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IMPORTANCE Treatment of asymptomatic bacteriuria (ASB) with antibiotics is a common

factor in inappropriate antibiotic use, but risk factors and outcomes associated with

treatment of ASB in hospitalized patients are not well defined.

OBJECTIVE To evaluate factors associated with treatment of ASB among hospitalized patients

and the possible association between treatment and clinical outcomes.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort studywas conducted from

January 1, 2016, through February 1, 2018, at 46 hospitals participating in theMichigan

Hospital Medicine Safety Consortium. A total of 2733 hospitalizedmedical patients with ASB,

defined as a positive urine culture without any documented signs or symptoms attributable

to urinary tract infection, were included in the analysis.

EXPOSURES One or more antibiotic dose for treatment of ASB.

MAIN OUTCOMES ANDMEASURES Estimators of antibiotic treatment of ASB. Secondary

outcomes included 30-daymortality, 30-day hospital readmission, 30-day emergency

department visit, discharge to post–acute care settings, Clostridioides difficile infection

(formerly known as Clostridium difficile) at 30 days, and duration of hospitalization after

urine testing.

RESULTS Of 2733 patients with ASB, 2138 were women (78.2%); median age was 77 years

(interquartile range [IQR], 66-86 years). A total of 2259 patients (82.7%) were treated with

antibiotics for a median of 7 days (IQR, 4-9 days). Factors associated with ASB treatment

included older age (odds ratio [OR], 1.10 per 10-year increase; 95% CI, 1.02-1.18), dementia

(OR, 1.57; 95% CI, 1.15-2.13), acutely alteredmental status (OR, 1.93; 95% CI, 1.23-3.04),

urinary incontinence (OR, 1.81; 95% CI, 1.36-2.41), leukocytosis (white blood cell count

>10000/μL) (OR, 1.55; 95% CI, 1.21-2.00), positive urinalysis (presence of leukocyte esterase

or nitrite, or >5 white blood cells per high-power field) (OR, 2.83; 95% CI, 2.05-3.93), and

urine culture with a bacterial colony count greater than 100000 colony-forming units per

high-power field (OR, 2.30; 95% CI, 1.83-2.91). Treatment of ASB was associated with longer

duration of hospitalization after urine testing (4 vs 3 days; relative risk, 1.37; 95% CI,

1.28-1.47). No other differences in secondary outcomes were identified after propensity

weighting.

CONCLUSIONS AND RELEVANCE Hospitalized patients with ASB commonly receive

inappropriate antibiotic therapy. Antibiotic treatment did not appear to be associated

with improved outcomes; rather, treatment may be associated with longer duration of

hospitalization after urine testing. To possibly reduce inappropriate antibiotic use,

stewardship efforts should focus on improving urine testing practices andmanagement

strategies for elderly patients with alteredmental status.
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U
rinary tract infections (UTIs) are the secondmost com-

mon infection among hospitalized patients.1Accurate

diagnosis requires a combinationof relevant signs and

symptoms,generallysupportedbyapositiveurineculture (UC).

Bacterial growth in a UC without accompanying symptoms is

knownasasymptomaticbacteriuria(ASB).2,3Asymptomaticbac-

teriuriaiscommonlymisdiagnosedasUTI.4However,unlikeUTI,

treatment of ASBwith antibiotics does not improve outcomes

in outpatient and long-term care settings except in pregnancy

orpatientsundergoinginvasiveurologicprocedures.2,3,5Despite

nationalguidelinesrecommendingagainstantibiotic therapyfor

ASB, high treatment rates persist.6-9

Inappropriateuseofantibioticscanresultinadverseevents,10

increasedantibiotic resistance, andClostridioidesdifficile infec-

tion (CDI; formerly known as Clostridium difficile), prompting

hospitalsandantimicrobialstewardshipprogramstoadoptstrat-

egies to reduce inappropriate antibiotic use, in particular, ASB

treatment.However,datatoguide interventionsare limited; few

studieshaveassessed factorsandoutcomesassociatedwithan-

tibiotictreatmentforASBinhospitalizedpopulations.6-9,11,12Sur-

veysassessingclinicianknowledge regardingASB in inpatients

foundthatdeficitsareprevalent.Evenwhencliniciansareknowl-

edgeable, guideline-discordant practices persist owing to con-

cern for adverse outcomes if ASB is not treated.13-15 Therefore,

a large,multihospital registry inclusiveofadiversepatientpopu-

lationwas used to identify factors possibly associatedwith in-

appropriatetreatmentofASBandevaluatetheclinicaloutcomes

of antibiotic treatment.

Methods

Study Setting

The Michigan Hospital Medicine Safety (HMS) Consortium

comprises46hospitalswithsharedgoalsof improvingthequal-

ity of care and decreasing adverse events among hospitalized

medical patients.16-18 Participation in the HMS Consortium is

voluntary, representing half (46 of 92) of Michigan hospitals

and including amixof academic and community, small (<200

bed) and large (≥200 bed) hospitals.

Because the purpose of the HMS Consortium is to mea-

sureandimprovethequalityofexistingcarepractices, thisproj-

ect received a status designation of not regulated by the Uni-

versity of Michigan Medical School’s Institutional Review

Board, which waives the requirement of informed consent.

Data Collection

FromJanuary 1, 2016, throughFebruary 1, 2018 (10hospitals in

2016,expandedto46in2017), trainedabstractorsretrospectively

collecteddata frompatientswithapositiveUCcollectedduring

hospitalization (defined as a UCwith any bacterial growth and

identifiedasabnormalbythehospital’smicrobiologypolicy).The

HMSConsortiumprocedures fordata collectionandquality as-

surancehavebeenpreviouslydescribed.16-18Deidentifieddata

werecollectedfrom90daysbeforeadmissionuntil follow-upwas

terminatedbyamajor complication (eg,death)or 30daysafter

discharge.Dataabstractedfrommedical records includeddemo-

graphics,signsandsymptomsofUTI, laboratoryandradiographic

findings,vital signs,antibiotic typeandduration,andoutcomes.

Symptomswerecollected fromclinicianandnursingdocumen-

tation3daysbeforeandafterUCcollection.At30daysafterdis-

charge,patientswerecontacted for additionaloutcomedataby

scripted telephone follow-up (upto3attempts).Astandardized

datadictionaryandrandomauditsateachhospitalbyqualityco-

ordinators (including S.B.) ensured data integrity.

Patient Sampling and Selection

Abstractorsateachhospital consecutively screenedpatients30

days after discharge and included the first patient daily with a

positiveUC.18Patientswerenoteligible for inclusion if theymet

any of the following criteria: (1) age younger than 18 years; (2)

pregnant; (3) urinary stent, nephrostomy, altered urinary tract

anatomy, or urologic surgery during hospitalization; (4) inten-

sivecareunit admissionwithin3daysbeforeorafterUC; (5) en-

teredhospiceduringhospitalization; (6) leftagainstmedicalad-

vice; (7) concomitant infection (documentationbyphysicianof

an additional bacterial infection during hospitalization except

CDI); (8) active treatmentand/orprophylaxis forUTIonadmis-

sion; (9) solid organ or bonemarrow transplant recipient; (10)

HIVwith CD4 count less than 200 cells/mm3; (11) neutropenia

(absoluteneutrophil count<0.5 cells/μL [to convert to×109per

liter,multiplyby0.001])onhospitalday1or2; (12) isolatedcan-

diduria;or (13)withinthe30daysafterdischargefromindexhos-

pitalization already abstracted for that patient.

Patients with bacteriuria were categorized as having ASB

if there was no documentation of signs or symptomsmeeting

diagnostic criteria for UTI per Infectious Diseases Society of

America Guidelines and National Healthcare Safety Network

definitions.2,3,19Specifically, patients couldnothaveoneof the

following documented signs or symptoms: dysuria, urinary

frequency/urgency,suprapubicpain, fever(temperature≥38°C),

costovertebral pain/tenderness, hematuria, and autonomic

dysreflexia or increased spasticity in patients with spinal cord

injury (eFigure in the Supplement). Patientswith acute altera-

tions inmental status (AMS), who often cannot communicate

symptoms,were categorizedashavingASB if theyhadnoneof

the aforementioned signs or symptoms and no systemic signs

ofpossible infection (peripheralwhitebloodcell count>10000

Key Points

Question What are the clinical characteristics and outcomes

associated with antibiotic treatment of hospitalized patients with

asymptomatic bacteriuria?

Findings In this cohort study of 2733 hospitalized adults with

asymptomatic bacteriuria, 82.7% received inappropriate antibiotic

treatment; patients who were older, had alteredmental status,

or had abnormal urinalysis results were more likely to receive

antibiotics. Antibiotic treatment was associated with a 37% longer

duration of hospitalization after urine testing without improved

clinical outcomes.

Meaning Antibiotic treatment of asymptomatic bacteriuria

in hospitalized patients appears to be common, may not be

associated with improved clinical outcomes, andmay be

associated with longer duration of hospitalization after

urine testing.
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cells/μL [toconvert to×109per liter,multiplyby0.001], systolic

bloodpressure<90mmHg,or≥2criteria forsystemic inflamma-

tory response syndrome).3,20,21 Patients were excluded from

analysis if relevant dataweremissing.

Outcomes

The primary outcome was antibiotic treatment, defined as

receiving at least 1 dose of an oral or intravenous antibiotic

(assessed 3 days before UC through discharge, including dis-

charge prescriptions). Metronidazole and/or oral vancomy-

cin alone was not considered ASB treatment.

Variables included (1) demographics, (2) receipt (in prior

90 days) of antibiotic, (3) urinary catheter presence, (4)

nonspecific signs or symptoms not consistent with UTI defi-

nition (including fatigue, change in urine color/sediment),

(5) severity of illness, and (6) laboratory results (including

elevated peripheral white blood cell count, urinalysis, and

UC results).

Secondaryoutcomesassessed includeddischarge topost–

acute care facility, development of CDI within 30 days, dura-

tion of hospitalization after urine testing, and 30-daymortal-

ity, readmission, and emergency department visit. The CDI

events included laboratorydiagnosis (positiveCdifficilepoly-

merase chain reaction and/or glutamate dehydrogenase level

with toxinenzyme immunoassay testing)22occurring48hours

afterUCornewCDIdiagnosisdocumentedwithin30dayspost

discharge. Hospital durationwas assessed from the day urine

testing was performed (urinalysis or UC).

Sensitivity Analyses

Sensitivityanalyseswereperformedtoaccount forpotentialun-

measuredconfoundersofdurationofhospitalizationafterurine

testing.FirstassessedwastheoutcomeofASBtreatmentonhos-

pitaldurationonly forpatientswithurine testingperformedon

hospitalday1.Thissample limitaddressedpotentialdifferences

among patients with a later change prompting testing, which

would be a possible marker for a complicated hospitalization.

Additional analysis assessed duration of hospitalization for

patientswho had testing and antibiotics ordered on day 1.

Statistical Analysis

Factors in antibiotic treatment ofASBwere summarizedusing

descriptive analyses. Unadjusted associations of factors with

antibiotic treatment were assessed using logistic generalized

estimating equation models accounting for hospital level

clustering, with results expressed as odds ratios (ORs) for di-

chotomous variables and relative risks (RRs) for continuous

variableswith95%CIs. The finalmultivariablemodelwasde-

termined by a stepwise selection procedure based on covari-

ate contributions to themodel fit asmeasuredby the Schwarz

criterion.23 Associations of secondary outcomes with antibi-

otic treatment ofASBwere assessedusing logistic generalized

estimatingequationmodels, inverseprobabilityof treatment24

weighted by baseline covariates identified to be significant

in the bivariate and/or multivariate analysis, and other fac-

tors potentially associated with the outcome (eAppendix in

the Supplement).25-33 To account for variables with missing

data, a 10-foldmultiple imputationwascompleted.34A2-sided

Pvalue<.05wasusedto indicatesignificance.All analyseswere

performed in SAS, version 9.4 (SAS Institute Inc).

Results

Baseline Demographics

Between January 1, 2016, and February 1, 2018, 7252 patients

withapositiveUCwere identifiedamong46hospitals.Of these,

2772 patients (38.2%) lacked documented urinary symptoms

and were classified as having ASB (eFigure in the Supple-

ment). Among 2733 patients with ASB and complete treat-

ment data, 2259 individuals (82.7%) received antibiotics for a

medianof 7days (interquartile range [IQR],4-9) (Table 1).Most

individuals (1933/2259 [85.6%]) were treated with 3 or more

days of antibiotics. The median age was 77 years (IQR, 66-

86); 2138 of 2733 patients (78.2%) were women. At the time

of UC, 375 of 2733 patients (13.7%) had an indwelling urinary

catheter, 1138patients (41.6%)hadchronickidneydisease, 1076

patients (39.4%) had diabetes, and 560 patients (20.5%) had

dementia. A total of 2308 patients (84.4%) were admitted to

the hospital for reasons other than UTI. Discharge diagnoses

more frequently included UTI for patients who received ASB

treatment compared with those who did not receive treat-

ment (485/2259 [21.5%] vs 0/474) (eTable 1 in the Supple-

ment).Almost all patients (2499 [94.1%])hadpyuria.Themost

common urine pathogens isolated included Escherichia coli

(50.2%)andKlebsiella species (15.3%).Ceftriaxone (61.6%)was

themost common initial antibiotic treatment; fluoroquinolo-

nes (33.2%) were the antibiotics most frequently prescribed

at discharge (Table 1). The indication for UCwas documented

in 1565 of the cases (57.3%) (Table 1). Of documented indica-

tions, abnormalurinalysis resultswas themost common (666/

1565 [42.6%]).TheproportionofpatientswithASBtreatedwith

antibioticsvariedbyhospital,with35of the46facilities (76.1%)

treating ASB in 80% or more of the patients (Figure).

Variables AssociatedWith ASB Treatment

VariablesassociatedwithASBtreatment includedpatient char-

acteristics, such as older age and acute AMS, and laboratory

results, such as positive urinalysis (presence of leukocyte es-

terase or nitrite, or >5white blood cells per high-power field).

Severity of illness, measured by qSOFA (quick sequential or-

gan failure assessment)35 score (328/2733 [12.0%])or2ormore

systemic inflammatory response syndrome criteria (909/

2733 [33.3%]), was not associated with increased treatment

rates (Table 2).

Onmultivariable analysis, patient characteristics of older

age (OR, 1.10per 10-year increase;95%CI, 1.02-1.18), acuteAMS

(OR, 1.93; 95%CI, 1.23-3.04), dementia (OR, 1.57; 95%CI, 1.15-

2.13), and urinary incontinence (OR, 1.81; 95% CI, 1.36-2.41),

as well as laboratory test results including a positive urinaly-

sis (OR, 2.83; 95% CI, 2.05-3.93), E coli bacteriuria (OR, 1.42;

95% CI, 1.12-1.79), high bacteriuria colony counts (>100000

colony-formingunits per high-power field) (OR, 2.30; 95%CI,

1.83-2.91), andperipheral leukocytosis (white blood cell count

>10000 cells/μL) (OR, 1.55; 95% CI, 1.21-2.00), were associ-

ated with ASB treatment (Table 3).
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Patient Outcomes

Within30daysofdischarge, 2375of 2733patients (86.9%)had

follow-up terminated by a major complication or were as-

sessed by record review and/or telephone follow-up. Accord-

ing to data presented in Table 4 after adjustment, no differ-

ences were found in mortality, readmission, emergency

department visit, or CDIwithin 30 days post discharge or dis-

charge to post–acute care facility between patients with ASB

who received vs did not receive antibiotics. Most urine test-

ing (2068/2733 [75.7%]) was performed on day 1 of hospital-

ization.Durationofhospitalizationafterurine testingwas37%

longer (median, 4 vs 3 days; RR, 1.37; 95% CI, 1.28-1.47) in

patients with ASB who received vs did not receive antibiotic

treatment.

Table 1. Characteristics of 2733 PatientsWith Asymptomatic Bacteriuria

Characteristic No. (%)

Age, median (IQR), y 77 (66-86)

Women 2138 (78.2)

Comorbiditiesa

Diabetes 1076 (39.4)

Moderate to severe chronic kidney disease 1138 (41.6)

Hemodialysis 50 (1.8)

Liver disease 176 (6.4)

Congestive heart failure 804 (29.4)

Cerebrovascular disease 708 (25.9)

History of cancer 582 (21.3)

Spinal cord injury 42 (1.5)

Immunosuppressionb 95 (3.5)

Dementia 560 (20.5)

Urinary catheter

Indwelling 375 (13.7)

Other 46 (1.7)

Urinalysis obtained 2662 (97.4)

Urinalysis result

Positive LE and/or >5 WBCs/high-power field 2499 (91.4)

Positive nitrite 1005 (36.8)

Documentation of reason for culture in records 1565 (57.3)

Abnormal urinalysis 666 (42.6)

Altered mental status 110 (7.0)

Fatigue (new or worsening) 108 (6.9)

Abdominal pain (new or worsening) 105 (6.7)

Other 576 (36.8)

Urine pathogens

Escherichia coli 1373 (50.2)

Klebsiella spp 417 (15.3)

Enterococcus spp 294 (10.8)

Proteus spp 154 (5.6)

Pseudomonas aeruginosa 104 (3.8)

Enterobacter spp 97 (3.5)

Citrobacter spp 71 (2.6)

≥2 Bacteria 340 (12.4)

Treatment

Duration of therapy for those receiving antibiotics on day 1 of treatment, median (IQR) 7 (4-9)

Ceftriaxone 1392 (61.6)

Fluoroquinolonec 428 (18.9)

Cephalexin 72 (3.2)

Antibiotics at discharged

Fluoroquinolonec 469 (33.2)

Cephalosporin (1st or 2nd generation) 444 (31.5)

Trimethoprim with sulfamethoxazole 132 (9.4)

Nitrofurantoin 97 (6.9)

Abbreviations: IQR, interquartile

range; LE, leukocyte esterase;

spp, species; TNF, tumor necrosis

factor; WBC, white blood cell.

a Comorbidities are not mutually

exclusive.

bDefined as chemotherapy

administered within 30 days,

HIV positive with a CD4 count

greater than 200 cells/mm3,

prednisone dose of 10mg/d or more

for at least 30 days (or equivalent

corticosteroid dose), receiving

biologic agents (eg, TNF inhibitors

or other immunosuppressant

agents), or congenital or acquired

immunodeficiency.

c Fluoroquinolones given were

levofloxacin and ciprofloxacin.

dListed if more than 5% of total

prescribed.
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Sensitivity Analyses

Treatment ofASB remainedassociatedwithdurationofhospi-

talizationonsensitivityanalysis.When includingonlypatients

who had urine testing performed on hospital day 1 (n = 2068),

treatmentofASB remainedassociatedwith longerhospitaliza-

tion (median, 5 vs 3 days without treatment; RR, 1.33; 95% CI,

1.22-1.46) (eTable2 intheSupplement).Whenonlypatientswho

hadurine testingperformedandantibiotics startedonhospital

day 1were included (n = 1810),ASBtreatment remainedassoci-

ated with longer hospitalization (median, 4 vs 3 days without

treatment; RR, 1.27; 95%CI, 1.15-1.40).

Discussion

In this study of 2733 hospitalized patientswith ASB across 46

hospitals, 80%ormore receivedantibiotic treatment.Bothpa-

tient and laboratory characteristicswere associatedwith ASB

treatment, including older age, acuteAMS, dementia, and ab-

normal urinalysis results. In addition, treatment of ASB was

not associatedwith differences inmost outcomes butwas as-

sociatedwith longerdurationofhospitalizationafterurine test-

ing.Thesefindingssupportguidelinerecommendationsagainst

ASB treatment among hospitalized patients and suggest po-

tential harm associated with treatment.

WefoundhightreatmentratesofASBinhospitalizedpatients

and identifiedpatient characteristics associatedwithantibiotic

treatment ofASB. Similar to findings inprior studies, older age

andAMSwererisk factors forASBtreatment.9,36 Inaddition,our

study identifiednewcharacteristicsassociatedwith treatment:

dementia and urinary incontinence. These factors, although

independently associated with treatment, are more common

with older age, placing elderly patients—who have the highest

morbidity and mortality due to antibiotic-associated adverse

events—at thehighest riskof receiving inappropriate antibiotic

therapy. Acute AMS anddementia are particularly challenging

becausepatientswith these conditions areoftennot able to re-

liably communicate symptoms, causing clinician hesitation in

withholding treatment.12,37,38Fromreportsofexperience in the

long-termcare setting,patientswithbacteriuriaandwithacute

AMSandno localizingUTIsymptomsorsignsof systemic infec-

tionmaybeobservedwithoutantibioticsfor24to48hourswhile

otherpotential sourcesofAMS(eg,dehydration,medicationad-

verseeffects) are addressed.37-39Prior studiesdescribing lower

treatment rates (47%-62%) in hospitalized patients with ASB

havedifferingorunspecifiedASBdefinitions.7,40,41Higher treat-

mentrates (72%-77%)ofASBweredescribedamonginstitution-

alizedpatientswithdementiaor studiesexcludingAMSasaUTI

criterion.8,9,42,43Ourinclusionofthispopulation(ASBwithAMS)

likelycontributedtoourobservedhighertreatmentratesanden-

abledusto identifyanassociationofdementiaandAMSwith in-

creased ASB treatment. Our approach in patients with AMS is

supportedby the recently updated InfectiousDiseases Society

ofAmericaASBguidelines,whichaddressedthe impairedelder-

lypatientwithbacteriuriaanddelirium, recommendingassess-

ment for other causes and careful observation instead of

antibiotics.3Thispopulationwould likelybenefit fromtargeted

stewardship interventions.

We also found ASB treatment to be more common in pa-

tients with certain laboratory test results. Despite common

misperceptions, positive urinalysis or UC results do not de-

fine a UTI or necessitate antibiotic therapy.2,44-46 A negative

urinalysis result makes a UTI unlikely, but a positive urinaly-

sis does not diagnose infection given its poor positive predic-

tive value.2,46,47However, abnormalurinalysiswas the top in-

dicationdocumentedforUCandthestrongest factorassociated

with treatment. These findings are consistentwithprior stud-

ies that identifiedpyuria, abnormal urinalysis, gram-negative

bacteriuria, and higher bacterial colony counts to be associ-

atedwithASB treatment.6,9,11Furthermore, the rate of pyuria

in this cohort was 91.4%,which is similar to the rate in a prior

study in an elderly institutionalized population.45 Given the

highprevalence of bothpyuria andASB in this population, re-

flex urine culturing (UCperformed after abnormal urinalysis)

Figure. Proportion of PatientsWith Asymptomatic BacteriuriaWho Received Antibiotic Treatment Across 46Hospitals inMichigan
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a Low-volume hospital was defined as being in the 10th percentile or below for asymptomatic bacteriuria cases across the collaborative.
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may potentially further contribute to inappropriate antibi-

otic use in hospitalized elderly patients, as clinicians may be

more likely tomisinterpret an abnormal urinalysis linked to a

positive UC.47 To decrease inappropriate testing and treat-

ment of ASB, diagnostic stewardship interventions and edu-

cation should emphasize thepoor positive predictive value of

abnormal urinalysis results and emphasize symptoms as the

correct prompt for urine testing and UTI diagnosis.

In addition,we foundnodifference inmortality, readmis-

sion, emergency department visits, or CDI within 30 days in

patientswithASBtreatedwithantibiotics comparedwith those

whoreceivedno treatment.Multiple randomizedclinical trials

demonstrated no improvement in outcomes with ASB treat-

ment for certain populations (patients who are elderly, dia-

betic, or institutionalized), and thesedata havebeen extrapo-

lated to the hospitalized patient.2 Data on clinical outcomes

Table 2. Distribution of Patient-Level Variables and Treatment of Asymptomatic Bacteriuria

Variable

No. (%)

Odds Ratio
(95% CI)

P

Valuea
Antibiotics
(n = 2259)

No Antibiotics
(n = 474)

Baseline characteristics

Age, median (IQR), y 78 (67-87) 74 (62-83) 1.02 (1.01-1.02) <.001

Women 1774 (78.6) 364 (76.8) 1.09 (0.84-1.42) .51

White race 1813 (80.5) 397 (84.1) 0.99 (0.73-1.34) .95

Charlson Comorbidity Index score

0 258 (11.4) 54 (11.4) 1 [Reference] .009

1-2 656 (29.0) 150 (31.7) 0.88 (0.63-1.24)

3-4 720 (31.9) 113 (23.8) 1.35 (0.98-1.88)

≥5 625 (27.7) 157 (33.1) 0.87 (0.62-1.22)

Diabetes 876 (38.8) 200 (42.2) 0.84 (0.69-1.02) .07

Moderate to severe chronic kidney disease 934 (41.4) 204 (43.0) 1.00 (0.80-1.26) .98

History of cancer 477 (21.1) 105 (22.2) 1.00 (0.80-1.25) .99

Spinal cord injury 36 (1.6) 6 (1.3) 1.66 (0.69-3.99) .26

Dementia 506 (22.4) 54 (11.4) 2.10 (1.53-2.89) <.001

Immunosuppressionb 73 (3.2) 22 (4.6) 0.79 (0.49-1.29) .35

IV chemotherapy in preceding 30 d 19 (0.8) 10 (2.1) 0.46 (0.23-0.92) .03

Hemodialysis 38 (1.7) 12 (2.5) 0.60 (0.32-1.12) .11

Transfer from post–acute care facilityc 96 (4.3) 11 (2.3) 2.02 (0.78-5.20) .15

Nonambulatory 355 (15.7) 44 (9.3) 1.65 (1.22-2.23) .001

Hospitalization in past 90 d 662 (29.3) 144 (30.4) 0.91 (0.69-1.21) .52

Antibiotics in past 90 d 492 (21.8) 99 (20.9) 1.00 (0.76-1.32) .99

Indwelling catheter 331 (14.7) 44 (9.3) 1.45 (1.10-1.91) .009

Any catheterd 369 (16.3) 48 (10.1) 1.57 (1.18-2.08) .002

Signs and symptoms

Abdominal pain 383 (17.0) 100 (21.1) 0.81 (0.60-1.08) .15

Incontinence 534 (23.6) 59 (12.4) 2.31 (1.68-3.19) <.001

Functional decline 165 (7.3) 23 (4.9) 1.42 (0.94-2.16) .09

Acutely altered mental status 425 (18.8) 45 (9.5) 1.96 (1.28-3.00) .002

Fatigue, malaise, or lethargy 659 (29.2) 128 (27.0) 1.12 (0.83-1.51) .47

Nausea or vomiting 481 (21.3) 123 (25.9) 0.82 (0.64-1.05) .11

Change in color, sediment, or malodorous urine 254 (11.2) 42 (8.9) 1.63 (1.04-2.57) .03

Urinary retention or postvoid residual >200 mL 207 (9.2) 27 (5.7) 1.75 (1.19-2.57) .004

Heart rate >90 beats/min 1276 (56.5) 254 (53.6) 1.20 (0.94-1.54) .13

Respiratory rate ≥22 breaths/min 767 (34.0) 169 (35.7) 0.98 (0.73-1.33) .92

Systolic blood pressure <90 mm Hg 286 (12.7) 60 (12.7) 1.09 (0.74-1.59) .67

Severity of illness

qSOFA (≥2 vs <2)e 273 (12.1) 55 (11.6) 1.12 (0.69-1.82) .64

≥2 SIRS criteriaf 760 (33.6) 149 (31.4) 1.28 (0.95-1.71) .10

Laboratory results

Leukocytosisg 816 (36.1) 151 (31.9) 1.26 (0.99-1.60) .06

Positive urinalysish 2104 (93.1) 382 (80.6) 3.36 (2.44-4.62) <.001

Urine culture with ≥100 000 CFU 1903 (84.2) 308 (65.0) 2.85 (2.26-3.60) <.001

Pseudomonas aeruginosa 90 (4.0) 14 (3.0) 1.24 (0.69-2.25) .47

Escherichia coli 1192 (52.8) 180 (38.0) 1.67 (1.35-2.07) <.001

Resistant E colii 81 (3.6) 8 (1.7) 1.47 (0.90-2.37) .12

Abbreviations: CFU, colony-forming

unit; IQR, interquartile range;

IV, intravenous; SIRS, systemic

inflammatory response syndrome;

qSOFA, quick sequential organ failure

assessment; TNF, tumor necrosis

factor.

a P < .05 was considered significant.

bDefined in a footnote to Table 1.

c Includes transfer from subacute

rehabilitation center, skilled nursing

home, acute rehabilitation center,

assisted living, or other hospital.

Also includes whether patient had

been admitted or resided in a

nursing home, subacute

rehabilitation center, or extended

care facility in the past 30 days.

d Includes Foley catheter,

intermittent straight

catheterization, and suprapubic

catheter present on day of or 1 day

before urine culture collection.

e Systolic blood pressure of 100mm

Hg or lower = 1, respiratory rate of

22 or more breaths/min = 1; and

Glasgow Coma Scale score less than

15 = 1.

f Temperature less than 36 °C or

greater than 38 °C, heart rate more

than 90 beats/min, respiratory rate

more than 20 breaths/min, and

peripheral white blood cell count

less than 4000/μL or greater than

12 000/μL

(to convert to ×109 per liter,

multiply by 0.001).

gDefined as a peripheral white blood

cell count greater than 10000/μL.

hDefined as presence of leukocyte

esterase or nitrite, or more than 5

white blood cells per high-power

field.

i Resistant to ceftriaxone or labeled

as extended-spectrum β-lactamase

E coli in culture result.
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in the hospitalized populationwith ASB are limited.12,48,49 In

additiontoourstudyfindingnoclinicalbenefit, antibiotic treat-

ment of ASB was associated with a 37% increase in duration

ofhospitalizationafterurine testing, suggestingpotentialharm

and additional cost. Similarly, a recent study found that hos-

pitalizedpatientswith aUConadmission, irrespectiveof their

admittingdiagnosis, had longer hospital stays comparedwith

patients with no UC.50 The association of antibiotic treat-

ment with longer duration of hospitalization was robust in

sensitivity analyses attempting to account for differences in

patients with testing performed later during hospitalization.

It is possible that ASB treatment may be associated with lon-

ger hospitalization because clinicians may delay discharge

in stable patients while awaiting antibiotic susceptibility

test results. Given that UTI is one of the most commonly

treated andmisdiagnosed conditions in US hospitals, a 1-day

difference in length of staywould have a substantial effect on

hospitalization-related costs.

Limitations and Strengths

Our study has limitations. First, because thiswas an observa-

tional retrospective study, we cannot prove causation. Sec-

ond, ascertaining urinary symptoms is limited by the accu-

racy of documentation, so ASB frequency may have been

overestimated. Third, by excluding concomitant infections,

wemay not have captured the full scope of ASB treatment in

hospitalized patients. Fourth, adverse outcomes were infre-

quent, limitingourpower todetectdifferences.However,given

the study size, if a difference in outcomes existed, itwould be

small. Fifth, although we adjusted for potential confounding

variables and completed sensitivity analyses for duration of

hospitalization, residualconfoundingmaystill exist.Sixth,one-

third of the patients had 2 ormore systemic inflammatory re-

sponse syndrome criteria (by definition, none had AMS or fe-

ver), and 328 of 2733 patients (12.0%) met qSOFA criteria.

Patients with sepsis syndrome may warrant empirical use of

antibiotics, but systemic inflammatory responsesyndromecri-

teria are neither sensitive nor specific for infection, and indis-

criminate early antibiotic usemaycauseharmwithoutproven

benefit in less sickpopulations.51-54However, theqSOFAscore

should prompt consideration of possible infection in patients

withnonlocalizing symptoms; thus, someproportionof early

antibiotic use for this population may be appropriate.

Despite these limitations,our studyhasmultiple strengths.

Trainedabstractorscollecteddatauniformlyforaccuracy.Wealso

includeda large,heterogeneouscohortofhospitalizedpatients

Table 4. Outcomes for Treatment vs No Treatment for Asymptomatic Bacteriuria (N = 2733)

Outcomea

No. (%)

Unadjusted Odds Ratio
(95% CI)

Unadjusted
P Value

Adjusted Odds
Ratio (95% CI)

Adjusted
P Value

Antibiotics
(n = 2259)

No
Antibiotics
(n = 474)

30-d Postdischarge mortalityb 63 (2.8) 11 (2.3) 1.22 (0.66-2.26) .53 1.34 (0.72-2.49) .35

30-d Postdischarge readmissionb 362 (16.0) 66 (13.9) 1.16 (0.87-1.56) .31 1.29 (0.92-1.81) .14

30-d Postdischarge ED visitb 272 (12.0) 62 (13.1) 0.91 (0.70-1.18) .48 0.90 (0.66-1.24) .52

Discharge to post–acute care facilityb,c 811 (35.9) 102 (21.5) 1.98 (1.58-2.48) <.001 1.19 (0.90-1.57) .22

Clostridioides difficile infectiond 14 (0.6) 2 (0.4) 1.39 (0.41-4.68) .59 0.88 (0.20-3.86) .86

Duration of hospitalization, median (IQR), de 4 (3-6) 3 (2-5) 1.37 (1.28-1.47)f <.001 1.37 (1.28-1.47)f <.001

Abbreviations: ED, emergency department; IQR, interquartile range.

aOutcomes were adjusted for patient variables found to be significant (P < .05)

and associated with treatment in the bivariate andmultivariate analysis.

bMortality, readmissions, ED visits, and discharge to post–acute care facility

were adjusted for age, Charlson Comorbidity Index score, hospitalization in

90 days preceding current admission, admission from nursing home,

and insurance type.

c Long-term acute care hospital, skilled nursing facility, inpatient rehabilitation,

and subacute rehabilitation.

d Infection occurring within 30 days of discharge was adjusted for age, history

of antibiotic use and number of antibiotics in previous 90 days, admission

from skilled nursing facility, prior hospitalization, proton-pump inhibitor use,

immunosuppression, and Charlson Comorbidity Index score.

e From date of urine testing (either urine culture or urinalysis, whichever was

performed first). Adjusted for age, sex, Charlson Comorbidity Index score,

prior hospitalization, admission from nursing home, and insurance type.

f Relative risk given because because duration of hospitalization is a continuous

variable.

Table 3. MultivariableModel of Patient Factors AssociatedWith Treatment

of Asymptomatic Bacteriuria (N = 2773)

Variable No. Odds Ratio (95% CI)a P Valueb

Patient characteristics

Age (per 10-y increase) 1.10 (1.02-1.18) .01

Dementia 560 1.57 (1.15-2.13) .004

Incontinence 593 1.81 (1.36-2.41) <.001

Acutely altered mental status 470 1.93 (1.23-3.04) .004

Laboratory tests

Urine culture with Escherichia coli 1372 1.42 (1.12-1.79) .003

Peripheral leukocytosisc 967 1.55 (1.21-2.00) <.001

Bacteriuria ≥100 000 CFU 2211 2.30 (1.83-2.91) <.001

Positive urinalysisd 2486 2.83 (2.05-3.93) <.001

Abbreviation: CFU, colony-forming

unit.

aOdds ratios greater than 1 indicate

factors associated with treatment

of asymptomatic bacteriuria.

bP < .05 was considered significant.

c Defined as white blood cell count

greater than 10000/μL (to convert

to ×109 per liter, multiply by 0.001).

dDefined as presence of leukocyte

esterase or nitrite, or more than

5 white blood cells per high-power

field.
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withASBmanaged at diverse hospitals for generalizability.We

foundsignificantdifferences inASB treatmentbetweenhospi-

tals, suggesting that certain stewardship strategiesmayhelp to

reduceASB treatment andwarrant future study. Furthermore,

outcomeswereassessedbybothmedical recordreviewandtele-

phonefollow-up,increasingourabilitytoidentifyadverseevents.

Attemptsweremadetominimizepotentialbiasby inverseprob-

ability of treatmentweighting by propensity scores. Because a

randomizedclinical trial ofhospitalizedpatientswithASBmay

beunethicalgiventhepreponderanceofavailableoutpatientdata

arguingagainst treatment, thismulticenter retrospectivecohort

mayprovide thebest data available to address this population.

This study has important implications for stewardship

policy and intervention design. It suggests that inappropriate

treatment of ASB is common in hospitals. Treatment was as-

sociatedwithbothpatient symptoms (AMS, incontinence) and

test results (particularly urinalysis), likely representing a

misinterpretation of the UTI diagnostic criteria. No benefit

associatedwithASB treatment in thehospitalizedpatientwas

identified,butpotentialharmincludesanassociationwith lon-

gerdurationofhospitalization. Stewardshipefforts shouldpri-

oritize ASB, targeting older patients with dementia. Inappro-

priate antibiotic use has been associated with harm; these

findings add to the growing body of literature supporting a

less-is-more approach, especially in elderly patients who are

at higher risk of experiencing adverse drug events. Further-

more, to reduceASB treatment, programs should consider di-

agnosticstewardship interventionsaddressingdecreasingurine

testing in asymptomatic patients (eg, through computerized

decision support and education).

Conclusions

Inappropriate antibiotic treatment of ASB is common among

hospitalized patients. Treatment was associated with certain

patient characteristics (elderly, dementia, andAMS) and labo-

ratory test findings (particularly abnormal urinalysis results),

which were possibly related to a misunderstanding of the di-

agnostic criteria for UTI. Treatment did not improve clinical

outcomes; rather, it may have been associated with an in-

crease in duration of hospitalization after urine testing. Our

findings suggest that, to reduce inappropriate antibiotic use,

stewardship efforts should focus on improving urine testing

practices and management strategies for stable elderly pa-

tients with AMS.
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