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The discovery of the urinary microbiome prompted researchers to begin characterizing microbiota associated with various health and disease states; however, the etiology of bladder infections, the most common urinary tract infection (UTI), is still simplistically attributed to the invasion of a uropathogen, mainly Escherichia coli, without regard for the resident microbial community. In addition, the clinical variability of UTI symptoms remains poorly understood. Very little research has been done to investigate the role of baseline microbial communities in development and resolution of UTI symptoms. The goal of this study was to identify associations between urinary microbiota and lower urinary tract symptoms profiles in adult women with UTI symptoms. This is a secondary analysis of a previously published IRB-approved study that included 225 women who reported having acute UTI symptoms, submitted catheterized urine specimens for analysis by an enhanced urine culture method and were assessed for symptom resolution 7-10 days after receiving culture-directed antibiotic treatment. In this UTI population, we identified six distinct symptom profiles, termed symptotypes, that were characterized by varying severity and degree of bother of certain lower urinary tract symptoms. These symptotypes were not associated with urotype or the presence of specific microbes. In participants with pain on presentation, the presence of non-E. coli and non-uropathogens was associated with persistence of symptoms at follow up; however, this was not true for those with E. coli urotype. These data suggest that the presence of E. coli may not account for the underlying cause of typical UTI symptoms; instead, co-existence of a uropathogen in the context of the existing urinary microbiota and the host may be responsible for these symptom profiles.
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Introduction

Urinary tract infections (UTIs) are common bacterial infections, impacting 150 million people every year and causing significant societal and financial costs, with growing global anti-microbial resistance concerns (1–3). Most research on UTI preceded the discovery of the urinary microbiome (urobiome) (4, 5). Conventionally, a UTI is diagnosed based on patient reported symptoms, sometimes with a urine dipstick assessment, laboratory urinalysis and/or culture. The diagnosis is dichotomous, despite the growing evidence that various states of dysbiosis can exist in the bladder microbial community. The term “sporadic UTI” is used to describe a UTI event that occurs less than twice in 6 months (6), and recurrent UTI is diagnosed when culture-documented UTI events occur more than twice in 6 months or at least three times in a year. Recurrent UTI is often characterized by persistent symptoms even in the absence of the sensation of acute infection (7). In contrast, sporadic UTI symptoms are considered episodic with symptom resolution after treatment.

The clinical diagnosis and empiric treatment is often initiated based on symptom profiles without laboratory testing. Oral antibiotics are the default treatment for UTI and antibiotic selection is often empiric or informed by results of antibiotic sensitivity profiles for uropathogens detected on standard urine culture. Standard urine culture has decreased sensitivity for uropathogen detection compared to enhanced culture techniques (8, 9). Currently, clinical care is not routinely based on results of culture-independent microbial detection methods (i.e., high throughput sequencing techniques) (10). The value of these sensitive microbial detection methods in the diagnosis and treatment of both recurrent and sporadic UTI is still under investigation.

There is existing evidence that E. coli-predominant infections appear less prevalent in recurrent compared to sporadic UTI patients and drug resistances are more common in the recurrent UTI population (11, 12). In sporadic UTI, patient symptoms are episodic and assumed to be associated with an acute alteration of the urobiome. However, the relationship between patient symptoms and bladder microbial content in the sporadic UTI population has not been studied. Clinicians consider symptoms as a foundational diagnostic element for a UTI diagnosis. Classic “UTI symptoms” are typically associated with an abrupt change in baseline urinary sensations and/or function; often dysuria, urinary urgency and/or frequency are present. The UTI Symptoms Assessment questionnaire (UTISA) (13) is a validated UTI symptoms questionnaire that includes these key symptoms. However, as patients age, chronic urinary conditions, such as overactive bladder make it more difficult to clearly identify meaningful changes in urinary symptoms (14). Also, patients may report more unique personal symptoms, such change in urine odor or appearance, onset of generalized symptoms, such as unusual fatigue, or other “atypical” symptoms.

In adult women with recurrent UTI, there is a relationship between clinical profiles, including UTISA quantified symptoms, and the microbial content of the bladder as detected by expanded quantitative urine culture (EQUC) (7). Urinary microbial content also has been linked to other clinical symptoms including incontinence (9, 15–17), suggesting a relationship between clinical phenotypes and the urobiome. Barnes and colleagues conducted a randomized controlled trial in women with UTI symptoms were randomized to either standard urine culture or EQUC to guide clinical treatment of UTI (NCT03190421) (18). The primary outcome was symptom resolution 7-10 days after culture and treatment. The role of more sensitive microbial detection methods when non-E. coli uropathogens were present was confirmed, a potentially important finding to guide clinical care (18). In this secondary analysis of data from that trial, we examined the relationship between patient reported symptoms (by clinical profile and UTISA) and the microbial content of the bladder as characterized by EQUC. Additionally, we investigated whether microbial content impacted symptom resolution.



Materials and Methods


Study Design and Patient Population

In this secondary analysis of the previously reported, IRB-approved clinical trial, we included data and lab findings from all previously reported participants (18). Briefly, participants were adult women ≥18 years of age who presented to Loyola University Medical Center urogynecology clinic and responded “yes” to the question “do you feel you have a UTI?”. Exclusion criteria included women who were on antibiotics, pregnant, had an indwelling urinary catheter, were performing intermittent self-catheterization, declined to be catheterized, or were treated empirically on the day of enrollment. Following verbal and written consent for research, participants completed the validated UTISA questionnaires (13, 19).

The UTISA (13), a validated 14-item patient administered questionnaire, was used to characterize symptoms in the enrolled population. Each item on the UTISA ranges from 0-3 (higher scores indicate worse symptoms). Seven items relate to symptom severity and are summed to calculate the UTISA-Presence scale (0-21) and seven items related to bothersomeness comprise the UTISA-Bother scale (0-21). In the validation of UTISA, four domains were described: “urination regularity”, “problems with urination”, “pain associated with UTI”, and “blood in urine”. UTISA domain scores for urinary regularity, problems with urination, and pain associated with UTI are the sum of four items each (0-12); the UTISA domain score for blood in the urine is the sum of two items (0-6).

Demographic and clinical factors also were collected at the initial visit. Following clinically directed UTI treatment, women who consented to a follow-up phone call were contacted 7-10 days after culture collection, and asked “do you continue to have UTI symptoms?” UTI symptoms were considered resolved if patients answered “no” to this question.



Sample Processing and Bacterial Identification

Using standard aseptic technique, a urine specimen was collected via transurethral catheterization. Urine specimens were assessed by EQUC (20) performed by trained laboratory investigators. EQUC technique used an inoculation of 100 microliters of urine onto 5% sheep blood, MacConkey, and colistin and nalidixic acid agar plates. All plates were incubated in 5% CO2 at 37°CC for 48 hours. After incubation, morphologically distinct bacterial colonies were enumerated and identified by Matrix-Assisted Laser Desorption/Ionization Time-of Flight (MALDI-TOF) mass spectroscopy (Bruker MALDI Biotyper).

Urine culture results were used to determined urotypes based on the following criteria: E. coli-predominant (≥50% of total CFU/mL cultured from a sample were E. coli), non-E. coli uropathogen-predominant ((≥50% of total CFU/mL were known uropathogens other than E. coli including Klebsiella, Proteus, Streptococcus and Enterococcus species), and non-uropathogen-predominant ((≥50% of total CFU/mL were Lactobacillus or Gardnerella species). Non-uropathogen-predominant and culture negative were grouped into a single urotype as neither was treated with antibiotics based on clinical protocol.



Symptom Group (Symptotype) Characterization

Symptom profile (symptotype) identification was determined using the QIIME2 platform (https://view.qiime2.org/) by performing principal component analysis (PCoA) on results of the self-reported UTISA questionnaire. The three main points of variance between test samples were used to cluster datapoints based on their three-dimensional position in space. Biplot analysis overlaid a vector demonstrating the direction and magnitude of variance contributed by a specific factor to identify the main contributors of variance between symptotypes. Symptotype assignments for each participant were then added to existing metadata for subsequent analysis. This combinatorial approach does not assume symptoms would be within a single subdomain and instead examined natural clustering of all symptoms reported on the UTISA.



Comparison of Microbial Communities Between Symptotypes

Microbiota prevalence and abundance were compared across symptotypes. Alpha diversity measures, including species richness, abundance, and evenness, were calculated for each participant.

The associations of symptotype with urotype and microbiota presence were assessed using chi-square or Fisher’s exact tests, as appropriate. The UTISA presence, bother, and symptom type scales were compared by urotype using analysis of variance. In univariable analyses, alpha diversity and UTISA scores were compared by UTI symptom persistence using Wilcoxon rank sum tests and two-sample t-tests, respectively. The crude associations of UTI symptom persistence with symptotype and urotype were assessed using chi-square tests. Then, multivariable logistic models predicting UTI symptom persistence were developed from symptom and urobiome characteristics with model fit statistics (Akaike information criterion) and likelihood ratio tests used to guide variable selection. Adjusted odds ratios were reported from logistic regression models with urotype, UTISA score, an interaction term, and treatment with antibiotics as a covariate. Statistical analysis was performed using SAS 9.4 and microbiome data analysis and data visualization was done in R 4.1.2.




Results

The 225 participants (mean age 66 years, range 20-99 years) contributed 225 catheterized urine samples. 215 of 225 participants provided data on follow-up phone call (143 [95%] of standard urine culture group, 72 [97%] of EQUC group). Table 1 displays the cohort demographics. The study population identified as 0.9% as Asian, 13.3% as Black, 14.2% as Hispanic and 70.7% as White. The average body mass index was 31.2 ± 8.2. Relevant medication use includes bladder control medication (22 [9.8%]) and vaginal estrogen use in the past month (76 [34.1%]).


Table 1 | Baseline participant characteristics.



The overall UTISA score was 10.3 ± 4.4 for UTISA-Presence and 10.3 ± 4.7 for UTISA-Bother. The mean (SD) subdomain scores were pain associated with UTI (range 0-6) was 5.2 ± 3.8, urination regularity (range 0-12) was 8.7 ± 3.3, problems with urination (range 0-12) 6.2 ± 3.7 and blood in urine (range 0-6) 0.6 ± 1.4.

Unsupervised clustering of symptom UTISA responses using PCoA resulted in 6 significantly different groupings of participant symptom profiles annotated as A-F. The biplot analysis (Figure 1) demonstrates the drivers of differences between UTISA responses. Some UTISA symptoms commonly occurred together, such as incomplete emptying and urgency. Other symptoms were less likely to be present together, as those with incomplete emptying and urgency experienced less dysuria and vice versa. Similarly, frequency was rarely seen in participants with abdominal pain. Frequency and dysuria tended to be present together predominantly in those with severe overall scores. Profiles of UTISA symptoms for each symptotype group are seen in Table 2. The predominant symptoms for each symptotype are as follows: A: severe overall, B: severe frequency and urgency, C: moderate overall, D: mild overall, E: frequency, F: incomplete emptying.




Figure 1 | Principal component analysis of UTISA responses. Unsupervised clustering of UTISA responses demonstrated six distinct symptom profiles (symptotypes) annotated as A-F. Axis 1 accounting for 45.20% of symptom variability described the spectrum of severe abdominal pain, severe frequency, bothersome frequency and severe overall symptoms. Abdominal pain was seen more frequently in A (red) and B (blue) symptotype groups. Severe frequency, bothersome frequency and severe overall symptoms were seen most commonly in the E (purple) symptotype group. Axis 2 accounting for 22.48% of variability in symptoms described bothersome incomplete emptying and severe incomplete emptying and these symptoms were more common in C (orange) and F (yellow) symptotype groups. Axis 3 described 18.28% of variability which predominantly described bother and severity of dysuria symptoms. Biplot analysis (white arrows) indicate the UTISA domains driving separation of symptom groups. Symptom categories that are responsible for clustering, shown as vectors, denote the direction (arrow) and strength of magnitude (length of line) contributed by each symptom category.




Table 2 | Baseline participant UTISA scores.



Figure 2 displays the categorization of the participants’ EQUC results into the three urotype categories: E. coli uropathogen (ECU, N=100), non-E. coli uropathogen (NECU, N=77), and non-uropathogen (NU, N=35). There was no growth on the remaining cultures (N=13). Of positive cultures, the urotype distribution was ECU (47%), NECU (40%) and NU (17%). Polymicrobial cultures were common (69% of ECU, 74% of NECU, 66% of NU). Monocultures were less frequent (31% of ECU, 26% of NECU, 34% of NU) and prevalence did not differ between urotypes (p >0.05). E. coli monocultures accounted for only 15% of positive cultures. The prevalence of the ECU, NECU and NU/culture negative urotypes did not differ among the 6 symptom profile groups (Table 3). The UTISA domain scores did not differ between urotypes. (Table 3).




Figure 2 | Prevalence of polymicrobial cultures by urotype. The main urotype categories for positive cultures (y-axis, N=212) in this population were E. coli uropathogen (ECU), non-E. coli uropathogen (NECU), and non-uropathogen (NU) dominant cultures. The prevalence of monocultures, cultures with two microbes, cultures with three microbes, and cultures with more than three microbes (range 4-11) is displayed on the x-axis. The detection prevalence for additional and/or non-dominant uropathogens is denoted by the diagonal line patterned area for each polymicrobial category.




Table 3 | Association of urotypes with symptom profiles (symptotypes) and UTISA domains.



No specific microbes were significantly enriched in any symptom profile group. After correction for multiple testing, the initial findings that Cornybacterium was significantly enriched and Aerococcus was approaching significant enrichment in the largest and most symptomatic symptom profile group (Group A), were no longer significant (Table 4).


Table 4 | Genus and species prevalence by symptom profile (symptotype).



No significant differences were also seen between symptotypes for any microbiome diversity index (Table 4). When compared by urotype, Shannon and Simpson indices were significantly decreased between ECU compared to NECU and NU (Figures 3A, B). Richness did not differ between urotypes (Figure 3C). Evenness was significantly increased in NU compared to ECU and NECU, which did not differ (Figure 3D).




Figure 3 | Microbial diversity as assessed by symptotype. (A) Shannon diversity was significantly different between all groups. (B) Simpson diversity was significantly different between all groups. (C) Richness diversity was not significantly different between groups. (D) Evenness diversity was not significantly different between ECU and NECU groups but increased in NU. *p-values based on Kruskal-Wallis; significant at p < 0.05.



Symptoms were present in 73/215 participants (34.0%) at follow-up 7-10 days after baseline and the persistence rate did not vary significantly by urotype (p=0.57) nor by symptotype (p=0.40). Alpha diversity measures were similar in those with symptom persistence compared to those with symptom resolution (p>0.05 for all comparisons). UTISA overall and subscale scores were generally higher in those with UTI symptom persistence, with largest differences seen for the UTISA-presence scale (11.2 ± 4.5 vs 9.9 ± 4.4, p=0.03), problems with urination (6.9 ± 3.6 vs 5.8 ± 3.6, p=0.03), and pain associated with UTI (5.9 ± 4.0 vs 4.9 ± 3.6, p=0.08). (Table 5)


Table 5 | Univariable comparisons of presenting symptoms, symptotype, urotype, and alpha diversity by UTI symptom persistence at follow up.



Univariate analysis identified an association between UTISA overall and subcategory scores with symptom persistence. In multivariable analysis, higher UTISA-Presence scores on initial assessment were associated with higher odds of UTI symptoms at follow up in the NECU (OR 1.13 95% CI: 1.01-1.33, p=0.03) and NU (OR 1.16 95% CI: 1.01-1.26, p=0.03) cohorts (p=0.03 for interaction). This association was not present in the ECU group (OR 0.95 95% CI: 0.85-1.06, p=0.35). Problems with urination was associated with higher odds of UTI symptoms at follow up in the NECU (OR 1.15 95% CI: 1.02-1.31, p=0.03); however the p-value for interaction was not significant (p=0.29). Pain with UTI on presentation was also associated with higher odds of UTI symptoms at follow up in the NECU (OR 1.15 95% CI: 1.02-1.31, p=0.03) and NU (OR 1.12 95% CI: 1.00-1.38, p=0.047) cohorts (p=0.02 for interaction). This association was not seen in the ECU group (OR 0.90 95% CI: 0.78-1.04, p=0.16) (Table 6).


Table 6 | Odds ratios for UTISA domain and UTI symptom persistence by urotype.





Discussion

This analysis has two key findings: In adults with acute UTI symptoms, 1) the clinical symptom profile is not associated with urotype or the presence of specific microbes, 2) in participants with pain associated with UTI, the presence of NECU and NU/culture negative urotype is associated with the persistence of UTI symptoms after culture-directed antibiotic treatment for UTI.

Our finding that the clinical symptom profiles in this cohort assessed by UTISA domain or symptom profile were not associated with urotype or the presence of specific microbes contrasts with previous findings in a population of adult women with recurrent UTI population (7). In that cohort, a relationship between the presence of specific microbes and patient symptom profiles was detected. This difference may be due to cohort characteristics, as the current analytic cohort is comprised of adult women who were not diagnosed with recurrent UTI and treated using clinical algorithms for sporadic UTI. Further studies will be needed to rigorously compare symptom profiles between cohorts with sporadic versus recurrent UTI, as women affected by recurrent UTI may have ongoing disruption of homeostatic mechanisms and chronic urothelial disruption that may not occur in sporadic UTI (21). Symptoms associated with sporadic UTI may be related to acute inflammation, which resolves with antibiotic treatment in most cases and may not be microbe-specific. In contrast, recurrent UTI symptom profiles that are associated with microbes may represent the chronic effects of these microbes on host urothelium.

The association of symptom persistence with presence of pain on initial evaluation differed by urotype, with a clear association for NECU or NU/negative culture urotypes but not for ECU cultures. One possible interpretation is that UTI treatment intended to eradicate E. coli is effective when the urotype is ECU, but not when the urotype is NECU or NU. Persistent pain may be caused by untreated non-E. coli uropathogens or non-uropathogens/not recognized uropathogens. Consistent with this possibility, the index randomized controlled trial treatment found that, in the subset of women with non-E. coli uropathogens, there was a trend toward more symptom resolution in the EQUC arm (21%, p=0.08) (18). These data suggest inadequate treatment of non-E. coli uropathogens or non-uropathogens may be associated with persistence of pain with UTI.

Previous studies have indicated E. coli presence, abundance, or genomic content as weak predictors of UTI status (22). Although it is accepted that UTI can result from E. coli overgrowth, an accumulating body of evidence suggests multiple different bacteria can cause UTI symptoms (22). Existing literature suggests E. coli is more frequent in the sporadic UTI population compared to recurrent UTI participants (7, 12). E. coli detection in our population was more frequent, consistent with a likely predominantly sporadic UTI population; however, E. coli monocultures were more infrequent than reported by studies utilizing less sensitive bacterial detection methods (18, 23). This study has several limitations. First, although previous studies in the recurrent UTI population found relationships between urinary symptoms and urinary microbes with less than a quarter of the sample size of this study, this cohort is relatively small. Second, there was limited characterization of the previous UTI history. Thus, this cohort likely includes participants that may meet criteria for recurrent UTI diagnosis. Third, despite having longitudinal data on participant symptoms, we lack longitudinal data regarding the presence and absence of urinary microbes which is needed to better characterize the relationship between microbes and their host response and sensitivity.

Clearly, one size does not fit all. The insights from this analysis offer an early description of the relationship between microbes and the urinary bladder in adult women with symptomatic UTI. The increasing evidence that UTI, despite the presence of E. coli, can be a polymicrobial event warrants consideration of a more personalized, urobiome-centric approach to UTI treatment. The baseline, pre-treatment urobiome appears to be a potential biomarker for risk of persistent symptoms. Investigators are encouraged to include baseline urobiome characterization in future studies of UTI for both sporadic and recurrent UTI populations.
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OEBPS/Images/table6.jpg
ECU NECU NU p-value for interaction

OR* (95% ClI) p-value OR* (95% Cl) p-value OR* (95% ClI) p-value

UTISA Score

UTISA-Presence 0.95 (0.85-1.06) 0.35 1.13(1.01-1.33) 0.03 1.16 (1.01-1.26) 0.03 0.03
UTISA-Bother 0.94 (0.85-1.05) 0.29 1.08 (0.98-1.20) 0.12 1.07 (0.95-1.20) 0.24 0.14
Urination regularity 0.90 (0.79-1.04) 0.16 1.02 (0.90-1.15) 0.81 1.15 (0.90-1.46) 0.27 0.20
Problems with urination 1.00 (0.88-1.14) 0.99 1.15(1.02-1.31) 0.03 1.12(0.95-1.32) 0.19 0.29
Pain associated with UTI 0.90 (0.78-1.04) 0.16 1.15(1.00-1.30) 0.03 1.18 (1.00-1.38) 0.047 0.02
Blood in urine 1.09 (0.78-1.51) 0.63 0.95 (0.67-1.34) 0.77 1.10(0.79-1.53) 0.57 0.08

"odds ratios are for one-unit changes in the UTISA scale score associated with UTI persistence at the level of the urotype specified, estimated from multivariable logistic regression models
with interaction terms and adjusting for treatment with antibiotics.
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UTISA Components Mean (Mode)? A B Cc D E F
Severe Overall Severe Frequency Urgency Moderate Overall Mild Overall Frequency Incomplete Emptying

N=87 N=24 N=42 N=33 N=13 N=26

Severity Frequency .5 (3) 1.9 (2 250 2(2 1.3 (1) 1.8(2)
Urgency 50) 15(2) 2.4(3) 1.8 (@) 0.6 (0) 18(2)

Dysuria 23 15(3) 1.7 (20 13(0) 0.7 0) 1200

Incomplete Emptying 1) 0.2(0) 182 0.2(0) 0.1(0) 1.8(2)

Abdominal Pain (3) 1.6 (1) 18(2) 12(0) 0.0(0) 0.1(0)

Lower Back Pain .0(2) 1.58 (1) 0.2(0) 0.4 (0) 0.0 (0) 0.0(0)

Hematuria 5 (0) 0.3(0) 0.2(0) 02(0) 0.1(0) 0.2(0)

Overall Rating (2) 182 219 172 1.3(1) 1.7(1)

Degree of Bother  Frequency 9 1.5(2) 1.9 (2 1.7 (2 1.0 (1) 15(2)
Urgency 9@ 132 182 15(2) 0.5(0) 142

Dysuria 72 1.2(2) 142 1.1 0.5 (0) 1.0(0)

Incomplete Emptying (2) 0.0(0) 162 0.1(0) 0.0(0) 15(2)

Abdominal Pain 8(2) 1.5(2) 15(2) 1.0Q) 0.0 (0) 0.0(0)

Lower Back Pain 6(2) 152 0.1(0) 0.4 (0 0.0 (0) 0.0(0)

Hematuria .4.(0) 0.2 (0 0.2(0) 0.2(0) 0.0 (0) 0.2(0)

4Individual UTISA components are scored numerically as follows: 0 = Not at all: 1 = Mild: 2 = Moderate, 3 = Severe.
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A B c D E F p-value

N 87 24 42 33 13 26
Alpha-diversity index, median (IQR)

Shannon’s index 0.01 0.03 0.01 0.02 (0.00-0.35) 0.02 (0.00-0.20) 0.03 (0.00-0.62) 0.97

(0.00-0.21) (0.00-0.28) (0.00-0.27)

Richness 2 (1-4) 2 (2-4) 2(1-3) 2 (2-3) 3(2-6) 2 (1-4) 0.66
Simpson’s index 0.00 (0.00-0.08) 0.01 (0.00-0.11) 0.00 (0.00-0.14) 0.01 (0.00-0.18) 0.01 (0.00-0.09) 0.01 (0.00-0.37) 0.96
Genus present, n (%)

Escherichia 37 (42.5) 13 (54.2) 23 (54.8) 21 (63.6) 6(46.2) 10 (38.5) 0.28
Lactobacilus 32 (36.8) 12 (50.0) 1(26.2) 4(42.4) 3(23.1) 9(34.6) 0.38
Streptococcus 20 (23.0) 7(292) 3(31.0 10 (30.3) 3(23.1) 9 (34.6) 0.82
Corynebacterium 16 (18.4) 2(8.3 4 9.5) 1.0 4 (30.8) 7(26.9) 0.03*
Actinomyces 2(13.8) 4(16.7) 6(14.3) 4 (12.1) 1(7.7) 6 (23.1) 0.83
Aerococcus 14 (16.1) 3(12.5) 3(7.1) 4(12.1) 6 (46.2) 3(11.5) 0.06*
Staphylococcus 13 (14.9) 2(8.3) 4(9.5) 5(15.2) 0(0.0) 8(30.8) 0.13
Klebsiella 12 (13.8) 4(16.7) 3(7.1) 5(15.2) 4(30.8) 138 0.19
Gardnerella 14 (16.1) 2(83) 5(11.9) 5(15.2) 1(7.7) 2(7.7) 0.88
Enterococcus 9(10.3) 0(0.0) 1(24) 26.1) 2(15.4) 4(15.4) 0.14
Actinotignum 4(4.6) 2(83) 2(48) 3(9.1) 0(0.0) 0(0.0) 0.61
Bifidobacterium 3(3.4) 1(4.2) 3(7.1) 2(6.1) 1(7.7) 138 0.86
Alloscardovia 5(6.7) 0(0.0 3(7.1) 3.1 0(0.0 0(0.0 0.55
Proteus 4 (4.6) 1(4.2) 0(0.0) 1(3.0) 1(7.7) 3(11.5) 0.24
Species present, n (%)

Streptococcus anginosus 11(12.6) 6 (25.0) 4(9.5) 6(18.2) 3(23.1) 3(11.5) 0.45
Lactobacilus gasseri 12 (13.8) 4(16.7) 4(95) 6(18.2) 0(0.0) 6(23.1) 0.40
Lactobacilus iners 9(10.3) 3(12.5) 4(95) 712 1(7.7) 1(3.8) 0.45
Enterococcus faecalis 9(10.3) 0(0.0) 1(24) 3(9.1) 2 (15.4) 4(15.4) 0.15
Lactobacilus jensenii 892 3(12.5) 4(95) 1(3.0) 1(7.7) 2(7.7) 0.84
Streptococcus agalactiae 8(9.2) 2(83) 3(7.1) 2(6.1) 0(0.0) 4(15.4) 0.76
Lactobacilus crispatus 78.0) 3(12.5) 2(4.8) 26.1) 2(15.4) 0(0.0) 0.36
Actinotignum schaalii 4(4.6) 283 248 3(9.1) 0(0.0 0(0.0 0.61
Alloscardovia omnicolens 5(6.7) 0.0 3(7.1) 3(9.1) 0(0.0 0(0.0 0.55
Proteus mirabilis 4 (4.6) 14.2) 0(0.0 1(3.0 1(7.7) 3(11.5) 0.24

*n-values insignificant when corrected for multiple comparisons.
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E. coli predominant Non-E. coli uropathogen predominant Non-uropathogens/culture negative p-value
N 100 e 48
Symptotype, n (%)
A 34 (34.0) 31 (40.3) 22 (45.8)
B 13 (13.0) 6(7.8) 5(10.4)
(o 22 (22.0) 12 (15.6) 8(16.7) 079
D 7(17.0) 11 (14.3) 5(10.4)
E 5(5.0) 5(6.5) 369
F 9(9.0) 12 (15.6) 5(10.4)
UTISA score, mean (SD)
Presence 101 (4.0) 10.1 (4.6) 11.2 (4.9) 0.29
Bother 101 (4. 2) 10.1 (4.9) 11 1(6.4) 0.44
Urination regularity 6 (3.2) 8.6 (3.8 .9 (2.8) 0.82
Problems with urination 2 (3. 5) 6.1 (3.9 5 (3.9) 0.80
Pain associated with UTI 9 (3.3) 5.0 (4.0 0 (4.2) 0.27
Blood in urine 5(1.3) 0.6 (1.4) 9 (1.8) 0.18
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Overall

N=225

Age, mean (SD) 66 (16)
Race, n (%)

Asian 2(0.9
Black 30 (13.3)
Hispanic 32 (14.2)
White 159 (70.7)
Other 2(0.9)
BMI, mean (SD) 31.2(8.2)
Using medications for bladder control, n (%) [n=224] 22 9.8
Used vaginal estrogen in the past month, n (%) [n=223] 76 (34.1)
Vaginal parity, n (%) [n=216]

0 37 (17.1)
1 34 (16.7)
>2 145 (67.1)
UTISA score, mean (SD) 2

Presence 10.3 (4.4)
Bother 10.3 (4.7)
Urination regularity 8.7 (3.3
Problems with urination 6.2 (3.7)
Pain associated with UTI 5.2 (3.8
Blood in urine 0.6 (1.4)

“The UTISA measures symptom presence and bother with scores ranging from 0-21 for
each index, with higher scores indicating worse symptoms. UTISA scores for the four
domains of urinary regularity, problems with urination, and pain associated with UTI range
from O to 12; UTISA scores for blood in the urine range from 0 to 6.
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Symptom resolution

Symptom persistence p-value

(n=142) (n=73)
Alpha diversity, median (IQR)
Shannon’s index 0.01 (0.00-0.23) 0.03 (0.00-0.34) 0.38
Richness 2(1-4) 2 (1-4) 0.70
Simpson’s index 0.00 (0.00-0.09) 0.01 (0.00-0.17) 0.36
UTISA Score, mean (SD)
UTISA-Presence 9.9 (4.4) 11.2 (4.5) 0.03
UTISA-Bother 10.2 (4.7) 10.9 (4.8) 0.28
Urination regularity 8.7 (3.2 8 6 (3.5) 0.85
Problems with urination 5.8 (3.6) .9 (3.6) 0.03
Pain associated with UTI 4.9 (3.6) 5 9 (4.0) 0.08
Blood in urine 0.6 (1.4) 0.7 (1.5) 0.36

N in group N (%) with symptom persistence

Urotype
ECU 92 28 (30.4) 0.57
NECU 76 29 (38.2)
NU 47 16 (34.0)
Symptotype
A 84 34 (40.5) 0.40
B 24 6(11.2)
c 40 11 (27.5)
D 32 13 (40.6)
E 13 4(30.8)
F 22 5(22.7)






