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KEY POINTS

o Differentiating urinary tract infection (UTI) from asymptomatic bacteriuria (ASB) helps
health care providers avoid harming older adults with inappropriate antibiotic therapy.

e Testing for UTI should be ordered only when suggestive clinical symptoms are present
because laboratory tests alone cannot differentiate ASB from infection.

e The role of testing for UTl is primarily to exclude the diagnosis. With rare exceptions, treat-
ment of UTI should not be given when a patient has a negative urinalysis or urine culture.

e In a clinically stable older adult without genitourinary tract symptoms, active monitoring
and oral hydration may obviate antibiotic use.

INTRODUCTION

Urinary tract infections (UTIs) are responsible for an estimated 7 million office visits, 1
million emergency room visits, and 100,000 hospitalizations each year, accounting
for some 25% of all infections in geriatric patients. Health care providers often confuse
asymptomatic bacteriuria (ASB), defined as bacteria in the urine without any symptoms,
with UTI, and unnecessary antibiotic treatment of ASB in older adults is common.? Inthe
United States, the prevalence of antimicrobial resistance in urinary organisms in the
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community is increasing, including in older adults.®>= In nursing home settings, coloni-
zation with multidrug-resistant organisms (MDROs) is high, and these organisms
spread to other settings along with the colonized patients.® Multidrug-resistant bacteria
implicated in UTls include extended-spectrum beta-lactamase (ESBL)-producing or-
ganisms, carbapenem-resistant Enterobacteriaceae, and now colistin-resistant
gram-negative bagilli.”~® At the same time, the severe and sometimes life-threatening
adverse events associated with commonly prescribed antibiotics increasingly recog-
nize.'® These trends highlight the need for a renewed emphasis on antimicrobial stew-
ardship in the treatment of UTls, which includes increased recognition of ASB.

Confusion about several key issues complicates the approach to the spectrum of
syndromes included in the broad category of UTI. Particularly among older adults,
these issues include:

Poorly defined clinical criteria to diagnose UTls

Reliance on laboratory criteria rather than clinical symptoms to define infection
Limited guidance regarding the use and interpretation of diagnostic tests
Challenges for selecting empiric antimicrobial therapy

Difficulty distinguishing ASB from UTI, particularly in older adults with dementia
Increased risk of adverse events and drug interactions related to antibiotic use.

This article summarizes the epidemiology, microbiology, and pathogenesis of UTl in
older adults; provides clinically applicable definitions; discusses the approach to diag-
nostic testing for UTls in this population; and offers guidance regarding optimal treat-
ment of UTIs in elderly patients when treatment is indicated. UTI in the older adult is
framed as a diagnosis of exclusion throughout. Much of inappropriate antibiotic pre-
scribing for UTls comes from diagnoses based on nonspecific findings, such as leuko-
cytosis, weakness, and malaise.'! Given that the risk of harm in delaying UTI treatment
in clinically stable patients is low,'? in general, the risk-benefit balance favors a
cautious approach to diagnosing and prescribing antibiotics for UTls in the absence
of localizing signs and symptoms.

EPIDEMIOLOGY, MICROBIOLOGY, AND PATHOGENESIS OF URINARY TRACT
INFECTIONS
Epidemiology

Among patients older than 65 years, UTIs cause 15.5% of hospitalizations and 6.2% of
deaths attributable to an infectious disease.'® UTls are the most common type of
infection among institutionalized adults and make up more than one-third of all infec-
tions in this population.’# ' Estimates suggest the overall incidence of UTls in elderly
men and women is in the range of 1 infection per 14 to 20 person-years (0.05-0.07 in-
fections per person-year).'®'” These estimates, however, are based on administrative
data that are limited by variations in what the practitioners considered to be a UTI.

Increasing age is itself a risk factor for UTls. This risk is likely multifactorial, with
increasing rates of urinary incontinence and urinary retention, hospitalizations and
accompanying urinary catheterizations, long-term medical institutionalization, and im-
mune senescence all contributing. Potentially modifiable factors contributing to UTls
include anatomic abnormalities of the urinary tract, particularly those that produce in-
continence or urinary retention (eg, prostatic hyperplasia), uncontrolled diabetes mel-
litus, treatment with the sodium-glucose cotransporter 2 inhibitors (eg, canagliflozin
and dapagliflozin), vaginal atrophy in postmenopausal women, sexual intercourse,
which is a risk factor for both men and women, and, most critically in the elderly pop-
ulation, urinary catheterization.®24
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Microbiology

Epidemiologic surveillance of outpatient urine cultures offers important insights into
the changing prevalence and antibiotic susceptibilities of specific uropathogens.
Among patients older than 65 years with uncomplicated cystitis, Escherichia coli re-
mains the predominant pathogen, causing nearly two-thirds of cases, followed by
Klebsiella oxytoca (~15% of cases), and Proteus mirabilis (~7% of cases). Taken
together, gram-negative bacteria are present in more than 90% of cases of cystitis
in older adults.* The microbiology of catheter-associated UTI (CAUTI) is more much
diverse. In a review of multicenter data on CAUTIs reported to the National Healthcare
Safety Network between 2011 and 2014, E coli was still the most common pathogen
but made up only 23.9% of cases, whereas rates of Candida spp (17.8%), Entero-
coccus spp (13.8%), and Pseudomonas aeruginosa (10.3%) were significantly higher
than those reported in uncatheterized patients.?®

Colonization and infection with antibiotic-resistant bacteria increases with age,
though the degree to which resistance increases varies by antibiotic class, likely
reflecting variation in rates of antibiotic prescribing. For example, among female out-
patients in 2012, susceptibility to ceftriaxone among urinary isolates was similar be-
tween girls aged 0 to 17 and women older than 65 years (83.4% and 84.3%),
whereas for ciprofloxacin the rates of susceptibility dropped from 95.4% to 75% be-
tween those groups.*2° A limitation to these surveillance data is that, in the outpatient
setting, a significant proportion of women may receive treatment of cystitis without a
urine culture. Consequently, antimicrobial resistance patterns in the community may
differ somewhat from the results based on surveillance data.?’ In the case of older
adults with UTI, particular attention should be paid to any history of colonization or
infection (including infections other than UTIls) with MDROs, as well the patient’s his-
tory of antibiotic exposure (ie, which antibiotics the patient received in the past several
months). Both prior carriage of MDROs and prior receipt of antimicrobials, the latter
producing selective pressure for MDROs, are risk factors for infections with resistant
bacteria. Special attention should also be paid to the local susceptibilities of E colfi,
which is responsible for most infections in uncatheterized patients. The resistance
profile of E coli in the community, which providers may assess using their local antibio-
gram, will help inform the selection of antibiotics likely to be effective when empiric
treatment of UTls is necessary.

Pathogenesis

Several recent genomic sequencing-based studies of human urine demonstrate that
the urinary tract is not sterile even when urine cultures are negative; instead, the
healthy urinary tract is host to a unique community of bacteria and viruses.?®-°0
Notably, the bladder microbiome of patients with ASB is ecologically distinct from
that of healthy patients with negative cultures.®' Disruption of the urinary microbiota
correlates with several genitourinary diseases, including urinary urgency and inconti-
nence, chronic prostatitis, and symptom flares in chronic pelvic pain.32-34

The urinary microbiota may also mediate susceptibility to UTIs.*>3¢ In theory, con-
stituents of the healthy urinary microbiome may play a role in preventing UTls by occu-
pying attachment sites at the genitourinary epithelium, competing for limited nutrients,
and limiting the proliferation of uropathogens via bacteriophage infection. Persistent
urinary dysbiosis may compromise host defenses and lead to recurrent UTls much
in the same way that persistent disruption of intestinal microbiota predispose people
to recurrence of Clostridium difficile infections. This model challenges the assumption
that ASB is necessarily a prelude to symptomatic UTI and further suggests a role for
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nonantibiotic approaches to managing recurrent UTI. So far, probiotic supplementa-
tion has not shown consistent benefit in preventing UTls, though the quantity and
quality of evidence is limited.®”

Bacterial adhesion to the uroepithelium is a critical step in the pathogenesis of UTIs
and thus a potential drug target. Cranberry proanthocyanidins inhibit adherence of E
coli P-fimbria to uroepithelial cells and have provoked a longstanding interest in the
use of various cranberry products for the prevention of UTI. However, multiple inves-
tigations on this topic have failed to show a consistent and clinically relevant benefit of
cranberries in UTI prevention, and a recent randomized controlled trial showed no
benefit of cranberry supplementation in preventing pyuria plus bacteriuria among
older women in a nursing home setting.%8-3°

Urinary catheters, the most important risk factor for UTls, function as portals for
bacteria that are not part of the healthy urinary microbiome to enter the urinary
tract. The catheter serves as a pathway for bacterial immigration into the ecological
niche of the bladder such that bacterial colonization is ubiquitous in catheterized in-
dividuals. Although antibiotics can render the urine temporarily sterile, colonization
invariably recurs days after antibiotic cessation. Because a persistently sterile urine
culture is not a realistic goal for the patient with an indwelling urinary catheter,
attempting to eliminate bacteriuria in such a patient with repeated antibiotic pre-
scription merely selects for antibiotic-resistant organisms that may cause the pa-
tient future harm.*©

DEFINING CLINICAL AND LABORATORY CRITERIA FOR URINARY TRACT INFECTION

As a clinical descriptor, UTI encompasses several clinical syndromes, including
cystitis, pyelonephritis, and renal or perinephric abscess. Any of these conditions
may be accompanied by systemic illness, including bacteremia and sepsis, and any
of them can occur in the context of urinary catheterization, referred to as CAUTI. Pro-
viders’ diagnostic uncertainty in differentiating UTI from ASB contributes to antibiotic
overprescribing, and bacteriuria is a risk factor for both receipt of antibiotics for UTI
and isolation of multidrug-resistant gram-negative rods in the urine of nursing home
residents.*"%2 The authors propose definitions for ASB, which is generally not a clin-
ical condition that merits treatment in older adults, and for the spectrum of conditions
that comprise UTI. These definitions are used to differentiate older adults who are
likely to benefit from receiving antibiotics from those who are not (Fig. 1). Note that
this figure is intended to be used in clinical diagnosis and management of UTI. This
criteria for UTI differs from the revised McGeer criteria, which are intended for surveil-
lance for UTI in long-term care.*®

ASB is defined as the presence of bacteria in the urine, with or without pyuria, in the
absence of clinical symptoms indicating a UTI. ASB is common in older adults; in 1
study of nursing home residents, 25% to 50% of subjects had bacteriuria at any given
time.** After adjusting for other comorbidities, older adults with ASB do not experi-
ence increases in mortality.2“° Antibiotics administered for ASB do not reduce the
rates of subsequent complication and perversely, may increase the risk for a subse-
quent symptomatic UTI.“® Furthermore, unnecessary antibiotic treatment is associ-
ated with acquisition of drug-resistant pathogens, C difficile infection, and other
drug-related adverse events.*®*® Guidelines from the Infectious Diseases Society
of America recommend treating ASB only in pregnant women or immediately before
a urologic procedure likely to involve mucosal injury.?

UTls are defined by 3 components. First, the patient should have clinical symp-
toms suggesting infection of the urinary tract. In older adults, accepted clinical
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Does the patient have clinical signs of a UTI?
* Localizing urinary symptoms?
OR No No UTI
* Nonlocalizing symptoms® AND no Investigate for other potential
symptoms suggesting infection at another causes of the patient’s symptoms
site (eg pneumonia)
Y Clinical condition improved,
€s alternate diagnosis found,
< "\ No® or urine culture negative’
send a urinalysis with reflex to culture if pyuria
is present .
Possible UTI
Does the patient have pyuria?© * Institute active monitoring without
\ 4 antibiotics: oral hydration, assess for
pain & other symptoms
es > . nvestigate other potential causes o
Y | i h ial f
the patient’s symptoms
4 Does the patient need emniric Y * Follow the results of urine cultures
antim’i)crobial thera ?p No and the patient’s clinical course over
) - ) py: the next 48 h
* Patient has localizing urinary symptoms?
OR
L. Patient is clinically unstable? y Clinical condition begins to
deteriorate or is unchanged at
l Yes 48 h with no alternate diagnosis

Probable or Definite UTI

* Administer empiric antibiotics and adjust antibiotics based on urine cultures
* If urine cultures are negative,’ stop antibiotics and investigate for other potential causes of the
patient’s symptoms

Fig. 1. Algorithmic approach to diagnosing ASB and possible, probable, or definite UTI.
@ Dysuria, frequency, suprapubic pain, gross hematuria, costovertebral angle tenderness,
or new or worsening urgency or urinary incontinence. P Fever, rigors, or clear-cut delirium.
¢ Greater than 10 white blood cells per high-powered field on microscopy or positive leuko-
cyte esterase. 9 Fever, sepsis or acute illness requiring care within an intensive care unit. ¢ UTI
can still be considered in patients with neutropenia or other conditions that might cause the
absence of pyuria. f Urine cultures may be negative if obtained after the patient has
received antibiotics; in such cases, stop antibiotics given specifically for UTI if the patient’s
clinical condition is not improving.

criteria include dysuria alone or fever accompanied by frequency, suprapubic pain,
gross hematuria, costovertebral angle tenderness, or new or worsening urgency or
urinary incontinence.*® For those with an indwelling urinary catheter or who had 1
removed in the previous 48 hours, fever, rigors, or delirium alone (all of which are
nonspecific); or new costovertebral tenderness, may herald a CAUTIL.*® Note that
the revised McGeer criteria for UTI, which were developed for epidemiologic surveil-
lance of UT], differ slightly in their definitions for UTI and CAUTI (eg, leukocytosis and
acute functional decline with no alternate diagnosis in the criteria for CAUTI) than the
criteria we propose, which are intended to guide antibiotic prescribing in clinical
practice.

Determining whether a change in behavior or mental status is present can be partic-
ularly challenging, as evinced by documentation of interobserver variability among
nursing home staff for these criteria in 5 nursing homes.*° Fortunately, dysuria was
identified reliably. The presence of dysuria appears to be among strongest predictors
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of bacteriuria plus pyuria in nursing home residents, and new dysuria is the most help-
ful clinical finding in identifying UTI in older adults.®"->2

Other signs and symptoms can be misleading and are often misinterpreted as an
indication for urinary testing. Falls are often considered a reason to test a nursing
home resident for UTI, but the association of falls and UTl is controversial. A prospec-
tive study in these same 5 nursing homes included 397 suspected episodes of UTl and
did not find an association between falls and the presence of bacteriuria plus pyuria.>®
Urine turbidity, sediment color, and odor do not reliably correlate with the presence of
infection and are not in themselves symptoms of UTI; they are, however, associated
with antibiotic overprescribing.®*°® Such changes in urine may suggest a need for
increased oral hydration, reflecting a decreased thirst response in older adults, or
may be due to their medications (eg, multivitamins) or diet (eg, asparagus).

Second, laboratory evidence should demonstrate both pyuria and bacteriuria.
Pyuria, which indicates an inflammatory reaction in the urinary tract, is generally
defined as a positive leukocyte esterase on urine dipstick or greater than or equal
to 10 white blood cells per high-powered field (WBCs/HPF), a threshold selected
based on offering a negative predictive value for urine culture positivity and clinical
UTIL.®” The accepted criteria for bacteriuria is at least 105 colony-forming units
(CFUs) per 1 mL of a single organism in the urine of an uncatheterized patient or
103 CFU/mL greater than or equal to 1 bacterial species in the urine of a catheter-
ized patient.?2*

Laboratory testing is primarily useful for excluding UTls. Pyuria is sensitive but not
specific for UTI, particularly among catheterized patients in whom its presence is ubig-
uitous. Reliance on pyuria alone for the diagnosis of UTI would lead to widespread
antibiotic overtreatment, particularly because pyuria accompanies ASB.?°® Indeed,
CAUTI is overdiagnosed, with retrospective studies showing that only 30% to 50% pa-
tients given the clinical diagnosis of CAUTI meet standardized criteria for CAUTI treat-
ment.%° Studies of the diagnostic value of the urinalysis for UTI have shown that it is an
effective rule-out test but that poor specificity limits its value in ruling in UTI.5%6 In this
regard, the clinical utility of the urinalysis for diagnosing UTI is akin to that of the
D-dimer for the diagnosis of a pulmonary embolism; a negative result is of great value
for patients with all but the highest pretest probabilities of disease, whereas a positive
result is necessary but not sufficient to establish the diagnosis.

Finally, the authors define UTI as a diagnosis that can only be made after a thorough
search for other causes to explain the patient’s symptoms and laboratory findings.
This third criterion intends to avoid delays in appropriate therapy due to premature
diagnosis of UTl and diagnostic closure. This is particularly relevant for older
adults, in whom symptoms attributed to UTI are often not specific to the urinary tract
(eg, fever, lethargy and confusion) and may belie infection at another site (eg, pneu-
monia), systemic infection (eg, influenza), or another cause entirely (eg, heart failure
exacerbation).

The clinical presentation of UTI in older adults varies. In a multicenter evaluation of
clinical features of UTI in nursing home patients, dysuria and change in mentation were
2 of the most frequently identified characteristics, with the important limitation that in
this study UTI was defined by bacteriuria and pyuria alone, without consideration of
clinical symptoms.®! Factors that may complicate the diagnostic impression include
urinary catheterization (which can obscure symptoms such as urinary frequency, ur-
gency, or dysuria), baseline urologic comorbidities producing chronic urinary urgency
or frequency, and a higher incidence of baseline cognitive impairments (ie, dementia)
that can prevent the patient from effectively conveying their symptoms to the provider.
In such cases, a careful history from caregivers, thorough physical examination of
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the patient, and prudent laboratory testing may help differentiate UTI from other
conditions.

For older adults especially, specific and clear criteria to diagnose UTls are critical.
First, recognition of ASB reduces unnecessary antibiotic exposure in a population
rendered vulnerable to adverse drug events by comorbid conditions and polyphar-
macy.®? Second, attributing clinical changes to a UTI without consideration of alterna-
tive diagnoses risks patient harm by delaying recognition and response to other
medical problems. For example, a hursing home resident with a chronic indwelling uri-
nary catheter who develops an acute change in mental status may be diagnosed with
a UTI based on a urine dipstick showing pyuria. Providers may reflexively prescribe
antibiotics, without considering other reasons for a clinical change, such as an acute
cardiac event or ischemic stroke. This may delay appropriate interventions and lead to
patient harm. Recognizing the high prevalence of ASB and the potential for misdiag-
nosis of UTIs based on laboratory findings, both The Society for Post-Acute Care and
Long-Term Care Medicine and the American Geriatrics Society caution against
ordering urine cultures in patients without urinary symptoms.5%-64

QUALITY AND INTERPRETATION OF URINE SPECIMEN COLLECTION

Obtaining an adequate quality urine sample is frequently the first major barrier to
appropriately diagnosing UTI in older adults. Guidelines specific to long-term care
residents recommend collecting a midstream clean-catch urine specimen for urine
studies.®® In reality, such a collection is an often laborious process requiring the pa-
tient to possess not only urinary continence but a degree of cognition, coordination,
and mobility that many older adults, particularly those who are institutionalized, may
lack. For patients who cannot provide such a specimen, recommendations are to
place an external condom catheter in men or perform in-out urinary catheterization
in women, which can cause significant discomfort. Staff collecting urine specimens
may use approaches that are not recommended by guidelines, such as obtaining
the urine from a chronic urinary catheter or urine collection bag, both of which
become contaminated with bacteria within hours of urinary catheter placement.?
Finally, the person who interprets the results of urine studies may or may not be
the same person who ordered the tests and is most certainly not the person who
collected the sample.

Clinical symptoms that localize to the genitourinary tract should prompt testing urine
for possible infection (see Fig. 1). In such patients, the diagnostic test of choice is a
urinalysis with reflex to urine culture for specimens with pyuria (>10 WBCs/HPF or
positive leukocyte esterase). The urinalysis has a negative predictive value for growth
of bacteria in urine culture approaching 100%.%° In patients who lack pyuria, attention
should be turned away from UTl and toward other diagnostic considerations, except in
rare cases in which neutropenia or other conditions may prevent pyuria. This algo-
rithmic approach combining the urinalysis and urine culture offers both excellent
sensitivity and specificity for UTI, with the reflex criteria averting inappropriate urine
culture orders, a primary driver of unnecessary antibiotic prescription in patients
with ASB.5657

Because of older patients’ higher burden of comorbidity and consequent risk of
adverse events due to antibiotic therapy, we recommend active monitoring without
antibiotics for older adults with possible UTI symptoms who are clinically stable (ie,
no evidence of sepsis) until the results of the urinalysis and reflex culture are available.
Active monitoring includes frequent assessment of vital signs for early detection of
sepsis, parameters for hydration, and criteria for notifying the physician or other
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provider if the patient’s condition worsens.®’ If a patient spontaneously improves while
waiting for the results of urine tests, a positive urine culture likely reflects ASB and the
provider should consider other reasons for the patient’s symptoms. If the patient de-
teriorates during a period of active monitoring, then providers should consider empiric
antibiotic therapy until culture results become available or, depending on the clinical
symptoms, consider other diagnoses. Order sets that support monitoring off antibi-
otics can help standardize active monitoring interventions.®” When it is necessary to
start antibiotics before culture results are known, facility antibiograms should inform
selection of empiric treatment, if available.

Urine cultures should not be obtained in older adults unless clinical symptoms sug-
gest a UTI and the accompanying urinalysis demonstrates pyuria (or the patient is
neutropenic). Inappropriate ordering of urine cultures is harmful because, just as
with a urinalysis, a urine culture does not distinguish between UTI and ASB. Detec-
tion of bacteriuria may lead to inappropriate antibiotic therapy, particularly when the
patient has a peripheral leukocytosis or when the urine is colonized by a typical or
multidrug-resistant uropathogen.’" In older adults with both pyuria and clinical symp-
toms consistent with a UTI, obtaining a urine culture permits selecting antibiotics
informed by microbiological results. Especially for older adults, we recommend
against prescribing antibiotics for UTls without first obtaining urine cultures to guide
the choice of agent because the presence of antibiotic-resistant bacteria increases
with age.*

TREATMENT OF URINARY TRACT INFECTIONS

For patients with a UTI, antibiotics provide symptomatic relief and may help prevent
complications such as pyelonephritis, perinephric abscess, and bacteremia. The
2010 Infectious Diseases Society of America guidelines recommend 4 agents for
the treatment of uncomplicated cystitis in women: nitrofurantoin; fosfomycin; pivme-
cillinam; and, where resistance rates are less than 20%, trimethoprim-sulfamethoxa-
zole.®® No recommendations have been made for UTI in men or empiric treatment of
complicated UTI. However, when choosing empiric treatment in these settings, the
provider should refer to the results of prior urine cultures. A study done in predomi-
nantly older men with UTI caused by MDROs found that prior urine culture results,
even those collected as long ago as 2 years from the index case, were useful at pre-
dicting the causative pathogen and its susceptibilities.®®

Currently, pivmecillinam is not available in the Unites States. Resistance to
trimethoprim-sulfamethoxazole now exceeds 20% nationally among common uro-
pathogens in older adults, emphasizing the importance of local antibiogram data in
determining whether this agent remains an appropriate empiric agent in a provider’s
region of practice.* Nitrofurantoin is well-tolerated, and susceptibility of uropathogens
to this agent remains high in older adults. However, nitrofurantoin achieves poor levels
in tissue and serum and thus is only appropriate in patients who have cystitis without
suspicion for upper tract disease. A retrospective study of male veterans with UTI
treated with nitrofurantoin showed a clinical cure rate of 77% rate, which is compara-
ble to other agents.”® Decreased creatinine clearance predicted clinical failure in this
study; however, 2 additional studies in older adults, 1 limited to women, refuted the
concern that nitrofurantoin is less effective in treating UTI in patients with reduced
creatinine clearance.”""? Particularly in older adults, for whom adverse event profile
and collateral damage to the microbiome are important considerations, nitrofurantoin
is a good choice for uncomplicated UTls, including in men with preserved renal
function.
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Fosfomycin is administered as a single-dose oral packet (sachet) that is mixed with
water then consumed. Fosfomycin is effective in the treatment of UTI, but its use is
limited by availability, cost, and lack of standardized susceptibility testing. Further-
more, similar to nitrofurantoin, fosfomycin has poor tissue penetration, precluding
its use in patients known or suspected to have upper urinary tract disease. In addition,
this agent is among few remaining oral agents with reliable activity against ESBL-
producing uropathogens, suggesting that its use might be justifiably reserved for peo-
ple known to have these organisms.

Considered a second-line therapy, tetracycline antibiotics achieve therapeutic
levels in urine, are well-tolerated, and may have an emerging role as an oral option
for UTls caused by ESBL-producing and carbapenem-resistant organisms. Most lab-
oratories, however, do not routinely test urinary isolates for susceptibility to tetracy-
clines. Furthermore, uropathogens that are MDROs may also be resistant to
tetracyclines, and only limited clinical data support using tetracyclines to treat
UTls.”374

Other second-line therapies for uncomplicated UTls include fluoroquinolones, ami-
noglycosides, B-lactam/B-lactamase inhibitor combinations, and extended-spectrum
cephalosporins. Although narrow-spectrum B-lactams and first-generation cephalo-
sporins have historically played a minor role in the treatment of uncomplicated UTI
due to concerns about inferior efficacy versus other agents, they are effective in treat-
ing urinary isolates known to be susceptible.®® Using fluoroquinolones to treat UTls
has become commonplace, in part due to their high oral bioavailability and broad
spectrum. In May 2016, however, the US Food and Drug Administration (FDA) advised
that the risks of these medications generally outweigh their benefits for uncomplicated
cystitis when other treatment options are available.'® Beyond the prevalence of resis-
tant organisms, fluoroquinolones increase the risk of several adverse events to which
older adults are particularly vulnerable: QT prolongation, tendonitis and tendon
rupture, seizures, delirium, and C difficile colitis.*®"5"8 Susceptibility to aminoglyco-
sides remains high among most uropathogens. However, the lack of oral formulations
of these drugs, the need to monitor serum drug levels, and the risk of major adverse
events, including nephrotoxicity, vestibular toxicity, and ototoxicity, limit the role of
this class in treating UTls outside of the inpatient setting. p-lactam/p-lactamase inhib-
itor combinations and extended-spectrum cephalosporins are broad-spectrum
agents, which may lead to increased collateral damage to the patient’s microbiome
and selection of ESBL-producing organisms.

For patients with severe or systemic infections arising from the urinary tract,
including pyelonephritis or bacteremia, empiric therapy with broad-spectrum agents
is appropriate.®® In these cases, fluoroquinolones, B-lactam/B-lactamase inhibitor
combinations, such as piperacillin-tazobactam, and extended-spectrum cephalospo-
rins represent reasonable choices until culture results permit identification of an
appropriate narrow-spectrum agent.

The duration of treatment of acute nonsevere UTl is best established in women, for
whom the recommended duration of therapy varies by drug from 1 to 5 days.®® Fos-
fomycin is given in a single dose, trimethoprim-sulfamethoxazole is given over 3 days,
and nitrofurantoin requires a 5-day course of therapy. No clinical trial has demon-
strated the superiority of extended (7-14 day) courses of therapy in male UTIl or CAUTI
versus shorter courses, whereas the harms of unnecessary antibiotic therapy are
clear. In older adults, who are particularly susceptible to antibiotic-related adverse
events, the risk-benefit calculus of antibiotic treatment favors shorter lengths of ther-
apy. Mounting evidence demonstrates that clinical cure can be effective achieved for
CAUTI using a short course of antibiotics (<7 days) when the catheter is removed if the
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patient is responding rapidly to initial therapy.”®2" Similarly, longer lengths of therapy
(>7 days) do not prevent recurrent UTls and instead are associated with increased C
difficile infection.®

Until more data are available, longer duration antibiotic therapy (ie, 10-14 days) re-
mains reasonable for patients with severe urinary tract disease, including pyelonephri-
tis and perinephric abscess, bacteremia, or need for hospitalization due to unstable
clinical condition. However, we have intentionally chosen to avoid the labels uncom-
plicated UTIl and complicated UTI in this discussion. We find the latter term problem-
atic because it encompasses a heterogeneous group of conditions, some of which
lack strong data supporting the need for extended courses of therapy (eg, UTl in
men and diabetic women) and others for which extended antibiotic therapy alone
may be inadequate (eg, UTI in the setting of urinary obstruction requiring mechanical
intervention). Instead, we advocate that UTls be classified by the extent of urinary tract
and systemic involvement, and that potentially complicating factors, such as diabetes
and urinary obstruction, be identified and addressed separately, tailoring the antibiotic
duration to the complication and the patient’s response to therapy.

PREVENTION OF URINARY TRACT INFECTION
Effective Approaches to Catheter-Associated Urinary Tract Infection Prevention in
Long-Term Care

Removing indwelling urinary catheters is key to managing CAUTI because this both
prevents further bacterial influx into the urinary tract and eliminates the reservoir of
bacteria in biofilms that adhere to the catheter. Practically speaking, CAUTI prevention
hinges on routine reevaluation of catheterized patients to determine whether they
continue to have an indication for an indwelling urinary catheter, as well as identifying
and treating the underlying comorbidities necessitating the catheter, and replacing
indwelling catheters with clean intermittent catheterization when appropriate.

Removing catheters that are no longer necessary is an example of a technical inter-
vention, defined as providing professional development and training in urinary cath-
eter utilization, care, and maintenance. More recently, CAUTI prevention efforts
have also included a socioadaptive component, specifically encouraging improve-
ments in attitudes and behavior concerning patient safety. Two large-scale studies
of CAUTI prevention in acute care and long-term care suggest that interventions
that combine both cultural change and technical training can be successful at
decreasing CAUTI.82:83

Ineffective Approaches to Catheter-Associated Urinary Tract Infection Prevention

Long-term indwelling urinary catheters need be exchanged only when clinically indi-
cated (eg, obstructed catheter flow, leakage from around the catheter insertion site,
physical defect in the catheter, or CAUTI) rather than routinely because there is inad-
equate evidence that the latter practice reduces rates of CAUTL.®* Attempts to
decrease rates of CA UTI and bacteriuria by coating catheters with antibiotics or anti-
septic materials have been largely unsuccessful, with either no or limited reductions in
clinical outcome at the expense of increased patient discomfort and higher costs.®°
Systemic antibiotic prophylaxis for patients with long-term urinary catheters does
not reduce rates of bacteriuria, CAUTI, or death.®*

SUMMARY

UTls cause significant morbidity and mortality among older adults. Unfortunately,
inappropriate or unnecessary antibiotics prescribed to older adults to treat suspected
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UTI based on nonspecific symptoms or positive urine studies also leads to adverse
events. The authors favor an approach to diagnosing UTls rooted in the recognition
of clinical signs and symptoms localizing to the genitourinary tract. Furthermore, we
emphasize the value of the urinalysis as an exclusionary rather a confirmatory tools
for UTls. For instances when long-term care residents exhibit nonspecific changes,
active monitoring, including hydration, treating pain, and reviewing medications, offers
the possibility of avoiding unnecessary antibiotics while assuring residents and their
family members that the health care team is responding to their concerns. Posting
criteria for ordering urine studies, reviewing methods to collect good-quality urine
specimens, implementing active monitoring order sets, and offering clinical decision
support all represent systems-based approaches that may help curb inappropriate or-
ders for urine studies and for antibiotics.

Developing technologies, such as colonizing the bladder with nonpathogenic bac-
teria or using catheters impregnated with bacteriophage cocktails are intriguing; how-
ever, currently, the most important means to prevent UTls is by identifying and
addressing modifiable risk factors. When older adults develop UTls, providers should
give preference to narrow-spectrum agents and short courses of therapy in most
cases, with empiric antibiotic selections informed by local antibiogram data. Treat-
ment and overtreatment of UTls represents a significant proportion of antibiotic pre-
scribing for older adults, driving the proliferation of resistant organisms in the
community. Also, because older adults are particularly susceptible to adverse events
associated with antibiotic treatment, whereas the harms associated with delays in
appropriate antimicrobial therapy for UTI are small for most clinically stable patients,
providers should take an approach to the diagnosis and treatment of UTls that bal-
ances the potential benefit for the individual patient with both the risk of harm to
that individual and the provider’s duty as an antibiotic steward to protect the health
of the larger community.

REFERENCES

1. Ruben FL, Dearwater SR, Norden CW, et al. Clinical infections in the noninstitu-
tionalized geriatric age group: methods utilized and incidence of infections.
The Pittsburgh good health study. Am J Epidemiol 1995;141(2):145-57.

2. Nicolle LE, Bradley S, Colgan R, et al. Infectious Diseases Society of America
guidelines for the diagnosis and treatment of asymptomatic bacteriuria in adults.
Clin Infect Dis 2005;40(5):643-54.

3. Gupta K, Scholes D, Stamm WE. Increasing prevalence of antimicrobial resis-
tance among uropathogens causing acute uncomplicated cystitis in women.
JAMA 1999;281(8):736-8.

4, Sanchez GV, Babiker A, Master RN, et al. Antibiotic resistance among urinary iso-
lates from female outpatients in the United States in 2003 and 2012. Antimicrob
Agents Chemother 2016;60(5):2680-3.

5. Swami SK, Liesinger JT, Shah N, et al. Incidence of antibiotic-resistant Escheri-
chia coli bacteriuria according to age and location of onset: a population-
based study from Olmsted County, Minnesota. Mayo Clin Proc 2012;87(8):753-9.

6. Mitchell SL, Shaffer ML, Loeb MB, et al. Infection management and multidrug-
resistant organisms in nursing home residents with advanced dementia. JAMA
Intern Med 2014;174(10):1660-7.

7. Lob SH, Nicolle LE, Hoban DJ, et al. Susceptibility patterns and ESBL rates of
Escherichia coli from urinary tract infections in Canada and the United States,
SMART 2010-2014. Diagn Microbiol Infect Dis 2016;85(4):459-65.

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



684 Cortes-Penfield et al

8. Thaden JT, Lewis SS, Hazen KC, et al. Rising rates of carbapenem-resistant
enterobacteriaceae in community hospitals: a mixed-methods review of epidemi-
ology and microbiology practices in a network of community hospitals in the
southeastern United States. Infect Control Hosp Epidemiol 2014;35(8):978-83.

9. Mediavilla JR, Patrawalla A, Chen L, et al. Colistin- and carbapenem-resistant Es-
cherichia coli harboring mcr-1 and blaNDM-5, causing a complicated urinary
tract infection in a patient from the United States. MBio 2016;7(4) [pii:e01191-16].

10. FDA Drug Safety Communication: FDA advises restricting fluoroquinolone anti-
biotic use for certain uncomplicated infections; warns about disabling side ef-
fects that can occur together. 2016. Available at: https://www.fda.gov/Drugs/
DrugSafety/ucm500143.htm. Accessed April 12, 2017.

11. Trautner BW, Bhimani RD, Amspoker AB, et al. Development and validation of an
algorithm to recalibrate mental models and reduce diagnostic errors associated
with catheter-associated bacteriuria. BMC Med Inform Decis Mak 2013;13:48.

12. Knottnerus BJ, Geerlings SE, Moll van charante EP, et al. Women with symptoms
of uncomplicated urinary tract infection are often willing to delay antibiotic treat-
ment: a prospective cohort study. BMC Fam Pract 2013;14:71.

13. Curns AT, Holman RC, Sejvar JJ, et al. Infectious disease hospitalizations among
older adults in the United States from 1990 through 2002. Arch Intern Med 2005;
165(21):2514-20.

14. Tsan L, Davis C, Langberg R, et al. Prevalence of nursing home-associated infec-
tions in the Department of Veterans Affairs nursing home care units. Am J Infect
Control 2008;36(3):173-9.

15. Cotter M, Donlon S, Roche F, et al. Healthcare-associated infection in Irish long-
term care facilities: results from the First National Prevalence Study. J Hosp Infect
2012;80(3):212-6.

16. Jackson SL, Boyko EJ, Scholes D, et al. Predictors of urinary tract infection after
menopause: a prospective study. Am J Med 2004;117(12):903-11.

17. Griebling TL. Urologic diseases in America project: trends in resource use for uri-
nary tract infections in women. J Urol 2005;173(4):1281-7.

18. Drekonja DM, Rector TS, Cutting A, et al. Urinary tract infection in male veterans:
treatment patterns and outcomes. JAMA Intern Med 2013;173(1):62-8.

19. Boyko EJ, Fihn SD, Scholes D, et al. Diabetes and the risk of acute urinary tract
infection among postmenopausal women. Diabetes Care 2002;25(10):1778-83.

20. Li D, Wang T, Shen S, et al. Urinary tract and genital infections in patients with
type 2 diabetes treated with sodium-glucose co-transporter 2 inhibitors: a
meta-analysis of randomized controlled trials. Diabetes Obes Metab 2017,
19(3):348-55.

21. Rahn DD, Carberry C, Sanses TV, et al. Vaginal estrogen for genitourinary syn-
drome of menopause: a systematic review. Obstet Gynecol 2014;124(6):
1147-56.

22. Moore EE, Hawes SE, Scholes D, et al. Sexual intercourse and risk of symptom-
atic urinary tract infection in post-menopausal women. J Gen Intern Med 2008;
23(5):595-9.

23. David LM, Natin D, Walzman M, et al. Urinary symptoms, sexual intercourse and
significant bacteriuria in male patients attending STD clinics. Genitourin Med
1996;72(4):266-8.

24. Hooton TM, Bradley SF, Cardenas DD, et al. Diagnosis, prevention, and treatment
of catheter-associated urinary tract infection in adults: 2009 International clinical
practice guidelines from the Infectious Diseases Society of America. Clin Infect
Dis 2010;50(5):625-63.

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Urinary Tract Infections in Older Adults

Weiner LM, Webb AK, Limbago B, et al. Antimicrobial-resistant pathogens asso-
ciated with healthcare-associated infections: summary of data reported to the
National Healthcare Safety Network at the centers for disease control and preven-
tion, 2011-2014. Infect Control Hosp Epidemiol 2016;37(11):1288-301.
Cortes-penfield NW, Trautner BW. Nitrofurantoin, an excellent empiric choice for
outpatient cystitis. Antimicrob Agents Chemother 2016;60(12):7535.

Gupta K, Hooton TM, Miller L. Managing uncomplicated urinary tract infection—
making sense out of resistance data. Clin Infect Dis 2011;53(10):1041-2.

Lewis DA, Brown R, Williams J, et al. The human urinary microbiome; bacterial
DNA in voided urine of asymptomatic adults. Front Cell Infect Microbiol 2013;
3:41.

Siddiqui H, Nederbragt AJ, Lagesen K, et al. Assessing diversity of the female
urine microbiota by high throughput sequencing of 16S rDNA amplicons. BMC
Microbiol 2011;11:244,

Malki K, Sible E, Cooper A, et al. Seven bacteriophages isolated from the female
urinary microbiota. Genome Announc 2016;4(6) [pii:e01003-16].

Fouts DE, Pieper R, Szpakowski S, et al. Integrated next-generation sequencing
of 16S rDNA and metaproteomics differentiate the healthy urine microbiome from
asymptomatic bacteriuria in neuropathic bladder associated with spinal cord
injury. d Transl Med 2012;10:174.

Karstens L, Asquith M, Davin S, et al. Does the urinary microbiome play a role
in urgency urinary incontinence and its severity? Front Cell Infect Microbiol
2016;6:78.

Shoskes DA, Altemus J, Polackwich AS, et al. The urinary microbiome differs
significantly between patients with chronic prostatitis/chronic pelvic pain syn-
drome and controls as well as between patients with different clinical pheno-
types. Urology 2016;92:26-32.

Nickel JC, Stephens A, Landis JR, et al. Assessment of the lower urinary tract mi-
crobiota during symptom flare in women with urologic chronic pelvic pain syn-
drome: a MAPP Network Study. J Urol 2016;195(2):356-62.

Nienhouse V, Gao X, Dong Q, et al. Interplay between bladder microbiota and uri-
nary antimicrobial peptides: mechanisms for human urinary tract infection risk
and symptom severity. PLoS One 2014;9(12):e114185.

Horwitz D, Mccue T, Mapes AC, et al. Decreased microbiota diversity associated
with urinary tract infection in a trial of bacterial interference. J Infect 2015;71(3):
358-67.

Schwenger EM, Tejani AM, Loewen PS. Probiotics for preventing urinary tract infec-
tions in adults and children. Cochrane Database Syst Rev 2015;(12):CD008772.
Jepson RG, Williams G, Craig JC. Cranberries for preventing urinary tract infec-
tions. Cochrane Database Syst Rev 2012;(10):CD001321.

Juthani-mehta M, Van ness PH, Bianco L, et al. Effect of cranberry capsules on
bacteriuria plus pyuria among older women in nursing homes: a randomized clin-
ical trial. JAMA 2016;316(18):1879-87.

Warren JW, Anthony WC, Hoopes JM, et al. Cephalexin for susceptible bacteri-
uria in afebrile, long-term catheterized patients. JAMA 1982;248(4):454-8.

Lee MJ, Kim M, Kim NH, et al. Why is asymptomatic bacteriuria overtreated?:
a tertiary care institutional survey of resident physicians. BMC Infect Dis 2015;
15:289.

Das R, Towle V, Van ness PH, et al. Adverse outcomes in nursing home residents
with increased episodes of observed bacteriuria. Infect Control Hosp Epidemiol
2011;32(1):84-6.

685

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.

For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



686 Cortes-Penfield et al

43. Stone ND, Ashraf MS, Calder J, et al. Surveillance definitions of infections in long-
term care facilities: revisiting the McGeer criteria. Infect Control Hosp Epidemiol
2012;33(10):965-77.

44. Nicolle LE. Asymptomatic bacteriuria in the elderly. Infect Dis Clin North Am 1997;
11(3):647-62.

45. Nicolle LE. Urinary tract infections in the older adult. Clin Geriatr Med 2016;32(3):
523-38.

46. Cai T, Nesi G, Mazzoli S, et al. Asymptomatic bacteriuria treatment is associated
with a higher prevalence of antibiotic resistant strains in women with urinary tract
infections. Clin Infect Dis 2015;61(11):1655-61.

47. Wagenlehner FM, Naber KG, Weidner W. Asymptomatic bacteriuria in elderly pa-
tients: significance and implications for treatment. Drugs Aging 2005;22(10):
801-7.

48. Werner NL, Hecker MT, Sethi AK, et al. Unnecessary use of fluoroquinolone anti-
biotics in hospitalized patients. BMC Infect Dis 2011;11:187.

49. Loeb M, Bentley DW, Bradley S, et al. Development of minimum criteria for the
initiation of antibiotics in residents of long-term-care facilities: results of a
consensus conference. Infect Control Hosp Epidemiol 2001;22(2):120-4.

50. Juthani-mehta M, Tinetti M, Perrelli E, et al. Interobserver variability in the assess-
ment of clinical criteria for suspected urinary tract infection in nursing home res-
idents. Infect Control Hosp Epidemiol 2008;29(5):446-9.

51. Juthani-mehta M, Quagliarello V, Perrelli E, et al. Clinical features to identify uri-
nary tract infection in nursing home residents: a cohort study. J Am Geriatr Soc
2009;57(6):963-70.

52. Mody L, Juthani-mehta M. Urinary tract infections in older women: a clinical re-
view. JAMA 2014;311(8):844-54.

53. Rowe T, Towle V, Van ness PH, et al. Lack of positive association between falls
and bacteriuria plus pyuria in older nursing home residents. J Am Geriatr Soc
2013;61(4):653-4.

54. Foley A, French L. Urine clarity inaccurate to rule out urinary tract infection in
women. J Am Board Fam Med 2011;24(4):474-5.

55. Midthun SJ, Paur R, Lindseth G. Urinary tract infections. Does the smell really tell?
J Gerontol Nurs 2004;30(6):4-9.

56. Sloane PD, Kistler CE, Reed D, et al. Urine culture testing in community nursing
homes: gateway to antibiotic overprescribing. Infect Control Hosp Epidemiol
2017,38(5):524-31.

57. Pfaller M, Ringenberg B, Rames L, et al. The usefulness of screening tests for py-
uria in combination with culture in the diagnosis of urinary tract infection. Diagn
Microbiol Infect Dis 1987;6(3):207-15.

58. Tambyah PA, Maki DG. The relationship between pyuria and infection in patients
with indwelling urinary catheters: a prospective study of 761 patients. Arch Intern
Med 2000;160(5):673-7.

59. Armbruster CE, Prenovost K, Mobley HL, et al. How often do clinically diagnosed
catheter-associated urinary tract infections in nursing homes meet standardized
criteria? J Am Geriatr Soc 2017,;65(2):395-401.

60. Devillé WL, Yzermans JC, Van duijn NP, et al. The urine dipstick test useful to rule
out infections. A meta-analysis of the accuracy. BMC Urol 2004;4:4.

61. St john A, Boyd JC, Lowes AJ, et al. The use of urinary dipstick tests to exclude
urinary tract infection: a systematic review of the literature. Am J Clin Pathol 2006;
126(3):428-36.

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

78.

Urinary Tract Infections in Older Adults

Faulkner CM, Cox HL, Williamson JC. Unique aspects of antimicrobial use in
older adults. Clin Infect Dis 2005;40(7):997—-1004.

Society for Post-Acute Care and Long-Term Care Medicine. Choosing wisely: ten
things physicians and patients should question. 2015. Available at: http://www.
choosingwisely.org/wp-content/uploads/2015/02/AMDA-Choosing-Wisely-List.pdf.
Accessed April 19, 2017.

American Geriatrics Society. Choosing wisely: ten things clinicians and patients
should question. 2015. Available at: http://www.choosingwisely.org/societies/
american-geriatrics-society/. Accessed May 5, 2017.

High KP, Bradley SF, Gravenstein S, et al. Clinical practice guideline for the eval-
uation of fever and infection in older adult residents of long-term care facilities:
2008 update by the Infectious Diseases Society of America. Clin Infect Dis
2009;48(2):149-71.

Kayalp D, Dogan K, Ceylan G, et al. Can routine automated urinalysis reduce cul-
ture requests? Clin Biochem 2013;46(13-14):1285-9.

Nace DA, Drinka PJ, Crnich CJ. Clinical uncertainties in the approach to long
term care residents with possible urinary tract infection. J Am Med Dir Assoc
2014;15(2):133-9.

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 Society of America and the European Society for
Microbiology and Infectious Diseases. Clin Infect Dis 2011;52(5):e103-20.
Linsenmeyer K, Strymish J, Gupta K. Two simple rules for improving the accuracy
of empiric treatment of multidrug-resistant urinary tract infections. Antimicrob
Agents Chemother 2015;59(12):7593-6.

Ingalsbe ML, Wojciechowski AL, Smith KA, et al. Effectiveness and safety of nitro-
furantoin in outpatient male veterans. Ther Adv Urol 2015;7(4):186-93.

Santos JM, Batech M, Pelter MA, et al. Evaluation of the risk of nitrofurantoin lung
injury and its efficacy in diminished kidney function in older adults in a large in-
tegrated healthcare system: a matched cohort study. J Am Geriatr Soc 2016;
64(4):798-805.

Singh N, Gandhi S, Mcarthur E, et al. Kidney function and the use of nitrofurantoin
to treat urinary tract infections in older women. CMAJ 2015;187(9):648-56.
Cunha BA. Oral doxycycline for non-systemic urinary tract infections (UTIs) due
to P. aeruginosa and other Gram negative uropathogens. Eur J Clin Microbiol
Infect Dis 2012;31(11):2865-8.

Livermore DM, Warner M, Mushtaqg S, et al. What remains against carbapenem-
resistant Enterobacteriaceae? Evaluation of chloramphenicol, ciprofloxacin,
colistin, fosfomycin, minocycline, nitrofurantoin, temocillin and tigecycline. Int J
Antimicrob Agents 2011;37(5):415-9.

Arabyat RM, Raisch DW, Mckoy JM, et al. Fluoroquinolone-associated tendon-
rupture: a summary of reports in the Food and Drug Administration’s adverse
event reporting system. Expert Opin Drug Saf 2015;14(11):1653-60.

Liu HH. Safety profile of the fluoroguinolones: focus on levofloxacin. Drug Saf
2010;33(5):353-69.

Slimings C, Riley TV. Antibiotics and hospital-acquired Clostridium difficile infec-
tion: update of systematic review and meta-analysis. J Antimicrob Chemother
2014;69(4):881-91.

Lim CJ, Cheng AC, Kennon J, et al. Prevalence of multidrug-resistant organisms
and risk factors for carriage in long-term care facilities: a nested case-control
study. J Antimicrob Chemother 2014;69(7):1972-80.

687

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.

For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



688 Cortes-Penfield et al

79. Darouiche RO, Al mohajer M, Siddig DM, et al. Short versus long course of anti-
biotics for catheter-associated urinary tract infections in patients with spinal cord
injury: a randomized controlled noninferiority trial. Arch Phys Med Rehabil 2014;
95(2):290-6.

80. Jarrell AS, Wood GC, Ponnapula S, et al. Short-duration treatment for catheter-
associated urinary tract infections in critically ill trauma patients. J Trauma Acute
Care Surg 2015;79(4):649-53.

81. Dinh A, Toumi A, Blanc C, et al. Management of febrile urinary tract infection
among spinal cord injured patients. BMC Infect Dis 2016;16:156.

82. Saint S, Greene MT, Krein SL, et al. A program to prevent catheter-associated uri-
nary tract infection in acute care. N Engl J Med 2016;374(22):2111-9.

83. Mody L, Green T, Meddings J, et al. A national program to prevent catheter-
associated urinary tract infection in nursing home residents. JAMA Intern Med,
in press 2017;177(8):1154-62.

84. Cooper FP, Alexander CE, Sinha S, et al. Policies for replacing long-term indwelling
urinary catheters in adults. Cochrane Database Syst Rev 2016;(7):CD011115.

85. Lam TB, Omar MI, Fisher E, et al. Types of indwelling urethral catheters for short-
term catheterisation in hospitalised adults. Cochrane Database Syst Rev
2014;(9):CD004013.

Downloaded for Anonymous User (n/a) at Zealand University Hospital Roskilde from ClinicalKey.com by Elsevier on January 10, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



