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Abstract

Background: Antimicrobial resistance is a global health threat. To slow resistance and preserve
antibiotics, stewardship interventions are increasingly promoted and mandated. Urine cultures

are the most common microbiological test in the outpatient setting. Contamination most likely
occurs during urine collection from surrounding vaginal, perineal, and epidermal flora. Sample
contamination can lead to incorrect diagnosis, unnecessary or inappropriate treatment, poor patient
outcomes, and higher costs. Therefore, ensuring proper collection of urinary samples serves as a
prime diagnostic stewardship target, one that international nursing societies increasingly endorse
as an opportunity for nurse involvement.

Objectives: Determine the prevalence, predictors, and antibiotic prescribing associated with
contaminated urine cultures in primary care clinics.
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Design: Cross-sectional study
Setting: Two adult safety-net clinics in Houston, Texas
Participants: 1265 clinical encounters among 1114 primary care patients

Methods: We reviewed charts from office visits among patients who had a urine culture ordered
between November 2018-March 2020. Patient demographics, culture results and prescription
orders were captured for each visit. Culture results were defined as no growth, contaminated (i.e.,
mixed flora, non-uropathogens, or =3 bacteria isolated), or low-count (102-10° colony forming
units (CFU)/mL) or high-count (>105 CFU/mL) uropathogen-positive. We performed multinomial
logistic regression to identify predictors independently associated with contaminated cultures.

Results: Our study evaluated 1265 cultures from 1114 patients that were primarily female
(84%), of Hispanic/Latino (74.4%) or Black/African American (18.9%) race/ethnicity with a
mean age of 43 years. Out of 1265 urine cultures, 264 (20.9%) had no growth, 694 (54.9%)

were contaminated, 159 (12.6%) were low-count positive, and 148 (11.7%) were high-count
positive. Female gender, pregnancy, and obesity were associated with contaminated cultures
(multinomial adjusted odds ratios: 15.89, 14.34, 1.93, respectively; 95% confidence intervals:
10.25-24.61, 8.03-25.61, 1.32-2.81, respectively). Antibiotic prescribing was significantly higher
among symptomatic patients with contaminated cultures compared to those with no growth.

Conclusion: Urine culture contamination occurred frequently in our clinics, and obesity,
female sex and pregnancy were independent risk factors for contamination. The association

of pregnancy and contamination is particularly concerning as pregnant females are routinely
screened and treated for asymptomatic bacteriuria in the United States. Culture contamination
may obscure underlying uropathogens, leading to pyelonephritis or potential neonatal infection
if untreated. Conversely, overtreatment of false positive bacteriuria could lead to adverse effects
from antibiotics and increased risk for antibiotic resistance. As nurses play a prominent role in
patient education, diagnostic stewardship interventions may want to utilize nurses’ educational
capabilities to improve urine culture collection.

Tweetable abstract:

55% of urine cultures collected in primary care clinics were contaminated, revealing a major
opportunity for nurse-driven diagnostic stewardship interventions

Keywords

Urine specimen collection; microbial contamination; antimicrobial stewardship; primary health
care; outpatients; urinary tract infections; bacteriuria

Background

Antimicrobial resistance is one of the most serious threats to global health (Centers for
Disease Control and Prevention, 2019, World Health Organization, 2019). In response to
rising rates of resistance, the field of antimicrobial stewardship is rapidly expanding to
include a multidisciplinary, team approach (Gotterson et al., 2021). Nurses are uniquely
positioned to augment antibiotic stewardship because they have direct roles in patient
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care and quality improvement. Strategies to encourage nurse involvement in antibiotic
stewardship have been endorsed internationally via nursing societies, infection prevention
centers, and government health agencies (Australian Commission on Safety and Quality

in Health Care (ACSQHC), 2018, American Nursing Association and Centers for Disease
Control and Prevention, 2017, Edwards et al., 2011, International Council of Nurses, 2017,
Ladenheim, 2018). One of the practical, feasible and impactful areas for nurse engagement
in stewardship is ensuring a proper, midstream clean-catch technique is followed by patients
when a urinary specimen for culture is ordered (American Nursing Association and Centers
for Disease Control and Prevention, 2017, Carter et al., 2018). Due to the widespread nature
of urinary tract infections, nurse involvement in diagnostic stewardship interventions could
mitigate risks of inappropriate prescribing on a large scale. Further, this recommendation
received overwhelming support by nurses, nurse managers and infection preventionists in a
2018 qualitative study (Carter et al., 2018).

Urinary tract infections serve as one of the most common causes of bacterial infections
globally, impacting an estimated 150 million individuals annually (Ozturk and Murt, 2020).
Due to their ubiquity, this corresponds to high volumes of urine cultures ordered, especially
within the outpatient setting. For example, in 2016, the United States Centers for Disease
Control and Prevention reported approximately 16 million urine cultures were ordered in
the outpatient setting (Rui and Okeyode, 2016). Outpatient urine culture ordering also
surpassed the amount ordered within emergency departments in the same year by 25% (Rui
et al., 2016). This places urine cultures as the most common microbiological study in the
outpatient setting, double that of throat cultures (Rui and Okeyode, 2016).

Although clinicians appropriately treat many urinary tract infections empirically based on
clinical signs and symptoms, a urine culture is indicated for complicated, recurrent, or
urinary tract infections refractory to treatment (Anger et al., 2019, Gupta et al., 2011). With
the rise of resistant pathogens, urine cultures give clinicians critical information to tailor
therapy based on uropathogen susceptibly (Fauci and Marston, 2014). In addition, clinical
guidelines published by the Infectious Disease Society of America, European Association of
Urology and the Canadian Task Force on Preventive Health Care support obtaining a urine
culture in pregnant patients to screen for asymptomatic bacteriuria (Bonkat et al., 2018,
Moore et al., 2018, Nicolle et al., 2019).

Unfortunately, interpretation of urine cultures can be complicated by contamination (Lough
et al., 2019). Contamination can occur prior to sample processing during the collection
process from surrounding vaginal, perineal and epidermal skin flora (LaRocco et al., 2016).
Further, improper storage (at room temperature without a preservative) prior to processing
can amplify bacterial counts and lead to contamination (LaRocco et al., 2016). Proper
collection techniques, including using a midstream clean-catch method with cleansing for
adults, along with storage in boric acid or refrigeration for up to 24 hours in lieu of
immediate processing, is supported by evidence from a recent, systematic review and
meta-analysis (LaRocco et al., 2016). Studies have uncovered that contaminated cultures
disrupt timely care, waste resources with repeated testing, undermine efforts to effectively
treat patients, and increase inappropriate use of antibiotics (Burd and Kehl, 2011, Eley
etal., 2016, Lough et al., 2019). In addition, securing a properly collected, clean-catch
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urine specimen has implications for appropriate treatment in patients with more severe or
recurrent infections and among pregnant women where undue antibiotic treatment secondary
to a contaminated culture could incur negative impacts on the fetus (Bookstaver et al.,

2015). Therefore, obtaining a properly collected specimen serves as a key point governing
antibiotic prescribing, which can enhance efforts to reduce resistance and negative outcomes
from inappropriate treatment (Abbo and Hooton, 2014, Magill et al., 2014).

The most recent study on the prevalence of urine culture contamination among adults from
outpatient clinics and emergency departments in North America was conducted in 2005.
This study showed a large variation in contamination among the 127 laboratories studied, as
the upper and lower 10™ percentiles of contamination were 0.8% and 42%, while the median
contamination level was 15% (Bekeris et al., 2008). The scale of the study provides a

good representation of contamination nationally; however, this study was performed almost
two decades ago and included self-reported survey data (Bekeris et al., 2008). A more
recent study performed in Ireland in 2018 found high levels of urine culture contamination
(46.7%) among pregnant females seeking antenatal care and identified that higher body
mass index increased the risk of contamination (O’Leary et al., 2020). However, this study
was limited to a population of pregnant females. The most recent retrospective study on
contamination was performed in 2020 and found similarly high levels of contamination to
O’Leary and colleagues during their baseline period (43.9%). They also identified older age
and female sex were associated with contamination. However, this study was conducted in a
urology-specific outpatient setting (Whelan et al., 2022).

To our knowledge, there have been no studies evaluating the prevalence of urine culture
contamination in primary care clinics in the United States within the last decade.
Furthermore, factors associated with urine specimen contamination in the primary care
setting have not been well-explored in the literature. To fill this void in understanding and
design informed interventions to reduce contamination, the objectives of this study were
to investigate the prevalence of contaminated cultures, identify risk factors associated with
contaminated cultures, and describe antibiotic prescribing by culture status based on the
presence or absence of urinary tract infection symptoms in the primary care setting.

2. Methods

2.1 Study Population, Inclusion and Exclusion Criteria

We conducted this study in two safety-net, primary care clinics; one serves as a teaching
clinic with residents and attending physicians (Clinic A), while the other has only attending
physicians (Clinic B). Clinics were located in traditionally underserved areas and catered to
a racially and ethnically diverse population in a metropolitan setting. Clinics A and B both
provide continuity of care services and are not same-day clinics (appointments are required).
They also have similar levels of indigent patients (range: 62%-65%). Clinic A differs from
B in that it serves a higher percentage of Hispanic/Latinx patients (66%) compared to Clinic
B (43%), as well as patients that report Spanish as their primary language (Clinic A: 54%,
Clinic B: 34%). Clinic B serves a larger percentage of patients that are Black or African
American (48%) compared to Clinic A (17%).
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We included visits from patients aged 18 years and older when a urine culture was ordered
for the following indications: infection of the genitourinary tract infection, pyelonephritis,
and signs or symptoms associated with the latter diagnoses, as well as asymptomatic
bacteriuria in pregnancy. Supplemental File 1 lists the diagnosis titles and codes we used
to extract the above culture indications. We excluded visits for patients with an indwelling
urinary catheter but did not exclude patient visits if they had been on any prior antibiotics.

2.2. Urine Culture Processing Details

Each clinic had identical urine collection procedures and samples were processed in the
same, central laboratory. Laboratories also reported culture results at both clinics using
identical formats. When urine cultures were ordered onsite, nursing staff primarily provided
verbal instructions on collection based on their training and knowledge; however, if patients
reported to the laboratory for sample submission with a stand-alone order, the laboratory
technician gave standardized, written instructions on how to collect a clean-catch sample.
Written instructions were also posted in the bathroom in English, Spanish and Vietnamese
(Supplemental File 2).

For sample processing, urine samples were refrigerated at 4°C until put into a preservative.
Alternatively, if samples were not refrigerated, they were put into a preservative collection
device before transport to the laboratory for culture, per the Infectious Disease Society

of America laboratory guidelines (Miller et al., 2018). In terms of quality control for
specimen transport, a sensor was embedded within each container housing urine specimens,
which constantly monitored and logged the temperature. This system transmitted that

data to a web-based system for real-time monitoring and specimen tracking. The central
laboratory workflow abided by the College of American Pathologists, Clinical Laboratory
Improvements Amendments, and the Infectious Disease Society of America laboratory
guidelines.

2.3 Study Design

We conducted a cross-sectional study by retrospectively reviewing all primary care clinic
visits wherein a urine culture was ordered for the above-named indications between
November 2018 and March 2020. During manual review of each encounter, we extracted
the following: patient demographics, medical history, recent hospitalizations, visit-specific
documented symptoms, urine culture results, and antibiotics prescribed between the visit
and up to two weeks post-clinic appointment. Urinalysis results were not extracted. Listed
comorbidities were used to calculate an individual’s Elixhauser score (Elixhauser et al.,
1998, Li et al., 2008, Moore et al., 2017). Both males and females were included in the
study; however, females were divided into pregnant and non-pregnant subcategories based
on their pregnancy status at the visit.

One study coordinator performed the data extraction from the electronic health record, and
charts were reviewed twice to ensure we captured any documentation of antibiotic treatment.
The coordinator had a master’s degree in epidemiology and was a doctoral student in
epidemiology during the study period. The coordinator extracted data directly from provider
notes using a standardized form that has been previously used for clinical trials. She
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received extensive training on the definitions cited within the form and if questions

arose, consultation of two medical doctors was sought: one a primary care physician and
informaticist and the other an internal medicine resident physician. We did not calculate
interrater reliability as all measures/outcomes were objective and simply copied from the
chart. With regards to classification of contamination, we used the laboratory standards for
contamination and consulted two infectious disease physicians and the microbiology director
when assessing the classification of commensal bacteria as contamination.

2.4 Culture result determination

Culture results with one or two distinct uropathogen(s) > 10° colony forming units
(CFU)/mL were defined as a ‘high-count positive’ and those between 102 and 10°

CFU/mL were defined as ‘low-count positives.” We considered the following organisms

as uropathogens: Escherichia coli (E. coli), Group B streptococci, Klebsiella species, Proteus
mirabilis, Pseudomonas aeruginosa, Candida species, Enterococcus species, Citrobacter
species, Staphylococcus saprophyticus, Enterobacter cloacae, and Staphylococcus aureus
(Tabibian et al., 2008). Results returned as ‘mixed flora’, growth of non-uropathogens (e.g.,
Gardnerella vaginalis and non-speciated Streptococcus or Staphylococcus organisms), or
growth of > 2 uropathogens were considered ‘contaminated.” Lastly, cultures without any
detectable growth were identified as ‘no-growth’ (Wilson and Gaido, 2004).

2.5 Antibiotic treatment classification

For antibiotic treatment classification, we considered the following drugs identified in

the medical record as urinary tract infection-relevant: amoxicillin with clavulanic acid,
cefazolin, cefepime, cefpodoxime, ceftriaxone, cephalexin, ciprofloxacin, fosfomycin,
levofloxacin, nitrofurantoin, and trimethoprim-sulfamethoxazole. As physicians could
prescribe drugs empirically or culture informed, we included drugs prescribed at the

time of the visit and up to 7 days post-visit. Patients were considered ‘symptomatic’

if their diagnosis or clinical note indicated the presence of dysuria, urinary frequency,
urgency, hematuria, chills, fever, flank pain, or costovertebral angle tenderness. As urinary
tract infection-relevant treatment is largely driven by the presence of symptoms, we
evaluated prescribing among symptomatic patients and asymptomatic patients (excluding
asymptomatic pregnant females) separately, by culture result. As we could not determine the
exact day that a clinician had access to culture data, we were unable to clearly distinguish
between an empirical prescribing period versus a culture-based prescribing period, so results
reflect all antibiotics prescribed from the visit and 7 days post visit.

2.6 Statistical Analysis

To calculate the sample size for determining the prevalence of urine culture contamination,
we assumed a contamination prevalence of 42%, which was based on the upper 90t
percentile of contamination identified by Bekeris and colleagues (Bekeris et al., 2008).

We utilized this study as it represented the most recent, comprehensive study conducted

on urine culture contamination among ambulatory patients in the United States during the
study design period. The required sample size was 375 patients assuming 0.05 precision
(Pourhoseingholi et al., 2013). We included a larger sample to perform multivariable,
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multinomial logistic regression analysis on the predictors of contamination and uropathogen-
positive cultures.

Descriptive statistics were performed for demographic and clinical characteristics stratified
by culture result category (no growth, contaminated, and low-count and high-count positive).
Age (in years) was treated as a quantitative, continuous variable and all other variables
were categorical in nature. Patient demographics, symptoms, comorbidities, and clinic
sites were evaluated for their association with contaminated and positive culture results
using an unadjusted, multinomial logistic regression model. Based on a previous study
conducted among women with antenatal clinic visits that showed higher body mass index
was associated with contamination, we included this factor in our analysis. Our choice of
potential predictors of contamination were based on previously published studies (Bekeris
etal., 2008, O’Leary et al., 2020). All factors with a P-value < 0.20 from univariate
comparisons were incorporated within a final, adjusted multinomial model to determine
the independent relationships of each potential risk factor with contaminated and positive
culture results as compared to no growth cultures as the reference. Of note, low and high-
count positive cultures were combined into one uropathogen-positive category in this phase
of the analysis. In cases of categorical variables with more than 2 categories, the entire
variable was included if 1 or more of the categories had a P-value < 0.20.

Due to our outcome looking specifically at urine culture results, the dataset contained
several repeat patients for different encounters. These repeat patients could have potentially
interrupted the independent observation hypothesis and was addressed by using a clustered
robust standard errors technique in our model. Multinomial adjusted odd ratios (maORs)
from the multinomial regression model were reported with their corresponding 95%
confidence intervals (Cl), and respective P-values (alpha of 0.05). We evaluated differences
in treatment status by culture outcome by using Pearson’s chi-square test or Fisher’s exact
test when observations were less than five. Data was analyzed using R statistical software
(version 3.6.1) in the RStudio environment, while using the ‘nnet’ package for multinomial
logistic regression modelling (Ripley and Venables, 2020).

2.7 Ethical Considerations

The Baylor College of Medicine institutional review board approved this study (protocol
number: H-43369). A waiver of consent and authorization was granted to conduct the chart
reviews for data extraction.

3. Results

A total of 1265 urine cultures from all eligible patients with a qualifying diagnostic code
(Supplemental File 1) and completed urine culture were analyzed between the two clinics.
These cultures were obtained from 1114 distinct individuals seen in the clinic with a range
of 1 to 4 urine cultures during the study time period (mean=1.1, standard deviation (sd)
=0.4). Eighty-nine percent of patients (n=992) accounted for a single culture, while 96
patients had 2 cultures, and 23 had 3 or more cultures during the study period. The study
population consisted predominantly of Hispanic or Latinx (74.4%) patients, followed by
Black or African American (18.9%), White (3.2%) and patients of ‘other’ race/ethnicity; the
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majority of patients were also born outside the United States (68.1%). The mean age of the
study population was 43.2 years-old (sd = 15.8) and had a high female predominance (n

= 1062, 84%), of whom 36.8% were pregnant (n = 391). Twenty-one percent of cultures

had no growth (95% CI: 18.7%-23.2%), 54.9% were contaminated (95% CI: 52.1%-57.6%),
and 24.3% were uropathogen-positive (95% CI: 22.0%-26.7%); among uropathogen-positive
cultures, 12.6% and 11.7% had low and high-counts, respectively (95% Cls: 10.9%-14.5%
and 10.1%-13.6%, respectively) (Figure 1). Among pregnant females, 20.2% (95% ClI:
11.7%-18.7%) had uropathogen-positive cultures. Patients had a median Elixhauser score of
0 (interquartile range = —1 to 3) and obesity was the most common comorbidity (n=431,
34.1%).

Patients with contaminated cultures were on average younger (40.4) than patients in the
other three groups (no growth = 45.8, low-count positive= 46.3, and high-count positive

= 48.5) (Table 1). Similarly, a higher proportion of pregnant women had contaminated
cultures (39.5%) compared to no growth (22.3%), low-count (18.2%), and high-count
uropathogen-positive cultures (19.6%). Patients with contaminated cultures tended to have
fewer comorbidities, reflected by an Elixhauser score of 0.99, compared to scores of

1.43, 2.12, and 2.57 in the no growth, low-count, and high-count uropathogen-positive
groups, respectively. Distribution of racial and ethnic groups, country of birth, and clinic
location were largely similar across culture result categories. Urinary tract infection-related
symptoms were more prevalent in low and high-count uropathogen-positive culture groups
(93.7% and 93.2%, respectively), as compared to no growth and contaminated culture
groups (83% and 87.5%, respectively).

3.1 Contaminated Culture Risk Factors

In the unadjusted model, contaminated cultures were more common in younger patients,
obese individuals, pregnant and non-pregnant women (multinomial odds ratios (mMOR): 0.98,
1.99, 14.08, and 15.77; P-value < 0.001) (Table 2). In the adjusted, multinomial logistic
regression model, age was no longer a significant factor, meanwhile non-pregnant females,
pregnant females, and individuals with obesity had statistically significantly higher odds of
having a contaminated culture by 15.89 (95% CI: 10.25-24.61), 14.34 (95% ClI: 8.03-25.61),
and 1.93 (95% ClI: 1.32-2.81) times, respectively.

3.2 Uropathogen-Positive Culture Risk Factors

In the unadjusted model, non-pregnant females (mMOR: 16.89), pregnant females (MOR:
4.00), presence of urinary tract infection-related symptoms (mOR: 2.53), and patients with
diabetes (mMOR:1.83) or obesity (mOR: 2.40) had statistically significant increased odds

of having a positive culture for a uropathogen (Table 3). Similar to the predictors of
contaminated cultures, the adjusted model showed non-pregnant females (maOR: 20.26,
95% CI: 11.17-33.08), pregnant females (maOR: 5.57, 95% CI: 2.69-11.52), and patients
with obesity (maOR: 2.15, 95% CI: 1.41-3.26) had higher odds of having a uropathogen-
positive urine culture. Additionally, the presence of urinary tract infection-related symptoms
was also associated with an increased likelihood of a uropathogen-positive urine culture
after adjustment (maOR of 2.94, 95% ClI: 1.51-5.72).
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3.3 Antibiotic Prescribing by Culture Status

Overall, 344 urinary tract infection-relevant antibiotics were prescribed on the day
of the visit and up to 7 days post-visit. The most common agents prescribed were
Infectious Disease Society of America designated first-line agents for uncomplicated urinary
tract infection—nitrofurantoin (n=122, 35.5%) and trimethoprim-sulfamethoxazole (n=97,
28.2%). Fluoroquinolones (n=74, 21.5%) and cephalosporins (n=47, 13.7%) were the

third and fourth most common drugs classes ordered. The majority of antibiotics (n=231)
were prescribed within the first three days, or likely by empirical means. There were no
statistically significant changes in prescribing between the early (days 0 — 2) and later
periods (days 3 — 7), although nitrofurantoin and cephalexin prescribing increased between
the two periods by 10% (P-value = 0.12) and 6% (P-value = 0.28), respectively, while
trimethoprim-sulfamethoxazole and ciprofloxacin prescribing decreased by 8% (P-value =
0.17) and 5% (P-value = 0.33), respectively.

As urinary tract infection treatment is largely driven by the presence of symptoms, we
evaluated prescribing among symptomatic patients and asymptomatic patients separately,
by culture status (Figure 2). Among symptomatic patients, 86.7% (95% CI: 79.2%-91.8%,
n=98) of patients with high-count uropathogen-positive cultures were treated compared to
58.4% (95: CI: 49.6% to 66.7%, n=73) of patients with low-count uropathogen-positive
cultures, which was statistically significant (P-value <0.001). This was also the case when
comparing treatment between symptomatic patients with contaminated cultures (22.9%,
95% ClI: 18.8%- 27.6%, n=79) to those with no growth cultures (11.6%, 95% CI:
7.5%-17.4%, n=19) (P-value = 0.004). In terms of asymptomatic patients with any culture
result, only nine patients (5.9%, 95% CI: 2.9%-11.3%) were treated; however, 25% (95%
Cl: 11.2%-46.9%, n=5) of 20 patients with asymptomatic bacteriuria (high- and low-count
uropathogen-positive cultures) were treated. Patients with asymptomatic bacteriuria had
statistically significantly higher treatment than asymptomatic patients with contaminated
or no growth cultures (P-value = 0.002). Among asymptomatic pregnant females that

had contaminated cultures (n=262), 3.8% (95% CI: 2.1%-6.9%, n=19) received antibiotic
treatment, similar to those that had no growth cultures (3.6%, 95% CI: 0.6%-13.6%, n=2)
(P-value = 1.00).

4. Discussion

Our study detected an overall contamination prevalence of 54.9% among 1254 visits from
1114 patients that sought care for suspected urinary tract infection, or that were screened
for asymptomatic bacteriuria at safety-net, primary care clinics in a large metropolitan
area. Female sex, pregnancy, and obesity were independently associated with both urine
culture contamination, and having a uropathogen-positive urine culture; urinary tract
infection symptoms were also found to be associated with having a uropathogen-positive
culture. Treatment was statistically significantly higher among both symptomatic and
asymptomatic patients with high-count uropathogen-positive cultures compared to those
with low-count uropathogen-positive cultures. However, antibiotic prescribing was only
statistically significantly higher among symptomatic patients with contaminated cultures
compared to those with negative cultures.
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The 54.9% contamination level detected in our study surpasses levels from the majority
studies included in a national survey of laboratories conducted in 2005, but appears more
comparable to contamination levels found in more recent studies. For example, in the former
study that analyzed consecutive urine cultures from outpatients across 127 laboratories in
the United States and Canada, the median contamination rate was 15%, with the lower and
upper 10t percentile of labs exhibiting 0.8% and 42% contamination, respectively (Bekeris
et al., 2008). This places our clinics among sites with the highest levels of contamination
(Bekeris et al., 2008). However, a more recent study performed in 2020 found a urine culture
contamination level of 46.2%—more in line with our findings (Whelan et al., 2022). When
comparing our contamination levels to results from a 2020 cross-sectional study performed
among pregnant women seeking antenatal care in Ireland, pregnant women in our study had
higher levels of contamination (70.1%) than what was found among O’Leary and colleagues
(46.7%). As both studies had the same levels of obesity, this suggests additional factors may
be contributing to urine culture contamination in our population.

We found female sex, pregnancy, and obesity were independent risk factors for
contamination, with female and pregnancy having the strongest effects. In addition, to

the best of our knowledge, our study is the first to identify the independent association

of pregnancy on urine culture contamination in an adjusted analysis. Pregnancy and these
other predictors (female sex, obesity) make sense physically, as body habitus and anatomical
differences may impede urine collection, while the surrounding vaginal tissue adjacent to
the urethra may make females more prone to urine contamination with vaginal microbiota.
O’Leary and colleagues echoed our finding that obesity increased the risk of contamination
as they identified that higher body mass index increased the odds of contamination by

1.08 (95% CI: 1.04-1.13) among pregnant females (O’Leary et al., 2020). In addition, in a
previous study, the rates of urine culture contamination were higher in females compared to
males in an unadjusted analysis (Bekeris et al., 2008) and a more recent study found females
had significantly higher odds of contamination in an adjusted analysis (Whelan et al., 2022).
In this latter study performed in urology clinics, age was also found to be significantly
associated with higher odds of contamination (Whelan et al., 2022). In our univariate
analysis, however, we found the inverse. Since being a pregnant female had a strong effect
on the odds of contamination, and pregnant females were significantly younger than females
as well as males, this may have overshadowed any effects of age on contamination. Thus,
differing findings between age and contamination in our study and Whelan et al. may be due
to differences in patient populations as Whelan et al. had an older population (median age
62, IQR: 46-78) with unknown pregnancy levels, while our patients had a median age of 41
(IQR: 30-56) and higher levels of pregnancy (31%).

Similarly, positive cultures were also associated with female gender, pregnancy, and

obesity. As expected, the presence of urinary tract infection symptoms was also associated
with uropathogen-positive urine cultures. We found that positive results could be divided
into two clinically meaningful categories: cultures with low- and high-colony counts.
Likewise, we found antibiotic treatment was statistically significantly higher among high-
growth uropathogen-positive cultures compared to low-growth uropathogen-positive cultures
among both symptomatic and asymptomatic patients. Studies focusing on patients with
asymptomatic bacteriuria have also identified that cultures with higher organism count
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triggered clinicians to treat patients (Flokas et al., 2017). Thus, regardless of symptoms, it
appears that organism count drives clinician behavior.

In addition to finding substantial levels of contamination, we also found that 22.9%

of symptomatic patients with contaminated cultures were treated with antibiotics, which
was significantly higher than patients with negative cultures. In contrast, only 3.8% of
asymptomatic pregnant females with contaminated cultures were treated. Contamination
could trigger unnecessary treatment, which could lead to adverse effects from antibiotics
on patients, the fetus (in pregnant women), and increase the risk of resistant bacteria
emergence. Furthermore, if the contaminated culture only contained commensal bacteria,
further workup for other causes of the urinary symptoms may not be pursued. On the

other hand, contaminated cultures could obscure an underlying uropathogen, causing
undertreatment in pregnant patients with asymptomatic bacteriuria, which could lead to
pyelonephritis or preterm labor (Nicolle et al., 2019). For example, if a pregnant woman
has bladder colonization with £. colj, but the urine becomes contaminated with two other
organisms from the skin, that culture would be discarded without further laboratory workup.
Thus, the £. coliwould not be identified by the laboratory, and the pregnant woman would
not be treated for true £. colibacteriuria. Therefore, her untreated asymptomatic bacteriuria
would put her at higher risk for pyelonephritis and preterm labor (Nicolle et al., 2019).

In 2019, the Joint Commission accreditation body announced new requirements for all
ambulatory clinics to begin measuring and improving antibiotic stewardship practices (Joint-
Commission, 2019). This requires identifying specific areas to be addressed, establishing

an antibiotic stewardship goal annually, using evidence-based practice guidelines, providing
educational material to practitioners, and collecting relevant data. As urinary tract infections
are the most common condition associated with antibiotic use, our study reveals a high
impact area that can be addressed with a stewardship intervention. Notably, the results from
our study show that reducing contaminated cultures could be instrumental in improving
quality metrics and potentially reducing inappropriate antibiotic prescriptions.

Mitigating urine culture contamination has been a critical obstacle in other antibiotic
stewardship studies, highlighting the continued need for better instruction and facilitation
of clean-catch samples across various clinical settings (Jacob et al., 2018, Maher et al.,
2017). Based on a study by Frazee and colleagues performed in an emergency department
setting, nurses rarely gave clear instructions to patients on clean-catch urine collection, if at
all (Frazee et al., 2012). We believe that our high rate of urine culture contamination is due
to similar problems, but needs further investigation.

This part of the collection process is also a particular area where nurse-driven leadership
and intervention can play a crucial role. Previously failed interventions to ameliorate
urine culture contamination did not involve nurses, nor were these interventions patient-
centered, as they were designed without patient input (Jacob et al., 2018, Maher et al.,
2017). Future interventions for preventing urine culture contamination could involve a
nurse-driven, patient-centered approach using a digital aide to impart clear instructions in
the patient’s native language, coupled with visual reinforcement. The intervention would
be both nurse-driven and patient-centered, as it would involve obtaining feedback through
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usability testing by a group of clinic nurses and patients to assess the video’s acceptability
and appropriateness for patients and nurses. We could also capture the nurse’s input on

the feasibility on implementing it within their workflow. As nurses play a direct role in
patient interaction for obtaining urine cultures, nurse involvement appears as a natural fit.
Therefore, future stewardship interventions should consider involving this integral member
of the healthcare team when shaping an intervention.

4.1 Limitations

Our study has certain strengths and limitations. Our study population may not be
representative of the overall United States population. However, this study benefits from

its large size and manual extraction of detailed clinical information for each urine culture-
associated visit. The strength of our study is that we reviewed all urine culture orders during
the study period. During manual review, in addition to flagging and recording information
on pre-specified variables, we examined free-text fields in the clinical notes for pertinent
symptoms that may have been overlooked. However, clinical documentation may not always
accurately reflect clinical care in its entirety. Documentation that was entered incorrectly or
in an atypical format may not have been captured, while some patient data could be lacking
due to omission. We do not believe this would cause any differential misclassification.

For calculating percent treatment by culture status, although we captured antibiotic data up
to 7 days post-visit, we assumed that empiric prescribing based on symptoms may account
for treatment in many cases. Due to the limited nature of our retrospective data extraction,
ascertainment of whether urinary symptoms or urine culture results influenced prescribing
was difficult; however, this area should be further investigated in tandem with evaluating the
appropriateness of urine culture ordering based on evidence-based guidelines.

In terms of analyzing quality control during the pre-analytic phase of urine culture
processing, we had information on this for the transport phase, but we did not directly
assess the time between collection and refrigeration, which could amplify bacterial counts.
However, a sophisticated system was in place to monitor container temperature between
transport from clinics to the central laboratory for processing.

Lastly, we did not gather data on additional predictors that could be of importance which
include the training level among medical personnel that collect urine cultures, staff-to-
patient ratios, and health literacy and language barriers among patients. For example, we did
not collect data on the percent of nurses compared to medical assistants that perform the
task of instructing patients on urine culture collection. Staff workload could also serve as a
potential factor; clinics that have lower staff-to-patient ratios in general or on certain days
may have less time to give detailed instructions, or there could be delayed processing of
cultures, which could increase the level of contamination in a sample. In addition, language
barriers and health literacy could reduce understanding and uptake of instructions given to
patients. As we retrospectively extracted visit-associated data, we were not able to collect
this information, as it would have to be measured via a survey or interview. Therefore, future
directions may include analyzing the relationship between urine culture contamination and
staff training levels, the effect of staff-to-patient ratios, urine culture workload per clinic, and
language barriers and health literacy among patients.
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5. Conclusion

In conclusion, we detected significant levels of urine culture contamination in a primary
care, safety-net setting and identified pregnancy, female sex and obesity as independent risk
factors for contamination. Antibiotic treatment in patients with contaminated cultures could
represent overtreatment, which can lead to resistance or adverse drug outcomes in patients,
or undertreatment in pregnancy if the contamination obscures a uropathogen. Considering
the sheer volume of cultures collected in the outpatient setting, reducing urine culture
contamination is an excellent diagnostic stewardship target. International nursing societies
support incorporating nurses as part of the antibiotic stewardship team; further the Centers
for Disease Control and Prevention and the American Nursing Association highlight the
role of nurses in ensuring aseptic collection of urine for culture. As nurses have direct
patient interaction during primary care visits, stewardship interventions should consider
incorporating their skills, knowledge, and educational capacity to shape interventions to
reduce contamination and improve patient outcomes.
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What is already known

. The prevalence of urine culture contamination has varied widely from 0.8%
to 42% (upper and lower 10t percentiles) based on a national study of
ambulatory patients in North America in 2005, whilst high levels (~46%)
have been found among pregnant females and urology clinic patients.

. Epidemiological studies have found specimen refrigeration was associated
with lower levels of urine culture contamination, while higher body
mass index, female sex and older age have been associated with higher
contamination.

What this paper adds

. We detected concerning levels of contamination (55%) among patients who
submitted urine specimens for culture in primary care, safety-net clinics
within a public healthcare system.

. We found obesity, female sex, and pregnancy were strongly associated with
contamination and demonstrated prescribing practices differed significantly
depending on symptoms and culture results

. Substantial urine culture contamination and antibiotic prescribing in patients
with contaminated cultures provides an opportunity for nurse-driven
diagnostic stewardship.
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(n = 1265)

At least 18 years of age

Clean catch urine sample sent for urine culture
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No Growth Urine Culture
(n =264, 20.9%)

Lab report indicates no colony
formation occurred

(n =694, 54.9%)

Contaminated Urine Culture

"Mixed flora” reported on lab result
OR = 3 organisms grown on culture
OR Non- typical uropathogen organisms

Positive Urine Culture
(n =307, 24.3%)
Only 1 or 2 organisms on culture
AND at least 1 is a Uropathogen

Figure 1.

Low Count Positive
(n =159, 12.6%)
Uropathogens with colony
counts between 100 and
100,000 cfu/ml

High Count Positive
(n =148, 11.7%)
Uropathogens with colony
counts = 100,000 cfu/ml

Study Population and Distribution of Culture Results. Detected uropathogens included:
Escherichia coli, Group B streptococci, Klebsiella species, Proteus mirabilis, Candida

species, Enterococcus species, Citrobacter species, Staphylococcus saprophyticus,

Enterobacter cloacae, and Staphylococcus aureus.
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Figure 2.
Antibiotic Treatment by Symptom Status and Culture Result Category. Asymptomatic

pregnant females were excluded from this analysis. Low-count positive included
uropathogens between 102-10° CFU/mL and high-count positives included uropathogens
> 10° CFU/mL.
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Table 1.

Distribution of Demographic Features by Culture Result Type

No Growth Contaminated Low-Count Positive Cultures?  High-Count Positive Cultures?
n =264 Cultures n =159 n=148
n =69
Avg. Sd. Avg. Sd. Avg. Sd. Avg. Sd.
Age (years) 458 157 40.4 15.4 463 14.6 485 16.6
Med. IQR Med. IQR Med. IQR Med. IQR
Elixhauser Score 0 -1,3 0 -1,2 0 0,4 0 -1,5
Gender/Pregnancy No. % No. % No. % No. %
Male 134 50.8 45 6.5 15 9.4 9 6.1
Female non-pregnant 71 26.9 375 54.0 115 72.3 110 74.3
Female pregnant 59 22.3 274 39.5 29 18.2 29 19.6
Race and Ethnicity
White 8 3.0 14 2.0 7 4.4 11 7.4
African American 56 21.2 134 19.3 27 17.0 23 155
Latino/Hispanic 186 70.5 524 75.5 121 76.1 110 74.3
Other 14 53 22 3.2 4 25 4 2.7
Country of Birth
us 83 314 220 317 52 32.7 48 324
Outside US 181 68.6 474 68.3 107 67.3 100 67.6
Clinic
ClinicA 190 72.0 529 76.2 133 83.6 103 69.6
Clinic B 74 28.0 165 23.8 26 16.4 45 30.4
UTI Symptoms
None 45 17.0 87 12.5 10 6.3 10 6.8
Documented 219 83.0 607 87.5 149 93.7 138 93.2
Comorbidities
Hypertension 76 28.8 145 20.9 53 33.3 55 37.2
Diabetes 52 19.7 112 16.1 44 271.7 50 33.8
Obesity 58 22.0 249 35.9 69 434 55 37.2
Anemia 13 49 48 6.9 11 6.9 12 8.1

aLow-count positive CFU/mL: 102-10°

bHigh—count positive CFU/mL: = 109

Avg.-average, No.-number, Sd.-standard deviation, Med.-median, IQR-interquartile range, UTI-urinary tract infection
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Risk Factors for Contaminated Urine Cultures

Table 2.

Unadjusted Model

Adjusted Model

mOR 95% CI P-value maOR 95% ClI P-value
Age (years), continuous 0.98 0.97-0.99 <0.001 1.00 0.98-1.01 0.53
Gender and Pregnancy
Male reference reference
Female Non-Pregnant  15.77  10.33-24.06  <0.001 15.89 10.25-24.61 <0.001
Female Pregnant  14.08  8.93-22.22  <0.001 1434  8.03-25.61  <0.001
Race and Ethnicity
White reference reference
Hispanic 1.55 0.64-3.77 0.33 0.95 0.33-2.74 0.92
African American 1.36 0.54-3.44 0.51 1.03 0.34-3.11 0.96
Other 0.90 0.30-2.69 0.84 0.93 0.25-3.46 0.91
Country of Birth
us reference -- - -
Outside US 0.96 0.71-1.30 0.79 -- - --
Clinic
Clinic A reference reference
Clinic B 0.85 0.61-1.17 0.31 1.08 0.67-1.72 0.76
UTI Symptoms
Asymptomatic reference reference
Symptomatic 1.37 0.92-2.03 0.12 1.25 0.74-2.10 0.40
Comorbidities
Hypertension 0.66 0.48-0.92 0.01 1.27 0.79-2.04 0.33
Diabetes 0.79 0.55-1.14 0.20 0.92 0.58-1.45 0.71
Obesity 1.99 1.43-2.76 <0.001 1.93 1.32-2.81 <0.001

Anemia 1.43 0.74-2.61 0.31

Page 21

mOR-multinomial odds ratio, Cl-confidence interval, maOR- multinomial adjusted odds ratio, UTI-urinary tract infection. Bold text indicates a

significant P-value (<0.05).
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Table 3.

Risk Factors for Positive Urine Cultures from Multinomial Model?

Unadjusted Model

Adjusted Model

mOR 95% CI P-value maOR 95% ClI P-value
Age (years), continuous 1.01 0.99-1.02 0.08 1.01 (0.99-1.02) 0.61
Gender and Pregnancy
Male reference reference
Female Non-Pregnant  16.89  10.07-28.08  <0.001 20.26  (11.17-33.08) <0.001
Female Pregnant 400 (2.22-7.20) <0.001 557 (2.69-11.52) <0.001
Race and Ethnicity
White reference reference
Hispanic ~ 0.49 (0.21-1.15)  0.10 050 (0.17-1.42)  0.19
African American 0.39 (0.16-0.99) 0.05 0.41 (0.13-1.26) 0.12
Other  0.25 (0.08-0.84) 0.03 031  (0.07-1.32) 0.1
Country of Birth
us reference -- . -
Outside US 0.86 (0.60-1.23) 041 -- -- -
Clinic
Clinic A reference reference
Clinic B 094 (0.64-1.39) 0.77 0.93 (0.55-1.58) 0.79
UTI Symptoms
Asymptomatic reference reference
Symptomatic ~ 2.53  (1.44-4.43)  0.001 294  (151-5.72)  0.002
Comorbidities
Hypertension ~ 1.42  (0.99-2.04) 0.10 148  (0.88-2.49) 0.4
Diabetes 183 (1.24-2.71) 0.002 1.43 (0.88-2.34) 0.15
Obesity 240 (1.66-3.49) <0.001 2.15 (1.41-3.26) <0.001
Anemia 140 (0.69-2.85) 0.35 -- -- -

mOR- multinomial odds ratio, Cl-confidence interval, maOR- multinomial adjusted odds ratio, UTI-urinary tract infection
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