) but obstetricians/gynaecologists
chose nitrofurantoin (46%) followed by cotrimoxa-
zole (39%) [overall, 13% chose nitrofurantoin]. If
the urine culture came back negative, only 23%
would stop antimicrobials. Most would continue
them unchanged (47%) or shorten the therapy

Drugs 2008; 68 (9)



Uncomplicated Urinary Tract Infections

1181

course (22%). In the case of a “woman with dysuria
and a positive urinalysis for pyuria and bacteriuria”,
63% would start antimicrobials without further test-
ing, 21% would wait for the urine culture results and
34% would order a urine culture followed by an
empirical antimicrobial. In the context of equivocal
urinalysis results, 39% would start antimicrobials
without further testing, 16% would wait for urine
culture results and 39% would order a urine culture
followed by an empirical antimicrobial. Lastly, fam-
ily practitioners and emergency medicine practition-
ers made greater use of follow-up visits than did
other physicians. One might wonder at the causes of
these differences between prescribers.”?!

A study conducted in the Netherlands in 1993
assessed antimicrobial utilization and resistance
rates in adult women with uUTI. Seventy percent of
patients were treated empirically with antimicrobi-
als (nitrofurantoin 57-68%, trimethoprim 18-23%).
The nitrofurantoin prescription rate fell and fluoro-
quinolone prescription rate rose with increasing age.
The duration of nitrofurantoin therapy was
3-7 days. Three-day therapy with trimethoprim was
used in 80% of 21- to 50-year-olds, while 5-day
therapy was used in older patients. Fluoroquino-
lones were prescribed for 7 days in nearly all recipi-
ents. E. coli frequency fell with increasing age but
the reduction was a very modest 4%. Proteus
mirabilis was found mostly in older patients (1%
vs 4% vs 6% in those aged 11-20, 21-50
and 51-70 years, respectively); as expected,
S. saprophyticus frequency was increased in young-
er patients (7% vs 4% vs 0.5%, respectively). The
antimicrobial susceptibility of E. coli was not relat-
ed to patient age. Amoxicillin (67%) and trimetho-
prim (77%) had the lowest levels of susceptibility of
tested agents. Fluoroquinolone resistance was be-
ginning to emerge in older patients.['”]

One hundred consecutive emergency department
patients in two academic medical centres (Philadel-
phia, Pennsylvania, USA) who received a fluoro-
quinolone and were subsequently discharged
formed the population of a study of inappropriate
antimicrobial use. Eighty-one patients received a
fluoroquinolone for an inappropriate indication: in
43 (53%) it was inappropriate because another agent
was really the drug of choice; in 27 (33%) there was
no evidence of infection based upon chart documen-
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tation; and in 11 (14%), evaluators were unable to
assess the need for antimicrobial therapy. In 19 pa-
tients, the fluoroquinolone was prescribed for the
appropriate indication but only one (5.3%) received
the correct dose and duration. The vast majority of
these patients had uUTIs where the dose was too
high (e.g. levofloxacin 500 vs 250 mg) or treatment
was for too long (>7 days). Overall, fluoroquinolone
use in UTIs (n = 45) was appropriate in 38 patients
(84%) and inappropriate in 7 (16%).13!

6. Management Strategies

Table I illustrates selected clinical trials of anti-
microbial treatment of uUTIs.!>+%) Trials were se-
lected either because they comprise recent additions
to the literature or because they are ‘classic’ or
‘seminal’ trials that have had a significant effect on
clinical practice/guideline development.

All UTI studies should be evaluated in light of
the following recommendations for optimal uUTI
study design.!®”! These parameters are used by the
US FDA to evaluate the adequacy of UTI research
data.”®! Quantitative results of urine culture and
urinalysis (i.e. pyuria) are the laboratory corner-
stones for establishing the diagnosis of true infection
and determining the efficacy of a particular anti-
microbial regimen. In symptomatic infection, the
documentation of pyuria (=10 white blood cells/
mm3 of unspun urine) constitutes important evi-
dence for UTI, provided that a rigorous technique
for defining pyuria is employed. For acute uncom-
plicated cystitis in women, significant uropathogen
counts are 2103 cfu/mL, while in acute uncomplicat-
ed pyelonephritis significant counts are >104 cfu/
mL. These criteria refer to urine collected by clean-
catch midstream technique. Clinical criteria for cys-
titis to target during screening include dysuria, ur-
gency, frequency and suprapubic pain with no urin-
ary symptoms in the 4 weeks prior to the index
episode. For acute pyelonephritis, targeted clinical
criteria include fever, chills, flank pain and cos-
tovertebral angle tenderness; other diagnoses should
be excluded and the patient should have no history
or evidence of urological abnormalities. Endpoints
to be evaluated should include microbiological res-
ponse, clinical response (including response of pyu-
ria), effect of regimen on reinfection rates and ad-
verse events. Comparators should be either agents in
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the same drug class or those already established as
effective for the type of infection being evaluated.
For evaluation of regimens of differing durations,
the comparator should be either the same drug used
in a conventional course of therapy or an agent for
which the most experience has been accumulated.
Statistical considerations require that sufficient
numbers of patients for each clinical category be
enrolled in each study arm such that the 3 error is
<0.20 for detecting a real difference of 235% be-
tween the two test regimens. The o error should be
<0.05 using a two-tailed test of significance (not
one-tailed). Infections should be stratified and
analysed by clinical category.

For acute uncomplicated cystitis, at the entry
visit, a medical history and physical examination
should be completed and urine culture, urinalysis,
blood chemistries and haematology obtained. Tele-
phone contact should be made 3-5 days after entry
(if symptoms are reduced/absent, no testing is re-
quired; if symptoms are worse, the entry tests should
be repeated). The entry visit procedures should be
repeated 5-9 days after the end of therapy and the
history/physical examination, urinalysis and urine
culture at 4-6 weeks after the end of therapy. If the
subject does not return for the 4- to 6-week follow-
up visit, telephone contact should be attempted.

For acute uncomplicated pyelonephritis, the only
differences from the study design just described
include the addition of a blood culture at study entry
and a repeat of all the study procedures at the day
3-5 visit (exception: no blood culture if entry cul-
ture was negative).

For uncomplicated cystitis, patients should be
classified in terms of microbiological outcome
(eradication or failure), clinical outcome (cure or
failure) and a global (integrated) outcome. Microbi-
ological results are generally considered more im-
portant than clinical results. Acute uncomplicated
pyelonephritis has similar outcome parameters with
a few caveats. Here, microbiological response is
paramount. Failures should be classified as early
(=2 weeks post-treatment) or late (>2 weeks post-
treatment), and as relapse or reinfection.

Expected clinical cure and microbiological eradi-
cation rates in uncomplicated cystitis for conven-
tional regimens should exceed 85% at 5-9 days
following the end of therapy. An improved or un-

© 2008 Adis Data Information BV. All rights reserved.

changed outcome, compared with that obtained with
a licensed regimen, should be demonstrable by sta-
tistical analysis with a sample size of at least 150.
Four- to 6-week follow-up data must be available
for at least 50% of patients evaluated at 5-9 days
post-therapy, with 60% of these patients being clini-
cally cured and with bacteriuria counts below
103 cfu/mL. For short-course regimens, at least 75%
of infections should end in clinical cure and micro-
biological eradication at the 5- to 9-day post-therapy
visit. At least 50% of those seen at the day 5-9 post-
therapy visit should be available at the 4- to 6-week
post-therapy follow-up visit, and >65% of these
patients should exhibit microbiological eradication
and clinical cure.

Expected rates of clinical improvement and mi-
crobiological cure in acute uncomplicated pyelone-
phritis at 3—6 days post-initiation of therapy should
exceed 95% and at 5-9 days post-therapy should
exceed 80%. Four- to 6-week post-therapy follow-
up should be available for at least 50% of patients
evaluated at 5-9 days post-therapy and >60% of
these patients should be microbiologically and clini-
cally cured.

6.1 Empirical Therapy

Healthy, non-pregnant females presenting with
frequency, dysuria and no vaginal symptoms have a
96% likelihood of having a UTI. Urinalysis and/or
urine culture results would not alter this high likeli-
hood of disease and thus empirical therapy would be
appropriate.100-101]

Making the decision based upon having one or
more urinary symptoms is more sensitive but less
specific than the process just described. This results
in the probability of UTI dropping to 50%. Empiri-
cal therapy is still likely to be appropriate, but false-
positive rates may increase and hence lead to inap-
propriate antimicrobial use.[190-101]

A cost-utility analysis of the management of
uUTTIs in women aged 18-50 years was conducted
using a decision tree approach. The seven approach-
es evaluated included urinary nitrite and leukocyte
esterase, 7 days of empirical therapy, complete urin-
alysis, urine culture and wait (office-based), urine
culture and treatment (office-based), urine culture
and wait (laboratory-based), and urine culture and
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treatment (laboratory-based). The urine culture and
wait (office- or laboratory-based) approaches were
more expensive and less effective. The urine culture
and treatment (office- or laboratory-based) ap-
proaches had the greatest overall effectiveness but at
a higher incremental cost. The most cost-effective
strategy was to treat empirically for 7 days
($US71.52 per quality-adjusted life-month) [1995
costing]. If the antimicrobial cost were to exceed
$US74.50 per month or the prior probability of UTI
were to be less than 0.30, treatment guided by urin-
alysis results would be preferable. These are the
only two changes that would modify the preferred
strategy of empirical therapy. The cost utility of
other strategies (vs empirical therapy) ranged from
$US2964 to $US48 460 per quality-adjusted life-
month. Thus, this study confirmed that empirical
therapy (7 days) followed by therapy guided by
complete urinalysis results were the two most cost-
effective strategies.!'%%!

A double-blind, randomized, placebo-controlled
trial in primary care was conducted in symptomatic
New Zealand women aged 16-50 years with urin-
alysis results negative for pyuria and nitrites. Pa-
tients were randomized to receive either trimetho-
prim 300 mg once daily (n = 26) or placebo once
daily (n = 33), both for 3 days. The median time to
resolution of dysuria was 3 days in the trimethoprim
group and 5 days in the placebo group (p = 0.002).
On day 3, 74% and 24% of placebo and trimetho-
prim recipients, respectively, had ongoing dysuria
(p = 0.0005). This difference lasted until day 7, at
which point the corresponding proportions were
41% and 10% (p = 0.02). The median duration of
constitutional symptoms (e.g. feverishness, shivers)
was shortened by 4 days with trimethoprim (from 6
to 2 days; p = 0.02). On day 3, 46% of placebo and
0% of trimethoprim recipients had these symptoms
(p = 0.04). The median durations of frequency,
itching, abdominal pain and low back pain were not
significantly different between the groups. Thus,
although culture-negative, patients still responded to
antimicrobial therapy. This justifies empirical ther-
apy without dipstick urinalysis testing.!'%3!

A frequent question regarding recurrences of
uUTTIs is whether they are due to relapse (i.e. with
the original uropathogen[s]) or reinfection (i.e. with
new uropathogen([s]). An attempt has been made to
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answer this question through the use of molecular
fingerprinting of the causative agent (E. coli) in a
randomized placebo-controlled trial of pivmecil-
linam therapy. In pivmecillinam recipients (patients
with negative urine cultures at the first follow-up
visit), 77% had a relapse with the initial strain of
E. coli, while 23% had reinfection with a new E. coli
strain at the second follow-up visit. In patients with
a positive urine culture result at the first follow-up
visit, 80% had persistence of the initial E. coli strain,
15% had reinfection with a new E. coli strain and
5% had different E. coli strains at two follow-up
visits (one had relapse followed by reinfection, one
had persistence followed by reinfection). In the pla-
cebo recipients, most had E. coli at the first follow-
up visit (96% persistence of the initial strain and 4%
had different strains at the two follow-up visits [i.e.
persistence followed by reinfection]). The fact that
most UTIs at follow-up are caused by the initial
strain supports the theory of a vaginal/rectal reser-
voir of uropathogens as well as the ability of
uropathogens to persist within bladder epithelium
despite appropriate therapy, constituting yet another
reservoir for recurrent UTL[04105]

6.2 Laboratory Test Responses to Therapy

In a pilot trial conducted in 16 women with
uUTISs, the pre-therapy and daily on-therapy results
of laboratory tests were studied, with a focus on the
differential results of those responding and not re-
sponding to therapy. In the 11 responders, the white
blood cell count fell to normal values over 2—7 days,
while in the 5 nonresponders, it never reached nor-
mal. In responders, bacterial counts fell to normal
values over 8 hours to 5 days. In general, bacterial
counts fell more rapidly than did the white blood cell
count, especially during the initial 24 hours. In non-
responders, bacterial counts remained high or even
increased over time. A reduction in white blood cell
count by less than a factor of ten (or to normal) was
the best predictor of therapy failure. The positive
predictive values after 1, 2 and 3 days of therapy
were 43%, 50% and 75%, respectively. Correspond-
ing negative predictive values were 89%, 90% and
83% and agreement values were 69%, 75% and
81%. The following four general time courses were
noted: (i) a rapid decline in white blood cell and
bacterial counts by a factor of 210 within the initial
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24 hours pointed to success; (ii) static or increasing
white blood cell and/or bacterial counts in the initial
24 hours pointed to failure; (iii) elevated white
blood cell and/or bacterial counts on day 3 pointed
to the need to continue therapy to prevent relapse;
and (iv) a slow decline in white blood cell and/or
bacterial counts was consistent with failure.!!%6]

6.3 Novel Approaches to Management

Empirical therapy can be provided with minimal
physician intervention by non-physician practition-
ers and even via telephone. In selected patients, self-
diagnosis and treatment of recurrent acute uUTIs is
also a reasonable approach. As will be seen from the
discussion in this section, these approaches can re-
duce unnecessary office visits and laboratory test-
ing, increase adherence to treatment guidelines, in-
crease convenience to patients and reduce costs.
These goals can be achieved without increases in the
frequencies of acute pyelonephritis or adverse
events.['971131 However, there are several contraindi-
cations to empirical therapy delivered by these
means (table II).

The safety of phone management of presumed
cystitis was evaluated by retrospective health
records review (cohort sample) of women treated by
one of three regional advise-and-appointment call
centres of a large group-model managed care organ-
ization in northern California, USA. An adult female
calling the centre with urinary complaints was eval-
uated by a trained registered nurse who determined
her eligibility using an inclusion/exclusion criteria
checklist. Of interest, exclusion criteria did not in-
clude older age, early pregnancy, diabetes or receipt

Table Il. Contraindications to empirical therapy for urinary tract
infections (UTIs) provided by non-physicians

Presence of a vaginal discharge

Prolonged symptoms

Severe/intolerable flank, side and/or abdominal pain
Inability to urinate for >3 hours

Body temperature 100.5°F (38°C), with flank pain, chills, nausea,
and/or abdominal pain

Pregnancy

Recent urological surgery, procedure, catheterization
UTI during the previous 6 weeks

Frequent UTls (at least three in the previous 12 months)

Any symptoms warranting urgent office-based assessment from
the clinician
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of systemic corticosteroids. If the patient was eligi-
ble and consented to phone management, the chart
form was forwarded to a physician who made the
antimicrobial choice and signed the form. An-
timicrobials included cephalexin 250 mg four times
daily, cotrimoxazole double strength (DS; 800mg/
160mg) twice daily, nitrofurantoin 100 mg four
times daily and ciprofloxacin 250 mg twice daily
(all for 3—7 days). In the case of early pregnancy, the
choice was between 7 days of cephalexin or ni-
trofurantoin. Ciprofloxacin was only used in those at
least 18 years old and non-pregnant.[197]

Of 4249 women managed for cystitis ‘over the
phone’ during the 3-month study period, results
were evaluable in 4177 (median age 39, range
1697 years). Cephalexin, cotrimoxazole, ni-
trofurantoin and ciprofloxacin were used in 70.2%,
14.4%, 9.8% and 5.7% of patients, respectively.
Safety of the phone management process was veri-
fied by the following results. No cases of sepsis or
death occurred. No patient was hospitalized as a
result of UTI complications. More serious urinary
tract and gynaecological disorders occurred rarely.
Diagnosis was made during the first medical en-
counter after phone treatment in 748 subjects (all
within 6 weeks of phone treatment): UTI in 644
subjects (623 cystitis, 21 pyelonephritis), gynaeco-
logical infections in 61 subjects (46 bacterial vagi-
nosis, 4 pelvic inflammatory disease, 2 herpes,
3 cervicitis, 6 miscellaneous) and noninfectious dis-
orders in 43 subjects (31 urinary incontinence, 3 ne-
phrolithiasis, 9 miscellaneous).1%”]

A randomized controlled trial of office versus
phone management of uUTIs in adult women was
conducted in six primary care clinics in Michigan,
USA. Women were randomized to receive care by
phone or usual office-based care. Urinalysis/urine
cultures were obtained from all patients and all were
treated with 7 days of cotrimoxazole DS twice daily
(nitrofurantoin 100 mg twice daily if sulfonamide-
allergic). 201 women called in with symptoms con-
sistent with UTI. However, 99 women were not
eligible and 30 refused consent, so 72 were random-
ized (36 to each group). Of the 67 urine cultures
obtained, 64% had significant growth (>103 cfu/mL)
of one pathogen (E. coli in 79%). There were no
differences between the groups in symptom scores
(for dysuria, frequency, urgency and all three
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pooled) or satisfaction scores (for quality of care,
outcome). Persistent symptoms at day 3 occurred in
61% and 56% of office-based and phone manage-
ment patients, respectively (p-value not significant).
Corresponding values on day 10 were 17% and 34%
(p-value not significant). Thus, phone and office-
based management were statistically indistinguish-
able in uUTIs in adult women.[%8]

At Group Health of Puget Sound, Washington,
USA, a telephone-based guideline was established
for the management of uUTIs in 18- to 55-year-old
women. A population-based, pre-post study with
concurrent controls was conducted in 24 primary
care clinics. If a patient met the criteria for telephone
management, she was offered a routine clinic visit or
no visit/no laboratory testing (telephone-based ap-
proach). A total of 3889 patients were eligible: 1761
in the 1-year pre-intervention phase, 1883 in the 1-
year post-intervention phase (intervention clinics)
and 245 in the 1-year post-intervention phase (con-
trol clinics). In the 1883 patients in the intervention
clinics, 745 (40%) were managed only by phone
triage by nursing staff. Comparing post- versus pre-
guideline data, use of the telephone-based guideline
reduced the proportions of patients having urinalysis
performed (by 25%), having urine culture per-
formed (by 27%) and having an initial office visit
with a physician (by 33%). The proportion of pa-
tients receiving guideline-recommended antimicro-
bials rose 2.9-fold. There was no increase in adverse
consequences after implementation such as follow-
up visits for failures of therapy, pyelonephritis or
sexually transmitted diseases. In a prospective ana-
lysis of the 2 control and 22 implementation clinics,
use of the guideline reduced the proportion of pa-
tients having urinalysis performed by 20% and in-
creased the proportion being prescribed a recom-
mended agent by 53%. Non-significant changes oc-
curred in the frequencies of urine cultures, routine
clinic visits and adverse consequences. In the two
control clinics, use of a reccommended antimicrobial
actually rose as well, from 10% to 35% (p < 0.001),
perhaps as a result of communications with staff in
intervention clinics or staff working in both clinic
locations. Patient satisfaction was high (95% were
satisfied with phone management and 85% would
request phone management again and not a routine
clinic visit if they were to develop another UTT).[!%]
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At the University of California at San Francisco,
USA, use of a computer module to assist in the
diagnosis and treatment of uUTIs in adult women
without complicating factors was evaluated. Use of
this module was validated against clinician diag-
nosis and urine culture results. In the validation
study, 18 of 68 women (26%) were computer-direct-
ed therapy (CDT) eligible. In 17 of 18 women
(94%), the clinician diagnosis was uUTI, while in
one (6%), it was pyelonephritis. Two-thirds of CDT-
eligible patients had positive urine culture results.
Of the 89% who had phone follow-up, only 13% had
persistent symptoms after 1 week, but in all cases
further follow-up was not required. These results led
to the implementation of CDT in the urgent care
clinic as a management option, with patients receiv-
ing treatment without seeing a physician. Since im-
plementation, 162 women have allowed evaluation
by CDT and 56 women (35%) have been eligible for
and received CDT. The vast majority (98%) found it
easy to use and 95% would recommend it to friends
and/or relatives. Only two women (4%) had a UTI-
related return visit within 2 weeks.[!10]

A retrospective medical record evaluation was
performed of female patients with acute cystitis who
were managed using a nurse-based and telephone-
based algorithm. Between July 2004 and October
2006, 273 patients were so managed. Referral to
urgent/emergency care, appointment for sexually
transmitted disease screening, request for urinalysis
without an office visit, and treatment without urin-
alysis, culture or referral occurred in 3.7%, 4.4%,
16.5% and 75.4% of patient contacts, respectively.
Urinalyses and urine cultures were obtained in
17.6% and 5.9% of patient contacts, respectively.
Over the subsequent 60 days, 16.8% were seen or
made phone contact for recurrent or persisting urin-
ary symptoms while, only 2.2% were diagnosed
with pyelonephritis. Three-day regimens of cotri-
moxazole (n = 197) or ciprofloxacin (n = 49) were
the most frequently prescribed antimicrobials. Re-
sults demonstrated that a telephone-based nurse
evaluation and treatment algorithm allowed for suc-
cessful management of the majority of women with
symptomatic uncomplicated lower UTIs.!'!!]

A decision aid comprising of four criteria (pres-
ence of burning or dysuria on urination, symptoms
present for 1 day, presence of leukocytes [greater

Drugs 2008; 68 (9)



1194

Guay

than trace] and presence of nitrites [any positive])
was validated in community-based practice in Cana-
da. Canadian family physicians (n = 225) evaluated
clinical findings, performed urine dipstick testing
and prescribed treatment for 331 women with sus-
pected cystitis. The sensitivity/specificity of the aid
was determined using a positive urine culture result
(2102 cfu/mL) as the ‘gold standard’. Three of the
four decision variables were associated with having
a positive urine culture result (all p < 0.001), while
the fourth, symptoms for 1 day, was not (p = 0.96).
Using a simplified decision aid (empirical antimi-
crobials without urine culture if at least two vari-
ables were present; otherwise, obtain a urine culture
and await results) had a sensitivity of 80.3% and
specificity of 53.7%. Had decision aid recommenda-
tions been followed, antimicrobial prescriptions, un-
necessary prescriptions and urine cultures would
have been reduced by 24%, 40% and 59%, respec-
tively (all p < 0.001).[''2] Such a decision aid lends
itself to use in the types of alternative care program-
mes just described.

Some women with recurrent uUTIs are able to
self-diagnose and self-treat on the basis of symp-
toms alone. In an uncontrolled trial conducted in
adult women with recurrent UTIs (at least two in the
previous 12 months), 176 patients enrolled and were
followed-up for 2—12 months (mean follow-up dura-
tion was 8 months). After self-diagnosis, self-treat-
ment was performed using short-course ofloxacin or
levofloxacin. The accuracy of self-diagnosis was
evaluated by evidence of a definite (urine culture-
positive) or probable (sterile pyuria plus no alterna-
tive diagnosis) UTI based on the pretreatment urin-
alysis/urine culture. Women who self-diagnosed a
UTT that was not microbiologically confirmed were
evaluated for alternative diagnoses. Of the 28 pa-
tients who met these criteria, 25 were evaluated and
in only one (4%) was an alternative diagnosis
found.l'13!

Eighty-eight of 172 women (51%) self-diag-
nosed at least one UTI. A total of 172 UTIs (approx-
imately two per women) were self-diagnosed during
the follow-up period. A uropathogen was found in
144 of 172 subjects (84%), while sterile pyuria was
found in 19 subjects (11%) and no pyuria/bacteriuria
was found in 9 subjects (5%). Ninety-four percent of
self-diagnosed UTIs were true UTIs and required
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antimicrobial therapy. Clinical cure occurred in 92%
and microbiological cure in 96% (at day 10) and
98% (at day 30). Minor adverse events occurred in
20% and did not lead to drug discontinuation. On the
patient satisfaction instrument, responders answered
positively to the six questions 94-100% of the
time.[!13]

6.4 Prophylaxis of Recurrent UTls

Selected agents are recommended for the preven-
tion of recurrent uUTIs (i.e. at least three UTIs in
12 months) and postcoital UTIs.?! These include
nitrofurantoin 50 mg (100 mg macrocrystalline for-
mulation), cotrimoxazole (single-strength) and
trimethoprim 100 mg, all administered once daily.
Cotrimoxazole can be given as infrequently as thrice
weekly (e.g. Monday-Wednesday-Friday). Fosfo-
mycin can be given as 3 g once every 10 days.
Methenamine hippurate should not be considered
for long-term prophylaxis until large, well conduct-
ed, randomized, controlled trials clarify its role in
those without known renal tract abnormalities.!!'¥!
Should ‘breakthrough’ UTIs occur, the fluoroquino-
lones can be used: ciprofloxacin 125 mg or norflox-
acin 200—400 mg, both given once daily. Prophylax-
is reduces the risk of a single clinical UTI recurrence
over 12 months by 85% and a microbiologically
confirmed UTI recurrence by 79% (number needed
to treat = 1.85 for both endpoints). It also enhances
the risk of vaginal/oral candidosis and adverse gas-
trointestinal effects (both being consistent with the
usual adverse effects of oral antimicrobials) by 78%
(number needed to harm = 13.5). Thus, utilizing
prophylaxis in 14 at-risk women for 1 year will
result in seven women having one less UTI that year
at the cost of adverse events in one woman.[!!
Older data suggested that there were no substantial
differences between antimicrobials in terms of effi-
cacy. However, recent data, gathered from a geo-
graphical area with high rates of cotrimoxazole and
fluoroquinolone resistance among E. coli, have re-
vealed substantial differences in success rates be-
tween cotrimoxazole, norfloxacin and nitrofurantoin
prophylaxis. Respective success rates during the
first 6 months of prophylaxis were 20%, 43% and
59% (p = 0.06). For prophylaxis extending beyond
6 months, respective success rates were 83%, 72%
and 97% (p = 0.046). Another important finding was
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the correlation between poor adherence and failure
of prophylaxis (for duration <6 months, p < 0.0001;
>6 months, p = 0.001) and poor adherence with the
development of resistance to the assigned agent
(1 failure in 5 adherent patients vs 17 failures in
29 non-adherent patients).!''® It appears that the
efficacy of daily versus postcoital administration is
similar. Thus, for those women with sex-associated
uUTIs, single-dose postcoital administration can be
recommended.

Another potential approach to the prevention of
recurrent UTIs includes the use of lyophilized im-
munoactive extracts of E. coli administered orally,
either continuously or intermittently (i.e. loading
regimen followed by booster regimens [e.g. E. coli
83972, OM-89]).!17:118] Selected probiotics (Lacto-
bacillus rhamnosus GR-1 and L. reuteri RC-14 [pre-
viously known as L. fermentum RC-14] and, per-
haps, L. casei shirota and L. crispatus CTV-05)
administered intravaginally and orally has produced
encouraging results in several studies. In contrast,
Lactobacillus GG has been ineffective. The poten-
tial for probiotic therapy to induce Lactobacillus
infections in reasonably healthy individuals is van-
ishingly low.[11%120] Tt is important to realise that
these positive results are limited to only a few strains
of lactobacilli and that this is not a genus-wide
effect. At present, these biological agents are not
widely available and, in any case, further research
data are needed before widespread use of biologicals
for this indication can be recommended.

In older women, intravaginal estrogen, even in
the absence of signs and symptoms of vaginal es-
trogen deficiency, reduces the risk of recurrent
UTIs. The efficacy of estrogens appears to be great-
er with intravaginal compared with systemic admin-
istration (i.e. oral and transdermal routes). Adminis-
tration via the intravaginal route (using pill, cream
and ring formulations) also avoids the systemic ad-
verse effects seen with the systemic formula-
tiOHS.[IZI’nz]

7. Treatment Guidelines

7.1 Sweden (1990)

In Sweden, pivmecillinam, cotrimoxazole, nitro-
furantoin and cephalosporins (cefadroxil, cephra-
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dine) are first-line agents for uUTI. The correspond-
ing recommended durations of therapy are 7, 3, 4-6
and 7 days, respectively. In addition, diagnostic
testing (except urine culture in uUTI) is recommen-
ded in all individuals suspected of having a UTL:
nitrite, leukocyte esterase, urinary sediment, C-reac-
tive protein.?3!

7.2 Spain (2003)

In non-pregnant women, fosfomycin (3 g) and
three fluoroquinolones (ciprofloxacin 100-250 mg
twice daily, norfloxacin 400 mg twice daily and
ofloxacin 200 mg twice daily) are considered first-
line agents for uUTI in Spain. Amoxicillin/clavulan-
ic acid (250 mg three times daily) and cefuroxime
axetil (250 mg twice daily) are alternative agents.
Agents such as cotrimoxazole, trimethoprim and
nitrofurantoin are not considered appropriate (the
latter agent because of its adverse event profile and
multiple daily administration requirement). The re-
commended durations of therapy for the first-line
and alternative-choice agents are 1 (single-dose), 3,
3, 3, 5 and 3-5 days, respectively.32124!

7.3 USA (1999)

Current guidelines for the treatment of acute uU-
TI (cystitis and pyelonephritis) in the US have been
provided by the Infectious Diseases Society of
America (IDSA).I'>) In patients with antimicrobial
allergy issues or where recent urine culture and
sensitivity data are available, the recommendation is
to treat accordingly. In other patients, empirical
therapy is justified. If patients have one or more risk
factors for antimicrobial resistance (e.g. current/
recent use of cotrimoxazole or [an]other agent[s],
recent hospitalization or recurrent UTIs during the
previous year), the recommendation is to use one of
the following regimens: fluoroquinolone for 3 days
(if severe symptoms); nitrofurantoin for 7 days (if
mild-moderate symptoms); or single-dose fosfo-
mycin. Ciprofloxacin and levofloxacin are the fluor-
oquinolones of choice. If local cotrimoxazole resis-
tance rates among uropathogens (E. coli) exceed
10-25%, the same three regimens are recommen-
ded. Otherwise, cotrimoxazole for 3 days is the
empirical regimen of choice. B-Lactams produce
inferior bacteriological cure rates and higher recur-
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rence rates compared with the traditional first-line
agents listed here, even against susceptible patho-
gens, and hence they should not be considered first-
line agents. In patients with acute pyelonephritis
who can be safely treated as outpatients, the first-
and second-line agents are the fluoroquinolones (for
7 days) and cotrimoxazole (for 7-14 days), respec-
tively. If Gram-positive pathogens are noted, amox-
icillin therapy should be added to both regimens.
Regimens should be modified, depending on the
clinical results and results of urine culture and sus-
ceptibility testing.[>3]

7.4 EU (2001)

Current guidelines for acute uncomplicated cysti-
tis and pyelonephritis in the EU have been provided
by the European Association of Urology.”! Suitable
patient types are similar to those in the IDSA guide-
lines except for the omission of postmenopausal
women. Urine culture and sensitivity testing is gen-
erally not necessary since the causative organism(s)
and its/their antimicrobial susceptibilities are well
known and predictable. Final test results will also
not be available until symptoms have responded
(partially to completely). If symptoms are atypical,
symptoms do not resolve, or the infection recurs
within 2 weeks, urine culture and sensitivity testing
is warranted.

Recommendations are to use 3 days of therapy,
although specific agents suitable for use throughout
Europe are not named. Antimicrobial choice depen-
ds on local susceptibility patterns. Cotrimoxazole in
a 3-day regimen or trimethoprim in a 5- to 7-day
regimen are first-line agents if the trimethoprim
resistance rate among E. coli is <10%. Fluoroquino-
lones in 3-day regimens are not first-line agents
because of their cost, unless a high trimethoprim
resistance rate (>10%) mandates their use. If used,
they should be agents primarily renally excreted in
unchanged form (ciprofloxacin 250 mg twice daily
or 500 mg extended release once daily, levofloxacin
250 mg once daily, norfloxacin 400 mg twice daily
or ofloxacin 200 mg twice daily). B-Lactams are less
effective than fluoroquinolones, cotrimoxazole and
trimethoprim, and should, in general, not be used.
An exception to this statement is cefpodoxime
100 mg twice daily for 3 days. Also, pivmecillinam
200 mg twice daily in a 7-day regimen is a popular
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agent in the Nordic countries. The use of nitrofuran-
toin (50-100 mg thrice daily or 100 mg twice daily
of the macrocrystalline form) is felt to need more
study, although, if it is used, a 5- to 7-day regimen is
recommended. Single-dose fosfomycin (3 g) is also
an alternative, although more comparative trials
with 3-day fluoroquinolone and cotrimoxazole (or
trimethoprim) regimens are necessary before it
could be preferred to the latter. Infection known to
be caused by S. saprophyticus may respond better to
7 days of therapy with all agents, but data are sparse.
In acute uncomplicated pyelonephritis, evalua-
tion of the upper urinary tract via excretory urogram,
ultrasound, computed tomography, plain radio-
graph, etc. is warranted if symptoms resolve but
recur within 2 weeks or if the patient is still febrile
after 72 hours of therapy. In the latter instance,
presence of a renal or perinephric abscess needs to
be ruled out. Recommended agents for outpatient
management of mild disease include oral fluoro-
quinolones or second- or third-generation cephalo-
sporins for 7-10 days. If Gram-positive organisms
are noted on the Gram-stain, an aminopenicillin/B-
lactamase inhibitor combination can be substituted.
Alternative agents to the fluoroquinolones and ceph-
alosporins include an aminopenicillin/B-lactamase
inhibitor combination or an aminoglycoside.

8. Adherence to Treatment Guidelines

8.1 Sweden

A survey was conducted in 2000 and 2002 in five
Swedish counties to evaluate adherence to the treat-
ment guidelines promulgated in 1990. There were
491 and 398 lower UTIs evaluated in 2000 and
2002, respectively. Utilization rates of first-line
agents (cotrimoxazole, pivmecillinam, nitrofuran-
toin and cephalosporins) in 2000 and 2002 were
77% and 86%, respectively. From 2000 to 2002,
utilization of fluoroquinolones fell from 21% to
13% (p =0.001) and that of nitrofurantoin rose from
3% to 6% (p = 0.036), both being evidence of
improved adherence. In addition, utilization of 3-
day trimethoprim therapy rose from 1% to 12%
(p < 0.001), another positive finding. However, the
use of prolonged regimens was still problematic
(65% of regimens were for 7 days and 79% for
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7-10 days). A major barrier to adherence is the
available antimicrobial package sizing in Sweden,
which is not congruent with the guidelines. Another
major problem is the prescribing of antimicrobials to
patients with negative laboratory test results. This
phenomenon suggests that financial resources are
being wasted, since laboratory test results do not
appear to influence antimicrobial prescribing. The
lack of adherence to the laboratory testing guideline
(since individual tests were obtained in 9-76%
[mean 40%] of appropriate individuals) may have
mitigated this waste to some extent.['?3]

8.2 Israel

Investigators evaluated the adherence of
prescribers to uUTI guidelines in adults in an Israeli
managed care organization (Leumit Health Fund)®7!
serving over 1.6 million adult insurees over the
period from July 2000 to June 2002 (64 236 index
physician/patient encounters). Nitrofurantoin and
cotrimoxazole were prescribed in 18.5% and 17.0%,
respectively, yielding a crude adherence rate of
35.6%. Adherence rates by specialty were 54.2%
(urology), 36.5% (gynaecology), 35.4% (non-spe-
cialty), 34.1% (family practice), 31.7% (internal/
occupational medicine) and 24.7% (paediatrics). By
logistic regression analysis, significant parameters
affecting adherence included physician specialty
(where urology [OR 2.83], gynaecology [OR 1.99]
and non-specialty [OR 1.23] were more adherent
than the family practice category [p < 0.001]) and
medical school attended (where Techunion
[OR 2.43], Eastern European [OR 1.94], Hebrew
University Jerusalem [OR 1.53] and other [OR 1.37]
graduates were more adherent than a group of West-
ern  European, US and Australian graduates
[p < 0.001]).[100!

In another study using the same managed care
organization database (from January 2001 to June
2002), 7738 index physician/patient encounters
were evaluated. Cotrimoxazole (25.8%) and ni-
trofurantoin (14.7%) were the two most-frequently
prescribed agents (40.5% adherence to guidelines).
Fluoroquinolones and cephalosporins were each uti-
lized in 22.8% of patients. Upon multivariate ana-
lysis, the following four factors were found to sig-
nificantly impact the appropriateness of therapy:[!26!
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1. physician site of training (p < 0.00001; Romani-
an-trained, as opposed to Israeli-trained, physicians
were less appropriate prescribers; OR  0.40;
p < 0.008);

2. type of physician (p < 0.007; internists, as op-
posed to general practitioners, were less-appropriate
prescribers; OR 0.36; p < 0.002);

3. location of practice (p < 0.00001; prescribers in
northern and southern Israel, compared with central
Israel, were less-appropriate prescribers; OR 0.29);
4. the patient age category (p < 0.011; prescribing
was less appropriate in 18- to 44-year-old patients
compared with patients 245 years old; OR 0.87).

8.3 Spain

A cross-sectional survey of antimicrobial use for
UTI was performed in the emergency rooms of ten
hospitals from different regions of Spain from
March 2003 to March 2004. Of 3797 acute UTIs,
1366 were uUTIs in non-pregnant women. Anti-
microbial use was as follows: -ciprofloxacin
(33.4%), amoxicillin/clavulanic acid (27.8%), fosfo-
mycin (15.9%), norfloxacin (8.2%), cefuroxime ax-
etil (4.5%), levofloxacin (3.8%), cotrimoxazole
(2.3%), ofloxacin (1.2%) and others (3.3%). First-
line agents (fosfomycin, ciprofloxacin, ofloxacin,
norfloxacin) were prescribed in 51% of patients,
alternative-choice agents (amoxicillin/clavulanic
acid, cefuroxime axetil) in 37% and inappropriate
agents (cotrimoxazole, levofloxacin, others) in 11%.
The major finding in this trial was overuse of alter-
native-choice antimicrobials, not the more common
finding of overuse of inappropriate agents seen in
trials conducted in other countries. However, the
recommended agents in Spain are quite different
from those recommended elsewhere (see section
7.2), and this probably explains this finding.['*¥]

8.4 USA

The Mayo Clinic (Scottsdale, Arizona, USA) as-
sessed adherence to evidence-based guidelines for
the diagnosis and treatment of uUTI through a retro-
spective review of medical records of women treat-
ed in 2005 (International Classification of Diseases
[ICD]-9 code 599.0). Sixty-eight women comprised
the study database. Essential medical history and
physical examination findings had been recorded for
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most patients. Documentation of sexually transmit-
ted disease risk varied between residents and attend-
ing physicians, and was affected by patient age. A
dipstick urinalysis and urine culture and sensitivity
were ordered in 84% and 76%, respectively. Eighty
percent of patients with positive urinalysis results
also had a urine culture and sensitivity performed.
Cotrimoxazole was the drug-of-choice in only 38%.
Sixty-one percent of cotrimoxazole and ciprofloxa-
cin prescriptions were appropriately written for a
duration of 3 days. The cotrimoxazole resistance
rate for E. coli was 6% (n = 35 isolates). No therapy
was changed in any patient with uUTI as a result of
the results of urine culture and sensitivity testing.
Less than 25% of patients received appropriate em-
pirical treatment (3 days of cotrimoxazole) in this
patient population.!'?”)

In 1995, a staff-model managed care organiza-
tion adopted the Institute of Clinical Systems Inte-
gration uncomplicated cystitis guidelines, and im-
plementation and adherence were assessed in five
primary care clinics. In a pre-post study design, data
were collected on 201 women with uncomplicated
cystitis who were treated over the 3 months before
guideline implementation and 241 who were treated
over the 3 months following implementation. The
four key guideline elements were as follows: (i) use
of 3-day treatment regimens; (ii) avoidance of urine
cultures; (iii) use of only recommended agents; and
(iv) coordination of care primarily by nursing staff.
Before guideline implementation, no case fulfilled
all four elements (12% fulfilled three elements),
while after implementation 32% fulfilled all four
elements (60% fulfilled three elements) [p < 0.001].
Use of 3-day therapies rose from 28% pre-imple-
mentation to 52% post-implementation (p < 0.001).
Use of urine cultures fell from 70% (pre) to 30%
(post) [p < 0.001]. Use of only recommended agents
rose to a non-significant extent (from 83% pre to
86% post). The proportion of eligible patients with
care primarily coordinated by nursing staff rose
from 21% (pre) to 78% (post) [p < 0.001]. Use of
3-day therapies rose non-significantly with physi-
cians (from 29% pre to 39% post), but rose signifi-
cantly with nurses (from 23% pre to 58% post)
[p <0.001]. Avoidance of urine cultures non-signifi-
cantly improved with physicians (from 33% pre to
41% post), but significantly improved with nurses
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(from 18% pre to 74% post) [p < 0.001]. Guideline
implementation was not associated with increases in
hospital admissions, emergency room visits, follow-
up office visits or repeat antimicrobial courses (a
surrogate for antimicrobial failure). Cystitis care
costs fell by 35% after implementation, the major
savings occurring from reduced personnel and anti-
microbial costs, and avoidance of the costs of urine
cultures.! 128!

Using 1996-2001 data from the National Hospi-
tal and Ambulatory Medical Care Surveys, a cross-
sectional data analysis was performed, evaluating
the use of medical services in the US by adult
women with uUTTIs. The major goal was to examine
prescribing practices for uUTIs and adherence to
established guidelines. uUTI cases numbered 2339.
The most frequently prescribed agents were cotri-
moxazole (29.8% of visits), ciprofloxacin (24.2%),
nitrofurantoin (18.8%) and other fluoroquinolones
(11.2%). Despite the IDSA guidelines promulgated
in 1999, the prevalence of cotrimoxazole use did not
change (OR 0.89; 95% CI 0.60, 1.30; p = 0.53),
while that of ciprofloxacin (which is not a first-line
agent) increased significantly (OR 1.75; 95% CI
1.11, 2.75; p £ 0.016). The prevalence of use of
amoxicillin, nitrofurantoin and other fluoroquino-
lones also did not change over time. These results
were unchanged, even after adjusting for confound-
ers. The prevalence of use of ‘urine tests’ also did
not change over time (p = 0.096), despite the down-
playing of urine testing in the guidelines. Other
interesting results also emerged. Providers in hospi-
tal clinics were more likely than those in private
practice to prescribe cotrimoxazole (54.7 vs 27.6%,
respectively; p < 0.001). The opposite phenomenon
occurred with ciprofloxacin prescribing (24.8% [pri-
vate] vs 18.1% [hospital]; p = 0.038). Patients aged
<50 years were more likely to be prescribed cotri-
moxazole (36.1%) than those aged >50 years
(22.9%; p = 0.001). Whites were less likely to be
prescribed cotrimoxazole (27.8%) than non-Whites
(40.8%; p = 0.015). General medicine physicians
were more likely to prescribe cotrimoxazole
(32.4%) compared with other physician types
(21.5%; p = 0.01). Obstetricians/gynaecologists
were more likely to prescribe nitrofurantoin (39.1%)
compared with other physician types (16.6%;
p < 0.001). Race had no significant effect on cipro-
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floxacin or nitrofurantoin prescribing. Lastly, self-
paying patients were more likely to be prescribed
cotrimoxazole (42.4%) than patients with insurance
(27.9%; p = 0.047).11%9

9. Pharmacoeconomics

Investigators evaluated the economic impact of
physician non-adherence to treatment guidelines,
using a large Israeli managed care organization data-
base previously described (see section 8.2).1106:107 [
the timeframe of January 2001 to June 2002, there
were 7738 physician/patient interactions involving
uUTTs. The top two agents utilized were those in the
guideline (cotrimoxazole in 25.8%, nitrofurantoin in
14.7%), producing an adherence rate of 40.5%.
However, five inappropriate drugs (ciprofloxacin,
ofloxacin, fosfomycin, cefuroxime axetil and
cephalexin) constituted 49.9% of utilization and
82.6% of total antimicrobial costs. The cost of treat-
ment exceeded the expected cost (i.e. had cotrimox-
azole or nitrofurantoin been used) in 70% of pa-
tients.! 13!

In an extension to the previous study,!'* investi-
gators assessed the epidemiology and economic
consequences of longer-than-recommended empiri-
cal therapy. Adherence rates to treatment duration
guidelines were 22.2% for nitrofurantoin (5 days),
4.1% for ofloxacin (3 days) and 3.4% for cotrimoxa-
zole (3 days). This resulted in an 8.7% crude adher-
ence rate. The vast majority of cases of nonadher-
ence were due to prolonged durations of therapy
(e.g. most prescriptions for cotrimoxazole were for
5, 7 or 10 days; for nitrofurantoin were for 7 or
10 days; for ofloxacin were for 5, 7 or 10 days). The
mean excess expenditures in all cases were $US5.86
and $US3.43 [2003 costing] for ofloxacin and ni-
trofurantoin, respectively. This translated to an an-
nual loss to the organization of approximately
$US19 000. If extrapolated to the entire country
(6.5 million), this loss becomes $US190 000 per
annum.['31"32]

However, the economies of pharmacotherapy can
be altered by the presence of antimicrobial resis-
tance. In a decision analysis model of costs as a
function of cotrimoxazole resistance rates, treatment
costs increased as the resistance rate increased: with
0%, 10%, 20% and 30% cotrimoxazole resistance
rates, the costs of cotrimoxazole therapy were
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$US92, $US99, $US106 and $US113, respectively
[2000 costing]. In fact, when the mean cost of fluor-
oquinolone treatment was $US107 and the cotri-
moxazole resistance rate was 22%, fluoroquinolones
became more cost-effective treatment than cotri-
moxazole.[133]

10. General
Treatment Recommendations

The Cochrane Collaboration in 2005 conducted a
meta-analysis examining 3 days of antimicrobial
therapy compared with =5 days of therapy in terms
of symptomatic response and elimination of bacteri-
uria in uUTIs in non-pregnant, adult women. The
study database included 32 clinical trials (9605 pa-
tients). In terms of symptomatic failure rates, there
were no significant differences between the two
groups, either short-term (RR 1.06) or long-term
(RR 1.09). In terms of bacteriological failure rates,
3 days was less effective than =5 days at short-term
follow-up (only when the same antimicrobials were
used in both arms of each trial; RR 1.37; p = 0.01).
This difference was still significant at long-term
follow-up (RR 1.43; p = 0.0002). Adverse events
were significantly less frequent with 3 days com-
pared with >5 days of therapy (RR 0.83; p =0.001).
In summary, both therapy durations produced simi-
lar symptomatic cure rates, with =5 days of therapy
producing increased bacteriological cure rates com-
pared with 3 days of therapy, albeit at the expense of
more adverse events. The authors felt that since
uUTI is primarily an issue of symptoms and not
long-term tissue damage (where, for the latter, bac-
teriological cure would be more important), 3 days
of therapy is quite acceptable.['3¥

In general, the usual duration of therapy for ni-
trofurantoin and the -lactams is 7 days, while that
for cotrimoxazole, trimethoprim (use only in the
sulfonamide-allergic) and the fluoroquinolones is
3 days. Usual dosage regimens for these agents are
provided in table II1.[135.136]

If cotrimoxazole resistance rates are below 10%,
cotrimoxazole can be a first-line empirical agent. If
cotrimoxazole resistance rates are 10% to >20%, the
fluoroquinolones should be considered first-line.!'3>!
Nitrofurantoin and fosfomycin are not considered
first-line empirical agents because of their narrow
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Table lll. Dosage recommendations for uncomplicated urinary
tract infectionsl!3513612

Drug Dosage

Penicillins

Amoxicillin 250-500 mg tid x 3—10 days

Amoxicillin/clavulanic acid 250-500 mg bid-tid x 3—10 days
Cephalosporins

Cephalexin 250-500 mg qgid x 3—-10 days
Cephradine 250-500 mg qid x 3—10 days
Cefaclor 250-500 mg tid x 3—10 days
Cefadroxil 500-1000 mg bid x 3—-10 days

Cefuroxime axetil
Fluoroquinolones
Ciprofloxacin

ER formulation

125-250 mg bid-tid x 3—10 days

250 mg bid x 3 days
500 mg qd x 3 days

(Cipro®XL)
Levofloxacin 250 mg qd x 3 days
Norfloxacin 400 mg bid x 3 days

Miscellaneous

Cotrimoxazole

Trimethoprim

Nitrofurantoin
Macrocystalline
formulation
(Macrodantin®)

Fosfomycin 3 g x 1 dose

a All agents to be taken orally. Regimens assume normal renal

function is present.
bid = twice daily; DS = double strength; ER = extended release;
qid = four times daily; tid = three times daily.

One DS tablet bid x 3 days
200 mg bid x 3 days

50-100 mg qid x 7 days
100 mg bid x 7 days

spectra of activity and relative paucity of data com-
pared with the fluoroquinolones.!'3>!

Single-dose therapy of all drugs except fosfo-
mycin is not recommended because of suboptimal
cure rates compared with 3- to 7-day regimens (e.g.
for fluoroquinolones, 3-, 5- and 7-day regimens
provide statistically equivalent results that are supe-
rior to those of single-dose therapy; see also table
I).[74]

Single-dose therapy of uUTIs with cephalospor-
ins has been recommended in young to middle-aged
women (e.g. 2 g of cephradine or cefaclor orally, or
intramuscular cefamandole 1 g or cefuroxime axetil
1.5 g). However, single-dose therapy with cephalo-
sporins appears to be less effective than that with
amoxicillin or cotrimoxazole, with bacteriological
eradication rates as low as 30% at 14-28 days post-
therapy.l'3® Even 3- to 10-day treatment courses
with oral cephalosporins are not considered equiva-
lent to those with cotrimoxazole, the fluoroquino-
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lones or nitrofurantoin, with suboptimal clinical and
bacteriological cure rates and higher recurrence
rates.['3%) Similar considerations apply to the penicil-
lins.

When treating patients with renal impairment,
the approach to using several antimicrobials is al-
tered. Most importantly, nitrofurantoin should not
be used when the estimated/measured creatinine
clearance falls below 40 mL/min. Not only will
inadequate drug concentrations be achieved in the
urine in individuals with creatinine clearance
<40 mL/min, systemic drug accumulation will also
occur, predisposing to neurological, pulmonary,
gastrointestinal and other toxicities. For UTIs (on-
ly), cotrimoxazole dosage regimens should not be
altered. For B-lactams and fluoroquinolones, dosage
regimen adjustment (reduced dosage, prolonged
dose administration interval, or both) should be per-
formed as recommended on a drug-specific basis./?!

An important issue regarding antimicrobial resis-
tance is the ability of in vitro susceptibility data to
predict clinical outcome. With nitrofurantoin and
fosfomycin, in vitro susceptibility data are based on
achievable urinary drug concentrations. With other
agents, in vitro susceptibility data are based on
achievable serum drug concentrations, not urinary
drug concentrations. This may be an important con-
sideration when achievable urinary drug concentra-
tions far exceed those in serum. A recent article
describes a successful outcome of fluoroquinolone
therapy of a fluoroquinolone-resistant pathogen.!3”!
This suggests a potential need to alter fluoroquino-
lone breakpoints for uropathogens during uUTIs. If
this were to occur, the epidemiology of fluoroquino-
lone resistance would, obviously, be dramatically
altered in this infection type. With pyelonephritis,
serum and urinary drug concentrations are both im-
portant in light of the degree of tissue injury and
fluoroquinolone breakpoints should not be altered in
this entity. However, further research is required
before this approach can be recommended.

Available data suggest that the correlations of
serum versus urinary drug concentrations with clin-
ical and/or bacteriological cure in uUTIs may be
class specific. For the tetracyclines, urinary drug
concentrations, not those in serum, better predict
clinical cure.l'3! In contrast, for cotrimoxazole, se-
rum drug concentrations better predict clinical and
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bacteriological cure, despite the high degree of urin-
ary excretion of both drug components.[®
Ciprofloxacin, ofloxacin, nitrofurantoin and co-
trimoxazole are considered compatible with breast
feeding. Although compatible, the fluoroquinolones
are not frequently recommended because of the
arthropathy seen in animals. With nitrofurantoin, it
should be avoided in those at risk for glucose-6-
phosphate dehydrogenase deficiency (especially in
those of Mediterranean and African ancestry).!!3!

11. Conclusions

uUTIs are common in adult women across the
entire age spectrum. The majority of uUTIs are
caused by E. coli (10-95%), with P. mirabilis, Kleb-
siella spp., and S. saprophyticus accounting for the
majority of the balance of uropathogens. If clinical
signs and symptoms consistent with uUTI are pre-
sent (e.g. dysuria, frequency, back pain or cos-
tovertebral angle tenderness) and there is no vaginal
discharge or irritation present, the likelihood of uU-
TI is greater than 90-95%. Laboratory testing (i.e.
urinary nitrites, leukocyte esterase, culture) is not
necessary in this circumstance and empirical treat-
ment can be initiated. The ever-increasing incidence
of antimicrobial resistance of the common
uropathogens in uUTIs has been and is a continuing
focus of intensive study. Resistance to cotrimoxa-
zole has made the empirical use of this drug prob-
lematic in many geographical areas and, in a few
countries, uropathogen resistance rates to the fluoro-
quinolones now exceed 10-25%. Management of
uUTIs can frequently be triaged to non-physician
healthcare personnel without adverse clinical conse-
quences, resulting in substantial cost savings. It can
be anticipated that the optimal approach to the man-
agement of uUTIs will change substantially in the
future as a consequence of antimicrobial resistance.
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Addendum in Proof

A recent study has addressed within-household
(humans and pets) transmission of E. coli as a risk
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factor for UTI. Faecal samples from 228 subjects
(152 humans [5 with acute UTI] and 76 pets) in
63 households were processed to identify unique
E. coli clones. Patterns of strain sharing (i.e. pres-
ence of a single clone in multiple individuals) were
also assessed. Of 335 E. coli clones, 90 (27%) were
recovered from multiple hosts (up to 11 per clone).
Within-household strain sharing occurred in 68% of
households, including three of five households in
which one member had a UTI. Within-household
strain sharing was more frequent than across-house-
hold sharing (27% vs 0.8% of potential sharing
pairs, respectively [p < 0.001]). Such strain sharing
increased with increasing household size (12 = 0.93;
p <0.001) and varied by host pair type (pet-pet 58%,
human-human 31%, human-pet 17%). Sex partners
shared strains more commonly than did other adults
(B1% vs 7% of pairs, respectively; p = 0.08) but
accounted for only 12% of within-household strain
sharing. It can be concluded that within-household
sharing of E. coli, including those with a member
having a UTI, is common and can involve any
combination of humans and pets. Identification of
the mechanism(s) underlying this phenomenon may
lead to more preventative measures against UTL!40!

A novel type of fimbriae has been identified (type
3), which appears to play a role in biofilm formation
by different Gram-negative urinary pathogens (cath-
eter-associated UTI [CAUTI] strains of UPEC, Ci-
trobacter freundii, C. koseri, K. pneumoniae, K. ox-
ytoca). Whether or not non-CAUTI strains of Gram-
negative uropathogens express this fimbrial type is
unknown.[41]
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