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Uncomplicated Urinary Tract Infection

Thomas M. Hooton, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 30-year-old woman calls you to report a 2-day history of worsening dysuria and
urinary urgency and frequency. She reports having no fever, chills, back pain, or vag-
inal irritation or discharge. One month ago, you treated her with a 3-day course of
trimethoprim-sulfamethoxazole for presumptive cystitis, and her symptoms re-
solved. She is otherwise healthy, but this is her third episode in the past year. How
should her case be managed?

THE CLINICAL PROBLEM

INCIDENCE
Urinary tract infection is the most common bacterial infection encountered in the
ambulatory care setting in the United States, accounting for 8.6 million visits (84%
by women) in 2007.* The self-reported annual incidence of urinary tract infection in
women is 12%, and by the age of 32 years, half of all women report having had at least
1 urinary tract infection.? The incidence of cystitis (bladder infection) was 0.70 epi-
sodes per person-year in a study of college women starting a new contraceptive
method? and 0.07 episodes per person-year in a population-based study of postmeno-
pausal women.* Among young, healthy women with cystitis, the infection recurs in
25% of women within 6 months after the first urinary tract infection,® and the re-
currence rate increases with more than 1 prior urinary tract infection.®” Acute un-
complicated pyelonephritis is much less common than cystitis (estimated ratio, 1 case
of pyelonephritis to 28 cases of cystitis),” with a peak annual incidence of 25 cases
per 10,000 women 15 to 34 years of age.®

CLASSIFICATION
Episodes of acute cystitis and pyelonephritis occurring in healthy premenopausal, non-
pregnant women with no history suggestive of an abnormal urinary tract are generally
classified as uncomplicated, whereas all others are classified as complicated. This dis-
tinction has been used to guide the choice and duration of antimicrobial treatment,
with broader-spectrum agents and longer courses of treatment often recommended for
persons with complicated urinary tract infections. However, this classification scheme
does not account for the diversity of complicated urinary tract infection syndromes and
misclassifies as complicated many urinary tract infections that can be managed with
short-course treatment regimens (Table 1). A classification scheme that stratifies pa-
tients with urinary tract infection into multiple, homogeneous categories has been
proposed by European experts, but it is not routinely used in practice.®

PATHOGENESIS
Symptomatic urinary tract infection in a healthy woman is a complex event. It is initi-
ated when potential urinary pathogens from the bowel, or in some cases from the va-
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KEY CLINICAL POINTS

ACUTE UNCOMPLICATED CYSTITIS AND PYELONEPHRITIS

« Acute uncomplicated cystitis rarely progresses to severe disease, even if untreated; thus, the primary goal of treat-

ment is to ameliorate symptoms.

« New treatment guidelines for cystitis from the Infectious Diseases Society of America recommend that ecologic adverse

effects of an antimicrobial agent (selection for antimicrobial-resistant organisms) be considered along with efficacy

in selecting antimicrobial therapy.

« With respect to both ecologic adverse effects and efficacy, nitrofurantoin, trimethoprim—sulfamethoxazole, fosfomycin,

and pivmecillinam (not approved in the United States) are considered first-line agents for cystitis, even though there

are concerns about increasing resistance (to trimethoprim—sulfamethoxazole) and suboptimal efficacy (of fosfomycin

and pivmecillinam).

« Recurrent cystitis should be managed with prophylactic antimicrobial therapy only when nonantimicrobial preventive

strategies are not effective.

« Fluoroquinolones have other important indications and thus should be considered second-line agents for cystitis,

but they are the drugs of choice for empirical treatment of pyelonephritis.

gina (as a result of direct inoculation during sexu-
al activity), colonize the periurethral mucosa and
ascend through the urethra to the bladder and in
some cases through the ureter to the kidney. (The
circumstances under which this occurs remain un-
clear; pyelonephritis is rare in women with untreat-
ed cystitis and in men and women with untreated
asymptomatic bacteriuria.) Uropathogenic Escherich-
ia coli, the predominant pathogens in uncompli-
cated urinary tract infection, are a specific subset
of extraintestinal pathogenic E. coli that have the
potential for enhanced virulence. Virulence and fit-
ness factors include fimbriae, flagella, diverse ad-
hesins, siderophores, toxins, polysaccharide coat-
ings, and other properties that assist the bacteria
in avoiding or subverting host defenses, injuring or
invading host cells and tissues, and stimulating a
noxious inflammatory response.1%1* However, the
triggers for development of urinary symptoms are
not entirely clear.

The vast majority of episodes of recurrent cys-
titis in healthy women, up to two thirds of which
are recurrences involving the same strain of bac-
teria that caused the initial infection, are thought
to be reinfections.*? Uropathogenic strains can
persist in the fecal flora for years after elimination
from the urinary tract and can cause recurrent
urinary tract infections. Laboratory studies in a
mouse model show that inoculated E. coli invade
the epithelium, resist clearance with antimicrobial
agents, and develop quiescent epithelial reservoirs

that can result in recurrent bacteriuria.'® Evidence
that this phenomenon occurs in humans is sparse,
but intracellular biofilm-like collections of bacte-
ria, similar to those seen in the mouse model, have
been identified in exfoliated cells in the urine of
women with cystitis.#

RISK FACTORS

Risk factors for uncomplicated sporadic and re-
current cases of cystitis and pyelonephritis include
sexual intercourse, use of spermicides, previous
urinary tract infection, a new sex partner (within
the past year), and a history of urinary tract infec-
tion in a first-degree female relative.3*517 Case—
control studies have shown no significant associa-
tions between recurrent urinary tract infection and
precoital or postcoital voiding patterns, daily bev-
erage consumption, frequency of urination, de-
layed voiding habits, wiping patterns, tampon use,
douching, use of hot tubs, type of underwear, or
body-mass index,® but at least some of these null
findings might reflect a misclassification of behav-
iors (particularly if behavioral changes were made
after the diagnosis of recurrent urinary tract infec-
tion). A genetic predisposition to recurrent urinary
tract infection is suggested by the strong associa-
tion between a history of urinary tract infection in
one or more first-degree female relatives and an
increased risk of recurrent cystitis and pyelonephri-
tis'”; marked familial clustering of cases of acute
pyelonephritis among the relatives of pyelonephri-
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Table 1. Features of Uncomplicated versus Complicated Cystitis and Pyelonephritis.

Variable
Typical patient

Uncomplicated

Otherwise healthy, ambulatory women with no history
suggestive of anatomical or functional abnormality

Complicated*

Men, women, or children with functional, metabolic,

or anatomical conditions that may increase the

Clinical spectrum

Diagnosis

Antimicrobial resistance

Empirical antimicrobial
treatment

Response to treatment

of the urinary tract

Mild cystitis to severe pyelonephritis

Infection suspected on the basis of typical symptoms;

urinalysis and urine culture not routinely needed

for suspected cystitis but recommended for pyelo-

nephritis

plicated UTI)

microbial regimen for 5 to 14 days, depending on
severity and need for hospitalization

Predictable with appropriate agent for recommended
treatment duration; persistent symptoms or early

recurrence suggests presence of a complicating factor

Common but generally predictable (antimicrobial resis- Multidrug resistance common and less predictable;
tance alone does not warrant the designation com-

For cystitis: first-line short-course antimicrobial regimen; For cystitis: 7-day or longer course of fluoroquinolone
for pyelonephritis: first-line oral or intravenous anti-

risk of treatment failure or serious outcomes
(e.g., obstruction, stone, pregnancy, male sex,
diabetes, neurogenic bladder, renal insufficiency,
immunosuppression)

Mild cystitis to life-threatening urosepsis

Typical symptoms or symptoms that are atypical and
subtle (e.g., owing to catheterization, impaired
sensation, or altered mental status); urinalysis
and urine culture indicated

fluoroquinolone resistance not uncommon

preferredt; for pyelonephritis: broad-spectrum anti-
microbial agent (e.g., piperacillin—tazobactam or
carbapenem, plus vancomycin with either of these
agents if MRSA suspected); limited data on duration,
but 14-to-21-day duration recommended in general

Less predictable regardless of antimicrobial susceptibility;
may require instrumentation for cure

* Complicated urinary tract infections (UTls) are heterogeneous in that the risks of infection and of treatment failure vary. Current classification
schemes are overly simplistic, especially for patients with complicated infections, but the value of more complex classification schemes® has
not yet been shown. MRSA denotes methicillin-resistant Staphylococcus aureus.

7 Short-course regimens are likely to be effective for mild-to-moderate cystitis in healthy, ambulatory, compliant women who are elderly, have
catheter-associated UTls, are pregnant, or have mild diabetes.
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tis-prone children, associated with significantly
lower expression of CXCR1, an interleukin-8 recep-
tor'®; and overrepresentation of the blood-group
antigen nonsecretor phenotype and P1 phenotype
among girls and women with recurrent urinary
tract infection.*?

MICROBIOLOGY

In women, E. coli causes 75 to 95% of episodes of
uncomplicated cystitis and pyelonephritis; the
remaining cases are caused by other Enterobacte-
riaceae, such as Klebsiella pneumoniae, and gram-
positive bacteria such as Staphylococcus saprophyticus,
Enterococcus faecalis, and Streptococcus agalactiae (group
B streptococcus). However, the latter two organ-
isms, when isolated from voided urine from wom-
en with symptoms of uncomplicated cystitis, often
represent contamination of the voided specimen.

STRATEGIES AND EVIDENCE

DIAGNOSIS
Cystitis is usually manifested as dysuria with or
without frequency, urgency, suprapubic pain, or

hematuria. Clinical manifestations suggestive of
pyelonephritis include fever (temperature >38°C),
chills, flank pain, costovertebral-angle tenderness,
and nausea or vomiting, with or without symptoms
of cystitis. Dysuria is also common with urethritis
or vaginitis, but cystitis is more likely when symp-
toms include frequency, urgency, or hematuria;
when the onset of symptoms is sudden or severe;
and when vaginal irritation and discharge are not
present.’2° The probability of cystitis is greater
than 50% in women with any symptoms of urinary
tract infection and greater than 90% in women
who have dysuria and frequency without vaginal
discharge or irritation.2° The only finding on physi-
cal examination that increases the probability of
urinary tract infection is costovertebral-angle ten-
derness (indicating pyelonephritis).2°
Assessment for pyuria and bacteriuria is often
performed with the use of commercially available
dipsticks that test for leukocyte esterase, an en-
zyme released by leukocytes, and for nitrites, since
some bacteria reduce urinary nitrates to nitrites.
The dipstick test is most accurate for predicting
UTI when the presence of either leukocyte ester-
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ase or nitrite is considered a positive result, with
a sensitivity of 75% and a specificity of 82%.2%21
However, results of the dipstick test provide little
useful information when the history is strongly
suggestive of urinary tract infection, since even
negative results for both tests do not reliably rule
out the infection in such cases.2°

A urine culture is performed to confirm the
presence of bacteriuria and the antimicrobial sus-
ceptibility of the infecting uropathogen. This test
is indicated in all women with suspected pyelo-
nephritis but is not necessary for the diagnosis of
cystitis, given the reliability of the patient’s history
in establishing the diagnosis and the delayed avail-
ability of culture results.2>22 Moreover, studies
comparing voided urine specimens and bladder-
aspirate specimens in women with cystitis have
shown that the traditional criterion for a positive
culture of voided urine (10° colony-forming units
per milliliter) is insensitive for bladder infection,
and 30 to 50% of women with cystitis have colony
counts of 10? to 10* colony-forming units per mil-
liliter in voided urine.??* Since most clinical labo-
ratories do not quantify bacteria below a threshold
of 10* colony-forming units per milliliter in voided
urine specimens, a culture report of “no growth”
in a woman with urinary symptoms should be in-
terpreted with caution.

Given the accuracy of a diagnosis that is based
on the patient’s symptoms, in selected women with
symptoms of cystitis, the infection can be success-
fully managed without in-person assessment.2%24
However, in women who have symptoms of cysti-
tis along with vaginal discharge or irritation, it is
reasonable to delay antimicrobial treatment until
vaginal examination has been performed and the
results of a urine culture are available.2°

MANAGEMENT
Acute uncomplicated cystitis is a benign condition,
with early resolution of symptoms observed in 25 to
42% of women — and only rare cases of progres-
sion to pyelonephritis — in the placebo groups in
randomized, controlled trials.25-2° However, cysti-
tis is associated with considerable morbidity,?” and
antimicrobial drugs are routinely prescribed, the
primary goal being the rapid resolution of symp-
toms.2® The choice of regimen has become more
complicated as antimicrobial resistance among the
uropathogenic strains of E. coli has increased world-
wide. Recent large, international studies of the in
vitro susceptibility of E. coli strains that cause un-
complicated urinary tract infection?® have revealed

rates of resistance to amoxicillin of 20% or high-
er in all regions and similar rates of resistance to
trimethoprim—sulfamethoxazole in many regions.
Rates of resistance to fluoroquinolones, oral ceph-
alosporins, and amoxicillin—clavulanate are gen-
erally lower than 10%, but resistance to the fluo-
roquinolones is increasing; the lowest rates of
resistance are to nitrofurantoin, fosfomycin, and
mecillinam (for which pivmecillinam is the pro-
drug). (Mecillinam and pivmecillinam are not
available in the United States.) Uncomplicated uri-
nary tract infections caused by extended-spectrum
beta-lactamase—producing (beta-lactam-resistant)
strains of E. coli are increasingly being reported
worldwide.?>3° Most of these strains are also resis-
tant to the fluoroquinolones and trimethoprim—
sulfamethoxazole, but limited data show that fos-
fomycin, nitrofurantoin, and to a lesser extent,
amoxicillin—clavulanate have in vitro and clinical
activity.2%31

The recently updated guidelines of the Infec-
tious Diseases Society of America (IDSA)?® em-
phasize the importance of considering ecologic
adverse effects of antimicrobial agents (i.e., selec-
tion for colonization or infection with multidrug-
resistant organisms — so-called “collateral dam-
age”) when one is selecting a treatment regimen.
Thresholds are suggested for the prevalence of
resistance in a community above which a drug is
not recommended (20% for trimethoprim—-sulfa-
methoxazole and 10% for fluoroquinolones);
however, clinicians rarely have access to such in-
formation. Local resistance rates reported in hos-
pital antibiograms often reflect cultures obtained
from inpatients or those with complicated or re-
current infections and probably overestimate the
rates of resistance among patients with uncom-
plicated urinary tract infections.

Cystitis

Recommended empirical treatment regimens for
acute uncomplicated cystitis are shown in Table 2.
Short-course regimens (ranging from a single dose
to a 5-day regimen, depending on the antimicro-
bial agent) are recommended as first-line treat-
ment, since they are as effective as longer regimens
in achieving symptomatic cure and have fewer
adverse effects.?®32:33 Given the benign nature of
uncomplicated cystitis along with its high frequen-
cy, the guidelines give equal weight to the risk of
ecologic adverse effects and drug effectiveness in
the recommendations. Nitrofurantoin is well tol-
erated and has good efficacy when the monohy-
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Table 2. Empirical Treatment of Acute Uncomplicated Cystitis.*

Antimicrobial Regimen
First-line therapy

Nitrofurantoin monohydrate macrocrystals,
100 mg twice daily for 5 days (with
meals) T

TMP-SMX, 160 mg and 800 mg twice daily
for 3 daysi:

Fosfomycin trometamol (Monurol), 3-g
sachet in a single doseT

Pivmecillinam, 400 mg twice daily for 3 to
7 days

Second-line therapy

Fluoroquinolones: ciprofloxacin, 250 mg
twice daily for 3 daysz:; levofloxacin,
250 mg or 500 mg once daily for 3 days::

Beta-lactams (e.g., amoxicillin—clavulanate,
cefdinir, cefaclor, and cefpodoxime—
proxetil) for 3 to 7 daysy

Efficacy

Clinical efficacy of 5-to-7-day regimen: 93%
(84 to 95%); a 3-day regimen appears
to be less effective than longer regimens;
minimal in vitro resistance to E. coli

Clinical efficacy of 3-day TMP-SMX regimen:
93% (90 to 100%); similar efficacy with
trimethoprim alone, 100 mg twice daily for
3 daysi; avoid if resistance rate is greater
than 20% or if exposure occurred within
prior 3 to 6 mo

Clinical efficacy: 91% based on a single, random-
ized trial,?® but fosfomycin appears to be less
effective than TMP-SMX or fluoroquino-
lones?®32; minimal in vitro resistance, but

most laboratories do not test for resistance

Clinical efficacy of 3-to-7-day regimens: 73%
(55 to 82%); minimal in vitro resistance

Clinical efficacy: 90% (85 to 98%); minimal in
vitro resistance, but prevalence in United
States is rising; high prevalence of in vitro
resistance in some regions of the world

Clinical efficacy of 3-to-5-day regimens: 89%
(79 to 98%); less effective than TMP-SMX
or fluoroquinolones?®3?; few efficacy data
on narrow-spectrum cephalosporins (e.g.,
cephalexin); avoid empirical amoxicillin or
ampicillin

Comments

Minimal ecologic adverse effects; avoid if
pyelonephritis is suspected; common side
effects include nausea, headache, and
flatulence

Probably fewer ecologic adverse effects than
seen with fluoroquinolones; common side
effects include nausea, vomiting, anorexia,
rash, urticaria, hematologic complications,
and photosensitivity

Minimal ecologic adverse effects; avoid if
pyelonephritis is suspected; common side
effects include diarrhea, nausea, headache,
and vaginitis

Minimal ecologic adverse effects; avoid if
pyelonephritis is suspected; common side
effects include nausea, vomiting, and diar-
rhea; not available in United States

Propensity for ecologic adverse effects; when
possible, reserve for uses other than cysti-
tis; common side effects include nausea,
vomiting, diarrhea, headache, drowsiness,
and insomnia

Probably fewer ecologic adverse effects than
seen with parenteral broad-spectrum
cephalosporins; common side effects
include diarrhea, nausea, vomiting, rash,
and urticaria

* Efficacy rates and ranges and antimicrobial recommendations are based on the Infectious Diseases Society of America guidelines.?®*? Cure
rates should not necessarily be compared across agents, owing to differences among trials and varying local patterns of antimicrobial resis-
tance. TMP-SMX denotes trimethoprim-sulfamethoxazole. The costs of these antimicrobial agents vary considerably; in general, TMP-SMX
and ciprofloxacin are the least expensive, with nitrofurantoin and levofloxacin being relatively higher in cost and fosfomycin (nongeneric)
and the beta-lactam regimens shown here being the most expensive.

T This regimen presents no clear risk to the fetus, on the basis of studies in animals, humans, or both (pregnancy category B).

i Studies in animals have shown an adverse effect of this regimen on the fetus (pregnancy category C); use only if the potential benefit justi-
fies the potential risk to the fetus.
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drate macrocrystalline formulation is given twice
daily for 5 days, and it has a low propensity for
ecologic adverse effects.2® Despite concern about
the high prevalence of resistance to trimethoprim—
sulfamethoxazole, it remains very effective (with
an estimated overall clinical cure rate of 85% even
in regions where the prevalence of resistance is
30%?3%) and is inexpensive and well tolerated. Fos-
fomycin and pivmecillinam are also considered
first-line regimens owing to their low propensity
for ecologic adverse effects, even though they ap-
pear to be clinically inferior to trimethoprim—
sulfamethoxazole and fluoroquinolones.?®

N ENGL ) MED 366;11

NEJM.ORG

The choice of an antimicrobial agent should be
individualized on the basis of the patient’s allergy
and compliance history, local practice patterns, the
prevalence of resistance in the local community (if
known), availability, cost, and patient and provider
threshold for failure.?® If a first-line antimicrobial
agent is not a good choice on the basis of one or
more of these factors, fluoroquinolones or beta-
lactams are reasonable alternatives, although it is
preferable to minimize their use because of con-
cerns about ecologic adverse effects and, with re-
spect to beta-lactams, efficacy.?® Unfortunately,
U.S. surveys show that fluoroquinolones are the
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Table 3. Outpatient Empirical Treatment of Acute Uncomplicated Pyelonephritis.*

Antimicrobial Regimen

Fluoroquinolones: ciprofloxacin, 500 mg
given orally twice daily,: or 1 g (extended—
release) given orally once daily, for
7 days3; levofloxacin, 750 mg given
orally once daily for 5 days:

TMP-SMX, 160 mg and 800 mg orally twice
daily for 14 days3:

Efficacy

Clinical efficacy of ciprofloxacin, 500 mg given

orally twice daily for 7 days: 96% (some
patients were given an initial dose of intra-
venous ciprofloxacin)? clinical efficacy of
levofloxacin, 750 mg given orally or intrave-
nously once daily for 5 days: 86%; versus
ciprofloxacin, 400 mg given intravenously
or 500 mg orally twice daily for 10 days: 81%
(most subjects in both groups received
oral therapy)?°

Clinical efficacy: 83% (some patients were giv-

en an initial dose of intravenous ceftriaxone);
clinical efficacy: 92% if pathogen was sus-
ceptible E. coli strain vs. 35% if not suscep-
tible®®; inferior choice for empirical therapy
owing to high rates of resistance and corre-
sponding failure rates; highly effective if
strain is susceptible; E. coli resistance ex-
ceeds 20% in many areas of world, includ-
ing some areas of the United States

Oral beta-lactams (specific agents not listed Data are limited, but efficacy is inferior to that

in IDSA guidelines)?® for 10 to 14 days

of TMP-SMX and fluoroquinolones®32,
use only when other recommended agents
cannot be used

Comments

Oral fluoroquinolone is empirical drug of

choice; propensity for ecologic adverse
effects; common side effects include
nausea, vomiting, diarrhea, headache,
drowsiness, and insomnia

Probably fewer ecologic adverse effects than

with fluoroquinolones; only the 14-day regi-
men has been approved by FDA and rec-
ommended by IDSA guidelines,?® but 7-to-
10-day regimens are likely to be effective in
women when defervescence is rapid; com-
mon side effects include nausea, vomiting,
anorexia, rash, urticaria, hematologic com-
plications, and photosensitivity

Probably fewer ecologic adverse effects than

with parenteral broad-spectrum cephalo-
sporins; common side effects include diar-
rhea, nausea, vomiting, rash, and urticaria

* Efficacy rates and antimicrobial recommendations are based on the Infectious Diseases Society of America (IDSA) guidelines.?®*? FDA de-

notes Food and Drug Administration.

T If tolerance or resistance to the oral medication is a concern because the prevalence of resistance in the community exceeds 10% (fluoro-
quinolone) or is unknown (trimethoprim-sulfamethoxazole [TMP-SMX]), because exposure has occurred in the past 3 to 6 months, or be-

cause an oral beta-lactam is used, an initial intravenous dose of ceftriaxone, 1 g, or gentamicin, 5 to 7 mg per kilogram of body weight,

should be given. (If tolerance to oral fluoroquinolone is a concern, intravenous ciprofloxacin, 400 mg, can also be given.)
i Studies in animals have shown an adverse effect of this regimen on the fetus (pregnancy category C); use only if the potential benefit justi-

fies the potential risk to the fetus.

most commonly used antimicrobials for urinary
tract infection in the ambulatory setting.3*> Given
increasing antimicrobial resistance and the be-
nign nature of cystitis, antimicrobial-sparing man-
agement strategies are of increasing interest (e.g.,
antiinflammatory drugs or delayed treatment,
neither of which is in common clinical use).39:36:37

Pyelonephritis

Most episodes of acute uncomplicated pyelonephri-
tis are now treated in the outpatient setting.®24
Table 3 lists recommended outpatient empirical
treatment regimens.?®3° (For information about
inpatient treatment regimens, see Expanded Table
3 in the Supplementary Appendix, available with
the full text of this article at NEJM.org.) A urine
culture and susceptibility test should be performed
to guide treatment. Women should be admitted if
pyelonephritis is severe, if there is hemodynamic
instability or any complicating factor (e.g., diabe-
tes, renal stone, or pregnancy), if oral medications

are not tolerated, or if there is concern regarding
potential nonadherence to treatment.2? Empirical
treatment should have broad-spectrum in vitro ac-
tivity against likely uropathogens and be started
quickly to minimize progression. Fluoroquinolones
are the only oral antimicrobials recommended for
the outpatient empirical treatment of acute un-
complicated pyelonephritis.2®¢ When there is con-
cern about antimicrobial resistance or tolerance of
oral medications, one or more doses of a broad-
spectrum parenteral antimicrobial are recommend-
ed until in vitro activity can be assured.

Recurrent Cystitis

Urinary symptoms that persist or recur within a
week or two of treatment for uncomplicated cystitis
suggest infection with an antimicrobial-resistant
strain or, rarely, relapse. In such women, a urine
culture should be performed and treatment should
be initiated with a broader-spectrum antimicro-
bial agent, such as a fluoroquinolone. Episodes of
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Table 4. Strategies for Nonantimicrobial Prevention of Recurrent Acute Uncomplicated Cystitis.*

Strategy
Behavioral counseling

Recommend abstinence or reduction in frequency of intercourse

If spermicides are used, recommend changing to another method
for contraception or prevention of infection

Recommend that patient urinate soon after intercourse, drink
fluids liberally, not routinely delay urination, wipe front to
back after defecation, avoid tight-fitting underwear, avoid
douching

Biologic mediators

Cranberry juice, capsules or tablets

Comments

Sexual intercourse is the strongest risk factor for uncomplicated UTls;
often this behavioral strategy is not feasible

Spermicide use, including use of spermicide-coated condoms, is a
strong risk factor, especially if used with a diaphragm; spermi-
cides alter the vaginal flora and favor the colonization of uro-
pathogens

In case—control studies, none of these strategies have been shown
to be associated with a reduced risk of recurrent UTls, and none
have been studied prospectively; however, it is reasonable to
suggest them to the patient, since they pose a low risk and might
be effective

Biologic plausibility is based on the inhibition of uropathogen adher-
ence to uroepithelial cells; clinical data supporting a protective

Topical estrogen

Adhesion blockers (D-mannose, available in health-food stores
and online, is occasionally used as preventive therapy)

effect have been limited by design flaws*°; a recent randomized,
placebo-controlled trial showed no benefit from cranberry juice**

In some postmenopausal women, topical estrogen normalizes the
vaginal flora and reduces the risk of recurrent UTIs*?; oral estro-
gens are not effective

UTls caused by E. coli are initiated by adhesion of the bacteria to manno-
sylated receptors in the uroepithelium by means of FimH adhesin
located on type 1 pili; theoretically, mannosides could block adhe-
sion; however, D-mannose has not been evaluated in clinical trials

* Counseling about the pros and cons of these strategies is appropriate for women who have one or more recurrent UTIs or who have questions
about any of the strategies.
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cystitis that occur at least 1 month after success-
ful treatment of a urinary tract infection should
be treated with a first-line short-course regimen
(Table 2). If the recurrence is within 6 months,
one should consider a first-line drug other than
the one that was used originally, especially if tri-
methoprim—sulfamethoxazole was used, because
of the increased likelihood of resistance.??

The goal of long-term management of recurrent
cystitis should be to improve the quality of life
while minimizing antimicrobial exposure. Table
4 lists nonantimicrobial preventive strategies for
women who have recurrent cystitis.*°-42 Although
data supporting the effectiveness of these strate-
gies are sparse or nonexistent, they carry a low risk
of adverse effects and may be helpful. Antimicro-
bial prophylaxis (Table 5),4*-*> on the other hand,
has been shown to reduce the risk of recurrence by
approximately 95%12:24; however, such treatment
should be limited to women who have had three or
more urinary tract infections in the past 12 months
or two or more urinary tract infections in the past
6 months (at least one of which was confirmed by
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a positive culture) in whom nonantimicrobial strat-
egies have not been effective and who prefer pro-
phylactic antimicrobial therapy. The strategy of
self-diagnosis and self-treatment is a useful non-
preventive antimicrobial strategy for many wom-
en with recurrent cystitis (Table 5). Antimicrobial
management strategies should be assessed peri-
odically to determine whether they continue to
be appropriate.

Follow-up after Uncomplicated Cystitis

or Pyelonephritis

After treatment for uncomplicated cystitis or py-
elonephritis, a urine culture is unnecessary if symp-
toms have resolved, except in pregnant women
(for whom treatment of persistent asymptomatic
bacteriuria is recommended).#® In women with re-
current uncomplicated cystitis or pyelonephritis,
routine urologic evaluation (with the use of ultra-
sonography or computed tomography) has a low
diagnostic yield and is not recommended.t? How-
ever, it should be considered in women who have
persistent hematuria or multiple early recurrences
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Table 5. Strategies for Antimicrobial Management of Recurrent Acute Uncomplicated Cystitis.*

Strategy Comments
Self-diagnosis and self-treatment

First-line antimicrobial regimen is prescribed for future use;
patient is advised to take it at onset of UTI symptoms

This is not a preventive strategy. Women with previously diagnosed cystitis
can accurately self-diagnose subsequent cystitis in more than 85 to 95%
of cases and can successfully treat themselves*?; higher patient satisfac-
tion with this strategy than with traditional visits to provider for UTI
symptoms and less antimicrobial exposure than with continuous anti-
microbial prophylaxis; should be reserved for motivated women with
previous culture-confirmed cystitis who will comply with the treatment
regimen,; urine culture should be obtained periodically before treatment
to confirm presence of UTI and drug susceptibilities

Antimicrobial prophylaxis

Postcoital antimicrobial prophylaxis: single dose of antimicro-  In a placebo-controlled trial, the rate of recurrent cystitis with postcoital
bial agent as soon as feasible after intercourse TMP-SMX, 40 mg and 200 mg, was 0.3 episodes per patient-year, vs.
Nitrofurantoin, 50-100 mgz: 3.6 with placebo (a 92% reduction)*; can be used if UTls are temporally
TMP-SMX, 40 mg and 200 mg or 80 mg and 400 mg§ related to coitus; absence of bacteriuria should first be confirmed by
TMP, 100 mg§ negative results on urine culture; results in less antimicrobial exposure
Cephalexin, 250 mgi: than with continuous prophylaxis; fluoroquinolones (e.g., ciprofloxacin,
125 mg) are highly effective but are not recommended§

Continuous antimicrobial prophylaxis: daily bedtime dose Randomized, placebo-controlled trials have shown a reduction in cystitis
(except fosfomycin; see below) recurrences of approximately 95%; side effects are common (e.g., rash,

Nitrofurantoin, 50-100 mgi yeast vaginitis); absence of bacteriuria should first be confirmed by nega-

TMP-SMX, 40 mg and 200 mg (3 times weekly is also effective)§  tive results on urine culture; a 6-month trial is recommended, then treat-

TMP, 100 mg§ ment is discontinued and the patient observed; about 50% of patients

Cephalexin, 125-250 mgx: have a reversion to the previous pattern of recurrences of cystitis?*; if re-

Fosfomycin, 3-g sachet every 10 daysi*® currences continue, prophylaxis may be restarted; rare toxic effects of
long-term exposure to nitrofurantoin include pulmonary hypersensitivity,
chronic hepatitis, and peripheral neuropathy; fluoroquinolones (e.g.,
ciprofloxacin, 125 mg) are highly effective but not recommendedy; anti-
microbial resistance in colonizing strains or breakthrough infections are
reported in some studies

* The choice of antimicrobial agent should be based on the susceptibility pattern of the organism that caused the patient’s recent UTI and the
patient’s history of drug allergies.*?

T Patients with breakthrough infections should undergo culture testing to assess the drug susceptibility of the infecting uropathogen.

I This regimen presents no clear risk to the fetus, on the basis of studies in animals, humans, or both (pregnancy category B).

§ Studies in animals have shown an adverse effect of this regimen on the fetus (pregnancy category C); use only if the potential benefit justi-
fies the potential risk to the fetus.

of cystitis involving the same strain of bacteria.
In women with pyelonephritis who have severe or
worsening illness, persistent fever 48 to 72 hours
after the initiation of appropriate antimicrobial
treatment, or symptoms suggestive of a stone, ab-
scess, or obstruction, urologic evaluation should
be performed to rule out these latter abnormali-
ties. It is also reasonable to perform imaging
studies in women who have two or more recur-
rences of pyelonephritis.

AREAS OF UNCERTAINTY

Several areas of uncertainty warrant further inves-
tigation, including the ecologic adverse effects?®
and changes in gut microbiota*’ caused by spe-
cific antimicrobial agents, the presence of uro-
pathogen reservoirs in the bladder,*? the safety and

effectiveness of antimicrobial-sparing approaches
(e.g., antiinflammatory drugs or delayed treat-
ment)3%3%37 in managing urinary tract infections,
and the potential role of probiotics,*3° adhesion
blockers,>° and vaccines®! in preventing urinary
tract infections.

GUIDELINES

Recently, the IDSA updated its guidelines for the
use of antimicrobial treatment in acute uncom-
plicated cystitis and pyelonephritis in women.28
The recommendations in this article are largely
consistent with these guidelines. International con-
sensus guidelines for the management of uncom-
plicated urinary tract infection, which are similar
to the IDSA guidelines, have also been published
recently.>?
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CONCLUSIONS
AND RECOMMENDATIONS

The patient described in the vignette appears to
have recurrent cystitis on the basis of her symptoms
and history. A 3-day course of trimethoprim—
sulfamethoxazole is generally my choice of a first-
line empirical regimen for cystitis in women who
are not allergic to the medication, given that it is
inexpensive and effective and that there are no
reliable data in my community to suggest a high
prevalence of resistance. In this case, however, I
would prescribe a different first-line antimicrobial
agent, nitrofurantoin (5-day course), since the pa-
tient’s recent exposure to trimethoprim-sulfa-
methoxazole increases the likelihood that the cur-
rent infecting strain will be resistant to this agent.
I would also offer her a urinary analgesic (e.g.,
phenazopyridine [over-the-counter], three times
daily as needed) until her dysuria diminishes,
which often occurs within a few hours after the
start of antimicrobial therapy.>® An office visit is

not required for management, and there is no
need for a follow-up urine culture if her symp-
toms resolve.

The patient should be counseled concerning
nonantimicrobial preventive approaches that may
reduce the risk of recurrence (e.g., avoidance of
spermicides [as appropriate], urination soon after
intercourse, and liberal fluid intake) (Table 4); al-
though data on the efficacy of these measures are
mostly lacking, they pose little risk. If the patient
continues to have recurrences, self-diagnosis and
self-treatment with antimicrobial agents could be
considered, since this approach has been shown to
be an effective management strategy; other options
include postcoital antimicrobial prophylaxis and,
as a last resort, continuous antimicrobial prophy-
laxis.

Dr. Hooton reports receiving consulting fees from Pinnacle
Pharmaceuticals, Pfizer, and Alita Pharmaceuticals. No other
potential conflict of interest relevant to this article was re-
ported.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

REFERENCES

1. Schappert SM, Rechtsteiner EA. Ambu-
latory medical care utilization estimates for
2007. Vital Health Stat 2011;169:1-38.

2. Foxman B, Brown P. Epidemiology of
urinary tract infections: transmission and
risk factors, incidence, and costs. Infect
Dis Clin North Am 2003;17:227-41.

3. Hooton TM, Scholes D, Hughes JP, et
al. A prospective study of risk factors for
symptomatic urinary tract infection in
young women. N EnglJ Med 1996;335:468-
74.

4. Jackson SL, Boyko EJ, Scholes D,
Abraham L, Gupta K, Fihn SD. Predictors
of urinary tract infection after menopause:
a prospective study. Am ] Med 2004;117:
903-11.

5. Foxman B, Gillespie B, Koopman J, et
al. Risk factors for second urinary tract
infection among college women. Am J
Epidemiol 2000;151:1194-205.

6. Czaja CA, Stamm WE, Stapleton AE,
et al. Prospective cohort study of micro-
bial and inflammatory events immedi-
ately preceding Escherichia coli recurrent
urinary tract infection in women. J Infect
Dis 2009;200:528-36.

7. lkidheimo R, Siitonen A, Heiskanen T,
et al. Recurrence of urinary tract infection
in a primary care setting: analysis of a
1-year follow-up of 179 women. Clin In-
fect Dis 1996;22:91-9.

8. Czaja CA, Scholes D, Hooton TM,
Stamm WE. Population-based epidemio-
logic analysis of acute pyelonephritis.
Clin Infect Dis 2007;45:273-80.

9. Johansen TEB, Botto H, Cek M, et al.
Critical review of current definitions of
urinary tract infections and proposal of an
EAUJESIU classification system. Int ] An-
timicrob Agents 2011;38:Suppl:64-70.

10. Johnson JR. Microbial virulence deter-
minants and the pathogenesis of urinary
tract infection. Infect Dis Clin North Am
2003;17:261-78.

11. Nielubowicz GR, Mobley HL. Host-
pathogen interactions in urinary tract in-
fection. Nat Rev Urol 2010;7:430-41.

12. Hooton TM. Recurrent urinary tract
infection in women. Int J Antimicrob
Agents 2001;17:259-68.

13. Mulvey MA, Schilling JD, Martinez JJ,
Hultgren §J. Bad bugs and beleaguered
bladders: interplay between uropathogenic
Escherichia coli and innate host defenses.
Proc Natl Acad Sci U S A 2000;97:8829-35.
14. Rosen DA, Hooton TM, Stamm WE,
Humphrey PA, Hultgren SJ. Detection of
intracellular bacterial communities in hu-
man urinary tract infection. PLoS Med
2007;4(12):e329.

15. Scholes D, Hooton TM, Roberts PL,
Gupta K, Stapleton AE, Stamm WE. Risk
factors associated with acute pyelonephri-
tis in healthy women. Ann Intern Med
2005;142:20-7.

16. Scholes D, Hooton TM, Roberts PL,
Stapleton AE, Gupta K, Stamm WE. Risk
factors for recurrent urinary tract infec-
tion in young women. J Infect Dis 2000;
182:1177-82.

17. Scholes D, Hawn TR, Roberts PL, et al.

Family history and risk of recurrent cysti-
tis and pyelonephritis in women. J Urol
2010;184:564-9.

18. Lundstedt AC, Leijonhufvud I, Rag-
narsdottir B, Karpman D, Andersson B,
Svanborg C. Inherited susceptibility to
acute pyelonephritis: a family study of
urinary tract infection. J Infect Dis 2007;
195:1227-34.

19. Stamm WE, Hooton TM. Manage-
ment of urinary tract infections in adults.
N EnglJ Med 1993;329:1328-34.

20. Bent S, Nallamothu BK, Simel DL,
Fihn SD, Saint S. Does this woman have
an acute uncomplicated urinary tract in-
fection? JAMA 2002;287:2701-10.

21. Hurlbut TA III, Littenberg B. The di-
agnostic accuracy of rapid dipstick tests
to predict urinary tract infection. Am J
Clin Pathol 1991;96:582-8.

22. Hooton TM. The current management
strategies for community-acquired uri-
nary tract infection. Infect Dis Clin North
Am 2003;17:303-32.

23. Stamm WE, Counts GW, Running
KR, Fihn S, Turck M, Holmes KK. Diagno-
sis of coliform infection in acutely dysuric
women. N Engl ] Med 1982;307:463-8.

24. Nicolle LE. Uncomplicated urinary
tract infection in adults including uncom-
plicated pyelonephritis. Urol Clin North
Am 2008;35:1-12.

25. Christiaens TC, De Meyere M, Ver-
schraegen G, Peersman W, Heytens S, De
Maeseneer JM. Randomised controlled
trial of nitrofurantoin versus placebo in

N ENGLJ MED 366;11 NEJM.ORG MARCH 15, 2012

The New England Journal of Medicine

Downloaded from negim.org by LUIGI GRECO on November 22, 2015. For personal use only. No other uses without permission.

Copyright © 2012 Massachusetts Medical Society. All rights reserved.



the treatment of uncomplicated urinary
tract infection in adult women. Br ] Gen
Pract 2002;52:729-34.

26. Ferry SA, Holm SE, Stenlund H, Lund-
holm R, Monsen TJ. Clinical and bacterio-
logical outcome of different doses and
duration of pivmecillinam compared with
placebo therapy of uncomplicated lower
urinary tract infection in women: the
LUTIW project. Scand J Prim Health Care
2007;25:49-57.

27. Foxman B, Frerichs RR. Epidemiology
of urinary tract infection: 1. Diaphragm
use and sexual intercourse. Am ] Public
Health 1985;75:1308-13.

28. Gupta K, Hooton TM, Naber KG, et al.
International clinical practice guidelines
for the treatment of acute uncomplicated
cystitis and pyelonephritis in women: a
2010 update by the Infectious Diseases So-
ciety of America and the European Society
for Microbiology and Infectious Diseases.
Clin Infect Dis 2011;52(5):e103-¢120.

29. Meier S, Weber R, Zbinden R, Ruef C,
Hasse B. Extended-spectrum B-lactamase-
producing Gram-negative pathogens in
community-acquired urinary tract infec-
tions: an increasing challenge for antimi-
crobial therapy. Infection 2011;39:333-40.
30. Nicolle LE. Update in adult urinary
tract infection. Curr Infect Dis Rep 2011;
13:552-60.

31. Falagas ME, Kastoris AC, Kapaskelis
AM, Karageorgopoulos DE. Fosfomycin
for the treatment of multidrug-resistant,
including extended-spectrum beta-lac-
tamase producing, Enterobacteriaceae in-
fections: a systematic review. Lancet Infect
Dis 2010510:43-50.

32. Warren JW, Abrutyn E, Hebel JR,
Johnson JR, Schaeffer AJ, Stamm WE.
Guidelines for antimicrobial treatment of
uncomplicated acute bacterial cystitis and
acute pyelonephritis in women. Clin In-
fect Dis 1999;29:745-58.

33. Katchman EA, Milo G, Paul M, Chris-
tiaens T, Baerheim A, Leibovici L. Three-
day vs longer duration of antibiotic treat-
ment for cystitis in women: systematic
review and meta-analysis. Am ] Med 2005;
118:1196-207.

CLINICAL PRACTICE

34. Gupta K, Hooton TM, Stamm WE. In-
creasing antimicrobial resistance and the
management of uncomplicated commu-
nity-acquired urinary tract infections.
Ann Intern Med 2001;135:41-50.

35. Kallen AJ, Welch HG, Sirovich BE.
Current antibiotic therapy for isolated uri-
nary tract infections in women. Arch In-
tern Med 2006;166:635-9.

36. Foxman B. The epidemiology of urinary
tract infection. Nat Rev Urol 2010;7:653-60.
37. Bleidorn J, Gdgyor I, Kochen MM,
Wegscheider K, Hummers-Pradier E. Symp-
tomatic treatment (ibuprofen) or antibiotics
(ciprofloxacin) for uncomplicated urinary
tract infection? — results of a randomized
controlled pilot trial. BMC Med 2010;8:30.
38. Talen DA, Stamm WE, Hooton TM, et
al. Comparison of ciprofloxacin (7 days)
and trimethoprim-sulfamethoxazole (14
days) for acute uncomplicated pyelone-
phritis in women: a randomized trial.
JAMA 2000;283:1583-90.

39. Klausner HA, Brown D, Peterson J, et al.
A trial of levofloxacin 750 mg once daily
for 5 days versus ciprofloxacin 400 mg
and/or 500 mg twice daily for 10 days in
the treatment of acute pyelonephritis.
Curr Med Res Opin 2007;23:2637-45.

40. Jepson RG, Craig JC. Cranberries for
preventing urinary tract infections. Coch-
rane Database Syst Rev 2008;1:CD001321.
41. Barbosa-Cesnik C, Brown MB, Buxton
M, Zhang L, DeBusscher J, Foxman B.
Cranberry juice fails to prevent recurrent
urinary tract infection: results from a ran-
domized placebo-controlled trial. Clin
Infect Dis 2011;52:23-30.

42. Raz R, Stamm WE. A controlled trial
of intravaginal estriol in postmenopausal
women with recurrent urinary tract infec-
tions. N Engl ] Med 1993;329:753-6.

43. Gupta K, Hooton TM, Roberts PL,
Stamm WE. Patient-initiated treatment of
uncomplicated recurrent urinary tract in-
fections in young women. Ann Intern
Med 2001;135:9-16.

44, Stapleton A, Latham RH, Johnson C,
Stamm WE. Postcoital antimicrobial
prophylaxis for recurrent urinary tract
infection: a randomized, double-blind,

placebo-controlled trial. JAMA 1990;264:
703-6.

45. Rudenko N, Dorofeyev A. Prevention of
recurrent lower urinary tract infections by
long-term administration of fosfomycin
trometamol: double blind, randomized,
parallel group, placebo controlled study.
Arzneimittelforschung 2005;55:420-7.

46. Nicolle LE, Bradley S, Colgan R, Rice
JC, Schaeffer A, Hooton TM. Infectious
Diseases Society of America guidelines
for the diagnosis and treatment of asymp-
tomatic bacteriuria in adults. Clin Infect
Dis 2005;40:643-54. [Erratum, Clin Infect
Dis 2005;40:1556.]

47. Dethlefsen L, Huse S, Sogin ML, Rel-
man DA. The pervasive effects of an anti-
biotic on the human gut microbiota, as
revealed by deep 16S rRNA sequencing.
PLoS Biol 2008;6(11):e280.

48. Barrons R, Tassone D. Use of Lactoba-
cillus probiotics for bacterial genitouri-
nary infections in women: a review. Clin
Ther 2008;30:453-68.

49. Stapleton AE, Au-Yeung M, Hooton
TM, et al. Randomized, placebo-controlled
phase 2 trial of a Lactobacillus crispatus pro-
biotic given intravaginally for prevention
of recurrent urinary tract infection. Clin
Infect Dis 2011;52:1212-7.

50. Wellens A, Garofalo C, Nguyen H, et
al. Intervening with urinary tract infec-
tions using anti-adhesives based on the
crystal structure of the FimH-oligoman-
nose-3 complex. PLoS One 2008;3(4):e2040.
51. Sivick KE, Mobley HLT. Waging war
against uropathogenic Escherichia coli: win-
ning back the urinary tract. Infect Immun
20105;78:568-85.

52. Wagenlehner FM, Hoyme U, Kaase M,
Fiinfstiick R, Naber KG, Schmiemann G.
Uncomplicated urinary tract infections.
Dtsch Arztebl Int 2011;108:415-23.

53. Klimberg 1, Shockey G, Ellison H, et
al. Time to symptom relief for uncompli-
cated urinary tract infection treated with
extended-release ciprofloxacin: a prospec-
tive, open-label, uncontrolled primary care
study. Curr Med Res Opin 2005;21:1241-
50.

Copyright © 2012 Massachusetts Medical Society.

RECEIVE THE jOURNALYS TABLE OF CONTENTS EACH WEEK BY E-MAIL

To receive the table of contents of the Journal by e-mail
every Wednesday evening, sign up at NEJM.org.

N ENGL ) MED 366;11

Downloaded from negim.org by LUIGI GRECO on November 22, 2015. For personal use only. No other uses without permission.

NEJM.ORG ~MARCH 15, 2012

The New England Journal of Medicine

Copyright © 2012 Massachusetts Medical Society. All rights reserved.

1037



