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Abstract

Objective: Inappropriate urine cultures (UCs) are common and lead to inappropriate 

antimicrobial use. Urinalyses (UAs) have been increasingly incorporated into diagnostic 

stewardship interventions, but the impact of these interventions nationally has not been assessed. 

We describe UA and UC utilization practices using a nationwide dataset of patients admitted to 

acute care hospitals.

Methods: Design, Setting and Participants: We performed a retrospective cohort study of index 

UCs and their associated UAs performed for adult patients (age ≥ 18 years) admitted in U.S. acute 

care hospitals, participating in the PINC AI™ Healthcare Database (PHD) from January 1, 2017, 

through December 31, 2020. A positive UA was defined as >10 leukocytes per high power field, 

positive leukocyte esterase, or positive nitrite.

Results: The overall rate of UCs in this study was 124.7 per 1000 discharges and annual UC 

rates decreased from 2017 (129.2) to 2020 (120.0). The proportion of UCs that had a positive UA 

increased from 60.5% in 2017 to 68.1% in 2020; UCs without a UA decreased from 19.3% to 

10.5%, and UCs with a negative UA did not significantly change (20.2% to 21.5%). A multivariate 

multinomial logistic regression model identified male sex, age <65, and a diagnosis of cancer to be 

predictors of having a UC with a negative UA or no UA.
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Conclusions: UC utilization decreased over the study period. The proportion of UCs with a 

positive UA increased. This may suggest a positive impact of diagnostic stewardship practices at 

the national level although further progress is needed.

Introduction

Urinary tract infections (UTIs) are common among hospitalized patients.1,2 Approximately 

20% of all hospitalized patients receiving antimicrobial therapy are being treated for a UTI.3 

The diagnosis of UTI is principally based on signs and symptoms, but a urinalysis (UA) can 

assist with the diagnosis.4–6 It may detect either pyuria (presence of leukocytes or leukocyte 

esterase) or bacteriuria (presence of bacteria or nitrite). One meta-analysis found that 

presence of leukocyte esterase or nitrite had a likelihood ratio of 4.2 and the absence of both 

had a likelihood ratio of 0.3 for UTI.4,7 A urine culture (UC) can further assist with guiding 

antimicrobial therapy by identifying the causative organism and providing antimicrobial 

susceptibility testing results.8 In general, patients with asymptomatic bacteriuria should not 

be treated, except pregnant patients and those undergoing invasive urologic procedures.9,10 

There is insufficient evidence to recommend for or against treatment of asymptomatic 

bacteriuria in those with a renal transplant in the past month or those with neutropenia.9 

Despite recommendations to avoid treatment of asymptomatic bacteriuria, the practice is 

common.11,12

Several diagnostic stewardship initiatives have been demonstrated to reduce the 

inappropriate use of antimicrobials for hospitalized patients with asymptomatic 

bacteriuria.13 These include requiring documentation of signs or symptoms of UTI prior 

to ordering UCs, performing conditional reflex UCs (i.e., ordered UCs are only performed 

by the laboratory if a UA is “positive”), removing UCs from electronic health record order 

sets when testing is inappropriate, and modifying the way positive UCs are reported.13–

17 Whether these diagnostic stewardship interventions have been widely adopted and 

affected nationwide UA and UC test utilization trends is unknown. The practice of ordering 

conditional reflex UCs has been debated. Still, at least some facilities have adopted it.13,15,18 

If this practice were adopted, the proportion of UCs with a positive UA would increase, and 

the proportion of UCs without a UA or with a negative UA would decrease.

We sought to describe UA and UC utilization practices and trends in the United States 

using a nationwide dataset of patients admitted to acute care hospitals between 2017 and 

2020. We categorized patients with a UC into three groups: those with a positive UA, 

those with a negative UA, and those without a UA. There is no consensus definition of a 

positive UA, so we chose the most sensitive definition (>10 leukocytes per high power field, 

presence of leukocyte esterase, or presence of nitrite).13 We then determined the proportion 

of hospitalizations in each of these groups over time, described facility-level variability in 

the proportions, and investigated patient- and facility-level factors predicting an individual 

patient’s UC category. We did this to identify which types of facilities and patients may 

benefit most from diagnostic stewardship efforts.
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Methods

Study design, patient population, and data source

We performed a retrospective cohort study of index UCs and their associated UAs performed 

for adult patients (age ≥ 18 years) admitted to a dynamic cohort of U.S. acute care 

hospitals, participating in the PINC AI™ Healthcare Database (PHD) for at least one 

month from January 1, 2017, through December 31, 2020. The PHD includes all-payer 

facility- and service-level information on patient encounters, including hospitalizations, 

patient demographics, billing records, laboratory results, clinical diagnoses, and hospital 

characteristics.19

Urine culture identification and selection

The process of UC identification and selection is outlined in Figure 1. We identified all 

UCs associated with an inpatient hospitalization in the PHD by date of specimen collection 

that were reported in the general and microbiology laboratory data tables (n = 1,913,966). 

In the PHD, UA data is in the general laboratory data and UC data is in the microbiology 

laboratory data. We excluded hospitalizations that were collected in hospital months that 

did not submit both UC and UA data (n = 239,927) or had a specimen collection date that 

preceded the patient admission date by >3 days or exceeded the patient discharge date by >3 

days (n = 16,981). We then excluded hospitalizations with a UC collected from patients <18 

years old, pregnant patients, those undergoing a urological procedure, and renal transplant 

patients, as identified using ICD-10-CM (the International Classification of Diseases, 

Tenth Revision, Clinical Modification) diagnosis codes (n = 217,084) (Supplementary 

Table S1); pregnant patients, those undergoing a urological procedure, and renal transplant 

patients may have an indication for the treatment of asymptomatic bacteriuria, hence their 

exclusion. To ensure the completeness of data reported to PHD and to remove facilities with 

incomplete reporting, an outlier analysis was conducted using the median absolute deviation 

(MAD) ratio for monthly UC counts.20 If a hospital-month had a UC count associated with 

a MAD ratio greater than five, all monthly UC and discharge counts for that hospital were 

reviewed to identify any abnormal patterns. For instance, if a discharge count for a particular 

month was within the expected range, but the UC count deviated significantly as indicated 

by the MAD ratio, that month was excluded from analysis. This process resulted in the 

exclusion of 40,846 hospitalizations. The outlier analysis for UC counts addresses overall 

issues in laboratory data reporting that could similarly affect UA data and ensures overall 

data completeness. Additionally, hospitalizations during hospital months with < 5 UCs were 

excluded (n = 1706). Since this study focused on first UC in the hospitalization (i.e., index 

UC), all subsequent cultures were removed, resulting in the exclusion of 206,413 cultures. 

Furthermore, UCs with inconclusive UA results (n = 20,320), or UCs lacking billing records 

necessary to determine urinary catheter placement (n = 637) were also excluded from the 

analysis (Figure 1).

Urine culture rates

In our study, we estimated annual UC rates as the number of discharges with an included UC 

per 1000 discharges. Discharges were calculated by summing the total number of distinct 
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discharges in each included hospital month by year. We used a negative binomial regression 

model to assess if there was an observable annual trend in the UC per 1000 discharges.

Evaluation of urinalysis

UA tests performed within 24 hours before or after UC were identified from general 

laboratory data using LOINC® codes (Supplementary Table S2). UA tests included 

leukocyte count, leukocyte esterase, and nitrite. A positive UA was defined as a leukocyte 

count ≥10 cells per high power field (HPF) OR presence of leukocyte esterase OR presence 

of nitrite. A UA was categorized as negative if at least one of the UA tests results was 

reported and interpretable and all reported results were negative (i.e., leukocyte count 

<10 cells per HPF, absence of leukocyte esterase, and/or absence of nitrite). The UC was 

considered inconclusive and excluded from the study if all UA tests were uninterpretable or 

missing. Examples of uninterpretable results included “insufficient quant,” “field obscured 

by RBC,” and “sample too bloody to perform test.” Based on this UA result evaluation, UCs 

were categorized into three groups: UC with a positive UA, UC with a negative UA, and UC 

without a UA.

Patient and hospital characteristics

For each included UC, we identified relevant patient characteristics from PHD, including 

sex, age, race, Hispanic ethnicity, hospitalization length of stay, payer, admission type (i.e., 

emergency, urgent, elective, trauma), admission source, and inpatient death or discharge to 

hospice. Timing of the UC was categorized as performed within three days of admission 

or on day four or later of the hospitalization. ICD-10-CM diagnosis codes were used to 

identify diagnoses during the associated inpatient hospitalization of cancer, diabetes, or UTI 

(Supplementary Table S3). To examine whether urinary catheter use was associated with 

any of the three UC categories, we used hospital billing records to identify a charge for a 

urinary catheter placement during hospitalization (Supplementary Table S4). Using the UC 

data and the urinary catheter charge date, we grouped urinary catheter placements into four 

categories: urinary catheter placed on the day of UC, urinary catheter placed 1–10 days 

prior to the UC, urinary catheter placed >10 days prior to UC, and urinary catheter placed 

any time after UC. The timing of urinary catheter removal could not be determined. For 

each UC, relevant hospital characteristics, including teaching status, urban or rural location, 

number of beds, and region, were also identified from PHD. PHD identifies an urban area as 

a territory with core census blocks of at least 1000 people per square mile and surrounding 

census blocks with at least 500 people per square mile; rural areas are those areas not 

defined as urban.19

Statistical analysis

The three UC categories were stratified by the patient and hospital characteristics above. 

For facility-level analysis of UC proportions, a monthly count of UCs was obtained for 

each hospital and the proportion of hospitalizations in each of the three UC categories was 

calculated. Facility-level variability in the median monthly proportions was described by 

the median and 25th:75th percentiles (Q1:Q3). We used simple logistic regression models to 

assess the unadjusted odds in the annual proportion of UCs with a positive UA by year from 

2017 to 2020.
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We performed a multinomial logistic regression analysis to quantify the odds of having a 

UC with a negative UA or no UA compared to a positive UA for patient and hospitalization 

characteristics. The covariates assessed in the model were year (continuous), quarter, sex, 

age (< 65 vs ≥ 65 years old), timing of UC (performed within 3 days of admission or on 

day four or later of the hospitalization), payor (categorized as Medicare, Medicaid, other), 

cancer, diabetes, urine catheter placement in ten days before UC, region, urban/rural status, 

hospital teaching status, and hospital bed size. The model was checked for multicollinearity 

by fitting a linear regression and assessing tolerance and variance inflation factor. The model 

accounted for facility-level clustering using generalized estimating equations method. All 

data were analyzed using SAS 9.4 (SAS Institute, Cary, NC).

Results

From 2017 to 2020, a total of 1,170,072 UCs, representing 61.1% of all observed UCs, from 

277 hospitals met the inclusion criteria for our analysis (Figure 1). The overall UC rate was 

124.7 per 1000 discharges; annual rates were decreasing from 2017 to 2020 (129.2, 128.7, 

121.7, and 120.0 per 1000 discharges, respectively, test for trend p < 0.0001).

Of the included UCs, 760,622 (65.0%) had a positive UA, 246,471 (21.1%) had a negative 

UA, and 162,979 (13.9%) had no UA (Table 1). During the study period, the proportion 

of UCs with a positive UA increased from 60.5% in 2017 to 68.1% in 2020. A simple 

logistic regression model identified a 10% increase in the odds of a UC having a positive 

UA annually (OR 1.10, p < 0.0001). Of the 760,622 UCs with a positive UA, 25,149 (3.3%) 

were only considered positive because of the presence of nitrite. Meanwhile, UCs without 

a UA decreased from 19.3% to 10.5%, and the proportion of UCs with a negative UA 

remained relatively stable, ranging from 20.2% to 21.5% across the four years (Table 1).

Most UCs were obtained from female patients (60.8%), with 70.6% of UCs from females 

showing a positive UA, compared to 56.3% of UCs from males. A diagnosis of UTI was 

present in 43.6% of the included hospitalizations, with UTI being more common in the 

positive UA group (56.6%) and less frequent among UCs with a negative UA (10.2%). A 

diagnosis of cancer was noted in 22.2% of hospitalizations, slightly more frequent in the 

negative UA group (25.1%) and no UA group (24.4%) compared to the positive UA group 

(20.8%). Diabetes was present in 38.3% of hospitalizations, with no notable differences 

across the UC groups.

Based on billing data, urinary catheter placement was documented in 14.4% of included 

hospitalizations. Catheter placement within 1–10 days prior to the UC was more common 

in the UC group without a UA (5.1%) compared to the UC with a positive or negative 

UA groups (2.8% for both). Medicare was the most common payor (68.0%), followed by 

Medicaid (11.4%) and Managed Care (10.9%). UCs with a positive UA were more frequent 

in Medicare hospitalizations (70.8%) compared to those with negative UAs (65.5%) or no 

UA (60.8%). Most UCs (89.5%) were performed on or before day 3 of admission; however, 

UCs obtained after the 3rd day of hospitalization were more common in the no UA group 

(18.4%) compared to the positive UA group (8.9%).
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The facility variability in median proportions of UCs in each UC group was as follows: the 

positive UA group had a median proportion of 75.0% (interquartile range (Q1:Q3): 55.6%–

86.4%), the negative UA group median proportion was 15.0% (6.5%–28.6%), and the no 

UA group’s median proportion was 5.3% (2.1%–10.5%) (Supplementary Figure S1). A 

similar breakdown of the variability in median proportions based on hospital characteristics 

is provided in Supplementary Table S5.

Results from multivariate analysis estimating the odds of having a negative or no UA for 

various patient characteristics are summarized in Table 2. The odds of a UC without UA 

decreased by 22% annually (OR 0.78; 95% CI, 0.69, 0.87). Significant seasonal variation 

was observed, with January-February and March-May showing 10% and 23% greater odds, 

respectively, of a negative UA or no UA compared to September–November. Male patients 

had 2.10 times higher odds of having a negative UA (95% CI, 2.03, 2.18) and 1.41 times 

higher odds of having no UA (95% CI: 1.38, 1.51) compared to female patients. Patients 

under 65 years had 41% higher odds of a negative UA (OR 1.41; 1.35, 1.47) and 20% 

higher odds of no UA (OR 1.20; 1.09, 1.33) compared to those aged 65 and older. UCs 

collected on or after day 4 of hospitalization were associated with 2.26 times higher odds of 

having no UA compared to those collected within the first 3 days. Compared to patients with 

Medicare, those with Medicaid or other non-Medicare/non-Medicaid coverage had 10% (OR 

1.10; 95% CI: 1.06, 1.16) and 25% (OR 1.25; 95% CI: 1.18, 1.32) higher odds of having 

a negative UA, respectively. Cancer diagnosis was linked to 20% higher odds of a negative 

UA (OR 1.20; 95% CI: 1.13, 1.27) higher odds of having a negative UA and 16% higher 

odds of having no UA (OR 1.16; 95% CI: 1.05, 1.28) while diabetes was associated with 

lower odds of a negative UA (OR 0.93; 0.90, 0.95). Geographically, UCs from hospitals in 

the Midwest had 66% lower odds of no UA (OR 0.34; 95% CI: 0.19, 0.62), while UCs from 

rural hospitals had 36% higher odds of having a negative UA (OR 1.36; 95% CI: 1.03, 1.80).

Discussion

This large nationwide study of acute care hospitalizations with index UC revealed notable 

trends between 2017 and 2020. Despite an overall decrease in the rate of UCs, there was an 

increase in the proportion of UCs accompanied by a positive UA, rising from 60.5% in 2017 

to 68.1% in 2020. At the same time, the proportion of UCs without a UA decreased from 

19.3% to 10.5%. Possible explanations for these findings include an increase in the number 

of facilities performing conditional reflex UCs, other diagnostic stewardship initiatives, 

changes in clinician test ordering practices for other reasons, or changes in the epidemiology 

of UTIs.

A multivariate multinomial logistic regression model identified male sex, age <65, and a 

diagnosis of cancer as predictors of having a UC with either a negative UA or no UA. These 

findings may suggest where UC stewardship practices remain suboptimal.13 In addition, 

patients with Medicaid had higher odds of having a UC with a negative UA. Others have 

found payor type to be associated with adverse health outcomes.21 Also, facilities in the 

Midwest were less likely to have a UC without a UA. It is known that both infections and 

culturing practices can vary by region.22,23
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There is limited national data examining the relationship between UCs and UAs. Horstman 

et al. evaluated urine testing patterns from 2009 to 2014 using a national dataset and found 

that both UC and UA tests were common; however, they did not stratify their UC data by 

UA result.24 Similarly, a single-center study conducted between 2008 and 2013 found that 

20.2% of UCs were performed without a UA, a proportion comparable to our finding in 

2017.25

UC stewardship interventions aim to optimize the diagnosis of UTIs and to prevent the 

unnecessary treatment of asymptomatic bacteriuria.13 Strategies demonstrating an increase 

in appropriate antimicrobial use or a reduction in inappropriate UC ordering include using 

clinical decision support to optimize UC ordering, having a conditional reflex UC policy, 

and providing nursing education.18,26,27 Adoption of these UC practices may be responsible 

for this study’s observed findings of decreased UC rate and the concurrent increase in the 

proportion of UCs with a positive UA.

There are several limitations of our study. First, we utilized an administrative dataset, and we 

were unable to determine the appropriateness of the UCs and UAs included. The secondary 

use of this dataset may also cause misclassification of the study outcomes and exposures. 

Additionally, the hospitals included in the study represent a convenience sample, limiting the 

generalizability of our findings to hospitals across the United States. We also did not analyze 

the specific results of the UCs or potential impacts on antimicrobial use. Future work could 

examine these impacts. Lastly, information regarding diagnostic stewardship practices at the 

participating facilities such as the use of conditional reflex UCs was not available. This 

prevents us from firmly knowing the reasons for the changing UC ordering practices.

In conclusion, UCs are a significant contributor to inappropriate antimicrobial use in 

hospitals and are a key focus of the Society for Healthcare Epidemiology of America 

Diagnostic Stewardship Taskforce.28 This study indicates some improvement in UC 

utilization between 2017 and 2020. As diagnostic stewardship interventions become more 

widely implemented, it will be critical for future studies to evaluate their impact on clinical 

practices and patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hospitalizations in U.S. Acute Care Hospitals (n = 277) in 2017–2020 with a Urine Culture 

Included in the Study Cohort, PINC AI™ Healthcare Database.

Note: UC, urine culture; UA, urinalysis; MAD, median absolute deviation.
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