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Abstract

Urinary tract infections (UTIs) are commonly suspected in residents of
long-term care (LTC) facilities, and it has been common practice to
prescribe antibiotics to these patients, even when they are
asymptomatic. This approach, however, often does more harm than
good, leading to increased rates of adverse drug effects and more
recurrent infections with drug-resistant bacteria. It also does not
improve genitourinary symptoms (eg, polyuria or malodorous urine) or
lead to improved mortality rates; thus, distinguishing UTIs from
asymptomatic bacteriuria is imperative in the LTC setting. This article
provides a comprehensive overview of UTI in the LTC setting, outlining
the epidemiology, risk factors and pathophysiology, microbiology,
diagnosis, laboratory assessment, and management of symptomatic UTL

Urinary tract infection (UTI) is the second most frequent infection in
long-term care (LTC) facilities and the most common cause of
hospitalization for bacterial infection. Identifying UTI in LTC patients is
challenging because of communication barriers, chronic genitourinary
symptoms, and comorbidities. Two major sets of guidelines have been



published to assist with the diagnosis of symptomatic UTI, but further
research is needed to refine these guidelines. Although treating
asymptomatic patients is not recommended, this population is often
treated in the LTC setting. Antibiotic use for asymptomatic bacteriuria is
associated with recurrent infections with multidrugresistant (MDR)
bacteria and does not change survival or chronic genitourinary
symptoms. In residents with symptomatic UTI, treatment is similar to
that in other ambulatory older adults.

A diagnosis of symptomatic bacterial UTI requires the presence of
localizing genitourinary symptoms with significant colony counts of
bacteria in the patient’s urine. The definition of significant

bacteriuria varies by the method used for collecting the urine sample, the
LTC resident’s sex, and whether an indwelling urinary catheter (IUC) is
in use. In a midstream urine specimen, the growth of 2100,000 colony-
forming units per milliliter (CFU/mL) of a single bacterial species is
diagnostic of bacteriuria (one specimen for men and two consecutive
specimens for women).:2 In a catheterized specimen, the growth of 2100
CFU/mL of one or more bacterial species is diagnostic.: Pyuria is the
result of inflammation of the genitourinary tract and is detected by more
than10 white blood cells per high-power field on microscopic
examination of unspun urine.« It is present in nearly all LTC residents
who have bacteriuria, independent.of symptoms. Therefore, the
presence of pyuria does not signify symptomatic UTL. When bacteriuria
is not accompanied by symptoms, it is termed asymptomatic bacteriuria.
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Epidemiology

One-quarter of the population of older adults in the United States will
reside in an LTC facility at some point in their lives. In this population,



UTI is the second most common infection, preceded only by respiratory
infection.s Reports have indicated the prevalence of UTI to range from
0.6% to 21.8%s¢ and its incidence to be between 0.3 and 0.8 cases per
1000 resident care days.c UTI treatment represents 30% to 50% of
antibiotic use in LTC facilities. This large range can be explained by the
different diagnostic criteria in use, the case mix of patients in each
facility, and the high rate of inappropriate use of antibiotics. The rate of
IUC use for managing chronic voiding dysfunction in LTC residents
ranges from 7% to 10%.3s IUCs increase the risk for UTI (relative risk
[RR], 2.6), hospitalizations, antibiotic resistance, and death.s2 The point
prevalence of catheter-associated UTI was 5.5% in one study, as
compared with 1.1% for those residents without an IUC. The incidence
was as high as 7.43 per 1000 resident care days in another study.:

3

In LTC facilities, the prevalence of asymptomatic bacteriuria is higher Uv\\f*“’ﬁ vt €
than that of symptomatic UTIL. In noncatheterized residents, «/’ ’
asymptomatic bacteriuria has been estimated at 18% to 57% for women

and 19% to 38% for men.u In residents with IUCs, the risk is time-

dependent, increasing at a rate of 3% to 8% each day of IUC use,

reaching 100% prevalence at 30 days.:

Bacteria replicating on indwelling urinary catheters have increased
virulence; they can create a biofilm by producing exopolysaccharides that
entrap and protect replicating bacteria.
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Risk Factors and Pathophysiology

A variety of risk factors predispose LTC residents to developing UTIs.
Patient risk factors result from a combination of physiological changes of
aging and accumulation of comorbidities. Aging disrupts acquired



immunity because of T-cell dysfunction and blunted cytokine-mediated
inflammatory response.s This impaired cellular function is accentuated in
the setting of diabetes, cancer, and autoimmune disorders. In addition,
comorbidities (eg, dementia, stroke, Parkinson’s disease) result in
bladder and bowel incontinence and functional decline, all of which
disrupt the body’s innate defense mechanisms.1z1¢ In women, estrogen
deficiency can cause vaginal prolapse and urinary incontinence,
promoting an ascending flow of bacteria to the sterile urinary tract.
Estrogen deficiency also impairs the protective action of bacterial
colonization of the vagina with Lactobacillus, which normally suppresses
the growth of pathogenic bacteria.is In older men, hypertrophy of the
prostate causes urinary retention (ie, increased postvoid residual) and
turbulent urine flow, predisposing them to chronic prostatitis. The
chronically inflamed prostate can form calculi that entrap bacteria,
causing recurrent UTIs.zs In contrast to increased postvoid residual in
community-dwelling older adults, however, this condition in LTC
residents is not associated with an increased rate of UTIs.1z1

In recent years, LTC facilities have admitted residents with higher acuity
levels. Consequently, LTC facilities are using more indwelling devices
and parenteral antibiotics, exposing a greater number of residents to
MDR bacteria.s Urinary catheterization disrupts patient defense
mechanisms, granting bacteria easier access to the bladder. The
uropathogens colonize the IUC by binding to host receptors that attach to
the surface of the catheter. The bacteria then replicate in the urine that
has stagnated near the bulb of the catheter. Bacteria replicating on the
[UC have increased virulence; they can create a biofilm by producing
exopolysaccharides that entrap and protect replicating bacteria. The
biofilm covers the internal and external surface of the catheter and
spreads to the bladder in 1 to 3 days. Although the biofilm is produced by
only one bacterial species, it promptly becomes polymicrobial in chronic
IUC use (>30 days’ duration). These bacteria are high?ist&nt to



antibiotics because they exchange genetic material under the protection
of the biofilm, which is impermeable to antibiotics. Catheter
encrustations can also obstruct urine flow, promoting urine stagnation
and bacterial replication. These encrustations are caused by urease-
producing bacteria, which alkalinize the urine, precipitating
hydroxyapatite or struvite crystals.

Microbiology

The types of bacteria isolated and their resistance patterns are different
for each LTC facility. In noncatheterized residents and those with short-
term IUC placements, a single organism usually causes bacteriuria,
although it is polymicrobial in 10% to 20% of cases. In these

isolates, Escherichia coli was the most common organism (prevalence,
53%), followed by Proteus (15%) and Klebsiella (14%)..22 In contrast,
bacteriuria is almost always polymicrobial in patients with chronic [UC
use. The composition of bacteria in this isolate is dynamic because
colonization by a specific organism is transient, with a mean duration of
6 weeks.z1 E coli is found in 18% to 35% of cases, Proteus in 10% to
60%, Providencia in 24% to 60%, Enterococcus in 25%, Pseudomonas in
6% to 20%, and Enterobacter in 9%.2

During the last decade, antibiotic resistance in LTC residents has
increased significantly. This may be due to the increasing rate of
inappropriate use of antibiotics, which has been reported to be as high as
30% to 60%.22 In a cross-sectional study of LTC residents seen in the
emergency department for UTI, MDR bacteria were identified in 39% to
80% of the isolates, resistance to trimethoprim-sulfamethoxazole in 45%
to 86%, and resistance to quinolones in 21% to 61%.2 A cohort of
noncatheterized residents in five LTC facilities in Connecticut showed



that E coli was resistant to ampicillin 45% of the time, to trimethoprim-
sulfamethoxazole 60% of the time, and to quinolones 27% of the

time. Proteus, the second most common isolate, was resistant to those
antibiotics 22%, 18%, and 36% of the time, respectively.22 Among the
risk factors for antimicrobial resistance in LTC residents are recent
antibiotic use, diabetes, recent hospitalization, poor functional status,
presence of pressure ulcers, use of indwelling catheters, and old age.2
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Diagnosis

By definition, symptomatic UTI requires the presence of symptoms along
with significant bacteriuria. The syndromes of UTI in community-
dwelling older adults are well defined and include urethritis (dysuria and
hematuria), cystitis (urethritis with urgency, frequency, and suprapubic
pain), and pyelonephritis (flank pain, fevers, and nausea/emesis that may
or may not be preceded by urethritis/cystitis)..« Currently, there is no
agreement on an evidenced-based definition for the symptoms of UTI in
LTC residents, but it is imperative to distinguish symptomatic UTI from
asymptomatic bacteriuria in this population. Treatment of the latter
increases the rate of adverse drug effects from the use of antimicrobial
medicines; increases the rate of recurrent infections with MDR bacteria;
and does not change survival, chronic genitourinary symptoms, or the
rate of symptomatic UTI. As aresult, the Infectious Diseases Society of
America (IDSA) does not recommend treatment of asymptomatic
bacteriuria.z

The challenges of diagnosing UTI in LTC residents include
communication barriers (dementia and stroke), high prevalence of
chronic genitourinary symptoms (incontinence, urgency, frequency,
nocturia) at baseline, and lack of a gold-standard laboratory test to



confirm clinical suspicion of UTI due to the high prevalence of
asymptomatic bacteriuria. Because of the paucity of evidence to support
the definition of UTI in LTC facilities, diagnosis during the past three
decades has relied on expert consensus recommendations; however, the
evidence is weak for each of the signs and symptoms associated with UTI
in LTC facilities considered in these recommendations. For example,
fever is often considered a symptom, but the definition of fever in LTC
facilities has changed since some of the recommendations were made. In
2008, the IDSA defined fever as a single oral temperature of 2100°F
(=37.8°C), repeated oral temperatures of 299°F (=37.2°C), repeated
rectal temperatures of 299.5°F (=37.5°C), or an increase of 22°F (21.1°C)
from the patient’s baseline temperature.z \
7 \‘_ '

In 1991, McGeer and colleagues? issued the first guidelines for managi;ly%p A %

UTIs in the LTC setting. Their criteria for UTI included a fever of 63(\"9/

>100.4°F (238°C) or chills, dysuria, urinary frequency or urgency, flan

\.- or suprapubic pain, change in urine character, worsening of mental or

@Q functional status, or new or increased incontinence (Table).zz22 These

criteria were adopted by the US Department of Health and Human

Services and the Centers for Medicare & Medicaid Services as the

standard for diagnosis and treatment in LTC facilities. In 2001, the

Society for Healthcare Epidemiology of America (SHEA) and the

Association for Professionals in Infection Control and Epidemiology

issued the second major consensus criteria for antibiotic use in LTC

facilities.ze These criteria divided the symptoms into major and minor

and strongly encouraged microbiological confirmation.z2 In 2005, Loeb

and colleaguesz adapted these criteria to guide the treatment of UTI in

LTC specifically, and they were applied in a randomized clinical trial to

reduce the use of antibiotics to treat UTI in LTC residents. In 2007, a

prospective cohort study by Juthani-Mehta and colleagues in three

community-based LTC facilities in Connecticut demonstrated low

accuracy of the McGeer guidelines and the modified Loeb guidelines in



predicting bacteriuria and pyuria, which concomitantly constitute
laboratory evidence of UTI. The McGeer criteria had a sensitivity of 30%,
a specificity of 82%, a positive predictive value of 57%, and a negative
predictive value of 61%; the accuracy of the modified Loeb criteria was
30%, 79%, 52%, and 60%, respectively.: Faced with these findings, the
group developed another prospective cohort with 551 LTC residents in
the same area who were followed for 1 year. The research group aimed
to describe the symptoms associated with laboratory evidence of UTL
After a multivariable analysis adjusted for LTC facilities, age, sex, number
of comorbidities, and number of clinically suspected UTI episodes, only
dysuria (RR, 51.1-2.0), change in character of urine (RR, 51.1-1.8), and
change in mental status (RR, 51.0-1.8) were found to have a significant
association. The main limitations of this study were low prevalence of
dysuria (10%), change in urine character (15.5%), and altered mental
status (39.1%) in the cases of suspected UTI; no gold-standard
laboratory test (bacteriuria with pyuria is common in asymptomatic LTC
residents); and lack of a specific definition for the change in symptoms of
urine character and change in mental status, in particular because most
of the participants had incontinence and dementia at baseline.

A urine specimen with bacteriuria and pyuria in long-term care residents is
insufficient to confirm a diagnosis of clinically suspected urinary tract
infection.

Table
Consensus Criteria for Diagnosis of Urinary Tract Infections in Long-Term Care
Residents
Signs and Symptoms McGeer CriteriaZ Modified Loeb
Criteria2
1. Fever Noncatheterized Residents
2. Dysuria >3 signs or symptoms (1 or 7; 2 Dysuria alone
3. Frequency or 3 or 4; o
4. Urgency 50r6;11;9o0r 12 or 13) Fever




Signs and Symptoms McGeer CriteriaZ Modified Loeb
Criteria2
5. Flank pain and
6. Suprapubic pain >1 sign or symptom (2-
7. Shaking chills 9
8. Gross hematuria or
9. New urinary >2 signs or symptoms
incontinence (3-9)
1. Dehrlun} ) Catheterized Residents
11. Change in urine
character® >2 signs or symptoms (1 or 7; 5 Fever alone
12. Worsening of mental or 6; 11; or
status 12 or 13) >1 sign or symptom (3,
13. Worsening of function 7,10)
status

Open in a separate window

Fever for McGeer criteria are defined as 2100.4°F (238°C), and for the modified Loeb
criteria as >100°F (>37.9°C) or a 2.4°F (1.5°C) increase above baseline on at least two
occasions over the past 12 hours.

»Gross hematuria, foul smell, increased sediment, new pyuria, or new microscopic

hematuria.

Laboratory Confirmation _ )
Unlike the case for UTI in community-dwelling older adults, a urine
specimen with bacteriuria and pyuria in LTC residents is insufficient to
confirm a diagnosis of clinically suspected UTI. Both conditions will be
present in approximately half of patients without a catheter and in
almost all patients with an IUC. Dipstick testing for urine is a fast method
for ruling out UTI as the cause of the residents’ symptoms. Juthani-Mehta
and colleagues® demonstrated a negative predictive value of 100% buta
positive predictive value of 45% with this method; thus, a positive
leukocyte esterase and/or nitrate result is not synonymous with



infection, but if both results are negative, the clinician can be certain that
there is no UTL

Rising interest has been shown in alternate methods, such as
biomarkers, for diagnosing UTI in LTC residents. Interleukins 8 and 6,
lactoferrin, and procalcitonin are used in children and postoperative
young adults to identify UTI and to stratify risk.:: The evidence that
supports the accuracy of these markers is moderate and research in
older adults is warranted. The establishment of a new gold-standard
diagnostic test would be useful in clinical practice and for future
research involving clinical prediction models that define UTI in LTC
facilities.

Management of Symptomatic UTI
The choice of antibiotic to treat UTI in LTC facilities should be
individualized on the basis of the patient’s allergy history and renal
clearance, local practice patterns, prevalence of resistance at the
patient’s LTC facility, availability and cost of the antibiotic, and the
threshold for noncompliance. In addition, treatment requires
microbiological confirmation and should be tailored toward bacterial
susceptibility; empiric treatment can be based on prior urine cultures, if
available. The duration of treatment of UTI in noncatheterized LTC
residents has not been studied, but SHEA recommends that women with
lower UTI (ie, cystitis, urethritis) be treated for 7 days and that women
with pyelonephritis and men with any UTI be treated for 10 to 14

days.z¢ Ruling out coexistent prostatitis in older men is important
because this condition requires 6 to 12 weeks of treatment.:s In catheter-
associated UTI, the IDSA recommends urine culture and catheter
removal or replacement before initiating antibiotics. The early removal



of the IUC shortens the duration of febrile episodes and decreases the
risk of relapse. The duration of treatment is 10 to 14 days.:

Given the complexity of the diagnosis of UTI in LTC facilities, the
increasing resistance to antimicrobials, and the inappropriate use of
antibiotics, the use of a facility-adapted protocol to guide diagnosis and
antimicrobial selection for suspected UTI is advisable. The best and first
example of this practice was the clustered, randomized, controlled trial
by Loeb and colleaguesz in 22 LTC facilities in Canada and Idaho that
used the aforementioned modified Loeb criteria to reduce the
inappropriate use of antibiotics for the treatment of UTL. The
intervention also included educational sessions with all members of the
healthcare team in the facilities. The LTC facilities in the intervention
group used fewer antibiotics to treat UTI than did the usual care homes
(weighted mean difference, 0.06-0.93/1000 resident care days);
however, neither the total number of antibiotics used for all causes nor
the hospitalization and death rates differed between groups.z These
algorithms have been modified and implemented for use in other LTC
facilities. Because the prevalence of UTI was higher than the national
average in our institution, we implemented a modified diagnostic
algorithm designed for nurses to use; this algorithm emphasizes close
monitoring and early intervention (Figure). The algorithm separates the
symptoms into major and minor based on the likelihood of their
association with UTL. It also provides interventions for other common
conditions that mimic UTI in LTC residents. Using this algorithm, the rate
of suspected UTI decreased by 30% and the rate of antibiotic use for UTI
decreased by 20% at 3 months, and these changes persisted at 12
months. Zabarsky and colleaguess reported similar results using an
educational intervention in a Veterans Affairs LTC facility in Ohio.



Urinary Tract Infection Suspected

t
I |

MAJOR SYMPTOMS: 21 MINOR SYMPTOMS
Fever (oral temperature >100°F [237.8°C] Change in urination pattern (frequency,
or change from baseline of 2°F [1.1°C)) incontinence)
Pain on urination Change in behavior
Mental status changes Suprapubic pain
Blood in urine Change in urine color, smell, or consistency
Flank pain |
] Check vital signs every 8 hours over a
Obtain urinalysis/urine culture 24-hour period
Notify designated provider Assess for major symptoms every 8 hours
| Hydrate for 24 hours
Treat constipation if present
Implement antibiotic regimen Address sleep deprivation if present
Document start and end date ]
[ |
If 21 major symptom If minor symptoms
Emenge.;\‘(’:sl?jgsaErt\r’nEe:.trgisi ¢ develops at any time persist at 24 hours
Hospitalization ‘,_J
Death
Adverse drug events Call designated provider or
Clostridium difficile infection physician

Figure
Modified diagnostic algorithm that was used to identify and manage urinary tract

infections (UTIs) in our long-term care (LTC) facility, which had a higher incidence of UTIs
than the national average. This algorithm divides symptoms into major and minor

according to the strength of evidence of their association with UTI in LTC facilities.
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Prognosis i i
UTI is the most common cause of nursing home-acquired bacteremia,
but it has a lower mortality rate than pneumonia. In a New York-based
study of older adult LTC residents admitted with nursing home-acquired
bacteremia, researchers identified a urinary source in 51% to 56% of
cases.: The mortality rate for residents with nursing home-acquired
bacteremia was 8%, as compared with 56% for those with pneumonia.
Another observational study in a Veterans Affairs LTC facility in



Pittsburgh, Pennsylvania, identified UTI as the cause of nursing home-
acquired bacteremia in 55% of cases. The mortality rate for these cases
was 15.5%, as compared with a 50% rate for pneumonia cases.Z In a
prospective cohort of 13 LTC facilities in California, the death rate was
4% for nursing home-acquired bacteremia and 69% for

pneumonia.: The strongest risk factor for bacteremia is the use of a
urinary catheter, independent of the patient’s age, sex, and
comorbidities, as well as the type of catheter used.32

UTI accounts for one-third of hospitalized patients from LTC facilities. In
a retrospective cohort of 4267 LTC facilities in California, Florida,
Michigan, New York, and Texas, predictors of hospitalization for UTI
were assessed with data from the Minimum Data Set. n this cohort, the
incidence of hospitalization for UTI was 45.3 cases per 1000 personyears
of observation. The risk factors identified were chronic IUC

use, Clostridium difficile or MDR infection, comorbidities (ie, Parkinson’s
disease, dementia, stroke, diabetes), and polypharmacy (=10
medications). The researchers found a 69% lower rate of hospitalization
in those who could walk independently; further, improving mobility in
patients who were impaired reduced their hospitalization rates by 30%
to 80%.14 UTI increases the odds of disability (odds ratio, 1.5), and
patients with lower function are at a higher risk for UTIs.«

Conclusion )

UTI is the most common cause of bacteremia and hospitalization in LTC
residents, but its mortality rate is much lower than that for pneumonia.
UTI is also the condition for which antibiotics are most frequently
prescribed; however, many patients are inappropriately treated.
Individuals with asymptomatic bacteriuria should not be prescribed



antibiotics, as this practice increases the risk of antimicrobial resistance
and does not change chronic genitourinary symptoms or improve
survival. Treatment of UTI in LTC residents is similar to that in
ambulatory patients, with an emphasis on individualized and tailored
antimicrobial therapy. Although two major sets of guidelines have been
issued to assist with the diagnosis and treatment of UTIs, these infections
remain challenging to manage in LTC residents because of
communication barriers, comorbidities, and the presence of chronic
urinary symptoms. Further research is needed to shed light on how to
optimally diagnose and treat UTIs in the LTC setting.
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