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ABSTRACT
Background: There is evidence that a significant portion of diagnosed UTI is asymptomatic bacteriuria (ASB), which does not require urine testing or treatment. Unnecessary urine testing of asymptomatic hospital patients can have downstream effects, including inappropriate use of antibiotics, that put patients at a higher risk of Clostridioides difficile infection (CDI). Previous research has identified rehabilitation as a hospital unit that may be prescribing unnecessary antibiotics following urine testing at a higher rate than other units. 
Methods: This study sought to determine the differences between 193 patients tested for CDI within acute rehabilitation units of a large academic medical center depending on their prior urine testing status. Demographic and clinical data was extracted for patients who had CDI testing or positive urine testing at UPMC Mercy between 2016 and 2017. Patients outside of rehabilitation units were excluded from analysis. Data were stratified by prior urine testing status, and descriptive statistics and group differences were determined using appropriate statistical tests in SAS 9.4.
Results: There were no significant differences in age, race, length of stay, or CDI test result between patients with and without prior urine testing. 24.3% of patients positive for CDI had prior urine testing, and 100% of these infections were classified as hospital-associated. Significantly more females had prior urine testing compared to males, and significantly more patients with severe chronic conditions had prior urine testing compared to other conditions.
Conclusions: Additional research is needed to investigate hospital or physician practices that may contribute to CDI following urine testing, particularly because 100% of the identified infections were hospital-associated. Differences in sex are consistent with previous research showing that women are more likely to be tested for UTIs than men, which indicates a bias that should be addressed in infection control interventions. Future studies should collect data on comparable controls, as well as information on patient symptomology, antibiotic treatment, and the appropriateness of testing and treatment. Research on this topic is of great public health importance to help prevent the urgent public health threats of antibiotic resistance and CDI.
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1.0  Introduction
1.1 Bacteriuria
The presence of bacteria in the urine, known as bacteriuria, commonly occurs in hospital patients.1 Bacteriuria does not always indicate infection; in fact, many bacteria and viruses are present in a healthy urinary tract.2 However, bacteriuria is typically considered clinically significant if the level of a single species of bacteria in a voided urine sample is greater than 105 colony forming units per milliliter (CFU/mL), or 102 CFU/mL in a catheterized urine sample.2,3 Asymptomatic women require 2 consecutive positive cultures with the same bacterial strain for a clinically significant bacteriuria diagnosis.4  While a variety of bacteria are seen in urine samples with bacteriuria, the most common species is Escherichia coli.2    
When this level of bacteria is accompanied by symptoms of fever, painful urination, frequent or urgent urination, or lower abdominal pain, it is considered a urinary tract infection (UTI).5 UTIs affected 150 million people globally each year, and account for an estimated $3.5 billion in annual societal costs in the U.S.6 UTIs are one of the most common infections in hospitalized patients, accounting for nearly 40% of all hospital-associated infections.7 Females are at a particularly high risk of UTI, with a 30 times greater likelihood of developing a UTI compared to males.6,8 

A majority of hospital-acquired UTIs are associated with urinary catheters, which are drainage tubes inserted into the bladder to allow for urinary drainage.9,10 Catheters are required when a patient is unable to discharge urine independently, typically including patients in surgical units, emergency medicine, and extended care facilities11. Patients hospitalized for chronic illnesses often require a catheter for a longer period of time due to their extended length of stay, which increases risk of bacteriuria by 3% to 10% per day of catheterization.11,12 Catheter-associated UTIs (CAUTIs) result in a significant medical cost burden, accounting for an estimated $13,793 in additional costs per patient.13 UTIs are typically treated with antibiotics. In addition to antibiotics, CAUTIs are also prevented and treated by removing or changing a patient’s catheter.9 
The presence of significant bacteriuria without signs and symptoms of a urinary tract infection indicates asymptomatic bacteriuria (ASB). Although both conditions result in a positive urine culture and can be caused by the same species of bacteria, UTI and ASB are clinically distinct. Asymptomatic patients do not require antimicrobial treatment regardless of the urine culture results, and in fact such treatment could increase an individual’s risk of UTI and other infections.2 Despite the Infectious Diseases Society of America (IDSA) guidelines recommending against treatment of ASB, mistreatment of ASB accounts for a significant portion of antibiotic overuse in hospitals, and the rate of inappropriate treatment of ASB in U.S. hospitals is estimated to be over 40%.14,15 This means a significant number of patients are being treated with antibiotics unnecessarily, which can lead to detrimental effects including increased risk of Clostridioides difficile (C. difficile) infection, emergence of and infection with multidrug resistant organisms, and increased healthcare costs.16–19
1.2 Urinary Testing
The standard of care for clinical laboratory urine testing in hospital patients is urinalysis and culture.20 For a standard urine culture, urine is collected either by the midstream clean-catch method or via a urinary catheter.3 A clinical microbiology laboratory then inoculates the urine on a blood agar plate to determine bacterial growth and quantitative colony counts.20,21 
Although urine culturing has a longer processing time compared to other available techniques, it has a high sensitivity for detecting bacteria.3,20 The culture method also allows for a more precise diagnosis due to its ability to detect the specific microorganisms causing infection as well as antimicrobial resistant strains, which can prevent unnecessary use of antimicrobial treatment that may result from misdiagnosis using less sensitive tests.3,22 
1.2.1 Urine Testing Guidelines
According to the IDSA guidelines, screening for bacteriuria in asymptomatic patients is only appropriate for specific high-risk groups, including pregnant women and those undergoing traumatic urologic interventions.4 If a patient does not display clinical symptoms of a UTI, urinary testing is unnecessary.4 Unnecessary urine testing has also been the focus of the nationally recognized Choosing Wisely Campaign, which encourages the reduction of testing for a variety of health issues that lack evidence of clinical benefit and waste resources.23  The Society for Post-Acute and Long-Term Care Medicine issued a recommendation through this campaign that encourages physicians not to obtain a urine culture unless clear signs and symptoms of a urinary tract infection are present.24 

Despite the IDSA guidelines, urine cultures are often inappropriately ordered. One study looking at patterns of urine testing in hospital admissions found that urine cultures were ordered for 27% of admissions and often repeated during admission, indicating unnecessary testing and overuse.25 Results also showed that likelihood of urine testing was significantly higher for females than males, regardless of diagnosis or age. This indicates a bias in urine testing toward females, although there is no clinical evidence to support a higher rate of testing in females compared to males.25 Another study found that out of 208 patients with a urine culture ordered, 57.7% did not meet the criteria for a urine culture; in fact, 37.5% of these patients did not have any reason documented for ordering the culture.26 This indicates that patients may have been asymptomatic or lacking appropriate criteria for testing as no reason was documented when the culture was ordered. 

1.2.2 Urine Testing and Inappropriate Treatment of Asymptomatic Bacteriuria
Inappropriate urine testing can have downstream effects on mistreatment of ASB. Multiple studies have identified laboratory results as a barrier to proper care of ASB due to a laboratory-focused treatment approach. This could be particularly problematic for bacteriuria because UTI and ASB both result in positive urine cultures but require different treatment decisions. One qualitative study at a tertiary care hospital in Switzerland used a semi-structured questionnaire to interview 21 medical residents and physicians about the reasons for inappropriately treating ASB with antibiotics.27 Results showed that the most frequent reason provided for inappropriate treatment was laboratory-oriented management, including a “reflex” to treat any positive laboratory findings without considering symptomology.27 Another study surveyed 169 medical residents and physicians about knowledge of proper ASB treatment guidelines and their typical treatment behaviors.15 Participant responses indicated that not only do laboratory results influence ASB treatment, but the organism type found in the urine culture has a significant impact; 62.7% of respondents said they would treat an asymptomatic patient with culture results indicating presence of Escherichia coli, the most common bacterial cause of UTIs.6,15 
1.2.3 Gaps in the Literature
Existing research provides an understanding of physician cognition and behaviors of ASB treatment, but future studies are needed to understand the patient outcomes associated with these behaviors in practice. To date, studies have relied on qualitative self-report measures, which are prone to response and recall biases. The results also may not be generalizable to other hospitals or care settings due to varying populations. Future studies in other care settings and patient populations should be conducted to confirm these findings, and quantitative measures of laboratory results and treatment outcomes should be used to reduce potential bias.

1.3 Clostridioides difficile Infection
As previously mentioned, one of the negative effects of unnecessary antibiotic treatment of ASB is C. difficile infection (CDI). CDI is an infection caused by C. difficile bacteria that can result in life-threatening diarrhea and colitis. In the U.S., C. difficile causes an estimated 500,000 infections and 15,000 deaths each year.28 
1.3.1 Biology and Pathogenesis of C. difficile Infection
C. difficile is a spore-forming, anaerobic, Gram-positive bacillus that can cause infection ranging from mild gastrointestinal illness to severe diarrhea, sepsis, and death.29,30 C. difficile produces two cytotoxins, A and B, that bind to receptors in intestinal epithelial cells.31 Toxin A loosens the junctions between epithelial cells that line the colon, allowing toxin B to enter and cause inflammation and diarrhea.31,32 Along with diarrhea, this can lead to symptoms of fever, abdominal tenderness, appetite loss, and nausea.29 
Another more recently identified strain of C. difficile is BI/NAP1/027, which is responsible for the increased morbidity and mortality of CDI in recent years.33 Polymorphisms in this strain allow for increased toxin production and improved toxin binding, making it more virulent than other C. difficile strains.34 BI/NAP1/027 C. difficile is also more resistant to antibiotics, particularly fluoroquinolones, making it more difficult to treat and prevent from spreading.33 
CDI is caused by the ingestion of C. difficile spores spread via the fecal-oral route.34,32 These spores can remain in hospital environments for an extended period of time, increasing the risk of infection for hospital patients whose rooms were previously occupied by someone with CDI.35 Hospital-associated CDI is also frequently spread from patient to patient via the hands of healthcare workers.36
Diagnosis of CDI requires the presence of diarrhea and detection of C. difficile toxins in stool samples.31 The gold standard for laboratory diagnosis of CDI is toxigenic culture testing due to its high sensitivity and specificity, although results can take 2 to 5 days using this method.37 
1.3.2 Epidemiology of C. difficile Infection
CDI is the most frequent cause of hospital-associated diarrhea, accounting for 15 to 25% of all antibiotic-associated diarrhea cases.38,39 Incidence of CDI cases in the U.S. has significantly increased over the past decade, with an estimated incidence of 95 cases per 100,000 population for healthcare-associated infection.37,40 Females, whites, and older individuals have a higher incidence of CDI, and a majority of cases are health-care associated.40 Recurrence of CDI is common, particularly for those over 65 years of age.40 CDI also causes significant mortality, with an estimated 9.3% rate of death within 30 days for healthcare-associated cases and a 10% absolute risk of death for hospital-acquired cases.40,41 People over 65 years of age have a particularly high risk of mortality from CDI, accounting for over 80% of CDI deaths in 2012.40 

CDI is also associated with significant healthcare costs and longer lengths of stay. The annual economic burden of C. difficile-associated infections in the U.S. is estimated to be as high as $6.3 billion, with an average of $34,157 per case for hospital-onset CDI.42 Annual length of stay for CDI hospital management was estimated to be 2.4 million days, with an average of 8 extra days of inpatient care per case attributed to CDI.42
1.3.3 Risk Factors for C. difficile Infection
The greatest risk factor for CDI is antibiotic use.37,43 Even when used appropriately, antibiotics lead to a disruption of the normal intestinal floral, which can allow for colonization of C. difficile.32 This is demonstrated by the dose-response relationship associated with antibiotic use and the risk of CDI such that cumulative antibiotic dose and longer length of exposure progressively increases the risk of infection.44 For BI/NAP1/027 CDI, which tends to cause higher morbidity and mortality than other strains, previous use of fluoroquinolones is particularly associated with increased risk of infection.33,45
Other significant risk factors for CDI include being 65 years or older, previous exposure to or infection with C. difficile, immunosuppression, recent healthcare exposure, use of proton pump inhibitors, abdominal surgeries, and chronic comorbidities such as kidney disease and inflammatory bowel disease.30,43 
1.3.4 C. difficile Infection and Inappropriate Treatment of Asymptomatic Bacteriuria
As previously mentioned, the greatest risk factor for CDI is antibiotic use.37,43 In particular, previous literature has identified unnecessary treatment of ASB as a common precursor to CDI.46 One case-control study assessed the relationship between inappropriate antibiotic use and hospital-associated CDI at two tertiary acute care hospitals in Quebec, Canada. Researchers identified 126 hospital-associated CDI episodes and determined whether they were prescribed antibiotics within 8 weeks of diagnosis, as well as the appropriateness of this treatment based on IDSA guidelines. Results showed that 96% of patients received antibiotics prior to being diagnosed with CDI, and 73.8% of patients received at least one course of inappropriate antibiotics. The most common reason for inappropriate antibiotic use preceding a CDI was UTI, accounting for 75.4% of inappropriate treatments. Patients treated for UTI were asymptomatic in nearly half of all cases, indicating that these patients actually had ASB.47
Another retrospective study looked at unnecessary antibiotic use in 141 patients with recent CDI at a Veterans Affairs hospital in Minneapolis.48 A unique aspect of this study was its predominantly male sample, compared to others that had predominantly female or evenly split samples. This likely decreases the generalizability of results since females have a higher incidence of CDI.40 The study also focused on the association between antibiotic use and recurrent cases of CDI in a sample who recently had first-onset CDI, while the previous study did not make a distinction between recurrent and first-onset cases in their sampling or analyses. Researchers found that a majority of antibiotics were prescribed during hospital stays, which indicates that the hospital is an ideal environment to study this topic. 77% of patients included in the study received at least 1 unnecessary dose of antibiotics, and 26% received only unnecessary doses. UTI was the most common indication for unnecessary antibiotic use, accounting for 81% of unnecessary days of treatment. Risk of recurrent CDI was higher for those who received any or only unnecessary antibiotics compared to those who received none, although this finding was not significant.48 
A prospective observational study of unnecessary antibiotic use focused specifically on fluoroquinolones, which are a main risk factor for the more virulent BI/NAP1/027 CDI.16,33 This study randomly selected 227 inpatients at a tertiary care academic medical center in Ohio receiving fluoroquinolone therapy and determined whether this treatment was medically necessary.16 Researchers also followed patients for six weeks after completion of antibiotic treatment to determine adverse events such as CDI. Results showed that 31% of fluoroquinolone regimens were unnecessary, and 51% of these regimens were used to treat ASB. ASB also accounted for 30% of all 690 unnecessary days of fluoroquinolone therapy. A total of 3 patients experienced CDI following unnecessary fluoroquinolone therapy, but it is unclear whether any of these patients were treated for ASB. Results also showed that rehabilitation units were significantly more likely to prescribe unnecessary fluoroquinolone regimens than necessary, and this association was more significant than any other hospital department. An additional 21 patients experienced gastrointestinal symptoms following fluoroquinolone use, which is a symptom of CDI.16 If laboratory testing was not used to diagnose adverse events, there could have been misclassification that underestimated the number of CDI outcomes. Lack of proper documentation may have also led to problems classifying bacteriuria in this study. Researchers noted that they likely underestimated the numbers of ASB cases due to lack of symptom documentation, so a higher percentage of unnecessary treatments may actually be attributable to ASB.16
1.3.5 Gaps in Knowledge

Previous research shows a clear relationship between unnecessary antibiotic use and CDI, with bacteriuria identified as a common reason for this overuse in many studies. Additional research is needed to accurately assess unnecessary treatment of ASB as a precursor to CDI. All previous studies included ASB and CDI as two of many other exposures and outcomes. Future studies should focus only on ASB and CDI to clearly determine their relationship and associated factors. Additionally, most studies included patients in multiple units of acute care hospitals. This can make it difficult to control for factors that differ between hospital units, such as patient characteristics, antibiotic stewardship, and physician prescribing behaviors. Although most studies did not analyze hospital units separately, one found that rehabilitation units were more likely to prescribe unnecessary fluoroquinolone regimens. Additional research is needed to investigate unnecessary antibiotic use and patient outcomes in rehabilitation units. Focusing on a rehabilitation population may also allow studies to capture CDI outcomes more accurately given the longer typical length of stay in these units.
1.4 Public Health Significance
Unnecessary testing for bacteriuria occurs at a significant rate and can lead to inappropriate treatment of ASB and unnecessary antibiotic use. This contributes to the increasing problems of antibiotic overuse and resistance in the U.S. An estimated 30 to 50% of antibiotic prescriptions in hospitals are unnecessary, which increases the risk and spread of antibiotic resistant bacteria.49,50 Antibiotic resistance is considered one of the most significant threats to public health in the U.S., with least 2 million cases of antibiotic-resistant infection and 23,000 deaths each year.28 Most of these cases lead to longer lengths of stay, more expensive treatments, and higher disability and mortality rates compared to treatable infections, creating excess healthcare costs estimated as high as $20 billion total.50 

Taking unnecessary antibiotics also increases the risk of developing resistant infections and exposing people to potentially harmful side effects of the drug.50 It can also lead to CDI, which the CDC classifies as one of the most urgent health threats related to antibiotic use based on the estimated clinical and economic impact, incidence, 10-year projected incidence, transmissibility, treatment availability, and barriers to prevention.50. As previously mentioned, CDI remains a significant health concern in hospitals, causing an estimated 500,000 infections and 15,000 deaths per year in the U.S.28 It also leads to extended hospital stays and increased medical costs estimated as high as $6.3 billion.42 

The high rate of treatment for ASB contributes to these detrimental health outcomes and medical costs, and unnecessary urine testing can lead to inappropriate treatment. A better understanding of the relationship between urine testing, unnecessary treatment of ASB, and CDI is needed to develop effective prevention and control strategies in hospitals. It is of great public health significance that this relationship continues to be studied to prevent antibiotic resistance and CDI, two of the greatest public health threats in the U.S. Describing the connection between positive urine cultures and subsequent CDI, as well as characteristics of affected patients, is a necessary first step to conduct this research. 

2.0  Objective
This observational study sought to examine the characteristics and group differences for individuals with C. diff testing within acute rehabilitation units of a large academic medical center depending on their prior urine testing status. The facility is a 495-bed university-affiliated hospital in Pittsburgh, Pennsylvania, with 53 acute rehabilitation beds. All C. diff testing results from 2016-2017 were reviewed in relation to prior positive urine culture within the same hospital stay. We hypothesized that there would be significant differences between patients tested for C. diff in rehabilitation units who had a positive urine culture at least 24 hours prior to CDI testing compared to those who did not.
3.0  Methods
3.1 Study Population
The TheraDoc™ Clinical Surveillance Software System was used to identify and extract patient data from electronic health records at UPMC Mercy. 2016 and 2017 data were extracted for patients with a positive urine culture, as well as patients who had any CDI testing. Patients with CDI testing were limited to those in rehabilitation units. Duplicate patient data was considered unique if testing occurred during different hospital stays and testing was ordered at least 7 days apart. This resulted in an eligible sample of 193 patients who had CDI testing in rehabilitation units in UPMC Mercy from 2016-2017. 

3.2 Demographic and Clinical Variables
UPMC Mercy medical staff determined urine culture and CDI testing results per the National Healthcare Safety Network guidelines.51 This data was extracted from patient medical records to create a dichotomous variable for CDI coded as either positive or negative. Patient information was then reviewed to determine if any urine testing was conducted at least 24 hours prior to CDI testing and dichotomized into the following groups: prior urine testing or no prior urine testing. Admission diagnoses based on ICD-10 codes were also extracted and categorized with conditions affecting 10 or more patients grouped separately, resulting in the following categories: debility, spinal cord injury (SCI), stroke, or traumatic brain injury (TBI). 

Extracted medical record data was also used to determine patient length of stay, age, race, and sex. Length of stay and age were analyzed as continuous variables. Sex was coded dichotomously, and race was categorized into three groups, African-American, white, and other. Relevant infection control information was also extracted for all patients, including whether the CDI was classified as hospital-associated. This information was used to create a hospital-associated infection (HAI) variable categorized into three groups: confirmed HAI, possible HAI, and no HAI.
3.3 Statistical Analysis
Statistical analyses were performed using SAS 9.4. Appropriate descriptive statistics were determined for demographic factors of age, race, and sex, as well as clinical characteristics of CDI test results, HAI status, and admission diagnosis. Frequency measures for categorical variables were also used to determine differences between patient demographic factors stratified by prior UTI testing status, with either Chi-Square or Fisher’s Exact as appropriate. Continuous variables were assessed for normal distribution, and t-tests or non-parametric tests were used to determine differences between prior UTI testing groups.
4.0  Results
4.1 Demographic Characteristics
A total of 193 patients were evaluated who met the inclusion and exclusion criteria for analysis. Table 1 shows descriptive statistics for these patients, including demographic and clinical data. Age did not follow a normal distribution, with a median age of patients at admission of 65 years (51, 75). 89% of patients were white, and 54.4% were male. No significant differences between patients with and without prior urine testing were identified in comparisons by age or race. A significant difference between groups was identified for sex with a p-value of 0.0270, with females more likely to have had prior urine testing compared to males.
4.2 Clinical Characteristics
Of the 193 eligible patients, 41 (21.2%) tested positive for CDI, and 10 (24.3%) of these had urine testing at least 24 hours prior to C. diff testing. Of the 41 positive CDI cases, 92.1% of cases were classified as confirmed HAIs and an additional 7.9% were possible HAIs. All 10 CDI cases that followed urine testing were confirmed HAIs. 
Nearly half of patient diagnoses in this sample included severe, chronic conditions, with 20.2% of patients admitted to UPMC Mercy with a stroke, 14.5% with a TBI, 5.7% with a spinal injury or procedure. There was a significant difference between admission diagnosis for patients with prior urine testing compared to those with no prior urine testing, with a larger proportion of all conditions seen in patients with no prior urine testing. Patients with prior testing had a higher proportion of chronic conditions including spinal cord injuries (SCI), stroke, and traumatic brain injuries (TBI) compared to debility or other conditions. Length of stay did not follow a normal distribution, with a median stay of 26 days (17, 36). No significant difference in length of stay was identified between urine testing groups. 
Table 1. Patient Characteristics by Prior Urine Testing Status

	 
	Total Sample (n=193)
	No Prior Testing (n=144)
	Prior Testing (n=49)
	p-value

	CDI Status, n (%)
	
	
	
	0.8685

	       Negative
	152 (78.8)
	113 (74.3)
	39 (25.7)
	

	       Positive
	41 (21.2)
	31 (75.6)
	10 (24.3)
	

	Admission Diagnosis, n (%)
	
	
	
	<.0001*

	       Debility
	14 (7.3)
	13 (92.9)
	1 (7.1)
	

	       Stroke
	39 (20.2)
	22 (56.4)
	17 (43.6)
	

	       SCI
	11 (5.7)
	7 (63.6)
	4 (36.3)
	

	       TBI
	28 (14.5)
	18 (64.3)
	10 (35.7)
	

	       Other
	101 (52.3)
	84 (83.2)
	17 (16.8)
	

	Sex, n (%)
	
	
	
	0.0270*

	       Female
	88 (45.6)
	59 (67.1)
	29 (33.0)
	

	       Male
	105 (54.4)
	85 (81.0)
	20 (19.1)
	

	Race, n (%)
	
	
	
	0.0672

	       African-American
	18 (9.9)
	15 (83.3)
	3 (16.7)
	

	       White
	162 (89.0)
	121 (74.7)
	41 (25.3)
	

	       Other
	2 (1.1)
	1 (50.0)
	1 (50.0)
	

	Age, median (IQR)
	65 (51, 75)
	65 (52, 75)
	64 (49, 74)
	0.6462

	LOS, median (IQR)
	26 (17, 36)
	24 (15.5, 35.5)
	28 (20, 39) 
	0.0773


Abbreviations: CDI: C. difficile infection; HAI: Hospital-acquired Infection; IQR: interquartile range; LOS: Length of Stay; SCI: spinal cord injury; TBI: traumatic brain injury.
*Indicates statistically significant finding.

5.0  Discussion
The objective of our research was to examine the characteristics and group differences for individuals tested for C. diff within acute rehabilitation units of a large academic medical center depending on their prior urine testing status during the same hospital stay. We hypothesized that there would be significant differences between patients who had a positive urine culture at least 24 hours prior to CDI testing compared to those who did not. 
Our results did not show significant differences in CDI status based on prior urine testing status. This indicates that in our sample, urine testing did not significantly impact CDI outcomes. However, positive CDI results did follow positive urine cultures in rehabilitation patients for 24.4% of patients in our sample. Even though our findings were not statistically significant, they still have clinical significance for infection control practices. 100% of these infections were classified as a confirmed HAI, indicating that the infection was acquired during the course of their treatment at UPMC Mercy. Hospital-based factors contributing to these infections could still include UTI testing or treatment practices and should continue to be investigated to prevent further HAIs.
Our results did show a significant difference in admission diagnosis between groups, with larger proportions of all conditions seen in patients with no prior urine testing. When comparing diagnoses of patients with prior urine testing, more patients admitted for stroke, SCIs, and TBIs compared to debility and other conditions. Given the chronic and severe nature of these conditions, patients likely required a catheter during their stay, which would increase risk of bacteriuria by 3% to 10% per day of catheterization.11 This difference in admission diagnoses within those previously tested for UTIs may also indicate a difference in treatment regimens or physician behaviors for those with severe, chronic conditions that is contributing to infection with C. difficile. Even if patients with these conditions were not showing symptoms of a UTI, urine cultures may have been ordered based on physicians’ knowledge of the risk of UTI due to catheterization. This could have led to antibiotic treatment, which is the greatest risk factor for CDI.29,37 Depending on the symptomology of the patients prior to testing, antibiotic treatment may also have been inappropriate. Additional information is needed to confirm patient and treatment factors that may have contributed to CDI. 
Patients with prior UTI testing also had a longer length of stay compared to those with no prior urine testing, although this finding was not statistically significant. This could also indicate a higher likelihood of catheter use due to length of stay, as well as a more severe CDI. More severe CDI cases could indicate infection with the BI/NAP1/027 strain, which tends to be more virulent than other strains. Antibiotic use, particularly the use of fluoroquinolones, increases the risk of infection with the BI/NAP1/027 CDI strain.33,45 Treatment regimens following urine testing for this group and more detailed CDI laboratory results could provide insight into this relationship. 
We did not find statistically significant differences in age based on prior urine testing status. Our study sample was older than the general population, with a median age of 65 years (51, 75). This may be attributed to the chronic nature of the admission diagnoses such as stroke, which are more common in older individuals.52 Our results did show a statistically significant difference in sex between prior urine testing groups, with more female patients with prior urine testing compared to males. This supports previous research that identified a sex bias in urine testing, despite a lack of evidence that women should be tested more frequently than males.25  
One strength of this study was the inclusion of patients in rehabilitation units. These units often have a stable population and longer lengths of stay, which likely allowed us to capture more CDI cases acquired in the hospital. Patients in other units could have had urine testing and left the hospital shortly after, missing the opportunity to identify any subsequent CDI cases. Another strength of our study was the methodology used to obtain data. Extracting the data directly from medical records allowed for a complete dataset with very little missing data. This method also reduced the likelihood of misclassification or reporting bias as these records were completed and entered by medical professionals. Laboratory methods with high sensitivity and specificity were used for urine and CDI testing, also reducing the likelihood of misclassification. 
Our study also had several limitations. Although using a rehabilitation population added to the strength of our study, it also severely limited our sample size. This made it difficult to make meaningful comparisons as groups of demographic and clinical characteristics were very small once stratified. This study also only represents one medical center and may not generalize to other populations. In particular, a majority of patients in our sample were white (89%) and very few were African-American (9.9%) or other racial groups (1%), limiting generalizability of our results. Additionally, we only had information for those with CDI and urine testing for this study. Without a control group for patients who were not tested, we were unable to determine measures of association between urine testing and subsequent C. diff testing and outcomes. Another limitation was the lack of data for important factors related to urine testing and CDI, including symptomology prior to testing, antibiotic treatment, and appropriateness of this testing and treatment. 

This study determined that a positive urine culture preceded CDI for some patients in rehabilitation units at UPMC Mercy, and all of these infections were hospital-associated. Further research is needed to determine what hospital practices or conditions may be contributing to these infections, as well as the presence and strength of association between urine testing and subsequent C. diff testing. In order to answer these questions, the next step is to collect data for key characteristics linking urine and CDI testing, including symptomology prior to urine testing, antibiotic treatment, and appropriateness of this treatment. This will allow future studies to determine whether inappropriate urine testing and treatment of ASB are associated with subsequent CDI testing in a rehabilitation population. Data on comparable controls should also be collected and compared to the groups assessed in this study in order to strengthen future research on the relationship between urine testing and CDI. Future research should also consider including other hospital units in analysis to expand the sample size and allow for comparisons between hospital practices.
Our study took an important first step in this field of research by determining significant differences between patients tested for C. diff with and without prior urine testing. Our results also provided insight into the outcomes of patients with urine testing that could be clinically meaningful for physicians and infection control personnel. These findings will inform future studies focused on inappropriate urine testing, treatment of ASB, and subsequent CDI. This also has implications for future research on infection control interventions in hospitals. Given the high rates of inappropriate urine testing and antibiotic use in hospital populations,14,25,26 along with the increased risk of CDI with antibiotic use,37,43 it is possible that some of the CDI cases in our sample could have been prevented with proper urine testing practices and antibiotic stewardship. Our research provides a description of demographic and clinical characteristics of patients potentially affected by this issue, which could help infection control personnel develop targeted interventions and additional studies. This research is of great public health significance in order to help reduce the urgent threat of antibiotic resistance and CDI in hospitals.
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