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Background. Reducing antibiotic use in patients with asymptomatic bacteriuria (ASB) has been inpatient focused. However, 
testing and treatment is often started in the emergency department (ED). Thus, for hospitalized patients with ASB, we sought to 
identify patterns of testing and treatment initiated by emergency medicine (EM) clinicians and the association of treatment with 
outcomes.

Methods. We conducted a 43-hospital, cohort study of adults admitted through the ED with ASB (February 2018–February 
2020). Using generalized estimating equation models, we assessed for (1) factors associated with antibiotic treatment by EM clin-
icians and, after inverse probability of treatment weighting, (2) the effect of treatment on outcomes.

Results. Of 2461 patients with ASB, 74.4% (N = 1830) received antibiotics. The EM clinicians ordered urine cultures in 80.0% 
(N = 1970) of patients and initiated treatment in 68.5% (1253 of 1830). Predictors of EM clinician treatment of ASB versus no treat-
ment included dementia, spinal cord injury, incontinence, urinary catheter, altered mental status, leukocytosis, and abnormal urinal-
ysis. Once initiated by EM clinicians, 79% (993 of 1253) of patients remained on antibiotics for at least 3 days. Antibiotic treatment 
was associated with a longer length of hospitalization (mean 5.1 vs 4.2 days; relative risk = 1.16; 95% confidence interval, 1.08–1.23) 
and Clostridioides difficile infection (CDI) (0.9% [N = 11] vs 0% [N = 0]; P = .02).

Conclusions. Among hospitalized patients ultimately diagnosed with ASB, EM clinicians commonly initiated testing and treat-
ment; most antibiotics were continued by inpatient clinicians. Antibiotic treatment was not associated with improved outcomes, 
whereas it was associated with prolonged hospitalization and CDI. For best impact, stewardship interventions must expand to the ED.

Keywords.  bacteriuria; emergency medicine; stewardship; urinary tract infection.

Urinary tract infections (UTIs) are the second most common 
infection treated in hospitalized patients [1, 2], but they are fre-
quently misdiagnosed. Bacteriuria without signs or symptoms 
attributable to a UTI is defined as asymptomatic bacteriuria 
(ASB) [3]. Asymptomatic bacteriuria is frequent among hos-
pitalized patients, and national guidelines recommend against 
antibiotic treatment in most patients. Nevertheless, ASB is 
often unnecessarily treated with antibiotics [2–5]. Antibiotic 
use is associated with increased adverse events, antimicrobial 
resistance, duration of hospitalization, cost, and Clostridioides 

difficile infection (CDI) [2, 6, 7]. Thus, ASB is a prime target for 
antimicrobial stewardship.

Unnecessary antibiotic use in the emergency department 
(ED) is common, but data on antibiotic stewardship in the ED 
are sparse [8–10]. Diagnostic uncertainty and time pressures 
may lead to antibiotic overuse by EM clinicians [11]. It is not yet 
known how often testing and treatment related to ASB in hospi-
talized patients is initiated by EM clinicians, or how often anti-
biotics started by EM clinicians are continued by the inpatient 
clinician. Thus, for hospitalized patients with ASB who were ad-
mitted through the ED, we sought to identify how often urine 
testing and antibiotic treatment is started by EM clinicians, pat-
terns and predictors of antibiotic treatment, and the association 
of antibiotic treatment with patient outcomes.

METHODS

Study Setting and Inclusion and Exclusion Criteria

This study included 43 hospitals participating in the Michigan 
Hospital Medicine Safety (HMS) Consortium. HMS is a quality 
collaborative funded by Blue Cross Blue Shield of Michigan and 
Blue Care Network that aims to improve the care of hospitalized 
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medicine patients. The HMS includes approximately half (43 of 
92) of nongovernmental or critical access hospitals in the state, 
and a diverse range of hospital type and size (academic and 
community, <200 and ≥200 beds) are represented [6].

For this study, patients were eligible for inclusion if they (1) 
were admitted through the ED, (2) had a positive urine culture 
(UC) collected within 2  days of hospitalization, and (3) had 
ASB. Patients were considered to have ASB if they had no docu-
mented signs or symptoms meeting UTI diagnostic criteria 
per Infectious Diseases Society of America (IDSA) Guidelines 
and National Healthcare Safety Network (NHSN) definitions 
[3, 12]. Specifically, patients could not have 1 of the following 
documented: dysuria, urinary frequency/urgency, suprapubic 
pain, fever (temperature > 38.0°C), costovertebral pain/tender-
ness, hematuria, autonomic dysreflexia, or increased spasticity 
in patients with a spinal cord injury. Because patients with acute 
alterations in mental status (AMS) cannot always describe their 
symptoms, patients with AMS and a systemic sign of possible 
infection (peripheral leukocytosis >10 000 cells/mm3, systolic 
blood pressure <90 mm Hg, or ≥2 criteria for systemic inflam-
matory response syndrome [SIRS]) were considered to poten-
tially have UTI and thus were excluded.

Patients for whom treatment of ASB may be appropriate were 
excluded, including those with altered urinary tract anatomy, 
pregnancy, severe immune compromise (solid organ or bone 
marrow transplant, human immunodeficiency virus with 
CD4 <200 cells/mm3, neutropenia [absolute neutrophil count 
<0.5 cells/mm3]), or those who met criteria for severe sepsis 
(defined as ≥2 SIRS criteria + signs of organ dysfunction, in-
cluding elevated lactate, creatinine >2 mg/dL, bilirubin >2 mg/
dL, platelet <100 000/μL, international normalized ratio >1.5). 
Additional exclusions included (1) age <18 years, (2) intensive 
care unit admission within 3 days before or after UC, (3) en-
tered hospice during hospitalization, (4) left against medical 
advice, (5) concomitant infection (documentation by provider 
of an additional bacterial infection during hospitalization, ex-
cept CDI), (6) active treatment and/or prophylaxis for UTI on 
admission, (7) isolated candiduria, (8) within 30 days from a 
prior hospitalization that would have qualified the patient for 
inclusion in the study. Patients were also excluded from analysis 
if relevant data were missing or the antibiotic was ordered more 
than 1 day from the UC (ensuring that the decision was based 
on patient status around time of testing).

Study Design, Data Collection, and Patient Sampling

Hospital medicine safety procedures for patient selection, data 
collection, and quality assurance have been described [2, 6, 13]. 
In brief, from February 1, 2018 to February 25, 2020, trained 
abstractors at each hospital retrospectively screened consecu-
tive patients 30 days after discharge and included the first pa-
tient each day with a positive UC (positive defined as a UC with 
any bacterial growth identified as abnormal by the hospital’s 

microbiology policy). Data were collected from 90 days before 
admission until follow-up was terminated by a major complica-
tion (eg, death) or 30 days after discharge. Signs and symptoms 
were collected from 3 days before and after UC collection. An 
abnormal urinalysis (UA) was defined as presence of leukocyte 
esterase or >5 white blood cells per high-power field and/or ni-
trites. At 30 days postdischarge, outcome data were collected by 
medical record review and scripted telephone follow-up (3 at-
tempts). A standardized data dictionary and random audits by 
quality coordinators ensured data integrity. Variables collected 
from the medical record included (1) patient demographics, (2) 
receipt of antibiotic (within 90 days prior), (3) nonspecific signs 
or symptoms not consistent with the definition of UTI, (4) se-
verity of illness, and (5) laboratory results.

Outcomes and Exposures

The primary outcome was the percentage of patients who had 
antibiotic treatment (at least 1 dose) initiated by an EM clini-
cian. Antibiotic treatment likely directed at CDI (eg, metroni-
dazole) was not considered ASB treatment. We also assessed 
total antibiotic duration (inpatient plus discharge) in patients 
who received treatment. Secondary outcomes included 30-day 
mortality, 30-day readmission, 30-day ED visit, discharge to 
postacute care facility, CDI within 30 days, and duration of hos-
pitalization after urine testing (UA or UC).

Statistical Analysis

Descriptive statistics were used to characterize the population. 
To evaluate predictors of antibiotic treatment by EM clinicians, 
we first used bivariable logistic general estimating equation 
(GEE) models accounting for hospital-level clustering then de-
termined a multivariable model using stepwise selection based 
on the Schwarz criterion [14].

To evaluate the association of antibiotic treatment by EM 
clinicians with secondary outcomes, we first used logistic re-
gression to create inverse probability of treatment weights 
[15] based on baseline covariates found to be significant in the 
bivariable and/or multivariable analyses and other factors po-
tentially associated with the outcome. These weights were then 
applied to GEE models (logistic or binomial, as appropriate) to 
assess differences in outcomes by treatment. Because there were 
no CDI events in patients with ASB who were not treated with 
antibiotics, we used Fisher’s exact test to compare CDI rates be-
tween treatment and no treatment. P values less than .05 were 
considered statistically significant. All analyses were performed 
using SAS, version 9.4 (SAS Institute Inc., Cary, NC).

Sensitivity Analysis

Because some patients with AMS are unable to report symp-
toms, we conducted a sensitivity analysis assessing factors and 
outcomes associated with ASB treatment by EM clinicians after 
excluding patients with AMS.
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Patient Consent Statement

Because the purpose of HMS is to measure and improve the 
quality of existing care practices, this project received a “not 
regulated” status by the University of Michigan Medical 
School’s Institutional Review Board, and informed consent was 
not required.

RESULTS

Baseline Demographics

Of 2461 patients admitted through the ED and ultimately de-
termined to have ASB (Supplementary eFigure 1), the me-
dian age was 78  years (interquartile range [IQR], 67–87) and 
73.9% (N = 1818) were women (Table  1). The most common 
comorbidities included chronic kidney disease (41.2%, 

N = 1013) and diabetes (38.3%, N = 942). Indwelling urinary 
catheters were present in 14.3% (N = 353) of patients. Almost 
all UAs were abnormal (94.0%, N = 2313). When documented 
(74.4%, 1830 of 2461), the most common indication for the UC 
was an abnormal UA (22.1%, 543 of 2461).The most common 
bacteria isolated were Escherichia coli (47.9%, N = 1180), 
Klebsiella spp (15.6%, N = 383), and Enterococcus spp (10.5%, 
N = 259).

Three quarters (74.4%, 1830 of 2461) of patients were treated 
with antibiotics (Supplementary eFigure 2 and eFigure 3) 
with a median treatment duration of 6  days (IQR, 3–9) and 
median hospital duration of 5  days (IQR, 3–6). The UC was 
ordered by EM clinicians in 80.0% (N = 1970 of 2461) of pa-
tients (Supplementary eFigure 2), and antibiotic treatment 
was started by EM clinicians in 68.5% (1253 of 1830) of those 
treated (Supplementary eFigure 3). When antibiotic therapy 
was started by EM clinicians, 79.2% (993 of 1253) of patients 
remained on antibiotics for 3 or more days (Figure 1). Likewise, 
when antibiotic therapy was started by inpatient clinicians, 
82.0% (473 of 577) remained on antibiotics for 3 days or more. 
The most common initial antibiotic was ceftriaxone (78.2%, 
N = 1418), and at discharge the most common antibiotic was 
a fluoroquinolone (30.2%, N = 290). Hospitals with higher 
rates of urine testing by EM clinicians also had higher rates of 

Characteristic N (%)

 ≥2 bacteria 394 (16.0%)

Treatment  

 Received antibiotics 1830 (74.4%)

 First treatment by EM 1253 (52.0%)

 First treatment by inpatient clinician 577 (23.4%)

  Duration of therapy for those treated, 
median [IQR] N = 1744

6 [3–9]

  Antibiotics on day 1 of treatmentf  

  Ceftriaxone 1418 (78.2%)

  Fluoroquinoloneg 153 (8.4%)

 Antibiotics at Dischargeg  

  Fluoroquinoloneg 290 (30.2%)

  Cephalexin 263 (27.4%)

  Trimethoprim/sulfamethoxazole 92 (9.6%)

  Cefuroxime 77 (7.7%)

  Nitrofurantoin 52 (5.4%)

  Amoxicillin 48 (5.0%)

Abbreviations: EM, emergency medicine clinician; IQR, interquartile range; LE, leukocyte 
esterase; N, number; WBC/hpf, white blood cells per high-power field.
aComorbidities are not mutually exclusive.
bDefined as human immunodeficiency virus positive with CD4 count greater than 200 cells/
mm3, at least 30 days of prednisone 10 mg/day or more (or equivalent corticosteroid dose), 
on biologic agents (eg, tumor necrosis factor inhibitors), received chemotherapy in last 
30 days, or congenital or acquired immunodeficiency.
cDefined as condom catheters, intermittent straight catheterization.
dDefined as presence of LE or >5 WBC/hpf and/or presence of nitrites.
eListed if greater than 5% of indications documented.
fListed if greater than 5% of total antibiotics prescribed to patients.
gLevofloxacin or ciprofloxacin.

Table 1. Demographics of Hospitalized Patients Presenting to the 
Emergency Department Ultimately Identified as Having Asymptomatic 
Bacteriuria, N = 2461

Characteristic N (%)

Age, median [IQR] 78 [67–87]

Women 1818 (73.9%)

Length of stay [IQR] 5 [3–6]

Comorbiditiesa  

 Moderate to severe chronic kidney disease 942 (38.3%)

 Diabetes 1013 (41.2%)

 Hemodialysis 35 (1.4%)

 Liver disease 138 (5.6%)

 Congestive heart failure 619 (25.2%)

 Cerebrovascular disease 646 (26.2%)

 History of cancer 510 (20.7%)

 Spinal cord injury 50 (2.0%)

 Immunosuppressedb 71 (2.9%)

 Dementia 622 (25.3%)

Urinary Catheter  

 Indwelling 353 (14.3%)

 Otherc 67 (2.7%)

Urinalysis  

 Urinalysis obtained 2421 (98.4%)

Urinalysis Result  

 Abnormal urinalysisd 2313 (94.0%)

 Positive LE and/or >5 WBC/hpf 2264 (92.0%)

 Positive nitrite 966 (39.3%)

Documentation of reason for culturee 1830 (74.4%)

 Abnormal urinalysis 543 (22.1%)

 Altered mental status 223 (9.1%)

 Nausea, vomiting, abdominal pain 199 (8.1%)

 Changes in urine characteristics 173 (7.0%)

Urine Pathogens  

 Escherichia coli, n (%) 1180 (47.9%)

 Klebsiella spp, n (%) 383 (15.6%)

 Enterococcus spp, n (%) 259 (10.5%)

 Proteus spp, n (%) 162 (6.6%)

 Pseudomonas aeruginosa, n (%) 108 (4.4%)

 Enterobacter spp, n (%) 77 (3.1%)

 Citrobacter spp, n (%) 69 (2.8%)

Table 1. Continued

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa537#supplementary-data
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urine testing by inpatient clinicians (correlation coefficient 0.40, 
P = .008) (Figure 2).

Variables Associated With Asymptomatic Bacteriuria Treatment

Variables associated with ASB treatment by EM clinicians in-
cluded patient comorbidities such as dementia or spinal cord 
injury, patient symptoms such as AMS, or laboratory results, in 
particular an abnormal UA (Table 2).

In the multivariable model (Table 3), patient characteristics 
associated with treatment by EM clinicians included the fol-
lowing: dementia (odds ratio [OR], 1.43; 95% confidence in-
terval [CI], 1.11–1.84), spinal cord injury (OR, 5.92; 95% CI, 
1.36–25.72), presence of urinary catheter (OR, 1.54; 95% CI, 
1.17–2.03), incontinence (OR, 1.81; 95% CI, 1.40–2.33), and 
AMS (OR, 2.34; 95% CI, 1.82–3.00). Laboratory characteristics 
associated with ASB treatment by EM were peripheral leuko-
cytosis (OR, 1.42; 95% CI, 1.21–1.68) and abnormal UA (OR, 
9.68; 95% CI, 5.34–17.54).

Patient Outcomes

Within 30  days of discharge, 77% (1895 of 2461)  of patients 
were evaluated by record review and/or telephone or had fol-
low-up terminated by a major complication. After adjustments, 
there were no differences in mortality, hospital readmission, 
ED visit, or discharge to postacute care facility among patients 
treated by EM clinician versus never treated with antibiotics 
(Table 4). Patients treated with antibiotics by an EM clinician 
were more likely to develop CDI within 30 days (0.9% [N = 11] 
vs 0% [N = 0]; P = .02) and have a longer duration of hospital-
ization after urine testing (mean 5.1 vs 4.2 days; RR, 1.16; 95% 
CI, 1.08–1.23).

Sensitivity Analysis

Results were similar after excluding patients with AMS 
(Supplementary eTable 1). Specifically, patients treated with 
antibiotics by an EM clinician were more likely to develop CDI 
within 30 days (0.9% [N = 8] vs 0% [N = 0]; P = .03) and have 
a longer duration of hospitalization after urine testing (mean 
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Table 2. Bivariate Analysis of Hospitalized Patients Presenting to the Emergency Department Ultimately Diagnosed With Asymptomatic Bacteriuria and 
Treated With Antibiotics by Emergency Medicine Clinicians Versus Never Treated With Antibiotics, N = 1884

Variable Antibiotic Treatment by EM (n = 1253) No Antibiotics (n = 631) Odds Ratio (95% CI) P Valuea 

Baseline Characteristics

Age (median, IQR) 80 (69–87) 75 (62–85) 1.02 (1.01–1.03) <.0001

Gender (female) 911 (72.7%) 471 (74.6%) 0.99 (0.78–1.25) .92

Race (white) 921 (74.0%) 495 (78.6%) 0.95 (0.79–1.13) .54

Charlson comorbidity index,0 132 (10.5%) 84 (13.3%) REF .16

1–2 407 (32.5%) 200 (31.7%) 1.28 (0.91–1.79)  

3–4 396 (31.6%) 175 (27.7%) 1.42 (1.04–1.94)  

≥5 318 (25.4%) 172 (27.3%) 1.27 (0.96–1.67)  

Diabetes 452 (36.1%) 250 (39.6%) 0.89 (0.73–1.10) .29

Moderate or severe chronic kidney disease 520 (41.5%) 247 (39.1%) 1.24 (0.96–1.61) .10

History of cancer 261 (20.8%) 132 (20.9%) 1.04 (0.85–1.28) .68

Spinal cord injury 35 (02.8%) 3 (0.5%) 5.17 (1.42–18.77) .01

Dementia 384 (30.6%) 87 (13.8%) 2.27 (1.83–2.83) <.0001

Immunosuppressedb 37 (03.0%) 18 (2.9%) 1.24 (0.61–2.52) .55

IV chemotherapy in preceding 30 days 10 (00.8%) 6 (1.0%) 0.96 (0.20–4.58) .96

Hemodialysis 20 (01.6%) 9 (1.4%) 0.84 (0.51–1.37) .48

Transfer from postacute carec 88 (07.0%) 27 (4.3%) 1.74 (1.27–2.39) .0006

Nonambulatory 224 (17.9%) 55 (8.7%) 1.92 (1.46–2.53) <.0001

Hospitalization in past 90 days 373 (29.8%) 195 (30.9%) 0.92 (0.76–1.10) .34

Antibiotics in preceding 90 days 263 (21.0%) 92 (14.6%) 1.31 (1.06–1.62) .011

Indwelling catheter 215 (17.2%) 58 (9.2%) 1.55 (1.21–1.98) .0006

Any urinary catheterd 249 (19.9%) 68 (10.8%) 1.55 (1.22–1.96) .0003

Signs and Symptoms 

Abdominal pain 248 (19.8%) 158 (25.0%) 0.88 (0.73–1.05) .16

Incontinence 445 (35.5%) 138 (21.9%) 2.20 (1.80–2.68) <.0001

Functional decline 93 (07.4%) 28 (04.4%) 1.79 (0.88–3.64) .11

Acutely altered mental status 393 (31.4%) 86 (13.6%) 2.51 (2.02–3.13) <.0001

Fatigue, malaise, lethargy 396 (31.6%) 175 (27.7%) 1.53 (1.16–2.01) .003

Nausea or vomiting 267 (21.3%) 179 (28.4%) 0.88 (0.69–1.13) .33

Change in color, sediment, or malodorous urine 202 (16.1%) 71 (11.3%) 1.93 (1.23–3.03) .004

Urinary retention or postvoid residual > 200 cc 143 (11.4%) 54 (08.6%) 1.34 (0.96–1.88) .08

Severity of Illness 

qSOFAe (≥2 vs <2) 152 (12.1%) 65 (10.3%) 1.33 (1.06–1.68) .01

≥ 2 SIRSf criteria 300 (23.9%) 191 (30.3%) 0.80 (0.66–0.97) .02

Laboratory Results 

Peripheral leukocytosisg 356 (28.4%) 186 (29.5%) 1.01 (0.87–1.16) .93

Abnormal urinalysish 1232 (98.3%) 528 (83.7%) 9.42 (5.30–16.75) <.0001

Hospital Characteristics

Type of control     

 Not-for-profit 1141 (91.1%) 606 (96.0%) REF .04

 For profit 112 (8.9%) 25 (4.0%) 2.57 (1.03–6.40)  

Bed size (10 bed increase) 327 (203–443) 310 (189–443) 1.01 (0.99–1.01) .62

Teaching hospital 1165 (93.0%) 555 (88.0%) 1.19 (0.59–2.40) .62

Abbreviations: CI, confidence interval; EM, emergency medicine clinician; IQR, interquartile range; IV, intravenous; qSOFA, quick sequential organ failure assessment; REF, Reference; SIRS, 
systemic inflammatory response syndrome. 
aP < .05 is considered significant.
bDefined as chemotherapy administered within 30 days, human immunodeficiency virus with CD4 >200, ≥10 mg/day prednisone for at least 30 days (or equivalent steroid dose), on biologic 
agents such as tumor necrosis factor inhibitors or other immunosuppressant agents, congenital or acquired immunodeficiency.
cIncludes transfer from the following: subacute rehabilitation center, skilled nursing home, acute rehabilitation center, assisted living, other hospital. Also includes if patient had been ad-
mitted or resided in a nursing home, subacute rehabilitation center, or extended care facility in the prior 30 days.
dIncludes Foley catheter, intermittent straight catheterization, and suprapubic catheter present on day of urine culture collection or 1 day before urine culture collection.
eQuick SOFA score: systolic blood pressure ≤100 mmHg = 1, respiratory rate ≥22 breaths per minute = 1; Glasgow coma score <15 = 1.
fSIRS (temperature <36°C [96.8°F] or > 38.0°C [100.4°F], heart rate >90 beats per minute, respiratory rate >20 breaths per minute, white blood cell count <4000/mm3 or >12 000/mm3).
gDefined as white blood cell count >10 per high-power field.
hDefined as presence of leukocyte esterase or nitrite, or white blood cells >5 per high-power field.
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5.1 vs 4.1 days; RR, 1.16; 95% CI, 1.07–1.27) (Supplementary 
eTable 2).

DISCUSSION

In this study of 2461 patients with ASB admitted through the 
ED, three quarters were treated with antibiotics during their 
hospitalization. The majority of urine testing and antibiotic 
treatment was initiated by EM clinicians. Once started by EM 
clinicians, inpatient clinicians usually continued antibiotics 
during hospitalization. The ASB treatment by EM clinicians 
was not associated with clinical benefit, but instead it was as-
sociated with CDI and longer duration of hospitalization after 
urine testing. These findings identify the ED as a key target to 
reduce antibiotic use and improve outcomes in hospitalized pa-
tients with ASB.

Multiple prior studies have reported similarly high rates of 
ASB treatment in hospitalized patients ranging from 47% to 
80% [2, 16–19]. However, data characterizing which clinicians 
order urine testing and initiate antibiotic therapy in hospital-
ized patients with ASB has been lacking. We identified that most 
initial urine testing is ordered by EM clinicians. It is notable 
that EM clinicians do not always initiate urine testing. To im-
prove crowding, nurse-initiated order sets and testing protocols 
are common [20] and may contribute to unnecessary testing. 
Likewise, order sets may have prechecked or easily selected or-
ders for urine testing for nonurinary complaints, such as stroke. 
Addressing these contributors through diagnostic stewardship 
efforts [21] can reduce urine testing sent to evaluate for possible 
UTI in asymptomatic patients. We also found that hospitals 
with higher rates of urine testing by EM clinicians were more 
likely to have higher rates of urine testing by the inpatient cli-
nician, suggesting that an underlying “culture of culturing” may 

Table 3. Multivariable Model of Patient Factors Associated With 
Treatment by Emergency Medicine Clinicians of Patients Ultimately 
Diagnosed With Asymptomatic Bacteriuria, N = 1884

Variable Odds Ratio (95% CI) P Value

Patient Characteristic (N)   

Age 1.01 (1.00–1.02) .006

Dementia 1.43 (1.11–1.84) .006

Urinary catheter 1.54 (1.17–2.03) .002

Incontinence 1.81 (1.40–2.33) <.0001

Spinal cord injury 5.92 (1.36–25.72) .02

Acutely altered mental status 2.34 (1.82–3.00) <.0001

Test Characteristics   

Peripheral leukocytosisa 1.42 (1.21–1.68) <.0001

Abnormal urinalysisb 9.68 (5.34–17.54) <.0001

Abbreviations: CI, confidence interval. 

NOTE: Odds ratios >1 indicates factors associated with treatment of asymptomatic bacte-
riuria; P < .05 is considered significant. 
aDefined as white blood cells >10 000 cells/mm3.
bDefined as presence of leukocyte esterase or nitrite, or white blood cells >5 per high-
power field.
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contribute to increased testing [22, 23]. Nevertheless, antibiotic 
stewardship should target the (1) ED and ED protocols and (2) 
order sets to reduce urine testing and ASB treatment.

 We found the strongest predictor of unnecessary antibiotic 
treatment by EM clinicians to be an abnormal UA. Likewise, 
prior studies of ASB in hospitalized patients have found urine 
testing results, both the UA and UC, to be associated with treat-
ment by clinicians [2, 18, 19]. Both internal medicine phys-
icians and ED nurses have been found to have knowledge gaps 
regarding the interpretation of UAs and UTI diagnosis [24–27]. 
The misinterpretation of UAs (ie, a positive UA equates with a 
UTI) has been highlighted as a target for decreasing inappro-
priate ASB treatment [2, 18, 19, 28, 29]. Although the UA has 
a high negative predictive value and is useful in ruling out a 
UTI, it is not indicative of a UTI in the absence of symptoms. 
Qualitative studies have identified that this is poorly under-
stand and that a “positive UA” is incorrectly cited as the reason 
for sending a UC, diagnosing UTI, and initiating antibiotics 
[24, 30].

One potential way to change UC ordering practices is through 
elimination of reflex UCs where the UC is automatically sent 
when the UA is abnormal [19]. Recent strategies in the ED un-
linking UA and UC have been successful in reducing UC rates 
[31]. Our study reaffirms that interventions aimed at both phys-
icians and nurses regarding the correct interpretation of the UA 
should be paired with nudges for when to send a UC based on 
evidence-based UTI signs and symptoms. Thus, creating system 
and culture changes targeting decreasing urine testing in pa-
tients without urinary symptoms is vital to reducing unneces-
sary testing and treatment of ASB.

We also identified common patient characteristics, dementia 
and AMS, to be associated with treatment of suspected UTI 
in patients without urinary symptoms by EM clinicians. Both 
factors have previously been associated with treatment of ASB 
for hospitalized patients [2, 18]. Both confusion and AMS are 
common in the elderly, and bacteriuria is also common in eld-
erly patient populations, thus bacteriuria in an elderly patient 
with confusion can be seen often by chance alone [32]. A sys-
tematic review concluded that no strong evidence links AMS or 
confusion alone as a symptom of UTI [33]. Furthermore, inac-
curately diagnosing a UTI in patients with ASB could lead to 
delays in another clinically significant diagnosis. Due to known 
harms of unnecessary antibiotics, the IDSA recommends ob-
servation and assessment for alternative etiologies (eg, dehydra-
tion, medication, hypoxia, sundowning) in elderly patients with 
AMS and/or dementia that are clinically stable.

Despite this, deeply held beliefs persist and varying practice 
patterns exist making it difficult to reduce antibiotic treatment 
in patients with AMS and ASB. Patients with AMS, no systemic 
signs of infection, and no other urinary symptom account for 
only ~25% of all ASB patients admitted through the ED, and 
thus they may not be the best to target for stewardship efforts. 

When patients with AMS were excluded from the analysis, the 
same potential harms remain associated with ASB treatment 
(increased duration of hospitalization and CDI). These data 
could be used as a common ground between antibiotic stewards 
and EM clinicians, to prevent harm by first focusing on those 
patients who can report symptoms (without AMS), because 
they remain a majority (75%) of the patients tested in the ED.

Similar to a prior study, we found that antibiotics started for 
ASB by EM clinicians are not typically discontinued [34]. Most 
patients received 3 or more days of antibiotics. If antibiotics 
are started by EM clinicians for a suspected UTI in a patient 
without urinary symptoms, the next critical point to intervene 
is on admission, when the inpatient clinician can reassess and 
stop the antibiotic. Each additional dose results in increasing 
risk of harm, including adverse drug events and CDI [7, 35]. 
Treatment of ASB has been associated with CDI in patients 
undergoing neurosurgery [36], and we identified the same as-
sociation in hospitalized medicine patients. This demonstrates 
potential harm from antibiotics in hospitalized patients with 
ASB who are unnecessarily treated. In addition, similar to a 
prior study of hospitalized medical patients with ASB started 
on antibiotics by any clinician, we found that patients with 
ASB who were treated with antibiotics had a longer duration 
of hospitalization [2]. Because ASB is common, antibiotics are 
harmful, and diagnosis momentum makes discontinuing anti-
biotics challenging [37], stewardship interventions must target 
both the initial testing by EM clinicians and the continuation of 
antibiotics by inpatient clinicians.

Our study has limitations. First, as an observational retro-
spective study, we are limited in assessment of symptoms and 
signs of UTI by documentation, and therefore we may have 
overestimated the frequency of ASB. Although we attempted to 
exclude patients with a possible alternate source of infection, 
the retrospective nature of our study limits our ability to de-
termine the reason for antibiotic prescribing with absolute cer-
tainty. Second, excluding patients with concomitant infections 
may have underestimated the true rate of testing and treatment 
in patients with ASB. Third, we cannot fully attribute the or-
ders to a particular provider, because it is possible that EM clin-
icians were asked to order a urine test or start antibiotics by 
the admitting clinician. Fourth, by excluding patients who had 
antibiotics started more than 1 day from the culture date, we 
were biased toward higher rates of antibiotic starts by EM clin-
icians compared with inpatient clinicians. However, excluding 
this subset of patients was necessary to compare the decision 
to treat suspected UTI in an asymptomatic patient, avoiding 
clinical changes or new diagnostic information. This does not 
change the overall trend of higher antibiotic starts by EM clin-
icians. Fifth, given the retrospective nature of the study, we 
cannot determine how many patients would have been started 
on antibiotics by the inpatient clinician if the EM clinician had 
not started antibiotics. Last, although we adjusted for potential 
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confounding, residual confounding may still exist, including for 
the associated outcomes identified.

Our study has strengths. This cohort represents a diverse 
group of hospitals, improving generalizability. Our data were 
collected by trained abstractors who underwent quality con-
trol with excellent reliability, ensuring data accuracy. In addi-
tion, we used phone calls in conjunction with record review 
to capture higher rates of adverse events. We also attempted to 
minimize bias when evaluating secondary outcomes by using 
inverse probability of treatment weighting.

CONCLUSIONS

Emergency medicine clinicians often order urine testing and 
treat for a presumed UTI in patients who do not have urinary 
symptoms. Inpatient clinicians often continue unnecessary 
antibiotic therapy. Risk factors for unnecessary antibiotic ini-
tiation by EM clinicians include an abnormal UA and nonspe-
cific symptoms. Antibiotic treatment of patients with ASB, also 
when excluding those with AMS, was not associated with im-
proved outcomes but was associated with an increased risk of 
CDI and longer duration of hospitalization after urine testing. 
For efforts to be successful in curbing ASB treatment, steward-
ship should begin in the ED before the initiation of the testing 
and treatment cascade.
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